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EXHIBITS

U.S. Patent No. 7,888,195 (“the *195 patent”)

Excerpts from the Prosecution History of the *195 Patent (“the
Prosecution History™)

Declaration of Jack Lee, Ph.D.
U.S. Pub. 2007/0138559 (“Bohr”)
U.S. Pub. 2005/0233527 (“Brask™)

Wang et al., Chemical Mechanical Polishing for Selective
CVD-W, Materials Chemistry And Physics, 51, 75-79 (1997)
(“Wang”)

Amazawa et al., Planarized Multilevel Interconnection Using
Chemical Mechanical Polishing of Selective CVD-AI Via
Plugs, IEEE Transactions on Electron Devices, Vol.: 45, Is.: 4,
815 (April 1998) (“Amazawa”)

U.S. Pub. 2009/0242997 (*Yu”)
U.S. Pub. 2009/0315124 (*“Chen”)
U.S. Pub. 2006/0180851 (“Lee”)

Hofstein et al., The Silicon Insulated-Gate Field-Effect Transi-
tor, Proceedings of the IEEE, Volume: 51, Issue: 9, (September
1963) (“Hofstein™)

U.S. Pat. No. 6,573,134 (“Ma”)

U.S. Pat. No. 7,390,709 (“Doczy *709”)
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U.S. Pub. 2006/0278934 (“Nagahama”)
U.S. Pat. No. 7,084,038 (“Doczy *038”)

Mistry et al., “A 45nm Logic Technology with High-k+Metal
Gate Transistors, Strained Silicon, 9 Cu Interconnect Layers,
193nm Dry Patterning, and 100% Pb-free Packaging,” 2007
IEEE International Electron Devices Meeting, 247-250, Decem-
ber 10-12, 2007

U.S. Pat. No. 7,211,869 (“Chan”)

Printout of USPTO Class Schedule for Class 438, Semiconduc-
tor Device Manufacturing: Process (Retrieved on February 5,
2026 from https://www.uspto.gov/web/patents/classifica-

tion/shadow-
Files/defs438sf.htm?438 183&S&3Y&4N&S50&51&53#53)

Declaration of June Ann Munford
European Patent No. 2112687 (““Chang”)
U.S. Pub. 2008/0096383 (“Tigelaar™)

U.S. Patent No. 6,225,168 (“Gardner”)

Devireddy et al., “Improved low frequency noise characteristics
of sub-micron MOSFETs with TaSiN/TiN gate on ALD HfO,
dielectric,” Microelectronics Reliability Volume 47, 1228-1232
(2007).

U.S. Pub. 2006/0065939 (“Doczy *939”)
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LISTING OF CLAIMS

[1.pre] | A method for fabricating metal gate transistor, comprising:

[1.1] providing a substrate having a first transistor region and a second tran-
sistor region;

[1.2] forming a plurality of dummy gates on the substrate and within the first
transistor region and the second transistor region;

[1.3] forming a source/drain region at two sides of each dummy gate;

[1.4] forming a dielectric layer to cover the dummy gates;

[1.5] removing the dummy gates to form a plurality of openings in the dielec-
tric layer of the first transistor region and the second transistor region;

[1.6] forming a high-k dielectric layer to cover the dielectric layer and sur-
face of each opening;

[1.7] depositing a first cap layer on the high-k dielectric layer;

[1.8] removing the first cap layer disposed in the second transistor region;
and

[1.9] forming a metal layer on the first cap layer of the first transistor region
and the high-k dielectric layer of the second transistor region.

[2] The method of claim 1, wherein the first transistor region is a NMOS
transistor region.

[3] The method of claim 2, wherein the first cap layer comprises LaO,
MgO, Dy:0;3, or other lanthanide oxides.

Claim 4

vi
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[4]

The method of claim 1, wherein the second transistor region is a PMOS
transistor region.

[5]

Claim 6

[6]

Claim 7

[7]

Claim 8
[8]

Claim 9

The method of claim 4, further comprising forming a second cap layer
in the second transistor region after removing the first cap layer from
the second transistor region.

The method of claim 5, wherein the second cap layer comprises Al,O3,
AIN, or AION.

The method of claim 1, wherein the metal layer comprises TiN, TaC,
Ta, TaSiN, Al, or TiAIN.

The method of claim 1, further comprising performing a first chemical
mechanical polishing process after forming the dielectric layer and be-
fore removing the dummy gate.

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

[9.1] forming a conductive layer to fill the openings of the first transistor re-
gion and the second transistor region after forming the metal layer on
the first cap layer of the first transistor region and the high-k dielectric
layer of the second transistor region; and

[9.2] performing a second chemical polishing after forming the conductive

layer.

[10]

The method of claim 1, wherein the high-k dielectric layer comprises
HfSi0, HfSiON, HfO, LaO, LaAlO, ZrO, ZrSiO, or HfZrO.

vii
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[11] The method of claim 9, wherein the conductive layer comprises Al, W,
TiAl or CoWP.

viii
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Taiwan Semiconductor Manufacturing Company Ltd. (“Petitioner” or
“TSMC”) petitions for Inter Partes Review (“IPR”) under 35 U.S.C. §§ 311-319 and
37 C.F.R. § 42 of claims 1-11 (“the Challenged Claims”) of U.S. Patent No.
7,888,195 (“the 195 patent”). Compelling evidence in this Petition demonstrates a
reasonable likelihood that Petitioner will prevail with respect to at least one of the
Challenged Claims and that the Challenged Claims are unpatentable.

L REQUIREMENTS FOR IPR UNDER 37 C.F.R. § 42.104
A.  Grounds for Standing Under 37 C.F.R. § 42.104(a)

Petitioner certifies that the *195 patent is available for IPR. Petitioner is not
barred or estopped from requesting this review challenging the Challenged Claims
on the below-identified grounds.

B. Challenge Under 37 C.F.R. § 42.104(b) and Relief Re-
quested

Petitioner requests an IPR of the Challenged Claims on the following grounds:

Ground Challenged Statutory Prior Art
Claims Basis
1A 1,2,4,7-11 | §102/§103 | Bohr (TSMC-1004)
1B 3 §103 Bohr in view of Chen (TSMC-1009)
1C 5 §103 Bohr in view of Yu (TSMC-1008)
1D 6 §103 Bohr in view of Yu and Chen
1E 7 §103 Bohr in view of Lee (TSMC-1010)
1F 9,11 §103 Bohr in view of Wang (TSMC-1006)
or Amazawa (TSMC-1007)
2A 1,2,4,7-11 | §102/§103 | Brask (TSMC-1005)
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Ground Challenged Statutory Prior Art
Claims Basis
2B 1,2,4,7-11 §103 Brask in view of Ma (TSMC-1012)
2C 3 §103 Brask in view of Chen
2D 5 §103 Brask in view of Yu
2E 6 §103 Brask in view of Yu and Chen

The 195 patent issued from an original application filed on August 26, 2008

(“Critical Date”). The references applied in Grounds 1A-2E qualify as prior art to

the 195 patent under at least the following provisions of pre-AIA 35 U.S.C. § 102:

Reference Published Pre-AIA Prior Art
Qualification

Bohr December 16, 2005 June 21, 2007 §102(b)
Brask April 20, 2004 October 20, 2005 §102(b)
Ma March 27, 2001 October 3, 2002 §102(b)
Yu March 28, 2008 October 1, 2009 §102(e)
Lee August 17, 2006 §102(b)
Chen June 18, 2008 December 24, 2009 §102(e)
Amazawa April 4, 1998 §102(b)
Wang May 15, 1997 §102(b)

This Petition is further supported by the declaration of Jack Lee, Ph.D., cited

throughout this Petition. See generally TSMC-1003.
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IL. SUMMARY OF THE ’195 PATENT
A.  Technical Background

FETs (Field-effect transistors) have been around for over 60 years, and as
early as 1963, Hofstein disclosed a MOS (Metal-Oxide-Semiconductor) transistor
that utilizes p-type and n-type materials. See TSMC-1011, 1191-92. Moreover,
CMOS (Complementary Metal-Oxide-Semiconductor) technology discussed in the
195 patent—where NMOS (N-channel Metal-Oxide-Semiconductor) and PMOS
(P-channel Metal-Oxide-Semiconductor) transistors are paired together—has been
in wide use for several decades. TSMC-1003, q436-41 (citing TSMC-1022, 2:62-67;
TSMC-1025, 1:55-2:17; TSMC-1027).

A MOS transistor includes a gate structure above a substrate of semiconductor
material such as silicon. TSMC-1003, 938. A thin dielectric layer separates the gate
structure from the substrate. /d. The substrate further includes source and drain re-
gions located at respective sides of the gate structure. /d. (citing TSMC-1030,
TSMC-1025, TSMC-1026). Through this configuration, a voltage applied to the gate
structure can be used to modulate the conductivity of a channel region in the sub-
strate beneath the gate structure and between the source and drain regions to attain a
controlled flow of electrical current. /d., 439 (citing TSMC-1022, 1:24-1:60; TSMC-
1030). These basic elements of a FET have been known for decades, as illustrated

by Hofstein:
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Fig. 2—Insulated-gate field-effect transistor.

TSMC-1011, FIG. 2!
Before the Critical Date of the 195 Patent, MOS transistor fabrication pro-

cesses commonly involved use of a “replacement metal gate” process (also referred

' MOSFETs (metal-oxide-semiconductor field-effect transistor) are the most com-
mon insulated gate field-effect transistors and in modern electronics the terms are
used interchangeably. TSMC-1003, 940. As demonstrated by Hofstein and Gardner,
these components of MOSFETs have been well known for decades. Id.; TSMC-
1011, 1190-1202, FIGs. 1-3. TSMC-1022, 1:14-2:4, FIG. 1 (patent filed ten years
before the *195 patent describing how “[o]ver the last few decades, the electronics
industry has undergone a revolution by the use of semiconductor technology” in-

cluding MOSFETs).
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to as a “gate last” process) to form the metal gate structure. TSMC-1003, 942-46
(citing TSMC-1016). This process generally involves forming “dummy patterns”
(also referred to as “sacrificial structures™) in the shape of the gate structures over
the substrate, forming a dielectric over the substrate and around the dummy patterns,
removing the dummy patterns from the surrounding dielectric by a selective etching
process, and then filling the openings left by removal of the dummy patterns with
one or more metals for the gate structure. /d. (citing TSMC-1013, Abstract, 1:15-48;
2:21-3:13; TSMC-1030, [0024]-[0026]; TSMC-1028, 7:1-9; TSMC-1026, TSMC-
1028, TSMC-1029).

Prior to the critical date, the work functions of metal gate electrodes were
modulated in order to improve performance of the transistor. TSMC-1003, 9947-49.
The work function represents the minimum energy required to remove an electron
from the gate electrode. /d., §47. The work function is tuned to establish the thresh-
old voltage (V:), which dictates the specific voltage required to switch the transistor.
Id. (citing TSMC-1020, 95, TSMC-1021, 97, q98-11; TSMC-1026, 9922-23;
TSMC-1014, 99; TSMC-1015, 4:8-43.

In CMOS devices the metal gates for the NMOS and PMOS transistors are
fabricated to have different work functions. TSMC-1003, 948. One common tech-
nique for tuning these work functions includes using different types of metals in the

PMOS and NMOS transistors. Id (citing TSMC-1024, q92-3; TSMC-1031, 7:48-
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8:46; TSMC-1020, 920, 50). Another common technique included using a thin cap-
ping layer to shift the effective work function by creating dipoles at the interface. /d.
(citing TSMC-1021, qq11, 85-86; TSMC-1023; TSMC-1020, 954). These tech-
niques for fabricating CMOS devices were well known before the priority date of
the 195 patent—e.g., forming dummy-gates, forming source and drain regions at
each side of the dummy gates, replacing of dummy-gates with metal gates including
high-k and metal layer deposition with work function tuning. TSMC-1003, 947-49.

B. Overview of the 195 Patent

The *195 patent generally describes the well-known structure of a transistor
having metal gates. See also TSMC-1003, 9950-54. The shape of the metal gates are
created by forming dummy gates that are subsequently removed to form openings.
TSMC-1001, Abstract. Gates are created by filling these openings with layers of
different materials, such as dielectric layers, a capping layer, and a metal layer or
another conductive layer. /d.

Polysilicon materials are commonly used when fabricating gate electrodes for
metal-oxide semiconductor (“MOS”) transistors but present certain tradeoffs. /d.,
1:11-17. For instance, because such polysilicon gates utilize semiconductor materi-
als of high resistance, transistors with polysilicon gates operate at a lower speed than

those with metal gates. /d., 1:18-26. The *195 patent also explains that it was known
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that fabricating polysilicon gate electrodes could cause a depletion effect, further
degrading performance. /d., 1:27-39.

To address such issues, the 195 patent proposes to replace conventional pol-
ysilicon with metal as a gate material. TSMC-1001, 1:40-49. More specifically, the
"195 patent utilizes dummy gates made from polysilicon 22 to fabricate metal gates
64, 66. See id., 2:39-64, 4:61-6:8, FIGS. 1, 2, and 8. The 195 patent also uses a cap
layer 56 to define the work function of a metal layer 60 that is deposited on the cap
layer 56 of the NMOS transistor region 14 and the high-k dielectric layer 54 of
the PMOS transistor region 16. Id., 4:37-60. The 195 explains that a second cap
layer can “be deposited between the high-k dielectric layer 54 and the metal layer
60 of the PMOS transistor.” Id. The *195 patent asserts that this increases the per-
formance of a CMOS transistor. /d. Such a transistor is illustrated in the 195 patent

as follows:
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Conductive layer

66

Metal |
First cap layer crallayer

Dielectric layer

\ High-k dielectric layer : 60 /
W7 e

First transistor region Second transistor region

TSMC-1001, FIG. 8 (annotated)
As shown below, the transistor configuration of the 195 patent was well
known in the prior art. See also TSMC-1003, 950-54.

C. Prosecution History

U.S. 7,888,195 issued on February 15, 2011, from U.S. Patent Application
No. 12/198,128 (“the *128 application”), which was filed on August 26, 2008, with
20 claims. See TSMC-1002, 1, 106. During prosecution, in the September 14, 2009
Non-Final Rejection, the Examiner rejected independent claims 1 and 12 and all of
their dependent claims, with claim 1 being rejected as anticipated by Doczy, US
2006/0065939 Al. Id., 93-99. In their response, Patent Owner stated, with respect to
Doczy, that “[d]espite this [sic] cap layer 115a/115 may be construed as the first cap

layer of the present invention, the cap layer 115a/115 is not removed from the second
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transistor region....” 2 Id., 88-99 (Remarks, 6). In a Final Rejection that was issued
on February 23, 2010, the Examiner subsequently withdrew the rejection of claims
1-11, indicating that the prior art did not disclose or render obvious the removal of
Doczy’s metal layer, which remained uncontested as otherwise corresponding to the
claimed first cap layer. Id., 72-79 (Final Rejection, 4-5). A Notice of Allowance was
ultimately issued on October 8, 2010. Id., 22-25.

However, had Bohr, Brask, or any of the combinations relied upon in this
Petition been considered during prosecution, it would have been clear that the
claimed subject matter—including the claimed first cap layer and the removal
thereof—was neither new nor innovative, and the application never would have been
allowed. See also TSMC-1003, 94184.

D. Level of Ordinary SKkill in the Art

A person having ordinary skill in the art (“POSITA”) would possess at least a
Master of Science degree from an accredited institution in electrical engineering,
materials science, physics, or the equivalent, and at least three years of experience
in the manufacturing of semiconductors including planar and non-planar transistors.
Additional graduate education could substitute for professional experience, and sig-
nificant work experience or training could substitute for formal education. TSMC-

1003, 9933-35.

2 All emphasis added unless otherwise noted.

9
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E. Claim Construction

Claim terms in an inter partes review are interpreted “using the same claim
construction standard that would be used to construe the claim in a civil action un-
der 35 U.S.C. 282(b),” which is the Phillips standard. 37 CFR § 42.100(b); Phillips
v. AWH Corp., 415 F.3d 1303 (Fed. Cir. 2005).

Petitioner submits that no formal constructions are presently necessary. This
Petition instead maps the prior art consistent with the plain and ordinary meaning of
the claims in light of the specification and file history. Petitioner reserves the right
to respond to any constructions that may later be offered by Patent Owner or the
Board. TSMC-1003, 21-22.

III. THE CHALLENGED CLAIMS ARE UNPATENTABLE

This request shows how the primary references above, alone or in combina-
tion with other references, disclose the limitations of the Challenged Claims, thereby
invalidating claims 1-11 of the *195 patent. As detailed below, this request shows a
reasonable likelihood that Petitioner will prevail with respect to claims 1-11 of the
"195 patent. See also TSMC-1003, q184.

A. [GROUND 1A] — Bohr Anticipates and/or Renders Obvious
Claims 1, 2, 4, and 7-11

1. Overview of Bohr

Bohr discloses apparatuses and methods related to NMOS and PMOS transis-

10
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tors. TSMC-1004, Abstract, 941-43; TSMC-1003, 9955-59. In particular, the de-

vice and method that Bohr describes “may provide for increased channel strain to

enhance the performance of NMOS and PMOS transistors.” TSMC-1004, §16.

More specifically, as illustrated below in FIG. 3, Bohr discloses forming

trenches 121 and 122 in its NMOS and PMOS transistor regions, respectively, by

removing sacrificial gate electrodes. /d., 4935, 50.

101 \ Trenches \_102 \
~ ) ~ ) L
109 ‘
106 // % 106 113 }/ \ 113
105 104 112 111
103 103
( ) L J
I Y
NMOS PMOS

TSMC-1004, FIG. 3 (annotated)

Ultimately, as shown below in FIG. 8, NMOS transistor 101 and PMOS tran-

sistor 102 are formed on a substrate 103 by depositing/etching various dielectric and

metal layers into these trenches. /d., §949-50; TSMC-1003 q57.

11
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| |
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TSMC-1004, FIG. 8 (annotated)
2. Claim 1

[1.pre] A method for fabricating metal gate transistor, comprising:

To the extent that the preamble is limiting,®> Bohr discloses methods for mak-
ing “an NMOS transistor 101 and a PMOS transistor 102 on a substrate 103.”
TSMC-1004, g17; see also id., claims 1-24 (reciting the method of fabricating
NMOS and PMOS transistors having metal gates); TSMC-1003, q971-72.

[1.1] providing a substrate having a first transistor region and a second transis-
tor region;

Bohr discloses a substrate having a first transistor region and a second tran-

sistor region. For example, as annotated below, Bohr discloses providing “...an

3 Petitioner does not acquiesce that the preambles of the 195 patent are limiting.

12
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NMOS transistor 101 and a PMOS transistor 102 . . . on a continuous substrate
103> TSMC-1004, 917, FIGS. 1-2. Thus, Bohr discloses providing a substrate (sub-
strate 103) that includes a first transistor region (NMOS transistor 101) and second

transistor region (PMOS transistor 102). TSMC-1003, q73.

102
101\\\ \\\

110
110 108 115

) )

107\( \’109 _1—11_7/ FS__
15 // 106 L—3_J/ 13|

105 104 112 m

ubstrate — 103 103} st

|

First transistor region Second transistor region

TSMC-1004, FIG. 1 (annotated)

[1.2] forming a plurality of dummy gates on the substrate and within the first
transistor region and the second transistor region;

Bohr discloses forming a plurality of dummy gates on the substrate within the
first and second transistor regions. In the context of the 195 patent, dummy gates
are gate structures that are formed on a substrate, then removed at a late stage and

replaced with another gate structures. TSMC-1001 at Abstract, Figs. 2-6; TSMC-
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1003 §74.*

For example, as shown below, Bohr discloses forming dummy gates as gate

dielectric 107 with gate electrode 108 and gate dielectric with 114 with gate

electrode 115:

101 102
\ \
" e N\
119 108 \ 110 =< 445

)

i 116
107 \'109 14 [ \
106 // 106 113 }/ | 13

105 104 112 111

— 103 08— sub

|

First transistor region Second transistor region

TSMC-1004, FIG. 1 (annotated)

The gate dielectric 107 with gate electrode 108 and gate dielectric 114 with

* The *195 patent was included in patent classification 438/183, which defines the
“Dummy gate” subclass as covering a “Process wherein a temporary gate is formed
or utilized at any stage in the process and is intended to be removed or have no

function in the final device.” See TSMC-1018.
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gate electrode 115 are dummy gates® because they are later removed and replaced
with other gate structures as discussed below for [1.5]. TSMC-1003 q975-76;
TSMC-1004 9924, 29, 51; infra [1.5].

[1.3] forming a source/drain region at two sides of each dummy gate;

Bohr discloses forming a source/drain region at two sides of each dummy

gate. For example, Bohr discloses forming source and drain regions 106 and source

> Bohr does not expressly use the term “dummy gates” but instead refers to them as
“sacrificial” because they are removed in subsequent steps. TSMC-1004 9924, 29,
51. The term “dummy gate” means a gate that is “sacrificed” (i.e., removed) during
formation of the transistor. TSMC-1003 q77. As explained in Bohr “a portion or an
entirety of the gate structure may be removed to enhance the strain in channel 105.”
TSMC-1004, 929. Therefore, a portion or an entirety of the gate structure may be
considered sacrificial. TSMC-1003 q77. While the example illustrated here shows
both the gate dielectrics 107, 114 and the gate electrodes 108, 115 being removed,
the limitation would also be meet by Bohr’s disclosure where “a portion” of the gate
structure is removed (e.g., when only the gate electrodes 108, 115 are removed).
TSMC-1004, 9924, 29; see also TSMC-1001, 4:18-27 (“If the gate insulating layer
20 1s composed of common dielectric material, the gate insulating layer 20 is

preferably removed to expose the substrate 12 underneath’); TSMC-1003, 977.
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and drain films 113 in the first and second transistor regions, respectively. TSMC-
1004, 9918-21, 26, 32, 37.

As shown in annotated FIG. 1 below, source and drain regions 106 are formed
at two sides of the gate dielectric 107 and gate electrode 108, i.e., the claimed dummy
gate. Similarly, the source and drain films 113 are formed at two sides of the gate

dielectric 114 and gate electrode 115, i.e., another one of the claimed dummy gates.

TSMC-1003, 9978-79.

101~ 102
110 108 \ lﬁ_‘:fT\__

)

116
A7 \\,109 T2
1

105 104 112 11

103 103

I |

First transistor region Second transistor region

TSMC-1004, FIG. 1 (annotated)
[1.4] forming a dielectric layer to cover the dummy gates;

Bohr discloses forming a dielectric layer that covers the dummy gates. For
example, Bohr discloses that “...a layer 110 may cover NMOS transistor 101 and
PMOS transistor 102 and layer 110" and further that this “layer 110 may include a

silicon nitride, such as S13N4.” TSMC-1004, 931. Silicon nitride (Si3Ns4), utilized in
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Bohr’s layer 110, is a well-known dielectric material used in semiconductor fabrica-
tion. TSMC-1003, 980. As shown in annotated FIG. 1 below, Bohr’s layer 110 (i.e.,
dielectric layer) is disposed over and covers the gate dielectrics/gate electrodes

107/108 and 114/115 (i.e., the dummy gates). /d.

101 102
N Dielectric layer N

10 —p@@
110 108 \< -~ I 11)5

S 116
107 \—109 11i

106 //\ 106 113 }/\ 113

105 104 112 11

103 103

| |

First transistor region Second transistor region

TSMC-1004, FIG. 1 (annotated)

[1.5] removing the dummy gates to form a plurality of openings in the dielectric
layer of the first transistor region and the second transistor region;

Bohr discloses removing the dummy gates to form a plurality of openings in
the dielectric layer of the first and second transistor regions. TSMC-1003, q81. For
example, Bohr states that “...gate electrodes 108, 115 and gate dielectrics 107, 114
may be removed to form trenches 121, 122” and further that “[g/ate electrodes 108,
115 and gate dielectrics 107, 114 may be removed by any suitable technique, such
as a selective etch technique ” (i.e., the dummy gates 107/108 and 114/115). TSMC-

1004, 435; see also id., 36 (“Due to the removal of gate electrodes 108, 115 and
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gate dielectrics 107, 114 [i.e., the dummy gates], the strain on channels 105, 112
may be increased or enhanced. The increased strain may be due to the removal of
material from trenches 121, 122, which may have been offsetting the desired
stresses.”). Bohr’s disclosure of the claimed openings are shown below in annotated
Figure 13. TSMC-1004, FIG. 13; see also TSMC-1003, q81.

Plurality of openings

101 \
Dielectric layer

MmO 2 / w‘o\ 122 116
\

~109
106 4 / \ 106 113 ) / Q 113
105 10 112 111
103 | 103
L J ( J
| I . !
First transistor region Second transistor region

TSMC-1004, FIG. 3 (annotated)

[1.6] forming a high-k dielectric layer to cover the dielectric layer and surface of
each opening;

Bohr discloses forming a high-k dielectric layer that covers the dielectric layer
and surface of each opening. TSMC-1003, 9982-83. For example, Bohr’s gate die-
lectric 131 corresponds to the high-k dielectric layer and covers the dielectric layer

110 and the surface of trenches 121, 122, as shown in annotated FIG. 4 below. See
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TSMC-1004, FIG. 4, 438 (“a gate dielectric 131 may be formed in trenches 121,

1227).

High-k dielectric layer
102

101\

Surface of opening

~U0N

Dielectric layer Surface of opening

i

/s/

First transistor region Second transistor region

TSMC-1004, FIG. 4 (annotated)

Bohr discloses that “[g]ate dielectric 131 may be any suitable material and
may be formed by any suitable technique” including “a high-k gate dielectric, such
as hafnium oxide.” 1d., 438. While FIG. 4 does not show the high-k dielectric layer
to cover the dielectric layer, Bohr discloses this when it explains that the “gate die-
lectric 131 may also be formed over layer 110 (not shown).” Id., 439. Notably, in
annotated FIG. 4 above, Bohr’s high-k dielectric layer is first formed to completely
cover the underlying dielectric layer and then removed/patterned through a subse-
quent processing step. See id. (“[G]ate dielectric 131 may be subsequently removed

from layer 110 by a CMP process such that gate dielectric 131 only remains in
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trenches 121, 122.”); TSMC-1003, q83.

[1.7] depositing a first cap layer on the high-k dielectric layer;

Bohr discloses depositing a first cap layer on the high-k dielectric layer.
TSMC-1003, 9984-85. For example, as shown in annotated Fig. 6 below, Bohr dis-
closes that “...an n-type material 161 may be formed in trenches 121, 122.” TSMC-
1004, 945. Here, Bohr’s n-type material 161 corresponds to the claimed first cap
layer, providing a cap on the underlying high-k dielectric layer and serving to modify
transistor behavior (e.g., work function) before completion of the gate. TSMC-1003,

34.

First cap layer

116
113
11
103 103
( J ( )
- Y. . Y
First transistor region Second transistor region

TSMC-1004, FIG. 6 (annotated)

Indeed, Bohr discloses that its n-type material 161 can be made from “any
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suitable n-type work function material”—that is, a material that can be used for work
function tuning of the n-type metal. TSMC-1004, 945; TSMC-1003, 85. Similarly,
the claimed cap layer as mentioned in the *195 patent is used to “define the work
function of the n-type metal”” TSMC-1001, 4:42-49. Notably, Patent Owner
acknowledge during prosecution of the *195 patent that a cap metal layer “may be
construed as the first cap layer of the present invention.” TSMC-1002, 88-89 (citing
TSMC-1024). Thus, Bohr’s n-type material 161 corresponds to the claimed first cap
layer both structurally and functionally, by both providing a cap on the underlying
high-k dielectric layer and being used to define the n-type work function. TSMC-
1003, 985.

[1.8] removing the first cap layer disposed in the second transistor region; and

Bohr discloses the removal of the first cap layer disposed in the second tran-
sistor region. TSMC-1003, 986. For example, Bohr’s n-type material (e.g., n-type
material 161), corresponding to the first cap layer, is selectively removed as illus-
trated in annotated FIG. 7 below. Indeed, referring to FIG. 7, Bohr discloses that
“...n-type material 161 may be selectively removed from PMOS transistor 102 and

a p-type material 162 may be formed.” TSMC-1004, 946.
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TSMC-1004, FIG. 7 (annotated)

[1.9] forming a metal layer on the first cap layer of the first transistor region and
the high-k dielectric layer of the second transistor region.

Bohr discloses the formation of a metal layer on the first cap layer of the first
transistor region and the high-k dielectric layer of the second transistor region.
TSMC-1003, 9987-89. For example, Bohr’s p-type material 162 corresponds the
claimed metal layer. Specifically, Bohr discloses that its “the p-type work function
material may include ruthenium, palladium, platinum, cobalt, nickel, and their ox-
ides.” TSMC-1004, 9942, 46. The enumerated chemicals are known metals that can
form the p-type work function material of the p-type material 162. TSMC-1003, 987;

see also TSMC-1013, 5:28-31.

As shown in annotated FIG. 7 below, Bohr’s p-type material 162 is formed
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on the n-type material 161 (i.e., the first cap layer) in the NMOS transistor 101,
which corresponds to the claimed first transistor region. See TSMC-1003, 9488-89.
Turning to the PMOS transistor 102, Bohr shows the p-type material 162 disposed
on the high-k dielectric layer 131 in the trench 122. Indeed, Bohr discloses that the
“...p-type material 162 may be formed such that an opening remains in either or both
of the trenches” and that the “p-type material 162 may complete the gate structure

of PMOS transistor 102 or NMOS transistor 101.” TSMC-1004, 946.

Metal layer

First cap layer 101 \

162

First transistor region Second transistor region

TSMC-1004, FIG. 7 (annotated)
3. Claim 2

[2] The method of claim 1, wherein the first transistor region is a NMOS transis-
tor region.

Bohr discloses that the first transistor region is an NMOS transistor region.

TSMC-1003, 990. For example, referring to the analysis of [1.1] above, which is
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incorporated herein, Bohr discloses that “FIG. 1 illustrates an NMOS transistor 101
and a PMOS transistor 102 on a substrate 103 and that the “NMOS transistor 101
and PMOS transistor 102 may be on a continuous substrate 103.” TSMC-1004, 417;
see also, TSMC-1004, 9926, 31, 33.

4. Claim 4

[4] The method of claim 1, wherein the second transistor region is a PMOS tran-
sistor region.

Bohr discloses that the second transistor region is a PMOS transistor region.
TSMC-1003, 991. For example, referring to the analysis of [1.1] above, which is
incorporated herein, Bohr discloses that “FIG. 1 illustrates an NMOS transistor 101
and a PMOS transistor 102 on a substrate 103. NMOS transistor 101 and PMOS
transistor 102 may be on a continuous substrate 103.” TSMC-1004, 417; see also,
TSMC-1004, 9918, 20, 31-32.

5. Claim 7

[7] The method of claim 1, wherein the metal layer comprises TiN, TaC, Ta,
TaSiN, Al, or TiAIN.

Bohr discloses limitation [7]. TSMC-1003, 9992-93. Specifically, as dis-
cussed above for [1.9], Bohr’s p-type material 162 corresponds to the claimed metal
layer. Supra Ground 1A, [1.9]. Bohr discloses that its metal layer (p-type material
162) can be made from “any suitable p-type work function material” and specifically

references the discussion of p-type materials articulated with reference FIG. 5.

TSMC-1004, 946; see also id., Y40-43. In particular, with reference to FIG. 5, Bohr
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lists several materials that can be used as part of its p-type gate structure, including
“...titanium, nickel, copper, tin, aluminum, lead, zinc, alloys of these metals, or their
silicides.” Id., 43.

A POSITA further would have found it obvious to utilize one of the gate elec-
trode materials in Bohr’s metal layer (162) for various reasons. TSMC-1003, 993.
For example, because Bohr indicates that any suitable materials may be used for its
metal layer, it would have been obvious for a POSITA to look within Bohr’s disclo-
sure for details of known and predictable material options, including other suitable
materials, such as Al and TiN, that are known to be used in p-type gate structures.
TSMC-1003, 993 (citing TSMC-2023).

6. Claim 8

[8] The method of claim 1, further comprising performing a first chemical me-
chanical polishing process after forming the dielectric layer and before removing
the dummy gate.

Bohr discloses a first chemical mechanical polishing process that occurs after
forming the dielectric layer and before removing the dummy gate. TSMC-1003, 994.
For example, referring to FIGS. 1 and 2, Bohr discloses that “a portion of layer 110,”
which corresponds to the claimed dielectric layer, “may be removed to expose gate
electrode 108 and gate electrode 115 and that this “portion of layer 110 may be
removed by a planarization or chemical mechanical polishing (CMP) process.”

TSMC-1004, 934. Indeed, referring to FIG. 1-3 of Bohr, an optional CMP process
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is performed on the non-planar structure shown in FIG. 1, thereby resulting in the
planarized structure shown in FIG. 2, before removing the dummy gate as shown in
FIG. 3. TSMC-1003, 994; TSMC-1004, FIGS. 1-3. As a POSITA would further have
known, Bohr’s CMP step occurs after the deposition of the layer 110 (i.e., dielectric
layer) because Bohr discloses that a portion of the deposited layer 110 is to be re-
moved by CMP. TSMC-1003, 994. The CMP step also occurs before removal of the
dummy gate, as Bohr goes on to explains that, in a subsequent step, “...gate elec-
trodes 108, 115 and gate dielectrics 107, 114” are to be “removed to form trenches
121, 122.” TSMC-1004, 435. Indeed, a POSITA would understand or otherwise find
it obvious to use such a CMP process to fully expose the underlying polysilicon for
the subsequent selective etching/trench forming step to occur. TSMC-1003, 494.

7. Claim 9
[9.pre] The method of claim 1, further comprising:

[9.1] forming a conductive layer to fill the openings of the first transistor region
and the second transistor region after forming the metal layer on the first cap
layer of the first transistor region and the high-k dielectric layer of the second
transistor region; and

Bohr discloses the formation of a conductive layer to fill the openings of the
first and second transistor regions. TSMC-1003, 995. For example, Bohr discloses
“..fill material 171 and fill material 172 may be selectively formed” and that they
“may be chosen based on their conductive properties.” TSMC-1004, 947. Bohr iden-

tifies tungsten as a material that could be used for both fill material 171 and fill
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material 172, which are respectively formed on the metal layer on the first cap layer
of the first transistor region and the high-k dielectric layer of the second transistor
region as illustrated below. Fill material 171 and 172 thus disclose the claimed con-
ductive layer.

Conductive layer

First cap layer

Metal layer
101 \ 102 \
171162 High-k dielectric layer
110\ 16 131 110\13 162 116
= 109

105 104 : 112 111
103 103
( ) ( J

- Y. . v
First transistor region Second transistor region

TSMC-1004, FIG. 8 (annotated)
[9.2] performing a second chemical polishing after forming the conductive layer.

Bohr discloses performing a second chemical polish after the formation of the
conductive layer. TSMC-1003, 9496-97. For example, as discussed above for [9.1],
Bohr discloses that its conductive layer (e.g., fill materials 171, 172) is “selectively
formed,” TSMC-1004, 947. A POSITA would recognize that this phrase (“selec-

tively formed”) discloses or renders obvious this claim limitation because CMP is
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one common way to selectively form a layer by removing only the undesired portion
of a deposited material. TSMC-1003, 996. Notably, Bohr discloses removing mate-
rials through CMP. TSMC-1004, 434; see also id., 939. Indeed, using CMP to selec-
tively remove conductive layers was exceedingly well-known and was a common
component of semiconductor processing. TSMC-1003, 996 (citing TSMC-1006, Ab-
stract, 75-76; TSMC-1007, Abstract, 815, 816).

To the extent PO argues Bohr doesn’t expressly mention performing CMP on
its conductive layer (following its formation), a POSITA further would have found
the same to be obvious. TSMC-1003, 997. As noted, Bohr’s fill material 171, 172
corresponds to the claimed conductive layer. A POSITA would have understood that
depositing metal into plugs or holes can result in uneven surfaces and thus needs to
be planarized to create the desired even surface. Id. (citing TSMC-1007, 815;
TSMC-1006, Abstract, 75, 78-79). Thus, the POSITA would have looked to the only
planarization technique mentioned in Bohr, namely CMP, to achieve the same. /d.

8. Claim 10

[10] The method of claim 1, wherein the high-k dielectric layer comprises HfSiO,
HfSiON, HfO, LaO, LaAlO, ZrO, ZrSiO, or HfZrO.

Bohr discloses [10]. TSMC-1003, 998. For example, Bohr discloses that
“[g]ate dielectric 131 may be any suitable material” and further “may include a high-

k gate dielectric, such as hafnium oxide” as well as “hafnium silicon oxide, lantha-
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num oxide, Zirconium oxide, Zirconium silicon oxide, tantalum oxide, titanium ox-
ide, barium strontium titanium oxide, barium titanium oxide, strontium titanium ox-
ide, yttrium oxide aluminum oxide, lead scandium tantalum oxide, or lead zinc nio-
bate.” TSMC-1004, 938.

9. Claim 11

[11] The method of claim 9, wherein the conductive layer comprises Al, W, TiAl
or CoWP.

Bohr discloses [11]. TSMC-1003, 999. For example, Bohr discloses that “[f]ill
material 172,” which corresponds to the claimed conductive layer, may be made
from ““any suitable material” including “boron carbide, tungsten, molybdenum, rho-
dium, vanadium, platinum, ruthenium, beryllium, palladium, cobalt, titanium,
nickel, copper, tin, aluminum, lead, zinc, alloys of these metals, or their silicides.”
TSMC-1004, 948.

B. [GROUND 1B] — Bohr in view Chen Renders Obvious
Claim 3

The combination of Bohr and Chen renders obvious claim 3, wherein the first
cap layer comprises LaO, MgO, Dy,03, or other lanthanide oxides. TSMC-1003,

q100.

1. Overview of Chen

Chen describes work function engineering for embedded DRAM (eDRAM)
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MOSFETs. TSMC-1009, Title; see also id., 9950-68; TSMC-1003, 969. Chen de-
scribes using capping dielectric “CD1” and “CD2” for tuning the work function in
order to set the threshold voltage for the PFET and NFET respectively. /d. For ex-
ample, Chen describes depositing CD1 over the gate dielectric “to move the work|[
Jfunction” in order to “increase the Vt” for the PFET and depositing CD2 over the
gate dielectric for the NFET to modulate the work function in order to reduce the
threshold voltage. TSMC-1009, 4951, 56, 63-64, 68, 90-91, 109. Notably, Chen dis-
closes that CD1 “may comprise aluminum oxide or aluminum nitride” and examples
of CD2 include “LaOx, MgO, BaOx, Y203.” TSMC-1009, 9951, 63-64, 91, 97; see

also id., F1G. 3F.

......... 4 F[G. 3F
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S/D S/D S/D S/D S/D S/D
302 Logic NFET 302 Array NFET 302 Logic PFET

TSMC-1009, FIG. 3F (annotated)
2. Claim 3

[3] The method of claim 2, wherein the first cap layer comprises LaO, MgO,
Dy:03, or other lanthanide oxides.

Bohr in view of Chen renders obvious the first cap layer made of at least one
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of the materials recited in [3]. TSMC-1003, 99101-110. As discussed above for claim

1, Bohr discloses a first cap layer (n-type material 161). Supra Ground 1A, [1.7];

First cap layer

TSMC-1003, q101.

First cap layer q
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|

Second transistor region

(
|

First transistor region
TSMC-1004, FIG. 7 (annotated)

Bohr explains that this cap layer “may be any suitable n-type work function

material” and lists various examples including “hafnium, zirconium, titanium, tan-

talum, aluminum, their alloys, or carbides of those metals.” TSMC-1004, 9940, 45;

TSMC-1003, §102.
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Chen discloses depositing “second metal oxide layer (CD2) [i.e., “second cap-
ping dielectric]” on “the high-K dielectric layer” for a logic NFET transistor. °
TSMC-1009, 964, 68, 90-91(*““CD’ is short for capping dielectric.”), FIG. 3F. Chen
explains that the second capping dielectric (“CD2”) can “comprise a material se-
lected from the group consisting of LaOx, Mg0, BaOx, and Y203.” TSMC-1009,
64, see also id., 68, 90-91 (“NFET CD2 (metal oxide 2) is a capping dielectric
for logic NFET: LaOx, Mg0O, BaOx, Y203”), 114, FIG. 3F. Chen explains that the
second capping dielectric is used to tune the work function for the gate. See TSMC-

1009, 990-91, 114, see also id., §955-56, 77; supra 1ILB.1; TSMC-1003, 103.

6 Chen’s NFET and Bohr’s NMOS refer to the same type of transistor (i.e., a n-
channel metal-oxide-semiconductor field-effect transistor). TSMC-1003, Footnote
2 (citing TSMC-1017, 2:31-34). Likewise, Chen’s PFET and Bohr’s PMOS refer to
the same type of transistor (i.e., a p-channel metal-oxide-semiconductor field-effect

transistor). /d.
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“a material selected from the group
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TSMC-1009, FIG. 3F (annotated)

It would have been obvious to a POSITA to use Chen’s second capping die-
lectric in place of Bohr’s layer 161. Although Bohr discloses that its n-type material
161 can be made from “any suitable n-type work function material,” it does not ex-
plicitly mention that “LaO, MgO, Dy»0s3, or other lanthanide oxides” may be used.
TSMC-1004, 945. Yet a POSITA would have found it obvious to utilize one of the
above-mentioned materials of Chen for NFET in Bohr’s cap layer (n-type material
161) for various reasons. TSMC-1003, 9104.

For example, because Bohr indicates that any suitable materials may be used
for its first cap layer, it would have been obvious for a POSITA to look to other
sources, such as Chen, for details of known and predictable material options.
TSMC-1003, 9105.

Further, a POSITA would find it obvious to utilize one of Chen’s second cap-

ping dielectric materials for NFET in connection with Bohr’s first cap layer (i.e., n-
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type material 161) for the purpose of modulating the work function, adjusting thresh-
old voltage, and/or differentiating PFET/PMOS and NFET/NMOS behavior on the
same substrate.” TSMC-1009, 9958, 60, 90-91, 109, 114; TSMC-1003, §106.

In light of Chen’s disclosure, a POSITA would understand that lanthanum
oxides (i.e., “LaOx”) or other similar materials (i.e., “MgO”) for NFET can be uti-
lized in Bohr’s first cap layer (i.e., n-type material 161) for the NMOS because both
were known to improve the ability to adjust or tune the work function for
NFET/NMOS gates. TSMC-1003, 9107. Moreover, a POSITA would understand
that the standard deposition/etching processes used for forming the cap layer in Bohr
would be fully compatible with the specific second capping dielectric materials dis-
closed in Chen. /d.

In short, the combination would have amounted to a merely obvious applica-
tion of Chen’s material options to Bohr’s device, which was ripe for improvement
and in a manner that would yield no more than predictable results. A POSITA would
have had a reasonable expectation of success implementing the combination.
TSMC-1003, 9108.

In fact, Patent Owner acknowledged during prosecution that a cap metal layer

“may be construed as the first cap layer of the present invention,” while the specifi-

7 Supra Footnote 6.
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cation of the *195 patent describes the first cap layer as comprising dielectric mate-
rials. TSMC-1002, 88-89 (citing TSMC-1024). This admission by Patent Owner
during prosecution demonstrates that to a POSITA both dielectric and metal materi-
als were known cap layer candidates for work function tuning. Substitution of a
known material (metal) for another known material (dielectric)—or vice versa—is a
straightforward application of ordinary skill and creativity. TSMC-1003, 4109.

Moreover, a POSITA would have also been motivated to incorporate Chen’s
capping dielectric materials into Bohr’s process because these materials were widely
explored in the industry for work-function engineering in advanced high-k metal
gate nodes, offering improved band-offset control, better thermal stability, and en-
hanced PMOS tuning, among others. TSMC-1003, q9109-110 (citing TSMC-1021,
1485-86; TSMC-1020, 954). Substituting one known work-function-adjusting die-
lectric for another would have been considered a routine material selection con-
sistent with standard scaling roadmaps and integration targets. /d.

C. |GROUND 1C] - Bohr in view of Yu Renders Obvious
Claim 5

1. Overview of Yu

Yu is directed to a method of fabricating a semiconductor structure that in-
volves replacing polysilicon with a metal gate to thereby avoid polysilicon depletion
and reducing gate parasitic resistance. TSMC-1008, Abstract, 45; TSMC-1003,

67-68. For example, Yu discloses a device made of a first type transistor 110’, a

35



Attorney Docket No. 57998-00031P1
IPR of U.S. Patent No. 7,888,195

second transistor 120’, a high-voltage element 130’, and a static random access
memory 170". TSMC-1008, 9450, FIGS. 1E-1, 1E-2. Yu further discloses a dielectric
layer 155, a high-k dielectric layer 157, a second type conductive layer 161 and a
low resistance conductive layer 163 are formed on the substrate 100 within openings
181, 183, 185, 187. 1d., 45, FIG. 1B-1.

2. Claim 5

[5] The method of claim 4, further comprising forming a second cap layer in the
second transistor region after removing the first cap layer from the second tran-
sistor region.

Bohr in view of Yu renders obvious the formation of a second cap layer in the
second transistor region [5], as claimed. TSMC-1003, q9111-116. Specifically, Bohr
describes the removal of the first cap layer from the second transistor region, as
shown in annotated FIG. 7 below. TSMC-1004, FIG. 7; see also id., J46 (*...n-type
material 161 may be selectively removed from PMOS transistor 102 and a p-type
material 162 may be formed.”). Here, as explained for [1.7], Bohr’s material 161

corresponds to the claimed first cap layer that is removed in the second transistor

region. TSMC-1003, q112.

36



Attorney Docket No. 57998-00031P1
IPR of U.S. Patent No. 7,888,195

First cap layer
102 . rem?ved
N ,
High-k dielectric layer i
110

First cap layer

101
N

| |

First transistor region Second transistor region
TSMC-1004, FIG. 7 (annotated)
Now referring to FIGS. 1C-1D, Yu discloses that after a patterned photoresist
layer 154 is removed, a dielectric layer 155, a high-k dielectric layer 157, a second
type conductive layer 161, and a low resistance conductive layer 163 are sequentially
formed on the substrate 100. TSMC-1008, 945. A patterned photoresist layer 165 is
also formed on the low resistance conductive layer 163, which fills an opening 181.
The patterned photoresist layer 165 and the low resistance conductive layer 163 are
disposed above the first type source/drain 119. TSMC-1008, 947. Subsequently, the
patterned photoresist layer 165 is removed and a first type conductive layer 167 and
low resistance conductive layer 169 are sequentially formed. TSMC-1008, 948; see

also TSMC-1003, q113.
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TSMC-1008, FIG. 1D-1 (annotated)

While Bohr does not explicitly disclose a second cap layer, a POSITA would
have recognized or otherwise found it obvious that (i) Yu’s first type conductive
layer 167 corresponds to the claimed second cap layer and (ii)Yu’s low resistance
conductive layer 169 corresponds to the claimed metal layer. TSMC-1003, q114. For
example, Yu discloses that its “first type conductive layer 167 is disposed above the
first type doped region 107 and on the high-k dielectric layer 157, and is disposed
along an exposed side surface of the low resistance dielectric layer 157 and an ex-
posed upper surface of the high-k dielectric layer 157 in the opening 187 and that
its “low resistance conductive layer 169 is disposed on the first type conductive

layer 167 and fills in the opening 187.” TSMC-1008, 51; see also id., §30. That
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is, as shown in annotated FIG. 1E-1 below, Yu discloses a second cap layer (167)
disposed over a high-k dielectric layer (157) and then a metal layer (169) disposed

over the second cap (167).

Metal layer

1o

High-k
dielectric layer\{{ 7 167 169 129 127
|

Dielectric layer

153 g
151

19 ﬁ_.\F
L

TSMC-1008, FIG. 1E-1 (annotated)

N

A POSITA would have found it obvious and been motivated by multiple rea-
sons to use a second cap layer as in Yu in Bohr’s device. TSMC-1003, q115. For
example, referring to annotated FIG. 8 of Bohr below, a POSITA would have found
it obvious in view of Yu to dispose a metal layer over Bohr’s high-k dielectric layer
(131), after removal of the first cap layer (161), for the purpose of “improving the
stability of the transistor.” TSMC-1008, 456; TSMC-1003, 4115. A POSITA would
have also recognized that including a second cap layer (e.g., at the location indicated

by “second cap layer interface” in the annotated drawing below), which is different
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from the first cap layer, in the second transistor region would allow the work func-
tion of its NMOS and PMOS transistors to be independently tuned. TSMC-1003,
115 (citing TSMC-1021, q11).
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TSMC-1004, FIG. 8 (annotated)

Such modification of Bohr in view of Yu would have amounted merely to an
obvious application of Yu’s well-known techniques to Bohr’s device, which was
ripe for improvement and in a manner that would yield no more than predictable
results. A POSITA would have had a reasonable expectation of success implement-
ing the combination. TSMC-1003, q116.

D. [GROUND 1D] — Bohr in view of Yu and Chen Renders
Obvious Claim 6
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1. Claim 6

[6] The method of claim 5, wherein the second cap layer comprises Al:03, AIN,
or AION.

Bohr in view of Yu (as described above for Ground 1C) further in view of
Chen renders obvious this feature. TSMC-1003, q9/117-122. For example, Chen dis-
closes a first capping dielectric (“CD1”’) comprising “Aluminum Oxide (4/203)” or
“Aluminum Nitride (AIN).” TSMC-1009, 991, see also 51, 63, 97; supra 111.B.1;
TSMC-1003, 9118. Chen explains that CD1 is used to tune the PFET. TSMC-1009,

€958, 91; supra IILB.1; TSMC-1003, q118.

FIG. 3F
320 ~ o ¥ 3
30 ~, 340
322 332 342
310 Poly 310 Poly Poly
308 TiN dr 308 TiN b2 KT 2
307 CD2 306 CDI CDI ¢
304 HfO2 o 304 HfO2 _— HfO2
SID S/D /D & S/D S/D
30y  Logic NFET 30 Amay NFET 32  lLogicPFET

TSMC-1009, FIG. 3F (annotated)
For reasons similar to those discussed above with respect to [3], a POSITA
would be motivated to use “aluminum oxide or aluminum nitride” as a material for
Bohr’s second cap layer, in order to modulate the work function, adjust threshold

voltage, and/or differentiate PFET/PMOS and NFET/NMOS behavior on the same
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substrate.® TSMC-1009, 951, 90-91, 109-110; supra [3]; TSMC-1003, 9119-120
(citing TSMC-1021 q11, 84-85; TSMC-1020, 954). That is, in the combination, Yu’s
first type conductive layer 167 corresponds to the second cap layer. A POSITA, in
possession of Chen, would find it obvious to utilize “Al,O3” or “AIN” in Yu’s second
cap layer (167), because of Chen’s disclosure for using such materials to modulate
the work function of the PFET/PMOS. /d.

Such modification of Bohr would have amounted to a merely obvious appli-
cation of Chen’s material options to Bohr’s device, which was ripe for improvement
and in a manner that would yield no more than predictable results. A POSITA would
have had a reasonable expectation of success implementing the combination.
TSMC-1003, 9121.

Moreover, a POSITA would have been motivated to combine Yu’s conduc-
tive/cap layer configuration with Chen’s first capping dielectric (“CD1”’) materials
because both references address the same industry need: reliable tuning of
NMOS/PMOS work functions in dual-metal-gate flows. TSMC-1003, 122 (citing
TSMC-1021 q11, 84-85; TSMC-1020, 54). Integrating such teachings into Bohr’s
replacement-gate structure would have been a predictable and widely adopted ap-
proach to achieving tighter threshold voltage control, reducing leakage, and meeting

manufacturing yield requirements for CMOS technologies. /d.

8 Supra Footnote 6.
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E. [GROUND 1E] — Bohr in view of Lee Renders Obvious
Claim 7

1. Overview of Lee

Lee discloses a semiconductor device having, among other things, a gate elec-
trode 58 that can be “made of N-type silicon as well as “a conductor such as metal
or P-type doped silicon having a higher work function.” TSMC-1010, 482; TSMC-
1003, 970. This metal/silicon layer in Lee corresponds structurally and functionally
to the metal layer in Bohr, namely Bohr’s p-type material 162. TSMC-1003, 970.
Lee further discloses that by increasing a work function of the gate electrode, the
tunneling probability of charge migrating to a blocking insulation layer from a gate
electrode can be reduced. TSMC-1010, 4106. As described below, Lee discloses the

metal layer of claim 7.

2. Claim 7

[7] The method of claim 1, wherein the metal layer comprises TiN, TaC, Ta,
TaSiN, Al, or TiAIN.

Bohr in view of Lee renders obvious Claim 7. TSMC-1003, 4123-125. Spe-
cifically, as discussed above for [1.9] and further illustrated below, Bohr’s p-type
material 162 corresponds to the claimed metal layer. TSMC-1003, 4124. The corre-
sponding layer in Lee, namely its layer 58, can be made from various materials such
as “P-type silicon, Ti, TiN, TaN, TaTi, TaSiN, Ta, W, Hf, HfN, Nb, Mo, RuO,,

RuO, Mo2N, WN, WSi, NiSi, TizAl, Ti2AIN, Pd, Ir, Pt, Co, Cr, CoSi, NiSi, and
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AlS1.” TSMC-1010, 482; TSMC-1003, 9124.

Metal layer

First cap layer 101 \

162

| |

First transistor region Second transistor region

TSMC-1004, FIG. 7 (annotated)

Although Bohr discloses that its metal layer (p-type material 162) can be made
from any suitable material, it does not explicitly mention that “TiN, TaC, Ta, TaSiN,
Al, or TiAIN” may be used. TSMC-1004, 946; see also id., 4942-43. Yet a POSITA
would have found it obvious to utilize one of the above-mentioned materials of Lee
in Bohr’s metal layer for various reasons. TSMC-1003, §125. For example, because
Bohr indicates that any suitable materials may be used for its metal layer but other-
wise provides little detail about the specific types of materials that can be used, it
would have been obvious for a POSITA to look to other sources, such as Lee, for
details of known and predictable material options. /d. Such a modification of Bohr

in view of Lee combination would have amounted to a merely obvious application
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of Lee’s material options to Bohr’s device, which was ripe for improvement and in
a manner that would yield no more than predictable results. A POSITA would have
had a reasonable expectation of success implementing the combination. /d.

F. [GROUND 1F] — Bohr in view of Wang or Amazawa Ren-
ders Obvious Claims 9 and 11

While Ground 1A demonstrates that limitation [9.2] is disclosed or otherwise
rendered obvious by Bohr alone, Ground 1F presents a combination that is benefited
from even more explicit disclosures found within Wang and Amazawa, which ad-
dress this feature, as well as the features of dependent Claim 11. Integration of Wang
or Amazawa does not disturb the mapping of Bohr to other claim elements. To avoid
repetition, and because the analysis of all other claim elements remains applicable,
only the pertinent portions of Claims 9 and 11—namely limitation [9.2]—is ad-
dressed in this section. The unaddressed elements of Claims 9 and 11 are disclosed
by Bohr as demonstrated for Ground 1A. TSMC-1003, 9126.

1. Overview of Wang

Wang discloses a method of chemical mechanical polishing, specifically,
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chemical mechanical polishing of tungsten filled contact holes.” TSMC-1006, Ab-
stract, 75-76; TSMC-1003, 965. For example, Wang utilizes a lower down-pressure
CMP to polish overfilled nail heads of CVD deposited tungsten and tungsten parti-
cles deposited on the surface of dielectric. TSMC-1006, 78-79.

2. Overview of Amazawa

Amazawa discloses a planarization process for metal plugs using chemical
mechanical polishing (CMP).!? See TSMC-1007, Abstract, 815; TSMC-1003, 66.
For example, Amazawa describes a CMP for aluminum plugs. TSMC-1007, 816.
Notably, Amazawa teaches that selectively deposited plugs can result in sharp crys-

tal facets and surface unevenness due to the difference between the via depth and

? The evidence here confirms that Wang was published in Materials Chemistry and
Physics in October 1997 and made available to the public no later than May 5,
1998—both more than ten years before the Critical Date of the *195 Patent. See
TSMC-1019, q10-13.

10 The evidence here confirms that Amazawa was published by IEEE Transactions
on Electron Devices in April 1998 and made available to the public no later than
June 29, 2000—both several years before the Critical Date of the *195 Patent. See

TSMC-1019, §96-9.
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plug height. Id., 815. By planarizing metal plugs, Amazawa’s CMP and post-treat-
ment technique can improve the electrical characteristics of via connections. See

TSMC-1007, 817.

3. Claims 9 and 11
[9.2] performing a second chemical polishing after forming the conductive layer.

To the extent PO argues Bohr does not teach the second chemical polishing
step after formation of the conductive layer as recited in [9.2], Bohr in view of Wang
or Amazawa renders such a step obvious. TSMC-1003, 99127-133.

Referring to the analysis of [9.1] above, the fill materials 171, 172 of Bohr
(i.e., conductive layer) were selectively formed as shown below:

Conductive layer

First cap layer Metal layer

101 N 102 N\
171162 High-k dielectric layer
110\ 16 131 110\13 162 116
=/ 109

105 104 - 112 111
103 103
( ) \ )

- Y. . Y
First transistor region Second transistor region

TSMC-1004, FIG. 8 (annotated)
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Although Bohr does not explicitly mention what processing was performed
after deposition of the fill materials 171, 172 to yield the resulting configuration, it
would have been obvious for a POSITA to turn to well-known planarization tech-
niques, for example as taught by Wang and Amazawa, for details on how to achieve
the structural configuration of fill materials 171, 172 in Bohr. TSMC-1003, 9128-
129.

Wang, for instance, discloses a method of chemical mechanical polishing for
tungsten filled contact holes. TSMC-1006, Abstract, 75-76. Wang explains that a
metal, like tungsten, can overfill contact holes during deposition to ensure that the
holes are completely filled. /d., 76. Similarly, Bohr discloses that its conductive layer
(fill material 171 and fill material 172) can be made of tungsten. See TSMC-1004,
947-48. A POSITA would have found it obvious to perform a second CMP step
after depositing Bohr’s conductive layer with a metal (e.g., tungsten) to form the
selectively polished and smooth fill structure that is shown in FIG. 8 of Bohr. TSMC-
1003, 9130.

Similarly, Amazawa discloses a planarization process for selectively depos-
ited metal plugs using a chemical mechanical polishing (CMP). See TSMC-1007,
Abstract, 815. More specifically, Amazawa describes the selective deposition of via
holes or openings with aluminum. TSMC-1007, 815-816. Then, utilizing a CMP

process, “Al plugs are completely planarized,” after being selectively filled. TSMC-
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1007, 816. Amazawa explains that such selective formation of Al plugs via CMP “is
very simple and . . . much easier to control” compared to other methods. /d.; TSMC-
1003, 9131. Thus, a POSITA would have found it obvious to perform CMP on
Bohr’s device after depositing the conductive layers 171, 172 to simply and reliably
create a “flush” surface. TSMC-1007, 816; TSMC-1003, 4131.

The combinations of Bohr with Wang/Amazawa, as described above, amount
to an obvious application of known processing techniques as shown in
Wang/Amazawa, applied to a known device structure as described in Bohr, which
was ready for improvements that would yield predictable results. Bohr does not im-
pose any restrictions on the types of planarization methods that can be used on its
conductive layer, and in fact explicitly details the use of CMP in other layers. TSMC-
1003, q132. A POSITA would have been motivated to incorporate the CMP teach-
ings of Wang or Amazawa into Bohr’s process because CMP of metal-filled trenches
had become a universal, standardized fabrication step in sub-100-nm technology
nodes, highly effective for reducing topography, preventing voids, improving yield,
and/or ensuring reliable metal-gate formation. /d. Leveraging CMP to planarize
Bohr’s conductive fill would have been viewed as a routine, predictable enhance-
ment aligned with industry-wide backend and replacement-gate process flows. /d.

Accordingly, a POSITA would have had a reasonable expectation of success

implementing the proposed modification. TSMC-1003, §133. Thus, claim 9 and its
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dependent claim 11—which merely adds that “the conductive layer comprises Al,
W, TiAl or CoWP”—are obvious in view of the above. See supra Ground 1A, [11]
(explaining that Bohr’s “[f]ill material 172" corresponds to the claimed conductive
layer and may be made from “any suitable material” including “tungsten” or “alu-
minum,” thereby satisfying claim 11. TSMC-1004, 948.).

G. [GROUND 2A] - Brask Anticipates and/or Renders Obvi-
ous Claims 1, 2, 4, and 7-11

1. Overview of Brask

Brask discloses a method of making a semiconductor device, and more spe-
cifically one having metal gate electrodes and a structure with first part 101 (e.g.,
NMOS) and second part 102 (e.g., PMOS), as illustrated in FIG. 1a-1f. TSMC-1005,
Abstract, 411, 13, 34; TSMC-1003, 9460-63. More specifically, as shown in FIG.
1b below, Brask’s fabrication method includes forming trenches 113, 114 in the di-

electric 112. TSMC-1005, 924-27.
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TSMC-1005, FIG. 1b (annotated)
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Turning to FIG. 1f below, Brask shows depositing/etching various layers over
the trenches to form a semiconductor device having a high-k gate dielectric layer

115 and various metal layers 117, 120, among others. /d., §35.
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TSMC-1005, FIG. 1f (annotated)

2. Claim 1
[1.pre] A method for fabricating metal gate transistor, comprising:

To the extent that the preamble is limiting, Brask discloses “methods for mak-
ing semiconductor devices, in particular, semiconductor devices that include metal
gate electrodes.” TSMC-1005, q1; see also id., 992, 25-29; TSMC-1003, q9134-135.

[1.1] providing a substrate having a first transistor region and a second transis-
tor region;

Brask discloses a substrate having a first transistor region and a second tran-
sistor region. TSMC-1003, 9136. Specifically, as shown below, Brask discloses a

substrate having an intermediate “structure [that] includes first part 101 [i.e., first
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transistor region] and second part 102 [i.e., second transistor region] of substrate

100.” TSMC-1005, §13, FIG. la.
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TSMC-1005, FIG. 1A (annotated)

[1.2] forming a plurality of dummy gates on the substrate and within the first
transistor region and the second transistor region;

Brask discloses forming a plurality of dummy gates on the substrate. TSMC-
1003, 99137-138. For example, Brask discloses that a “[ffirst polysilicon
layer 104 is formed on dielectric layer 105, and second polysilicon layer 106 is
formed on dielectric layer 107.” TSMC-1005, 913. Brask discloses that “[a]fter
forming the FIG. 1 a structure, first and second polysilicon layers 104, 106 are re-
moved” and then dielectric “layers 105, 107 are removed.” TSMC-1005, 4919, 24;
see also id., 5922, 40 (“After forming the FIG. 2 a structure, polysilicon layers 104,
122 and dielectric layer 105 are removed”). The layers 104/105 and layers 106/107
are dummy gates because these structures are formed in the dielectric 112 and then

subsequently etched away to form gates structures. TSMC-1005, 9919, 22-24;
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TSMC-1003, 9137 (citing TSMC-1012, 2:28-32). Accordingly, Brask’s first polysil-
icon layer 104 with dielectric layer 105 and its second polysilicon layer 106 with

dielectric layer 107 correspond to the claimed plurality of dummy gates.!! TSMC-

1003, 9137.
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TSMC-1005, FIG. 1a (annotated)

This annotated FIG. la, shows dummy gates 104, 105 and 106, 107 formed
“on substrate 100 of Brask. TSMC-1003, 4138; TSMC-1005, 925, 39 (“polysilicon

layers 104, 122 that are formed on dielectric layer 105, which is formed on substrate

100.”), FIG. 2a.

' Supra Footnote 4.
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[1.3] forming a source/drain region at two sides of each dummy gate;

Brask discloses forming a source/drain (S/D) region at two sides of each
dummy gate. TSMC-1003, q9139-140. For example, Brask discloses “...source and
drain regions...that may be formed using conventional processes.” TSMC-1005, q16.
The source and drain regions are formed at two sides of each dummy gate. This is
evident because Brask’s device is a complementary metal oxide semiconductor
(CMOS) device having a complementary pair of NMOS and PMOS field-effect tran-
sistors (FETs). TSMC-1005, 93, 13, 51. In such FETs, the source and drain regions
are necessarily formed at the sides of the dummy gate structure because this allows
the metal gate to be formed in a position that allows for the creation of a conductive
channel through which an electrical current can flow between the source and the
drain when a voltage is applied to the metal gate. TSMC-1003, 4139 (citing TSMC-
1022, 5:14-60; TSMC-1030; TSMC-1025; TSMC-1026). The forming of the source
and drain regions at each of the dummy gate is therefore implicitly and inherently
disclosed in Brask. /d.

To the extent PO argues Brask does not disclose forming the S/D region at
two sides of each dummy gate, a POSITA would understand that the S/D region
would be formed at two sides of Brask’s first polysilicon layer 104 and second pol-
ysilicon layer 106. TSMC-1003, 9140. For example, Brask discloses that “[w]hen

source and drain regions are formed using conventional ion implantation and anneal
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processes, it may be desirable to form a hard mask on polysilicon layers 104, 106—
and an etch stop layer on the hard mask—to protect layers 104, 106 when the source
and drain regions are covered with a silicide.” TSMC-1005, q17. Brask also dis-
closes that “[w]hen ion implantation processes are used to form the source and drain
regions, layers 104, 106 may be doped at the same time the source and drain regions
are implanted. In such a process, first polysilicon layer 104 may be doped n-type,
while second polysilicon layer 106 is doped p-type—or vice versa.” TSMC-1005,
q18. In view of Brask’s disclosures regarding its source and drain regions and their
relationship to the dummy gates, and further in view of the abundantly well-known
concept of positioning a source/drain region at two sides of each dummy gate in
order to create a functioning semiconductor device, a POSITA would have recog-
nized or otherwise found it obvious that Brask’s source/drain regions are formed at
two sides of its dummy gate. TSMC-1003, 4140; see also TSMC-1004, FIG. 1;
TSMC-1012, FIG. 1.

[1.4] forming a dielectric layer to cover the dummy gates;

Brask discloses forming a dielectric layer to cover the dummy gates. TSMC-
1003, 99141-142. For example, Brask Figure 1a discloses “[d]ielectric 112 [that]

lies next to the sidewall spacers [108, 109].” TSMC-1005, q13.
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TSMC-1005, FIG. 1a (annotated to show the dielectric layer before and after being
polished back to cover the dummy gates)

Although Figure 1a shows dielectric layer 112 on the sides of the gate, Brask
further discloses that its “dielectric 112 may be polished back...to expose first and
second polysilicon layers 104, 106.” TSMC-1005, 916. In order to expose the first
and second polysilicon layers 104/105, 106/107 (i.e., dummy gates) by polishing
back the dielectric 112, the dielectric 112 would have been first deposited over the
dummy gates 104/105, 106/107 to cover them prior to being polished back. TSMC-
1003, 9142.

[1.5] removing the dummy gates to form a plurality of openings in the dielectric
layer of the first transistor region and the second transistor region;

Brask discloses removing the dummy gates to form a plurality of openings in
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the dielectric layer as claimed. TSMC-1003, 9143. For example, Brask describes and
illustrates the formation of trenches 113, 114 in the dielectric layer 112 after removal
of the polysilicon layers 104, 106 and dielectric layer 105, 107. Specifically, Brask
discloses that “[a]fter forming the FIG. 1 a structure, first and second polysilicon
layers 104, 106 are removed” and then dielectric “layers 105, 107 are removed.”
TSMC-1005, 9919, 24; see also id., 4922, 40 (“After forming the FIG. 2 a structure,

polysilicon layers 104, 122 and dielectric layer 105 are removed”).

Plurality of openings
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TSMC-1005, FIG. 1b (annotated)

Brask discloses that the “...removal of dielectric layers 105, 107 leaves

trenches 113, 114 within dielectric layer 112 positioned between sidewall spacers
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108, 109, and sidewall spacers 110, 111 respectively.” Id. Thus, a plurality of open-
ings are formed in the dielectric layer of the first transistor region and the second
transistor region following removal of the dummy gates. TSMC-1003, 9143.

[1.6] forming a high-k dielectric layer to cover the dielectric layer and surface of
each opening;

Brask discloses forming a high-k dielectric layer over the surface of each
opening. TSMC-1003, q144. For example, as illustrated below, Brask discloses that
“[a]fter removing dielectric layers 105, 107, dielectric layer 115 is formed on sub-
strate 100” where the “dielectric layer 115 comprises a high-k gate dielectric layer.”
TSMC-1005, 925. In an implementation, Brask discloses that “an atomic layer CVD
process is used to form high-k gate dielectric layer 115, that layer will form on the

sides of trenches 113, 114.” Id., 927.

High-k dielectric layer
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TSMC-1005, FIG. 1¢ (annotated)

[1.7] depositing a first cap layer on the high-k dielectric layer;
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Brask discloses depositing a first cap layer disposed on the high-k dielectric
layer. TSMC-1003, 94145-146. In one mapping, Brask’s metal layer 116, which as
shown in annotated FIG. 1c below is deposited on the high-k dielectric layer (i.e.,
dielectric layer), corresponds to the claimed first cap layer. TSMC-1003, q145. More
specifically, Brask discloses its “metal layer 116 is formed directly on [high-k die-
lectric] layer 115 and that the “[m]etal layer 116 may comprise any conductive
material from which a metal gate electrode may be derived, and may be formed on
high-k gate dielectric layer 115 using well known PVD or CVD processes.” TSMC-

1005, 931.

High-k dielectric layer
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TSMC-1005, FIG. 1¢ (annotated)
Notably, Brask uses its metal layer 116 for the same purpose that the *195

patent uses its capping layer. TSMC-1003, 4146. Specifically, the *195 patent states
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that its capping layer is used to “define the work function.” TSMC-1001, 4:42-49.
Similarly, Brask uses its metal layer 116 for the same purpose. TSMC-1005, 32
(“[w]hen metal layer 116 comprises an n-type material, layer 116 preferably has a
workfunction that is between about 3.9 eV and about 4.2 eV”’; “[w]hen metal layer
116 comprises a p-type material, layer 116 preferably has a workfunction that is
between about 4.9 eV and about 5.2 eV.”). Moreover, Patent Owner stated during
prosecution acknowledged that a cap metal layer “may be construed as the first cap
layer of the present invention.” TSMC-1002, 88-89 (citing TSMC-1024). Thus,
Brask’s metal layer 116 corresponds to the claimed first cap layer both structurally
and functionally. TSMC-1003, 9146.

[1.8] removing the first cap layer disposed in the second transistor region;
and

Brask discloses removing the first cap layer that is disposed in the second

transistor region, as illustrated in annotated FIG. 1d below. TSMC-1003, q4[147-148.
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TSMC-1005, FIG. 1d (annotated)

Brask explains the removal of metal layer 116 from the second transistor re-

gion as follows: “After forming metal layer 116 on high-k gate dielectric layer 115,

part of metal layer 116 is masked,” and “[t]he exposed part of metal layer 116 is then

removed, followed by removing any masking material, to generate the structure of

FIG. 1d.” Id. The result is that the metal layer is removed from the second transistor

region as claimed. TSMC-1003, 49147-148.

[1.9] forming a metal layer on the first cap layer of the first transistor region and
the high-k dielectric layer of the second transistor region.

Brask discloses forming a metal layer on the first cap layer of the first transis-

tor region and the high-k dielectric layer of the second region. TSMC-1003, 149.

For example, as shown in annotated Figure le below, Brask’s second metal layer
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120 is formed on the first cap layer (e.g., metal layer 116 and first metal layer 117)
of the first transistor region (e.g., a region over the first part 101 of the substrate
100). TSMC-1005, FIG. le. Brask’s second metal layer 120 is formed on the high-
k dielectric layer (e.g., high-k gate dielectric layer 115) of the second transistor re-
gion (e.g., first metal layer 117 is formed after etching metal layer 116), as shown
below. /d.
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TSMC-1005, FIG. le (annotated)

3. Claim 2

[2] The method of claim 1, wherein the first transistor region is a NMOS transis-
tor region.

Brask discloses that the first transistor region is an NMOS transistor region.
TSMC-1003, 99150-151. For example, Brask discloses that “[w]hen ion implanta-

tion processes are used to form the source and drain regions, layers 104, 106 may
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be doped at the same time the source and drain regions are implanted” and that
“[i]n such a process, first polysilicon layer 104 may be doped n-type, while second
polysilicon layer 106 is doped p-type—or vice versa.” TSMC-1005, 18; see also
id., 923. A POSITA would understand that the n-type doped source and drain re-
gion in the first part indicates that Brask’s first part 101 is an NMOS transistor re-
gion. TSMC-1003, 9150.

In addition, Brask discloses an embodiment where the second metal layer 120
is deposited on a first metal layer 117 and an exposed second part 119 of the high-k
dielectric layer 115. TSMC-1005, 934. Brask discloses that “[i[f first metal layer
117 comprises an n-type metal,” thus disclosing the scenario in which the first tran-
sistor region (which includes metal layer 117) is an NMOS transistor. TSMC-1005,
34; TSMC-1003 q151. A POSITA would also understand that the first metal layer
117 having an n-type metal, would indicate that the first part 101 is an NMOS region.
TSMC-1003, 9151.

4. Claim 4

[4] The method of claim 1, wherein the second transistor region is a PMOS tran-
sistor region.

Brask discloses that the second transistor region is a PMOS transistor region.
TSMC-1003, 9152-153. Brask discloses that “[w]hen ion implantation processes are
used to form the source and drain regions, layers 104, 106 may be doped at the same

time the source and drain regions are implanted” and that “[i]n such a process, first
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polysilicon layer 104 may be doped n-type, while second polysilicon layer 106 is
doped p-type—or vice versa.” TSMC-1005, 18; see also id., 23. A POSITA would
understand that the p-type doped source and drain region in the second part indicates
that Brask’s second part 102 is a PMOS transistor region. TSMC-1003 q152.

Brask discloses a scenario in which “second metal layer 120 preferably com-
prises a p-type metal, e.g., one of the p-type metals identified above.” TSMC-1005,
934. A POSITA would also understand that the second metal layer 120 having a p-
type metal, would indicate that the second part 102 is a PMOS region. TSMC-1003,
q153.

5. Claim 7

[7] The method of claim 1, wherein the metal layer comprises TiN, TaC, Ta,
TaSiN, Al, or TiAIN.

Brask discloses that its metal layer comprises TiN, TaC, Ta, TaSiN, Al, or
TiAIN. TSMC-1003, q154. For example, in explaining its deposition process, Brask
discloses that its metal layer (e.g., layer 120) “preferably comprises an n-type metal”
(TSMC-1005, 934) and that such n-type metal materials can include “hafnium, zir-
conium, titanium, tantalum, aluminum, and metal carbides that include these ele-
ments, i.e., titanium carbide, zirconium carbide, tantalum carbide, hatnium carbide
and aluminum carbide.” Id., 931, 34; TSMC-1003, 9154.

6. Claim 8
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[8] The method of claim 1, further comprising performing a first chemical me-
chanical polishing process after forming the dielectric layer and before removing
the dummy gate.

Brask discloses performing a first chemical mechanical polishing process.
TSMC-1003, q155. For example, Brask describes that a “...dielectric 112 may be
polished back, e.g., via a conventional chemical mechanical polishing (‘CMP’) op-
eration, to expose first and second polysilicon layers 104, 106.” TSMC-1005, q16.
As noted above, a POSITA would have recognized or otherwise found it obvious
that in order to expose the first and second polysilicon layers 104, 106 by polishing,
the dielectric 112 would first cover the dummy gates 104, 106. See e.g., Supra
Ground 2A [1.4]; TSMC-1003, 99142, 155.

7. Claim 9
[9.pre] The method of claim 1, further comprising:

[9.1] forming a conductive layer to fill the openings of the first transistor region
and the second transistor region after forming the metal layer on the first cap
layer of the first transistor region and the high-k dielectric layer of the second
transistor region; and

Brask discloses forming a conductive layer that fills the opening of the first
transistor region and the second transistor region. TSMC-1003, q9156-157. Specifi-
cally, Brask’s trench fill metal (e.g., metal 121) corresponds to the claimed conduc-
tive layer. For example, Brask discloses that “...after depositing second metal layer

120 on layers 117 and 115, the remainder of trenches 113, 114 is filled with a mate-
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rial that may be easily polished, e.g., tungsten, aluminum, titanium, or titanium ni-
tride. Such a trench fill metal, e.g., metal 121, may be deposited over the entire
device using a conventional metal deposition process. That trench fill metal may
then be polished back so that it fills only trenches 113, 114, as shown in 1f.” TSMC-
1005, 936; see annotated FIG. 1f, infra; TSMC-1003, 9156.

As shown in FIG. 1f, Brask illustrates and discloses that the metal layer 121
is deposited after the metal layer 120, thus disclosing that Brask’s conductive layer
(121) is formed after “forming the metal layer [120] on the first cap layer [116] of
the first transistor region and the high-k dielectric layer [115] of the second transistor
region,” as claimed. TSMC-1003, §157.

Conductive layer
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TSMC-1005, FIG. 1f (annotated)

[9.2] performing a second chemical polishing after forming the conductive layer.
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Brask discloses performing a second chemical polish after forming the con-
ductive layer. TSMC-1003, q9158-160. As indicated above, Brask discloses that
“...after depositing second metal layer 120 on layers 117 and 115, the remainder of
trenches 113, 114 is filled with a material that may be easily polished, e.g., tungsten,
aluminum, titanium, or titanium nitride. Such a trench fill metal, e.g., metal 121,
may be deposited over the entire device using a conventional metal deposition pro-
cess. That trench fill metal may then be polished back so that it fills only trenches
113, 114, as shown in 1f.” TSMC-1005, §36; TSMC-1003, q158.

A POSITA would have recognized Brask’s statement that the metal 121 may
be “polished back™ to expressly refer to CMP. Although there exist other types of
polishing in the semiconductor context, CMP is the best known and a POSITA
would read “polished back” to be a shorthand for CMP. TSMC-1003, 4159. Indeed,
when referring to the polishing back of other structures, Brask expressly listed “con-
ventional chemical mechanical polishing” as a known example for polishing back
excess materials. TSMC-1005, q16. Thus, even if it is argued that “polished back”
is not an express reference to CMP, a POSITA would have nevertheless recognized
or otherwise found it obvious that a similar polishing back technique—namely via
chemical mechanical polishing—can be used to polish back the trench fill metals.

TSMC-1003, 4159.
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Moreover, a plethora of references, including Wang and Amazawa just to
name a few, disclose the use of chemical mechanical polishing to polish back excess
trench fill metals so that they only fill the trenches. TSMC-1003, 9160 (citing
TSMC-1006, Abstract, 75-76, 78-79; TSMC-1007, 815-816). Thus, a POSITA
would have found it obvious to perform a second CMP step after depositing Brask’s
conductive layer in the trenches to form the selectively polished and smooth fill
structure that is shown in FIG. 1f of Brask. TSMC-1003, 9160.

8. Claim 10

[10] The method of claim 1, wherein the high-k dielectric layer comprises HfSiO,
HfSiON, HfO, LaO, LaAlO, ZrO, ZrSiO, or HfZrO.

Brask discloses that the high-k dielectric layer is made of at least one of the
claimed materials. TSMC-1003, q[161. Specifically, Brask’s dielectric layer 115 cor-
responds to the claimed high-k dielectric layer. For example, Brask discloses that
the “...dielectric layer 115 comprises a high-k gate dielectric layer. Some of the ma-
terials that may be used to make such a high-k gate dielectric layer include: hafnium
oxide, hafnium silicon oxide, lanthanum oxide, zirconium oxide, zirconium sil-
icon oxide, tantalum oxide, titanium oxide, barium strontium titanium oxide, barium
titanium oxide, strontium titanium oxide, yttrium oxide, aluminum oxide, lead scan-
dium tantalum oxide, and lead zinc niobate.” TSMC-1005, 925.

9. Claim 11

[11] The method of claim 9, wherein the conductive layer comprises Al, W, TiAl
or CoWP.
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Brask discloses that the conductive layer is made of at least one of the claimed
materials. TSMC-1003, 9162. For example, Brask discloses that “...after depositing
second metal layer 120 on layers 117 and 115, the remainder of trenches 113, 114
is filled with a material that may be easily polished, e.g., tungsten, aluminum, ti-
tanium, or titanium nitride. Such a trench fill metal, e.g., metal 121, may be depos-
ited over the entire device using a conventional metal deposition process. That trench
fill metal may then be polished back so that it fills only trenches 113, 114, as shown
in 1£” TSMC-1005, 936.

H. [GROUND 2B] - Brask in view of Ma Renders Obvious
Claims 1, 2, 4, 7-11

Ground 2B is substantively identical to, and incorporates the analysis of,
Ground 2A in all but the following respects. Namely, while Ground 2A demonstrates
that limitation [1.3] of Claim 1 is disclosed or otherwise rendered obvious by Brask
alone, Ground 2B relies on the even more explicit disclosure of Ma to reach this
feature. Integration of Ma does not disturb the mapping of Brask to other claim ele-
ments. To avoid repetition, and because the analysis of all other claim elements is
identical, only the pertinent portions of Claim 1—mnamely limitation [1.3]—are ad-
dressed in this section. The unaddressed elements of Claims 1, 2, 4, and 7-11 are
disclosed by Brask as demonstrated for Ground 2A. TSMC-1003, q163.

1. Overview of Ma

69



Attorney Docket No. 57998-00031P1
IPR of U.S. Patent No. 7,888,195

Ma generally describes a method of fabricating a dual metal gate CMOS in-
cluding forming a gate oxide in a gate region and depositing a place-holder (dummy)
gate in each of the n-well and p-well. TSMC-1012, Abstract; TSMC-1003, 964.
More specifically, Ma discloses forming “a ‘dummy’ gate, or a place-holder gate,”
where such “[p]lace-holder gates 22, 24 are formed in the PMOS and NMOS.”
TSMC-1012, 2:28-32. Additionally, as shown in annotated FIG. 1 below, Ma dis-
closes “provid[ing] a source 26 and a drain 28 for the PMOS” and “provid[ing] a
source 30 and a drain 32 for the NMOS.” Id., 2:39-49.

Fig. 1 12
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TSMC-1012, FIG. 1 (annotated)
2. Claims 1, 2, 4, and 7-11
[1.3] forming a source/drain region at two sides of each dummy gate;

As discussed for Ground 2A, Brask discloses forming a plurality of dummy
gates and corresponding source/drain (S/D) regions. TSMC-1003, q9164-167. For

example, Brask discloses that “source and drain regions . . . may be formed using

70



Attorney Docket No. 57998-00031P1
IPR of U.S. Patent No. 7,888,195

conventional processes.” TSMC-1005, §16. To the extent PO argues Brask does not
explicitly disclose forming the S/D region at two sides of each dummy gate, Ma
provides explicit disclosures of same as noted above. For example, Ma discloses that
a “[sJource and drain junctions are formed in both the PMOS and NMOS” and that
such source/drain regions, as illustrated in annotated FIG. 1 of Ma above, are formed
at two sides of each of its place-holder (dummy) gates 22, 24. TSMC-1012, 2:39-
40, FIG. 1; TSMC-1003, q164.

A POSITA would have found it obvious and would have been motivated to
look to the teachings of Ma to implement Brask’s source/drain regions. TSMC-1003,
q165. Indeed, Brask already indicates that conventional processes should be used to
form various structures—such as the claimed source/drain regions—whose detailed
implementations may not be expressly shown in Brask. TSMC-1005, q16. Thus, it
would have been obvious for a POSITA to look to other sources, such as Ma, for
details of known and predictable transistor designs, including how to configure and
form the source/drain regions relative to the dummy gates. TSMC-1003, 9165. A
POSITA would further understand that configuring Brask’s source and drain at two
sides of the dummy gates as per Ma would enable the NMOS and PMOS transistors
to properly function as a MOS transistor. TSMC-1003, q165.

A POSITA would have also been motivated to incorporate Ma’s explicit dis-

closure of forming source/drain regions adjacent dummy gates into Brask’s process
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because both references describe standard self-aligned MOSFET fabrication se-
quences, and combining them would merely align Brask’s description with conven-
tional, industry-mandated transistor architectures. TSMC-1003, §166; see also id.,
438. The modification would have improved process completeness without intro-
ducing new complexities, consistent with scalable CMOS design rules. /d.

Moreover, such a combination would have amounted to a merely obvious ap-
plication of Ma’s processing techniques to Brask’s device, in a manner that would
have yielded no more than predictable results. Therefore, a POSITA would have had
a reasonable expectation of success implementing the combination. TSMC-1003,
I167.

I. [GROUND 2C] — Brask in view of Chen Renders Obvious
Claim 3

1. Claim 3

[3] The method of claim 2, wherein the first cap layer comprises LaO, MgO,
Dy:03, or other lanthanide oxides.

Brask in view of Chen renders obvious the first cap layer made of at least one
of the materials recited in [3]. TSMC-1003, q9168-172. For example, Chen discloses
depositing “second metal oxide layer (CD2) [i.e., ‘second capping dielectric’]” on
“the high-K dielectric layer” for a logic NFET transistor. TSMC-1009, 9964, 68, 90-
91 (““CD’ 1s short for capping dielectric.””). Chen explains that the second capping
dielectric (“CD2”) can “comprise a material selected from the group consisting of

LaOx, MgO, BaOx, and Y203.” Id. 964, see also id., 1968, 90-91, 114, FIG. 3F.
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Chen explains that the second capping dielectric is used to tune the work function
for the gate. See TSMC-1009, 9990-91, 114, see also id., §955-56, 77; supra 111.B.1;

TSMC-1003, 9169.
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TSMC-1009, FIG. 3F (annotated)

Turning to Brask, the metal layer 116 and first metal layer 117 correspond to
the first cap layer. See Ground 2A [1.7], supra. Similar to Chen, Brask’s metal layer
117 is disposed between a high-k dielectric layer 115, disposed over substrate 100,
and a metal layer 120. TSMC-1005, 926, 41-43. Moreover, Brask suggests using a
“capping layer” which “may then be oxidized...to form a capping dielectric oxide”
and that “in some embodiments it may be desirable to form a capping layer on high-
k gate dielectric layer 115.” TSMC-1005, 930-31. In view of this disclosure, a
POSITA would have been motivated to look to Chen for examples of materials for

the capping layer. TSMC-1003, 9170.
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A POSITA would have found it obvious to utilize the capping dielectric ma-
terial taught by Chen, such as LaOx or MgO, as a material for Brask’s metal layer
116/117 for the purpose of tuning or improving the work function of the dielectric
and metal interface. See TSMC-1009, 964, 91. TSMC-1003, 4171.

Indeed, a POSITA would have been motivated to draw from Chen’s use of
LaOx for the capping dielectric layer because such materials were well-known in the
art to improve work-function stability, chemical resistance, and integration margins
in metal-gate stacks. TSMC-1003, 9172 (citing TSMC-1021, 4937, 99; TSMC-1020,
954). Their substitution into Brask would have been considered a standard material-
engineering refinement aimed at, for instance, improving threshold-voltage uni-
formity and reliability. /d.

J. [GROUND 2D] — Brask in view of Yu Renders Obvious
Claim 5

1. Claim 5

[5] The method of claim 4, further comprising forming a second cap layer in the
second transistor region after removing the first cap layer from the second tran-
sistor region.

Brask in view of Yu render obvious the formation of a second cap layer in the
second transistor region. TSMC-1003, 49173-177. For example, Yu renders obvious
“forming a second cap layer in the second transistor region after removing the first
cap layer from the second transistor region,” as claimed. /d., 175. Referring to

FIGS. 1C-1D, Yu discloses that after a patterned photoresist layer 154 is removed,
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a dielectric layer 155, a high-k dielectric layer 157, a second type conductive layer
161, and a low resistance conductive layer 163 are sequentially formed on the sub-
strate 100. TSMC-1008, 945. A patterned photoresist layer 165 is also formed on the
low resistance conductive layer 163, which fills an opening 181. The patterned pho-
toresist layer 165 and the low resistance conductive layer 163 are disposed above
the first type source/drain 119. TSMC-1008, 947. Subsequently, the patterned pho-
toresist layer 165 is removed and a first type conductive layer 167 and low resistance

conductive layer 169 are sequentially formed. TSMC-1008, 948.
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TSMC-1008, FIG. 1D-1 (annotated)
Yu’s first type conductive layer 167 corresponds to the claimed second cap

layer, and Yu’s low resistance conductive layer 169 corresponds to the claimed
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metal layer. TSMC-1003, 4176. For example, Yu discloses that “The first type con-
ductive layer 167 is disposed above the first type doped region 107 and on the high-
k dielectric layer 157, and is disposed along an exposed side surface of the low re-
sistance dielectric layer 157 and an exposed upper surface of the high-k dielectric
layer 157 in the opening 187. The low resistance conductive layer 169 is disposed
on the first type conductive layer 167 and fills in the opening 187.” TSMC-1008,
51, see also id., §30. Accordingly, Yu discloses and illustrates a second cap (167)
disposed over a high-k dielectric layer (157) and a metal layer (169) disposed over

the second cap (167), as shown in annotated FIG. 1E-1 below.
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TSMC-1008, FIG. 1E-1 (annotated)
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A POSITA would have found it obvious and been motivated by multiple rea-
sons to use a second cap layer as in Yu in Brask’s device. TSMC-1003, q177. For
example, referring to annotated FIG. le of Brask below, a POSITA would have
found it obvious in view of Yu to dispose a metal layer over Brask’s high-k dielectric
layer (115), after removal of the first cap layer (116), for the purpose of “improving
the stability of the transistor.” TSMC-1008, 456; TSMC-1003, q177. A POSITA
would have also recognized that including a second cap layer, which is different
from the first cap layer, in the second transistor region, would allow the work func-
tion of its NMOS and PMOS transistors to be independently tuned. TSMC-1003,
177 (citing TSMC-1021, q99-11). Such modification of Brask in view of Yu would
have amounted to a merely obvious application of Yu’s well-known techniques to
Brask’s device, which was ripe for improvement and in a manner that would yield
no more than predictable results. A POSITA would have had a reasonable expecta-

tion of success implementing the combination. TSMC-1003, 4177.
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TSMC-1005, FIG. 1e (annotated)

K. [GROUND 2E] — Brask in view of Yu and Chen Renders
Obvious Claim 6

1. Claim 6

[6] The method of claim 5, wherein the second cap layer comprises Al:03, AIN,

or AION.

Brask in view of Yu (as described above for Ground 2D) further in view of

Chen discloses the second cap layer comprising Al>O3 or AIN. TSMC-1003, 99178-

183. For example, in the combination, Yu’s first type conductive layer 167 corre-

sponds to the second cap layer. Chen discloses deposition of a first capping dielectric

layer of A1oOs or AIN on the high-k dielectric layer. TSMC-1009,991, see also id.,

9951, 63, 97, FIG. 3F; supra II1.B.1; TSMC-1003, 9179.
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FIG. 3F
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TSMC-1009, FIG. 3F (annotated)

A POSITA would have found it obvious to use Al,O3 or AIN as a material for
Yu’s second cap layer, in order to modulate the work function, adjust threshold volt-
age, and/or differentiate PMOS and NFET behavior on the same substrate. TSMC-
1009, 9951, 90-91, 109-110; TSMC-1003, 180.

As noted, Yu’s first type conductive layer 167 corresponds to the second cap
layer. A POSITA, in possession of Chen, would find it obvious to utilize Al,O3 or
AIN in Yu’s second cap layer (167), because of Chen’s disclosure for using such
materials to modulate the work function of the PFET. 1d.; see also supra Ground 2C
[3]; TSMC-1003, 9181.

A POSITA would have been motivated to combine Yu’s conductive/cap-layer
approach with Chen’s capping dielectric materials in Brask’s device because all
three references address the same fabrication challenges—work-function alignment,

high-k interface engineering, and dual-gate integration. TSMC-1003, §182. Using
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Chen’s materials within Yu’s cap architecture in Brask’s replacement-gate flow
would have been technologically compatible, industry-aligned, and expected to yield
predictable improvements in threshold voltage control and reliability. /d.

Such modification of Brask would have amounted to a merely obvious appli-
cation of Chen’s material options to Brask’s device, which was ripe for improvement
and in a manner that would yield no more than predictable results. A POSITA would
have had a reasonable expectation of success implementing the combination.
TSMC-1003, 4183.

IVv. PAYMENT OF FEES -37 C.F.R. § 42.103

Petitioner authorizes the Patent and Trademark Office to charge Deposit Ac-
count No. 06-1050 for the fee set in 37 C.F.R. § 42.15(a) for this Petition and further
authorizes payment for any additional fees to be charged to this Deposit Account.

V. CONCLUSION

Petitioner respectfully requests institution IPR and cancellation of all Chal-
lenged Claims as unpatentable based on Grounds 1A-2E.

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

Petitioner, Taiwan Semiconductor Manufacturing Company Ltd. is the real
party-in-interest.

B. Related Matters Under 37 C.F.R. § 42.8(b)(2)
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Petitioner is not aware of any disclaimers, reexamination certificates or peti-
tions for inter partes review for the 195 patent. Petitioner is not aware of any civil
actions involving the subject matter for the *195 patent.

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

Petitioner provides the following designation of counsel.

Lead Counsel Backup counsel

W. Karl Renner, Reg. No. 41,265 Thomas A. Rozylowicz, Reg. No. 50,620

Fish & Richardson P.C. Hyun Jin In, Reg. No. 70,014

60 South Sixth Street Joseph W. Bauer, Reg. No. 81,218
Suite 3200 Fish & Richardson P.C.
Minneapolis, MN 55402 60 South Sixth Street

Tel: 202-783-5070 Suite 3200

Fax: 877-769-7945 Minneapolis, MN 55402

Email: [PR57998-00031P1(@fr.com Tel: 202-783-5070
Fax: 877-769-7945
PTABInbound@fr.com

D. Service Information

Please address all correspondence and service to the address listed above.
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Petitioner consents to electronic service by email at IPR57998-00031P1@fr.com

(referencing No. 57998-00031P1).

Respectfully submitted,

Dated: February 13, 2026 /W. Karl Renner/
W. Karl Renner, Reg. No. 41,265
Thomas A. Rozylowicz, Reg. No. 50,620
Hyun Jin In, Reg. No. 70,014
Joseph W. Bauer, Reg. No. 81,218
Fish & Richardson P.C.
3200 RBC Plaza, 60 South Sixth Street
Minneapolis, MN 55402
T: 202-783-5070
F: 877-769-7945

(Control No. IPR2026-00261) Attorneys for Petitioner
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CERTIFICATION UNDER 37 CFR § 42.24
Under the provisions of 37 CFR § 42.24(d), the undersigned hereby certifies
that the word count for the foregoing Petition for Inter partes Review totals 13,074

words, which 1s less than the 14,000 allowed under 37 CFR § 42.24.

Dated: February 13, 2026 /W Karl Renner/
W. Karl Renner, Reg. No. 41,265
Thomas A. Rozylowicz, Reg. No. 50,620
Hyun Jin In, Reg. No. 70,014
Joseph W. Bauer, Reg. No. 81,218
Fish & Richardson P.C.
3200 RBC Plaza, 60 South Sixth Street
Minneapolis, MN 55402
T: 202-783-5070
F: 877-769-7945

Attorneys for Petitioner
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CERTIFICATE OF SERVICE

Pursuant to 37 CFR §§ 42.6(e)(4)(1) et seq. and 42.105(b), the undersigned certifies
that on February 13, 2026, a complete and entire copy of this Petition for /nter
partes Review, Power of Attorney, and all supporting exhibits were provided via
Federal Express, to the Patent Owner by serving the correspondence address of
record and Patent Owner’s IPR counsel as follows:

NORTH AMERICA INTELLECTUAL PROPERTY CORPORATION
5F., No. 389, Fuhe Rd., Yonghe Dist.
New Taipei City, Taiwan
234645

William Meunier

Adam Rizk

Michael Renaud

Reza Dokhanchy

Tawfik Goma

MINTZ, LEVIN, COHN, FERRIS, GLOVSKY, AND POPEO, P.C.
ONE FINANCIAL CENTER
BOSTON, MA 02111

/Esther Goldschlager/

Esther Goldschlager

Fish & Richardson P.C.

60 South Sixth Street, Suite 3200
Minneapolis, MN 55402
goldschlager@fr.com
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