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l. SUMMARY

The Petition should be denied because none of the Petition grounds establishes
a reasonable likelihood that Petitioner will prevail on any challenged claim of U.S.
Patent Number 7,888,195 (“the 195 Patent”). For example, neither of the asserted
primary references (Bohr and Brask) teach the claimed “first cap layer” recited in
independent claim 1. The Petition identifies conductive metal layers as allegedly
satisfying the claimed “first cap layer” limitations. However, these metal layers are
not “cap layers” that serve to protect underlying material, but rather are part of the
gate electrode itself. In contrast, the 195 Patent’s claimed “first cap layer” is an
insulating cap oxide layer.

Grounds 1A-1F (Bohr): Bohr fails to disclose or render obvious the claimed

“first cap layer.” The Petition alleges that “Bohr’s n-type material 161 corresponds
to the claimed first cap layer.” Not so. Bohr’s n-type material 161 is a conductive
n-type metal layer with a specific work function suitable for an n-type (or NMOYS)
gate. In other words, Bohr’s n-type material 161 is a part of the gate electrode itself,
rather than being an insulating oxide layer. In contrast, the 195 Patent’s “cap layer”
Is an insulating oxide layer, rather than a conductive metal layer, that protects the
underlying high-k dielectric layer. Moreover, in the 195 Patent, “the present
invention specifically uses the cap layer 56 to define the work function of the metal

layer 60.” EX1001, 4:43-46. For example, “[i]n the aforementioned embodiment,
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a cap layer 56 composed of La,O3 is deposited before the formation of the metal
layer 60 to define the work function of n-type metal.” 1d., 4:47-50. That is, the 195
Patent’s “cap layer 56” is an insulating oxide layer that defines the work function of
the n-type gate metal, rather than being the n-type metal itself. The 195 Patent’s
“metal layer 60” is the n-type metal layer. Conversely, Bohr’s “n-type material” is
made from an “n-type work function material”—that is, Bohr’s n-type material is
the n-type metal layer itself, rather than defining the work function of the n-type
metal. Thus, Bohr’s “n-type material” is not the claimed “first cap layer” but rather
Is more akin to the 195 Patent’s claimed “metal layer.”

Grounds 2A-2E: Brask also fails to disclose or render obvious the claimed

“first cap layer.” The Petition alleges that Brask’s “metal layer 116" is the claimed
“first cap layer” of the challenged claims, but that is incorrect. Brask specifically
states that its “metal layer 116 is not a “capping layer.” EX1005-Brask, [0031]
(*“Although in some embodiments it may be desirable to form a capping layer on
high-k gate dielectric layer 115, in the illustrated embodiment, metal layer 116 is
formed directly on layer 115 to generate the FIG. 1c structure.”). Moreover, like
Bohr’s “n-type material 161,” Brask’s “metal layer 116” is a conductive metal layer

that is a part of the gate electrode itself, rather than being an insulating oxide layer.
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II.  SEMICONDUCTOR TRANSISTOR TECHNOLOGY PRIMER

The following is a brief primer of semiconductor transistors to establish a
foundation of common terms and concepts that can be used in addressing the defects
in the Petition. These terms and concepts focus on: (1) the basic components of
transistors; and (2) common process steps for creating transistors. EX2001-
McAlexander-Decl, 117.

A.  Basic Transistor Components

Today’s semiconductor devices trace their lineage back to the first computers
of the 1940s, which used vacuum tubes to perform two key electrical functions:
switching (i.e., turning access to electrical current on and off) and amplification (i.e.,
increasing the amplitude of a signal while retaining its electrical characteristics).
EX2002 at 1-2; EX2001-McAlexander-Decl, 118. Where earlier tube devices used
a vacuum tube to control the flow of electrons (turning electrical current on and off),
today’s semiconductor devices use transistors. EX2002 at 3; EX2001-McAlexander-
Decl, 118.

One type of transistor typically used in an integrated circuit (or “chip”) is a
“field effect transistor,” or FET. EX2001-McAlexander-Decl, {19. Materials used
to build such transistors are divided into three categories based on their ability to
conduct electrical current: conductors, dielectrics, and semiconductors. EX2002 at

29-34; EX2001-McAlexander-Decl, §19. In a conductor (e.g., a metal), electric
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current can flow freely. EX2002 at 29; EX2001-McAlexander-Decl, 119. A
dielectric (e.g., silicon dioxide) is an insulative material at the opposite end of the
conductivity spectrum and has a high resistance to the flow of current. EX2002 at
30; EX2001-McAlexander-Decl, 119. Semiconductors (e.g., silicon) fall between
conductors and dielectrics and have some conducting and some resisting ability.
EX2002 at 31-34; EX2001-McAlexander-Decl, 119.

The simplified FET below illustrates how these materials may be used to
create a semiconductor transistor device. EX2001-McAlexander-Decl, §20. As
shown, the transistor is built on a semiconductor substrate and comprises a source,
a drain, a gate, and a channel. See, e.g., EX2002 at 510-511. The source, drain and
channel comprise semiconductor material, the gate comprises a conductor, and the

gate and channel are separated by a thin dielectric layer.

See, e.g., EX2002 at 510-511; EX2001-McAlexander-Decl, 120.
The source and drain are regions in the semiconductor substrate that are either
rich in electrons (a negative, or n-type, region) or rich in holes (a positive, or p-type,

region). EX2002 at 26-28, 427-28; EX2001-McAlexander-Decl, 121. The channel
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Is a region under the gate and between the source and drain, and is of the opposite
type to that of the source and drain. In other words, if the source and drain are n-
type regions, then the channel will be a p-type region (and vice versa). EX2002 at
510-511; EX2001-McAlexander-Decl, §21.

The gate is a conductor (or semiconductor) located above the channel.
EX2001-McAlexander-Decl, §22. In this simplified version of a FET, there is a
dielectric between the channel and the gate. EX2002 at 510-511; EX2001-
McAlexander-Decl, §22. When a voltage is applied to the gate, the dielectric
prevents the “flow of charge” (current) between the gate and the channel, but the
applied voltage results in the creation of a “field effect” in the channel. EX2002 at
510-511; EX2001-McAlexander-Decl, §*. This “field effect” either builds up or
depletes the charges in the channel (depending on whether it is a p- or n-type
channel). EX2002 at 510-511; EX2001-McAlexander-Decl, 122.

As illustrated below, this field effect allows charge to flow from the source,
through the channel, to the drain. EX2001-McAlexander-Decl, 123. Thus,
selectively applying voltage to the gate switches the transistor on and off, starting
and stopping drain-to-source or source-to-drain current. EX2001-McAlexander-

Decl, 123.
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See, e.g., EX2002 at 510-511 (annotated); EX2001-McAlexander-Decl, 123.

B.  Processes For Manufacturing Integrated Circuits And Transistors
1. The Four Stages Of Fabricating Integrated Circuits

The intricate, complex manufacturing process developed over the years for
achieving such highly-dense integrated circuits can be divided into four distinct
stages: (1) material preparation; (2) wafer preparation; (3) wafer fabrication; and (4)
packaging. EX2001-McAlexander-Decl, 124.

In the first stage, the semiconductor material itself is created. EX2002 at 13.
For a silicon semiconductor, the raw starting material is sand, which is converted to
pure silicon with a polysilicon structure. EX2002 at 13; EX2001-McAlexander-
Decl, 125.

In the second stage, the semiconductor material is first formed into a silicon
crystal with specific electrical and structural parameters, and it is then sliced into

thin disks called “wafers.” EX2002 at 13-14; EX2001-McAlexander-Decl, 26. A
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wafer acts as a semiconductor substrate on and in which transistors may be formed.
EX2001-McAlexander-Decl, 126.

The third stage is wafer fabrication, during which individual integrated
circuits are formed in and on the wafer semiconductor substrate. EX2002 at 14;
EX2001-McAlexander-Decl, 127. Thousands of integrated circuits can be formed
on the substrate of a single wafer. EX2002 at 14; EX2001-McAlexander-Decl, 127.

In the packaging stage, the wafer is separated into individual chips. EX2002
at 14-15; EX2001-McAlexander-Decl, 128.

2. The Wafer Fabrication Stage

The third manufacturing stage, wafer fabrication, is the one most relevant
here, and it can take several thousand steps, during which transistors and other
devices are formed in and on the wafer’s substrate. EX2002 at 14; EX2001-
McAlexander-Decl, 129. These steps are generally performed using three categories
of materials (conductors, semiconductors, and dielectrics) in four basic operations
(layering, patterning, doping, and heat treatments). See EX2002 at 29-31, 71;
EX2001-McAlexander-Decl, 129. For purposes of understanding the Petition and
its deficiencies, the two most important basic operations are layering and patterning.
EX2001-McAlexander-Decl, 129.

Layering is the operation used to add thin layers to the semiconductor

substrate. EX2002 at 72; EX2001-McAlexander-Decl, 130. The layers may be
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conductors, semiconductors, or dielectrics; and they can have a variety of functions
and be made in a variety of ways. EX2002 at 72; EX2001-McAlexander-Decl, 30.

For example, one way of adding a layer of material is to deposit that material
onto the semiconductor substrate. EX2001-McAlexander-Decl, 131. Another way
of adding a layer of material is to grow the material on the semiconductor substrate.
Id. After an initial layer is added to the semiconductor substrate, additional layers
may be added to the earlier layers using similar growth or deposition processes. Id.
To illustrate, the transistor structure shown below shows a number of layers that
have been added to the wafer’s semiconductor substrate, some deposited, some

grown. EX2002 at 72; EX2001-McAlexander-Decl, {31.

Deposited
Passivation
Layer

Deposited
Metal

Layer

Grown
Oxide
Layers

Figure 4.4 Cross section of completed metal gate
MOS transistor with grown and deposited layers.

Patterning is the series of steps to remove (etch away) selected portions of
the semiconductor substrate or one or more layers of materials that were added
during one or more prior layering operations. EX2002 at 72-73; EX2001-
McAlexander-Decl, §32. This creates a pattern on the wafer surface. EX2002 at 72-

73; EX2001-McAlexander-Decl, {32.
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The patterning may result in one or more holes in the layered material or one
or more remaining islands of material. EX2002 at 72-73; EX2001-McAlexander-
Decl, 133. For example, the following figures illustrate the use of patterning to make
(1) a hole in a previously formed layer: and (2) an island from a previously formed
layer:

) [ = e

Layered Waler
or

Co1 wiand

Figure 4.7 Patterning,

EX2001-McAlexander-Decl, 33.
The repeated combination of layering and patterning in different sequences
and variations is critical to the formation of transistors in and on the semiconductor

wafer:

These parts are created one layer at a time by the combination of putting
a layer on the surface and removing a portion, with a patterning process,
to leave a specific shape. The goal of the patterning operation is to
create the desired shapes in the exact dimensions (feature size) required
by the circuit design, and to locate them in their proper location on the

wafer surface and in relation to the other parts.

EX2002 at 73; EX2001-McAlexander-Decl, 134.
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I1l. THE CHALLENGED ‘195 PATENT
A.  The Prior Art Problem and Exemplary Solution

The *195 Patent’s “invention relates to a method for fabricating a transistor,
and more particularly, to a method for fabricating a metal gate transistor.” EX1001,
1:7-9. At the time of the 195 Patent, “polysilicon materials [were] commonly used

to fabricate gate electrodes” due to these materials’ “strong resistance for heat.” Id.,
1:11-14. “However, devices fabricated by polysilicon still have many drawbacks.”
Id., 1:18-19. For example, as the 195 Patent explains, polysilicon gates generally
perform at a lower rate compared to metal gates, necessitating further processing to

increase the performance to an acceptable level:

In contrast to most metal, polysilicon gates are fabricated
by semiconductor materials having high resistance, which
causes the polysilicon gate to work under a much lower
rate than other metal gates. In order to compensate for
slightly lowered rate of performance, a significant amount
of silicides is applied during the fabrication of polysilicon
processes, such that the performance of the device could

be increased to an acceptable level.
Id., 1:19-26.

Another drawback of polysilicon gates is that “[g]ate electrodes fabricated by
polysilicon also causes a depletion effect.” Id., 1:27-28. Polysilicon gates have a

limited doping concentration, which “often results in a depletion region at the

10
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interface between the gate and the gate dielectric layer.” Id., 1:28-33. “This
depletion region not only thickens the gate dielectric layer, but also lowers the
capacitance of the gate, and ultimately reduces the driving ability of the device.” Id.,
1:34-36. The *195 Patent provides a solution to this problem: “In order to solve this
problem, double work function metal gates are used to replace conventional
polysilicon to fabricate gate electrodes for MOS transistors.” 1d., 1:36-39.

“However, it is well known in the art that the degree of difficulty for
fabricating a well-controlled double work function metal is immense as the process
often involves complicated integration between NMOS device and PMOS device.”
Id., 1:40-42. “The difficulty increases even more as the thickness and materials used
in double work function metal gates requires a much more strict demand.” 1d., 1:44-
46. “Hence, how to successfully fabricate double work function metal gate transistor
with lower cost and improved performance has become an important task in this
field.” Id., 1:46-49. Thus, the 195 Patent provides a lower cost method of
fabricating a double work function metal gate transistor that offers improved
performance. EX2001-McAlexander-Decl, 137.

The 195 Patent’s “FIGS. 1-8 illustrate a method for fabricating a metal gate
transistor according to a preferred embodiment of the present invention.” EX1001,
2:31-33. “Asshown in FIG. 1, a substrate 12, such as a silicon substrate or a silicon-

on-insulator substrate is provided.”

11
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Id., 2:33-35, Fig. 1. “At least a NMOS transistor region 14 and a PMOS transistor
region 16 are defined in the substrate 12.” Id., 2:35-37. As shown, “gate insulating
layer 20... is then formed on the surface of the substrate 12" and “polysilicon layer
22 serving as a dummy gate layer is deposited on the gate insulating layer.” Id.,
2:39-47. These layers are subsequently etched and “a plurality of dummy gates,
such as the polysilicon gates 26 shown in this embodiment is formed in the NMOS

transistor region 14 and the PMOS transistor region 16,” as shown in Fig. 2:

12
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Id., 2:55-64, Fig. 2. These polysilicon dummy gates are later removed to form metal
gates, as explained in more detail below. EX2001-McAlexander-Decl, 140.
In Fig. 4, source/drain regions (42 and 44) are formed in both the NMOS and

PMOS transistor regions at two sides of the dummy gates:

13
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EX1001, 3:36-52, Fig. 4. Subsequently, as shown in Fig. 4 above, “[a]n interlayer
dielectric layer 50 composed of oxides is then deposited,” covering both transistor
regions. Id., 3:64-67; EX2001-McAlexander-Decl, 142. This interlayer dielectric
layer is then polished or etched down to the surface of the polysilicon dummy gates

26, as shown in Fig. 5:

14
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EX1001, 4:1-7, Fig. 5.

At this point, the dummy gates are removed to be replaced by metal gates.
“As shown in FIG. 6, a selective etching process is conducted... to remove the
polysilicon gate 26 disposed in the NMOS transistor region 14 and the PMOS

transistor region 16 without damaging the interlayer dielectric layer 50."

15
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Id., 4:8-13, Fig. 6 (annotated). “[T]he etching process preferably removes the
polysilicon gate 26 and forms an opening 52 in each transistor region 14, 16 for
exposing the gate insulating layer 20 underneath.” 1d., 4:15-17.

In addition to showing the formation of openings 52 by removing the dummy
gates, Figure 6 also shows the formation of several layers on the device, namely a

pad oxide 68, a high-k dielectric layer 54, and a cap layer 56:

16
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Id., 4:18-27, Fig. 6 (partial and annotated). “[A] pad oxide 68, a high-k dielectric
layer 54 and a cap layer 56 are sequentially deposited over the surface of the
interlayer dielectric layer 50 of the two transistor regions 14, 16 and the sidewall and
bottom of the openings 52.” 1d., 4:20-24.

Also shown in Fig. 6, “[a] patterned photoresist 58 is then disposed on the
NMOQOS transistor region 14.” 1d., 4:33-34. “[A]n etching process is carried out by
using the patterned photoresist 58 as a mask to remove the cap layer 56 in the PMOS
transistor region 16.” 1d., 4:34-36. The result of this etching process is shown in
Figure 7, in which the cap layer 56 in the PMOS transistor region 16 has been

removed:

17
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Id., Fig. 7 (annotated); EX2001-McAlexander-Decl, 47. Moreover, “[a]s shown in
FIG. 7, after stripping the patterned photoresist 58, a metal layer 60 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.”

18
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EX1001, 4:37-40, Fig. 7 (partial and annotated).
Finally, as shown in Fig. 8, “a conductive layer 62 composed of low resistance
material is selectively deposited on the metal layer 60 of the NMQOS transistor region

14 and the PMOS transistor region 16 to fill the openings 52.”

Id., 4:61-65, Fig. 8 (annotated). Figure 8 “illustrates a schematic view of a CMOS
transistor with metal gates 64, 66 fabricated by the aforementioned process.” Id.,
5:4-6. “The metal gate 64 of the NMOS transistor region 14 includes a pad oxide
disposed on the bottom of the metal gate 64, a U-shaped high-k dielectric layer 54
disposed on the pad oxide 68 and covering the sidewall of the metal gate 64, a U-

shaped cap layer 56 disposed on the U-shaped high-k dielectric layer 54, a U-shaped

19
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metal layer 60 disposed on the U-shaped cap layer 56, and a substantially I-shaped
conductive layer 62 filling the remaining opening of the metal gate 64.” Id., 5:11-
19. As shown, the metal gate 66 disposed in the PMOS transistor region 16 includes
the same layers, except for the cap layer 56, which was removed. Id., 5:20-30.

B.  The Claimed “First Cap Layer” And “Metal Layer”

A critical aspect of the *195 Patent’s fabrication method is the formation of
the cap layer. The cap layer serves two important functions in the *195 Patent’s
fabrication process: (1) protecting the underlying NMQOS transistor region during
processing of the PMOS transistor region (by serving as a “cap”); and (2) defining
the work function of the metal layer in the NMQOS transistor region. EX2001-
McAlexander-Decl, 151.

As explained above, after the removal of the dummy gates, the cap layer is
disposed on top of the high-k dielectric layer. The 195 Patent explains that “the cap
layer 56 comprises La;03, MgO, Dy,03, or other lanthanide oxides.” EX1001, 4:26-
27. Thus, the *195 Patent’s cap layer is an insulating oxide layer, rather than a
conductive metal layer. EX2001-McAlexander-Decl, 152.

The cap layer is then removed in the PMOS transistor region before a metal
layer is formed. That is, in the NMOS transistor region, the cap layer is retained and
the metal layer is formed on top of the cap layer. A unique aspect of the 195 Patent’s

cap layer is the usage of the cap layer to define the work function of the metal gate:

20
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“It should be noted that the present invention specifically uses the cap layer 56 to
define the work function of the metal layer 60.” EX1001, 4:43-46. For example,
“[i]n the aforementioned embodiment, a cap layer 56 composed of La,Os is
deposited before the formation of the metal layer 60 to define the work function of
n-type metal.” 1d., 4:47-50. That is, the cap layer is an insulating oxide layer that
defines the work function of the n-type gate metal, rather than being an n-type metal
itself. EX2001-McAlexander-Decl, 153. The specification is clear that this function
of the cap layer is a “specific” requirement of “the present invention” of the *195
Patent. Id.; EX1001, 4:43-46.

C.  Prosecution History

The Petition alleges that “Patent Owner acknowledge[d] during prosecution
of the *195 patent that a cap metal layer ‘may be construed as the first cap layer of
the present invention.”” Pet., 21 (citing EX1002, 88-89). This mischaracterizes the
prosecution history. The portion of the file history that the Petition cites to (pages
88-89) is an Office Action Response. The relevant passage is in response to a
rejection based on the Doczy reference (EX1024), which discloses a “cap metal layer
115.” EX1024-Doczy939, 1[0020]. In the Office Action Response, Applicant
wrote: “Despite this 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

transistor region 202 and there is no metal layer formed on the cap layer 115a/115

21
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of the first transistor region thereafter, as recited in claim 1 of the present invention.”
EX1002, 88-89. That is, Applicant argued that even if Doczy’s cap metal layer 115
could be construed as a “cap layer,” it still did not meet other requirements of the
claimed cap layer.

In fact, the Doczy reference specifically distinguishes an n-type metal layer
from a cap layer. In Doczy, the “cap metal layer 115” is a “capping layer” because

it is the top/final layer of the gate. EX1024-Doczy939, {[0019].

Id., Fig. 10 (annotated). Doczy explains that “after formation of the [n-type metal]

layer 190, a contact/gap fill can be implemented by applying a bottom up

22
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superconformed filling (superfill), indicated as 115a.” Id., f[0048]. This

corresponds to the *195 Patent’s “conductive layer 62,” which fills in the gate:

EX1001, Fig. 8 (annotated).
Doczy’s cap metal layer 115 is formed on top of “n-type metal layer 190.”

EX1024-Doczy939, 11[0011]-[0012], [0048].

23
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Id., Fig. 10 (annotated). “N-type metal layer 190 may serve as a metal NMOS gate
electrode that, in one embodiment, has a workfunction that is between about 3.9 eV
and about 4.2 eV.” Id., 1[0012].

Thus, Doczy specifically distinguishes a cap layer from an n-type metal layer.
Even if Doczy’s “cap metal layer 115 could be construed as a “cap,” it still would
not satisfy the requirements of the claimed “first cap layer” because no additional
layers are formed on top of the cap metal layer 115. That is exactly what Applicant
argued in the Office Action Response. EX1002, 88-89.

D. The Challenged Claims

The Petition challenges independent claim 1 and dependent claims 2-11, each
of which includes the foregoing inventive concepts and combinations. For example,
independent claim 1 recites:

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

24
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[1.1] providing a substrate having a first transistor region and a
second transistor 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 dielectric 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 surface 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.

EX1001, claim 1 (annotated to identify claim elements).
IV. THE PETITION GROUNDS AND ASSERTED REFERENCES

The Petition asserts the following grounds challenging claims 1-11 of the 195

Patent:
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Pet., 1-2.

A. Bohr (Grounds 1A-F)

Grounds 1A-F rely solely or primarily on the Bohr reference. Bohr describes
a semiconductor fabrication method involving replacing dummy gates with metal
gates. For example, Bohr’s Figs. 1-3 illustrate the formation and subsequent
removal of dummy gates to form trenches, which will eventually be filled by a metal

gate structure:
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EX1004-Bohr, Figs. 1-3; EX2001-McAlexander-Decl, 162.
“As illustrated in FIG. 4, a gate dielectric 131 may be formed in trenches 121,

122™:
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EX1004-Bohr, 1[0038], Fig. 4. Unlike the *195 Patent’s high-k dielectric layer,
Bohr’s gate dielectric 131 is formed only in the trenches, rather than also covering
the inter-layer dielectric layer. EX2001-McAlexander-Decl, 164.

The Petition relies on Bohr’s Figures 6-8 embodiment as allegedly disclosing
the claimed “cap layer” and “metal layer” steps. Pet., 20-23. Bohr explains that
“FIGS. 6-8 illustrate a method for forming gate electrodes with reference to the
illustration of FIG. 4.” EX1004-Bohr, §[0045]. “As illustrated in FIG. 6, an n-type

material 161 may be formed in trenches 121, 122.”
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Id., [0045], Fig. 6. “N-type material 161 may be any suitable n-type work function
material,” including “hafnium, zirconium, titanium, tantalum, aluminum, their
alloys, or carbides of those metals.” 1d., 11[0040], [0044]. That is, n-type material
161 is a conductive n-type metal layer with a specific work function suitable for an
n-type (or NMOS) gate. EX2001-McAlexander-Decl, {*.

Then, “[a]s illustrated in FIG. 7, n-type material 161 may be selectively

removed from PMOS transistor 102 and a p-type material 162 may be formed.”
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EX1004-Bohr, 1[0046], Fig. 7. “P-type material 162 may be any suitable p-type
work function material,” including “ruthenium, palladium, platinum, cobalt, nickel,
and their oxides.” 1d., 11[0042], [0046]. Thus, p-type material 162 is a conductive
p-type metal layer with a specific work function suitable for a p-type (or PMOS)
gate. EX2001-McAlexander-Decl, 168.

Therefore, unlike in the *195 Patent, Bohr’s fabrication method employs two
metal layers with specific work functions, rather than a cap layer and a metal layer.
EX2001-McAlexander-Decl, 169. In contrast, the 195 Patent’s cap layer is an
insulating oxide layer that “define[s] the work function of n-type metal,” rather than
the cap layer itself being the n-type metal. EX1001, 4:47-50; EX2001-

McAlexander-Decl, §69.
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B. Brask (Grounds 2A-E)

Grounds 2A-E rely solely or primarily on the Brask reference. Brask discloses
a semiconductor fabrication method similar to Bohr’s. For example, Brask’s Figs.
la and 1b illustrate the formation and subsequent removal of dummy gates to form

trenches, which will eventually be filled by a metal gate structure:
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EX1005-Brask, Figs. 1a and 1b; EX2001-McAlexander-Decl, 70. Then, as shown

in Fig. 1c, a high-k gate dielectric layer 115 and metal layer 116 are formed:

EX1005-Brask, {1[0026]-[0032], Fig. 1c. “Metal layer 116 may comprise any
conductive material from which a metal gate electrode may be derived.” Id.,
[0031]. “Examples of n-type materials that may be used to form metal layer 116
include: hafnium, zirconium, titanium, tantalum, aluminum, and metal carbides that
include these elements.” Id. “When 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.” Id., [0032]. Thatis, metal layer 116 is a conductive metal layer with a specific
work function. EX2001-McAlexander-Decl, 172.

“After forming metal layer 116 on high-k gate dielectric layer 115, part of
metal layer 116 is masked. The exposed part of metal layer 116 is then removed,

followed by removing any masking material to generate the structure of Fig. 1d.”
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EX1005-Brask, f[0033], Fig. 1d. “In that structure, first metal layer 117 is formed
on first part 118 of high-k gate dielectric layer 115, such that first metal layer 117
covers first part 118 of high-k gate dielectric layer 115, but does not cover second
part 119 of high-k gate dielectric layer 115.” 1d., 1[0033].

Then, “second metal layer 120 is then deposited on first metal layer 117 and
exposed second part 119 of high-k gate dielectric layer 115 generating the structure

illustrated by FIG. le.”
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EX1005-Brask, 1[0034], Fig. 1e. “If first metal layer 117 comprises an n-type metal,
e.g., one of the n-type metals identified above, then second metal layer 120
preferably comprises a p-type metal.” 1d., [0034]. Thus, second metal layer 120 is
a conductive p-type metal layer with a specific work function suitable for a p-type
(or PMOS) gate. EX2001-McAlexander-Decl, {76.

Like Bohr, Brask’s fabrication method employs two metal layers with specific
work functions, rather than a cap layer and a metal layer. EX2001-McAlexander-
Decl, 77. In fact, Brask specifically states that its “metal layer 116” is not a
“capping layer.” EX1005-Brask, 1[0031] (“Although in some embodiments it may
be desirable to form a capping layer on high-k gate dielectric layer 115, in the
illustrated embodiment, metal layer 116 is formed directly on layer 115 to generate
the FIG. 1c structure.”).

V. THEPETITION FAILS TO ESTABLISH THE REQUIRED
LIKELIHOOD OF SUCCESS

Each of the Petition grounds fails because each of the asserted primary
references (Bohr and Brask) fails to disclose or render obvious certain elements

required by all of the challenged claims. Accordingly, institution should be denied.
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A. Grounds 1A-F Fail Because Bohr Does Not Disclose Or Render
Obvious The Claimed “First Cap Layer” (Elements [1.7] And

[1.8])

In Ground 1A, the Petition alleges that Bohr alone anticipates or renders
obvious independent claim 1 and certain dependent claims depending from claim 1.
In Grounds 1B-F, the Petition adds additional references in combination with Bohr
to address certain limitations of dependent claims, without any additional analysis
regarding claim 1. Thus, the below arguments apply to all of Grounds 1A-F.

The Petition alleges that “Bohr’s n-type material 161 corresponds to the
claimed first cap layer.” Pet., 20. Not so. Bohr explains that “[n]-type material 161
may be any suitable n-type work function material,” including “hafnium, zirconium,
titanium, tantalum, aluminum, their alloys, or carbides of those metals.” EX1004-
Bohr, f1[0040], [0044]. That is, n-type material 161 is a conductive n-type metal
layer with a specific work function suitable for an n-type (or NMOS) gate. EX2001-
McAlexander-Decl, 178. In other words, Bohr’s n-type material 161 is a part of the
gate electrode itself, rather than being an insulating oxide layer. See EX1004-Bohr,
[0045] (“FIGS. 6-8 illustrate a method for forming gate electrodes.”). In contrast,
the *195 Patent’s “cap layer” is an insulating oxide layer, rather than a conductive
metal layer. EX2001-McAlexander-Decl, {78. For example, the 195 Patent
explains that “the cap layer 56 comprises La,O3;, MgO, Dy,0Og, or other lanthanide

oxides.” EX1001, 4:26-27.
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Moreover, in the 195 Patent, “the present invention specifically uses the cap
layer 56 to define the work function of the metal layer 60.” EX1001, 4:43-46. For
example, “[i]n the aforementioned embodiment, a cap layer 56 composed of La,Os
Is deposited before the formation of the metal layer 60 to define the work function
of n-type metal.” Id., 4:47-50. That is, the 195 Patent’s “cap layer 56” is an
insulating oxide layer that defines the work function of the n-type gate metal, rather
than being an n-type metal itself. EX2001-McAlexander-Decl, 79; see also BOE
Tech. Grp. Co., Ltd. v. Optronic Sciences LLC, IPR2024-01132, Paper No. 65, at 22
(PTAB Feb. 17, 2026) (defining “capping layer” as “insulation layer covering (i.e.,
capping) an underlying layer or structure”). The *195 Patent’s “metal layer 60” is
the n-type metal layer. Id. Conversely, Bohr’s n-type material is made from an “n-
type work function material”—that is, Bohr’s n-type material is the n-type metal
layer itself, rather than defining the work function of the n-type metal. EX1004-
Bohr, §[0045]; EX2001-McAlexander-Decl, §79. Thus, Bohr’s “n-type material” is
not the claimed “first cap layer” but rather is more akin to the *195 Patent’s claimed
“metal layer.”

The Petition alleges that “Patent Owner acknowledge[d] during prosecution
of the *195 patent that a cap metal layer ‘may be construed as the first cap layer of
the present invention.”” Pet., 21 (citing EX1002, 88-89). This mischaracterizes the

prosecution history. The portion of the file history that the Petition cites to (pages
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88-89) is an Office Action Response. The relevant passage is in response to a
rejection based on the Doczy reference (EX1024), which discloses a “cap metal layer
1157 EX1024-Doczy939, 1[0020]. In the Office Action Response, Applicant
wrote: “Despite this 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
transistor region 202 and there is no metal layer formed on the cap layer 115a/115
of the first transistor region thereafter, as recited in claim 1 of the present invention.”
EX1002, 88-89. That is, Applicant argued that even if Doczy’s cap metal layer 115
could be construed as a “cap layer,” it still did not meet other requirements of the
claimed cap layer. The Petition apparently interprets this sentence as conceding that
any metal layer can be a cap layer. That is a stretch to say the least. Applicant made
no such concession.

In fact, the Doczy reference actually confirms that an n-type metal layer (such
as Bohr’s n-type material 161) is not a cap layer. In Doczy, the “cap metal layer
115” is a “capping layer” because it is the top/final layer of the gate. EX1024-

Doczy939, 1[0019].
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Id., Fig. 10 (annotated). Doczy explains that “after formation of the [n-type metal]
layer 190, a contact/gap fill can be implemented by applying a bottom up
superconformed filling (superfill), indicated as 115a.” Id., f[0048]. This

corresponds to the *195 Patent’s “conductive layer 62,” which fills in the gate:
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EX1001, Fig. 8 (annotated).
Doczy’s cap metal layer 115 is formed on top of “n-type metal layer 190.”

EX1024-Doczy939, 1[0011]-[0012], [0048].
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Id., Fig. 10 (annotated). “N-type metal layer 190 may serve as a metal NMOS gate
electrode that, in one embodiment, has a workfunction that is between about 3.9 eV
and about 4.2 eV.” Id., 1[0012].

Thus, Bohr’s “n-type material 161”—which the Petition alleges is the claimed
“first cap layer"—does not correspond to Doczy’s “cap metal layer.” EX2001-
McAlexander-Decl, 185. Rather, Bohr’s “n-type material 161 corresponds to
Doczy’s “n-type metal layer 190,” which is not a cap layer and is distinguished from

the cap metal layer. Id. Thus, even if Doczy’s “cap metal layer” could be said to be
construed as the claimed “first cap layer,” Bohr’s “n-type material 161” cannot. Id.

In short, Bohr’s “n-type material 161" is not the claimed “first cap layer”
because it is a conductive metal layer that forms part of the gate electrode itself,
rather than being an insulating cap oxide that defines the work function of the metal
layer. EX2001-McAlexander-Decl, 186. Thus, Bohr fails to disclose or render

obvious the claimed “first cap layer” and Ground 1A-F fail.

B. Grounds 2A-E Fail Because Brask Does Not Disclose Or Render
Obvious The Claimed “First Cap Layer” (Elements [1.7] And

[1.8])

In Ground 2A, the Petition alleges that Brask alone anticipates or renders
obvious independent claim 1 and certain dependent claims depending from claim 1.
In Ground 2B, the Petition alleges that Brask in view of Ma renders obvious

independent claim 1 and certain dependent claims depending from claim 1. Notably,
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in Ground 2B, the only element of claim 1 that the Petition provides a separate
analysis for is element [1.3]: “forming a source/drain region at two sides of each
dummy gate.” Pet., 70-72. For all other elements of claim 1, the Petition states that
“the analysis of all other claim elements is identical” to Ground 2A. Pet., 69. The
remaining Grounds 2C-E add additional references to address limitations in certain
dependent claims. Thus, the below arguments apply to all of Grounds 2A-E.

The Petition alleges that Brask’s “metal layer 116” is the claimed “first cap
layer” of the challenged claims. Pet., 59. Not so. Brask explains that “[m]etal layer
116 may comprise any conductive material from which a metal gate electrode may
be derived.” EX1005-Brask, {[0031]. “Examples of n-type materials that may be
used to form metal layer 116 include: hafnium, zirconium, titanium, tantalum,
aluminum, and metal carbides that include these elements.” 1d. “When 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.” Id., 1[0032]. That is, metal layer 116 is a
conductive metal layer with a specific work function that forms a part of the gate
electrode. EX2001-McAlexander-Decl, §87. Thus, like Bohr’s n-type material 161,
Brask’s metal layer 116 is a part of the gate electrode itself, rather than being an
insulating oxide layer. In contrast, the 195 Patent’s “cap layer” is an insulating

oxide layer, rather than a conductive metal layer. EX2001-McAlexander-Decl, {*.
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For example, the *195 Patent explains that “the cap layer 56 comprises La,O3;, MgO,
Dy-,Os3, or other lanthanide oxides.” EX1001, 4:26-27.

Moreover, in the *195 Patent, “the present invention specifically uses the cap
layer 56 to define the work function of the metal layer 60.” EX1001, 4:43-46. For
example, “[i]n the aforementioned embodiment, a cap layer 56 composed of La,Os
Is deposited before the formation of the metal layer 60 to define the work function
of n-type metal.” 1d., 4:47-50. That s, the cap layer is an insulating oxide layer that
defines the work function of the n-type gate metal, rather than being an n-type metal
itself. EX2001-McAlexander-Decl, 188; see also BOE, IPR2024-01132, Paper No.
65, at 22. Conversely, Brask’s metal layer 116 is made from an “n-type material”—
that is, Brask’s metal layer 116 is the n-type metal layer itself, rather than defining
the work function of the n-type metal. EX1005-Brask, f[0031]; EX2001-
McAlexander-Decl, 188. In fact, Brask specifically states that its “metal layer 116”
Is not a “capping layer.” EX1005-Brask, §[0031] (“Although in some embodiments
it may be desirable to form a capping layer on high-k gate dielectric layer 115, in the
illustrated embodiment, metal layer 116 is formed directly on layer 115 to generate

the FIG. 1c structure.”).!

! Although this passage of Brask discloses forming a capping layer on a high-k gate

dielectric layer, Brask does not disclose that the capping layer is removed in either
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The Petition again alleges that “Patent Owner stated during prosecution [] that
a cap metal layer “may be construed as the first cap layer of the present invention.””
Pet., 60 (citing EX1002, 88-89). As explained above, that is incorrect. Supra
Section V.A. Moreover, as explained above, the Doczy reference actually confirms
that an n-type metal layer (such as Brask’s metal layer 116) is not a cap layer. In
fact, Doczy’s description of its “n-type metal layer 190—which is not a cap layer
and is distinguished from its “cap metal layer”—is nearly identical to Brask’s
description of its metal layer 116. Compare EX1024-Doczy939, 1[0012] (“N-type
metal layer 190 may serve as a metal NMOS gate electrode that, in one embodiment,
has a workfunction that is between about 3.9 eV and about 4.2 eV.”) with EX1005-
Brask, [0032] (“When 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.”).

In short, Brask’s “metal layer 116” is not the claimed “first cap layer” because

it is a conductive metal layer that forms part of the gate electrode itself, rather than

being an insulating cap oxide that defines the work function of the metal layer.

of the transistor regions, as required by element [1.8]. That is likely why Petitioner
instead elected to try to shoehorn Brask’s “metal layer 116” as the alleged “first cap

layer.”
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EX2001-McAlexander-Decl, 190. Thus, Brask fails to disclose or render obvious
the claimed “first cap layer” and Grounds 2A-E fail.

VI. CONCLUSION

For the above reasons, the Petition should be denied.
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