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l. INTRODUCTION

None of Petitioner’s presented grounds anticipates or renders obvious claims
1-9 of U.S. Patent No. 8,993,384 (“the *384 Patent™). As explained below, and in
more detail throughout this Patent Owner Response (“Response™) and in the
accompanying declaration of Joseph McAlexander (EX2007), Petitioner’s presented
grounds fail for multiple reasons.

First, as explained in Patent Owner’s Preliminary Response (Paper 8) and
below, the claims recite a transistor fabrication method in which a recess is formed
in a “fin structure” specifically “at a side of the gate structure.” The side of the gate
structure is a vertical wall, as shown below, and so, as the patent explains, to form
the recess in the “at a side of the gate structure” means to etch the fin structure
horizontally, e.g., to etch the fin structures 12 horizontally into the spacers 40 toward
the gate structure 30. EX1001, 5:55-60. As evidenced by Figures 5 and 6 below,
horizontal etching occurs through the sidewall spacers 40 toward the vertical sides

of the gate structure 30, thus creating a recess 60:
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Before recess is created in the fin:

EX1001, Fig. 5 (annotated), 5:55-60.

After recess is created in the fin:

EX1001, Fig. 6 (annotated).
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But none of the asserted prior art operates that way. The prior art forms
exclusively a vertical recess, without the required horizontal component being
created:

Xu (Ground 1):

EX1004-Xu, Figs. 8A and 9A (annotated).

Lin (Ground 2):
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EX1005-Lin, Figs. 8A and 9A (annotated).

Further, Xu (Ground 1) fails to describe etching both the isolation structure
(item 20 in the *384 patent figures above) and forming a recess in the fins. Instead,
it describes two embodiments, each of which does one of the two, for the same
purposes as one another, being redundant to each other. As explained below, the
two methods are incompatible with one another in Xu, and a POSITA would not
perform both steps, as required by the claims. And in any event, even if one were to
perform both steps, in the hypothetical created by Petitioner, there is no reason that
one etch would be lower than the other, as required by the claims, which require that
the recess in the fins be formed to a lower depth than that to which the isolation

structure was etched. The Petition relies on two separate embodiments, with no
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relationship to one another, and no reason why one etch would be lower than the
other.

All grounds also fail to disclose or render obvious an isolation structure
surrounding a fin structure. Neither of the Petition’s primary references (Xu for
Grounds 1A and 1B, Lin for Grounds 2A and 2B) describes such an isolation
structure. An important feature of the *384 patent’s claimed method is that the
isolation structure surrounds the fin structure on all four sides, thereby completely
isolating the fin structure. That the isolation structure surrounds the fin structures is
confirmed by both the claim language itself and the *384 patent’s specification,
which explains that “a lower portion of each fin structure is embedded in the
isolation structure 20,” indicating that the isolation structure covers all four sides of
each fin structure. EX1001 at 3:61-62 (emphasis added). This is further confirmed
by the *384 patent’s figures, which consistently illustrate the isolation structure 20

covering all four sides of the fin structures 12:
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EX1001 at Fig. 2 (annotated); see also id. at Figs. 3, 5.
In contrast, in Xu, “isolation features 130" do not surround the fin structures
on all four sides of the fins 120, and thus do not “surround” the fins as claimed, but

rather only cover two sides of the fins 120:
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~r

structure 130
(magenta) does not
“surround” fins 120
(blue)

Pet., 18 (showing annotated EX1004-Xu, Fig. 3, further annotated here). Although
Xu states that “[i]solation features 130 . . . surround the fin structures 115A and
115B” (EX1004-Xu at 3:54-56), a POSITA would have understood that Xu’s usage
of the term “surround” is inconsistent with that term as required by the claimed
method.  Moreover, even if Xu’s isolation features 30 are interpreted as

“surrounding” fins 120, Xu’s isolation features nevertheless do not surround Xu’s
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“fin structure” because, unlike in the ’384 patent’s claimed method, Xu’s device
merges its fins together into a single, merged “fin structure.” Xu explains that a “fin
template 135 is formed by merging together the fins 120 of the FinFET device 100.”
EX1004-Xu at 5:2-4. A “semiconductor material is epitaxially grown by an epi
process until the fins 120 of the fin structures 115A and 115B are merged together
to form the fin template 135.” Id. at 5:8-10. Xu’s Figure 4 illustrates the merging

together of fins 120 to form fin template 135:

Id. at Fig. 4. 58. As shown in Figure 4 above, Xu’s fin template 135 is disposed on
top of isolation features 130. As such, Xu’s “isolation features 130” do not surround
its fin structure because it does not enclose any side of the merged fin structure, e.g.,

the part made up of fin template 135.
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Similarly, in Lin, the alleged isolation structure (insulation regions 216) does
not surround the 212 on all four sides, and thus do not “surround” the fins as claimed,
but rather are separate and distinct structures that each cover only one side of each

fin:

Pet., 64-65 (showing annotated EX1005-Lin, Figs. 6A and 6B, further annotated
here). Even if the separate insulation regions could be considered a single “isolation

structure,” they clearly do not surround the fins.
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Further, Xu (Ground 1) fails to disclose or render obvious “forming an
epitaxial layer to fill up the recess.” As shown in the figure below (annotated and
modified in the Petition), Xu’s “fin template 135" does not fill up the recesses, as

the fin template does not extend to the top of the alleged recessed fin 12

Alleged epitaxial
layer 135 (purple)
does not “fill up”
recessed fins 120

/ \

Pet., 28 (showing annotated and modified figure, further annotated here). Asshown,
the alleged epitaxial layer does not extend vertically to the top of the recess, as

evidenced by the fact that the tops of the alleged fins 120 are visible over the top of

10
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the fin template 135. This is in contrast with the >384 patent, in which the epitaxial
structures 66 completely fill up the recessed fin structure 12, as evidenced by the
epitaxial structures completely covering the exposed portions of the fin structure

such that the fin structure is not visible:

EX1001, Fig. 9 (annotated).

Further, Xu (Ground 1) fails to disclose or render obvious that “a step for
forming the spacer comprises [] depositing a material layer to conformally cover the
gate structure and the fin structure,” as required by claim 8. Xu’s entire disclosure
regarding forming a spacer is that “spacers 152 may be formed by depositing a
silicon nitride layer,” without elaborating further. EX1004-Xu, 4:46-49. The

Petition alleges that a “POSITA would have understood and found obvious that the

11
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deposited silicon nitride layer would conformally cover the gate structure and the fin
structure as recited in claim 8.” Pet., 36. This argument requires several leaps of
logic, none of which are supported by Xu or any other evidence. The Petition argues
one method, plasma-enhanced chemical vapor deposition (PECVD), would be
chosen by a POSITA to deposit silicon nitride in Xu, but it fails to sufficiently
support why. Pet., 36-37. The Petition argues that it was desirable to use PECVD
because it is conformal, which is circular and based on hindsight based on the claim
language. Moreover, as Petitioner’s expert admitted, there were non-conformal
methods of depositing silicon nitride at the time, which resulted in certain benefits,
such as a faster deposition rate and avoidance of strain on the material layer that
could destroy the layer. EX2005-Lee-Dep at 28:5-32:7. And the Petition fails to
justify why a POSITA would value whatever level of conformality PECVD could
provide, at the cost of reduced speed and increased strain. Neither the Petition nor
Petitioner’s expert analyzed any of these trade-offs, nor any reason why any arbitrary
level of conformality would be needed or beneficial in Xu, or even what that level
would be. Moreover, as Petitioner’s expert admitted, there are certain factors that
make PECVD conformal, and certain factors that make PECVD non-conformal, and
the Petition and expert declaration are completely silent on those considerations and

how they would affect what the appropriate method was for Xu. EX2005-Lee-Dep

12



Case No. IPR2025-01265
Patent No. 8,993,384 B2

at 54:10-55:4, 57:15-58:23. Thus, there is no reason or motivation to modify or
combine Xu with any particular deposition technique (much less a conformal
deposition technique), which the Petition’s argument entirely hinges on.

Finally, all grounds fail to disclose or render obvious dependent claims 4 and
9. These claims recite a specific “replacement metal gate (RMG)” process for
replacing a dummy gate structure with a replacement metal gate. Xu’s entire
disclosure regarding such a replacement process is that the gate structure may be
formed “in a gate-first or gate-last process.” EX1004-Xu, 4:13-14. Even if the
Petition is correct that a gate-last process is an RMG process, it still does not explain
why a POSITA would have been motivated to implement the specific RMG process
recited in claims 4 and 9. For example, a POSITA would have known that not every
gate-last process includes replacing a gate dielectric layer, as required by claim 9, as
conceded by Petitioner’s expert; some methods specifically retain the original gate
dielectric layer and do not replace it. Thus, Xu’s mere disclosure of a “gate-last
process” does not render obvious the specific steps of the specific claimed RMG
process. For Grounds 1B and 2B, for claims 4 and 9, the Petition relies on
combination with the Brask reference but fails to provide a motivation to combine
either Xu or Lin with Brask. The mere fact that Xu, in Ground 1B, discloses a “gate-

last process,” which is all the Petition points to in Xu, is insufficient to motivate

13
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Implementing the specific gate-last process disclosed in Brask, which is the alleged
support for claims 4 and 9. The Petition’s stated rationales would apply to any gate-
last process, rather than the specific gate-last process disclosed in Brask and have no
specific bearing on Xu. Moreover, in Ground 2B, Lin specifically calls for a gate-
first process, as admitted by the Petition, which has specific advantages over a gate-
last process, as Petitioner’s expert admitted, which supports why the inventors chose
that method rather than the gate-last process, which was allegedly known at the time,
thus disproving motivation to modify to a gate-last process. The Petition fails to
provide a sufficient rationale that a POSITA would have been motivated to
contradict Lin’s specifically-chosen use of a beneficial gate-first process to instead
implement a gate-last process.
For at least the reasons above, the Petition should be denied.

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; (2) the difference between planar and three-dimensional (e.g., fin)
transistors; and (3) common process steps for creating transistors. EX2007-
McAlexander-Decl, 129.

A.  Basic Transistor Components

14
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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; EX2007-McAlexander-Decl, 130. 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; EX2007-
McAlexander-Decl, 30.

One type of transistor typically used in an integrated circuit (or “chip™) is a
“field effect transistor,” or FET. EX2007-McAlexander-Decl, §31. 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; EX2007-McAlexander-Decl, §31. In a conductor (e.g., a metal), electric
current can flow freely. EX2002 at 29; EX2007-McAlexander-Decl, 131. 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; EX2007-McAlexander-Decl, §31. Semiconductors (e.g., silicon) fall between
conductors and dielectrics and have some conducting and some resisting ability.

EX2002 at 31-34; EX2007-McAlexander-Decl, {31.

15
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The simplified FET below illustrates how these materials may be used to
create a semiconductor transistor device. EX2007-McAlexander-Decl, §32. 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; EX2007-McAlexander-Decl, 132.

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; EX2007-McAlexander-Decl, 133. The channel
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; EX2007-McAlexander-Decl, §33.

16
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The gate is a conductor (or semiconductor) located above the channel.
EX2007-McAlexander-Decl, 134. In this simplified version of a FET, there is a
dielectric between the channel and the gate. EX2002 at 510-511; EX2007-
McAlexander-Decl, 134. 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; EX2007-McAlexander-Decl, 134. 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; EX2007-McAlexander-Decl, 134.

As illustrated below, this field effect allows charge to flow from the source,
through the channel, to the drain. EX2007-McAlexander-Decl, 134. Thus,
selectively applying voltage to the gate switches the transistor on and off, starting
and stopping drain-to-source or source-to-drain current. EX2007-McAlexander-

Decl, 134.

17
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B. Planar vs. Three-Dimensional Transistors

Integrated circuit chips in modern computer systems are typically composed
of millions and even billions of transistors. EX2007-McAlexander-Decl, 135. The
first transistor prototypes in 1947 were several inches in size, and implementing even
the simplest early computers required tens of thousands of gates or transistors. Id.
Given those numbers, and the correlation between an increased number of transistors
and increased computing power, the desire to shrink transistor sizes to fit more
transistors on a chip has been consistent and widespread in industry. Id. This desire
led to the development of a new type of transistor, a “FInFET.” EX2007-
McAlexander-Decl, 135.

The simplified illustrative FET transistors illustrated in the previous section
all feature a gate structure built on a flat semiconductor substrate; in other words, a
“planar” FET. EX2007-McAlexander-Decl, 136. In the early 2010s, however,
commercial gates evolved from such two-dimensional (2D) planar transistors to
three-dimensional (3D) FinFET transistors. EX2007-McAlexander-Decl, 136.

In the below image, the figure on the left illustrates a 2D planar transistor built
on a flat silicon substrate. EX2007-McAlexander-Decl, §37. In this traditional 2D
planar transistor, the transistor forms a conducting channel in the silicon region

under the gate.

18
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EX2007-McAlexander-Decl, §37.

In contrast, as illustrated above in the right figure, an exemplary 3D fin
transistor design features a vertical semiconductor fin structure above the substrate
that acts as a channel between the source and drain regions. EX2007-McAlexander-
Decl, 138. In the resulting fin field effect transistor (“FinFET”), the source and drain
regions are formed at opposing regions of the fin, and the gate is wrapped over the
fin surrounding the fin on the top and two sides. Id.

Thus, where a planar gate has only a horizontal dimension, the FInFET gate
has both horizontal and vertical dimensions, thereby allowing a FINFET transistor to
take up less surface area than a planar transistor. EX2007-McAlexander-Decl, 139.

This alone means that more FInFET transistors may fit on an integrated circuit chip

19
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compared to that of the planar transistor. Id. In addition, because FINFETS typically
leak less current than planar FET transistors, FINFETs may be more tightly packed
on an integrated circuit chip. Id. This, too, increases the number of FINFET
transistors that may fit onto a single chip. Id.

C.  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. EX2007-McAlexander-Decl, 140.

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; EX2007-McAlexander-
Decl, 141.

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; EX2007-McAlexander-Decl, §42. A
wafer acts as a semiconductor substrate on and in which transistors may be formed.

EX2007-McAlexander-Decl, 142.

20
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The third stage is wafer fabrication, during which individual integrated
circuits are formed in and on the wafer semiconductor substrate. EX2002 at 14;
EX2007-McAlexander-Decl, 143. Thousands of integrated circuits can be formed
on the substrate of a single wafer. EX2002 at 14; EX2007-McAlexander-Decl, 143.

In the packaging stage, the wafer is separated into individual chips. EX2002
at 14-15; EX2007-McAlexander-Decl, 144.

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; EX2007-
McAlexander-Decl, 145. 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;
EX2007-McAlexander-Decl, 145. For purposes of understanding the Petition and
its deficiencies, the two most important basic operations are layering and patterning.
EX2007-McAlexander-Decl, 145.

Layering is the operation used to add thin layers to the semiconductor
substrate. EX2002 at 72; EX2007-McAlexander-Decl, 146. The layers may be
conductors, semiconductors, or dielectrics; and they can have a variety of functions

and be made in a variety of ways. EX2002 at 72; EX2007-McAlexander-Decl, 146.
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For example, one way of adding a layer of material is to deposit that material
onto the semiconductor substrate. EX2007-McAlexander-Decl, 147. 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; EX2007-McAlexander-Decl, 147.

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; EX2007-
McAlexander-Decl, §48. This creates a pattern on the wafer surface. EX2002 at 72-

73; EX2007-McAlexander-Decl, 148.
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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; EX2007-McAlexander-
Decl, 149. 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:

- P

Layered Wafer
or

C 1 uiand

Figure 4.7 Patterning,

EX2007-McAlexander-Decl, 149.
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 operations 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; EX2007-McAlexander-Decl, {50.
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I11. THE INVENTION OF THE 384 PATENT

The *384 patent “generally relates to the field of semiconductor devices, and
more particularly to a semiconductor device with an epitaxial structure and a
fabrication method thereof.” EX1001, 1:6-10. Specifically, the patent states that
“[c]rystal strain technology is becoming more and more attractive as a means for
getting better performances in the field of MOS transistor fabrication. Putting a
strain on a semiconductor crystal alters the speed at which charges move through
that crystal.” Id. 1:20-25. The patent identifies weaknesses in the prior art in that
“how to prevent the formation of the defects inside the epitaxial layer is an important
issue” because “defects inside the epitaxial layer reduce the stress required to be
Imposed onto the corresponding channel region.” Id., 1:36-42. The described
invention is designed to solve those issues. Id., 1:45-2:31; EX2007-McAlexander-
Decl, 151.

The patent describes “forming a fin structure, protruding from a surface of a
substrate, wherein the fin structure comprises a top surface and two side surfaces,”

for example in Figure 1, depicting substrate 10 and fins 12:
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EX1001, claim 1, Fig. 1; EX2007-McAlexander-Decl, 152.

The patent further describes “forming an isolation structure to surround the
fin structure” and “forming a gate structure, overlaying the top surface and the two
side surfaces of a portion of the fin structure, and covering a portion of the isolation
structure,” shown for example in Figure 2, depicting isolation structure 20 and gate

structure 30:
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EX1001, claim 1, Fig. 2; EX2007-McAlexander-Decl, §54. As shown, “[a]t this
stage, a lower portion of each fin structure 12 is embedded in the isolation structure
20.” Id. at 3:61-62 (emphasis added). That is, as clearly shown in Fig. 2, the
isolation structure fully surrounds each side of the lower portion of each fin structure.
EX2007-McAlexander-Decl, 154. Forming the isolation structure to fully surround
the fin structures in this manner is important in order to fully isolate each fin
structure, preventing unwanted contact and electrical interaction and thereby

ensuring that each fin structure operates independently without interference. Id.
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After forming the gate structure, the inventors form a spacer on the sidewall
of the gate structure: “[a]fter the formation of the gate structure, a spacer 40 is
formed on the sidewalls of the gate structure 30.” EX1001, 5:6-8; EX2007-
McAlexander-Decl, 155.

The patent also describes “after the step of forming the gate structure, etching
the isolation structure exposed from the gate structure until a top surface of the
isolation structure is etched down to a first depth,” for example as shown in the

transition from Figure 3 to Figure 5.
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EX1001, claim 1, Figs. 3 and 5 (annotated); EX2007-McAlexander-Decl, {56.

The patent then describes the next step, forming a recess in fins 12, which is
claimed as “forming a recess in the fin structure at a side of the gate structure.”
EX1001, claim 1; EX2007-McAlexander-Decl, 157. The claims thus establish two
key things about the recess: (1) in what and (2) where the recess is created. EX2007-
McAlexander-Decl, 57. The claims specify that the recess is created (1) in the fin
structure, “a recess in the fin structure,” and (2) “at a side of the gate structure.”
EX1001, claim 1. This is further shown in Figures 5 (before etching to create the
recess) and 6 (after etching to create the recess). Id., Figs. 5 and 6; EX2007-
McAlexander-Decl, 146. On the left below, Figure 5 shows the gate structure, the

claimed side of the gate structure (a vertical wall), and the fin, before recess creation.
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EX2007-McAlexander-Decl, 157. On the right below, Figure 6 shows the gate and
side of gate structure, and the recess in the fin and, and in particular, as annotated in
yellow, the recess being “at a side of the gate structure,” which is the vertical wall
of the gate. EX2007-McAlexander-Decl, §57. In particular, as annotated in yellow,
the recess has a horizontal component that causes it to be “at a side of the gate

structure.”

EX1001, Figs. 5-6 (annotated); EX2007-McAlexander-Decl, 157. To further
clarify, in the annotations below, the yellow recess area was created “at a side of the
gate structure,” whereas the green part of the recess was not; it was purely a vertical

component of the etch:
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EX1001, Fig. 6 (annotated); EX2007-McAlexander-Decl, 158. The yellow recess
must exist according to the claims. The recess cannot purely comprise the green
(vertical) portion. EX2007-McAlexander-Decl, 159.

The specification confirms this by stating that the etch extends horizontally,
in the example below, in the direction under the spacers 40 and the gate structure 30,
and does not only etch vertically:

As shown in FIG. 6 to FIG. 8, a second etching process 46
Is carried out to etch the fin structures 12 under the gate

structure 30 and the spacers 40. After the etching process,
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a recess 60 may be formed in each fin structure 12 at at

least one side of the gate structure 30.

EX1001, 5:55-60 (emphasis added); EX2007-McAlexander-Decl, §59. This quote
directly ties together the concept of etching horizontally to the formation of the
recess “at at least one side of the gate structure 30,” which is the claim language, in
that the former is what causes the latter. EX2007-McAlexander-Decl, §60.

Thus, at least part of the etch must extend horizontally and the recess must be
formed at least partly horizontally, not just vertically, which would not be at a side
of the gate structure, since the side of the gate structure is a vertical wall. EX2007-
McAlexander-Decl, 161. As explained below, none of the asserted prior art
discloses or renders obvious this limitation, nor does the Petition argue that it does,
as each reference lacks the horizontal (yellow) etch direction of the recess.

The patent also explains that “a bottom surface of the recess has a second
depth, and the second depth is deeper than the first depth,” i.e. the depth to which
the isolation structure was etched. EX1001, 2:10-13, claim 1; EX2007-
McAlexander-Decl, 162. Moreover, because the isolation structure 20 fully
surrounds the fin structures on all four sides, when the fin structures are etched down
to form recesses 60, the isolation structure 20 fully surrounds the recesses 60, as can

be seen in Fig. 6 above. EX2007-McAlexander-Decl, §62.
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Finally, “FIG. 9 is a schematic perspective view showing the semiconductor
device after the formation of an epitaxial layer.” EX1001 at 6:38-40. Figure 9
Illustrates an embodiment of the a semiconductor device formed through the claimed

fabrication method:
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Id. at Fig. 9. “Asshown in FIG. 9. .. an epitaxial growth process . . . maybe carried
out in order to grow an epitaxial structure [66] in each corresponding recess 60.” Id.
at 6:43-48. “[E]ach epitaxial structure 66 may completely cover the bottom surface
68 and sidewalls 70 of the corresponding recess 60.” Id. at 6:48-50. Because the
isolation structure 20 surrounds the recesses 60 on all four sides, when the epitaxial

structures 66 are formed in the recesses 60, the isolation structure 20 also fully
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surrounds the epitaxial structures 66, as can be seen in Fig. 9 above. EX2007-
McAlexander-Decl, 164. This beneficially ensures that the epitaxial structures are
structurally separate and isolated, preventing unwanted contact and electrical
interaction and thereby ensuring that each fin structure operates independently
without interference. Id. Moreover, “through etching the isolation structure 20 at
two sides of the gate structure 30, the epitaxial structure 66 may be formed with a
desired height (also called depth) and without any void defects.” EX1001 at 8:1-4.
Thus, the *384 patent’s isolation structure provides an improvement over prior-art
semiconductor devices by mitigating defects associated with epitaxial structures.
EX2007-McAlexander-Decl, 164.
These innovative aspects of the invention are embodied in all challenged
claims via claim 1, which recites:
1. A fabrication method for a semiconductor device, comprising:
forming a fin structure, protruding from a surface of a substrate, wherein the
fin structure comprises a top surface and two side surfaces;
forming an isolation structure to surround the fin structure;
forming a gate structure, overlaying the top surface and the two side surfaces
of a portion of the fin structure, and covering a portion of the isolation

structure;
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after the step of forming the gate structure, etching the isolation structure
exposed from the gate structure until a top surface of the isolation
structure is etched down to a first depth;

forming a recess in the fin structure at a side of the gate structure; and

forming an epitaxial layer to fill up the recess, wherein a bottom surface of
the recess has a second depth, and the second depth is deeper than
the first depth.

EX1001, claim 1; EX2007-McAlexander-Decl, 165.

IV. THE PETITION GROUNDS FAIL TO DISCLOSE OR RENDER
OBVIOUS THE CHALLENGED CLAIMS

A. Grounds 1A And 1B Fail To Disclose Or Render Obvious The
Challenged Claims

1. Xu Fails To Disclose Or Render Obvious “Forming An
Isolation Structure To Surround The Fin Structure”
(Element 1[b])

a. Xu’s Alleged Isolation Structure Does Not Surround A
Fin

The Petition alleges that Xu’s “isolation features 130” (the alleged isolation
structure) surround the “fins 120.” Pet., 17-18. However, as shown in the figure
below (annotated in the Petition), Xu’s “isolation features 130” do not surround the
fin structures on all four sides of the fins 120, but rather only cover two sides of the

fins 120:

34



Case No. IPR2025-01265
Patent No. 8,993,384 B2

Alleged isolation
structure 130
(magenta) does not
“surround” fins 120
(blue)

Pet., 18 (showing annotated EX1004-Xu, Fig. 3, further annotated here).

This is in contrast with the challenged claims, which require that the “isolation
structure . . . surrounding the fin structure.” As explained above in Section Ill, an
important feature of the *384 patent’s claimed method is that the isolation structure

surrounds the fin structure on all four sides, thereby completely isolating the fin
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structures and the epitaxial structures formed on the fin structures. EX2007-
McAlexander-Decl, §67. That the isolation structure surrounds the fin structures is
confirmed by the 384 patent’s specification, which explains that “a lower portion
of each fin structure is embedded in the isolation structure 20,” indicating that the
isolation structure covers all four sides of each fin structure. EX1001 at 3:61-62
(emphasis added); EX2007-McAlexander-Decl, 167. This is further confirmed by
the *384 patent’s figures, which consistently illustrate the isolation structure 20

covering all four sides of the fin structures 12, not merely two of the sides as in Xu:
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EX1001 at Fig. 2 (annotated); see also id. at Figs. 3 and 5. Moreover, the figures
also illustrate that the isolation structure 20 surrounds all four sides of the etched
down fin structures (recesses 60) and the epitaxial structures 66 formed over the

etched down fin structures:

" FIG.6 7 FIG.9

EX1001 at Figs. 6 and 9. Thus, a POSITA would have understood that in the claimed
method, the isolation structure surrounds the fin structure on all four sides. EX2007-
McAlexander-Decl, 19; see also EX2006 (“surround” means “to enclose on all
sides™).

In contrast, Xu’s “isolation features 130" do not surround the fin structures as
required by the challenged claims. Id. Although Xu states that “[i]solation features
130 . . . surround the fin structures 115A and 115B,” (EX1004-Xu at 3:54-56) a
POSITA would have understood that Xu’s usage of the term “surround” is

inconsistent with the claimed method. EX2007-McAlexander-Decl, 70. That
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passage in Xu describes Xu’s Figure 2, which shows that isolation features 130 do

not, in fact, surround the fin structures but rather only cover two sides of each fin:

o

FIG. 2

EX1004-Xu at Fig. 2. In contrast to the *384 patent’s figures, which all illustrate the
isolation structure surrounding the fin structures, all of Xu’s figures consistently
illustrate “isolation features 130” as covering only two sides of the fins 120.
EX1004-Xu at Figs. 2-6, 8A-C, 9A-C, 10A, 11A, 13A, 14A, 15A, 16A.

b.  Xu’s Alleged Isolation Structure Does Not Surround
Xu’s Merged Fin Structure
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Moreover, Xu fails to disclose or render obvious this limitation for an
additional reason. Even if Xu’s isolation features 30 are interpreted as
“surrounding” fins 120, Xu’s isolation features nevertheless do not surround Xu’s
“fin structure” because unlike the *384 patent, Xu’s device merges its fins together
into a single, merged “fin structure.” EX2007-McAlexander-Decl, {72. For
example, Xu explains that a “fin template 135 is formed by merging together the fins
120 of the FInFET device 100.” EX1004-Xu at 5:2-4. A “semiconductor material
is epitaxially grown by an epi process until the fins 120 of the fin structures 115A
and 115B are merged together to form the fin template 135.” Id. at 5:8-10. Xu’s

Figure 4 illustrates the merging together of fins 120 to form fin template 135:

Id. at Fig. 4. Xu explains that “[t]hough the fins 120 and fin template 135 are

depicted separately, it is understood that “fin template’ can refer to the newly grown
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epi semiconductor material alone (depicted as fin template) or the newly grown epi
semi-conductor material combined with the initial fins (depicted as fins 120). Id. at
5:28-33. Thus, a POSITA would have understood that Xu’s device’s “fin structure”
includes both fins 120 and fin template 135, which merges adjacent fin structures
115A and 115B. EX2007-McAlexander-Decl, §73.

As shown in Figure 4 above, Xu’s fin template 135 is disposed on top of
isolation features 130. As such, Xu’s “isolation features 130 do not surround its fin
structure because it does not enclose any side of the merged fin structure, e.g., the
part made up of fin template 135. EX2007-McAlexander-Decl, 174.

Accordingly, Xu does not disclose “an isolation structure . . . surrounding the
fin structure, as required by all challenged claims.” The Petition also alleges that Xu
renders obvious this limitation but does not provide any explanation or analysis on

this point. Pet. at 16-17. Thus, Ground 1A fails.

2. Xu Fails To Disclose Or Render Obvious “Forming A Recess
In The Fin Structure At A Side Of The Gate Structure”
(Element 1[e])

As explained above in Section |11, the recess formed in the fin must extend at
least in the horizontal direction in order to be a recess “at a side of the gate structure.”

EX1001, claim 1. Ground 1 fails to disclose that feature. In Xu, as the Petition
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concedes, the etching of the fin to create the alleged recess is purely vertical, and has

no horizontal component, and therefore is not formed “at a side of the gate structure”:

Pet. 23 (annotated); EX2007-McAlexander-Decl, 176. Indeed, as seen above, some
amount of item 230, the top part of the fin, remains, confirming that the etch did not
extend horizontally. EX2007-McAlexander-Decl, 177. The specification confirms
that the etch is only vertical as well, stating that “the fin portions 220 may be etched
into the substrate 210,” which is located directly below the fin, as seen in Figures
8A-9A. EX1004-Xu at 8:36-37.

The Petition does not rely on Brask to supplement Xu for this element. Pet.
21-26. Thus, the Petition fails to establish disclosure of the element and the Petition

should be denied.
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3. Xu Fails To Disclose Or Render Obvious “Etching The
Isolation Structure” And “Forming A Recess In The Fin
Structure”

As the Petition concedes, there is no disclosure in Xu of a process,
embodiment, or structure created by both *“etching the isolation structure” and
“forming a recess in the fin structure,” which are both requirements of all claims.
Pet., 20-26; EX2007-McAlexander-Decl, 179. The Petition argues that Figures 1-6
constitute a first embodiment in which an isolation structure is etched, and that
Figures 7-11A constitute a second embodiment in which a recess in the fin structure
Is formed. Pet., 20-26. Xu itself refers to these two embodiments as distinct
approaches and different methods. EX1004-Xu, 1:49-58 (“FIG. 1 is a flow chart of
a method for fabricating a fin-like field effect transistor (FInFET) device according
to aspects of the present disclosure”; “FIG. 7 is a flow chart of another method for
fabricating a FINFET device according to aspects of the present disclosure.”).

The Petition’s rationale “to combine the fin-recessing step [of the second
embodiment] with Xu’s first embodiment” is that it would “achieve and optimize
strain” in the first embodiment. Pet. 23-24. But that only relates to the second and
third embodiments, Figures 7-11C and 12-16C respectively, as they refer to “FinFET
devices 200 and 400,” discussed in those embodiments. EX1004-Xu, 15:56-60.
And Xu states that “controlling source and drain trench depth (for example, d1 and

d2) for the epi source and drain features, strain for both PMOS and NMOS FinFET
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devices can be achieved and optimized.” EX1004-Xu, 58-60; Pet. 23-24. The
Petition’s argument is that changing depth of a trench in a fin can impact channel
strain. EX2007-McAlexander-Decl, 180.

However, the first embodiment, Figures 1-6, describes a different and
incompatible method of achieving strain from that of the second (and third)
embodiment that the Petitioner seeks to add to the first embodiment, one that has no
fin trench, and so the optimization methods of the second (and third) embodiments

are inapplicable. EX2007-McAlexander-Decl, 181. In the first embodiment,

starting with Figure 2, the isolation structure is etched to arrive at Figure 3:
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EX1004-Xu, Figs. 2 and 3; EX2007-McAlexander-Decl, 181. Then, “a fin template

135 is formed on exposed portions of the fins 120.” Id., 5:1-2.
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Id., Fig. 4. Then, in Figure 5, “a process is performed to recess the fin template 135”

from what is shown in Figure 4:
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Id., 5:34-35, Fig. 5; EX2007-McAlexander-Decl, {82. Specifically, “[t]he fin
template 135 is etched back sufficiently to expose the channels of the fin structures
115A and 115B,” as illustrated in FIG. 5. 1d., 5:43-45; Fig. 5. As Xu states, “[t]his
ensures that later-formed raised source and drain features (semiconductor material
160) can effectively introduce strain into the channels of the fins structures 115A
and 115B.” Id., 5:45-47.

This process, as shown above, removes part of the fin structure, but notably,
as the Petition concedes, it does not meet the claim requirement to “form|[] a recess
in the fin structure at a side of the gate structure.” Pet. 20-26; EX2007-

McAlexander-Decl, §84.
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Then, in Figure 6, “a semiconductor material 160 is epitaxially grown over
the fin template 135. In the depicted embodiment, a semiconductor material is epi
grown on the exposed fin template 135 in the source and drain regions of the fin

structures 115A and 115B™:

110

FIG. 6

EX1004-Xu, 5:49-53; Fig. 6. Explaining what was alluded to with regard to Figure
5 above, Xu explains that “[t]he epi grown semiconductor material 160 generates
channel strain for the fin structures 115A and 115B.” Id., 5:53-55 (emphasis

added); EX2007-McAlexander-Decl, 186. As Xu therefore states, the
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semiconductor material 160 generates channel strain, not the depth of the trench,
which does not exist in the first embodiment. EX2007-McAlexander-Decl, 186.
Thus, the first embodiment has a different method from the second and third
regarding how to introduce channel strain, a method that does not benefit from the
alleged modification and is incompatible with the proposed modifications. EX2007-
McAlexander-Decl, 187. Given that fact, a POSITA would not be motivated to

combine embodiments and perform both claimed steps. Id.

4. Even If Ground 1 Establishes Both “Etching The Isolation
Structure” And “Forming A Recess In The Fin Structure,”
It Fails To Disclose “The Second Depth Is Deeper Than The
First Depth”

The challenged claims require that the fin recess is created to a depth greater
than that to which the isolation structure is etched. EX1001, Claim 1. Xu does not
disclose that requirement, even in the alleged modification combining different
aspects of different embodiments, which a POSITA would not be motivated to do,
as explained above. The Petition argues that, when combining the first and second
embodiments of Xu, which a POSITA would not do, as explained above, “the second
depth is necessarily ‘deeper than the first depth.”” Pet., 30. Not so. The Petition
cobbles together two embodiments, one that etches a fin without concern as to the
height of the surrounding isolation structure (second embodiment) and one that

etches an isolation structure, without concern as to the height of the neighboring fin.
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EX2007-McAlexander-Decl, 188. There is nothing to suggest that, even if a
POSITA were to combine both steps, one etch would go down further than the other.
EX2007-McAlexander-Decl, 88. Petitioner’s expert provides no rationale, simply
repeating what the Petition states. EX1003 1 101-102. It is simply hindsight and
attorney argument to state that one would necessarily reach a further depth than the

other, and specifically that the fin recess would be at a greater depth.

5. Xu Fails To Disclose Or Render Obvious “Forming An
Epitaxial Layer To Fill Up The Recess” (Element 1[f])

The Petition alleges that Xu’s “fin template 135” (the alleged epitaxial layer)
fills up the recesses. Pet., 27-29. As with other elements, the Petition improperly
combines different aspects of different embodiments. However, even in the alleged
modification, Xu’s “fin template 135” does not “fill up the recess,” as required by
the challenged claims. The Petition alleges that Xu discloses the “a recess in the fin

structure at the side of the gate structures, as shown in Figures 8A and 9A”:
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Pet., 22-23 (annotated EX1004-Xu, Figs. 8A and 9A). As shown, the Petition’s
alleged recess (colored in blue above) includes the exposed portions of the fin under
the gate structure. Id. However, as shown in the figure below (annotated and
modified in the Petition), Xu’s “fin template 135" does not fill up the recesses, as

the fin template does not extend to the top of the alleged recess:

Alleged epitaxial
layer 135 (purple)
does not “fill up”
recessed fins 120

/ \
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Pet., 28 (showing annotated and modified figure, further annotated here). As shown,
the alleged epitaxial layer does not extend vertically to the top of the recess, as
evidenced by the fact that the tops of the fins 120 are visible over the top of the fin
template 135.

This is in contrast with the challenged claims, which require the “epitaxial
layer to fill up the recess.” The *384 patent specification explains that “[m]ore
precisely, each epitaxial structure 66 may completely cover the bottom surface 68
and sidewalls 70 of the corresponding recess 60.” EX1001, 6:48-50 (emphasis
added). Asshown in Figures 9 and 10 below, this means that epitaxial structures 66
completely fill up the recess 60, such that the unrecessed portions of the fins are

covered by the epitaxial structure:
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Id., Figs. 9 (annotated) and 10; see also EX2007-McAlexander-Decl, 192.

Thus, Ground 1A fails to disclose or render obvious element 1[f].

6. Xu Fails To Disclose Or Render Obvious Claim 8
Claim 8 recites:

The fabrication method according to claim 7, wherein a step for
forming the spacer comprises:

depositing a material layer to conformally cover the gate
structure and the fin structure, and

etching the material layer until the isolation structure is exposed.
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EX1001, claim 8.

Contrary to the Petition’s allegations, Xu does not disclose or render obvious
claim 8. Xu’s entire disclosure regarding forming a spacer is that “spacers 152 may
be formed by depositing a silicon nitride layer.” EX1004-Xu, 4:46-49. Xu does not
elaborate any further, and certainly does not mention anything about “depositing a
material layer to conformally cover the gate structure and the fin structure, and
etching the material layer until the isolation structure is exposed.” The Petition does
not dispute this.

Despite this, the Petition alleges that “[a] POSITA would have understood and
found obvious that the deposited silicon nitride layer would conformally cover the
gate structure and the fin structure as recited in claim 8.” Pet., 36. The Petition
argues that “a POSITA would have understood that . . . material like silicon nitride
were typically deposited using conformal deposition techniques such as LPCVD
(low-pressure chemical vapor deposition) or PECVD (plasma-enhanced CVD),
which were well-known to coat all exposed topographies uniformly.” Id. This
argument requires several leaps of logic, none of which are supported by Xu or any
other evidence.

As an initial matter, the Petition fails to set forth any motivation or rationale
to use any particular deposition method to form Xu’s spacers. Pet., 36-37. Even in

single-reference obviousness grounds, “there must be a showing of a suggestion or

53



Case No. IPR2025-01265
Patent No. 8,993,384 B2

motivation to modify the teachings of that reference to the claimed invention in order
to support the obviousness conclusion.” SIBIA Neurosciences, Inc. v. Cadus Pharm.
Corp., 225 F.3d 1349, 1356 (Fed. Cir. 2000); see also Apple Inc. v. MPH Techs. Oy,
28 F.4th 254, 262-263 (Fed. Cir. 2022) (affirming PTAB’s finding that Petitioner
failed to establish motivation to modify). The Apple case is instructive. There, “[t]he
Board emphasized how [Petitioner’s] expert used the phrases ‘would naturally have
included’; ‘it would be logical’; and “could be, and most logically would be.”” And
“determined that the testimony amounted to an argument about ‘what could be
combined’ and a conclusory statement that the combination would have been
obvious.” Apple, 225 F.3d at 262. Similarly, here, the Petition uses similar
language, concluding that “materials like silicon nitride were typically deposited
using conformal deposition techniques,” “[a] POSITA therefore would have
understood that the deposited SiN layer conformally coats both of these structures
before being anisotropically etched to form spacers,” and “it would have been
obvious to a POSITA to simply substitute one of these well-known conformal
deposition processes into the method of Xu.” Pet., 36-37. Such “conclusory expert
testimony is inadequate to support an obviousness determination.” TQ Delta, LLC

v. CISCO Sys., Inc., 942 F.3d 1352, 1359 (Fed. Cir. 2019).

54



Case No. IPR2025-01265
Patent No. 8,993,384 B2

Moreover, the Petition is incorrect that Xu’s spacer would inherently be
formed using a conformal deposition technique. EX2007-McAlexander-Decl, § 97.
The Petition argues that it was desirable to use PECVD because it is conformal,
which is circular and based on hindsight based on the claim language. Pet., 36.
Contrary to the Petition’s allegations, a POSITA would have understood that gate
sidewall spacers may be formed using non-conformal deposition techniques, such as
atmospheric pressure chemical vapor deposition (APCVD) or chemical mechanical
polishing (CMP). EX2007-McAlexander-Decl, 197. A POSITA would have
understood that, when selecting a deposition technique: (1) conformality is relative,
with certain deposition techniques resulting in more or less conformality than others;
and (2) there are tradeoffs between depositing a material conformally and other
critical manufacturing metrics. EX2007-McAlexander-Decl, 198; EX2004 at 2, 4-
5. Step coverage is a manufacturing metric that defines how uniformly a deposited
material conforms to the underlying topography of a substrate. EX2007-
McAlexander-Decl, 198; EX2004 at 1. But uniformity comes at a cost. For
example, “[t]he process conditions that favor excellent step coverage—such as high
pressure and low power—often result in a slower deposition rate.” EX2004 at 4.
Moreover, while PECVD results in step coverage that is more conformal relative to

some other techniques, it does not result in 1200% conformal step coverage. EX2007-
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McAlexander-Decl, 198; EX2004 at 5. A POSITA would have understood that other
deposition techniques result in better step coverage than PECVD. EX2007-
McAlexander-Decl, 198; EX2004 at 5.

The Petition’s argument appears to be that Xu’s spacer would be formed using
LPCVD or PECVD because it is formed from silicon nitride. Pet., 36-37. However,
as Petitioner’s expert admitted, there were non-conformal methods of depositing
Silicon Nitride at the time of the *384 patent, which resulted in certain benefits, such
as a faster deposition speed and avoidance of strain on the layer that could destroy
the layer. EX2005-Lee-Dep at 28:5-32:7. The Petition fails to justify why a
POSITA would value whatever level of conformality PECVD could provide, at the
cost of reduced speed and increased strain. Neither the Petition nor Petitioner’s
expert analyzed any of these trade-offs, nor any reason why any arbitrary level of
conformality would be needed or beneficial in Xu, or even what that level would be.
Pet., 36-37; EX2005-Lee-Dep at 54:10-55:4, 57:15-58:23. Nor do they address any
other critical manufacturing metric that would be negatively impacted in achieving
such a level of conformality, or why a POSITA would choose a conformal deposition
technique in spite of these negative impacts. Id. Thus, the Petition fails to provide
any reason or motivation to modify or combine Xu with any particular deposition

technique.
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The Petition relies on Exhibit 1025, which the Petition alleges “describe[s]
CVD techniques for conformal deposition of silicon nitride.” Pet., 36. But again,
the Petition does not provide any reason or motivation to combine Xu with Exhibit
1025 or any other deposition method. Further, Exhibit 1025 does not in fact describe

PECVD to deposit silicon nitride, but rather hydrogenated silicon nitride:

EX1025 at 298. As shown above, Exhibit 1025 explains that HT-CVD is used to

deposit silicon nitride, while PE-CVD (the process that the Petition alleges would

57



Case No. IPR2025-01265
Patent No. 8,993,384 B2

be used in Xu) is used to deposit hydrogenated silicon nitride. A POSITA would
have understood that hydrogenated silicon nitride is not the same as silicon nitride.
EX2007-McAlexander-Decl, 1101. Indeed, Petitioner’s expert admitted as much
during his deposition. EX2005-Lee-Dep at 47:10-48:14. The Petition does not even
allege that hydrogenated silicon nitride could be used to form Xu’s spacers and thus
does not establish any connection between the PECVD process described in Exhibit
1025 and Xu’s spacer formation.

Thus, Ground 1A fails to disclose or render obvious claim 8.

7. Xu Fails To Disclose Or Render Obvious Claims 4 And 9

Claim 4 recites: “The fabrication method according to claim 1, wherein the
gate structure is a dummy gate structure.”
Claim 9 recites:

The fabrication method according to claim 1, further comprising:
depositing an interlayer dielectric to surround the gate structure;
removing the gate structure to leave a trench;

forming a gate dielectric layer to conformally cover a sidewall
and a bottom of the trench; and

forming a conductive layer to fill up the trench.
EX1001, claim 9.

Contrary to the Petition’s allegations, Xu does not disclose or render obvious

claims 4 and 9. These claims recite a specific “replacement metal gate (RMG)”
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process for replacing a dummy gate structure with a replacement metal gate.
EX2007-McAlexander-Dep, 1104. Xu’s entire disclosure regarding such a
replacement process is that “[t]he gate structure 150, such as the gate electrode, may
be formed in a gate-first or gate-last process.” EX1004-Xu, 4:13-14. According to
the Petition, the words “gate-last process” in Xu apparently disclose every limitation
of claims 4 and 9. Pet., 32-33, 38-42. That is a monumental leap that defies logic.
Alternatively, the Petition alleges that Xu’s disclosure of a “gate-last process”
renders obvious each element of claims 4 and 9. Pet., 32-33, 38-42. Not so. The
Petition points out that the *384 patent states that “the RMG process and the contact
formation process are well-known to those skilled in the art.” Pet., 38-39. However,
a POSITA would have understood that while an RMG process in general was known
at the time of the 384 patent, claim 9 provides a specific series of steps for replacing
a dummy gate structure. EX2007-McAlexander-Decl, 1105. One of these steps is
“forming a gate dielectric layer to conformally cover a sidewall and a bottom of the
trench.” (element 9[c]). On element 9[c], the Petition merely alleges that “a POSITA
would have understood” that Xu’s gate-last process “includes ‘forming a gate
dielectric layer to conformally cover the sidewalls and bottom of the trench.”” Pet.,
41 (citing only the challenged patent). This bare assertion, with no analysis or

factual basis, is insufficient to support a finding of obviousness. Apple, 225 F.3d at
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262; TQ Delta, 942 F.3d at 1359. This is especially so because a POSITA would
have known that not every gate-last process includes replacing a gate dielectric layer.
EX2007-McAlexander-Decl, 1105. In fact, Petitioner’s expert admitted that in some
gate-last process sequences, a gate dielectric layer is deposited first, before putting
down the dummy gate. EX2005-Lee-Dep, 72:16-73:3. In such a process sequence,
during the gate replacement process, no gate dielectric layer is deposited in the
trench. 1d. Thus, the Petition’s analysis not only deficient, but also incorrect, in that
a POSITA would have actually understood that Xu’s “gate-last process” could refer
to a process sequence that does not include “forming a gate dielectric layer to
conformally cover a sidewall and a bottom of the trench.”

Indeed, Petitioner’s expert admitted that “ideally, you don’t need the gate
dielectric on the sidewall of the spacers” (EX2005-Lee-Dep, 71:24-72:12), i.e., the
sidewall of the alleged trench, indicating that a POSITA would have understood that
Xu’s gate-last process does not include “forming a gate dielectric layer to
conformally cover a sidewall and a bottom of the trench,” as required by claim 9.
As shown below, the Petition’s alleged “trench” is defined by Xu’s spacers 152 on
the sides and isolation features 130 on the bottom, and is allegedly formed when the

gate structure 150 is removed:
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Pet., 41 (annotated EX1004-Xu Fig. 2, further annotated here). Element 9][c] recites:
“forming a gate dielectric layer to conformally cover a sidewall and a bottom of the
trench.” As Petitioner’s expert conceded, a POSITA would not have been motivated
to form a gate dielectric layer to conformally cover a sidewall of the trench, as there
IS no reason to have the dielectric cover the sidewall. EX2007-McAlexander-Decl,
1107; EX2005-Lee-Dep, 71:24-72:12.

Thus, Ground 1A fails to disclose or render obvious claims 4 and 9.

8. Ground 1B Fails To Render Obvious Claims 4 And 9

In Ground 1B, the Petition alleges that the combination of Xu and Brask
render obvious claims 4 and 9. Pet., 43. Both claims 4 and 9 depend from

independent claim 1, and Ground 1B does not provide any additional analysis for
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claim 1. Thus, Ground 1B fails for the same reasons as explained above for Ground
1A with respect to claim 1. Supra Sections IV.A.1-5.

Moreover, Ground 1B fails for the additional reason that the Petition fails to
provide a motivation to combine Xu and Brask. The Petition alleges that a POSITA
would have been motivated to combine Xu and Brask because:

Xu discloses that the gate structure 150 may be formed in
a “gate-last process.” EX1004-Xu at 4:13-14. However,
Xu does not explicitly disclose implementation details of
the gate-last process. Ex. 1003 at { 132. A POSITA
therefore would have looked to established prior art, like
Brask, for details on gate-last processing in FIinFET

structures. Id.

Pet., 47.

But as explained above, a POSITA would have understood that a “gate-last
process” is a general term that encompasses varying procedures with different steps,
including procedures that do not meet the specific steps recited in claims 4 and 9.
For example, a POSITA would have known that not every gate-last process includes
replacing a gate dielectric layer. EX2007-McAlexander-Decl, 1109. In fact,
Petitioner’s expert admitted that in some gate-last process sequences, a gate
dielectric layer is deposited first, before putting down the dummy gate. EX2005-

Lee-Dep, 72:16-73:3. In such a process sequence, during the gate replacement
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process, no gate dielectric layer is deposited in the trench. Id. Such a gate-last
process would not include “forming a gate dielectric layer to conformally cover a
sidewall and a bottom of the trench,” as required by claim 9.

Thus, the mere fact that Xu discloses a “gate-last process” is insufficient to
motivate implementing the specific gate-last process recited in claim 9. In fact,
Petitioner’s expert admitted that “ideally, you don’t need the gate dielectric on the
sidewall of the spacers” (EX2005-Lee-Dep, 71:24-72:12), i.e., the sidewall of the
alleged trench, indicating that a POSITA would not have been motivated to “form[]
a gate dielectric layer to conformally cover a sidewall and a bottom of the trench,”
as required by claim 9. As shown below, the Petition’s alleged “trench” is defined
by Xu’s spacers 152 on the sides and isolation features 130 on the bottom, and is

allegedly formed when the gate structure 150 is removed:
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Pet., 41 (annotated EX1004-Xu Fig. 2, further annotated here). Element 9[c] recites:
“forming a gate dielectric layer to conformally cover a sidewall and a bottom of the
trench.” As Petitioner’s expert conceded, a POSITA would not have been motivated
to form a gate dielectric layer to conformally cover a sidewall of the trench, as there
IS no reason to have the dielectric cover the sidewall. EX2007-McAlexander-Decl,
1107; EX2005-Lee-Dep, 71:24-72:12.

Moreover, the Petition does not provide any rationale for why a POSITA
would want to implement the specific process disclosed in Brask, instead only
stating certain benefits that would apply to any gate-last process. See Pet., 48-49
(stating benefits associated with a gate-last process in general). For example, the
Petition alleges that a gate-last process enables tuning of gate electrode work
functions. Id. But this alleged benefit only applies to replacing a gate electrode, not
a gate dielectric layer, as required by element 9[c]. Accordingly, the Petition’s
motivation to combine arguments “fail[] to explain why a person of ordinary skill in
the art would have combined elements from specific references in the way the
claimed invention does.” ActiveVideo Networks, Inc. v. Verizon Comm’ns, Inc., 694
F.3d 1312, 1328 (Fed. Cir. 2012) (emphasis in original).

Thus, Ground 1B fails and claims 4 and 9 should be found to be patentable.
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A. Grounds 2A And 2B Fail To Disclose Or Render Obvious The
Challenged Claims

1. Lin Fails To Disclose Or Render Obvious “Forming An
Isolation Structure To Surround The Fin Structure”
(Element 1[b])

The Petition alleges that Lin’s “insulation regions 216 (the claimed isolation

structure) surround the fins 212 as shown in Figures 6A and 6B:

Pet., 64-65 (showing annotated EX1005-Lin, Figs. 6A and 6B, further annotated
here). However, as shown in the figures above, Lin’s insulation regions 216 do not

surround the fins 212 on all four sides, but rather only cover two sides of the fins.
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As explained above in Section IV.A.1 with respect to Xu, a POSITA would
have understood that in the *384 patent’s claimed fabrication method, the isolation
structure is formed such that it surrounds the fin structure on all four sides. EX2007-
McAlexander-Decl, 1113; see also EX2006. In contrast, Lin’s insulation regions
216 only cover two sides of the fins. This is apparent from the figures, as well as
Lin’s description of the insulation regions, which describes “a fin 212 between the
first and second insulation regions 216a, 216b.” EX1005-Lin, {[0026] (emphasis
added). That is, as illustrated in Lin’s Figs. 6A and 6B, insulation regions 216a and
216b are two distinct regions that do not merge, and a fin is between the two regions,
such that the insulation regions only cover two sides of the fin. 1d; EX2007-
McAlexander-Decl, 1113. This is different from the *384 patent, in which “a lower
portion of each fin structure 12 is embedded in the isolation structure 20.” EX1001
at 3:61-62 (emphasis added). Thus, Lin does not disclose “forming an isolation

structure to surround the fin structure,” as required by all challenged claims.

2. Lin Fails To Disclose Or Render Obvious “Forming A Recess
In The Fin Structure At A Side Of The Gate Structure”
(Element 1[e])

As explained above in Section |11, the recess formed in the fin must extend at
least in the horizontal direction in order to be a recess “at a side of the gate structure.”

Ground 2 fails to disclose that feature. In Lin, as the Petition concedes, the etching
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of the fin to create the alleged recess is purely vertical, and has no horizontal

component, and therefore is not formed “at a side of the gate structure”:

Pet., 59-60 (annotated); EX2007-McAlexander-Decl, 1114. As the Petition cites,
Lin specifically states that “[t]he portion of the semiconductor fin 212 [blue] not
covered by the gate stack 220 [gold] and spacers 224 formed thereover are recessed
to form a recessed portion 226 of the fin 212 [blue].” Pet. 59 (citing EX1005-Lin
30) (emphasis added). That is, the etch does not extend horizontally and there is
thus no fin recess at “a side of the gate structure.” EX2007-McAlexander-Decl,

f115.
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The Petition does not rely on Brask to supplement Lin for this element. Pet.
69-71. Thus, the Petition fails to establish disclosure of the element and the Petition

should be denied.

3. Ground 2B Fails To Render Obvious Claims 4 And 9

In Ground 2B, the Petition alleges that the combination of Lin and Brask
render obvious claims 4 and 9. Pet., 43. Both claims 4 and 9 depend from
independent claim 1, and Ground 2B does not provide any additional analysis for
claim 1. Thus, Ground 2B fails for the same reasons as explained above for Ground
2A with respect to claim 1. Supra Sections IV.A.1-2.

Moreover, Ground 2B fails for the additional reason that the Petition fails to
provide a motivation to combine Lin and Brask. The Petition admits that “Lin
discloses a ‘gate-first’ fabrication process where the operative metal gate is formed
before the source and drain regions of the transistor.” Pet., 79. Despite this, the
Petition argues that a POSITA would have been motivated to modify Lin’s gate-first
process to not use a gate-first process, and instead use a gate-last process as disclosed
in Brask. Pet., 79-80. This makes no sense, because a POSITA would have
understood that a gate-first and gate-last process each have pros and cons. EX2007-
McAlexander-Decl, 1117. For example, as Petitioner’s expert admitted, the gate-

first process beneficially is much simpler, results in “a perfect cell,” and has less
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restrictive design rules. EX2005-Lee-Dep, 76:10-78:17, 83:4-84:19. The Petition
alleges that “[b]y the priority date of the 384 patent, POSITAs would have
understood that gate-first processes would expose the gate structure to the high
activation anneal for the junctions thereby degrading performance of the transistor.”
Pet., 80. But presumably, the inventors of Lin understood the tradeoffs associated
with gate-first versus gate-last processing and specifically chose gate-first. EX2007-
McAlexander-Decl, 1117. Thus, it is unclear why a POSITA would choose to
contradict Lin’s express disclosure of using a gate-first process to instead use the
opposite gate-last process. Id.

The Petition’s argues that “by 2013, there was an industry-wide shift from
gate-first to gate-last processing.” Pet., 80 (internal quotations omitted). The
Petition’s logic appears to be that the inventors of Lin used gate-first because it was
the prevailing technology at the time but that by 2013, once gate-last was developed,
everyone had shifted to gate-last and therefore a POSITA would have been
motivated to modify Lin to instead use gate-last. But this narrative does not hold up
under closer inspection. Lin was filed by Petitioner TSMC on October 13, 2010,
and specifically discloses only a gate-first process. EX1005-Lin at 1. Xu was filed
by Petitioner TSMC less than a month later on November 2, 2010, and discloses

both a gate-first and gate-last process. EX1004-Xu at 1. Thus, at the time of Lin’s
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filing, TSMC clearly knew how to implement both gate-first and gate-last processes,
and the inventors of Lin still specifically chose to use gate-first only. EX2007-
McAlexander-Decl, 1118. Moreover, Brask—the reference that the Petition alleges
discloses the gate-last process that would be combined with Lin—was filed nearly
seven years before Lin on December 30, 2003. EX1006-Brask at 1. Thus, the
Petition’s narrative that gate-last processing did not come about until after Lin was
written makes no sense. Indeed, Petitioner’s expert admitted that the inventors of
Lin would have known about the gate-last process, yet chose to implement gate-first
In their design. EX2005-Lee-Dep at 84:22-86:14.

Moreover, even if a POSITA would have been motivated to modify Lin to use
a gate-last process instead of a gate-first process, the Petition does not provide any
rationale for why a POSITA would have chosen the specific gate-last process recited
in claim 9. As explained above, a POSITA would have understood that a “gate-last
process” is a general term that encompasses varying procedures with different steps,
including procedures that do not meet the specific steps recited in claims 4 and 9.
For example, a POSITA would have known that not every gate-last process includes
replacing a gate dielectric layer. EX2007-McAlexander-Decl, 1119. In fact,
Petitioner’s expert admitted that in some gate-last process sequences, a gate

dielectric layer is deposited first, before putting down the dummy gate. EX2005-
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Lee-Dep, 72:16-73:3. In such a process sequence, during the gate replacement
process, no gate dielectric layer is deposited in the trench. Id. Such a gate-last
process would not include “forming a gate dielectric layer to conformally cover a
sidewall and a bottom of the trench,” as required by claim 9.

In fact, Petitioner’s expert admitted that “ideally, you don’t need the gate
dielectric on the sidewall of the spacers,” (EX2005-Lee-Dep, 71:24-72:12), i.e., the
sidewall of the alleged trench, indicating that a POSITA would not have been
motivated to “form[] a gate dielectric layer to conformally cover a sidewall and a
bottom of the trench,” as required by claim 9 and admittedly not disclosed in Lin.
As shown below, the Petition’s alleged “trench” in Brask is defined by sidewall

spacers on the sides and an insulating layer on the bottom:
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Pet., 86 (annotated EX1006-Brask Fig. 61, further annotated here). Element 9[c]
recites: “forming a gate dielectric layer to conformally cover a sidewall and a bottom
of the trench.” As Petitioner’s expert conceded, a POSITA would not have been
motivated to form a gate dielectric layer to conformally cover a sidewall of the
trench, as there is no reason to have the dielectric cover the sidewall. EX2007-
McAlexander-Decl, 1120; EX2005-Lee-Dep, 71:24-72:12.

Moreover, the Petition does not provide any rationale for why a POSITA
would want to implement the specific process disclosed in Brask, instead only
stating certain benefits that would apply to any gate-last process. See Pet., 80-81
(stating benefits associated with a gate-last process in general). For example, the

Petition alleges that a gate-last process enables tailoring of gate electrode work
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functions. Id. at 81. But this alleged benefit only applies to replacing a gate
electrode, not a gate dielectric layer, as required by element 9[c]. Accordingly, the
Petition’s motivation to combine arguments “fail[] to explain why a person of
ordinary skill in the art would have combined elements from specific references in
the way the claimed invention does.” ActiveVideo Networks, Inc. v. Verizon
Comm’ns, Inc., 694 F.3d 1312, 1328 (Fed. Cir. 2012) (emphasis in original).

Thus, Ground 2B fails and claims 4 and 9 should be found to be patentable.

V. CONCLUSION

For at least the reasons discussed above, the challenged claims of the *384

patent should be found patentable.
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