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DISPUTED CLAIM CONSTRUCTIONS

# | Claim(s)? Terms Greenthread Defendants
195:1 “surface layer” and Plain and Indefinite
502:7 related terms (“an ordinary meaning,
222:44 active region . . . where the plain
disposed on one and ordinary
surface of said meaning is “a
surface layer” / “a layer at the
single drift layer surface”
disposed between the
other surface of said
surface layer and
[said/the] substrate™)
2 195:1 “substrate” Plain and “the initial
502:7 ordinary meaning, | material within
842:1,9 where the plain which or on
481:1, 20 and ordinary which the
222:1, 21, meaning is an semiconductor
39, “underlying device is
41,42, 44 layer” fabricated”
014:1, 21
3 195:1 “active region” Plain and “region that forms
502:7 ordinary meaning | the current path
842:1,9 of a device”
481:1, 20
222:1, 21,
39,
41,42, 44
014:1, 21
4 195:1 | “said [drift layer Plain and “said [drift layer
502:7 further/well region ordinary meaning | further/well
222:44 | ...]havinga region ...] having
[first/second] static a [first/second]
unidirectional electric static electric drift
drift field” field that is
unidirectional
over the [drift
layer/well region”
“said [drift layer “said [drift layer
further/well region] further/well
having a graded region] having a

! The notation “195:1” (for example) denotes claim 1 of the *195 patent. Patent numbers are

specified below in Section 1.
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concentration of
dopants generating a
[first/second] static
unidirectional electric
drift field”

graded
concentration of
dopants
generating a
[first/second]
static electric drift
field that is
unidirectional
over the [drift

layer/well
region]”
195:1 “to aid the movement | Plain and Indefinite
502:7 of minority carriers ordinary meaning | Alternative
842:1,9 | from...to...” construction: “to
481:1, 20 sweep the
222:1, 21, minority carriers
39, from ... to ...
41, 42, 44
014:1, 21
“to aid carrier Indefinite
movement from ... Alternative
[to/towards]” construction: “to
sweep the carriers
from ...
[to/towards] ...
195:1 “well region” Plain and “A well, whether
502:7 ordinary meaning, | formed by single
842:1,9 where portions of | or multiple
481:1, 20 a well are not implants.
222:1, 21, well regions. Portions of a well
39, are not well
41,42, 44 regions.”
014:1, 21
842:1,9 | “active region ... Plain and Indefinite
481:1, 20 | within which ordinary meaning
222:1, 21, | transistors can be
39, formed”
41, 42
014:1, 21
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DECLARATION OF KONSTANTINOS P. GIAPIS

I, Konstantinos P. Giapis, do hereby declare as follows:
I INTRODUCTION

1. | have been retained on behalf of Greenthread, LLC (“Greenthread”), and its
counsel, McKool Smith, P.C., as an expert in this proceeding, in which | understand Intel
Corporation, Dell Inc., and Dell Technologies Inc. are the defendants (“Defendants”). | am
personally knowledgeable about the matters stated herein and am competent to make this
declaration.

2. | understand that Greenthread will submit this Declaration in connection with a
brief supporting its proposed construction of various terms in certain claims of U.S. Patent Nos.
8,421,195 (“the ’195 patent); 9,190,502 (“the ’502 patent™); 10,510,842 (“the 842 patent”);
10,734,481 (“the *481 patent”); 11,121,222 (“the *222 patent”); and 11,316,014 (“the *014 patent™)
(collectively, “the Patents-in-Suit” or “the Asserted Patents” or “Dr. Rao’s patents”).

3. | receive compensation at an hourly rate of $700 per hour for my time working on
technical consulting in this matter, plus expenses. | have no financial interest in Greenthread or in
the patents involved in this litigation, and my compensation is not dependent on the outcome of
this litigation. The conclusions | present are due to my own judgment.

1. BACKGROUND AND QUALIFICATIONS

4, | am a Professor of Chemical Engineering at the California Institute of Technology
(“Caltech”). I have held that position since 1992. My research relates to processing of
semiconductors, dielectrics, and metals, as performed in the fabrication of semiconductor devices,
including microprocessors and digital memories. In particular, my work has focused upon
patterning layers of electronic materials to fabricate sub-micron features such as transistor gates,
vias, and metal lines found in VLSI circuits. | have also conducted modeling and simulations of
the evolution of poly-silicon and metal gate profiles subjected to plasma etching and studied their

charging interactions with plasmas. Since the start of my graduate career in 1985, | have

1
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accumulated over 35 years of experience on semiconductor materials, devices, and their
processing.

5. In my professorial duties at Caltech, | have developed and taught new
undergraduate and graduate level courses on semiconductor device physics and their processing.
These innovative courses combined solid state physics and electronic materials processing
technologies with the more traditional chemical engineering subjects of transport phenomena and
chemical thermodynamics. The courses have prepared several generations of students for
successful careers in the semiconductor industry.

6. During my research career, | have authored or co-authored 98 peer-reviewed
papers, 12 refereed conference proceedings, and two book chapters. Most of my publications
relate to semiconductor device processing. My papers on charging damage of high-density
integrated devices such as microprocessors, and digital memories are highly cited. | have also
been granted 13 patents.

7. My curriculum vitae is provided as Appendix A to this Declaration
III. SCOPE OF ASSIGNMENT AND MATERIALS CONSIDERED

8. | have been retained by Greenthread to provide an explanation to the Court
regarding the inventions described in the Patents-In-Suit. | understand that the patents have been
asserted by Greenthread against Defendants in this proceeding. | have also been retained to provide
my opinion regarding the meaning of certain terms to persons of ordinary skill in the field of the
inventions and to address certain issues of claim indefiniteness alleged by the Defendants.

9. In preparing this Declaration, | am relying on my own knowledge and expertise as
well as the following documents:

e The Patents-In-Suit:
o U.S. Patent No. 8,421,195 to Dr. G.R. Mohan Rao (“the *195 patent);
o U.S. Patent No. 9,190,502 to Dr. G.R. Mohan Rao (“the *502 patent”);
o U.S. Patent No. 10,510,842 to Dr. G.R. Mohan Rao (“the *842 patent”);
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o U.S. Patent No. 10,734,481 to Dr. G.R. Mohan Rao (“the *481 patent”);
o U.S.Patent No. 11,121,222 to Dr. G.R. Mohan Rao (“the ’222 patent”); and
o U.S. Patent No. 11,316,014 to Dr. G.R. Mohan Rao (“the *014 patent”);

e Prosecution histories for the Patents-In-Suit, which | understand constitute the
exchange of correspondence between the Patent Office and the applicant;

e Petitioner Samsung Electronics Co., Ltd. (“Samsung”)’s petitions for inter partes
review, Nos. IPR2021-00289 and -00290 regarding the 195 and ’502 patents, the
declarations of Dr. Bruce Smith submitted in support thereof, and Greenthread’s
preliminary responses in those IPRS;

e Defendants’ Opening Claim Construction Brief (Dkt. 82)? and exhibits to that brief

e Greenthread’s extrinsic evidence disclosure statement (September 26, 2022),
Greenthread’s supplemental extrinsic evidence disclosure statement (October 6,
2022), Defendants’ extrinsic evidence disclosure statement (September 26, 2022),
Defendants’ supplemental extrinsic evidence disclosure statement (October 10,
2022), and extrinsic evidence cited in those statements;

e The exhibits listed in the Table of Exhibits at the beginning of this Declaration; and

e The other references cited within this Declaration.

IV. PERSON OF ORDINARY SKILL IN THE ART (POSITA)

10.  When interpreting a patent, | understand that it is important to view the disclosure
and claims of that patent from the level of ordinary skill in the relevant art at the time of the
invention. My opinion of the level of ordinary skill in the art with regard to the Patents-in-Suit is
based on my personal experience working and teaching in the field of semiconductor processing,

including work with semiconductor technologies, my knowledge of the background and education

2 In this Declaration, I cite to certain documents as “Dkt. XXX where XXX indicates what I am
informed is the docket number of such documents on this case’s court docket. Regarding such
documents, my cites to specific page numbers refer to the page numbers stamped in blue in the
header at the top right of each page in the format “Page  of .”
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of colleagues and others working in that general field as of and for several years prior to the 2002
to 2004 time frame, my study of the Patents-in-Suit, and their file histories, and my knowledge of:
e The level of education and experience of persons actively working in the field at the

time the subject matter at issue was developed;

e The types of problems encountered in the art at the time the subject matter was

developed;

e The prior art patents and publications;

e The activities of others working in that same technical field;

e Prior art solutions to the problems addressed by the relevant art; and

e The sophistication of the technology at issue in this case.

11.  Indetermining the level of ordinary skill in the art, I also considered the following
factors: (1) the sophistication of the relevant technology; (2) the rapidity with which innovations
are made in that field; and (3) the educational level of active workers in that field. It is my further
understanding that these factors are not exhaustive and are merely a useful guide to determining
the level of ordinary skill in the art.

12.  Taking the above factors into account, in my opinion a POSITA in the technology
field of the Patents-in-Suit would be a person with at least a Bachelor’s of Science degree in
electrical or computer engineering, materials science, chemical engineering, applied physics, or a
related field, with emphasis on semiconductor manufacturing, or an equivalent degree, and at least
four years of experience in semiconductor design and manufacturing. Additional education in a
relevant field, or industry experience may compensate for a deficit in one of the other aspects of
the requirements stated above.

13. | understand that Defendants’ expert in this proceeding, Dr. Scott Thompson, has
stated a different characterization of a POSITA. Dkt. 82-26 (Declaration of Dr. Scott Thompson),
92 (“[A] person of ordinary skill in the art at the time of the Asserted Patents would have had a
Bachelor’s degree in electrical engineering, material science, applied physics, or a related field,

and four years of experience in semiconductor design and manufacturing or equivalent work

4
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experience. This description is approximate, and a higher level of education or skill might make
up for less experience, and vice-versa.”). | agree with his characterization, as chemical engineering
is a related field in this context. | was at least a POSITA as of September 3, 2004, which 1
understand is the filing date of U.S. Application No. 10/934,915, to which the Patents-in-Suit claim
priority.

14. My opinions regarding claim construction for the claim terms in dispute in this

proceeding are based on the relevant knowledge and skillset of a POSITA for the Patents-in-Suit.

V. GENERAL BACKGROUND OF THE RELEVANT TECHNOLOGY AND THE
PATENTS-IN-SUIT

A. Dopants

15.  Silicon is an example of a semiconductor. In its pure form it is typically an insulator
but it can become a conductor of electricity when impurities called “dopants” are added into the
silicon crystal. These dopants are usually phosphorous or boron atoms that have one more or one
fewer valence electron than the silicon atom, respectively. If the dopant has one more valence
electron than silicon, that electron is available for electronic conduction in the silicon. If the dopant
has one fewer valence electron than silicon, then it creates what is called a “hole,” which is a
positive unit of charge. Such holes are conventionally assumed to be capable of conducting
positive current through the silicon. Thus, electric charge in semiconductors is thought to be
carried by both electrons and holes, which are then referred to as “charge carriers.”

16.  The extra electrons or holes in a doped region of silicon disturb the local charge
equilibrium and they can create local electric fields, which will influence the motion of other
charge carriers passing by. This phenomenon is called “carrier drift.” Ex. 12, 38-39. When the
dopant concentration is graded in a particular direction, the ensuing electric field points in the
direction of the gradient and, thus, charge carriers will also drift in the gradient direction or

opposite to it depending on the charge carrier’s polarity. Id., 103-106.
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B. Overview of Dr. Rao’s Inventions

17. At the time of Dr. Rao’s inventions claimed in the Patents-In-Suit, most
semiconductor devices relied on uniform concentrations of dopants. Ex. 2 (195 patent), Abstract;
1:36-40, 50-51. Dr. Rao recognized that graded concentrations of dopants can be used to improve
the performance of transistors and other semiconductor devices. Id., Abstract; 3:3-13, 33-35. Dr.
Rao’s invention is clearly disclosed in Figures 5B and 5C of his patents, and the corresponding
parts of the specification.

18. A surface-channel MOSFET is a well-known type of transistor that is capable of
controlling current flow at or along the surface of the semiconductor substrate. Dkt. 82-16 (Wolf
Vol 2), 5-6; Ex. 4 (Chen), 27 (“carriers propagate slightly under the semiconductor surface”). The
current flow occurs in a thin layer of silicon near the surface, called the “channel”, located between
two terminals called the source and the drain. MOSFETSs come in two flavors, NMOS and PMOS,
depending on whether the current flow is based on electrons or holes, respectively. The carrier
type in channel conduction requires oppositely doped silicon regions to build the transistors in,
specifically, p-type for NMQOS, and n-type for PMOS.

19.  MOSFETSs are built in active regions, defined on the wafer surface by isolation
regions. Ex. 13, 327 (Wolf Vol 2) (“Active region and field region definitions”). Since the
substrate is typically doped either n-type or p-type, only one kind of devices can be built on a
typical substrate. When both NMOS and PMOS transistors are used in complementary metal oxide
semiconductor (CMOS) applications, isolated regions of opposite type dopant than present in the
starting material are created within a substrate called “wells.” Dkt. 82-16, 17-20. The
corresponding transistor is then built in a surface layer located in the upper part of the well. In
specialized CMOS applications, wells are created in a substrate for both NMOS and PMOS
transistors, known as “twin-wells.” Ex. 13, 387-389. Sometimes, wells within wells of the

opposite dopant type are used for better isolation from the substrate.
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20.  Conventional wells are formed by implanting dopants and then diffusing them to
the desired depth. However, diffusion occurs laterally as well as vertically, which increases the
width of the well and reduces packing density. This problem is avoided by using high energy
implants to place the dopants at the desired depth without further diffusion. Such deeply implanted
wells are known as “retrograde wells”. The retrograde doping profile is different from the
conventional uniform or downward sloping profile: the impurity concentration decreases as it
approaches the wafer surface. Ex. 13, 389; Ex. 14, 531.

21.  Figure 5B of the 195 patent, annotated below, shows an n-channel MOS (NMOS)?
transistor that is formed in a p-type surface layer of silicon. The transistor comprises (1) a gate;
(2) a thin oxide separating the gate from the surface layer; and (3) two doped regions called the
source and drain (shaded red). Ex. 2, 3:10-11 (“electrons can be swept from source to drain”);
3:42-43 (“accelerate majority carriers towards the drain”). In Fig. 5B, the N+ means that these
regions are heavily doped with an n-type dopant that creates a surplus of negative carriers (i.e.,
electrons).* The specification explains that the NMOS transistor in Fig. 5B can be a surface-

channel MOSFET. Ex. 3:41-43.

8 MOS stands for “metal oxide semiconductor.” It refers generally to metal and oxide layers that
are formed on top of a semiconductor (e.g., silicon). In some MOS devices, the metal is replaced
with another conductor such as doped polysilicon. Ex. 4, 10.

* A helpful way to understand the dopants is that an “N” region or layer will have more electrons,
and thus an abundance of “negative charge carriers.” A “P” layer will have more holes, and thus
an abundance of “positive charge carriers.” The “+” or “-” refers to the amount of doping. A “+”
means heavily doped; “-” lightly doped.
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AccessTransistor

Storage Capacitor or
nsor element

| LI
! ! I

Graded dopant region to pull minority carriers from surface

Ex. 2, Fig. 5B (annotated). Meanwhile, the p-type silicon between the source and drain (shaded
blue) has an abundance of positively charged holes (green circles). Electrons are still present in
the silicon, but the overwhelming majority of the carriers are holes.

22, In the simplest terms, an NMOS transistor switches between two states, ON and
OFF. With no bias applied on the gate, electron conduction between source and drain is not
possible in the arrangement described above with a p-type silicon between the N+ source and drain
terminals. The transistor is described as being in the OFF state. When a positive voltage is applied
to the gate, an electric field forms in the oxide, which extends further into the silicon below the
oxide. This electric field perturbs the local charge equilibrium: it repels the holes away from the
oxide, while it attracts electrons (red circles) closer to the oxide. When enough electrons have
accumulated in the surface layer of silicon below the oxide, they form a conductive channel for
electrons between the source and the drain, and current can begin to flow through the transistor.

Current flow through the transistor corresponds to the transistor turning ON.
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AccessTransistor

Cr Storage Capacitor or
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Graded dopant region to pull minority carriers from surface

EX. 2, Fig. 5B (annotated)® In order to turn the transistor OFF, the positive voltage is removed
from the gate, causing the conductive channel of electrons to vanish as the holes return to the
surface layer.

23, The term “well region” describes typically the doped silicon that surrounds the
source and drain. Since wells are totally isolated from the substrate, well contacts are made to
control the potential of each well. Ex. 14, 523 (“When wells are present, however, the well regions
must also be connected to the appropriate circuit voltages....”).

24, Dr. Rao recognized that by using graded concentrations of dopants in the well
region and a drift layer (shaded pink), it is possible to “pull” carriers from the silicon’s surface. In
this example, pulling the repelled holes further away from the surface layer when a positive voltage
is applied to the gate, allows the transistor to turn “on” more quickly. This improves the speed
and performance of the transistor. Ex. 2, 3:8-13.

25.  As its name suggests, the channel in a surface channel MOSFET forms at or along
the surface. But it is slightly more complicated that. As shown in the well-known figure below,

the n-channel starts at the source (on the left) and expands towards the drain (on the right) as the

® Because the channel is formed by electrons with a negative charge, the MOSFET is referred to
as an n-channel MOSFET. In an n-channel MOSFET, the electrons are referred to as the “majority
carriers,” and the “minority carriers” are holes.
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voltage applied to the gate increases. There is a thin layer below the surface (shaded red) where

the channel actually forms. The cross-hatched region underneath is known as the depletion region.
v, >V,
Channel Vy small

Ex. 4, 19 (shaded). As shown above, the n-channel does not actually form on the surface but rather

in the layer just below the surface (i.e., the surface layer).

C. Exemplary Claim 1 of the 195 Patent

26.  Six of the seven disputed claim terms can be found in exemplary claim 195:1.

These six claim terms are numbered and color coded below.

10
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Term U.S. Patent No. 8,421,195, Claim 1 (195:1)

A CMOS Semiconductor device comprising:
a surface layer;

a substrate;

° an active region including a source and a drain, disposed on one surface of said
surface layer;

a single drift layer disposed between the other surface of said surface layer and said

R4 . . . . .

‘ substrate, said drift layer having a graded concentration of dopants extending
between said surface layer and said substrate, said drift layer further having a first
static unidirectional electric drift field

3 to_aid the movement of minority carriers from said surface layer to said
substrate; and

(s at least one well region disposed in said single drift layer, said well region having a

graded concentration of dopants and a second static unidirectional electric drift field
to aid the movement of minority carriers from said surface layer to said substrate.

27. 1 am informed that Defendants contend that certain claim terms render claim 1 of
the *195 patent indefinite. In my opinion, far from being indefinite, claim 1 lines up exactly with
Fig. 5B and the corresponding parts of the specification. Fig. 5B confirms what is meant by each
claim term. As the preamble states, Fig. 5B illustrates a CMOS semiconductor device with metal
and oxide layers on a silicon substrate. EXx. 2, 2:27-31; 3:41-43. The specification mentions
verbatim that the CMOS device may be a surface channel MOSFET. 1d., 3:41-43; see also 1:43-
45,

28.  As seen below, the CMOS semiconductor device comprises a surface layer (blue)
and a substrate (gray). Id., 3:30-45. The substrate is lightly doped with holes (P-), and the surface
layer is a layer at the surface of the silicon. As explained below, the invention is concerned with

moving minority carriers from this surface layer to the substrate.

11
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AccessTransistor
Storage Capacitor or
nsor element
[ Il ]
| | | 1
|\ 1) SURFACE LAYER |

| L]
T g AR

Graded dopant region to pull minority carriers from surface

(2 ) SUBSTRATE Eysubstrate

Ex. 2, Fig. 5B (annotated).®
29.  The surface layer has at least two surfaces, which claim 195:1 refers to as the “one

surface of said surface layer” and “the other surface of said surface layer.”

AccessTransistor

Storage !
/Qnso

1 “ONE SURFACE OF SAID SURFACE LAYER”

“THE OTHER SURFACE OF SAID SURFACE LAYER”

| L]
I I

Graded dopant region to pull minority carriers from surface

Ex. 2, Fig. 5B (annotated); id., 4:16-19.
30.  Next, the claim specifies an active region with a source and drain. 1d., 4:16-17.

Figure 5B shows how the active region is “disposed on one surface of said surface layer.”

® As explained below, “substrate” is a relative term, and Dr. Rao sometimes used it to refer to the
bottom layer, and other times he used it to refer to the wells that are underneath the surface layer
and active region. In both cases, the “substrate” is an “underlying layer.”
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AccessTransistor

Storage !
/anso
“ONE SURFACE OF SAID SURFACE LAYER”

3

Active Region Active Region

Source = Drain

| NN
I I

Graded dopant region to pull minority carriers from surface

Ex. 2, Fig. 5B (annotated).

31.  The “active region” is a doped region where a transistor or other active device can
be formed. Ex. 2, 1:61-63; 2:18-23; 3:1-3, 30-33. As explained below, Dr. Rao contemplated that
the CMOS device may have multiple active regions where transistors are formed in some, but not
all of the active regions.

32.  Next, the claim specifies there is a single drift layer disposed between “the other

surface of said surface layer” and the substrate. This single drift layer has a graded concentration

of dopants.
AccessTransistor
Storage Capacitor or
“THE OTHER SURFACE OF SAID SURFACE LAYER” nsor element
| 1 |
]
(1
, SINGLE DRIFT 5 l l Y ¥ l l l l i
A “ ”
\ LAYER Graded dopant region to pull minority carriers from surface ‘ FIRST STATIC UNIDIRECTIONAL ELECTRIC DRIFT FIELD
)

Ex. 2, Fig. 5B (annotated).

33.  The graded dopants create an electric field that aids the movement of minority
carriers (holes in the case of the n-channel example shown in Fig. 5B) from the surface layer to
the substrate. Ex. 2, 3:17-20, 30-37.
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34.  Finally, the claim specifies there is a well region disposed in the single drift layer,
and this well region creates a second electric field that also aids the movement of minority carriers.
The specification teaches the retrograding in dopants in the p-well to sweep those carriers away

from the surface as well.

AccessTransistor

Storage Capacitor or
nsor element
| | Jl
6 ) WELL REGION % ¢ u
K\_/‘ l l , | , , I ¥ “SECOND STATIC UNIDIRECTIONAL ELECTRIC DRIFT FIELD”

R v v vy v e

4
Graded dopant region to pull minority carriers from surface

‘ “FIRST STATIC UNIDIRECTIONAL ELECTRIC DRIFT FIELD”

{2

Ex. 2, Fig. 5B (annotated); id., 2:27-28; 3:37-40.

D. Exemplary Claim 1 of the 842 Patent

35.  According to claim 1 of the 195 patent, the “active region” includes the heavily
doped regions called the “source” and the “drain.” Exemplary claim 1 (below) of the *842 patent
sheds additional light on the “active region” when it specifies the “active region” is a region

“within which transistors can be formed.”

Term U.S. Patent No. 10,510,842, Claim 1 (842:1)

A semiconductor device, comprising:
a substrate of a first doping type at a first doping level having first and second surfaces;

a first active region disposed adjacent the first surface of the substrate with a second
e doping type opposite in conductivity to the first doping type and within which
transistors can be formed;

a second active region separate from the first active region disposed adjacent to the
first active region and within which transistors can be formed;

transistors formed in at least one of the first active region or second active region; and

at least a portion of at least one of the first and second active regions having at least
one graded dopant concentration to aid carrier movement from the first surface to
the second surface of the substrate.

14

MPS EX. 1045 - 21/57



Case 6:22-cv-00105-ADA Document 96-1 Filed 10/31/22 Page 22 of 57

36.  According to claim 842:1, there may be multiple active regions (i.e., the first and
second active regions), where a transistor is formed in at least one of them (i.e., transistors formed
in at least one of the active regions). EX. 3, 4:48-56.

VI. APPLICABLE CLAIM CONSTRUCTION LEGAL STANDARDS

37. | understand that the parties do not agree on the meanings of several terms and
phrases in the claims of the Patents-In-Suit, and that it is the role of the Court to resolve these
disputes. | have reviewed Defendants’ positions as summarized in Defendants’ Opening Claim
Construction Brief (Oct. 10, 2022) (Dkt. 82), and Greenthread’s positions as summarized in the
“Disputed Claim Constructions” table at the beginning of this Declaration. | agree with the
positions taken by Greenthread for each such term or phrase. In my opinion, Greenthread’s claim
construction proposals reflect how persons of ordinary skill in the field of semiconductor
processing would interpret the disputed claim terms.

38. | am not an attorney. Counsel for Greenthread provided me with a set of legal
standards to apply to claim construction. These standards, which | applied in forming the opinions
expressed in this Declaration are summarized below.

39.  The patent claims describe the invention made by the inventors, what the patent
owner owns, and what the owner may prevent others from doing. An independent claim sets forth
all the requirements that must be met in order to be covered by that claim. A dependent claim
refers to another claim and incorporates all of the requirements of the claim to which it refers.

40.  The claim terms are given their ordinary and customary meaning, as would be
understood by a person of ordinary skill in the art at the time of the invention. The person of
ordinary skill is considered to read the words used in the patent documents with an understanding
of their meaning in the field, and to have knowledge of any special meaning and usage in the field.
The ordinary meaning of a claim term is its meaning to the person of ordinary skill after reading

the entire patent, including the patent specification. The specification may reveal a special
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definition given to a claim term by the inventor, which then governs the meaning of the same term
in the claims.

41.  The claims themselves provide substantial guidance as to the meaning of claim
terms, and the context in which a term appears in the claim can be highly instructive to its meaning.
Difference among claims can also be a useful guide. For example, the presence of a dependent
claim that adds a particular limitation suggests that the limitation in question is not present in the
independent claim to which the dependent claim refers.

42, The patent’s prosecution history should also be considered, which includes the
record of the proceedings before the U.S. Patent and Trademark Office (“USPTO”) and the prior
art cited during the examination of the patent. The prosecution history may inform the meaning
of the claim language by demonstrating how the inventor understood the invention and whether
the inventor limited the invention in the course of prosecution or post-grant proceedings at the
USPTO, making the claim scope narrower than it would otherwise be.

43, I have been informed that the test for indefiniteness is whether the claims, viewed
in light of the specification and prosecution history, inform those skilled in the art about the scope
of the invention with reasonable certainty.

44, My opinions regarding the meaning that a person of ordinary skill in the art would
give to the disputed claim terms are addressed below.

VII. MEANING OF CLAIM TERMS TO PERSONS OF ORDINARY SKILL
45, If I do not specifically respond to a statement made in Defendants’ brief or expert

declaration, that does not indicate agreement on my part.
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A. Claim Terms Found in Exemplary Claim 195:1
1. “surface layer” terms’ (195:1; 502:7; 222:44)

Greenthread Defendants
Plain and ordinary meaning, where the plain and ordinary Indefinite
meaning of “surface layer” is “a layer at the surface”

46. I understand that Defendants contend that the “surface layer” terms are indefinite.
In my opinion, these terms are not indefinite. “[S]urface layer” is a lay term that is understood by
skilled artisans and lay people alike. Whether it is the surface layer of the ocean, skin, soil in a
backyard garden, or a semiconductor device, it is referring to the same thing: a layer at the surface.

Even the Wolf textbooks cited by Defendants show that a “surface layer” is a layer at the surface

of the semiconductor device where the active region is located.
gate

Hole concentration

d

A P o
. d

| . -
— distance

Dkt. 82-17 (Wolf Vol. 3), 11 (annotated; describing MOSFET with source and drain); Dkt. 82-18
(Wolf Vol. 4), 7, 10 (describing the “surface layer” of the MOSFET as the doped silicon near

surface of the silicon).
47.  Defendants’ indefiniteness arguments are incorrect, in my opinion, because (1) they

ignore the realities of surface-channel MOSFETs and the preferred embodiment disclosed in

Figure 5B, and (2) they wrongly assume the surface layer is “disposed under the active region.”

" These are the terms collectively numbered as term 1 in the table above in the “Disputed Claim
Constructions” section of this Declaration.
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See Dkt. 82, 14 (emphasis in original). The claims do not use the words “disposed under.” The
claims, specification, and prosecution history show that the “surface layer” is the layer at the
surface of the silicon. This is not surprising given this is how the term is normally used in the art.

48.  The claim language shows that the “surface layer” is a layer at the surface of the
semiconductor device. First, a POSITA would readily understand that a “surface layer” is a layer
at the surface of the semiconductor device. This is because it is customary in the field of
semiconductors to refer to layers by their relative position in the stack of layers. In other words, a
“bottom layer” would be at the bottom; a “middle layer” at the middle; and a “surface layer” at the
surface. Defendants do not contend that it is unclear what is meant by the “surface” of a CMOS
semiconductor device. It is the doped silicon where the active region is located, and where the
channel forms in a surface-channel MOSFET. Therefore, a POSITA would have understood that
a “surface layer” is a layer at the surface of the semiconductor device.

49.  The claim specifies that the “surface layer” has two surfaces and that the “active
region” is “disposed on one surface of the said surface layer.” From this claim language,
Defendants have interpreted various claim terms to be arranged with respect to one another as

shown below at left.

Defendants’ Interpretation Correct Interpretation

Well Region
“disposed in said single drift layer”

Single Drift Layer
“disposed between the other surface of said
surface layer and said substrate”

Substrate

Dkt. 82, 11.
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50. Defendants’ rendering ignores that the “active region” is part of the “surface
layer,” just like the “well region” is part of the “single drift layer.” When the claim says the “active
region” is “disposed on one surface of said layer,” it is not saying it iS a separate layer on top of
the “surface layer.” Rather it is specifying where in the “surface layer” the “active region” is
located. The “active region” occupies a volume of silicon in the “surface layer.” Instead of being
anywhere in the surface layer, the “active region” is disposed on the top surface of the surface
layer, as shown in the right hand column above.

51.  Byanalogy, if a room has two surfaces—a floor and a ceiling—and a ceiling fan is
disposed on the ceiling of the room, it does not mean the ceiling fan is spinning around like a
propeller on the roof of the house. Instead it means that the ceiling fan is hanging from the ceiling
inside the room. The same is true about the active region and the surface layer. When the claim
says the active region is “disposed on one surface of the surface layer,” it means the active region
is located on the “ceiling” of the silicon inside the silicon. The claim never says the “surface layer”
is “disposed under the active region,” as Defendants claim in their brief. See Dkt. 82, 14.

52. The claim specifies that the “active region” includes a source and drain. A POSITA
would have realized that these doped silicon regions have to be part of the surface layer beneath
the silicon’s surface. Otherwise they could not be used to form a transistor.

53.  The specification further shows that the “surface layer” is a layer at the surface.
Defendants do not appear to dispute what is meant by the “surface” of the CMOS semiconductor
device. In my opinion, this is a term that a POSITA would have understood to mean the surface
of the silicon where the source and drain are located. This is how the term “surface” is consistently
used throughout the specification and the figures. See, e.g., Ex. 2, 1:43-45 (explaining that MOS
devices are majority carrier devices and “the channel can be a surface in one plane in planar
devices”); 3:30-33 (explaining how Dr. Rao’s invention sweeps unwanted minority carriers “from
the active circuitry at the surface”); 3:38-43 (explaining how graded dopants “sweep those carriers
away from the surface” and that Dr. Rao’s invention may be used “in surface channel MOS devices

to accelerate majority carriers towards the drain”); 3:43-45 (explaining that when programming
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nonvolatile memory devices, “carriers should be accelerated towards the surface”); 3:53-55
(explaining that “minority carriers can be channeled to the surface”); Fig. SA (“Graded dopant
region to pull minority carriers from surface”); and Fig. 5B (“Graded dopant region [a]ccelerates
carriers towards surface during programming”). In every single instance, the specification is
referring to the surface layer at the surface of the semiconductor device where the active region is
located.

54. A POSITA would have known that the carriers-of-interest are actually in the thin
layer of silicon just below the silicon’s surface (i.e., the “surface layer”). Armed with this
knowledge, the term “surface” is frequently used as a shorthand for “surface layer.” While
POSITA would have known what is meant by carriers “at the surface,” it is actually more precise
to refer to them as carriers “in the surface layer,” like the Wolf textbooks do. Dkt. 82-17, 11; Dkt.
82-18, 7, 10.

55.  Turning back to the preferred embodiment shown in Figure 5B, the corresponding
surface layer is also shown in blue. We know from the surrounding claim language that the source

and drain are disposed on “one surface of the surface layer.”

AccessTransistor

Storage (
11SO
“ONE SURFACE OF SAID SURFACE LAYER”

] L]
I I

Graded dopant region to pull minority carriers from surface

Ex. 2, Fig. 5B (annotated).

56.  When the specification refers to a surface channel MOSFET, the channel forms at
or along the upper surface of this blue region. Furthermore, when the specification refers to
“pull[ing] minority carriers from surface” or “accelerat[ing] minority carriers towards the surface,”

it is referring to this same blue area where the channel forms. Therefore, the specification
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consistently shows that the “surface layer” is a layer at the surface of the semiconductor device
where the active region is located.

57.  Defendants’ interpretation of the claim (i.e., surface layer disposed under the active
region) would exclude the preferred embodiments in Figure 5B.

58.  The prosecution history further shows that the surface layer is the top layer of the
silicon. During prosecution of the application that eventually issued as the *195 patent, the
Applicant elected claims directed to the embodiment shown in Figures 5B and 5C. Dkt. 82-8 (195
file history), 49. These claims, which were part of the original priority application, referred to the
“active surface regions.” 1d., 9. Applicant subsequently amended the claims to change “surface
region” to “surface layer,” and specified that the “active region” is “disposed on one surface of
said surface layer.” 1d., 165. In the next office action, the Examiner asserted that reference 23 in
Fig. 2 of Kamins is a “surface layer.” Id., 183; Dkt. 82-10 (Kamins), 3. Notably, the Examiner
identified the layer at the surface of the silicon as the “surface layer,” and not the oxide layer on
top of the silicon. This shows that the Examiner understood the “surface layer” to be a layer at the
surface of the silicon.

59. In my opinion, the Wolf textbooks cited by Defendants show how the term “surface
layer” was ordinarily used in the art. Dkt. 82-17, 11; Dkt. 82-18, 7, 10. A POSITA would have
known that “surface” was (and still is) often used as a shorthand for “surface layer.” While the
specification may not expressly use the words “surface layer,” the specification fully describes the
layer at the surface of the semiconductor device where the active region is located, and the channel
that is formed in a surface channel MOSFET. See, e.g., Ex. 2, 1:43-45; 3:30-33, 38-45, 53-55;
Figs. 5A-B. The Wolf textbooks show that this layer is referred to as a “surface layer.” Dkt. 82-
17, 11; Dkt. 82-18, 7, 10. Therefore, the specification does, in fact, disclose a surface layer.

60. Defendants rely on four volumes of Wolf textbooks to argue that in some contexts
the term “surface layer” is used to refer to an oxide or other non-silicon layer. Dkt. 82, 6-7. But

then Defendants state that in the MOSFET context, the term “surface layer” is used to refer to the
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layer at the surface of the silicon where the active region is located. 1d., 7. This is exactly how
the term is used in the preferred embodiment in the Asserted Patents.

61.  Defendants argue that surface layer cannot mean “layer at the surface” because the
claim language “paradoxically require[s] the ‘surface layer’ to be disposed under the active
region.” Dkt. 82, 14. In my opinion, that argument is incorrect. The claims make clear that the
active region is part of the surface layer and there is nothing in the claim that says otherwise.

62.  Defendants argue that there is no discernible structure or boundaries for the
“surface layer.” Dkt. 82, 15. But the Wolf textbooks show how the term is ordinarily used in the
art, and this is how the term is consistently used in the preferred embodiment and throughout the
intrinsic record.

63. In an IPR filed by Samsung against the 195 patent (see Dkt. 82-19, 13), Samsung’s
expert recognized that “the term most related to ‘surface layer’ found in the specification is
‘surface.”” Ex. 6 (Dr. Smith Declaration), § 46. Dr. Smith went on to opine that:

FIG. 5(b) in combination with the various descriptions of a ‘surface’ in the
’195 Patent specification appear to suggest that the “surface layer” may
correspond to a region at and along a portion of the surface of the CMOS
device, as its ordinary meaning would also suggest. For instance, the
Oxford Dictionary defines a “surface” as being the “outside of a body” or
“any of the limitation that terminate a solid,” and a “layer” as a “thickness
of matter.” Thus, my understanding of how the *195 Patent utilizes the term

“surface layer is consistent with the ordinary understanding of “surface” and

“layer.”

Id., 9 49 (emphasis added, citation omitted). The fact that Samsung’s expert was able to determine

what is meant by “surface layer” is consistent with my opinion that the term is not indefinite.
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2. “substrate” (195:1; 502:7; 842:1, 9; 481:1, 20; 222:1, 21, 39, 41, 42, 44;
014:1, 21)
Greenthread

Defendants

“the initial material within which or on
which the semiconductor device is
fabricated

Plain and ordinary meaning, where the
plain and ordinary meaning is “an
underlying layer”

64. In my opinion, “substrate” is a term that is readily understood by a POSITA. A
substrate is simply an “underlying layer.” See EX. 7 (American Heritage Dictionary) (defining
“substrate” as “an underlying layer”); Ex. 8 (Webster’s Dictionary) (explaining that “substrate” is

synomous with its latin origin “substratum,” which means “underlying structure, layer, or part”).

This is how the term is consistently used in the claims, specification, and prosecution history. This

term does not require construction.
65.  In Fig. 5B, the “P- substrate” (shaded gray) is an “underlying layer.” In the Wolf

textbook, the “n- substrate” (shaded gray) is also an “underlying layer.” Dkt. 82-17, 11. This is

how the term “substrate” is ordinarily used in the art.

195 Patent, Fig. 5B Wolf

AccessTransistor

Storage (
/@nsm gate

|

HUHUIIHI
g ! A

Graded dopant region to pull minority carriers from surface

Hole concentration

‘- distance

P substrate

Ex. 2, Fig. 5B; Dkt. 82-17, 11.

66.  There is nothing in the intrinsic record that departs from the term’s plain meaning.
Every time “substrate” is used in the specification or prosecution history, it is merely referring to

an “underlying layer.” Ex. 2, 1:50, 62 (“twin well substrate™); 2:18-23, 27-28 (“a MOS silicon
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substrate with two wells, and, an underlying layer”); 3:31-32 (“sweep these unwanted minority
carriers into the substrate™); 3:35 (“deep into the substrate”); Figs. 2, 3A-D, 4, 5A-C (all showing
substrate as an underlying layer).

67.  Defendants state that the claims require a substrate, active region, well region, drift
layer, and surface layer. This part is true. But then Defendants contend that these structures must
be formed in a particular order with the substrate being the “initial” layer, and the other structures
being “subsequent” structures. Dkt. 82, 6. But claim 195:1 never says the substrate has to be made
first. In fact, the specification specifically teaches that “[d]ifferent layers of dopan[t] regions can
be transferred through wafer to wafer bonding (or other similar transfer mechanisms) for eventual
device fabrication.” Ex. 2, 3:1-3; see also 3:35-37 (“One or more of such layers can also be
implanted through wafer to wafer bondings or similar ‘transfer’ mechanisms.”). Therefore, a
POSITA would have understood that the specification contemplates that the substrate could be
fabricated after the other layers and bonded to the other layers when the device is actually
fabricated.

68. Furthermore, Defendants’ brief implies that the substrate and other structures must
be mutually exclusive. While each of the structures must be present in the claimed device, the
claim never says the well region and drift layer cannot be part of the substrate. In fact, the
specification says the opposite when it specifically mentions a “MOS silicon substrate with two
wells, and the underlying layer.” Ex. 2, 2:27-28. In this scenario, the two wells and underlying
layer can all be part of the substrate.

69.  Defendants misquote the following sentence to argue that the claimed substrate
must be the initial material, and the substrate must be different from the wells, layers, and
transistor. Dkt. 82, 9. The full sentence reads: “FIG. 3(a) shows a typical CMOS VLSI device
employing a twin well substrate, on which active devices are subsequently fabricated.” Ex. 2,
1:61-63. This sentence is referring to a prior art figure that is not claimed. The sentence does not
say that in the claimed invention the substrate must be fabricated before the other layers.

Furthermore, the specification expressly says the layers can be individually formed and
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subsequently bonded together. Id., 3:1-3, 35-37. Finally, this sentence does not say the substrate
is different from the wells and other layers. In fact, it says the opposite. More specifically, it says
the substrate is a “twin well substrate,” which means the two wells are part of the substrate (i.e.,
the underlying layer on which the active devices are subsegently fabricated).

70.  Defendants cite other references to argue that the initial substrate can be a
“uniformly doped ‘bulk’ silicon substrate.” Dkt. 82, 17. But the 195 specification specifically
teaches that (1) the substrate can be a twin-well substrate, which means that it is not uniformly

doped; and (2) the layers may be separately formed and then bonded together. Ex. 2, 1:61-63; 3:1-

3, 35-37.
3. “active region” (195:1; 502:7; 842:1, 9; 481:1, 20; 222:1, 21, 39, 41, 42,
44; 014:1, 21)
Greenthread Defendants
Plain and ordinary meaning “region that forms the current path of a device”
71. In my opinion, “active region” is a term that a POSITA would have readily

understood. A POSITA reading the claims and intrinsic record would have understood that an
active region is an isolated doped silicon region at the surface of a semiconductor device where a
transistor can be formed. This is how the term is used in the relevant claims and throughout the
intrinsic record. There is no need to construe the term, and to do so would only introduce
ambiguity where there is none.

72.  Claim 842:1 states there are two active regions—a “first active region” and a
“second active region”—and that transistors are formed “in at least one of the first active region
or second active region.” Ex. 3, 4:48-56. This means that some, but not necessarily all, of the
active regions will form a transistor. If the active region does not form a transistor, then the active
region will not necessarily form the current path of a device.

73.  To form, for example, a CMOS transistor in an active region, a number of things
must be true. First, there must be an oxide layer on top of the doped silicon. Second, a metal or
other conducting layer must be on top of the oxide layer to form a gate. Third, the source and

drain regions must be implanted with dopants and annealed. Fourth, terminals must be connected
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to the source, drain, and gate. Finally, a sufficient voltage must be applied to the gate to turn the
transistor “on.” Dr. Rao contemplated that the transistors may be formed later. Ex. 2, 1:61-63;
2:18-23 (“subsequently fabricated”); 3:1-3 (“for eventual device fabrication”). Therefore,
Defendants’ construction would exclude a preferred embodiment.

74.  Defendants cite to extrinsic evidence where the term active region is used to refer
to a region that forms the current path of a device. In some contexts, this may be true. But there
are numerous other references where the term active region is used to refer to simply the source,
drain, and space between them of a MOSFET regardless of whether current flows between them.
A well-known textbook explains how a MOSFET transistor is built in the active region. See Ex.
9 (Baker), 65 (“The active layers are used to make the source and drain regions.”). Similarly,
another well-known textbook describes forming the source and drain as forming the “active
region.” See EX. 4 (Chen), 239 (“Active channel regions are first defined by etching windows in
a thick field oxide...The boron impurities in the active regions are counter doped...”). This is how
active region is used in the claims-at-issue and the intrinsic record. Therefore, in the context of
Dr. Rao’s inventions it is more accurate to refer to an active region as a doped silicon region where
a transistor can be formed (e.g., including source and drain, and silicon between them).

75. Interestingly, defendants omit a citation to Wolf, despite their heavy use of this
reference for other terms. Wolf has an entire section devoted to the definition of the disputed term,
aptly titled: “Active Region and Field Region Definitions,” which supports a POSITA’s plain

understanding of the term. Ex. 13, 327-331.
4, “unidirectional electric drift field” terms® (195:1; 502:7; 222:44)

Greenthread Defendants
Plain and “said [drift layer further/well region...] having a [first/second] static
ordinary electric drift field that is unidirectional over the [drift layer/well region]”
meaning “said [drift layer/well region] having a graded concentration of dopants
generating a [first/second] static electric drift field that is unidirectional
over the [drift layer/well region]”

8 These are the terms collectively numbered as term 4 in the table above in the “Disputed Claim
Constructions” section of this Declaration.
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76.  In my opinion, the “unidirectional electric drift field” terms do not need to be
construed, and plain meaning suffices for a POSITA to understand them. Based on Defendants’
proposed constructions, | see that Defendants are not contending that “electric drift field” or
“unidirectional” need to be construed. Instead, Defendants are contending the following language
from exemplary claim 195:1: said drift layer further having a first static unidirectional electric
drift field should be construed to mean: said drift layer further having a first static electric drift

field that is unidirectional over the drift layer. Dkt. 82, 22. Defendants indicate in their brief that

by “over the drift layer” they mean: said drift layer further having a first static electric drift field

that is unidirectional over the entire drift layer. Id. Defendants make a similar argument for the

“well region.” Id. In my opinion, there is no need to rewrite the claim to say the electric field is
“unidirectional over the drift layer,” much less “unidirectional over the entire drift layer.” A
careful review of the prosecution history reveals that there was no clear disavowal. There is no
justification anywhere else in the intrinsic record to limit the terms like Defendants suggest.

77.  To begin, Defendants argue that that the “claim language itself implies a single
unidirectional field across the entire layer or region.” Dkt. 82, 22 (emphasis added). First, the
claim says “single drift layer,” not “single unidirectional field.” There is nothing in the claim
preventing additional electric fields. The Applicant merely said the drift layer has a unidirectional
field. The fact that the field may stop before the end of the layer does not mean that the drift layer
does not have a unidirectional field.

78.  Next, Defendants incorrectly characterize the specification and figures. Defendants
cite to several instances where the specification mentions that a graded concentration of dopants
creates an electric field. But nothing in the specification says there is only one field per layer,
much less that the field must continue across the entire layer or region. See Dkt. 82, 22 (citing to
the following portions of 195 specification); Ex. 2, 1:34-36 (describing prior art, merely says
“aiding drift field” without any mention of a layer, direction of the field, or the total number of
fields); 2:13-15 (merely says “doping profiles” without any mention of a field); 2:35-47

(discussing how a graded dopant concentration “creates a suitable aiding drift electric field”
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without any mention of a layer, direction of field, or the total number of fields); 3:30-35 (discussing
how the graded dopants create a drift field to sweep the minority carriers into the substrate without
any mention of the location or duration of the drift field or the total number of fields); Fig. 1 and
5A (showing no field at all). Defendants also cite Figures 5B and 5C, which support Greenthread,
not Defendants. These figures show multiple fields that traverse only part of the well region, and
only part of the drift layer. Defendants’ construction would exclude both of these preferred
embodiments.

79.  The prosecution history shows that: (1) the limitation “unidirectional” was merely
added to clarify that there was a single layer with a graded dopant (as opposed to two layers with
uniform dopants); (2) the Applicant never said the claims require the electric field to be
unidirectional over any of the layers, much less the entire layer; and (3) the Applicant did not need
to limit the claims to require that the electric field was unidirectional over any of the layers, and
there would have been no reason for doing so. In an Amendment dated January 26, 2011, the
Applicant argued that then-pending claim 10 (now claim 1) was patentable over Kamins. Dkt. 82-
8, 209-216. At that time, the claim read in relevant part:

10. A CMOS Semiconductor device comprising: ...
a drift layer disposed between the other surface of said surface layer and

said substrate, said drift layer having a graded concentration of dopants extending

between said surface layer and said substrate to create a drift field drawing minority

carriers from said surface layer to said substrate.
Id., 212. In the Remarks, the Applicant argued that Kamins did not disclose the highlighted
language. In doing so, the Applicant explained that Kamins did not disclose “a single layer” with
graded dopants; instead, Kamins has three layers with uniform dopants. Id., 215.

80. In the figure below, Kamins has three layers: a lightly doped layer 23, a heavily
doped layer 21, and a lightly doped layer 19.
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Dkt. 82-10, Fig. 2; 2:39-53. None of these layers have a graded concentration of dopants where

the dopants gradually change from heavily doped to lightly doped or vice versa. Instead, each of
the layers has a uniform concentration of dopants, where the concentration of dopants abruptly
changes where the layers meet. One can readily see how these two scenarios are different. It is
like “grading” a backyard to slope away from a house, versus putting in a retaining wall where a
flat area abruptly drops off to a lower flat area.

81. In the next Office Action, the Examiner did not disagree with the Applicants’
assessment of Kamins. Dkt. 82-8, 220-229. Instead the Examiner took the position that “single
layer” was not a limitation of the claim. 1d., 227 (“it is noted that the features upon which applicant
relies (i.e., drift layer is required to be a “single layer”; i.e., the drift layer cannot have multilayer
structure) are not recited in the rejected claim(s).”). To clarify this point, the Applicant amended

the claims in the next amendment to read:
a single drift layer disposed between the other surface of said surface layer
and said substrate, said drift layer having a graded concentration of dopants
extending between said surface layer and said substrate to create a
unidirectional drift field drawing all® minority carriers from said surface

layer to said substrate.

® The word “all” was subsequently removed from the claims, which is evidence that it is not a
requirement of the claims. Dkt. 82-8, 286-294.
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Id., 235. In the Remarks, the Applicant clarified that the graded dopant concentration draws the
minority carriers away from the surface. 1d., 238.

82.  The Applicant did not state the claims require the electric field to be unidirectional
over the entire drift layer. Also, the Applicant did not state that there could not be multiple electric
fields in any of the layers. Instead, Applicant merely distinguished Kamins, where there are
multiple layers with uniform dopant concentrations.

83.  Moreover, the Applicant did not need to limit the claims to require that the electric
field was unidirectional over any of the layers, and there would have been no reason for doing so.
Turning back to Kamins’ Figure 2, there is no electric field that draws a minority carrier from the
surface layer to the substrate. Rather, in Kamins, the top electric field would propel a minority
carrier from the substrate to the surface layer, and the bottom electric field would draw a minority
carrier from the substrate to a deeper part of the substrate. Thus, then-pending claim 10 was
patentable over Kamins regardless of whether the electric field is unidirectional over the entire
drift layer or just part of it.

84, In an earlier litigation involving the *195 and *502 patents, the Court stated that
there was no prosecution disclaimer regarding a similar term as the present terms. Ex. 5, 14-17.
There, the Court found no prosecution disclaimer that would limit the claim so that “the slope of
the dopant concentration is of one direction across the layer.” 1d., 11. Defendants are now arguing

2

that the electric field must be “unidirectional over the entire layer.” But there is nothing in the

prosecution history that mandates that the electric field has to be unidirectional “over the entire

layer” and that there cannot be multiple electric fields.
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5. “to aid the movement” terms'® (195:1; 502:7; 842:1, 9; 481:1, 20; 222:1,
21,39, 41,42, 44; 014:1, 21)

Greenthread Defendants
Plain and ordinary Indefinite.
meaning Alternative constructions: “to sweep the minority carriers
from...to...” or “to sweep the carriers from...[to/towards]...”

85. I agree with Greenthread’s position that plain meaning is appropriate for these “to
aid the movement” terms. In my opinion, “to aid the movement” is a simple term that is readily
understood by a POSITA. Any one that has put a little WD40 on a rusty hinge, or stretched before
exercising, knows what it means “to aid the movement” of something. Likewise, nobody would
dispute that a wheelchair ramp ““aids the movement” of someone in a wheelchair.

86.  Turning to the claims themselves, the claims specify exactly who and what is
“aiding the movement,” and where and when the movement occurs. Moreover, the specification
provides specific examples of each of these, and the prosecution history shows these examples.
The face of the claim and the preferred embodiment in Fig. 5B explain exactly what is meant by
“to aid the movement of the minority carriers from the surface layer to the substrate.” Claim 195:1
reads in relevant part:

a single drift layer disposed between the other surface of said surface layer and said

substrate, said single drift layer having a graded concentration of dopants extending

between said surface layer and said substrate, said drift layer further having a first

static unidirectional electric drift field to aid the movement of minority

carriers from said surface layer to said substrate;
Ex. 2, 4:18-24.

87.  The claim contains similar language for the well region. Id., 25-29. The claim
language above explains who is aiding the movement: it is the single drift layer, and more

specifically the graded dopants in the single drift layer. Next, it explains what is aiding the

10 These are the terms collectively numbered as term 5 in the table above in the “Disputed Claim
Constructions” section of this Declaration.
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movement: it is the first static unidirectional electric drift field. The claim even says where the
movement occurs: it is in the drift layer, and the carriers move downward. Finally, the claim
specifies when it occurs: when the minority carriers are exposed to the electric field.

88.  The Applicant did not just claim “to aid movement” in a vacuum. Rather, the
Applicant claimed a specific drift layer with graded dopants that create a particular type of electric
field. By the time the claim gets to the phrase “to aid movement,” it is my opinion that the claim
is merely clarifying what the electric field does. Any question about what is meant by “to aid the
movement” is answered by the preceding claim language. Electric drift fields are a well-known
phenomenon that cause carriers to move, and a POSITA would have readily recognized that when
a “static unidirectional electric drift field” is present then it aids the movement of the minority
carriers. Id. If it is not present, then it does not aid such movement. The claim turns on the
presence of the “unidirectional electric drift field,” and the phrase “to aid the movement of minority
carriers” merely states what the “unidirectional electric drift field” does. The drift field points to
one direction and charge carriers, when free to move, respond to the drift field by moving in one
direction or the other depending on their charge polarity.

89.  This is exactly what is shown in Fig. 5B and the corresponding parts of the

specification.

AccessTransistor

Storage C
/&nsor

| | |
]
— || L]
. R ! IR
| Graded dopant region to pull minority carriers from surface
{ 2

Ex. 2, Fig. 5B (annotated).

90.  The specification explains how the unidirectional electric field aids movement of
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the carriers. EX. 2, 2:40-47, 3:30-35. The prosecution history further shows this. Dkt. 82-8, 57,
82-83, 113-114. Thus, a POSITA reading the claims in light of the intrinsic record would have
readily understood what is meant by “to aid the movement of the minority carriers.” The claim is
not referring to just any movement. Rather the claim, is specific to the movement of carriers away

from the surface layer.

6. “well region” (195:1; 502:7; 842:1, 9; 481:1, 20; 222:1, 21, 39, 41, 42,

44; 014:1, 21)
Greenthread Defendants
Plain and ordinary meaning, where “A well, whether formed by single or multiple
portions of a well are not well regions. | implants. Portions of a well are not well
regions.”
91.  In my opinion, “[w]ell region” is a term that a POSITA would have readily

understood. The term well is commonly used to refer to a doped region at the surface where the
transistor is built. Dkt. 82-16, 17-19. The well region surrounds the active region. Id., 18 (Fig.
6-8). This is how the term is consistently used in the claims, specification, and prosecution history.
This term does not require construction, and it should be given the full scope of its plain meaning.

92.  There are two parts to Defendants’ proposed construction (the two parts are the first
and second sentences of their construction). | understand that Greenthread has adopted the second
part of Defendants’ construction (i.e., that portions of a well are not well regions).

93. In my opinion, the first part of Defendants’ construction (“A well, whether formed
by single or multiple implants™) is unnecessary and introduces ambiguity where there is none. To
say that the well is “formed by single or multiple implants” is unnecessary, because “single or
multiple” describes all possible options for implants. A POSITA would have understood that a
well is formed by ion implantation, and it would have been unnecessary and confusing to describe

forming a well “by single or multiple implants.”
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B. Claim Term Found in Exemplary Claim 842:1

7. “active region...within which transistors can be formed” (842:1, 9;
481:1, 20; 222:1, 21, 39, 41, 42; 014:1, 21)

94, In my opinion, this term is not indefinite, and it would have been readily
understandable to a POSITA. As I explained above in Section VII.A.3, a POSITA reading the
claims and intrinsic record would have understood that this term means exactly what it says: an
active region (i.e., a doped region at the surface of a semiconductor device) where a transistor can
be formed. Claim 195:1 specifies, for example, that an active region includes a source and drain
(two heavily doped regions at the surface of a semiconductor device where a transistor can be
formed).

95. In the specification and entire prosecution history, Dr. Rao consistently used “active
region” to refer to the doped regions at the surface of a semiconductor device (e.g., the source and
drain) where, for example, a MOSFET transistor is built or can be built. The term “well region”
can be used to refer to the doped silicon that surrounds the “active region” where the source and
drain are formed. Defendants confuse the two. While the active region may be “located within”
or “surrounded by” the well region, Dr. Rao made it clear that the active region is where the
transistors are built or may be built. When the term “active region...within which transistors can
be formed” is properly viewed in this context through the eyes of a POSITA, there is nothing
indefinite about it.

96.  An “active region” does not require current flow. Defendants state that “a region
is ‘active’ when an existing device is formed there causing electrical current to flow.” Dkt. 82, 31.
This is not correct, in my opinion. An active region does not have to be “electrified” to form a
channel between a source and drain in order to qualify as an active region. For example, in order
for a channel to form in a MOSFET, terminals must be attached to the source, drain, and gate, and
a voltage must be applied to the gate to repel the minority carriers away from the surface layer.
The fact that the transistor is not “electrically active” such that current is not flowing through the

transistor does not mean that an active region does not exist.
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97.  The specification shows that an “active region” is a doped region at the surface of
a semiconductor device where a transistor can be built. Defendants’ claim construction brief
includes several citations regarding the present claim term, but in my opinion they support
Greenthread’s position regarding this term (plain meaning), not Defendants’ contention of
indefiniteness. See Dkt. 82, 37 fn18 (citing the following); Abstract (referring to “active region”
without any mention of current flow); 2:16-18 (referring to “active devices,” not “active regions”);
2:25-26 (referring to Figs. 3B-D, where the “active regions” are shown as doped regions at the
surface where transistors are built; none of the figures show a current flow); 3:62-63 (referring to
“active circuitry,” not “active regions”); Fig. 3A and 5A (referring to “active devices,” not “active
regions”); Figs. 3C and 5B-C (all showing the active regions has doped regions at the surface
where transistors are built); claim 5 (merely saying that a particular type of transistor can be built
in the active regions); claim 7 (merely saying that the active regions are separated by an isolation
regions; claim 18 (merely saying that the transistor that can be built in the active region is a typical
MOSFET).

98.  Defendants incorrectly claim that the specification never describes a regions that is
both an “active region,” and a “region...within which transistors can be formed.” Dkt. 82, 38. But
the 842 patent repeatedly describes active regions where transistors are built. Ex. 2, 2:24-27, 3:10-
13; Fig. 3C, 5B-5C. In my opinion, this shows that these “active regions” are “regions...within
which transistors can be formed.”

99.  The prosecution history for the 195 and 502 patents shows that an “active region”
is a doped region where a transistor can be built. Defendants state that during prosecution,
Greenthread repeatedly referred to the claimed “active region” as the current path of an existing
transistor. Dkt. 82, 38. This does not appear to be correct. In my opinion, Defendants’ citations
to the prosecution history actually support Greenthread, not Defendants. First, Defendants cite to
where the Applicant first mentions “active and well regions” (this shows that the active region is
different from the well region), and then the Applicant states that an “active element” (i.e., a pair

of transistors) “can be active when a voltage (or current) is applied.” Dkt. 82, 38, fn20. This
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statement shows that an “active region” is an “active region” regardless of whether the “active
element” is turned “on

100. Next, Defendants cite to one of the prior art references cited during prosecution
(Rhodes). Dkt. 82, 38 (citing Dkt. 82-13 (Rhodes)). But the fact that Rhodes uses the term
“electrically active” (as opposed to just “active’) shows that an active region does not have to have
an electrical current, in my opinion. If an active region necessarily required an electrical current,
then it would have been redundant to say “electrically active.”

101.  As Defendants correctly note, the Applicant distinguished the “active regions,”
where the transistors are built, from the surrounding wells. See Dkt. 82, 38.

102. In my opinion, the prosecution history for the later patents also shows that an
“active region” is a doped region at the surface of a semiconductor device where a transistor can
be built. It appears that Dr. Rao was merely explaining that even if one incorrectly reads the prior
art, like the Examiner did, his invention is still patentable over the prior art. In an Office Action
dated May 16, 2019, the Examiner relied on the following Figure 4D from a prior art reference

called “Hong” to reject then-pending claim 1.
407 406
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103. Hong makes clear that reference numeral 311 is the substrate, id., [0030]; and 2 is
the “source/drain region,” id., [0040]. Nonetheless, the Examiner took the position that “311,
which includes wells such as 21, 22, 5, 2” could be the “first active region”; and “source/drain

region 2” could be the “second active region.” In my opinion, this rejection by the Examiner was
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incorrect. But this is the rejection that the Applicant responding to in the next Amendment dated
September 16, 2019. Ex. 11, 124-132

104. The Applicant did not state that reference numeral 311 was an active region, as
Defendants suggest. Rather, the Applicant was explaining that even under the Examiner’s
incorrect rejection Figure 4B did not meet the limitations of the pending claim. This is why he

wrote:
The Examiner has referred to the first active region as the region 311, but

has referred to the regions 21, 22, 5 and 2 as “wells.” As discussed in the
prior Response, there is no support for such a construction, as the term
“wells” in semiconductor technology typically refers to a region formed in
a substrate within which active components are formed. The Examiner has
referred to the second active region as being that defined by the source/drain

region 2 or the regions 2 or 5 or 22 of the pixel cell.

Id., 129-130.

105. It appears that Defendants have not included, in their statements in their brief, the
most important language highlighted above. See Dkt. 82, 40. It appears that the Applicant
indicated that he did not agree with the Examiner’s construction for the “first active region.”
Meanwhile, the Applicant did not dispute that a source/drain region could be an active region
where a transistor could be built. Thus, the prosecution history supports Greenthread, not the
Defendants.

106. Defendants ask whether the “active region” is the current path in an existing
transistor, or the area where a transistor can be formed. Dkt. 82, 41. The intrinsic record shows
that the answer is the latter. But to be more precise, the “active region” is a doped region at the
surface of a semiconductor device where a transistor can be formed. The face of claim 842:1
shows this when it says the “first active region” is (1) disposed adjacent the first surface of the

substrate, (2) with a second doping type; and (3) “within which transistors can be formed.”
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Therefore, the face of claim 842:1 answers this question, and the specification and prosecution
history further shows it.

107. Defendants also ask if the “active region” is the current path, how can additional
transistors be formed in that existing device. Dkt. 82, 41. But as explained above, an active region
does not necessarily have to have a current path.

108. Defendants further ask if the “active region” is the surrounding region where
current does not flow, what makes that region “active”? Dkt. 82, 41-42. If by “surrounding region
where current does not flow,” Defendants mean the well region that surrounds the active region,
as opposed to the active region where a transistor is built or could be built, then it would not
necessarily be “active.”

109. Defendants also ask what is the difference between the claimed “active region” and
other regions where transistors can be formed. Dkt. 82, 42. The claimed “active region” must
meet the other limitations of the claim, and this is what differentiates it from other regions where

transistors can be formed.

VIII. CONCLUSION

110. I declare under penalty of perjury that the foregoing is true and correct.
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Respectfully submitted,

Date: October 31, 2022 By:

Konstantinos P. Giapis
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11, 2046 (1993).

"lon velocity distributions in helicon wave plasmas: magnetic field and pressure
effects"

20. B.J. Skromme, W. Liu and K.F. Jensen and K.P. Giapis, J. Crystal Growth 138, 338
(1994).
"Effects of C incorporation on the luminescence properties of ZnSe grown by
metalorganic chemical-vapor-deposition"

21. K.P. Giapis, T.A. Moore and T.K. Minton, J. Vac. Sci. Technol. A 13, 959 (1995).
"Hyperthermal neutral beam etching"

22.  A. Dimoulas, J. Davidow, K.P. Giapis, A. Georgakilas, G. Halkias and N. Kornelios, J.
Appl. Phys. 80, 3484 (1996).
"Electron density effects in the modulation spectroscopy of strained and lattice-matched
InGaAs/InAlAs/InP high electron mobility transistor structures"

23. G.S. Hwang, C.M. Anderson, M J. Gordon, T.A. Moore, T.K. Minton and K.P. Giapis,
Phys. Rev. Lett. 77, 3049 (1996).
"Gas-surface dynamics and profile evolution during etching of silicon"

24. C.M. Anderson and K.P. Giapis, Phys. Rev. Lett. 77, 2949 (1996).
"Larger two-dimensional photonic band gaps"

25. G.S. Hwang and K.P. Giapis, J. Vac. Sci. Technol. B 15,70 (1997).
"On the origin of the notching effect during etching in uniform high density plasmas"

26. G.S. Hwang and K.P. Giapis, J. Appl. Phys. 81, 3433 (1997).
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"The influence of electron temperature on pattern-dependent charging during etching in
high-density plasmas"

27. G.S. Hwang and K.P. Giapis, Appl. Phys. Lett. 70,2377 (1997).
"Prediction of multiple-feature effects in plasma etching"

28. G.S. Hwang and K.P. Giapis, J. Appl. Phys. 82, 572 (1997).
"The influence of mask thickness on charging damage during overetching"

29. G.S. Hwang and K.P. Giapis, J. Appl. Phys. 82, 566 (1997).
"Aspect-ratio-dependent charging in high-density plasmas"

30. G.S. Hwang and K.P. Giapis, Appl. Phys. Lett. 71, 458 (1997).
"Aspect ratio independent etching of dielectrics"

31. G.S. Hwang and K.P. Giapis, Phys. Rev. Lett. 79, 845 (1997).
"Pattern-dependent charging in plasmas: electron temperature effects"

32. T.K. Minton, K.P. Giapis and T.A. Moore, J. Phys. Chem. A 101, 6549 (1997).
"Inelastic scattering dynamics of fluorine atoms on a fluorinated silicon surface"

33. C.M. Anderson and K.P. Giapis, Phys. Rev. B 56, 7313 (1997).
"Symmetry reduction in group 4mm photonic crystals"

34. G.S. Hwang and K.P. Giapis, J. Vac. Sci. Technol. B 15, 1839 (1997).
"On the link between electron shadowing and charging damage"

35. G.S. Hwang and K.P. Giapis, J. Vac. Sci. Technol. B 15, 1741 (1997).
"Electron irradiance of conductive sidewalls: a determining factor for charging damage"

36. G.S. Hwang and K.P. Giapis, Appl. Phys. Lett. 71, 1945 (1997).
"Simulation of current transients through ultrathin gate oxides during plasma etching"

37. G.S. Hwang and K.P. Giapis, Appl. Phys. Lett. 71, 1942 (1997).
"lon mass effect on plasma-induced charging"

38. G.S. Hwang and K.P. Giapis, J. Electrochem. Soc. 144, 1285 (1997).
"On the origin of charging damage during etching of antenna structures"

39. G.S. Hwang and K.P. Giapis, Appl. Phys. Lett. 71,2928 (1997).
"How tunneling currents reduce plasma-induced charging"

40. G.S. Hwang and K.P. Giapis, J. Electrochem. Soc. 144, 1.320 (1997).
"The role of the substrate on pattern-dependent charging"

41. G.S. Hwang and K.P. Giapis, Jap. J. Appl. Phys. 37, 2281 (1998).
"Pattern-dependent charging and the role of electron tunneling"

42. G.S. Hwang and K.P. Giapis, Jap. J. Appl. Phys. 37, 2291 (1998).
"Mechanism of charging reduction in pulsed plasma etching"

43. G.S. Hwang and K.P. Giapis, J. Appl. Phys. 84, 154 (1998)
"Modeling of charging damage during interlevel oxide deposition in high-density
plasmas"
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44. G.S. Hwang and K.P. Giapis, J. Appl. Phys. 84, 683 (1998)
"The influence of surface currents on pattern-dependent charging and notching"

45. G.S. Hwang and K.P. Giapis, Appl. Phys. Lett. 74, 932 (1999)
"Charging damage during latent antenna overetching"

46. G.S. Hwang and K.P. Giapis, IEEE Trans. Plasma Sci. 27, 102 (1999)
"Pattern-dependent charging in plasmas"

47. G.S. Hwang and K.P. Giapis, J. Vac. Sci. Technol. B 17, 999 (1999)
"Role of film conformality in charging damage during plasma-assisted interlevel
dielectric deposition"

48. G.S. Hwang and K.P. Giapis, Thin Solid Films 374, 175 (2000)
"Plasma interactions with high aspect ratio patterned surfaces: ion transport, scattering,
and the role of charging"

49. R.M. Sankaran and K.P. Giapis, Appl. Phys. Lett. 79, 593 (2001)
"Maskless etching of silicon using patterned microdischarges"

50. K.P. Giapis, G.S. Hwang and O. Joubert, Microelec. Eng. 61-2, 835 (2002)
"The role of mask charging in profile evolution and gate oxide degradation”

51. R.M. Sankaran and K.P. Giapis, J. Appl. Phys. 92, 2406 (2002)
"Hollow cathode sustained plasma microjets: characterization and application to
diamond deposition"

52.  R.M. Sankaran and K.P. Giapis, J. Phys. D-Appl. Phys. 36,2914 (2003)
"High-pressure micro-discharges in etching and deposition applications"

53. R.M. Sankaran, K.P. Giapis, M. Moselhy, and K.H. Schoenbach, Appl. Phys. Lett. 83,
4728 (2003).
"Argon excimer emission from high-pressure microdischarges in metal capillaries"

54. M.J. Esplandiu, V.G. Bittner, K.P. Giapis and C.P. Collier, Nano Lett. 4, 1873 (2004)
"Nanoelectrode scanning probes from fluorocarbon-coated single-wall carbon nanotubes

n

55.  R.M. Sankaran, D. Holunga, R.C. Flagan and K.P. Giapis, Nano Lett. 5, 537 (2005)
"Synthesis of blue-luminescent Si nanoparticles using atmospheric pressure
microdischarges"

56. M.J. Gordon, J. Mace and K.P. Giapis, Phys. Rev. 4 72, 012904 (2005)
"Charge exchange mechanisms at the threshold for inelasticity in Ne* collisions with
surfaces"

57. M.J. Gordon and K.P. Giapis, Rev. Sci. Instr. 76, 083302 (2005)
"Low-energy ion beamline scattering apparatus for surface science investigations"

58. J.Y. Chen, A. Kutana, C.P. Collier and K.P. Giapis, Science 310, 1480 (2005)
"Electrowetting in carbon nanotubes"
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59. A. Kutana and K.P. Giapis, Nano Lett. 6, 656 (2006)
"Atomistic simulations of electrowetting in carbon nanotubes"

60. A. Kutana, M.J. Gordon and K.P. Giapis, Nuclear Instr. Methods B 248, 16 (2006)
"Neutralization of hyperthermal Ne* on metal surfaces"

61. A. Kutana, K.P. Giapis, J.Y. Chen and C.P. Collier, Nano Lett. 6, 1669 (2006)
"Amplitude response of single-wall carbon nanotube probes during tapping mode atomic
force microscopy: modeling and experiment"

62. A. Kutana and K.P. Giapis, Phys. Rev. Lett. 97, 245501 (2006)
"Transient deformation regime in bending of single-walled carbon nanotubes"

63. J. Mace, M.J. Gordon and K.P. Giapis, Phys. Rev. Lett. 97, 257603 (2006)
"Evidence of simultancous double-clectron promotion in F* collisions with surfaces"

64. A. Kutana and K.P. Giapis, Phys. Rev. B 76, 195444 (2007)
"Contact angles, ordering and solidification of liquid mercury in carbon nanotube
cavities"

65. B.J. Lee, H. Rahaman, 1. Petzenhauser, K. Frank and K.P. Giapis, Appl. Phys. Lett. 90,
241502 (2007)
“Xenon excimer emission from pulsed high-pressure capillary microdischarges”

66. A. Kutana and K.P. Giapis, J. Chem. Phys. 128, 234706 (2008)
“Analytical carbon-oxygen reactive potential”

67. N. Tayebi, Y. Narui, R.J. Chen, C.P. Collier, K.P. Giapis and Y. Zhang, Appl. Phys.
Lett. 93, 103112 (2008)
“Nanopencil as a wear-tolerant probe for ultrahigh density data storage”

68. M.J. Gordon, X. Qin, A. Kutana, and K.P. Giapis, J. Am. Chem. Soc., 131, 1927 (2009)
“Gas-surface chemical reactions at high collision energies?”

69. N. Brunelli, R.C. Flagan and K.P. Giapis, Aerosol Sci. Technol. 43, 53 (2009)
“Radial differential mobility analyzer for one nanometer particle classification”

70. Y. Narui, D.M. Ceres, J. Chen, C.P. Collier and K.P. Giapis, J. Phys. Chem. C 113, 6815
(2009)
“Silicon dioxide coated single-walled carbon nanotube nanoelectrode scanning probes”

71. A. Kutana and K.P. Giapis, J. Phys. Chem. C, 113, 14721 (2009)
“First-principles study of chemisorption of oxygen and aziridine on graphitic nanostructures”

r

72. C.R.I. Chisholm, D.A. Boysen, A.B. Papandrew, S. Zecevic, S.Y. Cha, K. Sasaki, A.
Varga, K.P. Giapis, S.M. Halile, Interface Mag., ECS, Fall 2009, p.35
“The Development Path for Solid Acid Fuel Cells”
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73. N. Tayebi, Y. Narui, N. Franklin, C.P. Collier, K.P. Giapis, Y. Nishi and Y. Zhang,
Appl. Phys. Lett. 96, 023103 (2010)
“Fully-inverted single-digit nanometer domains in ferroelectric thin films”

74. A. Varga, N.A. Brunelli, M. Louie, K.P. Giapis, S.M. Haile, J. Mater. Chem. 20, 6309
(2010)
“Composite Nanostructured Solid Acid Fuel Cell Electrodes via Electrospray
Deposition”

75. M. Hu, K.P. Giapis, J.V. Goicochea, and D. Poulikakos, Appl. Phys. Lett. 97, 153107
(2010)
“Surface segregation of bimetallic alloys in nanoscale confinement”

76. J. Jiang, M. Attui, M. Heim, N. Brunelli, P. McMurry, G. Kasper, R.C. Flagan,
K.P. Giapis, and G. Mouret, Aderosol Sci. Technol. 45, 480 (2011)
“Transfer functions and penetrations of five differential mobility analyzers for sub-2 nm
particle classification”

77. M. Hu, K.P. Giapis, J.V. Goicochea, X. Zhang, and D. Poulikakos, Nano Lett. 11, 615
(2011)
“Significant Reduction in Thermal Conductivity in Si/Ge Core-Shell Nanowires”

78. M. Hu, K.P. Giapis and D. Poulikakos, Appl. Phys. Let. 98, 211904, (2011)
“Interfacial Mixing during Annealing of Zinc Oxide Nanoparticle Junctions”

79. M. Hu, X. Zhang, K.P. Giapis and D. Poulikakos, Phys. Rev. B 84, 085442 (2011)
“Thermal Conductivity Reduction in Core-Shell Nanowires”

80. B.J. Lee, H. Rahaman, S.H. Nam, K.P. Giapis, M. Iberler, J. Jacoby and K. Frank,
Physics of Plasmas 18, 083506 (2011)
“Xenon excimer emission from multicapillary discharges in direct mode”

81. X.Zhang, M. Hu, K.P. Giapis and D. Poulikakos, J. Heat Transfer 134, 102402 (2012)
“Schemes for and Mechanisms of Reduction in Thermal Conductivity in Nano-
structured Thermoelectrics”

82. N. Brunelli, E. Neiholdt, K.P. Giapis, R.C. Flagan and J. Beauchamp, Analytical
Chemistry 85, 4335 (2013)
“Continuous Flow Ion Mobility Analyzer at Low Flow Rates”

83. A. Varga, M. Pfohl, N.A. Brunelli, M. Schreier, K.P. Giapis, S.M. Haile, Physical
Chemistry Chem. Physics 15, 15470 (2013)
“Carbon Nanotubes as Electronic Interconnects in Solid Acid Fuel Cells”

84. D. Alexeev, J. Chen, P. Angelikopoulos, J.H. Walther, K.P. Giapis, and P.
Koumoutsakos, Nano Lett. 15, 5744 (2015)
“On the Kapitza Resistance between Few-Layers-Graphene and Water”

85. Y. Yao, K. P. Giapis, ChemPhysChem 17, 1430-1434 (2016).
“Tuning charge transfer in ion-surface collisions at hyperthermal energies”
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86. Y. Yao, K. P. Giapis, Phys. Rev. Lett. 116, 253202 (2016).
“Kinematics of Eley-Rideal reactions at hyperthermal energies”

87. Y. Yao, K.P. Giapis, Angew. Chemie Int. Ed. 55, 11595 (2016).
“Direct Hydrogenation of Dinitrogen and Dioxygen via Eley-Rideal Reactions”

88. Y. Yao, K.P. Giapis, Phys. Chem. Chem. Phys. 18, 29858 (2016).
“Dynamic nitroxyl formation in the NH3 oxidation on Pt via Eley—Rideal reactions”

89. Y. Yao, K.P. Giapis, 4strophys. J. 835:67, (2017), doi:10.3847/1538-4357/835/1/67
“Dynamic Deuterium Enrichment in Cometary Water via Eley—Rideal reactions”

90. Y. Yao, K.P. Giapis, Chem. Science. 8, 2852 (2017), doi: 10.1039/c6sc05065d.
“Intramolecular water-splitting reaction in single collisions of water ions with surfaces”

91. Y. Yao, K.P. Giapis, Nature Commun. 8, 15298 (2017) doi:10.1038/ncomms15298
“Dynamic molecular oxygen production in cometary comae”

92. K. Shi, K. P. Giapis, ACS Appl. Energy Mater. 1,296 (2018)
“Scalable Fabrication of Supercapacitors by Nozzle-Free Electrospinning”

93. N. Radacsi, F. D. Campos, C.R.I. Chisholm, K. P. Giapis, Nature Commun. 9, 4740 (2018)
“Spontaneous formation of nanoparticles on electrospun nanofibres”

94. Y. Yao, K.P. Giapis, Nature Commun. 9, 2581 (2018), doi: 10.1038/s41467-018-04943-w
Reply to: “On the origin of molecular oxygen in cometary comae”

95. Y. Yao, P. Shushkov, T.F. Miller, and K.P. Giapis, Nature Commun. 10, 2294 (2019);
doi:10.1038/s41467-019-10342-6
“Direct dioxygen evolution in collisions of carbon dioxide with surfaces”

96. R.J. McCarty, K.P. Giapis, Instruments 3, 37 (2019); doi:10.3390/instruments3030037
“An adaptable device for scalable electrospinning of low- and high-viscosity solutions”

97. N. Radacsi, K. P. Giapis, G. Ovari, P. Szabo-Revesz, R. Ambrus,. J. Pharm. & Biomed.
Analysis 166, 371 (2019); https://doi.org/10.1016/j.jpba.2019.01.037
“Electrospun nanofiber-based niflumic acid capsules with superior physicochemical properties”

98. R.W. Grayson, W.A. Goddard, K.P. Giapis, Icarus 379, 114967 (2022);
“Reactive scattering of water group ions on ice surfaces with relevance to Saturn's icy moons”

Book Chapters

1. K.P. Giapis, Chapter 7: “Fundamentals of plasma process-induced charging and damage”
in Handbook of Advanced Plasma Processing Techniques, edited by J. Shul and S.L.
Pearton, Springer Verlag (2000).

2. R.M. Sankaran and K.P. Giapis, Chapter 18: “Materials Applications of High-Pressure
Microplasmas” in Low Temperature Plasmas, ed. R. Hippler, H. Kersten, M. Schmidt,
K.H. Schoenbach, Wiley-VCH (2008).
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Papers in Refereed Archives and Conference Proceedings

1. K.P. Giapis, D.C. Lu and K.F. Jensen, 1989 Mat. Res. Soc. Symp. Proc., vol. 131, 63.
"Effects of the selenium precursor on the growth of ZnSe by metalorganic chemical vapor
deposition"

2. R.A. Gottscho, M.F. Vernon, J.A. Gregus, E. Yoon, K.P. Giapis, T.R. Hayes, W.S.
Hobson, L. Clark, J. Kruskal, D. Lambert, A. Kornblit and D. Sinatore, 1991 Proceedings
SPIE — Int. Society Optical Eng.; San Jose, CA; v. 1594, pp. 306-12.

"Light scattering methods for semiconductor process monitoring and control"

3. A. Dimoulas, J. Leng, K.P. Giapis, A. Georgakilas, C. Michelakis and A. Christou, 1992
Proceedings 21st Intern. Conf. Physics Semicond.; Beijing, P.R. China (eds.: P. Jiang,
H.Z. Zheng), World Scientific, vol. 2, 1024.

"Parity allowed and forbidden transitions in InyGa; xAs/Inj 5,Alj 4gAs single quantum

wells by room temperature modulation spectroscopy”

4. K.P. Giapis and T.K. Minton, Diagnostic Techniques for Semiconductor Materials
Processing II. Symposium 1996; Boston, MA; v. 406, pp. 33-8.
"Monitoring of direct reactions during etching of silicon"

5. A. Dimoulas, J. Davidow, K.P. Giapis, A. Georgakilas, G. Halkias and N. Kornelios,
Diagnostic Techniques for Semiconductor Materials Processing II. Symposium 1996;
Boston, MA; v. 406, pp. 301-6.

"Electron density effects in the modulation spectroscopy of strained and lattice-matched
InGaAs/InAlAs/InP HEMTs"

6. C.M. Anderson, G.S. Hwang, M.J. Gordon and K.P. Giapis, Proceedings 1996 XI Symp.
Plasma Processing; Los Angeles, CA; v. 96-12, pp. 357-61 (eds.: G.S. Mathad and D.W.
Hess (The Electrochemical Society, Pennington, NJ).

"Profile evolution during neutral beam etching"

7. G.S. Hwang and K.P. Giapis, Proceedings 1997 2nd Intern. Symp. Plasma Process-
Induced Damage; Monterey, CA; pp. 63-66.
"On the link between electron shadowing and charging damage"

8. G.S. Hwang and K.P. Giapis, Proceedings 1997 23rd Annual Tegal Plasma Seminar; San
Francisco, CA; pp. 79-90.
"Simulation of current transients through ultrathin gate oxides during plasma etching"

9. G.S. Hwang and K.P. Giapis, Proceedings 1998 19th Dry Process Symposium; Tokyo,
Japan; pp.1-8.
"The role of electron tunneling on pattern-dependent charging"

10. G.S. Hwang and K.P. Giapis, Proceedings 1998 12th Intern. Symp. Plasma Processing;
San Diego, CA; pp. 66-70/vii+292.
"Mask charging effects on feature profile evolution during high-density plasma etching"

11. G.S. Hwang and K.P. Giapis, Proceedings 1998 3rd Intern. Symp. Plasma Process-
Induced Damage; Honolulu, HI; pp. 164-167.
"Mechanism of charging damage during interlevel oxide deposition in high-density
plasma tools"
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12.

G.S. Hwang and K.P. Giapis, Proceedings 1999 4th Intern. Symp. Plasma Process-
Induced Damage; Monterey, CA; pp. 21-4/211.
"On the dependence of plasma-induced charging damage on antenna area"

Issued Patents

1.

10.

11.

12.

13.

U.S. Patent # 5,002,631 issued on March 26, 1991 (with R. A. Gottscho and G. R. Scheller)
"Plasma Etching Apparatus and Method"

U.S. Patent # 5,124,216 issued on June 23, 1992 (with R. A. Gottscho and C. A. Green) "Method
for Monitoring Photoresist Latent Images"

U.S. Patent # 5,288,572 issued on 2/22/1994 (with R. A. Gottscho, and C. A. Green) "Method for
Monitoring Photoresist Latent Images"

U.S. Patent # 5,464,664 issued on November 7, 1995, (with E. S. Aydil and R. A. Gottscho)
"Downstream Ammonia Plasma Passivation of GaAs"

U.S. Patent # 5,883,005 issued on 3/16/99 (with T. K. Minton)
"Semiconductor Etching by Hyperthermal Neutral Beams"

U.S. Patent # 6,700,329 issued: 3/2/04 (with M. R. Sankaran)
"Method and Apparatus for Providing Flow-Stabilized Microdischarges in Metal Capillaries"

U.S. Patent # 6,924,401 issued: 8/2/05 (with M. R. Sankaran and S. McHugh)
"Plasma Microjet Arrays for Selective Oxidation of Methane to Methanol"

U.S. Patent # 7,297,619 issued: 11/20/07 (with M. R. Sankaran, D. Holunga, and R.C. Flagan)
"System and Method for Making Nanoparticles using Atmospheric-Pressure Plasma Reactor"

U.S. Patent # 7,514,214 issued: 04/07/09 (with L.A. Wade, I.R. Shapiro, C.P. Collier, M.J.
Esplandiu, and V.G. Garrett)

“Selective functionalization of carbon nanotube tips allowing fabrication of new classes of
nanoscale sensing and manipulation tools”

U.S. Patent # 8,425,986 issued 04/23/13 (with S.M. Haile, A. Varga, N. Brunelli, and M. Louie)
“Composite Nanostructured Solid Acid Fuel Cell Electrodes via Electrospray Deposition”

U.S. Patent # 9,177,774 issued 11/03/15 (with N. Brunelli, E. Neidholdt , R.C. Flagan, and J.L.
Beauchamp) “Continuous Flow Mobility Classifier Interface with Mass Spectrometer”

U.S. Patent # 11,084,722 issued 08/10/2021 (with Y. Yao)
“Method for Splitting Carbon Dioxide into Molecular Oxygen and Carbon”

U.S. Patent # 11,450,860 issued 09/20/2022 (with N. Radasci)
“Nanofibers decorated with nanoparticles and methods of their manufacture”
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