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Overview of Issues

The Claims require “movement of carriers” from the “surface layer,” where the “active region” is located.

The ’195 and ’502 Claims require “movement of minority carriers” from the “surface layer.”

Dr. Banerjee confirmed the “electric field” must start in the “surface layer.”

Payne does not disclose “movement of carriers” and “movement of minority carriers” from the “surface layer.”
Onoda does not disclose “movement of carriers” and “movement of minority carriers” from the “surface layer.”

Dr. Banerjee confirmed that carriers in the “surface layer” are affected by numerous fields (e.g., gate, gate oxide,
temperature, and magnetic fields).

The “movement of carriers” depends on the sum of all of the fields in the “surface layer.”
Petitioners have the burden to analyze all of the fields in the “surface layer.”

Dr. Banerjee testified that he did not analyze any of the fields in the “surface layer.”

. Petitioners’ prosecution-related arguments are incorrect.

. Dr. Banerjee’s belated “Brownian motion” argument is not relevant to the Challenged Claims.
. Dr. Banerjee’s credibility issues

. Greenthread’s licensing agreements provide substantial evidence of objective indicia of non-obviousness.
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Overview of Issues

1. The Claims require “movement of carriers” from the “surface layer,” where the “active region” is located.
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1. Movement of Carriers from the Active Region

* All of the Challenged Claims require “movement of carriers” from the “active region.”

US 8,421,195

US 9,190,502

US 11,121,222

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

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.

7. A 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 substrate, said drift layer
having a graded concentration of dopants generating a
first static unidirectional electric drift field to aid the
movement of minority carriers from said surface layer to
said substrate; and -

at least one well region disposed in said single drift layer,
said well region having a graded concentration of
dopants generating a second static unidirectional elec-
tric drift field to aid the movement of minority carriers
from said surface layer to said substrate.

44. A CMOS Semiconductor device comprising:

a surface layer;

a substrate;

an active region including a source and a drain, disposed

-00017: Ex. 1001 ("195 pat.) at 4:13-29

-00017: PO Resp. [45] at 1-4, 7-16, 25; PO Sur-Reply [59] at 1-7. 10, 14-20

-00018: Ex. 1001 ('502 pat.) at 4:52-67

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

on_one surface of the surface layer;
a single drift layer disposed between the other surface of

the surface layer and the substrate, the drift layer
having a graded concentration of dopants extending
between the surface layer and the substrate, the drift
layer further having a first static unidirectional electric
drift field to aid the movement of carriers from the
surface layer to an area of the substrate where there are
no active regions; and

at least one well region disposed in the single drift layer,
the well region having a graded concentration of dop-
ants and a second static unidirectional electric drift field
to aid the movement of carriers from the surface layer
to_the area of the substrate where there are no active
regions.

-00021: Ex. 1001 (222 pat.) at 8:21-39
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1. Movement of Carriers from the Active Region

* The “active region” is located in the “surface layer.”

Case 6:22-cv-00105-ADA Document 96 Filed 10/31/22 Page 1 of 46

EXEMPLARY CLAIMS 195:1 & 842:1

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

UNITED STATES DISTRICT COURT

WACO DIVISION

Greenthread. LLC

WESTERN DISTRICT OF TEXAS 4 A CMOS Semiconductor device comprising:

a surface layer;

Plaintiff. Civil Action No. 6:22-cv-105-ADA
T

Intel Corporation: JURY TRIAL DEMANDED
Dell Inc.: and

a substrate;

Dell Technologies Inc
Defendants.

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

GREENTHREAD’S RESPONSIVE CLAIM CONSTRUCTION BRIEF

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, said drift layer
further having a first static unidirectional electric drift field

to aid the movement of minority carriers from said surface laver to said

substrate; and

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.

CIRRUS EX. 1030 - 1/46

-00017: PO Resp. [45] at 13-16; PO Sur-Reply [59] at 3-5

-00017: Ex. 1030 at 6

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

Ex. 1, 930. The “active region” is a doped region where a transistor can be formed. /d., §31; Ex.
2, 1:61-63; 2:18-23; 3:1-3, 30-33. Next, the claim specifies there is a single drift layer disposed
between “the other surface of said surface layer” and the substrate. The single drift layer has a

graded concentration of dopants. Ex. 1, §32.

AccessTransistor
Storage C
“THE OTHER SURFACE OF SAID SURFACE LAYER” /Qns‘"

|
1

|
7y SINGLE DRIFT 5 i ¢ ¢ ‘ ‘ l l l ‘

\__ LAYER __ Graded dopant region to pull minority carriers from surface

Q/‘w

The graded dopants create an electric field that aids the movement of minority carriers (holes in

the example shown in Fig. 5B) from the surface layer to the substrate. Ex. 1, 932-33; Ex. 2, 3:17-

-00017: Ex. 1030 (Claim Constr. Brief) at 16
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1. Movement of Carriers from the Active Region

* The Petition acknowledges that the “active region” is located in the “surface layer.”

b.  Element [1.1]: “a surface layer;” . Element [1.3]: “an active region including a source and

. .. . . a drain, disposed on one surface of said surface layer;”
Payne discloses, or at a minimum, renders obvious this element. Ex.1003, » 4iSp S

Payne discloses or renders obvious this element. Ex.1003, 9979-83.
9974-76. According to Patent Owner (“PO”), a “surface layer” is “a layer at the

» ] ] According to PO, Figure 5(b) of the *195 Patent depicts an active region (red)
IN THE UNITED STATES PATENT AND TRADEMARK OFFI surface of the silicon” (or ““a layer at the surface of the semiconductor device”)—

T TG, AT TIETATL ARTD ATTAL BOARD which PO annotated in blue below—“where the active region [(red)] is located.” disposed on one surface [(top surface)] of said surface layer™

CIRRUS LOGIC, INC: Ex.1030, 6,9, 12, 13; Ex.1033. AccessTransistor
OMNIVISION TECHNOLOGIES, INC.; AND
AMS SENSORS USA INC.. Storage L

Petitioner, AccessTransistor SO
— 'ONE SURFACE OF SAID SURFACE LAYER

SO

V.

GREENTHREAD, LLC, “ONE SURFACE OF SAID SURFACE LAYER"
Patent Owner.

3 .

Active Region Active Region

Case No. IPR2024-00017 - Source Drain
Patent No. 8.421.195 Active Region Active Region L A

Source Y Drain
L - A

PETITION FOR INTER PARTES REVIEW OF U.S. PATENT N I l ' I |
l l F v l l l l l

8,421,195

UNDER 35 U.S.C. §§ 312 AND 37 C.F.R. § 42.104 l l r l l l l l

Graded dopant region to pull minonty carriers from surface

Graded dopant region to pull minority carriers from surface

Ex.1001, FIG. 5(b): Ex.1030, 7. 12. Ex.1001, FIG. 5(b); Ex.1030, 6-7, 11 (“[T]he ‘active region’ is part of the ‘surface

layer’ ... When the claim says the active region is ‘disposed on one surface of the

-00017: Petition [1] at 9-10 surface layer,” it means the active region is located on the ‘ceiling’ of the silicon

inside the silicon.”) (emphasis in original), 12.

-00017: Petition [1] at 13-14
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1. Movement of Carriers from the Active Region

* The specification explains that “spurious minority carriers” interfere with the “active
circuitry at the surface.”

US008421195B2

a» United States Patent (10) Patent No.: US 8,4
Rao (45) Date of Patent: A

(54) SEMICONDUCTOR DEVICES WITH
GRADED DOPANT REGIONS

(1) Appl.No: 11/622,496
(22) Filed:  Jan. 12,2007
(©5) Prior Publication Data

US 20070158790 A1 Jul. 12,2007

ation Data
10034915, fledonSep.
(74) At
S0 In p
HOIL 2102
(s2) Us.qL
USPC

(200601)

As illustrated in FIGS. §(a), 5(b), 5(¢), donor gradient 1s
also of benefit to very large scale integrated circuits (VLSI)-
VLSI logic, DRAM, nonvolatile memory like NAND flash.
Spurious minority carriers can be generated by clock switch-
ing in digital VLSI logic and memory IC’S. These unwanted
carriers can discharge dynamically-held ‘actively held high’
nodes. Statically held nodes (with V) can not be affected, in
most cases. Degradation of refresh time in DRAM’s is one of
the results, because the capacitor holds charge dynamically.
Similarly, degradation of CMOS digital images, in digital
imaging IC’s is another result of the havoc caused by minority
carriers. Pixel and color resolution can be significantly
enhanced in imaging IC’s with the embodiments described
here. Creating ‘Sub Terrain’ recombination centers under-
neath the wells (gold doping, platinum doping) as is done in
some high-voltage diodes is not practical for VLSI circuits.
Hence, a novel technique has been described here by creating
a drift field to sweep these unwanted minority carriers into the
substrate as quickly as possible, from the active circuitry at
the surface.

In a preferred embodiment, the subterrain n-layer
has a graded donor concentration to sweep the minority car-
riers deep into the substrate. One or more of such layers can
also be implemented through wafer to wafer bonding or simi-
lar “transfer” mechanisms. This n-layer can be a deeply-
implanted layer. It can also be an epitaxial layer. The n-well
and p-well also can be graded or retrograded in dopants, as
desired, to sweep those carriers away from the surface as well.

-00017: PO Resp. [45] at 13-16; PO Sur-Reply [59] at 3-5

-00017: Ex. 1001 at 3:14-33
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-00017: Ex. 1001 ("195 pat.) at 3:33-40
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* The specification discloses using a “drift field” to “sweep these unwanted minority carriers

1. Movement of Carriers from the Active Region

from the active circuitry at the surface into the substrate.”

a2 United States Patent
Rao

US008421195B2

(10) Patent No.: US 8,4
(45) Date of Patent: A

76) In
(") Notice:

US.C. 154(b) by 0 days.
(1) Appl.No: 11/622,496

(22) Filed:  Jan,

G n
HOIL 2102

(2) US.CL

USPC

(58) Field of Classifi

-00017: PO Resp. [45] at 13-16; PO Sur-Reply [59] at 3-5

As illustrated in FIGS. §(a), 5(b), 5(¢), donor gradient 1s
also of benefit to very large scale integrated circuits (VLSI)-
VLSI logic, DRAM, nonvolatile memory like NAND flash.
Spurious minority carriers can be generated by clock switch-
ing in digital VLSI logic and memory IC’S. These unwanted
carriers can discharge dynamically-held ‘actively held high’
nodes. Statically held nodes (with V) can not be affected, in
most cases. Degradation of refresh time in DRAM’s is one of
the results, because the capacitor holds charge dynamically.
Similarly, degradation of CMOS digital images, in digital
imaging IC’s is another result of the havoc caused by minority
carriers. Pixel and color resolution can be significantly
enhanced in imaging IC’s with the embodiments described
here. Creating ‘Sub Terrain’ recombination centers under-
neath the wells (gold doping, platinum doping) as is done in
some high-voltage diodes is not practical for VLSI circuits.
Hence, a novel technique has been described here by creating
a drift field to sweep these unwanted minority carrief bhe
substrate as quickly as possible he active circuitry at
the surface.

the surface. In a preferred embodiment, the subterrain n-layer
has a graded donor concentration to sweep the minority car-
riers deep into the substrate. One or more of such layers can
also be implemented through wafer to wafer bonding or simi-
lar “transfer” mechanisms. This n-layer can be a deeply-
implanted layer. It can also be an epitaxial layer. The n-well
and p-well also can be graded or retrl iiaded in dopants, as

desired, to sweep those carriers away e surface as well.

-00017: Ex. 1001 at 3:14-33

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-00017: Ex. 1001 ("195 pat.) at 3:33-40
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1. Movement of Carriers from the Active Region

* Fig. 5B shows how an electric field moves minority carriers (positively-charged “holes”)
from the active region at the surface.

* The positively-charged holes move in the same direction as the electric field.

USO011121222B2

a2 United States Patent (10) Patent No.:  US 11,121,222 B2
Rao (45) Date of Patent: Sep. 14, 2021

(54) SEMICONDUCTOR DEVICES WITH
G

ONSEMI EXHIBIT 1001, Page 1

AccessTransistor

Storage Capacitor or
1sor element

Active Region

| | RN

Well Region

vy vy IR

Graded dopant region to pull minority ca-rﬁeurﬁ:ioc

P substrate

-00017: PO Resp. [45] at 4

-00017: Ex. 1001 (‘481 pat.) at Fig. 5B
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1. Movement of Carriers from the Active Region

* The Challenged Claims do not mix apparatus and method limitations.

US 8,421,195

US 9,190,502

US 11,121,222

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

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.

7. A 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 substrate, said drift layer
having a graded concentration of dopants generating a
first static unidirectional electric drift field to aid the
movement of minority carriers from said surface layer to
said substrate; and -

at least one well region disposed in said single drift layer,
said well region having a graded concentration of
dopants generating a second static unidirectional elec-
tric drift field to aid the movement of minority carriers
from said surface layer to said substrate.

44. A CMOS Semiconductor device comprising:

a surface layer;

a substrate;

an active region including a source and a drain, disposed

-00017: Ex. 1001 ("195 pat.) at 4:13-29

-00017: PO Sur-Reply [59] at 11-12

-00018: Ex. 1001 ('502 pat.) at 4:52-67

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

on_one surface of the surface layer;
a single drift layer disposed between the other surface of

the surface layer and the substrate, the drift layer
having a graded concentration of dopants extending
between the surface layer and the substrate, the drift
layer further having a first static unidirectional electric
drift field to aid the movement of carriers from the
surface layer to an area of the substrate where there are
no active regions; and

at least one well region disposed in the single drift layer,
the well region having a graded concentration of dop-
ants and a second static unidirectional electric drift field
to aid the movement of carriers from the surface layer
to_the area of the substrate where there are no active
regions.

-00021: Ex. 1001 (222 pat.) at 8:21-39
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1. Movement of Carriers from the Active Region

* The Challenged Claims recite structural limitations that require movement from the

“surface layer.”

US 8,421,195

US 9,190,502

US 11,121,222

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

at least one well region disposed in said single drift layer,
said well region having a graded concentration of

7. A 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 laver disposed between the other surface of

dopants and a second static unidirectional electric driit

field to aid the movement of minority carriers from said
surface layer to said substrate.

said surface layer and said substrate, said drift layer
having a graded concentration of dopants generating a
first static unidirectional electric drift field to aid the
movement of minority carriers from said surface layer to
said substrate; and

at least one well region disposed in said single drift layer,
said well region having a graded concentration of
dopants generating a second static unidirectional elec-
tric dnft field to aid the movement of minority carriers
from said surface layer to said substrate.

-00018: Ex. 1001 ('502 pat.) at 4:52-67

44. A CMOS Semiconductor device comprising:

a surface layer;

a substrate;

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

a single drift laver disposed between the other surface of
the surface layer and the substrate, the drift layer
having a graded concentration of dopants extending
between the surface layer and the substrate, the drift
layer further having a first static unidirectional electric
drift field to aid the movement of carriers from the
surface layer to an area of the substrate where there are
no active regions; and

at least one well region disposed in the single drift layer,
the well region having a graded concentration of dop-
ants and a second static unidirectional electric drift field
to aid the movement of carriers from the surface layer
to the area of the substrate where there are no active
regions.

-00017: Ex. 1001 ("195 pat.) at 4:13-29

-00021: Ex. 1001 (222 pat.) at 8:21-39

Greenthread Ex. 2079 11 of 138 1 1
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1. Movement of Carriers from the Active Region

* ParkerVision addressed claims with insufficient structural limitations.

Here, the apparatus claims are most
similar to those in Ericsson and are funda-
mentally dissimilar to those in Ball Aero-
sol. The '940 patent’s apparatus claims are
drawn to “[a]n apparatus for frequency wup-
conversion” (claim 4) or “[a]n apparatus
for communicating” (claim 22), all of
which comprise “a switch module to re-
ceive” an oscillating signal and a bias sig-
nal, wherein the oscillating signal “causes
said switch module to gate said bias signal
and thereby generate a periodic signal hav-
ing a plurality of harmonies.” 940 patent,

col. 67, 1. 25-33 (emphases added); id. col.
69, 1. 19-32 (emphases added). According-
ly, just as D-Link’s products only required
a component that was reasonably capable
of “arranging information for transmission

. which identifies a type of payload in-
formation . ..,” Evicsson, 773 F.3d at 1217,
Nozawa’s circuit requires only an oscillat-
ing signal that is reasonably capable of
gating the bias signal in a manner that
generates a periodic signal having a plural-
ity of harmonics. And, unlike in Ball Aero-
sol, the claims here recite no structural
limitations that would preclude a prior art
reference that discloses a different struc-
ture from performing the claimed function.

ParkerVision, Inc. v. Qualcomm Inc., 903 F.3d 1354, 1361, 1362 (Fed. Cir. 2018)

-00017: PO Resp. [45] at 1-4, 7-16, 25; PO Sur-Reply [59] at 1-7. 10, 14-20
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Overview of Issues

1. The Claims require “movement of carriers” from the “surface layer,” where the “active region” is located.

2. The’195 and ’502 Claims require “movement of minority carriers” from the “surface layer.”

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Creenthread Bx. 20791301198 13
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2. Movement of Minority Carriers from the Active Region

* The 195 and 502 claims require “movement of minority carriers.”

US 8,421,195

US 9,190,502

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 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 ections electnc
drift field to aid the movement o ~ from
said surface layer to said substrate; and

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 o{minority carrier9from said
surface layer to said substrate.

7. A 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 substrate, said drift layer
having a graded concentratlon of dopants generating a
first static un1d1 ectiona electrlc drift field to aid the
movement u rom said surface layer to
said substrate; and

at least one well region disposed in said single drift layer,
said well region having a graded concentration of
dopants generating a second static unidirectional elec-
tric drifi field to aid the movement o
from said surface layer to said substrate.

-00017: Ex. 1001 ("195 pat.) at 4:13-29

-00018: Ex. 1001 ('502 pat.) at 4:52-67

Greenthread Ex. 2079 14 of 138 14
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2. Movement of Minority Carriers from the Active Region

* The specification explains the “majority carriers” are the majority carrier in the MOSFET channel.

Bipolar Junction transistors (BIT) are minority carrier
devices as the principle device conduction mechanism. How-
ever, majority carriers also a small yet finite role in modulat-
ing the conductivity in BJTs. Consequently, both carriers
(electrons and holes) play a role in the switching performance
of BITs. The maximum frequency of operation in BITs is ,
limited by the base transit time as well as the quick recombi- Active Region

Access Transistor

Storage Capacitor or
nisor element

@1 Appl,

= | nation of the majority carriers when the device is switched off |
(prior to beginning the next cycle). The dominant carrier ! i ; i ! ! ! }

= w  mechanism in BITs is carrier diffusion. Carrier drift current L ! l l ‘L ! ‘L l
tis fairl 1l ially in uniformly doped b M v ¥
) component is fairly small, especially in uniformly doped base Well Region '

= BITs. Efforts have been made in graded base transistors to Graded dopant region to pull minority carriers from surface

)

(58)  Field

w4 createan ‘aiding driftfield’, to enhance the diffusing minority
carrier’s speed from emitter to collector. However, most
semiconductor devices, including various power MOSFETs
(traditional, DMOS, lateral, vertical and a host of other con-
figurations), IGBT’s (Insulated Gated Base Transistors), still e
use a uniformly doped drift epitaxial region in the base. FIG. P SubStrate
1 shows the relative doping concentration versus distance in a
BJT. FIG. 2 shows the uniformly doped epiregion'in a IGBT.
In contrast to BITs, MOS devices ar&majority carrier Jevi -00017: Ex. 1001 ('195 pat.) at Fig. 5B
for conduction. The conduction is channel dominated. The
channel can be a surface in one plane in planar devices. The
surface can also be on the sidewalls in a vertical device. Other

(56)

4,160
51,

3 Because the channel is formed by electrons with a negative charge, the MOSFET

is referred to as an n-channel MOSFET, and the “minority carriers” are holes.

-00017: Ex. 1001 at 1:23-45

-00017: Ex. 2057 (Glew Decl.) at 436, n. 3

-00017: Ex. 2057, 11935-37; PO Resp. [45] at 4, 7-16;
Ex. 1063, 25:6-26:1, 142:16-22; 149:9-151:9; Ex. 2078, 293:5-294:8; E
PO Sur-Reply [59] at 1, 3-5, 6-7. 10, 14-20 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE reenread = ¢ 15
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2. Movement of Minority Carriers from the Active Region

* The “spurious minority carriers” interfere with the “active circuitry at the surface.”

As illustrated in FIGS. 5(a). S5(b), 5(¢), donor gradient is
also of benefit to very large scale integrated circuits (VLSI)-
VLSI logic, DRAM, nonvolatile memory like NAND flash.
Spurious minority carriers can be generated by clock switch-
ing in digital VLSI logic and memory IC’S. These unwanted

Access Transistor
Storage Capacitor or

carriers can discharge dynamically-held ‘actively held high’ sor element
nodes. Statically held nodes (with V__) can not be affected, in
most cases. Degradation of refresh time in DRAM’s is one of
the results, because the capacitor holds charge dynamically. S——
Similarly, degradation of CMOS digital images. in digital Active Region
imaging [C’s is another result of the havoc caused by minority ! ! i , ! ! }

f

;

carriers. Pixel and color resolution can be significantly ! |
enhanced in imaging IC’s with the embodiments described + l l l i l l ¥

here. Creating ‘Sub Terrain® recombination centers under- Well Region . o .
neath the wells (gold doping, platinum doping) as is done in Graded dopant region to pull minority carriers from surfaco

some high-voltage diodes is not practical for VLSI circuits.
Hence, a novel technique has been described here by creating
adnft field to sweep these unwanted minority carniers into the
substrate as quickly as possible, from the active circuitry at .
the surface. In a preferred embodiment, the subterrain n-layer P substrate
has a graded donor concentration to sweep the minority car- ' '
riers deep into the substrate. One or more of such layers can 3:
also be implemented through wafer to wafer bonding or simi- -00017: Ex. 1001 ('195 pat.) at Fig. 5B
lar “transfer” mechanisms. This n-layer can be a deeply-
implanted layer. It can also be an epitaxial layer. The n-well
and p-well also can be graded or retrograded in dopants, as
desired, to sweep those carriers away from the surface as well. -00017: Ex. 1001 at 3:14-40

-00017: Ex. 2057, 11935-37; PO Resp. [45] at 4, 7-16;
Ex. 1063, 25:6-26:1, 142:16-22; 149:9-151:9; Ex. 2078, 293:5-294:8;
PO Sur-Reply [59] at 1, 3-5, 6-7. 10, 14-20 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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2. Movement of Minority Carriers from the Active Region

* The “minority carriers” interfere with the MOSFET’s channel.

As illustrated in FIGS. 5(a). S5(b), 5(¢), donor gradient is
also of benefit to very large scale integrated circuits (VLSI)-
VLSI logic, DRAM, nonvolatile memory like NAND flash.
Spurious minority carriers can be generated by clock switch-
ing in digital VLSI logic and memory IC’S. These unwanted

Access Transistor
Storage Capacitor or

carriers can discharge dynamically-held ‘actively held high’ sor element
nodes. Statically held nodes (with V__) can not be affected, in
most cases. Degradation of refresh time in DRAM’s is one of
the results, because the capacitor holds charge dynamically. S——
Similarly, degradation of CMOS digital images. in digital Active Region
imaging [C’s is another result of the havoc caused by minority ! ! i , ! ! }

f

;

carriers. Pixel and color resolution can be significantly ! |
enhanced in imaging IC’s with the embodiments described + l l l i l l ¥

here. Creating ‘Sub Terrain® recombination centers under- Well Region . o .
neath the wells (gold doping, platinum doping) as is done in Graded dopant region to pull minority carriers from surfaco

some high-voltage diodes is not practical for VLSI circuits.
Hence, a novel technique has been described here by creating
adnft field to sweep these unwanted minority carniers into the
substrate as quickly as possible, from the active circuitry at .
the surface. In a preferred embodiment, the subterrain n-layer P substrate
has a graded donor concentration to sweep the minority car- ' '
riers deep into the substrate. One or more of such layers can 3:
also be implemented through wafer to wafer bonding or simi- -00017: Ex. 1001 ('195 pat.) at Fig. 5B
lar “transfer” mechanisms. This n-layer can be a deeply-
implanted layer. It can also be an epitaxial layer. The n-well
and p-well also can be graded or retrograded in dopants, as
desired, to sweep those carriers away from the surface as well. -00017: Ex. 1001 at 3:14-40

-00017: Ex. 2057, 11935-37; PO Resp. [45] at 4, 7-16;
Ex. 1063, 25:6-26:1, 142:16-22; 149:9-151:9; Ex. 2078, 293:5-294:8;
PO Sur-Reply [59] at 1, 3-5, 6-7. 10, 14-20 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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2. Movement of Minority Carriers from the Active Region

e A “drift field” with a “graded dopant region” sweeps the minority carriers from the surface.

As illustrated in FIGS. 5(a). S5(b), 5(¢), donor gradient is
also of benefit to very large scale integrated circuits (VLSI)-
VLSI logic, DRAM, nonvolatile memory like NAND flash.
Spurious minority carriers can be generated by clock switch-
ing in digital VLSI logic and memory IC’S. These unwanted

Access Transistor
Storage Capacitor or

carriers can discharge dynamically-held “actively held high’ sor element

nodes. Statically held nodes (with V__) can not be affected, in

most cases. Degradation of refresh time in DRAM’s is one of

the results, because the capacitor holds charge dynamically. S———

Similarly, degradation of CMOS digital images. in digital Active Region

imaging [C’s is another result of the havoc caused by minority ! %
:

carriers. Pixel and color resolution can be significantly i ;
enhanced in imaging IC’s with the embodiments described ¥ l l

here. Creating ‘Sub Terrain® recombination centers under- Well Region . o .
neath the wells (gold doping, platinum doping) as is done in Graded dopant region to pull minority carriers(from)s

some high-voltage diodes is not practical for VLSI circuits.
Hence, a novel technique has been described here by creating
adnft field to sweep these unwanted minority carniers into the
substrate as quickly as possible, from the active circuitry at .
the surface. In a preferred embodiment, the subterrain n-layer P substrate
has a graded donor concentration to sweep the minority car- ' '
riers deep into the substrate. One or more of such layers can 3:
also be implemented through wafer to wafer bonding or simi- -00017: Ex. 1001 ('195 pat.) at Fig. 5B
lar “transfer” mechanisms. This n-layer can be a deeply-
implanted layer. It can also be an epitaxial layer. The n-well
and p-well also can be graded or retrograded in dopants, as
desired, to sweep those carriers away from the surface as well. -00017: Ex. 1001 at 3:14-40

-00017: Ex. 2057, 11935-37; PO Resp. [45] at 4, 7-16;
Ex. 1063, 25:6-26:1, 142:16-22; 149:9-151:9; Ex. 2078, 293:5-294:8;
PO Sur-Reply [59] at 1, 3-5, 6-7. 10, 14-20 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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2. Movement of Minority Carriers from the Active Region

* Dr. Glew explained that in Fig. 5B, the “minority carriers” are holes.

36.  When a positive voltage is applied to the gate, an electric field forms in Ex. 1001, FIG. 5B (annotated).* In order to turn the transistor “off,” the positive

the oxide. This positive electric field repels the “positive™ holes downwards, while voltage 1s removed from the gate and the channel disappears as the holes return to

When enough electrons have accumulated in the surface layer below the oxide, they . )
S the surface layer.
UNITED STATE

4 form a conductive channel (as annotated in Figure 5B below) of electrons between 5 Bl e el i B by llsstmms with o e s, fio MORTIET

the source and the drain. and current can begin to flow through the transistor. - o o o
’ g g 1s referred to as an n-channel MOSFET. and the “minority carriers” are holes.

Storage Capacitor or

nsor element -00017: Ex. 2057 (Glew Decl.) at 9136, n. 3

v REER

Graded dopant region to pull minonty carriers from surface

Greentread Ex 2067, p. 1 of 33
Girm.s Logic, st 2l v Greerthrsas
IPR2024-0001 7

-00017: PO Resp. [45] at 4, 7-16; PO Sur-Reply [59] at 1, 3-5,6-7.10,14-20  DEMONSTRATIVE EXHIBIT — NOT EVIDENCE e e 19
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2. Movement of Minority Carriers from the Active Region

* Dr. Glew explained that in Fig. 5B, the “minority carriers” are holes.

Access Transistor

VoW W
VLUV

|

Source [FR*R=E¥E¥]! Drain

Storage Capacitor or
sor element

v vy

2EEE

Graded dopant region to pull minority carriers from surface

Transcrip

Ph.D., P.E.

Date: October 16, 2024
Case: Girus Logig, Inc., et al. -v- Greenthread, LLC {PTAB)

Planet Depos
Phone: £33 433,376/ | Email: lranscripts@planetdepos.com
www.planetdepos.com

1

WORLDWIDE COURT REPORTING & LITIGATICN TECHNOLOGY

CIRRUS EX. 1063 - 17144

-00017: PO Resp. [45] at 4, 7-16; PO Sur-Reply [59] at 1, 3-5, 6-7. 10, 14-20

-00017: Ex. 2057 (Glew Decl.), 935

6 It is meant to be graded simply so that it
7 can pull minority carriers from the surface, the
8

minority carriers being positive charges for an NPN
9 transistor in its operating mode.
10 Q
11 But is the dopant type on the pink layer --
12 is that p-type dopant?
13 MR. WHITEHURST: Object to form.
14 THE WITNESS: Specifically the patent, I
15 don't believe it describes that it has to be one
16 type or the other. When reading the patent, it
17 doesn't say this or that. It just says it has to be
18 constructed in order to pull minority carriers from
19 the surface.

I'll come back to that one question again.

20 The minority carriers in this case would be
21 p-type. In order for an NPN transistor to function
22 in the "on" state, it would need to have electrons

1 move from the source to the dramn.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-00017: Ex. 1063 (Glew Dep. Tr.) at 25:6-26:1

Greenthread Ex. 2079 20 of 138
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2. Movement of Minority Carriers from the Active Region

* In an NMOS transistor, the “majority carrier” is an electron, and the “minority carrier” is a hole.

* In an PMOS transistor, the “majority carrier” is a hole, and the “minority carrier” is an electron.

AccessTransistor AccessTransistor

Storage Capacitor or Storage Capacitor or
nser element nser element

| | |
P |

Activé Region n* mH* n* Activé Region -p+ e p*
T (1]
T 1§t i 00 SR— : :

We" Region Graded dopant region to pull minority carriers @ surfacs We" Region Gr

P substrate P substrate

-00017: Ex. 1001 (195 pat.) at Fig. 5B

Greenthread Ex. 2079 21 of 138
Cirrus Logic, et al. v. Greenthread
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2. Movement of Minority Carriers from the Active Region

* Dr. Banerjee confirmed that in a NMOS transistor, the majority carrier in the channel is an electron.

12/6/2024 Cirrus Logic, Inc. et al. v. Greenthread, LLC ~ Sanjay Banerjee, Ph.D.

Page 1
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sworn, was taken in the above-styled and
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9:13 a.m. to 6:31 p.m., before Donna Wright
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by machine shorthand and remotely via Zoom,
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Procedure and any stipulations or agreements
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DIGITAL EVIDENCE GROUP
1730 M Street, NW, Suite 812
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-00017: PO Sur-Reply [59] at 3-5

Q. Now, in an NMOS transistor,
when a channel forms between the source and
the drain, which charge carrier is moving
from the source to the drain?

A. It's electrons.

Q. Please explain why when the
channel forms, the electrons move from the
source to the drain.

A. So here you have to apply two
voltages. You apply a positive gate voltage
at the top. That's going to attract
electrons towards the surface, but they
cannot keep flowing because in between the
gate electrode and the surface of the
substrate, you have electrical insulator. So

the minority carrier electrons will flow
towards the surface, but they cannot keep

going because they are blocked by an

electrical insulator.

Then if you apply a voltage to
the drain, that creates a lateral electric
field along the channel and that's the
electric field which will actually cause the
electrons to flow from the source, which is
generally held at ground potential to the

drain, which is held at a positive voltage.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-00017: Ex. 2078 (Banerjee Dep. Tr.) at 293:5-294:8

Greenthread Ex. 2079 22 of 138
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2. Movement of Minority Carriers from the Active Region

“Claims must always be read in light of the
specification.”

Philips v. AWH Corp., 415 F.3d 1303, 1315 (Fed. Cir. 2005)
(quoting In re Fout, 674 F.2d 297, 300 (CPA 1982))

-00017: PO Resp. [45] at 6-13; PO Sur-Reply [59] at 3-10 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE e L g 23



2. Movement of Minority Carriers from the Active Region

* Dr. Banerjee agreed that it is proper to “interpret” claims “in light of the specification.”

12/6/2024 Cirrus Logic, Inc. et al. v. Greenthread, LLC ~ Sanjay Banerje

Paj

UNITED STATES PATENT AND TRADEMARK OFFICE
BEFORE THE PATENT TRIAL AND APPEAL BOARD

CIRRUS LOGIC, INCORPORATED,
OMNIVISION TECHNOLOGIES, INCORPORATED,
and TEXAS INSTRUMENTS, INCORPORATED,

Petitioners,
v.
GREENTHREAD, LLC,

Patent Owner.

IPR2024-00001
U.S. Patent No. 10,734,481

ORAL AND VIDEOTAPED DEPOSITION OF
SANJAY BANERJEE, PH.D.
DECEMBER 6, 2024

ORAL AND VIDEOTAPED DEPOSITION OF
SANJAY BANERJEE, PH.D., produced as a witness
at the instance of the Patent Owner, and duly
sworn, was taken in the above-styled and
numbered cause on December 6, 2024, from
9:13 a.m. to 6:31 p.m., before Donna Wright,
CSR in and for the State of Texas, reported

by machine shorthand and remotely via Zoom,

Q. Do you think it's relevant how
Dr. Rao used the terms "majocrity carrier" and
"minority carrier" in his specification?
MR. PAUL: Objection to form.
THE WITNESS: Yes, 1t is
relevant, but I don't believe those
were the same terms that are in
dispute. Sc, once again, 1if you show

me specific paragraphs, I can take a

look at it.

pursuant to the Federal Rules of Civil
Procedure and any stipulations or agreements
stated on the record or attached hereto.

DIGITAL EVIDENCE GROUP
1730 M Street, NW, Suite 812
Washington, D.C. 20036
(202) 232-0646

202-232-0646
Greenthread Ex. 2078, p. 1 of 388
Cirrus Logic, et al. v. Greenthread

1PR2024-00001

www.DigitalEvidenceGroup.com Digital Evidence Group C'rt 2024

-00017: PO Sur-Reply [59] at 3-10

-00017: Ex. 2078 (Banerjee Dep. Tr.)
at 277:1-10, 277:19-278:13

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

Q. Now, 1f Dr. Rao used the terms
the other way around in his specification,
would you want to know that?

MR. PAUL: Objection to form.

THE WITNESS: Sure.

0. (BY MR. WHITEHURST) 2nd why
would you want to know how Dr. Rao used the
terms "majority" and "minority carrier"?

A. You know, you interpret the
same language in the Rao patents in light of
the specifications.

Q. And why do you interpret the
claims in light of the specification?

MR. PAUL: Objection to form.

THE WITNESS: I'm not a lawyer,
but that's how they do it by my

counsel in prior cases also.

Greenthread Ex. 2079 24 of 138
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2. Movement of Minority Carriers from the Active Region

“A claim construction that ‘excludes the preferred embodiment
is rarely, if ever, correct and would require highly persuasive
evidentiary support.” In this case, the specification, including the
claims, supports a reading that encompasses the preferred
embodiment.”

SynQor, Inc. v. Artesyn Techs., Inc.,
709 F.3d 1365, 1378-79 (Fed. Cir. 2013) (internal citation omitted)

-00017: PO Resp. [45] at 6-13; PO Sur-Reply [59] at 3-10 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE e L e e 25



2. Movement of Minority Carriers from the Active Region

* Dr. Banerjee prepared his declaration based on his understanding of “majority” and
“minority carriers.”

Q. Now, I understand that, to you,

majority and minority carriers refers to

what's the majority or the minority carrier

12/6/2024 Cirrus Logic, Inc. et al. v. Greenthread, LLC ~ Sanjay Banerjee, Ph.D.

B 1 in the well.

UNITED STATES PATENT AND TRADEMARK OFFICE
BEFORE THE PATENT TRIAL AND APPEAL BOARD

Did I summarize that fairly?

CIRRUS LOGIC, INCORPORATED,
OMNIVISION TECHNOLOGIES, INCORPORATED,
and TEXAS INSTRUMENTS, INCORPORATED, . . .

—— A, The majority carriers refer to
o
GREENTHREAD, LLC,

Patent Ouner. carriers that are provided by the dopant and

IPR2024-00001
U.S. Patent No. 10,734,481

the other side is the minority carrier. If

ORAL AND VIDEOTAPED DEPOSITION OF
SANJAY BANERJEE, PH.D. .
DECEMBER 6, 2024 you have a region where you have donors that
ORAL AND VIDEOTAPED DEPOSITION OF
SANJAY BANERJEE, PH.D., produced as a witness
at the instance of the Patent Owner, and duly : . .
sworn, was taken in the above-styled and Come S Wlth the maj Orlty fall S to the
numbered cause on December 6, 2024, from
9:13 a.m. to 6:31 p.m., before Donna Wright, . .
CSR in and for the State of Texas, reported mi norlty .
by machine shorthand and remotely via Zoom,
pursuant to the Federal Rules of Civil

Procedure and any stipulations or agreements Q . 2nd I understand that that's

stated on the record or attached hereto.

DIGITAL EVIDENCE GROUP . . .

1730 1 street, W, Suite 812 the position you have taken in your

Washington, D.C. 20036
(202) 232-0646

declaration. My gquestion is different.

www.DigitalEvidenceGroup.com Digital Evidence Group C'rt 2024 202-232-0646
Greenthread Ex. 2078, p. 1 of 388
Cirrus Logic, et al. v. Greenthread

-00017: Ex. 2078 (Banerjee Dep. Tr.) at 274:22-275:13
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2. Movement of Minority Carriers from the Active Region

e Dr. Banerjee did not use the language of the specification.

Did you read the specification

in order to see how majority and minority

12/6/2024 Cirrus Logic, Inc. et al. v. Greenthread, LLC ~ Sanjay Banerjee, Ph.D.

Page 1

LoroRe THE PATENT TEiAL AN AbCERL BORRL carriers are used in the specification?

BEFORE THE PATENT TRIAL AND APPEAL BOARD

CIRRUS LOGIC, INCORPORATED,

OMNIVISION TECHNOLOGIES, INCORPORATED,
and TEXAS INSTRUMENTS, INCORPORATED, A - In the patent s ?
Petitioners,

v.
GREENTHREAD, LLC,

Patent Owmer. 0. Yes, sir.

IPR2024-00001
U.S. Patent No. 10,734,481

A. I don't recall. I mean, the
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at the instance of the Patent Owner, and duly
sworn, was taken in the above-styled and
numbered cause on December 6, 2024, from s
DS s 6 GEVIL Poma, efeEe Deme Hlohic, well—known terms 1in the art , but T
CSR in and for the State of Texas, reported
by machine shorthand and remotely via Zoom,
pursuant to the Federal Rules of Civil

Procedure and any stipulations or agreements dl dn 1 t res Ort tO the language ®) f the

stated on the record or attached hereto.
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Washington, D.C. 20036 specifications.
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2. Movement of Minority Carriers from the Active Region

e Dr. Banerjee could not recall how “minority carriers” was used in the specification.

0. (RY MR. WHITEHURST) Do you Q. (BY MR. WHITEHURST) Do you

) . recall how he used the term "minorit
recall how Dr. Rao used the term "majority v

carrier" in his specification?

12/6/2024 Cirrus Logic, Inc. et al. v. Greenthread, LLC ~ Sanjay Banerje

carrier" in his specification?
Pa A. As I said, I see minority
UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD MR. PAUL: Obj ection to form. . .
carriers in these patents here, I see

CIRRUS LOGIC, INCORPORATED,

OMNIVISION TECHNOLOGIES, INCORPORATED, . . . . . .
and TEXAS INSTRUMENTS, INCORPORATED, THE WITNESS: I recall a figure minority carriers listed on the figure on the

Petitioners,
v.

GREENTHREAD, LLC, in his patents, I bellieve on the cover cover page and being pulled away from the

Patent Owner.

TPR2024-00001 . surface. I don't recall how he used those
ToBe Mot Mo A0, 75, AL page, 1n fact, where he shows these

ORAL AND VIDEOTAPED DEPOSITION OF . ) . ) terms in the classification.
SANJRY BANERJEE, PH.D. AYXrows draw:l_ng mlnorlty carrlilers away

DECEMBER 6, 2024

CPRTRS: PYTRRS, b, prasnel o8 7 g -00017: Ex. 2078 (Banerjee Dep. Tr.) at 276:3-22

from the surface. I don't recall

at the instance of the Patent Owner, and duly
sworn, was taken in the above-styled and
numbered cause on December 6, 2024, from
9:13 a.m. to 6:31 p.m., before Donna Wright, exactly what language he may have used
CSR in and for the State of Texas, reported
by machine shorthand and remotely via Zoom,
pursuant to the Federal Rules of Civil

Pessdme and any Gimlaien oF CgTEERED in the specification.

stated on the record or attached hereto.

DIGITAL EVIDENCE GROUP
1730 M Street, NW, Suite 812
Washington, D.C. 20036
(202) 232-0646

www.DigitalEvidenceGroup.com Digital Evidence Group C'rt 2024 202-232-0646
Greenthread Ex. 2078, p. 1 of 388
Cirrus Logic, et al. v. Greenthread
1PR2024-00001
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Overview of Issues

1. The Claims require “movement of carriers” from the “surface layer,” where the “active region” is located.
2. The’195 and ’502 Claims require “movement of minority carriers” from the “surface layer.”

3. Dr. Banerjee confirmed the “electric field” must start in the “surface layer.”

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Bx. 20792901158 20

Cirrus Logic, et al. v. Greenthread



3. The Electric Field Must Start in the Surface Layer

* Dr. Banerjee explained the Kamins reference in his supplemental declaration.

28.  Prior art patents and textbooks cited during the prosecution of

Greenthread patents also confirm that a graded concentration of dopant creates a
Substrate

static electric field, which in turn aids movement of minority carriers due to drift.

Figure 3 from Kamins patent (Ex. 1031) “illustrates profiles of doping

26.  Carrier drift due to electric fields is different than

Diffusion is governed by concentration gradients of carriers. w] COnCCntratiOn VS, depth lntO Substrate 19. CurVe 24 represents N_type dOpantS,

dependent on electric fields. Ex. 1061 (Sze). 48. 57.

Depth (um)
126 it i et ey apiesl el e while curve 26 indicates the P™-type doping for photosensors 11, 13 etc. The non-

any net movement of carriers (both electrons or holes). This is|
3 “Figure 3

e R e T A S A T e uniform dopant concentration in the substrate creates electric fields in the

movement of the same carrier type due to diffision. In equilibr:

the majority and minority carrier concentrations is constant. Substrate, indicated by arrows label “8,5 in L Flg. 3 .” EX. 103 ] (Kamjns) 2 64_92

3. The Prior Art Cited During Prosecution below the maximum dopant concentration are accelerated by the electric field
Graded Dopant Concentration Causes C3

Ex. 1031 (Kamins), Fig. 3. Kamins states that the minority carrier holes created

28.  Prior art patents and textbooks cited during the pr

deeper into the substrate (to the right on the graph), while carriers created above

Greenthread patents also confirm that a graded concentration of dopant creates a
static electric field, which in tum aids movement of minority carriers due to drift. the maximum dopant concentration are accelerated towards the surface. See id.,
Figure 3 from Kamins patent (Ex. 1031) “illustrates profiles of doping

concentration vs, depth into substrate 19, Curve 24 represents Netype dopats 3:8-14. Thus, Kamins confirms that a graded dopant concentration creates a static
while curve 26 indicates the P*-type doping for photosensors 11, 13 etc. The non-

clectric field, which, in turn, moves the majority and minority carriers, opposite to
uniform dopant concentration in the substrate creates electric fields in the

substrate, indicated by arrows label “€” in ... Fig. 3.” EX. 1031 (Kamins) 2:64-9:2. and in the direction of the doping gradient, respectively. Kamins does not mention

that a minimum gradient is required to move the carriers or that the carriers need to

overcome some opposing force before moving.

-00017: Ex. 1060 (Banerjee Supp. Decl.) at 9 28

Greenthread Ex. 2079 30 of 138 3 O
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3. The Electric Field Must Start in the Surface Layer

Dr. Banerjee explained that the “active region” would be between 0 and the curved line 26.

Q. (BY MR. WHITEHURST) So the

24 active region would be somewhere between the

N - Type number zero and where the line labeled 26

Substrate
intersects the X axis?

N* Buried A. Approximately in that field.
Fgure 3 Layer

RS R R \ -00017: Ex. 2078 (Banerjee Dep. Tr.) at 256:11-15

below the maximum dopant concentration are accelerat

deeper into the substrate (to the right on the graph). whi
the maximum dopant concentration are accelerated tow4
h(pxm)
3:8-14. Thus. Kamins confirms that a graded dopant cotj Depi ’J' m
electric field. which. in turn. moves the majority and mif
and in the direction of the doping gradient. respectively.

that a minimum gradient is required to move the carrier FI g u r e 3

overcome some opposing force before moving,

29. Likewise. Greenthread cited portions of thq]

during prosecution. Fig. 7.13 shows the impurity distribf

-00017: Ex. 1060 (Banerjee Supp.
Decl.) at 9] 28

17

-00017: PO Sur-Reply [59] at 14-15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 2079 3101138 - 3 4
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3. The Electric Field Must Start in the Surface Layer

Dr. Banerjee explained that there is no electric field in the flat green region.

Q. My question is about the flat

section to the right of line 26 before it

ad

goes up.

N - Type A. Okay.
Substrate

M;M £ Q. Would there be an electric

g
e N* Buried field in that flat region?
Figure 3 Layer

Ex. 1031 (Kamins). Fig. 3. Kamins states that the minor| \ A - T he r e S hO u l d n O t b e a n y

below the maximum dopant concentration are accelerat

deeper into the substrate (to the right on the graph). whi

. L o built-in electric fields in that flat region.
he maximum dopant concentration are accelerated towg

3:8-14. Thus. Kamins confirms that a graded dopant corj Dep1I h ( ’J' m )
electric field. which. in fum, moves the majority and mif Q - Wh y HO t ?

and in the direction of the doping gradient. respectively.

that a minimum gradient is required to move the carrier FI 9 u r e 3 A . B e C au S e th e d O pi n g

overcome some opposing force before moving,

29. Likewise. Greenthread cited portions of thq]

during prosecution. Fig. 7.13 shows the impurity distribf c O n c e n t r a t l O n l S n ' t c h an g ln g a S a f un C t l O n O f

- -00017: Ex. 1060 (Banerjee Supp.
Decl.) at 9] 28

depth.

-00017: Ex. 2078 (Banerjee Dep. Tr.) at 260:2-13

-00017: PO Sur-Reply [59] at 14-15, 22 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Bx. 20793201198 39
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3. The Electric Field Must Start in the Surface Layer

Dr. Banerjee testified that the upward “electric field” ends before the active region.

N* Buried
Layer

~10
Depth (um)

o 3

Ex. 1031 (Kamins). Fig. 3. Kamins states that the minor|
below the maximum dopant concentration are accelerat
deeper into the substrate (to the right on the graph). whi
the maximum dopant concentration are accelerated tow4
3:8-14. Thus. Kamins confirms that a graded dopant cotj
electric field. which. in turn. moves the majority and mif
and in the direction of the doping gradient. respectively.
that a minimum gradient is required to move the carrier:

overcome some opposing force before moving,

29. Likewise. Greenthread cited portions of thq]

ad

N - Type
Substrate

2

N* Buried
Layer

during prosecution. Fig. 7.13 shows the impurity distribf

Depth (pm)

TFigore 3

Do you see the electric field

pointing in the upward direction, yes Or no?

A. Yes, yes.

Q. Do you agree that that electric
field ends before the surface?

A. Yes.

Q. Do you agree that that electric
field ends before the active region?

A. In this case, yes.

17

-00017: PO Sur-Reply [59] at 14-15, 22

-00017: Ex. 1060 (Banerjee Supp.
Decl.) at 9] 28

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-00017: Ex. 2078 (Banerjee Dep. Tr.) at 262:12-20
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3. The Electric Field Must Start in the Surface Layer

* Dr. Banerjee testified that the upward “electric field” will not aid carrier movement from
the active region because it is not in active region.

24

N - Type
Substrate

€

N* Buried
Layer

|

Ex. 1031 (Kamins), Fig. 3. Kamins s
below the maximum dopant concenty
deeper into the substrate (to the right
the maximum dopant concentration 4

3:8-14. Thus. Kamins confirms that 2

~10
Depth (um)

“Tigure 3

electric field. which. in fum, moves the'majority and MIMOrIty carriers. opposite o
and in the direction of the doping gradient. respectively. Kamins does not mention
that a minimum gradient is required to move the carriers or that the carriers need to

overcome some opposing force before moving,

29. Likewise. Greenthread cited portions of the book authored by Grove

during prosecution. Fig. 7.13 shows the impurity distribution in a pnp transistor.

PO Sur-Reply [59] at 14-15

Q. (BY MR. WHITEHURST) So the
electric field shown in Figure 3 that points
in an upward direction will not aid movement
of holes from the surface or the active
region to the substrate for two reasons:
One, because the electric field does not
extend to the surface or the active region;
and, two, because holes move in the same
direction of the electric field.

Did I get that right?

MR. PAUL: Objection to form.

THE WITNESS: Yes, that
electric field doesn't extend all the
way to the surface. Therefore, there
cannot be any drift velocity of the
holes due to that electric field.

And, furthermore, even if it

did extend to the surface, it points

in the wrong direction and will cause
the holes to move via drift towards
the surface. But, remember, there is

always an opposing diffusion part.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-00017: Ex. 2078 (Banerjee Dep. Tr.)
at 266:4-267:4
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3. The Electric Field Must Start in the Surface Layer

* Dr. Banerjee testified that the upward “electric field” will not aid carrier movement
because it is pointing in the wrong direction.

Ex. 1031 (Kamins), Fig. 3. Kamins s
below the maximum dopant concenty
deeper into the substrate (to the right
the maximum dopant concentration 4

3:8-14. Thus. Kamins confirms that 2

electric field. which. in fum, moves the'majority and MIMOrIty carriers. opposite o
and in the direction of the doping gradient. respectively. Kamins does not mention
that a minimum gradient is required to move the carriers or that the carriers need to

overcome some opposing force before moving,

29. Likewise. Greenthread cited portions of the book authored by Grove

during prosecution. Fig. 7.13 shows the impurity distribution in a pnp transistor.

24

N - Type
Substrate

€

N* Buried
Layer

Depth (um)

“Tigure 3

PO Sur-Reply [59] at 14-15

Q. (BY MR. WHITEHURST) So the
electric field shown in Figure 3 that points
in an upward direction will not aid movement
of holes from the surface or the active
region to the substrate for two reasons:
One, because the electric field does not
extend to the surface or the active region;
and, two, because holes move in the same
direction of the electric field.

Did I get that right?

MR. PAUL: Objection to form.

THE WITNESS: Yes, that
electric field doesn't extend all the
way to the surface. Therefore, there
cannot be any drift velocity of the
holes due to that electric field.

And, furthermore, even if it

did extend to the surface, it points

in the wrong direction and will cause
the holes to move via drift towards
the surface. But, remember, there is

always an opposing diffusion part.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-00017: Ex. 2078 (Banerjee Dep. Tr.)
at 266:4-267:4
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3. The Electric Field Must Start in the Surface Layer

* Dr. Banerjee testified that the downward “electric field” will not aid carrier movement from

the active region because it is not in the active region.

~10)
Dept

Ex. 1031 (Kamins). Fig. 3. Kamins states that th
below the maximum dopant concentration are a
deeper into the substrate (to the right on the graj
the maximum dopant concentration are accelera
3:8-14. Thus. Kamins confirms that a graded doj
electric field. which. in tum, moves the majority
and in the direction of the doping gradient. resp
that a minimum gradient is required to move the]

overcome some opposing force before moving,

29. Likewise. Greenthread cited portio:

during prosecution. Fig. 7.13 shows the impurity

e

N - Type
Substrate

2

N* Buried
Layer

|

~10
Depth (um)

__figure 3

Q. (BY MR. WHITEHURST) Now, let's
stay with Figure 3, but turn to the electric
field that's to the right pointing in the
downward direction.

Do you see that?

A. Yes.

Q. Do you agree that the electric
field that's pointing in the downward
direction will not aid movement of holes from
the surface or the active region to the
substrate?

MR. PAUL: Objection to form.

-00017: PO Sur-Reply [59] at 14-15

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

THE WITNESS: That electric
field points in the current direction.

It enabled holes to drift towards the

substrate, but it is too far away from

the active region, and therefore will
not have any impact in terms of drift
motion of the holes on the active
region towards the substrate.

Q. (BY MR. WHITEHURST) Now,
because the electric field shown to the right
of ten microns is too far from the surface in
the active region, it will not aid movement
of holes from the surface or the active
region to the substrate?

MR. PAUL: Objection to form.

Scope.

THE WITNESS: Will not aid
movement from the surface to the
substrate of the holes in the active

region due to the drift mechanism.

-00017: Ex. 2078 (Banerjee Dep. Tr.)

at 268:3-269:13
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3. The Electric Field Must Start in the Surface Layer

* Dr. Banerjee confirmed that in order for an “electric field” to aid movement from the
“active region,” the electric field” must start in the “active region.”

14 So when you're trying to A. Because this collective

15 determine whether an electric field will aid ensemble is the center of gravity, or a part,

16 carrier movement from the active region to if you will, of this collective ensemble of
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3. The Electric Field Must Start in the Surface Layer

* Dr. Banerjee confirmed that you have to know the direction and location of the electric field.

So when you're trying to A. Because this collective

determine whether an electric field will aid ensemble is the center of gravity, or a part,

carrier movement from the active region to if you will, of this collective ensemble of

12/6/2024 Cirrus Logic, Inc. et al. v. Greenthread, LLC ~ Sanjay Banerjee, Ph.D.

Page 1 the substrate, you have to know more than holes, it's sensitive to the direction,

UNITED STATES PATENT AND TRADEMARK OFFICE
BEFORE THE PATENT TRIAL AND APPEAL BOARD

just the direction of the electric field. magnitude, and whether there is a nonzero

CIRRUS LOGIC, INCORPORATED,
OMNIVISION TECHNOLOGIES, INCORPORATED,

and TEXAS TNSTRUMENTS, INCORPORATED, You also need to know where the electric

Petitioners,

electric field in that center point of this

v.

GREENTHREAD, LLC, field starts.

Patent Owner.

ensemble, if you will.

IPR2024-00001 Did I get that right? Q. And I think we agree if the

U.S. Patent No. 10,734,481

ORGG, C0D VIPIOTEGED DEEGSITION OF MR. PAUL: Objection to form. electric field starts or ends below the

SANJAY BANERJEE, PH.D.
DECEMBER 6, 2024

ORAL AND VIDEOTAPED DEPOSITION OF THE WITNESS: Yes, you need to
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at the instance of the Patent Owner, and duly ] ] )
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numbered cause on December 6, 2024, from
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active region, it will not aid carrier

— drift motion. carrier movement via the drift mechanism for
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Overview of Issues

The Claims require “movement of carriers” from the “surface layer,” where the “active region” is located.
The ’195 and ’502 Claims require “movement of minority carriers” from the “surface layer.”

Dr. Banerjee confirmed the “electric field” must start in the “surface layer.”

Payne does not disclose “movement of carriers” and “movement of minority carriers” from the “surface layer.”

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 20793901198 30
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4. Payne Does Not Move “Minority Carriers” from the “Surface Layer”

* Payne never mentions carriers, much less moving minority carriers from the surface.

Payne

United States Patent p9

4,684,971
Aug. 4, 1987
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[4s] Date of Patent:
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[51] Int. CL
(2] US.

(561

3,821,781
4,067,
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[75] Tnventor
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[54] ION IMPLANTED CMOS DEVICES
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American Telephone and Telegraph
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4231,055 10/1980 lizuka e 351782

FOREIGN PATENT DOCUMENTS
52266 _4/1980 Japan 35774

Company, AT&T
Murray Hill, N.J.

[21] Appl. No.: 243,621
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[58] Field of Search

References Cited

U.S. PATENT DOCUMEN

6/1974 Chang etal. ...

100 1/1978 Kojima ct al. ...

7/1980 Paivinen et al. ..

-00017: PO Resp. [45] at 1-4, 7-16, 25; PO Sur-Reply [59] at 1-7. 10, 14-20

Next, as shown in FIG. 8, a thick oxide portion 19 is
formed over the previously implanted regions 18 and 15
utilizing the nitride layer, 12, as a mask. The thickness
of this portion should be sufficient to block the subse-
quent ion implantation to be described. In this example,
the layer is approximately 4000 Angstroms thick, but in
general would fall within the range 3000-4500 Ang-
stroms. The portion is formed by heating in wet Oz at a
temperature of approximately 1000 degrees Celsius for
1 hour. Any means of growing the requisite thickness of
SiO2 masked by the Si3zN4is suitable. Typically, heating
in wet Oz at 900-1050 degrees Celsius for 1-4 hours will
be useful.

It should be appreciated that in the formation of the
oxide a portion of the semiconductor surface will be
consumed. The N region 18 will diffuse ahead of the
growing oxide and so will remain at the new surface.
For purposes of illustration, the semiconductor surface
is shown as flat, although, as a result of oxidation, there
will be an indentation in the area of the N tub.

a separate step is not ordinarily needed. The resulting
impurity profile in both tubs thereby has the general
shape illustrated in FIG. 11, where the abscissa is depth
and the ordinate is impurity concentration.

The oxide layer can then be stripped off, for example,
with a solution of dilute HF, and fabrication may pro-
ceed in accordance with standard techniques to pro-
duce the CMOS device depicted in FIG. 10. The p-
channel device includes source and drain regions, 21
and 22, respectively, of P+ conductivity type formed
with the N surface region, 18. Similarly, the n-channel
device includes source and drain regions, 23 and 24, of
N+ conductivity type formed within the P surface re-
gion 20. These source and drain regions would typically
have a surface impurity concentration of approximately
1019-10%0 jons/cm3 and a depth of 1 pum. It will be
noted, therefore, that the n and p surface regions, 18 and
20, will be present at the surface of their respective
devices except for the areas comprising the source and
drain. The depth of the surface regions should be at
least as great as that of the source and drain regions.

The devices further include gate electrodes, 25 and
26, typically comprising polycrystalline silicon, formed
over gate oxide portions 27 and 28. Ohmic contacts to
source and drain regions are provided by metal por-
tions, 29-32, typically comprising aluminum, formed
over field oxide portions 33-35 and contact windows in
said oxide. These features and their method of fabrica-
tion are well-known in the art and consequently are not
discussed in detail.

It will be appreciated that during the drive-in of the
source and drain regions, 21-24, the regions 18, and 20
will also be driven somewhat further into the substrate,
while the depth of the tubs 15 and 17 is essentially unaf-
fected. In a typical device, the final depth of surface
regions 18 and 20 would be approximately 1-2p and the
depth of tub regions 15 and 17 would be typically 3-8u.
The surface impurity concentration of the surface re-
gions is typically 0.5-5X 1016 ions/cm3 and that of the
tub regions is typically 1015-10!6 jons/cm3, with the
former concentration being at least twice as much as the
latter over these ranges.

The major advantage in formation of the high-low
implant profile of FIG. 11 is illustrated in FIGS. 12 and

device. In a device fabricated in accordance with the
present invention, as illustrated in FIG. 13, the compos-
ite profiles remain high and then fall off rapidly at a
much closer distance from the boundary. This is due to
the high impurity concentration of surface regions 18
and 20 as well as the short diffusion lengths of these
regions. On each side of the boundary, therefore, the
high impurity concentration of the surface region (e.g.,
18) is compensated for only by the low concentration
tub region of the adjacent device (17) and substantial
overlap is permitted. In a typical device, it is expected

-00017: Ex. 1005 (Payne) at 4:38-59

-00017: Ex. 1005 at 5:14-57

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-00017: Ex. 1005 at 6:7-17
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4. Payne Does Not Move “Minority Carriers” from the “Surface Layer”

* Petitioners identify the “active region” in the “surface layer.”

Payne discloses a single drift layer (SDL) to the same
Figure 5(b) does. Ex.1003, 4985-87. In Payne’s Figure 10, tt
(tan) of Payne’s nested well structure—with shallow wel
disposed in it—is an example of the claimed single drift layg

(ion implantation for tub 15), 4:19-30 (thermal drive-in to a ’ -‘l_?—‘ —i4 t- - i -L /4 '- -.;IL J ‘: W‘ ": ) : D S“ l.fa (\e La‘fel'

for tub 15). 4:31-39, 5:7-17, 5:44-48, 5:48-50 (“In a typica rFe - | bt o i Ne
LEps: N+ _ Nt 20

of surface regions 18 and 20 would be approximately 1-2p - : D A{l ti‘ﬂ' e ngio]l

regions 15 and 17 would be typically 3-8u.”). This SDL (tai

3
‘the other surface [(bottom surface)] of said surface la 'T D Dl‘lft I a‘.el.
w

substrate [(grey)]” under PO’s interpretation, and in ex:

depicted in PO’s annotated Figure 5(b) above.

10

-00017: Petition [1] at 18

Ex.1005. FIG. 10. Payne’s tub 17 (right). in which shallow well 20 is disposed, is
likewise an SDL (tan) disposed between a surface layer (blue) and the substrate

(grey). Ex.1005, 4:3-30, 4:63-5:17. 5:44-50: EX.1003. 87: §VIILA.1.b.

-00017: PO Resp. [45] at 1-4, 7-16, 25; PO Sur-Reply [59] at 1-7. 10, 14-20 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 2079 41 of 138 4 1
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4. Payne Does Not Move “Minority Carriers” from the “Surface Layer”

* Petitioners admit the graded-dopant concentration “starts at the bottom of the surface layer.”

Payne meets all other claim requirements associated with the SDL to the same
extent Figure 5(b) meets them. See below and elements [1.5]-[1.6]: Ex.1003, 7988-
93. Notably. as detailed in element [1.5]. each of Payne’s tubs 15/17 is a single drift
layer (SDL) because it has a graded-dopant concentration that, according to PO,
creates a unidirectional electric drift field that aids the movement of minority carriers
in a single direction—from the surface layer to the substrate. Ex.1030. 7: Ex.1002,
253-54,289-290: §VIILA.1.f.

Graded-dopant concentration — The *195 Patent admits that graded-dopant
concentrations were known, Ex.1001, 2:13-15. FIG. 1 (“Prior Art”), and that it was
known to grade the dopant concentration in CMOS devices to affect the movement
of minority carriers. /d.. 1:34-2:5, FIGS. 3(a)-3(d) (all “Prior art”). Payne’s SDL has
a graded-dopant concentration extending between the surface layer and the substrate.
Ex.1003 €89. Payne explains that the “impurity profile in both tubs [15/17] thereby
has the general shape illustrated in FIG. 11 which exhibits “[t]he major advantage™
of a “high-low implant profile.” Ex.1005. 2:38-41, 5:14-17, 5:56-57. Payne’s Figure
11 (below right) illustrates the dopant concentration measured along the red dotted
line in Figure 10 (below left). which starts at the bottom of the surface layer (blue)

and extends to the substrate (grey). As shown below, Payne discloses a downward-

-00017: PO Resp. [45] at 1-4, 7-16, 25; PO Sur-Reply [59] at 1-7. 10, 14-20

Graded-dopant concentration — The *195 Patent admits that graded-dopant

concentrations were known, Ex.1001, 2:13-15, FIG. 1 (“Prior Art”), and that it was
known to grade the dopant concentration in CMOS devices to affect the movement
of minority carriers. Id., 1:34-2:5, FIGS. 3(a)-3(d) (all “Prior art”). Payne’s SDL has
a graded-dopant concentration extending between the surface layer and the substrate.
Ex.1003 989. Payne explains that the “impurity profile in both tubs [15/17] thereby
has the general shape illustrated in FIG. 117 which exhibits “[t]he major advantage”
of'a “high-low implant profile.” Ex.1005, 2:38-41, 5:14-17, 5:56-57. Payne’s Figure
11 (below right) illustrates the dopant concentration measured along the red dotted
line in Figure 10 (below left), which starts at the bottom of the surface layer (blue)

and extends to the substrate (grey). As shown below, Payne discloses a downward-

sloping graded-dopant concentration in the SDL (tan) associated with Payne’s

PMOS transistor (left).*

FIG. 11

Graded
Concentration

CONCENTRATION

@ Surface Layer
O Drift Layer
O Substrate

Ex.1005, FIGS. 10-11. Dr. Banerjee has annotated Figure 11 to reflect exemplary

The Petition fails, because none of Petitioners’ references expressly teach
“said drill layer further having a [irst static unidirectional clectric drift ficld to aid
the movement of minority carriers from said surface layer to said substrate” or “said
well region having a graded concentration of dopants [] to aid the movement of

minority carricrs [rom said surface layer™ downward.

Moreover, moving carriers “from the active circuitry at the surface” is missing
from the prior art.  Both Payne and Onoda, at best, show a downward sloping
gradient, with no information about whether, why, or how such a gradient might be

useful. Supra Section VI. Petitioners rely entirely on post-hoc expert testimony and

-00017: PO Resp. [45] at 1, 25

the trajectory of individual electrons or holes.” I, at 239:20-240:3. If Dr. Banerjee
cannot determine the location or path of travel of individual charge carriers, he
cannot say whether they are in the “surface layer” (or “active region™) and whether
they move “from” the surface layer (or active region). If Dr. Banerjee does not know

that, Petitioners cannot carry their burden.

-00017: Petition [1] at 19-20
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-00017: PO Sur-Reply [59] at 10
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4. Payne Does Not Move “Minority Carriers” from the “Surface Layer”

* The dopant concentration is

Payne meets all other claim requirements associated with the SDL to the same
extent Figure 5(b) meets them. See below and elements [1.5]-[1.6]: Ex.1003, 7988-
93. Notably. as detailed in element [1.5]. each of Payne’s tubs 15/17 is a single drift
layer (SDL) because it has a graded-dopant concentration that, according to PO,
creates a unidirectional electric drift field that aids the movement of minority carriers
in a single direction—from the surface layer to the substrate. Ex.1030. 7: Ex.1002,
253-54,289-290: §VIILA.1.f.

Graded-dopant concentration — The *195 Patent admits that graded-dopant
concentrations were known, Ex.1001, 2:13-15. FIG. 1 (“Prior Art”), and that it was
known to grade the dopant concentration in CMOS devices to affect the movement
of minority carriers. /d.. 1:34-2:5, FIGS. 3(a)-3(d) (all “Prior art”). Payne’s SDL has
a graded-dopant concentration extending between the surface layer and the substrate.
Ex.1003 €89. Payne explains that the “impurity profile in both tubs [15/17] thereby
has the general shape illustrated in FIG. 11 which exhibits “[t]he major advantage™
of a “high-low implant profile.” Ex.1005. 2:38-41, 5:14-17, 5:56-57. Payne’s Figure
11 (below right) illustrates the dopant concentration measured along the red dotted
line in Figure 10 (below left). which starts at the bottom of the surface layer (blue)

and extends to the substrate (grey). As shown below, Payne discloses a downward-

-00017: PO Resp. [45] at 1-4, 7-16, 25; PO Sur-Reply [59] at 1-7. 10, 14-20

flat in the “surface layer.”

Graded-dopant concentration — The *195 Patent admits that graded-dopant

concentrations were known, Ex.1001, 2:13-15, FIG. 1 (“Prior Art”), and that it was
known to grade the dopant concentration in CMOS devices to affect the movement
of minority carriers. Id., 1:34-2:5, FIGS. 3(a)-3(d) (all “Prior art”). Payne’s SDL has
a graded-dopant concentration extending between the surface layer and the substrate.
Ex.1003 §89. Payne explains that the “impurity profile in both tubs [15/17] thereby
has the general shape illustrated in FIG. 117 which exhibits “[t]he major advantage”
of'a “high-low implant profile.” Ex.1005, 2:38-41, 5:14-17, 5:56-57. Payne’s Figure
11 (below right) illustrates the dopant concentration measured along the red dotted
line in Figure 10 (below left), which starts at the bottom of the surface layer (blue)

and extends to the substrate (grey). As shown below, Payne discloses a downward-

sloping graded-dopant concentration in the SDL (tan) associated with Payne’s

PMOS transistor (left).*

FIG. 11

Graded
Concentration

CONCENTRATION

@ Surface Layer
O Drift Layer
O Substrate

Ex.1005, FIGS. 10-11. Dr. Banerjee has annotated Figure 11 to reflect exemplary

-00017: Petition [1] at 19-20
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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4. Payne Does Not Move “Minority Carriers” from the “Surface Layer”

 Petitioners identify an electric field that does not start in the surface layer.

Thus, according to Jastrzebski, Kamins, Applicant, and PO, Payne’s profile

generates a (first) “built-in” static unidirectional electric drift field (illustrated by the

Moreover, this graded-dopant profile is determined by the ion-implantation and
drive-in steps of the chip fabrication processes (deseribed in Payne in relation to yellow arrow labelled “E1” below left) that aids the movement of mmority carriers
Figures 2 and 5-9 in particular) and thus the profile (and any resulting electric field)
is static—it is set once the device has been fabricated and does not change. Ex.1003, from the surface layer to the substrate. 6 Ex. 1003 5 ﬂﬂl 03-105.
€101: Ex.1005. 5:7-17. 5:44-55 (describing “the final depth” of tubs and surface

regions and their typical ranges of impurity concentrations). During prosecution

Applicant described “static” similarly, conceding that “Kamins (US 4,160,985). just
like Applicant, discloses the presence of a ‘static’ drift field. ‘because the drift field
is created by graded concentration of dopants which does not change over time.””
Ex.1002. 318 (citing Ex.1009, 2:15-16, 2:64-3:2, 1:38-46, 3:8-11 and Ex.1002, 302-
03), 333 (same).

Thus. according to Jastrzebski. Kamins, Applicant, and PO. Payne’s profile COHCEHTR ATION

generates a (first) “built-in” static unidirectional electric drift field (illustrated by the

LOG DOPING
CONCENTRATION

yellow arrow labelled “E1” below left) that aids the movement of minority carriers

from the surface layer to the substrate.® Ex.1003, €9103-105.

 The Ground I figures depict electric fields in N-wells, e.g.. Payne’s nested N-wells

Ex.1005, FIG. 11 Ex.1010, FIG. 1b

15/18. §§VIILA.1.f-g. The electric fields would be pointing in the opposite direction

in Payne’s nested P-wells. In both cases. these electric fields result from the

downward-sloping graded dopant concentrations in Payne’s N-wells and P-wells

-00017: Petition [1] at 27-28

-00017: PO Resp. [45] at 1-4, 7-16, 25; PO Sur-Reply [59] at 1-7. 10, 14-20 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 2079 44 of 138 44
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4. Payne Does Not Move “Minority Carriers” from the “Surface Layer”

 Petitioners identified two electric fields that do not start in the surface layer.

FIG. 11

graded-dopant profile, including the profile in the well region, is set once the device

has been fabricated and does not change, making the profile (and my resulting SY 1 0 16
afd

electric field) static, as described in §VIIL.A.1.f.

Payne’s Figure 11 is further annotated below to show the exemplary first static
unidirectional electric drift field (“E1"") present in a deep portion of the SDL
(discussed in §VIIL.A.1.f), and a different, exemplary second static unidirectional
electric drift field (“E2”) present in the well region disposed in the SDL. Ex.1003,

116-117; see also n.6.

FIG. 11

CONCENTRATION

CONCENTRATION

[W“'W TrETEREETEAERE

-
b9

oepTH 8 Hn

Ex.1005, FIG. 11. Moreover, E1 and E2 are illustrated as electric fields having

different magnitudes, to reflect the different local slopes (gradients) of the graded-

. -00017: Petition [1] at 35

-00017: PO Resp. [45] at 1-4, 7-16, 25; PO Sur-Reply [59] at 1-7. 10, 14-20 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 2079 45 of 138 45
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4. Payne Does Not Move “Minority Carriers” from the “Surface Layer”

* Dr. Banerjee confirmed there is no electric field where the dopant concentration is flat.

Graded-dopant concentration — The *195 Patent admits that graded-dopant 0. My question is about the flat

concentrations were known, Ex.1001, 2:13-15, FIG. 1 (“Prior Art”), and that it was section to the right of line 26 before it

24

known to grade the dopant concentration in CMOS devices to aftect the movement goes up.

of minority carriers. 7d., 1:34-2:5, FIGS. 3(a)-3(d) (all “Prior art”). Payne’s SDL has A. Okay.

N - Type

a graded-dopant concentration extending between the surface layer and the substrate. Substrate Q. Would there be an electric

P
extent]  EX.1003 989. Payne explains that the “impurity profile in both tubs [15/17] thereby 6 field in that flat region?

o . . . o . + :
93.Notl  has the general shape illustrated in FIG. 117 which exhibits “[tJhe major advantage” N™ Buried A. There should not be any

Layer
layer ( e . . . .
e of a “high-low implant profile.” Ex.1005, 2:38-41, 5:14-17, 5:56-57. Payne’s Figure ' built-in electric fields in that flat region.
creates

11 (below right) illustrates the dopant concentration measured along the red dotted - 1'0 Q. Why not?

in a sin,
253-54f line in Figure 10 (below left), which starts at the bottom of the surface layer (blue) Depth ( pm ) A Because the doping

. concentration isn't changing as a function of
€ and extends to the substrate (grey). As shown below, Payne discloses a downward- ging

sloping graded-dopant concentration in the SDL (tan) associated with Payne’s ?i gure 3 depth.

concens

known

PMOS transistor (left).’

of min -00017: Ex. 2078 (Banerjee Dep. Tr.)

a grade FIG. 11
-00017: Ex. 1060 (Banerjee Supp. at 260:2-13
Decl.) at 9 28

has the
& <y ) A &
ofa“hi N\ Y2224 %\\\\\“él// >

11 (bel

Graded
Concentration

CONCENTRATION

line in

@ Surface Layer
O Drift Layer
O Substrate

and exty

Ex.1005, FIGS. 10-11. Dr. Banerjee has annotated Figure 11 to reflect exemplary

-00017: Petition [1] at 19-20
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4. Payne Does Not Move “Minority Carriers” from the “Surface Layer”

* Dr. Banerjee confirmed that when the doping concentration is constant, there is no electric
field present in that region.

Cirrus Logic,

Inc. et al. v. Greenthread, LLC

Sanjay Banerjee, Ph.D.
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E GROUP
Suite 812

Q. (BY MR. WHITEHURST) So it's
your testimony today that wherever the doping
concentration 1is constant, there would not be

a built-in electric field in those sections,

correct?

MR. PAUL: Objection to form.

THE WITNESS: Yeah, the doping

concentration isor a
substantial region. It wouldlead

to built-in electric fields.

-00017: PO Resp. [45] at 1-4, 7-16, 25; PO Sur-Reply [59] at 1-7. 10, 14-20
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4. Payne Does Not Move “Minority Carriers” from the “Surface Layer”

Dr. Banerjee confirmed that when the doping concentration is constant in the “active
region,” there is no electric field in the “active region.”

11 Q. If the doping profile is 0. (BY MR. WHITEHURST) Do you

12 constant in the active region, would you understand my question?

13 agree that there is no built-in electric A. I think there is a substantial

12/6/2024 Cirrus Logic, Inc. et al. v. Greenthread, LLC ~ Sanjay Banerjee, Ph.D.

Page 1 ! ; . . : ) ) ) )
UNITED STATES PATENT AND TRADEMARK OFFICE 14 field in the active reglon? region 1n the active region where the dOleg
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4. Payne Does Not Move “Minority Carriers” from the “Surface Layer”

* Dr. Banerjee confirmed that when the doping concentration is constant in the “channel
region,” there is no electric field due to the doping concentration.

17

18

12/6/2024 Cirrus Logic, Inc. et al. v. Greenthread, LLC ~ Sanjay Banerjee, Ph.D.
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1PR2024-00001

19

20

Q. If the doping profile is
constant in the middle of the channel region
in the downward direction, then there will be
no electric field in the active region; isn't
that right?

MR. PAUL: Objection,

foundation. Scope.

THE WITNESS: There would be no
built-in field due to the doping

gradient and the other factors in the

transistor —-

Q. (BY MR. WHITEHURST) So there
would be no built-in electric field due to
the doping profile, correct?

A. There would built—in
electric field in the middle of the channel
as a function of depth if the doping
concentration did not vary as a function of
depth in the middle of the channel. But

there's other structures that can also

cause built-in electric fields.

-00017: PO Resp. [45] at 1-4, 7-16, 25; PO Sur-Reply [59] at 1-7
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4. Payne Does Not Move “Minority Carriers” from the “Surface Layer”

* Dr. Banerjee testified that other structures, like the gate and gate oxide, can create electric

fields in the “active region.”

17

18
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19

20

Q. If the doping profile is
constant in the middle of the channel region
in the downward direction, then there will be
no electric field in the active region; isn't
that right?

MR. PAUL: Objection,

foundation. Scope.

THE WITNESS: There would be no
built-in field due to the doping

gradient and the other factors in the

transistor —-

Q. (BY MR. WHITEHURST) So there
would be no built-in electric field due to
the doping profile, correct?

A. There would built—in
electric field in the middle of the channel
as a function of depth if the doping
concentration did not vary as a function of
depth in the middle of the channel. But

there's other structures that can also

cause built-in electric fields.

-00017: PO Resp. [45] at 1-4, 7-16, 25; PO Sur-Reply [59] at 1-7

. 10, 14-20
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4. Payne Does Not Move “Minority Carriers” from the “Surface Layer”

* Dr. Banerjee confirmed that where the doping profile is uniform or constant, there is no
electric field.

Q. When you looked at the doping

profile or the different prior art

12/6/2024 Cirrus Logic, Inc. et al. v. Greenthread, LLC ~ Sanjay Banerjee, Ph.D.

references, did you lock to see whether the

Page 1
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e e fields because of the doping gradient.
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4. Payne Does Not Move “Minority Carriers” from the “Surface Layer”

* Dr. Banerjee confirmed that an electric field that does not start in the “surface layer,”
does not move carriers from the “surface layer.”

Thus, according to Jastrzebski, Kamins, Applicant, and PO, Payne’s profile THE WITNESS: [HeSythat

generates a (first) “built-in” static unidirectional electric drift field (illustrated by the 24 electric field doesn't extend all the
yellow arrow labelled “E1” below left) that aids the movement of minority carriers way to the surface. Therefore, there
N - Type

from the surface layer to the substrate.® Ex.1003, §9103-105. Substrate cannot be any drift velocity of the

6 holes due to that electric field.

NT Buried

Layer And, furthermore, even if it

L0G DOPING
CONCENTRATION

CONCENTRATION did extend to the surface, it points

in the wrong direction and will cause

Depth (m)

the holes to move via drift towards

Ex.1005, FIG. 11 Ex.1010, FIG. 1b

"r'igure 3 the surface. But, remember, there is

generates a (first) “built-in” static unidirectional ele_cb'cdﬁtil?i}luﬁ%e tlvﬁxb n [ 1] at 27-28 always an opposing diffusion part.

yellow arrow labelled “E1” below left) that aids the movement of minority carriers

from the surface layer to the substrate.® Ex.1003, €9103-105.

-00017: Ex. 2078 (Banerjee Dep. Tr.) at 266:16-267:4

 The Ground I figures depict electric fields in N-wells, e.g.. Payne’s nested N-wells
15/18. §§VIILA.1.f-g. The electric fields would be pointing in the opposite direction
in Payne’s nested P-wells. In both cases. these electric fields result from the

downward-sloping graded dopant concentrations in Payne’s N-wells and P-wells
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4. Payne Does Not Move “Minority Carriers” from the “Surface Layer”

* Dr. Banerjee confirmed that an electric field that does not start in the “surface layer,”
does not move carriers from the “surface layer.”

THE WITNESS: That electric

Thus, according to Jastrzebski, Kamins, Applicant, and PO, Payne’s profile field points in the current direction.

generates a (first) “built-in” static unidirectional electric drift field (illustrated by the 2 4 It enabled holes to drift towards the
Moreover. this

v yellow arrow labelled “E1” below left) that aids the movement of minority carriers substrate, but it is too far away from
rive-n sleps ()
s D & from the surface layer to the substrate.® Ex.1003, §9103-105. N N - Ty pe the active region, and therefore will

Substrate

is static—it is se| not have any impact in terms of drift

€101: Ex.1005, 6 motion of the holes on the active

regions and the] e
u gion towards the substrate.

N* Buried

Applicant descri

Layer 0. (BY MR. WHITEHURST) Now,

ke Applicant, | | CONCENTRATION

L0G DOPING
CONCENTRATION

because the electric field shown to the right

is created by gr:

~10 of ten microns is too far from the surface in
Ex.1002. 318 (¢ OEPTH Swa.r—x=

N the active region, it will not aid movement
03), 333 (same) | Ex.1005, FIG. 11 Ex.1010, FIG. 1b Depth (tu'm) !

Thus, ace of holes from the surface or the active

generates a (first) “built-in” static unidirectional electric drift field (1111156601127 . Pet it i O n [ 1] at 2 7- 28 m 3 region to the substrate?

yellow arrow labelled “E1” below left) that aids the movement of minority carriers MR. PAUL:

Objection to form.
from the surface layer to the substrate.® Ex.1003, €9103-105.

Scope.

. . . THE WITNESS: Will not aid
 The Ground I figures depict electric fields in N-wells, e.g.. Payne’s nested N-wells

15/18. §§VIILA.1.f-g. The electric fields would be pointing in the opposite direction movement from the surface to the
in Payne’s nested P-wells. In both cases. these electric fields result from the substrate of the holes in the active

downward-sloping graded dopant concentrations in Payne’s N-wells and P-wells region due to the drift mechanism.

-00017: Ex. 2078 (Banerjee Dep. Tr.) at 268:3-269:13
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4. Payne Does Not Move “Minority Carriers” from the “Surface Layer”

 Petitioners identify a PMOS transistor in an N-well.

f. Element [1.5]: “said drift layer fi
static unidirectional electric dr|
movement of minority carriers fr
to said substrate; and”

Payne discloses or, at a minimum. renders obvious tl

€€94-107. As shown below, Payne’s SDL (tan) has a down

Graded
Concentration

r
dopant concentration extending between the surface layer (b

A N V)77 /<{\\\\\\\v?
N

CONCENTRATION

CONCENTRATION

Ex.1005, FIGS. 10-11.

@ Surface Layer
Payne’s downward-sloping graded-dopant concentrati
.
of minority carriers from the surface layer to the substrate to thi D D r lft L a .“ E l'
Applicant relied on the prior art and admitted to the Patent (J m S“bst rate

movement would occur under the same scenario. Ex.1

prosecution. Applicant represented to the Patent Office thal

graded-dopant concentration was known in the prior art to create an “inherent ‘bui

-00017: Petition [1] at 22

222
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4. Payne Does Not Move “Minority Carriers” from the “Surface Layer”

* For a PMOS transistor in an N-well, Petitioners identify “holes” as the “minority carrier.”

® The Ground I figures depict electric fields in N-wells, e.g., Payne’s nested N-wells

iz 15/18. §§VIIIL.A.1.1-g. The electric fields would be pointing in the opposite direction
s in Payne’s nested P-wells. In both cases, these electric fields result from the

regions aj

Applicant

downward-sloping graded dopant concentrations in Payne’s N-wells and P-wells

like Appl

is created]

and aid the movement of minority carriers (holes in N-wells, electrons in P-wells)

Ex.1002,
03). 333

n{  downward to the substrate. /d.; Ex.1003, 49105-106.

generates

yellow arrow labelled “E1” below left) that aids the movement of minority carriers -OOO 1 7 : Petitio n [ 1] at 2 7_2 8 n . 6 -OOO 17 : Petitio n [ 1] at 2 2

from the surface layer to the substrate.® Ex.1003, 99103-105.

9 The Ground I figures depict electric fields in N-wells, e.g.. Payne’s nested N-wells
15/18. §§VIILA.1.f-g. The electric fields would be pointing in the opposite direction
in Payne’s nested P-wells. In both cases, these electric fields result from the

downward-sloping graded dopant concentrations in Payne’s N-wells and P-wells

-27-

-00017: Ex. 2057, 11935-37; PO Resp. [45] at 4, 7-16;
Ex. 1063, 25:6-26:1, 142:16-22; 149:9-151:9; Ex. 2078, 293:5-294:8;
PO Sur-Reply [59] at 1, 3-5, 6-7. 10, 14-20 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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4. Payne Does Not Move “Minority Carriers” from the “Surface Layer”

* For a PMOS transistor, the “minority carriers” are electrons, not holes.

¢ The Ground I figures depict electric fields in N-wells, e.g., Payne’s nested N-wells Access Transistos

: Storage Capacitor or
15/18. §§VIILA.1.f-g. The electric fields would be pointing in the opposite direction /G§nsﬁr element

Moreover]

drive-in

Figures 2

in Payne’s nested P-wells. In both cases, these electric fields result from the

is static—

w01 Ex - downward-sloping graded dopant concentrations in Payne’s N-wells and P-wells Active Region

regions aj

applican AN aid the movement of minority carriers (holes in N-wells, electrons in P-wells)

Tike App; downward to the substrate. /d.; Ex.1003, 99105-106. Well Region

1S creates _ _ _ — _ -
Ex.1002. ST (eimg X T000, 2213216, 264377, T38-96, 38T and X T002, 307
03), 333 (same). 00017: Petition [1] at 27-28 n- 6

Thus, according to Jastrzebski, Kamins, Applicant. and PO, Payne’s profile

generates a (first) “built-in” static unidirectional electric drift field (illustrated by the P Sub Stratﬁ

yellow arrow labelled “E1” below left) that aids the movement of minority carriers

from the surface layer to the substrate.® Ex.1003, 99103-105.

-00017: Ex. 1001 ("195 pat.) at Fig. 5B

9 The Ground I figures depict electric fields in N-wells, e.g.. Payne’s nested N-wells
15/18. §§VIILA.1.f-g. The electric fields would be pointing in the opposite direction
in Payne’s nested P-wells. In both cases, these electric fields result from the

downward-sloping graded dopant concentrations in Payne’s N-wells and P-wells

-27-

-00017: Ex. 2057, 9935-37; PO Resp. [45] at 4, 7-16;
Ex. 1063, 25:6-26:1, 142:16-22; 149:9-151:9; Ex. 2078, 293:5-294:8;
PO Sur-Reply [59] at 1, 3-5, 6-7. 10, 14-20 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

Greenthread Ex. 2079 56 of 138 5 6
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4. Payne Does Not Move “Minority Carriers” from the “Surface Layer”

 Petitioners identified two electric fields that will not move electrons from the surface layer.

FIG. 11

graded-dopant profile, including the profile in the well region, is set once the device

has been fabricated and does not change, making the profile (and any resulting SY 1 0 16
electric field) static, as described in §VIIL.A.1.f. =

Payne’s Figure 11 is further annotated below to show the exemplary first static
unidirectional electric drift field (“E1"") present in a deep portion of the SDL
(discussed in §VIIL.A.1.f), and a different, exemplary second static unidirectional
electric drift field (“E2”) present in the well region disposed in the SDL. Ex.1003,

116-117; see also n.6.

CONCENTRATION

CONCENTRATION

[W“'W TrETEREETEAERE

]
b9

Ex.1005, FIG. 11. Moreover, E1 and E2 are illustrated as electric fields having

different magnitudes, to reflect the different local slopes (gradients) of the graded-

. -00017: Petition [1] at 35

-00017: PO Resp. [45] at 1-4, 7-16, 25; PO Sur-Reply [59] at 1-7. 10, 14-20 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 2079 57 of 138 5 7
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Overview of Issues

The Claims require “movement of carriers” from the “surface layer,” where the “active region” is located.
The ’195 and ’502 Claims require “movement of minority carriers” from the “surface layer.”

Dr. Banerjee confirmed the “electric field” must start in the “surface layer.”

Payne does not disclose “movement of carriers” and “movement of minority carriers” from the “surface layer.”

Onoda does not disclose “movement of carriers” and “movement of minority carriers” from the “surface layer.”

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greentread Bx. 20795801198 58

Cirrus Logic, et al. v. Greenthread



* Onoda never mentions carriers, much less moving minority carriers from the surface.

5. Onoda Does Not Move “Minority Carriers” from the “Surface Layer”

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
BEFORE THE PATENT TRIAL AND APPEAL BOARD

CIRRUS LOGIC, INC ;
OMNIVISION TECHNOLOGIES. INC.; AND
AMS SENSORS USA INC..

Element [1.5]: “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; and”

Onoda discloses this element. Ex.1003, §9168-172. As discussed above with
regard to element [1.4], Onoda discloses a SDL (tan) having a downward-sloping
dopant concentration extending between the surface layer (blue—i.e., starting at the
0 pm depth level) and the substrate (grey, starting at the 5 um depth level).
§VIILB.l.e.

The below annotation of Onoda’s Figure 11 depicts the exemplary first static

Thus. given Applicant’s repeated representations to the Office and the
Jastrzebski and Kamins cited art relied on by Applicant—such a downward-sloping
graded-dopant concentration creates a “built-in" unidirectional electric drift field to
aid the movement of minority carriers from the surface layer to the substrate.
Ex.1003, §170-172; §VIILA.1 £3

Such a profile is created “through ion mmplantation techniques and thermal
diffusion techniques™ and thus the profile (and any resulting electric dnft field) 1s

static—it 1s set once the CMOS device has been fabricated and does not change

Petitioner, . . . . .
cuioner . . . . . . afterwards. Ex.1003, I171. As discussed in Section VIILA.1.f Applicant described
unidirectional electric drift field (“E1”) described in Section X.A.1.f, at a depth
v “static” similarly during prosecution. Ex.1002, 318 (citing Ex.1009), 333 (same).

GREENTHREAD. LLC, corresponding to Onoda’s second semiconductor layer 102 (tan).

Patent Owner. Accordingly, Onoda satisfies element [1.5] under PO’s plain-meaning

Case No. IPR2024-00017 N-MOS [FIG. 11]

o No. 41,193 constructions. Ex.1033; Ex.1003, §9172. Onoda’s graded-dopant concentration is
10 20

B-B' Total Dopant Profile
= L] T

B 1 Pt downward-sloping over the entire single drift layer (tan)}—in fact, from the top of

PETITION FOR INTER PARTES REVIEW OF U.S. PATENT NO. 0!
8,421,195

the silicon/surface layer (blue) to the bottom of the SDL—and thus, according to PO

,0 e A Fust Semiconducton ~

UNDER 35 U.S.C. §§ 312 AND 37 C.F.R. § 42.104
N ' ell Region 105a Laver 101

Prtype (and in light of Applicant’s representations to the Patent Office), creates a static

10'7 = 3 Second Semiconductor

Laver 102 unidirectional electric drift field that aids the movement of minority carriers from

70 16
] Surface Layer the surface layer to the substrate. Ex.1003, q172.
3 well Region 10 5
[ vrift Layer

[ substrate 0%

Graded Concentration

o Ltasumd s ined 3 iiuml 2 siunl

-00017: Petition [1] at 66-68

Depth (um)

Ex.1042. FIG. 11. [0041]. [0046]. [0047). [0052]: Fig. 3 (excepted).

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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5. Onoda Does Not Move “Minority Carriers” from the “Surface Layer”

* Petitioners identify the “active region” in the “surface layer.”

N-MOS
107 \., 78T

Nomos e in, tae) (02,00, /42)
n7 \ nr n; w7 07 é w7

g 1
£ 105b  p6a roSc
58 T nka neb s3 72

: 5

Ex.1042, FIG. 3.

As indicated below, a POSITA would have understood that the active region
(red) of each of Onoda’s transistors is disposed on one surface (top surface) of a
cotresponding surface layer (blue), exactly as depicted in Patent Ownet’s annotated

Figure 5(b) above. Section X.B.1.b.

A 0fa

Active Region
[] Surface Layer

-00017: Petition [1] at 55

-00017: PO Resp. [45] at 13-16; PO Sur-Reply [59] at 14-15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE L e s 60



5. Onoda Does Not Move “Minority Carriers” from the “Surface Layer”

* Petitioners identify a “graded dopant concentration” between the surface layer and the substrate.

Graded concentration of dopants extending between said surface laver

and said substrate — Onoda discloses a SDL having a graded concentration of

Fx 1042, FIG. 8, [00417, [0046], [0047]. Omoda’s P-type well regions 105a, 105h
and 105¢ and N-type well regions 103 and 106a arc disposed in a single drift .
e o o _ o dopants extending between the surface layer and the substrate. Ex.1003, 19157-167.
aver (tan) disposed between a surface laver (bluc) and the substrate (grey). fel:
§§X.B.Lb, VIILB.Lb
Onoda st al ot i toquirments assosiated withthe SDL to e same In Onoda, “FIG. 2 depicts critical portions of the semiconductor substrate that 1s
exient Fipure 5(b) meets them, as explained below. See §§VIILB. L. (clements
SR 1003, ISG-CT Norbls, s deruled i clement {1 3] thesecond applied to the first embodiment of the present invention; . . .” Ex.1042, [0041].
semiconduetor layer 102 in Onoda is a simgfe drift layer because it has a graded-
dopant coneentration that, according to PO, crcates a unidirectional clectric drift
. . . e . .
field that aids the movement of minority carriers in a single direction—I{rom the Wlthln the semic OndHCtor SubStrate 100’ 101 1s a ﬁrSt SemlcondUCtor layer made
surface layer to the substrate. Ex. 1030, 7. Ex.1002, 253-54, 289-200; §VIIL.B.1 £
Graded concentration of dopants extending between said surface laver from a he a"rily_doped L. P_type Silicon Substratej and 102 is a P_type Second
and said substrate — Onoda discloses a SDL having a graded concentration of
dopants extending between the surface layer and the substrate. Lix. 1003, $4157-167. . . . .
’ ‘ semiconductor layer having a dopant concentration that is lower than the dopant
In Onoeda. “FIG. 2 depicts eritical portions of the semiconducter substrate that 1s
applied to the first embodiment of the present invention: . . .7 Ix. 1042, [0041].

Within the semiconductor substrate 100, “101 is a first semiconductor laver made Conc entra tlon Of the firSt Semlcondu(:tor layer 1 0 1 e dep051ted thIOllgh epltaXlal

from a heavilv-doped . . . P-type silicon substrate, and 102 is a P-tvpe seeond

semiconductor laver having a dopant concentration that is lower than the dopant

concentration of the first semiconductor laver 101 . . . deposited through epitaxial -000 17: Petlt I 0 n [1] at 59

SS9

-00017: PO Resp. [45] at 1-4, 7-16, 25; PO Sur-Reply [59] at 1-7. 10, 14-20 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 2079 61 of 138 6 1
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5. Onoda Does Not Move “Minority Carriers” from the “Surface Layer”

* The dopant concentration is flat in the “surface layer.”

N-MOS [FIG. 11]

7 \ 71 1020 B-B' Total Dopant Profile

- P Well Profile

0!

[FIG. 11]
Iﬂ” . . ;
0§ ’0 18 First Semiconductont
0 B ud Well Region 103a Laver 101 |
07 B
o0 g 10 17 : Second Semiconductor
n* ‘ = Laver 102

Depth (um)

B-B' Total Dopant Profile

P-type

Fx 1042, F1G. 11, [0041], |0046], |0047], [0052]: Fig. 3 (excepted). ,0

Thus, given Applicant’s repeated representations to the Office and the D S "
urface Layer
Jastrzebski and Kamms cited art relied on by Applicant—such a downward-sloping ) !5
i el s i 40 Bt g 10 Graded Concentration
graded-dopant concentration creates a “built-in” unidirectional electric drift field to
aid the movement of minority carriers from the surface layer to the substrate D D]'ift l‘-‘|"c r

Lx 1003, §Y170-172; §VIILA 1.£F ~ . .
Dsuh"'“'“l I014 ! L PR MRV, T (OO WA R SO SO OO WOV o e

v r——— g a——

¥ The electric fields in Figure 11 are lefi-facing. because the downward-sloping graded- z 3 5

dopant eoncentration s in s P-Well (rather than N-well Nonetheless, as discussed in Deptll ( ll ll‘l)

Seetion VILALL the electric felds aid the movement of minonity carriers (here,

electrons in & P-well) from the surtace layer to the substrate. as required

7 -00017: Petition [1] at 67

Greenthread Ex. 2079 62 of 138 6 2
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5. Onoda Does Not Move “Minority Carriers” from the “Surface Layer”

 Petitioners identify electric fields that do not start in the surface layer.

[FIG. 11]

0% B-B' Total Dopam Profile
T T

07 b

e E

0t

Depth (um)
Ex. 1042, FTc. 11, [0041], |0046], |0047], |0052]; Fig. 3 fexcepted).

Thus, given Applicant’s repeated representations to the Office and the
Jastrzebski and Kamms cited art relied on by Applicant—such a downward-sloping
graded-dopant concentration creates a “built-in” unidirectional electric drift field to
aid the movement of minority carriers from the surface layer to the substrate

Lx 1003, §Y170-172; §VIILA 1.£F

¥ The electric fields in Figure 11 are lefi-facing. because the downward-sloping graded-
dopant eoncentration s in s P-Well (rather than N-well Nonetheless, as discussed in
Section VILA 1L the electric felds aid the movement of minerity carriers (here,
electrons in & P-well) from the surtace layer to the substrate. as required

_67-

N-M0S

n7 \ 77

[FIG. 11]
,010

0!

10'¢

10 17

’0 76

D Surface Layer

] Well Region
I:l Drift Layer

D Substrate

10 1S

fa 4

B-B' Total Dopant Profile

- P Well Profile

= Furst Semiconductort

hud Well Region 105a Laver 101 | _
= P-type

Second Semiconductor
Layer 102
E

Graded Concentration

i llll_l_{m;nl.llnl!_ o]

v r——— e e

i 3 4 5
Depth (um)

-00017: PO Resp. [45] at 1-4, 7-16, 25; PO Sur-Reply [59] at 1-7. 10, 14-20

-00017: Petition [1] at 67
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Greenthread Ex. 2079 63 of 138
Cirrus Logic, et al. v. Greenthread

63



5. Onoda Does Not Move “Minority Carriers” from the “Surface Layer’

* Dr. Banerjee confirmed there is no electric field where the dopant concentration is flat.

’

N-MOS [FIG. 11]

%7 l\ 7 B-B' Total Dopant Profile

[ surface Layer
I Well Region
[ orint Layer
D Substrate

Depth (um)

-00017: Petition [1] at 67

-00017: PO Resp. [45] at 1-4, 7-16, 25; PO Sur-Reply [59] at 1-7. 10, 14-20

10*2

26 24
N - Type N - Type
epi Substrate
N\ ¢
N* Buried
\ Layer

|

0 ~10

Depth (pm)

g 3

Q. My question is about the flat
section to the right of line 26 before it
goes up.

A. Okay.

Q. Would there be an electric
field in that flat region?

A. There should not be any
built-in electric fields in that flat region.

Q. Why not?

A. Because the doping
concentration isn't changing as a function of

depth.

-00017: Ex. 1060 (Banerjee Supp. Decl.) at 9 28

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-00017: Ex. 2078 (Banerjee Dep. Tr.) at 260:2-13

Greenthread Ex. 2079 64 of 138
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5. Onoda Does Not Move “Minority Carriers” from the “Surface Layer”

* Dr. Banerjee confirmed that an electric field that does not start in the “surface layer,”
does not move carriers from the “surface layer.”

[FIG. 11] THE WITNESS: Yes, that

20
107" g 1 ! LR electric field doesn't extend all the

24

0" - — way to the surface. Therefore, there

N - Type
Substrate
6 holes due to that electric field.

/0 18 _ First Semiconductont
E ‘ell Region 105a Layer 101

cannot be any drift velocity of the

laf'f Second Semiconductor
< Laver 102
And, furthermore, even if it

N* Buried

0"t B
3 Layer : did extend to the surface, it points

D Surface Layer c
[ wen Region 107 E

[ prit Layer 3 in the wrong direction and will cause

[ Substrate 10 4 PR .. s ST S (PO ) IS | ~10
Depth (um)

sl s coomd 3 el o gramd Lo

the holes to move via drift towards

o B

Depth (um)

the surface. But, remember, there is

-00017: Petition [1] at 67 _c;fiure 3 always an opposing diffusion part.

-00017: Ex. 2078 (Banerjee Dep. Tr.)
-00017: Ex. 1060 (Banerjee Supp. at 266:16-267:4
Decl.) at 9 28

Greenthread Ex. 2079 65 of 138
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5. Onoda Does Not Move “Minority Carriers” from the “Surface Layer”

* Dr. Banerjee confirmed that an electric field that does not start in the “surface layer,”
does not move carriers from the “surface layer.”

THE WITNESS: That electric

[FIG. 11]
’010 e

field points in the current direction.

It enabled holes to drift towards the

24

10 1 EEE— substrate, but it is too far away from

S . 5z the active region, and therefore will
’0 18 = : First Semiconductont
E B Laver 101 I

N - Type

Subsirqie not have any impact in terms of drift

motion of the holes on the active

10 7 . Second Semiconductor
i - Laver 102
region towards the substrate.

107§ PN

3 N™ Buried Q. (BY MR. WHITEHURST) Now,
G Surface Layer = LO er
1 well Region 10 5B y
[ Drift Layer :

D Substrate ,0 14 W gl e

because the electric field shown to the right

of ten microns is too far from the surface in

3
.
i
o
%
T i

the active region, it will not aid movement

Dep‘h (um) Depfh (;.Lm) of holes from the surface or the active

region to the substrate?
-00017: Petition [1] at 67 MR. PAUL: Objection to form.
iqure 3
J Scope.

THE WITNESS: Will not aid

movement from the surface to the

-00017 EX' 1060 (Banerjee Supp DeCI') substrate of the holes in the active

at 1] 28 region due to the drift mechanism.

-00017: Ex. 2078 (Banerjee Dep. Tr.)
at 268:3-269:13

-00017: PO Resp. [45] at 1-4, 7-16, 25; PO Sur-Reply [59] at 1-7. 10, 14-20 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CET:EL“&;?‘; tEa’j: s?é?ei?‘t"rfrlzg 66




5. Onoda Does Not Move “Minority Carriers” from the “Surface Layer”

 Petitioners identify an NMOS transistor in a P-well.

N-MOS [FIG. 11]

7 \ 71 1020 B-B' Total Dopant Profile

- P Well Profile

0!

[FIG. 11]

’0 18 First Semiconductont

ud Well Region 105a Laver 101 | _
= P-type

10 Iy ( . Second Semiconductor
Layer 102

E1 |

Depth (um)

Fx 1042, F1G. 11, [0041], |0046], |0047], [0052]: Fig. 3 (excepted). ,0

Thus, given Applicant’s repeated representations to the Office and the D S "
urface Layer
Jastrzebski and Kamms cited art relied on by Applicant—such a downward-sloping ) !5
i el s i 40 Bt g 10 Graded Concentration
graded-dopant concentration creates a “built-in” unidirectional electric drift field to
aid the movement of minority carriers from the surface layer to the substrate D D]'ift l‘-‘|"c r

Ox 1003, J170-172: §VIILA1£® -
R s D Substrate

10 4 - el e B

¥ The electric fields in Figure 11 are lefi-facing. because the downward-sloping graded- 3

dopant eoncentration s in s P-Well (rather than N-well Nonetheless, as discussed in Deptll ( ll ll‘l)

Seetion VILALL the electric felds aid the movement of minonity carriers (here,

electrons in & P-well) from the surtace layer to the substrate. as required

7 -00017: Petition [1] at 67

-00017: Ex. 2057, 11935-37; PO Resp. [45] at 4, 7-16;
Ex. 1063, 25:6-26:1, 142:16-22; 149:9-151:9; Ex. 2078, 293:5-294:8;
PO Sur-Reply [59] at 1, 3-5, 6-7. 10, 14-20 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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5. Onoda Does Not Move “Minority Carriers” from the “Surface Layer”

* For an NMOS transistor in a P-well, Petitioners identify “electrons” as the “minority
carrier.”

® The electric fields in Figure 11 are lefi-facing, because the downward-sloping graded- FIG. 11]

1020 B-B' Total Dopant Profile
dopant concentration 1s in a P-Well (rather than N-well). Nonetheless, as discussed in . g
0" B

Section VIIL.A.1.f, the electric fields aid the movement of minority carriers (here, 1078 | First Semiconducton ~

11 Region 105a Laver 101

70 7 = o Second Semiconductor

electrons 1n a P-well) from the surface layer to the substrate, as required. ~ oy
70’ B

D Surface Layer

-00017: Petition [1] at 67 n. 8 e
[ prift Layer

Bx 1042 FIG 11, [0041], [0046]. [0047], [0052]: Fig. 3 { ted
£ 1042, FIG. 11, [0041], [0046]. [0047). [0052]; Fig. 3 {escepted [ Substrate

10 15 L

o+ LN

Thus, given Applicant’s repeated representations 1o the Office and the

Tastrzehski and Kamins cited art relied on by Applicant—such a downward-slopin,
v LR Depth (um)
graded-dapant concentration creates a “huilt-in™ unidirectional electric drift field to

ald the movement of minorily carriers from the surlace layer 1o the substrale. _00017 . Petition [1] at 67
.

Fx. 1003, 91 70-172; §VITTLAL£F

¥ The ¢leetric fickls in Figure 11 arc lefi-facing. beeause the downward-sloping graded-
dopant concentration is in a P-Well (rather than N-well). Nonetheless, as cliscussed in
Section VILLA 1L, the electric fields aid the movement of minerity carriers (here.
electrons in a P-well) from the surface laver to the substrate, as required

_67-

-00017: Ex. 2057, 11935-37; PO Resp. [45] at 4, 7-16;
Ex. 1063, 25:6-26:1, 142:16-22; 149:9-151:9; Ex. 2078, 293:5-294:8;
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5. Onoda Does Not Move “Minority Carriers” from the “Surface Layer”

* For an NMOS transistor, the “minority carriers” are holes, not electrons.

® The electric fields in Figure 11 are lefi-facing, because the downward-sloping graded-
dopant concentration 1s in a P-Well (rather than N-well). Nonetheless, as discussed in
Section VIIL.A.1.f, the electric fields aid the movement of minority carriers (here,

clectrons 1n a P-well) from the surface layer to the substrate, as required.

Access Transistor

Storage Capacitor or
isor efement

!
]

Active Region

|| I

Lx 1042, FIG 11, [0041], [0046]. [0047]. [0032]; Fig. 3 {excepted]

Thus. given Applicant’s repeated representations to the Office and the
Tastrzebski and Kamins cited art relied on by Applicant —such a downward-sloping
graded-dapant coneentration creates a “built-in” unidirectional electric drift field to

ald the movement of minorily carriers from the surlace layer 1o the substrale.

Fx. 1003, 91 70-172; §VITTLAL£F

¥ The ¢leetric fickls in Figure 11 arc lefi-facing. beeause the downward-sloping graded-
dopant concentration is in a P-Well (rather than N-well). Nonetheless, as cliscussed in
Section VILLA 1L, the electric fields aid the movement of minerity carriers (here.

electrons in a P-well) from the surface laver to the substrate, as required

_67-

-00017: Ex. 2057, 11935-37; PO Resp. [45] at 4, 7-16;
Ex. 1063, 25:6-26:1, 142:16-22; 149:9-151:9; Ex. 2078, 293:5-294:8;
PO Sur-Reply [59] at 1, 3-5, 6-7. 10, 14-20

-00017: Petition [1] at 67 n. 8

| BN
i Vi T

Graded dopant region to pull minority carriers @ surface

P substrate

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-00017: Ex. 1001 ('481 pat.) at Fig. 5B
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5. Onoda Does Not Move “Minority Carriers” from the “Surface Layer”

 Petitioners identified two electric fields that will not move holes from the surface layer.

N-M0S [FIG. 11]

7 \ 71 1020 B-B' Total Dopant Profile

- P Well Profile

0!

[FIG. 11]

0% B-B' Total Dopam Profile
T T

’0 18 L First Semiconductont

hud Well Region 105a Laver 101 | _
= P-type

w0 10 17 A Second Semiconductor
0" g “~. Layer 102

Depth (um)

Fx 1042, F1G. 11, [0041], |0046], |0047], [0052]: Fig. 3 (excepted). ,0

Thus, given Applicant’s repeated representations to the Office and the D S "
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Overview of Issues

The Claims require “movement of carriers” from the “surface layer,” where the “active region” is located.

The ’195 and ’502 Claims require “movement of minority carriers” from the “surface layer.”

Dr. Banerjee confirmed the “electric field” must start in the “surface layer.”

Payne does not disclose “movement of carriers” and “movement of minority carriers” from the “surface layer.”
Onoda does not disclose “movement of carriers” and “movement of minority carriers” from the “surface layer.”

Dr. Banerjee confirmed that carriers in the “surface layer” are affected by numerous fields (e.g., gate, gate oxide,
temperature, and magnetic fields).

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 201 ot 71

Cirrus Logic, et al. v. Greenthread



6. Carriers in the Surface Layer are Affected by Numerous Fields

* Dr. Banerjee testified that “carrier movement” depends on a “number of factors.”

So it sounds like to determine

movement of an electron in a semiconductor,

Cirrus Logic, Inc. et al. v. Greenthread, LLC ~ Sanjay Banerjee, Ph.D.

Page 1

TENT AND TRADSHARK OFFICE you have to look at a number of factors,

BEFORE THE PATENT TRIAL AND APPEAL BOARD

CIRRUS LOGIC, INCORPORATED,
OMNIVISION TECHNOLOGIES, INCORPORATED,

correct?

A, Yes.

IPR2024-00001
t No. 10,734,481

MR. PAUL: Objection to form.

ORAL AND VIDEOTAPED DEPOSITION OF
SANJAY . .

DECEMBER 6, 2024

ORAL AND VIDEOTAPED DEPOSITION OF

SANJAY BANERJEE, PH.D., produced as a witness Q " (BY MR_ & WH I TEHURST ) What are
at the instance of the Patent Owner, an u.
SWor: as taken in the above-styled an
numbered cause on December

L L e e e some of the factors you have to look at?

o the Federal Rules of Civi
rocedure and any stipulations or agreements

A. Well, as I mentioned, there's

three broad categories of forces. The

-00017: Ex. 2078 (Banerjee Dep. Tr.) at 80:18-81:5

-00017: PO Sur-Reply [59] at 3-4 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Bx. 2079 72 of 138 =7 )

Cirrus Logic, et al. v. Greenthread



6. Carriers in the Surface Layer are Affected by Numerous Fields

* Dr. Banerjee testified that “carrier movement” depends on “externally applied forces” and
“built-in electric fields.”

Q. The second category of force

Cirrus Logic, Inc. et al. v. Greenthread, LLC ~ Sanjay Banerjee, Ph.D.

that you would have to look at 1s externally

Page 1
TENT AND TRADEMARK OFFICE
BEFORE THE PATENT TRIAL AND APPEAL BOARD

CIRRUS LOGIC, INCORPORATED,

My applied forces or a built-in electric field.

e Did I get that correct?

t No. 10,734,481

ORAL AND VIDEOTAPED
SANJAY

DECEMBER 6, 2024
ORAL AND VIDEOTAPED DEPOSITION OF Y e S °
SANJAY BANERJEE, PH.D., produced as a witness
at the instance of the Patent Owner, and duly
as taken in the above-styled and
numbered cause on December 6, 2024, from

(D D G GH sy Qs Bavni Tl -00017: Ex. 2078 (Banerjee Dep. Tr.) at 83:19-84:1

SR in and for the State of Texas, reported

by machine shorthand and remotely via Zoom,

pursuant to the Federal Rules of Civil
rocedure and any stipulations or agreements
stated on the record or attached hereto.

DIGITAL CE GROUP
1730 M Street, NW, Suite 812
ington, D.C. 20036
202) 232-0646

-00017: PO Sur-Reply [59] at 4 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE e e o tremred 13



6. Carriers in the Surface Layer are Affected by Numerous Fields

* Dr. Banerjee testified that the gate and gate oxide create fields that affect the movement
of carriers in the active region (or surface layer).

11

12

13

14

16

17

18

19

20

21

22

How can th reate a

built-in electric field even without an
external voltage?

A. A gate oxide can attract
charges and that can cause an electric field
to be created in the semiconductor channel.

But that's not the subject of
this patent. This patent is dealing with
built-in electric fields due to doping
gradients in the channel.

Q. But you agree that both the

15 and the an create electric

fields in the active region, even when an
external voltage is not applied, right?

MR. PAUL: Objection to form.

THE WITNESS: Yeah, th
an an create fields in

the channel, even without external

voltages.

Q. (BY MR. WHITEHURST) And the

electric fields created by the gate and the
will affect the net electric
field, right?

A. Yes. But, once again, that's
not the subject matter of these patents.

Q. And you already testified today
that the net electric field affects the net
movement .

Do you recall that?
MR. PAUL: Objection to form.
THE WITNESS: Yes, electric

field does affect net movement.

-00017: PO Sur-Reply [59] at 4, 11

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

14

15

16 and thewill affect the net

17

18

19

20

Q. (BY MR. WHITEHURST) So this

means that the electric field created by the

electric field and the net carrier movement,
correct?
MR. PAUL: Objection to form.
THE WITNESS: The gate
composition and the gate oxide

composition can create built-in

electric fields.
Q. (BY MR. WHITEHURST) And you

didn't calculate the magnitude for the

electric field due to thr the
did you?

A. No one can, unless you give me

specific information.

-00017: Ex. 2078 (Banerjee Dep. Tr.)
at 222:4-224:7

Greenthread Ex. 2079 74 of 138 74
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6. Carriers in the Surface Layer are Affected by Numerous Fields

* Dr. Banerjee testified that “carrier movement” also depends on “temperature gradients.”

Q. Can you think of any other

Cirrus Logic, Inc. et al. v. Greenthread, LLC ~ Sanjay Banerjee, Ph.D.

— category 2 forces?

TENT AND TRADEMARK OFFICE
BEFORE THE PATENT TRIAL AND APPEAL BOARD

CIRRUS LOGIC, INCORPORATED,

A A. Yes. I could apply temperature

s gradients where the temperature 1s not the

t No. 10,734,481

ORAL DEOTAPED DEPOSITION OF

AND VI

SANJAY . .
DECEMBER 6, 2024 .

ORAL AND VIDEOTAPED DEPOSITION OF :E; éEl.II].EEE t:: lﬂl :t? (:) 1-]- lﬂl (:) 1'1 1:: éEi.Ifl (:i_ 1:: l’]—é;l 1:; (:: 651 I’l :1_ 1&/r EEE (:) 1_1 ‘AJ‘lﬁl 651 1::

SANJAY BANERJEE, PH.D., produced as a witness g g y

at the instance of the Patent Owner, and duly

as taken in the above-styled and

numbered cause on December 6, 2024, from

9:13 a.m. to 6:31 p.m., before Donna Wright, \

CSR in and for the State of Texas, reported

S S e are called thermoelectric effects.

pursuant to the Federal Rules of Civil

rocedure and any stipulations or agreements
stated on the record or attached hereto.

-00017: Ex. 2078 (Banerjee Dep. Tr.) at 138:11-16

DIGITAL EVIDENCE GROUP
1730 M Street, NW, Suite 812
Washington, D.C. 20036
(202) 232-0646

www.DigitalEvidenceGroup.com Digital Evidence Group C'rt 2024

Greenthread Ex. 2079 75 of 138 7 5
Cirrus Logic, et al. v. Greenthread
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6. Carriers in the Surface Layer are Affected by Numerous Fields

* Dr. Banerjee testified that “carrier movement” also depends on “magnetic fields.”

11 Q. (BY MR. WHITEHURST) What is

12 the Hall effect?

12/6/2024 Girrus Logic, Inc. et al. v. Greenthread, LLC  Sanjay Banerjee, Ph.D. 1 3 A . T h e H a l l e f f ec t h app ens wh en

Page 1

UNITED STATES PATENT AND TRADEMARK OFFICE
BEFORE THE PATENT TRIAL AND APPEAL BOARD

14 you apply a magnetic field, say 1in the

CIRRUS LOGIC, INCORPORATED,
OMNIVISION TECHNOLOGIES, INCORPORATED,
and TEXAS INSTRUMENTS, INCORPORATED,

peritioners, 15 vertical direction, and you apply and you
GREENTHREAD, LLC,
Patent Owner.

seR2024-00001 16 have the velocity of the particles in the

U.S. Patent No. 10,734,481

ORAL AND VIDEOTAPED DEPOSITION OF
SANJAY BANERJEE, PH.D.
DECEMBER 6, 2024 1 7
ORAL AND VIDEOTAPED DEPOSITION OF
SANJAY BANERJEE, PH.D., produced as a witness
at the instance of the Patent Owner, and duly . .
sworn, was taken in the above-styled and 1 8 f th t l l y p p d l
numbered cause on December 6, 2024, from Orce ln e mu ua e r en lcu ar
9:13 a.m. to 6:31 p.m., before Donna Wright,
CSR in and for the State of Texas, reported
by machine shorthand and remotely via Zoom,
pursuant to the Federal Rules of Civil 1 9
Procedure and any stipulations or agreements
stated on the record or attached hereto.

1730 M Street, NW, Suite 812 . W
T e o 20 from me And that's known as the Hall

Washington, D.C. 20036
(202) 232-0646

www.DigitalEvidenceGroup.com Digital Evidence Group C'rt 2024 202-232-0646 2 l e f f ecC t .
reenthread Ex. 2078, p. 1 of 388

irrus Logic, et al. v. Greenthread

1PR2024-00001

horizontal direction. That will create a

direction, so in the depth direction away

-00017: Ex. 2078 (Banerjee Dep. Tr.) at 140:11-21

-00017: PO Sur-Reply [59] at 4 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Bx. 207976 of 138 —7 &5
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6. Carriers in the Surface Layer are Affected by Numerous Fields

* Dr. Banerjee testified that in order to determine movement you have to look at all of the fields.

Q. And in order to determine net A. It can because a gate electrode

movement, we would have to look through those in general will have different electronic

12/6/2024 Cirrus Logic, Tnc. et

other electric fields, right? properties than the channel. And the

UNITED STATES PATENT

BEFORE THE PATENT TR A. There could be other built-in property that I'm talking about is known as

CIRRUS LOGIC,
OMNIVISION TECHNOLO electric fields even with external voltages the work function, which is defined as the
and TEXAS INSTRUMENT

Petiti
GREENTHR;'
Patent

LeR020 electrode, gate oxide. So those are also vacuum level, the vacuum level being a

U.S. Patent N

because of the presence of the gate energy between the forming level and the

ORAL AND VIDEOTAPH examples of built-in electric fields, but not reference to potential energy.
SANJAY BANER.

DECEMBER

GREL D IO due to doping gradients; due to structural In general, the work function
SANJAY BANERJEE, PH.D.,
at the instance of the
sworn, was taken in the effects. in the gate would be different from the work
9:13 a.m. to 6:31 p.m.,
CSR in and for the Statd . . . .
by machine shorthand an Q. Why can the gate electrode function in the semiconductor in the channel.
pursuant to the Federal
Procedure and any stipu.

stated on the record or create a built-in electric field even if the That can also cause built-in fields in the

DIGITAL
1730 M Stres
Washingd
(202

doping profile is constant? channel. But that's not really the subject

| of this patent --
www.DigitalEvidenceGroup.comDigital Evidence Group C'rt 2024 202-232-0646
Greenthread Ex. 2078, p. 1 of 388

Cirrus Logic, et al. v. Greenthread

IPR2024-00001

-00017: Ex. 2078 (Banerjee Dep. Tr.) at 219:16-220:20

-00017: PO Sur-Reply [59] at 4, 11 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Bx. 2079 77 0f 138 7]
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Overview of Issues

The Claims require “movement of carriers” from the “surface layer,” where the “active region” is located.

The ’195 and ’502 Claims require “movement of minority carriers” from the “surface layer.”

Dr. Banerjee confirmed the “electric field” must start in the “surface layer.”

Payne does not disclose “movement of carriers” and “movement of minority carriers” from the “surface layer.”
Onoda does not disclose “movement of carriers” and “movement of minority carriers” from the “surface layer.”

Dr. Banerjee confirmed that carriers in the “surface layer” are affected by numerous fields (e.g., gate, gate oxide,
temperature, and magnetic fields).

The “movement of carriers” depends on the sum of all of the fields in the “surface layer.”

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Creentread Ex. 20707801198 78

Cirrus Logic, et al. v. Greenthread



7. Movement of Carriers Depends on the Vector Sum

* Dr. Banerjee testified that the “movement of carriers” depends on the “vector sum.”

15 Q. When you're trying to determine

16 net motion, you want to look at the vector

Cirrus Logic, Inc. et al. v. Greenthread, LLC ~ Sanjay Banerjee, Ph.D.

Page 1
TENT AND TRADEMARK OFFICE

R T SRR T e o 17 sum of all of the different fields, correct?

CIRRUS LOGIC, INCORPORATED,
OMNIVISION TECHNOLOGIES, INCORPORATED,

18 A. Yes.

IPR2024-00001
t No. 10,734,481

ORAL xJZiDEZE}g;ﬁEEDEEESE?ION OF 1 9 Q - B e C a u S e th e ve C t O r S um

DECEMBER 6, 2024

ORAL AND VIDEOTAPED DEPOSITION OF
SANJAY BANERJEE, PH.D., produced as a witness
at the instance of the Pate Owner, an u. .
ey v 9 8 G e 20 determines the net movement, correct?
numbered cause on December 6, 2024, from r -
9:13 a.m. to D i .

CSR in and for the State of Texas, reporte
by machine shorthand and remotely via Zoo:
pursuant to the Federal Rules of Civi.

Froseduze and any seipulaions o: spreesents 21 MR. PAUL: Objection, form.

or attached hereto.

DIGITAL CE GROUP
1730 M Street, NW, Suite 812
i n, D.C. 20036

ashington,
) -0 272 THE WITNESS: Yes
. .
oup C'rt 2024 202-232-0646
Greenthread Ex. 2078, p. 1 of 388

-00017: Ex. 2078 (Banerjee Dep. Tr.) at 183:15-22
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7. Movement of Carriers Depends on the Vector Sum

* Dr. Banerjee testified that the “movement of carriers” depends on the “vector sum.”

18 Q. (BY MR. WHITEHURST) So when 10 Q. (BY MR. WHITEHURST) So when

19 we're looking at an electron in a 11 you have multiple forces, you have to look at

20 semiconductor, we could have multiple forces 12 the vector sum?

12/6/2024 Cirrus L

21 acting on it? 13 A. To get the net motion, yes.

UNITED STATES
BEFORE THE PA'
s MR. PAUL: Objection to form. 14 0. So in order to determine the
OMNIVISION T
and TEXAS IN

THE WITNESS: Well, as I told 15 net motion, you have to look at the vector

GR

you, you have the three broad 16 sum?

U.S. P
- categories of forces, but now focusing 17 . In order to --
SANJA

DE!

o e, on the second category, which are 18 MR. PAUL: Objection to form.
at the 1n5tance’
eies e 5 externally applied forces or built-in 19 THE WITNESS: 1In order to look
9:13 a.m. to 6:3
CSR in and for t
e forces due to doping gradients, those 20 at the net motion, you have to look at
Procedure and an
stated on the re

could also have multiple components to 21 the vector sum. But then the net

1730

1

it and you have to take the vector

-00017: Ex. 2078 (Banerjee Dep. Tr.) at 113:18-114:21

www.DigitalEvidenceGroup.com Dig

sum.

Greenthread Ex. 2079 80 of 138 80
Cirrus Logic, et al. v. Greenthread
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7. Movement of Carriers Depends on the Vector Sum

* Dr. Banerjee testified that the “movement of carriers” depends on the “vector sum.”

Q. So there could be multiple and that self-generates additional electric

fields? 1Is that what you said? fields, which would be superimposed on the

12/6/2024 Cirrus L

A. It could be the field in this externally applied electric fields due to the

UNITED STATES
BEFORE THE PA'
case due to the battery that I'm hooking up battery. You either do a vector sum of the
CIRRUS
OMNIVISION T
and TEXAS IN.

to a resistor, a piece of semiconductor, built-in static electric fields to the doping

GR

which would act essentially like a resistor. gradient, as well as the externally applied

U.S. P
Now, 1f this semiconductor was doped fields, which can change from, you know, one
ORAL AND V

SANJA

- uniformly, that is the field that's relevant. situation to the other, depending on, you
SANJAY BANERJEE,
at the instance
sk, s tae But going back to the patents know, where I'm hooking up the battery,
9:13 a.m. to 6:3
CSR in and for t! R . .
N at issue, you could also have a scenario magnitude of the voltage, et cetera, et
ursuant to the
grocedure and an
stated on the re :3

where the doping concentration in the cetera.

1730

| 4 osemiconductor is not unform, is a gradation, -00017: Ex. 2078 (Banerjee Dep. Tr.) at 109:15-110:15

L —

www.DigitalEvidenceGroup.com Digital Evidence Group C'rt 2024 202-232-0646
Greenthread Ex. 2078, p. 1 of 388
Cirrus Logic, et al. v. Greenthread
1PR2024-00001

Greenthread Ex. 2079 81 of 138 8 1
Cirrus Logic, et al. v. Greenthread
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7. Movement of Carriers Depends on the Vector Sum

* Dr. Banerjee testified that the “movement of carriers” depends on the “vector sum.”

Q. But we agree that net movement

Cirrus Logic, Inc. et al. v. Greenthread, LLC ~ Sanjay Banerjee, Ph.D.

- will depend on the vector sum, right?

TENT AND TRADEMARK OFFICE
BEFORE THE PATENT TRIAL AND APPEAL BOARD

CIRRUS LOGIC, INCORPORATED,
OMNIVISION TECHNOLOGIES, INCORPORATED,

MR. PAUL: Objection to form.

o THE WITNESS: Net movement as

AND VIDEOTAPED DEPOSITION OF
SANJAY

ORAL

DECEMBER 6, 2024
ORAL AND VIDEOTAPED DEPOSITION OF . . .
ShRY BB, 0., prodices a5 = winess in drift velocity would depend on the
at the instance of the Patent Owner, an 1.
SWOr: as taken in the above-styled an
numbered cause on December 202 rom
9:13 a.m. to

SR in and for the State of Texas, reporte

oy maehine ciertimme smel mmeely i Zoem, vec t Or sum
ursuant to the Federal Rules of Civi. .
Procedure and any stipulations or agreements

state

-00017: Ex. 2078 (Banerjee Dep. Tr.) at 251:3-8

Greenthread Ex. 2079 82 of 138
Cirrus Logic, et al. v. Greenthread
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Overview of Issues

The Claims require “movement of carriers” from the “surface layer,” where the “active region” is located.

The ’195 and ’502 Claims require “movement of minority carriers” from the “surface layer.”

Dr. Banerjee confirmed the “electric field” must start in the “surface layer.”

Payne does not disclose “movement of carriers” and “movement of minority carriers” from the “surface layer.”
Onoda does not disclose “movement of carriers” and “movement of minority carriers” from the “surface layer.”

Dr. Banerjee confirmed that carriers in the “surface layer” are affected by numerous fields (e.g., gate, gate oxide,
temperature, and magnetic fields).

The “movement of carriers” depends on the sum of all of the fields in the “surface layer.”

Petitioners have the burden to analyze all of the fields in the “surface layer.”

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread £x. 20798301198 83

Cirrus Logic, et al. v. Greenthread



8. Petitioners Have the Burden to Analyze the Electric Fields

“In Magnum QOil, we soundly rejected the idea of shifting even
the burden of production from the petitioner to the patent
owner once the Board institutes an IPR where ‘the patentee’s
position is that the patent challenger failed to meet its burden
of proving obviousness. ... We therefore reject [petitioners’]
suggestion that the patent owner’s failure to put forth rebuttal
evidence regarding the substance of the references’ disclosures
in any way limited the Board’s ability to device for itself what
the references would teach or suggest to a [POSITA].”

Fanduel, Inc. v. Interactive Games LLC,
966 F.3d 1334, 1341-42 (Fed. Cir. 2020) (cleaned up)

-00017: PO Resp. [45] at 7-13; PO Sur-Reply [59] at 3-11 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 20708401198 84
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8. Petitioners Have the Burden to Analyze the Electric Fields

* Because the Prior Art does not expressly teach moving minority carriers from the “surface
layer,” Petitioners have the burden to:

— identify an electric field that is in the correct location (i.e., starts in the “surface layer”)
— identify an electric field that points in the correct direction
— analyze the gate, gate oxide, and other fields in the “surface layer”

|

In the absence of any teaching of the claim limitation in the prior art,

Petitioners have two options: 1) they can read “aid carrier movement from the first

surface” out of the claim or 2) they can argue that any “graded dopant concentration™

in the active region will “aid carrier movement.” Both options fail.

-00017: PO Response [45] at 2

-00017: PO Resp. [45] at 7-13; PO Sur-Reply [59] at 3-11 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Sreenthread Ex. 2098001 1% 85
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8. Petitioners Have the Burden to Analyze the Electric Fields

* Dr. Banerjee admitted that he did not calculate the magnitude for any of the electric fields.

19 When you were analyzing the

onatops e s vomumtic sl 7 () prior art references, you never calculated

TENT AND TRADEMARK OFFICE
BEFORE THE PATENT TRIAL AND APPEAL BOARD

CIRRUS LOGIC, INCORPORATED,

ORTTISION TECHOLOGTS, CORGORATED 21 the magnitude for any of the electric fields,

GREENTH , LLC,
Patent Owner.
IPR2024-00001 C O r r e C t -
U.S. Paten

t No. 10,734,481

ORAL AND VIDEOTAPED
SANJAY

DECEMBER 6, 2024
ORAL AND VIDEOTAPED DEPOSITION OF A I d . d l l h
SANJAY BANERJEE, PH.D., produced as a witneg . l n O t c a_ C u a t e t O S e -
at the instance of the Patent Owner, and dul
as taken in the above-styled and
numbered cause on December 6, 2024, from
9:13 a.m. to 6:31 p.m., before Donna Wright,
CSR in and for the State of Texas, reported .
o3 ot et el seetenty i -00017: Ex. 2078 (Banerjee Dep. Tr.) at 212:19-213:1
pursuant to the Federal Rules of Civil

Procedure and any stipulations or agreements
stated on the record or attached hereto.

CE GROUP
W, Suite 812
n, D.C. 20036

-00017: PO Sur-Reply [59] at 5, 22 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE L et 86



8. Petitioners Have the Burden to Analyze the Electric Fields

Dr. Banerjee’s 2005 textbook states that an electric field may be insufficient to alter the

movement of an electron.

SOLID STATE &
ELECTRONIC
DVICES EOITION

If an electric field €, is applied in the x-direction, each electron expe-
riences a net force -q€, from the field. This force may bé
appreciably the random path of an individual electron; the efTect when av-
eraged over all the electrons, however, is a net motion of the group in the
- x-direction (Fig. 5-20b). If p, is the x-component of the total momentum
of the group, the force of the field on the n electrons/em’ is

(3-29)

-00017: PO Sur-Reply [59] at 10

-00017: Ex. 1062A (Streetman & Banerjee Textbook) at 99

Greenthread Ex. 2079 87 of 138
Cirrus Logic, et al. v. Greenthread
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8. Petitioners Have the Burden to Analyze the Electric Fields

 Cirrus Logic’s VP of Technology, Mr. Warrick, confirmed that a graded concentration does
not necessarily “aid carrier movement.”

Q. (BY MR. MATICH) Can you tell me if the Q. And you can't tell me —— but can you
gradient there would aid carrier movement downward? the -- leaving aside intent for a moment, you
MR. LIDDELL: Objection, form. tell me what the effect of that gradient is?
THE WITNESS: I cannot tell you that. A.  No.
0. (BY MR. MATICH) Why not? MR. LIDDELL: Objection, form.
A. T don't have an understanding of what the Q. (BY MR. MATICH) Okay. And why not?

benefit of that gradient would be or the degradation of A. I don't know -- T don't -- you know, T don't

that gradient. have a knowledge of why that would be —- or the effect

. of that diffused grading here.
-00017: Ex. 2056 (Warrick Dep. Tr.) at 95:2-9

Q. Is —— is that because there's other things
that might affect carrier movement besides the

gradient?

Al

-00017: Ex. 2056 at 96:1-13

-00017: PO Resp. [45] at 7, 14-15; PO Sur-Reply [59] at 8 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 2079 88 of 138
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8. Petitioners Have the Burden to Analyze the Electric Fields

« WDTX ruled that a graded concentration does not necessarily “aid the movement of minority carriers.”

* The dopants must be “sufficiently graded” in order to “aid the movement.”

Second, the claim language provides some guidance as to the scope of this term. More

specifically, the claim language describes that the graded concentration of dopants creates an

electric field. See, e.g., ’195 Patent, Claim 1, Limitation [d] (“said drift layer having a graded

The Court's Analvsis:
Affer reviewing the parties’ arguments and considering the applicable law. the Court
agrees with Greenthread that the term is not or s that follow. First, the

concentration of dopants ... said drift layer further having a first static unidirectional electric

im term. For example. Figure

drift field to aid the movement of minority carriers from said surface layer to said substrate™).
B The Court concludes that a person of skill would understand that the graded concentration has to
i 5 .19 P, Cin 1 iiin 0] i s o be sufficiently graded to result in a “static unidirectional electric drift field to aid the movement
O of minority carriers.” This establishes a minimum graded concentration of dopants, i.e., a graded

be sufficiently graded to result in a “static unidirectional electric drift field to aid the movement

S T e e O st e concentration of dopants that 1s below this minimum will not aid in the movement of minority

o carriers and thus 1s not a graded concentration.

Semiconductor. v. Greenthread

-00017: Ex. 2074 (WDTX Order) at 39-40
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8. Petitioners Have the Burden to Analyze the Electric Fields

 EDTX ruled that carrier movement depends on the direction and magnitude of the slope.

INTHE UNITED STATES DISTRICT COURT
TOR TIE EASTERN DISTRICT OF TEXAS
MARSHALL DIVISION

GRETKTIIREAD, LLC,

Plasifl,

Case Nov. 2:19-0v-M147-TRG

SAMSUNG HLECTRONICS COL T,
ETAL.
Dfirilints.

CLAIM CONSTRUCTION MEMORANDUN OPINION AND ORDER
TLC (Plaintill™)
(DL, Nee. 46, filed o
Sumsung Semiconductor
Semiconductor, 110 {eullectively “Defendants™ (I3t No. 50, filed an March 4. 2020), and
Plaimtitts rephy (12ke. o, 52, filed on March 11, 2020). The Court held 4 hearing on the issues of
55 on Aril 2. 2020, Having eamsidered the o

evidence presented by the parties at the hearing and in their briefing, the Courtissues this Order,

lings ure 1o the Jiling's number iu the docket (DKL, No.) and pin ciles
ened through ECE

reentareac Ex. 2075

Cirrus Lagis, et al. v Greenthres:
IPR2EZA-IGE0

"195 Patent File Wrapper April 17, 2012 Response Pursuant to 37 CFR 1.114 Amendment E at 6
7, Dkt. No. 50-12 at 59-60. Taken in context, that the direction of the electrical field and the carrier
movement “depends solely on the slope of the graded concentration of dopant” does not mandate
that the slope must be only increasing or only decreasing to maintain a unidirectional drift field.
For example, the slope has both a direction and a magnitude and Defendant suggests that the
direction of the dnift electric field depends solely on the direction of the slope of the graded
concentration of dopant. This is not justitied by the prosecution history statements that Defendant
cites. In fact, the Grove reference cited by the patentee in the above-quoted statement mncludes
Figure 7.13 (reproduced and annotated below) which depicts a dopant concentration that both
mcreases and decreases 1n the “graded base region” that provides an “electric field . . . of such
direction as to aid the motion of injected holes.” A.S. Grove, Physics and Technology of

Semiconductor Devices 224-25 (1967), Dkt. No. 50-13 at 22-23. In other words, the patentee cited

-00017: PO Resp. [45] at 9; PO Sur-Reply [59] at 9

-00017: Ex. 2075 (EDTX Order) at 15
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8. Petitioners Have the Burden to Analyze the Electric Fields

 EDTX already rejected Petitioners’ prosecution history argument.

TN THE UNITED STATES DISTRICT COTRT
TOR TIIE EASTERN DISTRICT OF TEXAS
MARSHALL DIVISION

|
'195 Patent File Wrapper April 17, 2012 Response Pursuant to 37 CFR 1.114 Amendment E at 6— Applicant respectfully disagrees with this position because (as previously argued by

7, Dkt. No. 50-12 at 59-60. Taken in context, that the direction of the electrical field and the carrier Applicant) a unidirectional drift (clectric) field necessarily affects all the present minority

movement “depends solely on the slope of the graded concentration of dopant” does not mandate . . , . . . . .
p ¥ P gt P carriers in the same way — moving all minority carriers in the same direction because of the

that the slope must be only increasing or only decreasing to maintain a unidirectional drift field. o . ) . . .
P Y & Y g unidirectional drift due to the existence of the electric field. See “Physics and Technology of

For example, the slope has both a direction and a magnitude and Defendant suggests that the . . )
Semiconductor Devices,” A.S. Grove, pp. 224-225, John Wiley and Sons, Inc., New York, 1st

direction of the drift electric field depends solely on the direction of the slope of the graded
Edition 1967 (“This same electric field will then be of such direction as to aid the motion of
concentration of dopant. This is not justified by the prosecution history statements that Defendant
injected holes. Thus the injected minority carriers will now move not only by diffusion but also
cites. In fact, the Grove reference cited by the patentee in the above-quoted statement includes

by drift due to the existence of this electric field.”). Depending on the particular slope of the
Figure 7.13 (reproduced and annotated below) which depicts a dopant concentration that both

‘ , . , o ) graded concentration of dopant, all minority carriers are either swept “down” (from the surface
increases and decreases in the “graded base region” that provides an “electric field . . . of such

l . h b . 113 th) . ) . ) . .
direction as to aid the motion of injected holes.” A.S. Grove, Physics and Technology of B R s S el eyl See Apvlicant’s Figs. 5(b)

and 5(c).

Semiconductor Devices 224-25 (1967), Dkt. No. 50-13 at 22-23. In other words, the patentee cited

-00017: Ex. 2075 (EDTX Order) at 15 -00017: Ex. 1016 ('195 Prosecution History) at 289
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8. Petitioners Have the Burden to Analyze the Electric Fields

« WDTX and EDTX agreed that the slope must be sufficiently graded.

The Court concludes that a person of skill would understand that the graded concentration has to

be sufficiently graded to result in a “static unidirectional electric drift field to aid the movement

of minority carriers.” This establishes a minimum graded concentration of dopants, i.e., a graded

concentration of dopants that 1s below this minimum will not aid i the movement of minority

carriers and thus 1s not a graded concentration.

-00017: Ex. 2074 (WDTX Order) at 39-40

For example, the slope has both a direction and a magnitude and Defendant suggests that the

direction of the drift electric field depends solely on the direction of the slope of the graded

concentration of dopant. This is not justified by the prosecution history statements that Defendant

cites. In fact, the Grove reference cited by the patentee in the above-quoted statement includes

-00017: Ex. 2075 (EDTX Order) at 15
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8. Petitioners Have the Burden to Analyze the Electric Fields

“A petitioner may not rely on a vague, generic, and/or
meandering petition and later fault the Board for failing to
understand what the petition really meant .... Ultimately, it is
the petitioner’s burden to present a clear argument.”

Netflix, Inc. v. DivX, LLC, 84 F.4th 1371, 1377 (Fed. Cir. 2023)

-00017: PO Resp. [45] at 14; PO Sur-Reply [59] at 3-5 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE e L e oot 93



8. Petitioners Have the Burden to Analyze the Electric Fields

“That the ‘803 patent itself does not describe how to
implement pixels of varying sizes in a passive-matrix display
does not help the Petitioner here, because in this proceeding it
is Petitioner who bears the burden of proof and who needs to
show a reasonable expectation of success in accomplishing
what it proposes.”

Mianyang Boe Optoelectronics Tech. Co. v. Samsung Display Co.,
IPR2023-00987, Paper 46 at 37 (PTAB Jan. 6, 2025) (emphasis added)

-00017: PO Resp. [45] at 14; PO Sur-Reply [59] at 3-5 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE e L e oo 94



8. Petitioners Have the Burden to Analyze the Electric Fields

Where the “[p]etitioner does not meet its burden to show
obviousness,” the Board’s “determination is reinforced by
consideration of Patent Owner’s counterarguments.”

Intel Corp. v. Besang Inc., IPR2023-00991, Paper 39 at 32 (PTAB Dec. 11, 2024)

-00017: PO Resp. [45] at 14; PO Sur-Reply [59] at 3-5 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE e L e et 95



Overview of Issues

The Claims require “movement of carriers” from the “surface layer,” where the “active region” is located.

The ’195 and ’502 Claims require “movement of minority carriers” from the “surface layer.”

Dr. Banerjee confirmed the “electric field” must start in the “surface layer.”

Payne does not disclose “movement of carriers” and “movement of minority carriers” from the “surface layer.”
Onoda does not disclose “movement of carriers” and “movement of minority carriers” from the “surface layer.”

Dr. Banerjee confirmed that carriers in the “surface layer” are affected by numerous fields (e.g., gate, gate oxide,
temperature, and magnetic fields).

The “movement of carriers” depends on the sum of all of the fields in the “surface layer.”
Petitioners have the burden to analyze all of the fields in the “surface layer.”

Dr. Banerjee testified that he did not analyze any of the fields in the “surface layer.”

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 20199001 1% 0/
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9. Dr. Banerjee Did Not Analyze the Electric Fields in the References

* Dr. Banerjee admitted that he did not calculate the magnitude for any of the electric fields.

When you were analyzing the Pq(} 11

prior art references, you never calculated

the magnitude for any of the electric fields,
Graded

correct? Concentration

I did not calculate those.

CONCENTRATION

-00017: Ex. 2078 (Banerjee Dep. Tr.)
at 212:19-213:1 @ Surface Layer

O Drift Layer

O Substrate

-00017: Ex. 1005 (Payne) at Figs. 10-11

-00017: PO Sur-Reply [59] at 5, 22 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Bx. 2079 97 of 18— Q]
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9. Dr. Banerjee Did Not Analyze the Electric Fields in the References

* Dr. Banerjee did not analyze any of the electric fields in Payne’s surface layer.

Q. (BY MR. WHITEHURST) And you FIG. 11

didn't calculate the magnitude for the

electric field due to ther the
did you?

A. No one can, unless you give me

Graded
Concentration

CONCENTRATION

specific information.

" @ Surface Layer
-00017: Ex. 2078 (Banerjee Dep. Tr.) O Drift Laver

at 224:2-7 O Substrate

-00017: Ex. 1005 (Payne) at Figs. 10-11

-00017: PO Sur-Reply [59] at 11 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Bx. 2079 98 of 138 Q Q
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9. Dr. Banerjee Did Not Analyze the Electric Fields in the References

* Dr. Banerjee confirmed that the net effect of these electric fields determine the movement
of the electron.

Q. (BY MR. WHITEHURST) So this I:Ic} ].l

means that the electric field created by the

and thewill affect the net

electric field and the net carrier movement,

Graded
Concentration

correct?

MR. PAUL: Objection to form.

CONCENTRATION

THE WITNESS: The gate

composition and the gate oxide

composition can create built-in
@ Surface Layer

O Drift Layer
O Substrate

electric fields.

-00017: Ex. 2078 (Banerjee Dep. Tr.)
at223:14-224:1 -00017: Ex. 1005 (Payne) at Figs. 10-11

-00017: PO Sur-Reply [59] at 11 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Bx. 2079 9901138 - QQ
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Overview of Issues

The Claims require “movement of carriers” from the “surface layer,” where the “active region” is located.

The ’195 and ’502 Claims require “movement of minority carriers” from the “surface layer.”

Dr. Banerjee confirmed the “electric field” must start in the “surface layer.”

Payne does not disclose “movement of carriers” and “movement of minority carriers” from the “surface layer.”
Onoda does not disclose “movement of carriers” and “movement of minority carriers” from the “surface layer.”

Dr. Banerjee confirmed that carriers in the “surface layer” are affected by numerous fields (e.g., gate, gate oxide,
temperature, and magnetic fields).

The “movement of carriers” depends on the sum of all of the fields in the “surface layer.”
Petitioners have the burden to analyze all of the fields in the “surface layer.”
Dr. Banerjee testified that he did not analyze any of the fields in the “surface layer.”

10. Petitioners’ prosecution-related arguments are incorrect.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Sreentread Bx- 20191999119 100
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10. Petitioners’ Prosecution-Related Arguments are Incorrect

* Payne does not mention an electric field in the “surface layer,” and Petitioners have not
identified such a field.

Payne’s downward-sloping graded-dopant concentration aids the movement
of minority carriers from the surface layer to the substrate to the same extent to which

Applicant relied on the prior art and admitted to the Patent Office that such carrier

movement would occur under the same scenario. Ex.1003, 995-99. During

Element [1.5]: “said drift layer further having a first
static unidirectional electric drift field to aid the
movement of minority carriers from said surface layer

{o said substrate; and” prosecution, Applicant represented to the Patent Office that a downward-sloping

Payne discloses or. at a minimum, renders obvious this element. Ex.1003,
§94-107. As showa below. Payne’s SDL (ian) has a dowmward-sloping graded- graded-dopant concentration was known in the prior art to create an “inherent ‘built-
dopant concentration extending between the surface layer (blue) and the substrate
(srey) SVILA Le in’ unidirectional electric field” that moves carriers deep into the substrate (while an

FIG. 11

upward-sloping concentration, not at issue in Payne, would move those carriers in

Graded
Concentration

(CONCENTRATION

the opposite direction towards the surface):

B Surtace Layer [TThe graded dopant concentration itself creates a ‘built-in’

O Drift Layer
O Substrate

Ex.1005, FIGS. 10-11, electrical field that forces the movement of carriers into a

Payne’s downward-sloping graded-dopant concentration aids the movement

of minority carriers from the surface layer to the substrate to the same extent to which particular diI’eCthH, Whereby the ‘direction ’ 0f the eleCtl‘iClll

Applicant relied on the prior art and admitted to the Patent Office that such carrier

movement would occur under the same scenario. Ex.1003, 9995-99. During ﬁeld and the resulting direction of the C(lrrier movement

prosecution, Applicant represented to the Patent Office that a downward-sloping

graded-dopant concentration was known in the prior art to create an “inherent “built- depends Solely on the Slope of the gr(lde(l Concentr(ltion of
22

dopant.

-00017: Petition [1] at 22-23
-00017: PO Resp. [45] at 9-12; PO Sur-Reply [59] at 14-15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Sreentread Ex- 201919191192 101
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10. Petitioners’ Prosecution-Related Arguments are Incorrect

For the electric field, Petitioners rely entirely on a misreading of a claim construction
brief and the prosecution history.

Ex.1002, 289-290 (underlining in original); Ex.1003, §995-96. Applicant further

Payne’s downward-sloping graded-dopant concentration aids the movement represented that “a unidirectional drift (electric) field necessarily affects all the

. . . . present minority carriers in the same way.... Depending on the particular slope of
of minority carriers from the surface layer to the substrate to the same extent to which

the graded concentration of dopant, all minority carriers are either swept ‘down’ ...
Applicant relied on the prior art and admitted to the Patent Office that such carrier or ‘up..” Ex.1002, 289. Applicant cited Jastrzebski in support. d, 290. In

IN'THE UNITED STATES PATENT AND TRADEMARK OFFICE Jastrzebski, the graded-dopant concentration is “decreasing with depth” from the top

movement would occur under the same scenario. Ex.1003, 9995-99. During

BEFORE THE PATENT TRIAL AND APPEAL BOARD surface 11 (purple) of the substrate 10, as shown in Figure 1b below. Ex.1010, 5:14-

CIRRITS LOGIC, INC.. prosecution, Applicant represented to the Patent Office that a downward-sloping
OMNIVISION TEHCHNOLOGIHS, INC_; AND
AME SHNSORS USA INC

Potitioncr. graded-dopant concentration was known in the prior art to create an “inherent ‘built- creates an electric drift field that “force[s] most of the charge carriers ... deep into

22. Jastrzebski teaches that this downward-sloping graded-dopant concentration

- . .. . . . . . the substrate[.]” Id., 5:14-22; id., 2:27-32 (“This is done by creating a field, such as
N in’ unidirectional electric field” that moves carriers deep into the substrate (while an
GREETPER(;E“AD LLC, a drift field, in the semiconductor substrate to sweep minority charge carriers...into

atenl IICT,

upward-sloping concentration, not at issue in Payne, would move those carriers in the bulk [substrate], away from the electrode-bearing surface of the substrate.”).

Casc No. IPR2024-00017
Patent No. 8421195

the opposite direction towards the surface): b b P

PETITION FOR INTER PARTES REVIEW OF U.S. PATENT NO. . . L06 DOPING
B 0% [TThe graded dopant concentration itself creates a ‘built-in’ CONCENTRATION
UNDER 35 U.S.C. §§ 312 AND 37 C.F.R. § 42.104

electrical field that forces the movement of carriers into a
particular direction, whereby the ‘direction’ of the electrical

field and the resulting direction of the carrier movement

depends solely on the slope of the graded concentration of

dopant. Ex.1010, FIGS. la-1b.

-00017: Petition [1] at 22-24
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10. Petitioners’ Prosecution-Related Arguments are Incorrect

Greenthread did not say: all “graded dopant concentrations” will move carriers from
the “surface layer.”

Greenthread said: the electric field must move the carriers from the surface layer.

sk
25. Gref
concenty
in the gi

polarity.

graded
not requ
result.”
G
a claim
level to
slope o)

id.. 272

of some

25. Greenthread reiterated—without qualification—that “/w/hen the dopant
concentration is graded in a particular direction, other charge carriers will move
in the gradient direction (or opposite direction) depending on the charge carrier’s
polarity.” Id., 2; see also Ex.2057, 433 (Dr. Glew providing the exact same
representation). Greenthread further explained, “[w]hile the claims require that the
graded dopants create an electric field that aids movement of the carriers, they do
not require a specific range of doping, a particular doping field, or a particular

result.” which are beyond “the scope of Dr. Rao’s invention.” Ex. 1020, 28.

The claim specifies the
graded dopants create an electric field that aids movement of the carriers away from the surface
layer. Defendants assert that the specification does not provide guidance on how to assess or
measure carrier movement. This is not true. The claims and the specification make clear that the

ust move the carriers in a particular direction E@ he surface layer to the
substrate). Whether the carrier movement has a particular speed or acceleration is beyond the

scope of the claim, as long as it meets the other limitations of the claim.

- — — . .

Greenthread's change-01-Course rom the litigation to IPR CONText 15 a classic
“effort[] to twist claims. like a nose of wax. in one way to avoid invalidity and
another to find infringement.” which the Board should reject. Dara Engine Techs.,

LLC v. Google LLC. 10 F.4th 1375, 1381 (Fed. Cir. 2021),

-00017: Pet. Reply [54] at 13

-00017: PO Resp. [45] at 9-12; PO Sur-Reply [59] at 14-15

-00017: Ex. 1020 (Greenthread’s Brief) at 29

Greenthread Ex. 2079 103 of 138 1 03
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10. Petitioners’ Prosecution-Related Arguments are Incorrect

Greenthread did not say: all “graded dopant concentrations” will move carriers from
the “surface layer.”

Greenthread said: the electric field must move the carriers from the surface layer.

\ Applicant respectfully disagrees with this position because (as previously argued by clectrical field that forces the movement of carriers into a particular direction, whereby the
REMARKS Applicant) a unidirectional drift (clectric) field necessarily affects all the present minority b 6t i sl e pl e s, chissi of @ s o (g
carriers in the same way — moving all minority carriers in the same direction because of the

solely on thf the graded concentration of dopant. With regard to the existence of a
unidirectional drift due to the existence of the electric field. See “Physics and Technology of
Semiconductor Devices.” A.S. Grove, pp. 224-225, John Wiley and Sons, Inc., New York, st built-in” electric field created by a graded dopant density, see, e.g., Jastrzebski (US 4,481,522)

appticant respecsnt|  Bdition 1967 (“This same electric field will then be of such direction as to aid the motion of col. 5, lines 11-13 (cited in Office Action). Applicant respectfully submits that this inherent

Applicant) a unidirecti

cmiers in the same way | inj€cted holes. Thus the injected minority carriers will now move not only by diffusion but also “built-in” unidirectional electric field is the additional parameter for ensuring that all minority

unidirectional drift due to fl
semicoiucorDeies a| DY drift due to the existence of this electric field.”). Depending on the pamculf the carriers are being moved in one direction and which parameter the Office Action deemed to be
Edition 1967 (“This same e¢f

injected holes, This tre ] 2¥@deEd concentration of dopant, all minority catriers are either swept “down”e surface

by drift due to the existenc

missing from the disclosure.

layer to the substrate) or “up” (from the substrate to the surface layer). See Applicant’s Figs. 5(b)

graded concentration of dop

e and 5(0). -00017: Ex. 1016 ('195 Prosecution History) at 289-290

and 5(c).

The Office Action als
force on al minoiy i The Office Action also states that “such a unidirectional drift field may attempt to apply a

knowing other parameters

force on all minority carriers in a specific direction, it does not appear to ensure (without

argument appears to not conf

knowing other parameters of the device) that it will draw ‘all’ minority carriers...” Yet, this

argument appears to not consider that the graded dopant concentration itself creates a “built-in”

-00017: PO Resp. [45] at 9-12; PO Sur-Reply [59] at 14-15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE e e v croemires 104



10. Petitioners’ Prosecution-Related Arguments are Incorrect

* Dr. Banerjee confirmed that a “built in” field cannot move carriers from the “surface,”
unless it is in the correct location and it points in the correct direction.

24

N - Type
Substrate

€

N* Buried
Layer

~10
Depth (um)

Ex. 1031 (Kamins), Fig. 3. Kamins s
below the maximum dopant concenty
deeper into the substrate (to the right -?r— gure 3
the maximum dopant concentration 4

3:8-14. Thus. Kamins confirms that 2

electric field. which. in fum, moves the'majority and MIMOrIty carriers. opposite o
and in the direction of the doping gradient. respectively. Kamins does not mention
that a minimum gradient is required to move the carriers or that the carriers need to

overcome some opposing force before moving,

29. Likewise. Greenthread cited portions of the book authored by Grove

during prosecution. Fig. 7.13 shows the impurity distribution in a pnp transistor.

PO Sur-Reply [59] at 14-15

Q. (BY MR. WHITEHURST) So the
electric field shown in Figure 3 that points
in an upward direction will not aid movement
of holes from the surface or the active
region to the substrate for two reasons:
One, because the electric field does not
extend to the surface or the active region;
and, two, because holes move in the same
direction of the electric field.

Did I get that right?

MR. PAUL: Objection to form.

THE WITNESS: Yes, that
electric field doesn't extend all the
way to the surface. Therefore, there
cannot be any drift velocity of the
holes due to that electric field.

And, furthermore, even if it

did extend to the surface, it points

in thewrong direction gnd will cause

the holes to move via drift towards
the surface. But, remember, there is

always an opposing diffusion part.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-00017: Ex. 2078 (Banerjee Dep. Tr.)
at 266:4-267:4
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10. Petitioners’ Prosecution-Related Arguments are Incorrect

* Dr. Banerjee confirmed that in order for an “electric field” to aid movement from the “active
region” (or surface layer) you have to know the direction and location of the electric field.

So when you're trying to A. Because this collective

determine whether an electric field will aid ensemble is the center of gravity, or a part,

carrier movement from the active region to if you will, of this collective ensemble of

12/6/2024 Cirrus Logic, Inc. et al. v. Greenthread, LLC ~ Sanjay Banerjee, Ph.D.

Page 1 the substrate, you have to know more than holes, it's sensitive to the direction,

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD . .
magnitude, and whether there is a nonzero

just the direction of the electric field.

CIRRUS LOGIC, INCORPORATED,
OMNIVISION TECHNOLOGIES, INCORPORATED,

and TEXAS TNSTRUMENTS, INCORPORATED, You also need to know where the electric

Petitioners,

electric field in that center point of this

v.

GREENTHREAD, LLC, field starts.

Patent Owner.

ensemble, if you will.

IPR2024-00001 Did I get that right? Q. And I think we agree if the

U.S. Patent No. 10,734,481

ORGG, C0D VIPIOTEGED DEEGSITION OF MR. PAUL: Objection to form. electric field starts or ends below the

SANJAY BANERJEE, PH.D.
DECEMBER 6, 2024

ORAL AND VIDEOTAPED DEPOSITION OF THE WITNESS: Yes, you need to

SANJAY BANERJEE, PH.D., produced as a witness

at the instance of the Patent Owner, and duly . . o)

sworn, was taken in the above-styled and know the @ and the spatial movement from the active region?

numbered cause on December 6, 2024, from

9:13 a.m. to 6:31 p.m., before Donna Wright, " . . 0

CSR in and for the State of Texas, reported @ here the electric field is A. If the electric field isn't

by machine shorthand and remotely via Zoom,

pursuant to the Federal Rules of Civil ; q q " .
Procedure and any stipulations or agreements existing in order to determine the @ n the active region, it will not aid

stated on the record or attached hereto.

active region, it will not aid carrier

carrier movement via the drift mechanism for

DIGITAL EVIDENCE GROUP drift motion.
1730 M Street, NW, Suite 812

Washington, D.C. 20036 this ensemble of failures in the active
(202) 232-0646 Q. (BY MR. WHITEHURST) And why do

region.

www.DigitalEvidenceGroup.com Digital Evidence Group C'rt 2024 202-232-0646 you ne ed to know the spec ific location of the

Greenthread Ex. 2078, p. 1 of 388
Cirrus Logic, et al. v. Greenthread
1PR2024-00001

electric field? -00017: Ex. 2078 (Banerjee Dep. Tr.) at 272:14-274:2
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10. Petitioners’ Prosecution-Related Arguments are Incorrect

* Dr. Banerjee also confirmed that other fields affect the movement of carriers in the surface layer.

11

12

13

14

16

How can th reate a

built-in electric field even without an
external voltage?

A. A gate oxide can attract
charges and that can cause an electric field
to be created in the semiconductor channel.

But that's not the subject of
this patent. This patent is dealing with
built-in electric fields due to doping
gradients in the channel.

Q. But you agree that both the

15 and the an create electric

fields in the active region, even when an
external voltage is not applied, right?

MR. PAUL: Objection to form.

THE WITNESS: Yeah, th
an an create fields in

the channel, even without external

voltages.

Q. (BY MR. WHITEHURST) And the

electric fields created by the gate and the
will affect the net electric
field, right?

A. Yes. But, once again, that's
not the subject matter of these patents.

Q. And you already testified today
that the net electric field affects the net
movement.

Do you recall that?
MR. PAUL: Objection to form.
THE WITNESS: Yes, electric

field does affect net movement.

-00017: PO Sur-Reply [59] at 7-8, 14-15

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

14

15

Q. (BY MR. WHITEHURST) So this

means that the electric field created by the

16 and thewill affect the net

17

18

19

20

electric field and the net carrier movement,
correct?
MR. PAUL: Objection to form.
THE WITNESS: The gate
composition and the gate oxide

composition can create built-in

electric fields.
Q. (BY MR. WHITEHURST) And you

didn't calculate the magnitude for the

electric field due to thr the
did you?

A. No one can, unless you give me

specific information.

-00017: Ex. 2078 (Banerjee Dep. Tr.)
at 222:4-224:7
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Overview of Issues

The Claims require “movement of carriers” from the “surface layer,” where the “active region” is located.

The ’195 and ’502 Claims require “movement of minority carriers” from the “surface layer.”

Dr. Banerjee confirmed the “electric field” must start in the “surface layer.”

Payne does not disclose “movement of carriers” and “movement of minority carriers” from the “surface layer.”
Onoda does not disclose “movement of carriers” and “movement of minority carriers” from the “surface layer.”

Dr. Banerjee confirmed that carriers in the “surface layer” are affected by numerous fields (e.g., gate, gate oxide,
temperature, and magnetic fields).

The “movement of carriers” depends on the sum of all of the fields in the “surface layer.”
Petitioners have the burden to analyze all of the fields in the “surface layer.”

Dr. Banerjee testified that he did not analyze any of the fields in the “surface layer.”

. Petitioners’ prosecution-related arguments are incorrect.

. Dr. Banerjee’s belated “Brownian motion” argument is not relevant to the Challenged Claims.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Sreentread Bx 201919801198 108
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11. “Brownian Motion” is New Argument

Patent Owner argues Petitioner raises new arguments in its Reply that
we should not consider, citing the Federal Circuit’s holding in Wasica Fin.
GmbH v. Cont’l Auto. Sys. Inc., 853 F.3d 1272, 1286 (Fed. Cir. 2017), that a
petitioner cannot “cure the petition’s deficiencies in its subsequent briefing.”

Sur-reply 4. We find this argument persuasive.

Satco Products, Inc. v. Seoul Semiconductor Co., Ltd., IPR2020-00146, Paper 44 at 20 (PTAB June 25, 2021)

-00017: PO Sur-Reply [59] at 5-6 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Sreentvead Bx 20191999119 109
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“Brownian Motion” is Not Relevant

* “Brownian Motion” is “random” motion with “zero net displacement.”

conduction and valence band that are not covalently bonded to the atoms (e.g.,
silicon or impurity atoms). At room temperature, such carriers are constantly

moving due to thermal (i.e., Brownian) effects.

6. Doped semiconductors contain carriers (electrons and holes) in the

His declaration also lacks citations to any books or papers that describe the
structure or operation of semiconductor devices

4 Dr. Glew provided additional technical bases of his opinions during
his deposition. For example, Dr. Glew stated that these “other forces” include the
potential stress on the silicon lattice, which he says may reduce the resistance, and
any other defects in the silicon structure, due to post-implantation annealing. See
Section V.A.2

5 I disagree with Dr. Glew. His opinions are based on an incorrect
understanding of the behavior of charge carriers in a semiconductor device
including their motion, and the impact of a graded dopant concentration in a region
on the motion of such charge carriers
T Summary of Opinions

6. Doped semiconductors contain carriers (electrons and holes) in the
conduction and valence band that are not covalently bonded to the atoms (e.g..
silicon or impurity atoms). At room temperature, such carriers are constantly

moving due to thermal (i.e., Brownian) effects.

-00017: PO Sur-Reply [59] at 5-6

the “intrinsic resistance.” nor does he explain what the _\00017~:1\Exx: 1060 at 1" 6

19. In an n-type silicon, the conduction electrons are essentially free
particles because they are not associated with any particular lattice or donor site.
Same is true for holes in a p-type semiconductor. Though the carriers are bound to
the atoms at low temperature, the bonds are very weak and thermal energy breaks
the bonds at room temperature. Importantly, these carriers are not stationary, but
are constantly moving § random paths Jlue to thermal effects, in all directions

reaching speeds of about 107 cm/second at room temperature. (“The electrons in

the semiconductor are therefore moving rapidly in all directions). Ex.1063 (Sze),
p- 48. The “motion of an individual electron may be visualized as a succession of
random scattering from collisions with [vibrating] lattice atoms, impurity atoms
and other scattering centers,” as illustrated in Fig. 1(a) below (the electron is

annotated in blue). Ex. 1063 (Sze), p. 48.

Fig. 1 Schematic path of an electron in a semiconductor. (a) Random thermal motion.
(b) Combined motion due to random thermal motion and an applied electric field.

Ex. 1061 (Sze), 48 (annotated). See also Ex. 1062 (Streetman) Fig. 3-20 at 98. The
random motion of electrons leads to zero net displacement of a group of electrons
over a sufficiently long period of time. The average distance between collisions 1s
called mean firee path, and the average time between collisions 1s called mean fiee

time t.. EX. 1061 (Sze), 48. See also Ex. 1062 (Streetman) at 98-99.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-00017: Ex. 1060 (Banerjee Supp. Decl.) at 9 19
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11. “Brownian Motion” is Not Relevant

“Brownian Motion” is “random thermal motion.”

Q. Can we refer to this as random 16 0. And shown here in Figure 1(a),

thermal motion? 17 we see this random motion going from one tc

A. Yes. 18 two to three to four to five to six.

0. Can we refer to this as 19 Do you see that? (b)

. \ 5 Fig.1 Schematic path of an electron in a semiconductor. (¢) Random thermal motion.
Brownlian motion? 20 A. Yes. (b) Combined motion due to random thermal motion and an applied electric field.

A. Y .
= -00017: Ex. 2078 (Banerjee Dep. Tr.) at 197:16-20 -00017: Ex. 1060 (Banerjee Supp. Decl.) at 9 19

Q. Can we refer to this as random
motion?

A. Yes, a random thermal motion.
SANORY BANEROEE, PH.D., produced a5 a witness

at the instance of thel 1:}1 Enxl.ju2078 at 196:3_11

sworn, was taken in the above-styléd and
numbered cause on December 6, 2024, from

9:13 a.m. to 6:31 p.m., before Donna Wright,
CSR in and for the State of Texas, reported
by machine shorthand and remotely via Zoom,
pursuant to the Federal Rules of Civil
Procedure and any stipulations or agreements
stated on the record or attached hereto.

DIGITAL EVIDENCE GROUP
1730 M Street, NW, Suite 812
Washington, D.C. 20036
(202) 232-0646

www.DigitalEvidenceGroup.com Digital Evidence Group C'rt 2024 202-232-0646
Greenthread Ex. 2078, p. 1 of 388
Cirrus Logic, et al. v. Greenthread
1PR2024-00001
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11. “Brownian Motion”

is Not Relevant

* The claims require “carrier movement” from the “surface layer,” not “random thermal motion.”

US 8,421,195

US 9,190,502

US 11,121,222

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 substrate, said drift layer
having a graded concentration of dopants extending
between said surface layer and said substrate said drift
layer further havmg a first static iang electnc

said surface layer to said substrate; and

at least one well regﬁl disposed in said single drift layer,
said well region having a graded concentration of
dopants and a second static iQ
field to aid the movement o
surface layer to said substrate.

7. A 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 substrate, said drift layer
having a graded concentratlon of dopants generating a
first static un1d1 s 3 electrlc drift field to aid the
movement ¢ 1 rom said surface layer to
said substrate; and

at least one well region disposed in said single drift layer,
said well region having a graded concentration of
dopants generating a second static unidirectional elec-
tric drifi field to aid the movement o
from said surface layer to said substrate.

-00017: Ex. 1001 ("195 pat.) at 4:13-29

-00018: Ex. 1001 ('502 pat.) at 4:52-67

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

44. A CMOS Semiconductor device comprising:

a surface layer;

a substrate;

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

a single drift layer disposed between the other surface of
the surface layer and the substrate, the drift layer
having a graded concentration of dopants extending
between the surface layer and the substrate, the drift
layer further having a first static unidirectional electric
drift field to aid the movement offrﬂ the
surface layer to an area of the substrate where there are
no active regions; and

at least one well region disposed in the single drift layer,
the well region having a graded concentration of dop-
ants and a second static unidirectional electric drift field
to aid the movement of from the surface layer
to_the area of the substrate where there are no active
regions.

-00021: Ex. 1001 (222 pat.) at 8:21-39
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Overview of Issues

The Claims require “movement of carriers” from the “surface layer,” where the “active region” is located.

The ’195 and ’502 Claims require “movement of minority carriers” from the “surface layer.”

Dr. Banerjee confirmed the “electric field” must start in the “surface layer.”

Payne does not disclose “movement of carriers” and “movement of minority carriers” from the “surface layer.”
Onoda does not disclose “movement of carriers” and “movement of minority carriers” from the “surface layer.”

Dr. Banerjee confirmed that carriers in the “surface layer” are affected by numerous fields (e.g., gate, gate oxide,
temperature, and magnetic fields).

The “movement of carriers” depends on the sum of all of the fields in the “surface layer.”
Petitioners have the burden to analyze all of the fields in the “surface layer.”

Dr. Banerjee testified that he did not analyze any of the fields in the “surface layer.”

. Petitioners’ prosecution-related arguments are incorrect.

. Dr. Banerjee’s belated “Brownian motion” argument is not relevant to the Challenged Claims.

. Dr. Banerjee’s credibility issues

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Sreentread Bx 201911301198 113
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12. Dr. Banerjee’s Relationship with Petitioner Tl

* Dr. Banerjee depends on research funding from private companies for his career advancement.

* To him, this is “more important than being a good teacher.”

12/6/2024 Cirrus Logic, Inc.etal

The main role of a professor in When did you -- when did it

UNITED STATES PA
BEFORE THE PATE!

=T a research university, as you probably know, become part of your job to secure research

OMNIVISION TEC!
and TEXAS INST!

2 is research, actually bringing in research funding?

e funding. The graduate students do the hard

IP!
U.S. Pat

A. From day one. I mean, if you

work. And I have worked on different kinds ) _ _
R D AR do not bring in research funding, you do not

SANJAY

B of semiconductor devices, transistors,

ORAL AND VIDI

sanoAY maNsEE, P get tenure at research universities. They

at the instance of . . . . .
e different kinds of memories, 1including flash

numbered cause on

9:13 am. to €:31 kick you out in six years. So that's
G5 dn andl o o R memory, for example, other kinds of memory,

R , probably more important than being a good
SN ] CMOS, C-M-0-5. I believe I have over 1,200

04l 7 3 papers and 30 patents on these topics. teacher.

Wa.

www.DigitalEvidenceGroup.com Digital Evidence Group C'rt 2024 2(]2—232—0646| '00017: EX. 2078 at 29:4'13 '00017: EX. 2078 (Ba ner_lee Dep. Tr.) at 29:18'30:4
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12. Dr. Banerjee’s Relationship with Petitioner Tl

* Dr. Banerjee has two active private industry grants.

* Only one was disclosed to the Board on his CV.

Q. What other companies besides
Intel have you received directed funding
from?

A. I currently have direct funding
from Texas Instruments, Samsung. I think

currently those are the onlthat are

active.

Grant title:

"NSF-NNCT "

Site Director: S.Banerjee
Sponsoring Agency: NSF
Duration: Sept. 2015- August.2025

-00017: Ex. 2078 (Banerjee Dep. Tr.)
at 44:13-19

-00017: Ex. 1004 (Banerjee CV)
at pg. 11

-00017: PO Sur-Reply [59] at 12 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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12. Dr. Banerjee’s Relationship with Petitioner Tl

* Dr. Banerjee has received substantial funding from Texas Instruments and plans to pursue more.

I got funding from Texas Q. So you are currently receilving

Instruments. In fact, I have funding from funding from Texas Instruments?

them now. I probably got funding from A. That's correct.

Samsung. In the past, I had funding from Q. And what 1s Texas Instruments'
Micron, Intel. I'm trying to think. I think funding you to do?

those are some of the immediate ones. A. Work on transistors, thin film

-00017: Ex. 2078 at 37:10-15 transistors, the modeling of them.

-00017: Ex. 2078 (Banerjee Dep. Tr.) at 46:11-17

-00017: PO Sur-Reply [59] at 12-13 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE S




12. Dr. Banerjee’s Relationship with Petitioner Tl

* Dr. Banerjee has received substantial funding from Texas Instruments and plans to pursue more.

Q. (BY MR. WHITEHURST) When did Q. Are you hoping to get future
Texas Instruments begin funding you? funding from TI?

A, This latest financial funding A. I'm always hopling to get
started, I think, in April of this year. funding from everybody.

0. And how much have they paid you Q. And why are you hoping to get

since April of this year? funding from everybody?

A. Tt's a small amount, something A. That's how you pay your

like $90,000; 80-, 90,000. graduate students, your postdoctoral fellows.

-00017: Ex. 2078 at 46:22-47:7 Your lab collapses if you don't have money.

-00017: Ex. 2078 (Banerjee Dep. Tr.) at 49:15-50:1
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12. Dr. Banerjee’s Relationship with Petitioner Tl

* Texas Instruments is joined as a Petitioner in 4 out of 7 IPR proceedings involving Cirrus
Logic/OmniVision.

FURTHER ORDERED that the case caption in IPR2024-00001 shall

be changed to reflect joinder of Texas Instruments, Inc. as a petitioner in

accordance with the attached example;

CIRRUSLOGIC. INC.:

Wﬂ@m QGIES INC - AND -00001: Paper 52, pg. 20
—— |

L EXASINSTRUMENTSINCORPORATED, _ " FURTHER ORDERED that the case caption in [IPR2024-00017 shall
0 . .
PCTITIoNeT. be changed to reflect joinder of Texas Instruments Incorporated as a

petitioner in accordance with the attached example;
-00017: Paper 52, pg. 13
FURTHER ORDERED that the case caption in [PR2024-00018 shall

be modified to reflect Petitioner’s joinder in accordance with the attached

V.

GREENTHREAD. LLC.
Patent Owner.

example.
H

IPR2024-00017" -00018: Paper 51, pg. 18
Patent10.734.195B2 ; FURTHER ORDERED that the case caption in IPR2024-00019 shall

-00017: Paper 52, pg. 15 be changed to reflect joinder of Texas Instruments Incorporated as a

petitioner in accordance with the attached example;
.. o

-00019: Paper 51, pg. 21

PO Sur-Reply [59] at 12-13 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE S




12. Dr. Banerjee’s Relationship with Petitioner Tl

* Dr. Banerjee’s current opinions are inconsistent with his earlier 2005 textbook.

25.  Of course, m the absence of externally applied voltages or electric
field, there cannot be any nef movement of either the electrons or holes. Thus, mn
this case, the diffusion of carriers in one direction must be counterbalanced by

movement of carriers in the opposite direction. Such a movement 1s called drift,

which occurs due to the static electric field € shown by the red arrow. The static

appreuiablv the random P ath of an individual el ectron: th ; electric field € is self-generated due to the decrease in the acceptor impurity
eraged over all the electrons, however, is a net motion of the group in the
- x-direction (Fig. 3-20b). If p, is the x-component of the total momentum
of the group, the force of the field on the n electronsfc.mB is entire length for which the slope is monotonically decreasing and is not externally

IN THE UNITED STATES PATENT AND TRADEMARK O]

concentration from the surface into the substrate. The electric field & spans the

serore e patent Lo areeatsosl — gpplied. In the figure above, the electric field € will aid the movement of minority
— i E — o Te .
ngé, = (3-29) oo TESIOIENG

AMS SENSORS USA. INC.

Peions carrier electrons from the surface to the substrate (depicted as Electron Drift in

GREENTHREADILC. figure above, and—conversely will aid the movement of majority carrier holes

. Patent Owner. 2

_OOO 1 7 . EX' 1062A (Street m a n & IPR2024-00001 Patenr 10,734.481 B2

H i from the substrate to the surface (depicted as Hole Dnift in figure above). In the
T o Tom X - : re).

Banerjee Textbook) at 99 FERS Rl pietec e £

TPR2024-00020 Patent 11,121,222 B2

TPR2024-00021 Patent 11.121.222 B2!
above device, carrier drift wQll necessarily ocyur by virtue of the graded (i.e., non-
SUPPLEMENTAL DECLARATION OF DR. SANJAY BA

IN SUPPORT OF PETITIONERS’ REPLY

zero sloping) dopant concentration, and the resulting electric field €. Ex. 1061

ﬁmmm AT KOUAR BANGREE -00017: Ex. 1060 (Banerjee Supp. Decl.) at 9125
" The same declaration s being filed in each of the referenced proceedings.

v CIRRUS EX. 1060
CIRRUS EX. 1062 - 1/190

-00017: PO Sur-Reply [59] at 13 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE BN 20 CORETITTI O
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12. Improper Witness Coaching

Dr. Banerjee agreed that coaching during breaks is not allowed.

12 Q. So you know how the procedure

13 works. I'm not goling to go over all of that

— S T 14 now. But you know that under the rules for

Page 1

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOBRD 15 these IPR proceedings, you're not allowed to

e e _
e TS INSTRONENIS, PCORIORATID 16 talk to anybody during the breaks about your

Patent Owner. 1 7 te Stimony .

IPR2024-00001
U.S. Patent No. 10,734,481

ORAL AND VIDEOTAPED DEPOSITION OF ]_ 8 DO you understand that rule ?

SANJAY BANERJEE, PH.D.
DECEMBER 6, 2024
ORAL AND VIDEOTAPED DEPOSITION OF

SANJAY BANERJEE, PH.D., produced as a witness 1 9 A Ye s
. .

at the instance of the Patent Owner, and duly

sworn, was taken in the above-styled and
numbered cause on December 6, 2024, from
9:13 a.m. to 6:31 p.m., before Donna Wright, .

6% i 2l R e Gt off vy mepoiad 20 Q. And do you intend to comply
by machine shorthand and remotely via Zoom,

pursuant to the Federal Rules of Civil
Procedure and any stipulations or agreements

stated on the record or attached hereto. 2 1 Wl th tha t ru l e t Oday ?

DIGITAL EVIDENCE GROUP
1730 M Street, NW, Suite 812

Washington, D.C. 20036 2 2 A . Ye S

(202) 232-0646

www.DigitalEvidenceGroup.comDigital Evidence Group C'rt 2024 Greenmreaj(:i&;;,—g?i o 325 _OOO 1 7 : EX . 2 078 ( B a n e rj e e D e p . Tr. ) at 7 : 1 2 _ 2 2
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12. Improper Witness Coaching

» After cross examination, Petitioners’ counsel asked a series of leading questions
to elicit “yes” or “no” answers.

10 Q. (BY MR. PAUL) Okay. And is The carriers (holes or electrons) in the

11 this part of the summary of opinions that you conduction band are in constant motion, and

. 12 reached? the static electric field causes them to

onrrep s ] 3 A. Yes. drift.

BEFORE TJ

At equilibrium (i.e., when the device

omrved 14 Q. Okay. And could you please is off),

and TE:

there cannot be a net movement of

15 read the first sentence? carriers. As a result, the movement of

\AJ 2 2 —__n . . . .\ . .
A. The direction carriers due to drift in one direction is

* %k 3k

ORAL

. . compensated by diffusion of those carriers in
A. "The direction of the slope of P Y

at the inay the graded dopant concentration is sufficient the opposite direction.

Q. And do you agree with the --
to determine whether the static electric

are these your opinions?
fields created by the graded dopant

A. Yes.
concentration will aid the movement of

Q. And do you stand by them?

carriers in a given direction due to drift.

-00017: Ex. 2078 (Banerjee Dep. Tr.) at 313:10-16; 314:8-315:4

www.DigitalEvidenceGroup|
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12. Improper Witness Coaching

* Dr. Banerjee testified that he conferred with four attorneys during the 40-minute break.

Q. I don't normally do this, but Q. Did you speak with anybody on

this 1s rather extraordinary. You and your the phone?

12/6/2024 Cirrus Logi

attorneys took a 40-minute break. During A. I did not.

“sscove ez o that 40-minute break, at any time did you 0. Did you speak with anybody

CIRRUS L
OMNIVISION TE!

and TEXS INS meet with any of the attorneys or other other than the attorneys sitting at the

L persons sitting at the table with you now? with you?

P

I

vs. ea A. Yes. A. I did not.
ORAL AND VI . . .
s Q. Which of the attorneys sitting 0. Did you meet with the four
ORAL AND VI
SANJAY BANERJEE

g T —— at the table did you meet with during the - ~
o e et y g attorneys how many attorneys did you
numbered cause on
[y 40-minute break? If you can please identify with?
s o €

osadine S ey them by name on the record. i I believe there are four in the

_— A. I met with counsel, Raj Paul roor.

W,

and Anupam Sharma, and I believe Kent Cooper -00017: Ex. 2078 (Banerjee Dep. Tr.) at 337:17-338:20

was also there and Emre.

www.DigitalEvidenceGroup.com Digitd
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12. Improper Witness Coaching

Dr. Banerjee testified that he conferred with four attorneys during the 40-minute break.

Q. What's your best approximation

of how long you met with the attorneys during

12/6/2024 Cirrus Logic, Inc. et al. v. Greenthread, LLC ~ Sanjay Banerjee, Ph.D.

Page 1

UNITED STATES PATENT AND TRADEMARK OFFICE the 4 O _mj_nut e bre ak ?

BEFORE THE PATENT TRIAL AND APPEAL BOARD

CIRRUS LOGIC, INCORPORATED, . .
OMNIVISION TECHNOLOGIES, INCORPORATED, MR . PAUL . Obj e Ct 10n tO the
and TEXAS INSTRUMENTS, INCORPORATED,
Petitioners,
v.

RN, 1ic, relevance of this.

Patent Owner.

IPR2024-00001

U.S. Patent No. 10,734,481 THE WITNESS: Probably 20

ORAL AND VIDEOTAPED DEPOSITION OF
SANJAY BANERJEE, PH.D. . R
e minutes or so because I took a bio

ORAL AND VIDEOTAPED DEPOSITION OF
SANJAY BANERJEE, PH.D., produced as a witness
at the instance of the Patent Owner, and duly . .
S S T g e break, Raj Paul took a bio break. And

numbered cause on December 6, 2024, from

9:13 a.m. to 6:31 p.m., before Donna Wright,
CSR in and for the State of Texas, reported . ' .
By machine shorthand and remotely via zoom, for some time, I was walking around in
pursuant to the Federal Rules of Civil
Procedure and any stipulations or agreements
stated on the record or attached hereto.

the corridor and they were talking
DIGITAL EVIDENCE GROUP

1730 M Street, NW, Suite 812
Washington, D.C. 20036

(202) 252-0646 amongst themselves. So maybe half the

www.DigitalEvidenceGroup.com Digital Evidence Group C'rt 2024 202-232-0646
Greenthread Ex. 2078, p. 1 of 388 t ]

Cirrus Logic, et al. v. Greenthread ime.

1PR2024-00001

-00017: Ex. 2078 (Banerjee Dep. Tr.) at 339:9-20
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12. Improper Witness Coaching

Dr. Banerjee was instructed not to answer questions regarding his discussions with the four
attorneys during the 40-minute break.

A. I spoke to Mr. Paul and 0. (BY MR. WHITEHURST)
Mr. Sharma during the break. Dr. Banerjee, are you going to follow your
Q. And did you speak with Mr. Paul attorney's advice?
about your testimony? A. Yes.
MR. PAUL: Once again, T Q. And you are going to refuse to
instruct you not to answer. Objection answer my question whether you spoke with
to the question as calling for Mr. Paul about your testimony?

privileged information. A. I'm going to follow my

——— |
DIGITAL EVIDENCE GROUP atto rney ! S adVl ce.

1730 M Street, NW, Suite 812
Washington, D.C. 20036
(202) 232-0646
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-00017: PO Sur-Reply [59] at 14

12. Improper Witness Coaching

“In general, there are problems associated with off-the-
record discussions between counsel for a party and a witness
testifying on behalf of a party taking place during any recess
after conclusion of cross-examination and before and
redirect. ... There are inherent difficulties for an opponent to
uncover the nature of any conversation during a recess. As a
result, when recess conversations occur a party runs a risk
that the Board may find that there was witness coaching
and may exclude or give little, or no, weight to the
testimony of a coached witness.”

Flir Systems, Inc. v. Leak Surveys, Inc., IPR2014-00411, Paper 45 at 7 (PTAB Feb. 10, 2015)

Greenthread Ex. 2079 125 of 138 125
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12. Petitioners’ Replicated Expert Declaration

* Dr. Banerjee testified that he was unsure if the Board could determine his contributions to
his own declaration.

When the judges read paragraph 71 of

your declaration, how are they to know which

7/19/2024 Cirrus Logic, Inc. et al. v. Greenthread, LLC ~ Sanjay Banerjee, Ph.D.

portions you have verified and which portions you

Page 1

UNITED STATES PATENT AND TRADEMARK OFFICE
BEFORE THE PATENT TRIAL AND APPEAL BOARD

have not verified and instead relied on your

CIRRUS LOGIC, INC.;
OMNIVISION TECHNOLOGIES, INC.;
Petitioners

v

sreeNTHREAD, 1rc, attorneys for?

Patent Owner

Case: IPR2024-00001

U.S. Patent No. 10,734,481 * ok k
Case: IPR2024-00016

U.S. Patent No. 10,510,842
Case: IPR2024-00017 4 s

s Q. And I would remind you, sir, that you
Case: IPR2024-00018

U.S. Patent No. 9,190,502
Case: IPR2024-00019 }1
U.S. Patent No. 11,316,014 d

Case: IPR2024-00020 are under oath.
U.S. Patent No. 11,121,222
Case: IPR2024-00021

h T T A. I don't know how they could tell. As

Deposition of SANJAY BANERJEE, PH.D.
Conducted Remotely

oy, el 1, 206 far as technical opinions regarding the validity

10:00 a.m.

Reported by: Matthew Goldstein, RMR, CRR

DrGITAL EVEDENCE GROU of the claims, I do stand by those opinions. I

1730 M Street, NW, Suite 812
Washington, D.C. 20036
(202) 232-0646

think that's most important.
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12. Petitioners’ Replicated Expert Declaration

 Dr. Blalock admitted to replicating Dr. Travis Blalock’s prior report.

Q. Okay. Can you explain how it came to be And in this case, the attorneys had

that the grounds in your '842 declaration are the given me copies of the cited prior art. So I read

exact same grounds in Intel's IPR against the through those in detail, also. And I formed my

'842 patent? opinion about the validity or invalidity of the
A. So whenever I analyze patents, I read various claims in the '842 patent. And that's

the patents in detail. That's what I did in this what's captured in my report.

case. And I form some initial opinions about the I was given a copy of the Blalock

patents and what the claims mean. report. I reviewed that. And I saw that in this

e
U.S. Patent No. 11,121,222

Case: IPR2024-00021 case, I believe many or all of my conclusions were

U.S. Patent No. 11,121,222

beposition of SANVAY BANERJEE, PH.D. consistent with what Dr. Blalock had written. So
Euttnyy, ety 38, SR
e that's why I didn't see any point in reinventing

Reported by: Matthew Goldstein, RMR, CRR

DIGITAL EVIDENCE GROUP . . . .

1730 ¥ Street, NW, Suite 812 the wheel. So that's why there's similarities.

Washington, D.C. 20036
(202) 232-0646

o DB eneioup oDl e Soup 221 oty -00017: Ex. 2058 (Banerjee Dep. Tr.) at 53:13-54:10

Cirrus Logic, et al. v. Greenthread
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12. Petitioners’ Replicated Expert Declaration

* Dr. Banerjee was not surprised that his “analysis” matches the previous declaration almost
verbatim.

* The two declarations include substantially identical excerpts.

1

Q. Okay. Well, if we were to do a

7roroen Q. Okay. So it would not surprise you that

UNITED

. ‘ . line-by-line comparison here, would it surprise
BEFORE for the claim elements and their alleged mapping

you to find substantially identical lines and
to prior art Intel's IPR for the '842 patent
sentences in paragraphs in Dr. Blalock's

' 1 im?
matches your '842 declaration almost verbatim? declareslons cnd your ceclawatiens?

* 3k 3k % % x

17 THE WITNESS: It does not surprise me. THE WITNESS: No, it did not surprise

Case: IPR2024-00019

me. Just as I told you, I read the patents, I
heen b -00017: Ex. 2058 at 54:11-17 ’ ’

U.S. Patent No. 11,121,222

Case: IPR2024-00021 read the prior art, came to my opinions, then I
U.S. Patent No. 11,121,222

read Dr. Blalock's report and I agreed with any or

Deposition of SANJAY BANERJEE, PH.D.
Conducted Remotely

Friday, guly 19, 2024 all of the statements he made in his reports. I
10:00 a.m.

Reported by: Matthew Goldstein, RMR, CRR did not -- I saw no poil’lt in, you know,

DIGITAL EVIDENCE GROUP
1730 M Street, NW, Suite 812

reinventing the wheel and new language. So
Washington, D.C. 20036
(202) 232-0646

wherever it was appropriate, I incorporated

www.DigitalEvidenceGroup.comDigital Evidence Group C'rt 2024 202-232-0646
Greenthread Ex. 2058, p. 1 of 168
Cirrus Logic, et al. v. Greenthread

IPR2024-00001 sentences or paragraphs.
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12. Petitioners’ Replicated Expert Declaration

* Dr. Banerjee’s declaration essentially matches the prior expert’s declaration.

94.  In my opinion, Payne discloses or, at a minimum, renders obvious this
element. As shown below, Payne’s single drift layer (tan) has a downward-sloping
graded-dopant concentration extending between the surface layer (blue) and the

substrate (grey). Section X.A.1.e.

FIG. 11

Graded
Concentration

CONCENTRATION

@ Surface Layer
O Drift Layer

O Substrate

Ex. 1005, FIGS. 10-11.

95. Payne’s downward-sloping graded-dopant concentration aids the
movement of minority carriers from the surface layer to the substrate to the same
extent to which Applicant relied on the prior art and admitted to the Patent Office

that such carrier movement would occur under the same scenario. During

o

GREENTHREAD LLC.
Patent Owner

US. PATENT NO. 8,421,195

Case IPR2023-TBD

DECLARATION OF TRAVIS BLALOCK, PH.D.

Itel Ex. 1000

-00017: PO Resp. [45] at 30-31

prosecution, Applicant represented to the Patent Office that a downward-sloping
graded-dopant concentration was known in the prior art to create an “inherent ‘built-
in’ unidirectional electric field” that moves carriers deep into the substrate (while an
upward-sloping concentration, not at issue in Payne, would move those carriers in
the opposite direction towards the surface):
[T]he graded dopant concentration itself creates a ‘built-in’
electrical field that forces the movement of carriers into a
particular direction, whereby the ‘direction’ of the electrical field
and the resulting direction of the carrier movement depends
solely on the slope of the graded concentration of dopant.
Ex. 1002, 289-290 (underlining in original).

96.  Applicant further represented that “a unidirectional drift (electric) field
necessarily affects all the present minority carriers in the same way.... Depending
on the particular slope of the graded concentration of dopant, @/l minority carriers
are either swept ‘down’ ... or ‘up...”” Ex. 1002, 289. Applicant cited Jastrzebski in
support. Id., 290. In Jastrzebski, the graded-dopant concentration is “decreasing with
depth” from the top surface 11 (purple) of the substrate 10, as shown in Figure 1b

below. Ex. 1010, 5:14-22.

94.  In my opinion, Payne discloses or, at a minimum, renders obvious this
element. As shown below, Payne’s single drift layer (tan) has a downward-sloping
graded-dopant concentration extending between the surface layer (blue) and the

substrate (grey). Section X.A.1.e.

FIG. 11

Z Graded
/NS Concentration
m

CONCENTRATION

@ Surface Layer
O Drift Layer
O Substrate

Ex. 1005, FIGS. 10-11.

95.  Payne’s downward-sloping graded-dopant concentration aids the
movement of minority carriers from the surface layer to the substrate to the same
extent to which Applicant relied on the prior art and admitted to the Patent Office

that such carrier movement would occur under the same scenario. During

-00017: Ex. 2076 (Prior Blalock Decl.)
at 99 94-96

BEFORE THE PATENT TRIAL AND APPEAL BOARD

CIRRUS LOGIC. INC.:
OMNIVISION TECHNOLOGIES, INC.; AND
AMS SENSORS USA INC.
Peiitioner.

GREENTHREAD LLC.
Patent Owner

US. PATENT NO. 8,421,195

Case IPR2024-00017

DECLARATION OF DR. SANJAY BANERJEE IN SUPPORT OF
PETITION FOR INTER PARTES REVIEW OF U.S. PATENT NO. 8,421,195

CIRRUS EX. 1003

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

prosecution, Applicant represented to the Patent Office that a downward-sloping
graded-dopant concentration was known in the prior art to create an “inherent ‘built-
in’ unidirectional electric field” that moves carriers deep into the substrate (while an
upward-sloping concentration, not at issue in Payne, would move those carriers in
the opposite direction towards the surface):

[Tlhe graded dopant concentration itself creates a

‘built-in’ electrical field that forces the movement of

carriers into a particular direction, whereby the

‘direction’ of the electrical field and the resulting

direction of the carrier movement depends solely on the

slope of the graded concentration of dopant.
Ex. 1002, 289-290 (underlining in original).

96.  Applicant further represented that “a unidirectional drift (electric) field
necessarily affects all the present minority carriers in the same way.... Depending
on the particular slope of the graded concentration of dopant, a/l minority carriers
are either swept ‘down’ ... or ‘up...”” Ex. 1002, 289. Applicant cited Jastrzebski
in support. Id., 290. In Jastrzebski, the graded-dopant concentration is “decreasing
with depth” from the top surface 11 (purple) of the substrate 10, as shown in

Figure 1b below. Ex. 1010, 5:14-22.

-00017: Ex. 1003 (Banerjee Decl.)
at 919 94-96
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12. Petitioners’ Replicated Expert Declaration

* Dr. Banerjee even copied minute details from the prior declaration.

* Dr. Banerjee allegedly conducted the exact same “internet search” as Dr. Blalock.

69.  Silicon Processing For The VLSI Era by Stanley Wolf 1s a four volume
textbook related to semiconductor devices, with particular focus on CMOS devices.
Exs. 1008A-D. I am familiar with the Wolf textbook. An internet search for this
textbook title limited to the “.edu” domain yields over 800 results. Thus, it is clearly
used as a teaching resource in engineering courses in many, many universities and

is widely cited in scientific works.

71.  Silicon Processing For The VLSI Era by Stanley Wolf is a four volume
textbook related to semiconductor devices, with particular focus on CMOS devices.
Exs. 1008A-D. I am familiar with the Wolf textbook. An internet search for this
textbook title limited to the “.edu” domain yields over 800 results. Thus, it is
clearly used as a teaching resource in engineering courses in many, many

universities and is widely cited in scientific works.

-00017: Ex. 2076 (Prior Blalock Decl.) at 9] 69

-00017: Ex. 1003 (Banerjee Decl.) at 9 71
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12. Petitioners’ Replicated Expert Declaration

* Dr. Banerjee admitted he did not conduct the search for the “well-known” Wolf reference.

Q. How do you know that the Internet search Q. And you did not verify if that sentence

yields over 800 results, as you wrote in that is accurate-?
paragraph of your declaration? * ok k
* %k %k THE WITNESS: No, I did not. But as I
11 THE WITNESS: I did not do that search told you, I have used Wolf as a reference for many

12 myself. My lawyers did. years when I teach my graduate course, as do my

U.S. Fatent No. 0,421,195 colleagues at other top-tier universities. So

Case: IPR2024-00018
U.S. Patent No. 9,190,502
Case: IPR2024-00019

R i independent of this, I feel that Wolf is a good
U.S. Patent No. 11,121,222

Case: IPR2024-00021
U.S. Patent No. 11,121,222

encyclopedic reference.

Deposition of SANJAY BANERJEE, PH.D.
Conducted Remotely

ot -00017: Ex. 2058 (Banerjee Dep. Tr.) at 114:7-22

Reported by: Matthew Goldstein, RMR, CRR
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12. Petitioners’ Replicated Expert Declaration

* Dr. Banerjee could not verify the accuracy of relevant portions of his declaration.

Q. Do you know if the sentence about 800 0. Instead, you used the sentence that

search results is accurate? Dr. Blalock used and that perhaps your attorneys

A. I did not verify independently. gave you, which you have not verified and you do

* % % not even know right now if it is accurate;

Q. I know you are saying you did not verify correct?

it. I am asking you a different gquestion, sir.

Do you know sitting here today whether THE WITNESS: I cempet @TEest 'O e

accuracy of the number 800 search results.

that sentence is accurate or inaccurate?

* k% -00017: Ex. 2058 (Banerjee Dep. Tr.) at 122:20-123:5
THE WITNESS: I do not know.

Reported by: Matthew Goldstein, RMR, CRR

-00017: Ex. 2058 at 116:14-16, 117:2-8
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12. Petitioners’ Replicated Expert Declaration

* Dr. Banerjee changed his testimony to state that he only verified “substantive matters.”

0. Okay. Do you stand by all of the Q. How can you stand by parts of your

declarations if you relied on your counsel and did

opinions in the '842 declaration that you

submitted and your other declarations in these not independently verify them?

IPRs? * ok

THE WITNESS: I definitely verified what

A. Yes.
* k % I regard as substantive matters. The thing that

Q. But you said you stand by your you mentioned about 800 citations to Wolf is a

declarations; correct? peripheral issue. I'm very familiar with Wolf as

A. Yes. a reliable textbook, independent of that.

. D tand b 11 t £
. O YOU Stand bY ats Paths of Your -00017: Ex. 2058 (Banerjee Dep. Tr.) at 122:20-123:5

10 declarations?

11 A. Yes.

www.DigitalEvidenceGroup.comDigital Evidence Group C'rt 2024 202-232-0646 . . 1.
Greenthread Ex. 2058, p. 1 of 168 - . X. at . - .4,
ad

Cirrus Logic, et al. v. Greenthre:

119:6-11
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12. Petitioners’ Replicated Expert Declaration

At first, Dr. Banerjee relied upon the Internet search to demonstrate his familiarity with Wolf.

Later, Dr. Banerjee testified that the “main basis” for his familiarity was prior use of the book.

0 In paragraph 71, you mentioned an 0. Did you include the sentence about 800 Q. But the part that's below the cherry,
. ’

) ) o )
Internet search; right? results to help bolster the point that Wolf is your main basis, you didn't put that in your

declaration; did you?

* %k %

A Yes clearly used as a teaching resource in many, many

) Wh ) . . h h universities and widely cited in scientific works?
Q y did you write in that paragrap THE WITNESS: I did not use the phrase

* 3k *k
2
about an Internet search for the Wolf textbook? "cherry on top" with respect to the 800 number in

THE WITNE H T h f Wolf
* ok ok 58 nothe case o oLt, My the declaration.

THE WITNESS: It demonstrates that Wolf or my opinion that it's a reliable BY MR. JATRAM:

is a well-respected reference used by many reference is the fact that I've used it for many Q. I'm not asking about the phrase. I'm

professors. years in my graduate course at the university saying, what you just now characterized as your

where we talk about CMOS device fabrication. So main basis for your opinion, the fact that you

-00017: Ex. 2058
at 113:19-114:5

that's my primary basis for the opinion. This used it for many years allegedly in your graduate

. , course at the universit that is not mentioned in
800 number is sort of the cherry on top, if you v

your declaration -- or any of your declarations;
will.

is it?

-00017: Ex. 2058 at 120:8-20

17 THE WITNESS: I do not mention that

18 explicitly. That's kind of implicit in the

19 statement I'm familiar with the Wolf textbook.

20 But I could have been specific, I guess.

Ex. 2058 (Banerjee Dep. Tr.) at 120:22-121:20
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Overview of Issues

The Claims require “movement of carriers” from the “surface layer,” where the “active region” is located.

The ’195 and ’502 Claims require “movement of minority carriers” from the “surface layer.”

Dr. Banerjee confirmed the “electric field” must start in the “surface layer.”

Payne does not disclose “movement of carriers” and “movement of minority carriers” from the “surface layer.”
Onoda does not disclose “movement of carriers” and “movement of minority carriers” from the “surface layer.”

Dr. Banerjee confirmed that carriers in the “surface layer” are affected by numerous fields (e.g., gate, gate oxide,
temperature, and magnetic fields).

The “movement of carriers” depends on the sum of all of the fields in the “surface layer.”
Petitioners have the burden to analyze all of the fields in the “surface layer.”
Dr. Banerjee testified that he did not analyze any of the fields in the “surface layer.”
. Petitioners’ prosecution-related arguments are incorrect.
. Dr. Banerjee’s belated “Brownian motion” argument is not relevant to the Challenged Claims.
. Dr. Banerjee’s credibility issues

. Greenthread’s licensing agreements provide substantial evidence of objective indicia of non-obviousness.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Sreentread Bx 201913501198 135
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13. Objective Indicia of Non-Obviousness

“Objective evidence of nonobviousness ... may often be the
most probative and cogent evidence in the record. It may
often establish that an invention appearing to have been
obvious in light of the prior art was not.”

* k X

“IL]icenses with companies under no apparent threat of
litigation” are especially probative of non-obviousness.

Transocean Offshore Deepwater Drilling, Inc. v. Maersk Drilling USA, Inc.,
699 F.3d 1340, 1349, 1353 (Fed. Cir. 2012)

-00017: PO Resp. [45] at 26-27; PO Sur-Reply [59] at 23 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE e ey cremred 136



13. Objective Indicia of Non-Obviousness

* Two semiconductor companies took licenses without any threat of litigation.
* There is no evidence that these companies took a license to save litigation costs.

* The license was for the entire patent family and all of the patents involved graded dopant
concentrations.

4. Greenthread ha@ threatened litigation)—1mplicitly, explicitly, or otherwise—

scsin: [ : 1 ofthir s

5. In 2020, after Greenthread Sued- for infringing Greenthread's patents, RPX

Corp. ("RPX") approached Greenthread to negotiate a license on behalf of some of its members,

including - - and - Greenthread and RPX negotiated a license to RPX

(Appendix A) which gave RPX the right to sublicense those companies to the Greenthread family

of patents and which I understand RPX did in fact grant to them.

-00017: Ex. 2072 (Dr. Rao Decl.) at 2
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13. Objective Indicia of Non-Obviousness

* Intel, Sony, Micron, and Western Digital also licensed the patents.

EXHIBIT E EXHIBIT D — LITIGATION

LICENSEE NULLITY PROCEEDINGS AND LICENSOR LITIGATIONS

Greenthread, LLC v. Micron Technology, Inc. et al., 23-cv-00333 (D. Del.)

: : -00017: Ex. 2072 at 81
Intel Corp. v. Greenthread LLC, IPR2023-00260
Intel Corp. v. Greenthread LLC, IPR2023-00308
Intel Corp. v. Greenthread LLC, IPR2023-00386 EXHIBIT D = LITIGATION
Intel Corp. v. Greenthread LLC, IPR2023-00420
Intel Corp. v. Greenthread LLC, IPR2023-00541 Greenthread, LLC v. Western Digital Corporation et al., 1:23-cv-00326-RGA (D. Del.)
Intel Corp. v. Greenthread LLC, IPR2023-00548
Intel Corp. v. Greenthread LLC, IPR2023-00552 -00017: Ex. 2072 at 101
Sony Group Corporation v. Greenthread LLC, IPR2023-00324
Sony Group Corporation v. Greenthread LLC,IPR2023-00325
Sony Group Corporation v. Greenthread LLC,IPR2023-00375 GREENTHREAD-AMS-OSRAM SETTLEMENT
Sony Group Corporation v. Greenthread LLC,IPR2023-00376

EXHIBIT D - LITIGATION and IPRs

Greenthread, LLC v. OSRAM GmbH et al., 2:23-cv-00179-JRG (E.D. Tex.)

IPR2024-00001, [PR2024-00016, IPR2024-00017, IPR2024-00018, IPR2024-00019,

_00017: Ex. 2072 at 55 ;l;l;i(:?4-00020, IPR2024-00021 and all other proceedings challenging the validity of a Licensed

-00017: Ex. 2072 (Dr. Rao Decl.) at 122

Greenthread Ex. 2079 138 of 138 1 3 8
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