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Overview of Issues

The Challenged Claims require “carrier movement” from the “active region.”
Dr. Banerjee confirmed that the “electric field” must start in the “active region.”
Petitioners did not identify an electric field, much less an electric field that starts in the “active region.”
Dr. Banerjee confirmed that carriers in the “active region” are affected by numerous fields
(e.g., gate, gate oxide, temperature, and magnetic fields).
Dr. Banerjee confirmed that “carrier movement” depends on the sum of all of the fields in the “active region.”
Petitioners have the burden to analyze all of the fields in the “active region.”
Dr. Banerjee testified that he did not analyze any of the fields in the “active region.”
* Dr. Banerjee did not analyze the gate, gate oxide, and other fields in Kawagoe’s “active region.”
* The graded dopant concentration is “uniform” in Wieczorek’s “active region.”
Petitioners’ prosecution-related arguments are incorrect.
Dr. Banerjee’s belated “Brownian motion” argument is not relevant to the Challenged Claims.
Kawagoe does not meet the “second doping type” limitation.
Petitioners’ expert declaration and testimony are untrustworthy.
* Dr. Banerjee has an undisclosed financial relationship with one of the petitioners.
* Petitioners’ counsel conducted improper witness coaching prior to re-direct examination.
* Dr. Banerjee copied verbatim the expert declaration from a separate petitioner’s expert.

Substantial evidence of objective indicia of non-obviousness supports patentability.
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Overview of Issues

* The Challenged Claims require “carrier movement” from the “active region.”
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Aid Carrier Movement from the Active Region

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

US 10,734,481

US 10,510,842

US 11,316,014

US 11,121,222

1. A semiconductor device, comprising:

a substrate of a first doping type at a first doping level
having first and second surfaces;

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

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

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

at least a portion of at least one of the first and second

active regions having at least one gri l ed dopant con-

centration to aid carrier movement the first sur-
@ e second surface of the subsfrate; and

at least one well region adjacent to the first or second
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move-
ment from the first surface to the second surface of the
substrate.

1. A semiconductor device, comprising:

a substrate of a first doping type at a first doping level
having first and second surfaces;

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

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

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

at least a portion of at least one of the first and second
active regions having at least one graded dopant con-
centration to aid carrier movement‘the first sur-
@ he second surface of the substrate.

-00001: Ex. 1001 ('481 pat.)
at 4:50-5:3

-00016: Ex. 1001 ('842 pat.)
at 4:45-60

1. An electronic system, the system comprising:
at least one semiconductor device, the at least one semi-
conductor device including:

a substrate of a first doping type at a first doping level
having a surface;

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

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

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

at least a portion of at least one of the first and second
active regions having at least one graded dopant
concentration to aid carrier move ene first
and second active regions an area of the
substrate where there are no active regions; and

at least one well region adjacent to the first or second
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move-
ment from the surface towards the area of the sub-
strate where there are no active regions, wherein at
least some of the transistors form digital logic of the
semiconductor device.

1. A VLSI semiconductor device, comprising:

a substrate of a first doping type at a first doping level
having a surface;

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

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

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

at least a portion of at least one of the first and second
active regions having at least one graded dopant con-
centration to aid carrier_m Vemente first and
second active regjon area of the substrate
where there are no active regions; and

at least one well region adjacent to the first or second
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move-
ment from the surface towards the area of the substrate
where there are no active regions, wherein at least some
of the transistors form digital logic of the VLSI semi-
conductor device.

-00019: Ex. 1001 (‘014 pat.)
at 4:49-5:7

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-00020: Ex. 1001 ('222 pat.)
at 4:38-62

Greenthread Ex. 2079 5 of 114
Cirrus Logic, et al. v. Greenthread

)



Aid Carrier Movement from the Active Region

* Dr. Rao’s specification discloses that “spurious minority carriers” interfere with the “active
circuitry at the surface.”

US010734481B2

a2 United States Patent

Rao

(0) Patent No.:
(5) Date of Patent:

US 10,7344
Aug. 4

(54) SEMICONDUCTOR DEVICES WITH
GRADED DOPANT REGIONS

(71) Applicant: GREENTHREAD, LLC, Dallas, TX

(72) Toven G. R. Mohan Rao, Allen, TX (US)

(73)  Assignee: nthrea TX (US)

US.C. 154(b) by 0 day

(21) Appl. No-: 16/717,950

(22) Filed:  Dec. 17,2019

(65) Prior Publication Data
US 202000127095 Al Apr. 23, 2020

(51) Tnt.CL
HOIL 29/06
HOIL 29710
HOIL 29536
HOIL 297739

(2006.01)
(2006.01)
(2006.01)
(2006.01)
HOIL 277146 (2006.01)
HOIL27/1IS24 (2017.01)
2017.01)
(2006.01)
(2006.01)

S. ClL &
CPC .. HOIL 29/1095 (2013.01): HOIL 27/11521

(2013.01): HOIL 27/11524 (2013.01). HOIL
27/14643 (2013.01); HOLL 29/36 (2013.01);

HOIL 29/7395 (2013.01); F0IL

As illustrated in FIGS. 5A, 5B, and 5C, 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 switching in digital VLSI logic and memory ICs.
These unwanted carriers can discharge dynamically-held
“actively held high” nodes. In most cases, statically-held
nodes (with V) cannot be affected. Degradation of refresh
time in DRAMs is one of the results, because the capacitor
holds charge dynamically. Similarly, degradation of CMOS
digital images in digital imaging ICs is another result of the
havoc caused by minority carriers. Pixel and color resolution
can be significantly enhanced in imaging ICs with the
embodiments described herein. Creating “subterranean”
recombination centers underneath the wells (gold doping,
platinum doping) as is done in some high-voltage diodes is
not practical for VLSI circuits. Hence, a novel technique 1s
described herein which creates a drift field to sweep these
unwanted minority carriers from the active circuitry at the
surface into the substrate in a monolithic die as quickly as

In a preferred embodiment, the subterranean n~
layer has a graded donor concentration to sweep the minor-
ity carriers deep into the substrate. One or more of such
layers can also be implemented through wafer to wafer
bonding or similar “transfer” mechanisms. This n~ layer can
be a deeply-implanted layer. It can also be an epitaxial layer.
As desired, the n~ well and p~ wells can also be graded or
retrograded in dopants to sweep those carriers away from the
surface as well.

-00001: PO Resp. [45] at 28; PO Sur-Reply [63] at 6-7

-00001: Ex. 1001 at 3:48-67

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-00001: Ex. 1001 ('481 pat.) at 4:1-9
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Aid Carrier Movement from the Active Region

* Dr. Rao’s specification discloses using a “drift field” to “sweep these unwanted minority
carriers from the active circuitry at the surface into the substrate.”

As illustrated in FIGS. 5A, 5B, and 5C, donor gradient is

well. The uraded don:

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 switching in digital VLSI logic and memory ICs.
These unwanted carriers can discharge dynamically-held

| “actively held high™ nodes. In most cases, statically-held
| nodes (with V__) cannot be affected. Degradation of refresh
| time in DRAMSs is one of the results, because the capacitor

holds charge dynamically. Similarly, degradation of CMOS

| digital images in digital imaging ICs is another result of the

havoc caused by minority carriers. Pixel and color resolution
can be significantly enhanced in imaging ICs with the
embodiments described herein. Creating “subterranean”

| recombination centers underneath the wells (gold doping,
| platinum doping) as is done in some high-voltage diodes is
| not practical for VLSI circuits. Hence, a novel technique 1s
| described herein which creates a drift field to sweep these

.| unwanted minority carrierthe active circuitry at the
| surfac =@ the substrate in a monolithic die as quickly as

CIRRUS

In a preferred embodiment, the subterranean n~
layer has a graded donor concentration to sweep the minor-
ity carriers deep into the substrate. One or more of such
layers can also be implemented through wafer to wafer
bonding or similar “transfer” mechanisms. This n~ layer can
be a deeply-implanted layer. It can also be an epitaxial layer.
As desired, the n~ well and p~ wells can also be graded or
retrograded in dopants to sweep those carriers awahe
surface as well.

PO Resp. [45] at 28; PO Sur-Reply [63] at 6-7

-00001: Ex. 1001 at 3:48-67

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Aid Carrier Movement 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

-00001: PO Resp. [45] at 4

-00001: Ex. 1001 (‘481 pat.) at Fig. 5B
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Overview of Issues

* The Challenged Claims require “carrier movement” from the “active region.”
* Dr. Banerjee confirmed that the “electric field” must start in the “active region.”
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The Electric Field Must Start in the Active Region

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

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

Greenthread patents also confirm that a graded concentration of dopant creates a Nt
—lype
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 ete. The non-

any nef movement of carriers (both electrons or holes). This is|

N, g e . .. . . Tigure 3
movement ofa given cartier type due to drift is counterbalance 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” ln . Flg. 3 .” EX 103 ] (Kam.lns) 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.

-00001: Ex. 1060 (Banerjee Supp. Decl.) at 9 28
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The Electric Field Must Start in the Active Region

* 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

2

Nt Buried A. Approximately in that field.

Layer

' -00001: Ex. 2078 (Banerjee Dep. Tr.) at 256:11-15
~10

Depth (pm)

intersects the X axis?

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 FI g u r e 3
OVEICOIE S /ing.

ome opposing force before moving

29. Likewise. Greenthread cited portions of thq]

during prosecution. Fig. 7.13 shows the impurity distribf

-00001: Ex. 1060 (Banerjee Supp.
Decl.) at 9] 28

17
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The Electric Field Must Start in the Active Region

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

- -00001: Ex. 1060 (Banerjee Supp.
Decl.) at 9] 28

depth.

-00001: Ex. 2078 (Banerjee Dep. Tr.) at 260:2-13

-00001: PO Sur-Reply [63] at 14-15, 22 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Bx. 2079 1201 1141 )
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The Electric Field Must Start in the Active Region

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

-00001: PO Sur-Reply [63] at 14-15, 22

-00001: Ex. 1060 (Banerjee Supp.
Decl.) at 9] 28

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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The Electric Field Must Start in the Active Region

* Dr. Banerjee testified that the upward “electric field” will not aid carrier movement from
the active region because it is not in the 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 [63] 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

-00001: Ex. 2078 (Banerjee Dep. Tr.)
at 266:4-267:4
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The Electric Field Must Start in the Active Region

* 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 [63] 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

-00001: Ex. 2078 (Banerjee Dep. Tr.)
at 266:4-267:4
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The Electric Field Must Start in the Active Region

* 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.

Q. (BY MR. WHITEHURST) Now, let's THE WITNESS: That electric

stay with Figure 3, but turn to the electric field points in the current direction.

field that's to the right pointing in the It enabled holes to drift towards the

e

downward direction. substrate, but it is too far away from
Do you see that? the active region, and therefore will

N - Type A. Yes.
Substrate

not have any impact in terms of drift

Q. Do you agree that the electric motion of the holes on the active

i; field that's pointing in the downward region towards the substrate.

~10 . ) . .
Dept! direction will not aid movement of holes from Q. (BY MR. WHITEHURST) Now,

N* Buried

Figure] the surface or the active region to the because the electric field shown to the right

Layer

below the maximum dopant concentration are a |

Ex. 1031 (Kamins). Fig. 3. Kamins states that th

substrate? of ten microns is too far from the surface in

MR. PAUL: Objection to form. the active region, it will not aid movement

deeper into the substrate (to the right on the graj

T
of holes from the surface or the active
the maximum <lopnm concentration are accelerai L d 10

3:8-14. Thus. Kamins confirms that a graded doj Dep1 h (# m ) region to the substrate?

electric field. which. in turn. moves the majority MR. PAUL: Objection to form.

and in the direction of the doping gradient. resp

Scope.
that a minimum gradient is required to move the]

overcome some opposing force before moving, | i E l u re 3 THE WITNESS: Will not aid

movement from the surface to the
29. Likewise. Greenthread cited portio:

during prosecution. Fig. 7.13 shows the impurity substrate of the holes in the active

region due to the drift mechanism.

-00001: Ex. 2078 (Banerjee Dep. Tr.)
at 268:3-269:13

-00001: PO Sur-Reply [63] at 14-15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Bx. 2079 16 01 114 1] G
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The Electric Field Must Start in the Active Region

* 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

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

Page 1 17 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

18 just the direction of the electric field.

CIRRUS LOGIC, INCORPORATED,
OMNIVISION TECHNOLOGIES, INCORPORATED,

and TEXAS INSTRUMENTS, INCORPORATED, 19 You also need to know where the electric

Petitioners,

electric field in that center point of this

v.

GREENTHREAD, LLC, 20 field starts.

Patent Owner.

ensemble, if you will.

IPR2024-00001 21 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 2 g o)
sworn, was taken in the above-styled and know the direction 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, : : : 1
CSR in and for the State of Texas, reported location 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 3 g d : g g
Procedure and any stipulations or agreements existing in order to determine the PIECECIE 0 TS SCRLVe ESeien, It WLl WoE ehe

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

electric field? -00001: Ex. 2078 (Banerjee Dep. Tr.) at 272:14-274:2

Cirrus Logic, et al. v. Greenthread
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-00001: PO Sur-Reply [63] at 7-8, 14-15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greentread Ex. 2070170t 11 17
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The Electric Field Must Start in the Active Region

* 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

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

at the instance of the Patent Owner, and duly ] ] )

cromm, R talmn dn e mbeve-ciyied ame 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, 3 1 3 A}
ER i sl o e Giste of T, @opemiEd @ 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 . . . . . .
Procedure and any stipulations or agreements existing in order to determine the present in the active region, it will not aid

stated on the record or attached hereto.

active region, it will not aid carrier

— drift motion. carrier movement via the drift mechanism for

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.
DigitalEvid Gl X Digital Evide G C'rt 2024 202-232-0646 1l 1 1

AT T RS G rentren s o oags you need to know the specific location of the

Cirrus Logic, et al. v. Greenthread
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electric field? -00001: Ex. 2078 (Banerjee Dep. Tr.) at 272:14-274:2
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Overview of Issues

* The Challenged Claims require “carrier movement” from the “active region.”
* Dr. Banerjee confirmed that the “electric field” must start in the “active region.”
* Petitioners did not identify an electric field, much less an electric field that starts in the “active region.”

Greenthread Ex. 2079 19 of 114
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Petitioners Did Not Identify an Electric Field in Kawagoe’s Active Region

Kawagoe does not mention moving carriers from the “active region.”

A. Kawagoe to Figure 23). Id., 14:46—55, 15:62-16:40 (“p-well 6p and n-well 6n have their

Kawagoe describes CMOS devices fabricated using twin-well CMOS impurity concentrations gradually lowered in the depthwise direction ...”).6

technology and an epitaxial substrate, whereby the epitaxial layer can be doped at

LINTNEDS WINTIIED) SSI/ATIER IPAITEINT AT TMRADIEMIARIK QAT the same or lower level than the substrate body. Ex.1007, 3:32-38, 6:65- 7:3, 8:40-

(RO TG IPAINIF TIRIAVL ARID AAAZAL ONAD 53, 15:13-17, 15:26-40. Kawagoe’s figure below depicts a twin-well CMOS

CIRRUS LOGIC, INC structure. Ex.1007, 15:26-40, 18:18-23.
OMNIVISION TECHNOLOGIES, INC.: AND

AMS SENSORS USA INC.,
Petitioner,

PMOS Transistor NMOS
4P) Transistor (4N)

GREENTHREAD, LLC,
Patent Owner.

—» DEPHT (um)

Case No. IPR2024-00001 }2E

Id., FIGS. 17, 23. The graded dopant concentration reduces soft errors by sweeping
Patent No. 10,734,481

unwanted carriers into the substrate body. Id., 16:2-11 (“electrons produced by the
2W(25)

o-ray are attracted to the substrate body 28 by that concentration gradient...so that
10,734,481

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

PETITION FOR INTER PARTES REVIEW OF U.S. PATENT NO. t ‘ ) /V

) Z the soft errors can be reduced.”).
Na

|
6 4Pd A
n 4Pb 4Pa 6p 4Nb l.N

-00001: Petition [1] at 12-13

1d., FIG. 23. Kawagoe further teaches that the well regions have a graded dopant

concentration that decreases with depth, as illustrated i Figure 17 (corresponding

-00001: PO Resp. [45] at 9-12; PO Sur-Reply [63] at 14-15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE ereenthread Ex. 2002001114 20
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Petitioners Did Not Identify an Electric Field in Kawagoe’s Active Region

 Petitioners did not identify an electric field, much less an electric field starting in the active region.

pMOS tran:
X.A.l.c.Rg
can be forn
Ex.1020. 3

Kaw:
means “a d
source and

Ex.1003. €

f. Element[1.5]

As illustrated the below annotation of Figure 23 (left), a channel region (light
purple) formed at the top surface of the substrate connects source-drain regions
4Na/4Nb (purple) of transistor 4N. Ex.1008B, 298 (“A channel region in the
semiconductor under the gate electrode separates the source and drain”), 300-301
(“When positive bias is applied to an NMOS transistor gate ... an n-type channel
connects the source and drain regions”), FIG. 5-2; Ex.1007, 8:46-47 (“nMOS” is a
shorthand for “n-channel MOS.FET”), 8:60-67, 14:46-55, 15:26-30, 15:37-40;
Ex.1003, 985. PO does not dispute this. Ex.1020, 4 (the channel is “a thin layer below

the surface” connecting the source and drain).

As illustrated the below annotation of Figure 23 (left), a channel region (light
purple) formed at the top surface of the substrate connects source-drain regions
4Na/4Nb (purple) of transistor 4N. Ex.1008B. 298 (“A channel region in the
semiconductor under the gate electrode separates the source and drain”), 300-301
(“When positive bias is applied to an NMOS transistor gate ... an n-type channel
connects the source and drain regions™), FIG. 5-2: Ex.1007. 8:46-47 (“nMOS™ is a
shorthand for “n-channel MOS.FET”), 8:60-67, 14:46-55, 15:26-30, 15:37-40:
Ex.1003. 985. PO does not dispute this. Ex.1020. 4 (the channel is “a thin layer below

the surface” connecting the source and drain).

f. Element[1.5]

-00001: PO Resp. [45] at 9-12; PO Sur-Reply [63] at 14-15

Well Region

—» DEPHT (um)

Ex.1007, FIGS. 17, 23. Kawagoe’s Figure 17 (above right) illustrates the doping
concentration measured along the red dotted line in Figure 23 (above left), which
starts from the top surface of the substrate (depth=0) and includes the doping profile
in the channel region (light purple). /d., 5:41-45. As Figure 17 shows, the dopant
concentration is “gradually lowered in the depthwise direction from the principal
surface (having an impurity concentration Nw) of the epitaxial layer 2E.” Id., 15:62-
16:40; see also id., 16:21-26 (Nw is the concentration at the well surface). The dopant
concentration is thus graded in the channel region of transistor 4N, which is a portion
of the first active region formed at “the principal surface” (top surface) of epitaxial
layer 2E. Ex.1003, 986. Kawagoe’s graded dopant concentration is in fact
downward-sloping from the top surface of the substrate and all the way through the

entire depth of the channel region (light purple) and the underlying well region

(green)—from depth=0 at the top surface of the epitaxial substrate to beyond
depth=Wyw where Wy is the depth at the bottom of the p-well 6p. Ex. 1007, 15:32-
36. While Figure 17 depicts the dopant concentration sloping at such a degree so as
to level off at the at N (the dopant concentration of the substrate body) beyond the
depth Wy, a POSITA would have appreciated that when the device of Figure 23 is
implemented using a uniformly-doped substrate as in Embodiment 1, in which the
doping levels of the epitaxial layer (Ng) and substrate body (Ns) are equal, the
downward slope through the p-well 6p would have the same general profile but

steeper than as depicted in Figure 17 above. Ex. 1003, §86.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-00001: Petition [1] at 28-30
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Petitioners Did Not Identify an Electric Field in Kawagoe’s Active Region

* Because Kawagoe does not expressly teach moving carriers from the “active region,”
Petitioners had the burden to identify an electric field in the “active region.”

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.

-00001: PO Response [45] at 2

Greenthread Ex. 2079 22 of 114
Cirrus Logic, et al. v. Greenthread
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Petitioners Did Not Identify an Electric Field in Kawagoe’s Active Region

An obviousness finding “is appropriate only when the reference
discloses prior art that must necessarily include the unstated
limitation.”

Transclean Corp. v. Bridgewood Servs., Inc., 290 F.3d 1364, 1373 (Fed. Cir. 2002)

-00001: PO Resp. [45] at 14; PO Sur-Reply [63] at 3-5 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE e Lo ereanrond 23



Petitioners Did Not Identify an Electric Field in Kawagoe’s Active Region

* As Dr. Banerjee explained, the electric field must point in the correct direction, otherwise it
will not aid carrier movement from the active region.

\Nl\~ i

|
@S 7
| 4Pd
LI 4Pa 6p mm[

W
—» DEPHT (um)

Ex.1007, FIGS. 17, 23. Kawagoe’s Figure 17 (above right) illustrates the doping
concentration measured along the red dotted line in Figure 23 (above left), which
starts from the top surface of the substrate (depth=0) and includes the doping profile
in the channel region (light purple). /d., 5:41-45. As Figure 17 shows, the dopant
concentration is “gradually lowered in the depthwise direction from the principal
surface (having an impurity concentration Ny) of the epitaxial layer 2E.” /d.. 15:62-
16:40; see also id., 16:21-26 (Nw is the concentration at the well surface). The dopant
concentration is thus graded in the channel region of transistor 4N, which is a portion
of the first active region formed at “the principal surface™ (top surface) of epitaxial
layer 2E. Ex.1003, 986. Kawagoe’s graded dopant concentration is in fact
downward-sloping from the top surface of the substrate and all the way through the

entire depth of the channel region (light purple) and the underlying well region

Well Region

IMPURITYRCONCENTRATION [atghis/cm*)

—» DEPHT (um)

-00001: PO Resp. [45] at 9-12; PO Sur-Reply [63] at 14-15

-00001: Petition [1] at 29

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

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 thedirection and will cause

the holes to move via drift towards
the surface. But, remember, there is

always an opposing diffusion part.

-00001: Ex. 2078 (Banerjee Dep. Tr.)
at 266:16-267:4

Greenthread Ex. 2079 24 of 114
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Petitioners Did Not Identify an Electric Field in Kawagoe’s Active Region

* As Dr. Banerjee explained, holes move in the same direction as the electric field, and
electrons move in the opposite direction.

And in the case of holes, that

drift velocity will be in the direction of

s/cm’)

the electric field because holes have a

positive charge. | Electrons, because they

10N Catgfs/cm’)

have a negative charge, would move opposite

Well Region

T
|
Pt

IMPURIT VA CONCENTRATION [a

to the electric field.

6"1.

We W
—» DEPHT (um)

-00001: Ex. 2078 (Banerjee Dep. Tr.) at 104:22-105:5

Ex.1007, FIGS. 17, 23. Kawagoe’s Figure 17 (above right) illustrates the doping —DEPHT (um)

concentration measured along the red dotted line in Figure 23 (above left), which

starts from the top surface of the substrate (depth=0) and includes the doping profile _0000 1 . Pet it i on [ 1] at 29
in the channel region (light purple). /d., 5:41-45. As Figure 17 shows, the dopant

concentration is “gradually lowered in the depthwise direction from the principal
surface (having an impurity concentration Ny) of the epitaxial layer 2E.” /d.. 15:62-
16:40; see also id., 16:21-26 (Nw is the concentration at the well surface). The dopant
concentration is thus graded in the channel region of transistor 4N, which is a portion
of the first active region formed at “the principal surface™ (top surface) of epitaxial
layer 2E. Ex.1003, 986. Kawagoe’s graded dopant concentration is in fact

downward-sloping from the top surface of the substrate and all the way through the

entire depth of the channel region (light purple) and the underlying well region

-00001: PO Resp. [45] at 9-12; PO Sur-Reply [63] at 2, 14-15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 20792001114 95
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Petitioners Did Not Identify an Electric Field in Kawagoe’s Active Region

* Petitioners admit that the “electrons produced by the a-ray” are created below the wells.

Graded Concentration
Kawagoe also states that “electrons produced by the a-ray [are]... prevented 2 25

A

s/cm’]

Y
from entering the p-well 6p ....” Ex. 1007, 16:7-9. This refers to electrons created — \

--;!-7——
:
:
s :,’" St
" &
I \_1 A

;j_J

by an a-ray in the substrate body below the wells, by far the largest volumetric

Well Region

IMPURIT Y4 CONCENTRATION

region of any chip. Ex. 1003, 488; Ex. 1009, FIG. 2.

-00001: Petition [1] at 32 —= DEPHT (um)

-00001: Petition [1] at 29

Kawagoe also states that “electrons produced by the a-ray [are]... prevented
from entering the p-well 6p ....” Ex. 1007, 16:7-9. This refers to electrons created
by an a-ray in the substrate body below the wells, by far the largest volumetric

region of any chip. Ex. 1003, 988: Ex. 1009, FIG. 2.

-00001: PO Resp. [45] at 16-17; PO Sur-Reply [63] at 14-15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 20092001114 26
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Petitioners Did Not Identify an Electric Field in Kawagoe’s Active Region

» Kawagoe does not mention moving an electron from the “active region” (shaded purple).

Incidentally, in the present embodiment 4, the aforemen- R

tioned p-well 6p and n-well 6x are formed to extend from the
. surface of the epitaxial layer 2E to the upper portion of the
semiconductor substrate body 2S, as shown in FIGS. 16 and
17, and the p-well 6p and n-well 6n have their impurity
concentrations gradually lowered in the depthwise direction

from the principal surface (having an impurity concentration
N,;) of the epitaxial layer 2E. Thus, the impurity concen- 5 i
tration of the p-well 6p is given such a gradient that it is .
gradually lowered 1n the depthwise direction from the sur-
face of the epitaxial layer 2E, so that the influence to be -00001: Petition [1] at 29
caused by the carriers (or electrons) due to the a-ray is
lowered. Specifically, the electrons produced by the a-ray
are attracted to the substrate body 2S by that concentration
gradient and prevented from entering the p-well 6p so that
-| the soft errors can be reduced in case the MIS memory of the
witl DRAM or the like is formed in the p-well 6p. The impurity

‘Well Region

IMPURIT YR CONCENTRATION [atgfis/cm’]

CIRRUS EX, 1007 - 28/36 [ -00001: Ex. 1007 (KawagOe) at 15:62-16:11

PO Resp. [45] at 16-17; PO Sur-Reply [63] at 14-15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Bx. 207027101114 2]
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Petitioners Did Not Identify an Electric Field in Kawagoe’s Active Region

» Kawagoe expressly says it “prevents” the electrons from “entering the p-well 6p” (shaded green).

Incidentally, in the present embodiment 4, the aforemen- R

tioned p-well 6p and n-well 6x are formed to extend from the
. surface of the epitaxial layer 2E to the upper portion of the
semiconductor substrate body 2S, as shown in FIGS. 16 and
17, and the p-well 6p and n-well 6n have their impurity
concentrations gradually lowered in the depthwise direction

from the principal surface (having an impurity concentration
N,;) of the epitaxial layer 2E. Thus, the impurity concen- 5 i
tration of the p-well 6p is given such a gradient that it is .
gradually lowered 1n the depthwise direction from the sur-
face of the epitaxial layer 2E, so that the influence to be -00001: Petition [1] at 29
caused by the carriers (or electrons) due to the a-ray is
lowered. Specifically, the electrons produced by the a-ray
are attracted to ubstrate body 2S by that concentration
gradient an om entering the p-well 6p so that
~| the soft errors can be reduced in case the MIS memory of the
witl DRAM or the like is formed in the p-well 6p. The impurity

‘Well Region

IMPURIT YR CONCENTRATION [atgfis/cm’]

CIRRUS EX, 1007 - 28/36 [ -00001: Ex. 1007 (KawagOE) at 15:62-16:11

PO Resp. [45] at 16-17; PO Sur-Reply [63] at 14-15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Creentread Ex. 20792601114 ) 8
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Petitioners Did Not Identify an Electric Field in Kawagoe’s Active Region

* When Kawagoe says the electrons are “attracted to the substrate body 2S,” it means the
electrons stay in the substrate.

Incidentally, in the present embodiment 4, the aforemen- R
tioned p-well 6p and n-well 6x are formed to extend from the
surface of the epitaxial layer 2E to the upper portion of the
semiconductor substrate body 2S, as shown in FIGS. 16 and
17, and the p-well 6p and n-well 6n have their impurity
concentrations gradually lowered in the depthwise direction

from the principal surface (having an impurity concentration
N,;) of the epitaxial layer 2E. Thus, the impurity concen- 5 i
tration of the p-well 6p is given such a gradient that it is .
gradually lowered 1n the depthwise direction from the sur-
face of the epitaxial layer 2E, so that the influence to be -00001: Petition [1] at 29
caused by the carriers (or electrons) due to the a-ray is
lowerg ec1ﬁca11y, the electrons produced by the a-ray

ubstrate body 2S by that concentration
gradien an om entering the p-well 6p so that
the soft errors can be reduced in case the MIS memory of the
DRAM or the like is formed in the p-well 6p. The impurity

6,043,114

‘Well Region

IMPURIT YR CONCENTRATION [atgfis/cm’]

CIRRUS EX, 1007 - 28/36 [ -00001: Ex. 1007 (Kawagoe) at 15:62-16:11

: PO Resp. [45] at 16-17; PO Sur-Reply [63] at 14-15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greentread Bx. 20792901114 29
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Petitioners Did Not Identify an Electric Field in Kawagoe’s Active Region

» Kawagoe does not disclose “aiding carrier movement” from the active region to the substrate.

IMPURITY CONCENTRATION [atoms/cm?]

IMPURITY CONCENTRATION [atoms/cm?]

—> DEPHT (pum)

Scenario 1

SEU electron stays in substrate
and never enters p-well

-00001: PO Resp. [45] at 14-21; PO Sur-Reply [63] at 3-5, 14-15

IMPURITY CONCENTRATION [atoms/cm?]

—» DEPHT (um)

Scenario 2

SEU electron moves deeper
into substrate

IMPURITY CONCENTRATION [atoms/cm?]

—» DEPHT (um)

Scenario 3

SEU electron theoretically
enters p-well contrary to
Kawagoe specification

—» DEPHT (pm)

IMPURITY CONCENTRATION [atoms/cm?]

Scenario 4

SEU electron theoretically
enters p-well contrary to
Kawagoe specification

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

—> DEPHT (pum)

Scenario 5

SEU electrons are not in the
active region

Greenthread Ex. 2079 30 of 114 3 O
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Petitioners Did Not Identify an Electric Field in Kawagoe’s Active Region

» Kawagoe does not disclose “aiding carrier movement” from the active region to the substrate.

\P

/ /
L

7.

IMPURITY CONCENTRATION [atoms/cm’]

4Nc —» DEPHT (um)

Scenario 5

SEU electrons are not in the
active region

-00001: PO Resp. [45] at 14-21; PO Sur-Reply [63] at 3-5, 14-15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 20095101114 3]
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Petitioners Did Not Identify an Electric Field in Kawagoe’s Active Region

* 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 -00001: 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

-00001: PO Sur-Reply [63] at 5, 22 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE e Lo e 32



Petitioners Did Not Identify an Electric Field in Kawagoe’s Active Region

* 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)

-00001: PO Sur-Reply [63] at 10

-00001: Ex. 1062A (Streetman & Banerjee Textbook) at 99
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Petitioners Did Not Identify an Electric Field in Kawagoe’s Active Region

 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.
-00001: 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

-00001: Ex. 2056 at 96:1-13

-00001: PO Resp. [45] at 7, 14-15; PO Sur-Reply [63] at 8 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Bx. 20793401114 34
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Petitioners Did Not Identify an Electric Field in Kawagoe’s Active Region

« WDTX ruled that a graded concentration does not necessarily “aid carrier movement.”

* The dopants must be “sufficiently graded” in order to “aid 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
concentration of dopants ... 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™).

The Court concludes that a person of skill would understand that the graded concentration has to

Second, the claim language provides some guidance as to

specifically. the claim language describes that the graded concentration of dopants creates an

T —— 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 in the movement of minority

195 Pat laim 1: while an
MOSEETS are two different sistors that operated very differently. neither party asserted that citations to
a different type of transistor te. See, e.g. Response at 19-20. Reply at 23

39

o carriers and thus 1s not a graded concentration.

Semiconductor.
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Petitioners Did Not Identify an Electric Field in Kawagoe’s Active Region

 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

-00001: PO Resp. [45] at 9; PO Sur-Reply [63] at 9
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Petitioners Did Not Identify an Electric Field in Kawagoe’s Active Region

 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

-00001: Ex. 2075 (EDTX Order) at 15 -00001: Ex. 1016 ("195 Prosecution History) at 289
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Petitioners Did Not Identify an Electric Field in Kawagoe’s Active Region

« 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.

-00001: 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

-00001: Ex. 2075 (EDTX Order) at 15
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Overview of Issues

The Challenged Claims require “carrier movement” from the “active region.”
Dr. Banerjee confirmed that the “electric field” must start in the “active region.”

Petitioners did not identify an electric field, much less an electric field that starts in the “active region.”

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

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greentread Bx. 20793901114 30
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Carriers in the “Active Region” 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

-00001: Ex. 2078 (Banerjee Dep. Tr.) at 80:18-81:5

-00001: PO Sur-Reply [63] at 3-4 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Bx. 2079 4001114 A1)

Cirrus Logic, et al. v. Greenthread



Carriers in the “Active Region” 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 -00001: 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
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Carriers in the “Active Region” 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.

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.

-00001: PO Sur-Reply [63] at 4, 11

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.

-00001: Ex. 2078 (Banerjee Dep. Tr.)
at 222:4-224:7
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Carriers in the “Active Region” 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.

-00001: 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
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Carriers in the “Active Region” 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

-00001: Ex. 2078 (Banerjee Dep. Tr.) at 140:11-21
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Carriers in the “Active Region” 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

-00001: Ex. 2078 (Banerjee Dep. Tr.) at 219:16-220:20
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Overview of Issues

The Challenged Claims require “carrier movement” from the “active region.”

Dr. Banerjee confirmed that the “electric field” must start in the “active region.”

Petitioners did not identify an electric field, much less an electric field that starts in the “active region.”

Dr. Banerjee confirmed that carriers in the “active region” are affected by numerous fields

(e.g., gate, gate oxide, temperature, and magnetic fields).

Dr. Banerjee confirmed that “carrier movement” depends on the sum of all of the fields in the “active region.”

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 2000400111 46
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Carrier Movement Depends on the Vector Sum

* Dr. Banerjee testified that “carrier movement” 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

O T 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;ﬁEEDEigsi?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 6: m. i .
in and for the State of Texas, reporte
by machine shorthand and remotely via Zoo:
ral Rules of Civi.

ursuant to the Fede: u. " L]

Bmamednzs o) ey Ao 6F CpEeSmES ‘ 2 MR PA ] | . Ob ec t 10N f orm

tated on the record or L4 L4 ’ hd
IG: EVIDENCE GROUP

22 THE WITNESS: Yes.

-00001: Ex. 2078 (Banerjee Dep. Tr.) at 183:15-22
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Carrier Movement Depends on the Vector Sum

* Dr. Banerjee testified that “carrier movement” 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

-00001: Ex. 2078 (Banerjee Dep. Tr.) at 113:18-114:21

www.DigitalEvidenceGroup.com Dig

sum.
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Carrier Movement Depends on the Vector Sum

* Dr. Banerjee testified that “carrier movement” 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
};rocedure and an
stated on the re 3

where the doping concentration in the cetera.

1730

| 4 osemiconductor is not unform, is a gradation, -00001: 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
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Carrier Movement Depends on the Vector Sum

* Dr. Banerjee testified that “carrier movement” 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

9:13 a.m. to . .
CSR in and for the State of Texas, reporte
by machine shorthand and remotely via Zoom, Ve C t O r S um
ursuant to the Federal Rules of Civi .
P

;

rocedure and any stipulations or agreements

-00001: Ex. 2078 (Banerjee Dep. Tr.) at 251:3-8
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Overview of Issues

The Challenged Claims require “carrier movement” from the “active region.”

Dr. Banerjee confirmed that the “electric field” must start in the “active region.”

Petitioners did not identify an electric field, much less an electric field that starts in the “active region.”

Dr. Banerjee confirmed that carriers in the “active region” are affected by numerous fields

(e.g., gate, gate oxide, temperature, and magnetic fields).

Dr. Banerjee confirmed that “carrier movement” depends on the sum of all of the fields in the “active region.”
Petitioners have the burden to analyze all of the fields in the “active region.”

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 20095100114 51
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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)

-00001: PO Resp. [45] at 14; PO Sur-Reply [63] at 3-5 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Creenthread Ex. 20790201114 5§22
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Petitioners Have the Burden to Analyze the Electric Fields

* Because the Prior Art does not expressly teach moving carriers from the “active region,”
Petitioners have the burden to:

— identify an electric field that is in the correct location (i.e., starts in the “active region”)

— identify an electric field that points in the correct direction
— analyze the gate, gate oxide, and other fields in the “active region”

|

PROTECTIVE ORDER MATERTAL

UNITED STATES PATENT AND TRADEMAR)

BEFORE THE PATENT TRIAL AND APPEA

CIRRUS LOGIC, INC. and
OMNIVISION TECHNOLOGIES, INC |
Pelitioners

Case: 1PR2024-00001
LS. Palent No. 10,734,481

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.

-00001: PO Response [45] at 2

PO Resp. [45] at 2
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Petitioners Have the Burden to Analyze the Electric Fields

An obviousness finding “is appropriate only when the reference
discloses prior art that must necessarily include the unstated
limitation.”

Transclean Corp. v. Bridgewood Servs., Inc.,, 290 F.3d 1364, 1373 (Fed. Cir. 2002)

-00001: PO Resp. [45] at 14; PO Sur-Reply [63] at 3-5 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE e Lo e erared 54



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)

-00001: PO Resp. [45] at 14; PO Sur-Reply [63] at 3-5 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE e Lo et 55



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)

-00001: PO Resp. [45] at 14; PO Sur-Reply [63] at 3-5 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE e o sy




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)

-00001: PO Resp. [45] at 14; PO Sur-Reply [63] at 3-5 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE e Lo e eramresd 57



Overview of Issues

The Challenged Claims require “carrier movement” from the “active region.”

Dr. Banerjee confirmed that the “electric field” must start in the “active region.”

Petitioners did not identify an electric field, much less an electric field that starts in the “active region.”

Dr. Banerjee confirmed that carriers in the “active region” are affected by numerous fields

(e.g., gate, gate oxide, temperature, and magnetic fields).

Dr. Banerjee confirmed that “carrier movement” depends on the sum of all of the fields in the “active region.”
Petitioners have the burden to analyze all of the fields in the “active region.”

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

) U

* Dr. Banerjee did not analyze the gate, gate oxide, and other fields in Kawagoe’s “active region.”

Greenthread Ex. 2079 58 of 114

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Cins Looie ot a1 v Gromntiresd DS



Dr. Banerjee Did Not Analyze the Electric Fields in Kawagoe

* Dr. Banerjee admitted that he did not calculate the magnitude for any of the electric fields.

When you were analyzing the

prior art references, you never calculated

the magnitude for any of the electric fields,

correct?

A. I did not calculate those.

-00001: Ex. 2078 (Banerjee Dep. Tr.)
at 212:19-213:1

IMPURITY CONCENTRATION [atoms/cm?]

1
I
1

T W
—» DEPHT (um)

-00001: Ex. 1007 (Kawagoe) at Figs. 17, 23
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Dr. Banerjee Did Not Analyze the Electric Fields in Kawagoe

* Dr. Banerjee did not analyze any of the electric fields in Kawagoe’s active region.

Q. (BY MR. WHITEHURST) And you

didn't calculate the magnitude for the

electric field due to ther the
did you?

A. No one can, unless you give me

specific information.

-00001: Ex. 2078 (Banerjee Dep. Tr.)
at 224:2-7

IMPURITY CONCENTRATION [atoms/cm?]

1
I
1

T W
—» DEPHT (um)

-00001: Ex. 1007 (Kawagoe) at Figs. 17, 23

-00001: PO Sur-Reply [63] at 11 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Bx. 2079 600 114 6
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Dr. Banerjee Did Not Analyze the Electric Fields in Kawagoe

* Dr. Banerjee confirmed that the net effect of these electric fields determine the movement
of the electron.

Q. (BY MR. WHITEHURST) So this

means that the electric field created by the

and thewill affect the net

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.

IMPURITY CONCENTRATION [atoms/cm?]

-00001: Ex. 2078 (Banerjee Dep. Tr.)
at 223:14-224:1

W
—» DEPHT (um)

-00001: Ex. 1007 (Kawagoe) at Figs. 17, 23
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Cirrus Logic, et al. v. Greenthread



Dr. Banerjee Did Not Analyze the Electric Fields in Kawagoe

* Dr. Banerjee admitted that he cannot determine the starting point of Kawagoe’s electrons.

Q. (BY MR. WHITEHURST) So it's

your testimony today that when you look at

Figure 17 of Kawagoe, it's not possible to

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

Page 1

UNITED STATES SATENT AND TRADSMARK OFFICE determine the starting point for the ensemble

BEFORE THE PATENT TRIAL AND APPEAL BOARD

CIRRUS LOGIC, INCORPORATED,
OMNIVISION TECENOLOGIES, INCORPORATED, fe} f a l ec t rons ?
and TEXAS INSTRUMENTS, INCORPORATED,

Petitioners,
v.

GREENTHRERD, LLC, Did I get that right?

Patent Owner.

IPR2024-00001

U.S. Patent No. 10,734,481 MR. PAUIL: Obj e Ction,

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 .
mumbered cause on December 6, 2024, £rom THE WITNESS: It's not possible

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 f : d h = = f

Foceize ana sty stipeldticna ce agsesssats to find the starting point of any
stated on the record or attached hereto.

1730 M Stzest, M, Suite 912 individual electron ensemble or any
Washington, D.C. 20036
(202) 232-0646

individual hole.

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
IPR2024-00001

-00001: Ex. 2078 (Banerjee Dep. Tr.) at 241:14-242:3
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Overview of Issues

The Challenged Claims require “carrier movement” from the “active region.”

Dr. Banerjee confirmed that the “electric field” must start in the “active region.”

Petitioners did not identify an electric field, much less an electric field that starts in the “active region.”

Dr. Banerjee confirmed that carriers in the “active region” are affected by numerous fields

(e.g., gate, gate oxide, temperature, and magnetic fields).

Dr. Banerjee confirmed that “carrier movement” depends on the sum of all of the fields in the “active region.”
Petitioners have the burden to analyze all of the fields in the “active region.”

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

* Dr. Banerjee did not analyze the gate, gate oxide, and other fields in Kawagoe’s “active region.”
* The graded dopant concentration is “uniform” in Wieczorek’s “active region.”

Greenthread Ex. 2079 63 of 114
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Wieczorek is Uniform in the Active Region

* Petitioners rely entirely on the following two figures.

* There is no evidence that carriers move from the surface to the substrate.

(AN 0 A OO
US 20030183856A1
a9 United States

a2 Patent Application Publication o) Pub. No.: US 2003/01838:
Wieczorek et al. 43) Pub. Date: Oct. 2,

13
134 135
DS

136 ‘ (/

133

0

after anneal

concentration

.
,/L/Lﬁz 132

131 1

131

~(Prior Art)

v
FIG.2b

(Prior Art)

PO Resp. [45] at 21-23; PO Sur-Reply [63] at 22-23 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-00001: Ex. 1006 (Wieczorek) at Fig. 1b

-00001: Ex. 1006 at Fig. 2b
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Wieczorek is Uniform in the Active Region

Wieczorek does not mentions carriers, much less moving carriers from the surface to the
substrate.

US 20030183856A1

a2 Patent Application Publication o) Pub. No.: US 2003/0183856 A1

a9 United States

Wieczorek et al.

43) Pub. Date: Oct. 2, 2003

(54) SEMICONDUCTOR DEVICE HAVING A
RETROGRADE DOPANT PROFILE IN A
CHANNEL REGION AND METHOD FOR
FABRICATING THE i

nont
Houston, TX 77040 (US)
(1) Appl. No 10/282,980
(22) Filed Oct. 29, 2002
@) Foreign Application Priority Data
Mar. 28,2002 (DE)......

Publication

(2) US.CL .. v 257/285

6N ABSTRACT

wa channcl

i
[EI0 T & K — mnonnnec HOIL 29780 Jayer

ONSEMI EXHIBIT 1006, Page 1

[0009] FIG. 2a is a graph, in which the dopant concen-
tration of the N-well structure 120 and the P-well structure
110 is depicted with respect to the depth in the respective
well structures. In particular, it is evident from FIG. 24 that
the Vi implantation (114, 124), indicated by the same
reference number as the respective implantation portions,
leads to a dopant concentration that significantly decreases
at the vicinity of the surface of the semiconductor device
100. That is, the dopant concentration immediately after the
implantation process exhibits a desired retrograde dopant
profile in the N-well structure 120 and the P-well structure
110 near the surface of the semiconductor device 100,
where, after completion of the device, a channel will form
during operation of the device.

-00001: Ex. 1006 at [0009]

[0011] FIG. 2b shows a corresponding graph with a typi-
cal dopant profile with respect to the depth of the respective
well structure. Due to the up-diffusion of the dopant atoms
during the heat treatment, the initially retrograde profile in
the vicinity of the surface of the semiconductor device 100,
as indicated by reference number 200, may have become
substantially uniformly distributed.

-00001: PO Resp. [45] at 21-23; PO Sur-Reply [63] at 22-23

-00002: Ex. 1006 at [0011]

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

[0013] Typically, the N-channel transistor 130 and the
P-channel transistor 140 are formed by the following pro-
cesses. After the heat treatment, the gate insulation layer 135
is formed, wherein the gate insulation layer may be depos-
ited by chemical vapor deposition (CVD), or, if an oxide
layer is used, a rapid thermal furnace process or a conven-
tional furnace oxidation process may be used. Since, com-
monly, elevated temperatures are involved in fabricating the
gate insulation layer 135, this process also contributes to a
further diffusion of the dopants within the P-well structure
110 and the N-well structure 120. Thereafter, polysilicon is
deposited and patterned by sophisticated photolithography
techniques to form the gate electrodes 134 and 144. With a
first implantation, the extensions 132 and 142 are defined,
and, subsequently, the spacer elements 133, 143 are formed
and serve as an implantation mask during a subsequent
implantation process for defining the source and drain
regions 131, 141. Since a further heat treatment is necessary
to activate the dopants within the regions 131, 132 and 141,
142 and to cure any crystal damage caused by the preceding
implantation steps, the initial dopant concentration, as
shown in FIG. 2a, will be even more strongly affected so
that, after the plurality of heat treatments, the actual dopant
concentration will be represented by the graph shown in
FIG. 2b. In particular, it is thus very difficult to obtain or to
maintain a retrograde dopant profile in the channel regions
136 and 146, which would be desirable to achieve an
improved carrier mobility therein.

-00001: Ex. 1006 (Wieczorek) at [0013]

Greenthread Ex. 2079 65 of 114
Cirrus Logic, et al. v. Greenthread




Wieczorek is Uniform in the Active Region

* Wieczorek says the gradient concentration may be uniform. after anneal

concentration

US 20030183856A1
a9 United States

a2 Patent Application Publication o) Pub. No.: US 2003/0183856 A1
Wieczorek et al. (43) Pub. Date: Oct. 2, 2003

TOR DEVICE HAVING A 520 UsS. €l ot 2571285
DOPANT PROFILE IN A

[0011] FIG. 2b shows a corresponding graph with a typi-
cal dopant profile with respect to the depth of the respective
well structure. Due to the up-diffusion of the dopant atoms
during the heat treatment, the initially retrograde profile in
the vicinity of the surface of the semiconductor device 100,
as indicated by reference number 200, may have become
substantially uniformly distributed.

\
FIG.2b

(Prior Art)

-00001: Ex. 1006 (Wieczorek) at [0011]

-00001: Ex. 1006 at Fig. 2b
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Overview of Issues

The Challenged Claims require “carrier movement” from the “active region.”
Dr. Banerjee confirmed that the “electric field” must start in the “active region.”
Petitioners did not identify an electric field, much less an electric field that starts in the “active region.”
Dr. Banerjee confirmed that carriers in the “active region” are affected by numerous fields
(e.g., gate, gate oxide, temperature, and magnetic fields).
Dr. Banerjee confirmed that “carrier movement” depends on the sum of all of the fields in the “active region.”
Petitioners have the burden to analyze all of the fields in the “active region.”
Dr. Banerjee testified that he did not analyze any of the fields in the “active region.”
* Dr. Banerjee did not analyze the gate, gate oxide, and other fields in Kawagoe’s “active region.”
* The graded dopant concentration is “uniform” in Wieczorek’s “active region.”

Petitioners’ prosecution-related arguments are incorrect.

Greenthread Ex. 2079 67 of 114
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Petitioners’ Prosecution-Related Arguments are Incorrect

Kawagoe does not mention an electric field in the “active region,” and Petitioners have
not identified such a field.

Kawagoe further explains that such downward-sloping graded dopant

concentration aids the movement of carriers from the top surface of the epitaxial
layer (claimed “first surface”) to the bottom surface of the substrate (claimed
“second surtace”):

[ TThe impurity concentration of the p-well 6p 1s given such
a gradient that 1t i1s gradually lowered in the depthwise

Ex.1007. FIGS. 17, 23. Thus, Kawagoe discloses “at least a portion of” the first and direction from the Slll’face Ofthe epitaXia] layer 2E’ SO that
second active regions (the channel regions) having a downward-sloping graded

: the influence to be caused by the carriers (or electrons) due
Kawagoe further explains that such downward-sloping graded dopant tO the a—ray IS lowered Speciﬁca]ly) the electrons
concentration aids the movement of carriers from the top surface of the epitaxial Pro duce d by t he a-ray are d t trac te d to t he su bs tra te bo dy

layer (claimed “first surface™) to the bottom surface of the substrate (claimed

28 by that concentration gradient || so that the soft errors

“second surface™):

[T)he i‘mp\mry con.cemmnon of the p-well 6p is given such can be reduc ed ln case the MI S memory Of the DRAM or
a gradient that it is gradually lowered in the depthwise
direction from the surface of the epitaxial layer 2E. so that - : b

the influence to be caused by the c:mers (or electrons) due the llke 1S formed 1mn the p_Well 6p -
to the a-ray is lowered. Specifically. the electrons
produced by the a-ray are attracted to the substrate body 10
28 by that concentration gradient [] so that the soft errors EX l 007 1 6 2 - l 1 .

can be reduced in case the MIS memory of the DRAM or ?
the like is formed in the p-well 6p.

g -00001: Petition [1] at 31-32

-00001: PO Resp. [45] at 9-12; PO Sur-Reply [63] at 14-15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE e Lo s D8



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.1009. FIG.
body by [the]
in Figure 17
Accord
construction

According to

direction (fi¢

Accordingly, Kawagoe satisfies element[1.5] under PO’s plain meaning
construction of the “to aid carrier movement” term. Section VIII; Ex.1003, 990.
According to PO, the claims make clear that “carriers [must move] in a particular
direction (from the surface layer to the substrate)” and “[w]hen the dopant
concentration is graded in a particular direction, [certain] charge carriers will move
in the [same] gradient direction ....” Ex.1020, 2, 29. Here, Kawagoe’s Figure 17
shows that the dopant concentration is downward-sloping with increasing depth
towards the bottom of the substrate, and thus, according to PO, this graded dopant

concentration causes carriers to move deeper into the substrate as well. Ex.1003 490.

Notably, Applicant represented to the Patent Office during prosecution of the
parent *195 Patent that a downward-sloping graded dopant concentration was known
to create an “inherent ‘built-in” unidirectional electric field” that sweeps carriers

down into the substrate. See Section X.A.1.g. Ex. 1016, 289-290; Ex.1003, 491.

concentration is graded in a particular direction, [certain] charge carriers will move
in the [same] gradient direction ....” Ex.1020, 2, 29. Here, Kawagoe’s Figure 17
shows that the dopant concentration is d
towards the bottom of the substrate, and thus, according to PO, this graded dopant

concentration causes carriers to move deeper into the substrate as well. Ex.1003 §90.

-00001: Petition [1] at 33
(citing claim construction brief)

loping with i ing depth

-00001: PO Resp. [45] at 9-12; PO Sur-Reply [63] at 14-15
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-00001: Petition [1] at 34

(citing prosecution history)
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Petitioners’ Prosecution-Related Arguments are Incorrect

Ill

* Greenthread did not say: all “graded dopant concentrations” will move carriers from an “active region.”

* Greenthread said: the electric field must move the carriers from the surface layer.

I1. BACKGROUND

A. Dopants

These dopants can also change the net electrical charge distribution in the surrounding The claim specifies the

silicon, which can influence the motion of other charge carriers passing by, When the dopant graded dopants create an electric field that aids movement of the carriers away from the surface

concentration is eraded in a particular direction, other charee carriers will move in the eradient layer. Defendants assert that the specification does not provide guidance on how to assess or

Thes measure carrier movement. This is not true. The claims and the specification make clear that the

direction (or opposite direction) depending on the charge carrier’s polarity. This phenomenon is

silicon, whi

electric field Jaust move the carriers in a particular direction E@ he surface layer to the

called “carrier drift.” Id., f16.

direction (orf

called “carrieF G TG substrate). Whether the carrier movement has a particular speed or acceleration 1s bevond the

-00001: Ex. 1020 at 2

scope of the claim, as long as it meets the other limitations of the claim.

-00001: Ex. 1020 (Greenthread’s Brief) at 29

A surface-channel MOSFET is a common type of transistor capable of controlling current

ow at or along the surface of the semiconductor substrate. EX. 4 (Chen), 27 (“carriers propagate

CIRRUS EX. 1020 - 11/46

Greenthread Ex. 2079 70 of 114 70
Cirrus Logic, et al. v. Greenthread

-00001: PO Resp. [45] at 9-12; PO Sur-Reply [63] at 14-15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Petitioners’ Prosecution-Related Arguments are Incorrect

Greenthread did not say: all “graded dopant concentrations” will move carriers from an “active region.”

Greenthread said: the electric field must move the carriers from the surface layer.

Applicant respectfully disagrees with this position because (as previously argued by electrical field that forces the movement of carriers into a particular direction, whereby the

Applicant) a unidirectional drift (electric) field necessarily affects all the present minority

“direction” of the electrical field and the resulting direction of the carrier movement depends

‘1 o el carriers in the same way — moving all minority carriers in the same direction because of the
REMARKS . . .
S 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

113 : b 1 et . . , .
Semiconductor Devices,” A.S. Grove, pp. 224-225, John Wiley and Sons, Tnc., New York, 1st built-in” electric field created by a graded dopant density, see, e.g., Jastrzebski (US 4,481,522)

Edition 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

injected 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

Applicant respectful

Applicant) a unidirecti it 3 iQ S 1 1 ” 1 1 . . . . . . ~ .
" by drift due to the existence of this electric ficld.”)Depsnding onthe pamwlf the carriers are being moved in one direction and which parameter the Office Action deemed to be

carriers in the same way —

unidirectional drift due o oraded concentration of dopant, all minority carriers are either swept “down”e surface

Semiconductor Devices,” A,

missing from the disclosure.

Editon 1967 (‘This me ¢ ]qyer to the substrate) or “up” (from the substrate to the surface layer). See Applicant’s Figs. 5(b)

injected holes. Thus the injef .
by a0 ve o] andl 5(6). -00001: Ex. 1016 ("195 Prosecution History) at 289-290
graded concentration of dop!
Iayer (o the substratc) or “up The Office Action also states that “such a unidirectional drift field may attempt to apply a
and 5(c).

e ofice aciina  force on all minority carriers in a specific direction, it does not appear to ensure (without
force on all minority carri

laowing other pammeters o KNOWing other parameters of the device) that it will draw ‘all’ minority carriers...” Yet, this

argument appears to not conf

argument appears to not consider that the graded dopant concentration itself creates a “built-in”

CIRRUS EX. 1016 - 289/391 [
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Petitioners’ Prosecution-Related Arguments are Incorrect

Dr. Banerjee confirmed that a “built in” field cannot move carriers from the “active region,”

unless it is in the correct location and it points in the correct direction.

24

N* Buried
Layer

|

N - Type
Substrate

€

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

the maximum dopant concentration g

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

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.

17

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

-00001: PO Sur-Reply [63] 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

-00001: Ex. 2078 (Banerjee Dep. Tr.)
at 266:4-267:4
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Petitioners’ Prosecution-Related Arguments are Incorrect

* Dr. Banerjee confirmed that in order for an “electric field” to aid movement from the
“active region,” you have to know the direction and location of the electric field.

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

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

Page 1 17 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

18 just the direction of the electric field.

CIRRUS LOGIC, INCORPORATED,
OMNIVISION TECHNOLOGIES, INCORPORATED,

and TEXAS INSTRUMENTS, INCORPORATED, 19 You also need to know where the electric

Petitioners,

electric field in that center point of this

v.

GREENTHREAD, LLC, 20 field starts.

Patent Owner.

ensemble, if you will.

IPR2024-00001 21 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

electric field? -00001: Ex. 2078 (Banerjee Dep. Tr.) at 272:14-274:2

Cirrus Logic, et al. v. Greenthread
1PR2024-00001

Greenthread Ex. 2079 73 of 114 7 3
Cirrus Logic, et al. v. Greenthread

-00001: PO Sur-Reply [63] at 7-8, 14-15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Petitioners’ Prosecution-Related Arguments are Incorrect

* Dr. Banerjee also confirmed that other fields affect the movement of carriers in the active region.

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.

-00001: PO Sur-Reply [63] 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.

-00001: Ex. 2078 (Banerjee Dep. Tr.)
at 222:4-224:7
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Overview of Issues

The Challenged Claims require “carrier movement” from the “active region.”
Dr. Banerjee confirmed that the “electric field” must start in the “active region.”
Petitioners did not identify an electric field, much less an electric field that starts in the “active region.”
Dr. Banerjee confirmed that carriers in the “active region” are affected by numerous fields
(e.g., gate, gate oxide, temperature, and magnetic fields).
Dr. Banerjee confirmed that “carrier movement” depends on the sum of all of the fields in the “active region.”
Petitioners have the burden to analyze all of the fields in the “active region.”
Dr. Banerjee testified that he did not analyze any of the fields in the “active region.”
* Dr. Banerjee did not analyze the gate, gate oxide, and other fields in Kawagoe’s “active region.”
* The graded dopant concentration is “uniform” in Wieczorek’s “active region.”
Petitioners’ prosecution-related arguments are incorrect.

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

Greenthread Ex. 2079 75 of 114
Cirrus Logic, et al. v. Greenthread

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



“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)

-00001: PO Sur-Reply [63] at 5-6 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Bx. 207976 of 114 =7 &

Cirrus Logic, et al. v. Greenthread



“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.

-00001: PO Sur-Reply [63] at 5-6

the “intrinsic resistance.” nor does he explain what the _\Ooooji‘:uExx: 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

-00001: Ex. 1060 (Banerjee Supp. Decl.) at 9 19
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“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 .
= -00001: Ex. 2078 (Banerjee Dep. Tr.) at 197:16-20 -00001: 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 t@@@@@@tl, Enxl.ju2078 at 196:3_11

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,
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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“Brownian Motion” is

Not Relevant

* The claims require “carrier movement” from the “active region,” not “random thermal motion.”

US 10,734,481

US 10,510,842

US 11,316,014

US 11,121,222

1. A semiconductor device, comprising:

a substrate of a first doping type at a first doping level
having first and second surfaces;

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

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

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

at least a portion of at least one of the first and second

active regions having at least one gral ed dopant con-

centrgtion to aid carrier movementf the first sur-
@ e second surface of the subsfrate; and

at least one well region adjacent to the first or second
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move-
ment from the first surface to the second surface of the
substrate.

1. A semiconductor device, comprising:

a substrate of a first doping type at a first doping level
having first and second surfaces;

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

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

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

at least a portion of at least one of the first and second
active regions having at least one graded dopant con-
centration to aid carrier movement‘the first sur-
@ he second surface of the substrate.

-00001: Ex. 1001 ('481 pat.)
at 4:50-5:3

-00016: Ex. 1001 ('842 pat.)
at 4:45-60

1. An electronic system, the system comprising:
at least one semiconductor device, the at least one semi-
conductor device including:

a substrate of a first doping type at a first doping level
having a surface;

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

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

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

at least a portion of at least one of the first and second
active regions having at least one graded dopant
concentration to aid carrier move ene first
and second active regions an area of the
substrate where there are no active regions; and

at least one well region adjacent to the first or second
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move-
ment from the surface towards the area of the sub-
strate where there are no active regions, wherein at
least some of the transistors form digital logic of the
semiconductor device.

1. A VLSI semiconductor device, comprising:

a substrate of a first doping type at a first doping level
having a surface;

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

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

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

at least a portion of at least one of the first and second
active regions having at least one graded dopant con-
centration to aid carrier_m Vemente first and
second active regjon area of the substrate
where there are no active regions; and

at least one well region adjacent to the first or second
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move-
ment from the surface towards the area of the substrate
where there are no active regions, wherein at least some
of the transistors form digital logic of the VLSI semi-
conductor device.

-00019: Ex. 1001 ('014 pat.)
at 4:49-5:7

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-00020: Ex. 1001 ('222 pat.)
at 4:38-62
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Overview of Issues

The Challenged Claims require “carrier movement” from the “active region.”
Dr. Banerjee confirmed that the “electric field” must start in the “active region.”
Petitioners did not identify an electric field, much less an electric field that starts in the “active region.”
Dr. Banerjee confirmed that carriers in the “active region” are affected by numerous fields
(e.g., gate, gate oxide, temperature, and magnetic fields).
Dr. Banerjee confirmed that “carrier movement” depends on the sum of all of the fields in the “active region.”
Petitioners have the burden to analyze all of the fields in the “active region.”
Dr. Banerjee testified that he did not analyze any of the fields in the “active region.”
* Dr. Banerjee did not analyze the gate, gate oxide, and other fields in Kawagoe’s “active region.”
* The graded dopant concentration is “uniform” in Wieczorek’s “active region.”
Petitioners’ prosecution-related arguments are incorrect.
Dr. Banerjee’s belated “Brownian motion” argument is not relevant to the Challenged Claims.

Kawagoe does not meet the “second doping type” limitation.

Greenthread Ex. 2079 80 of 114
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Kawagoe Does Not Meet “Second Doping Type” Limitation

* The Challenged Claims require the “active region” to have a “second doping type opposite
in conductivity” to that of the substrate.

US 10,734,481

US 10,510,842

US 11,316,014

US 11,121,222

1. A semiconductor device, comprising:
a substrate of a first doping type at a first doping level

having first and second surfaces;

a ﬁrsispo ed adjacent the first surface of
the substratc with oping typin
conductivity to the first doping type and withilt which
transistors can be formed;

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

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

at least a portion of at least one of the first and second
active regions having at least one graded dopant con-
centration to aid carrier movement from the first sur-
face to the second surface of the substrate; and

at least one well region adjacent to the first or second
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move-
ment from the first surface to the second surface of the
substrate.

1. A semiconductor device, comprising:
a substrate of a first doping type at a first doping level

having first and second surfaces;

a ﬁrsispo ed adjacent the first surface of
the subsirate with aoping typ in
conductivity to the first doping type and within which
transistors can be formed;

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

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

at least a portion of at least one of the first and second
active regions having at least one graded dopant con-
centration to aid carrier movement from the first sur-
face to the second surface of the substrate.

-00001: Ex. 1001 (’481 pat.)
at 4:50-5:3

-00001: PO Resp. [45] at 23-24; PO Sur-Reply [63] at 16-17

-00016: Ex. 1001 (‘842 pat.)
at 4:45-60

1. An electronic system, the system comprising:
at least one semiconductor device, the at least one semi-
conductor device including:
a substrate of a first doping type at a first doping level
g a

| Cl

aeconayioping typ conductivity to the
first doping type and within which transistors can be
formed;

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

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

at least a portion of at least one of the first and second
active regions having at least one graded dopant
concentration to aid carrier movement from the first
and second active regions towards an area of the
substrate where there are no active regions; and

at least one well region adjacent to the first or second
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move-
ment from the surface towards the area of the sub-
strate where there are no active regions, wherein at
least some of the transistors form digital logic of the
semiconductor device.

1. A VLSI semiconductor device, comprising:

a substrate of a first doping type at a first doping level
having_a ace;

a firs isposed adjacent the surface with a
GecondXoping typ«oppositedn conductivity to the first
doping type and within which transistors can be
formed;

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

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

at least a portion of at least one of the first and second
active regions having at least one graded dopant con-
centration to aid carrier movement from the first and
second active regions towards an area of the substrate
where there are no active regions; and

at least one well region adjacent to the first or second
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move-
ment from the surface towards the area of the substrate
where there are no active regions, wherein at least some
of the transistors form digital logic of the VLSI semi-
conductor device.

-00019: Ex. 1001 (‘014 pat.)
at 4:49-5:7

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-00020: Ex. 1001 ('222 pat.)
at 4:38-62
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Kawagoe Does Not Meet “Second Doping Type” Limitation

* The Petition mapped “a first doping type” to p-type doping.
* The channel of transistor 4N is also doped p-type, since it is the top portion of a p-well.

c. Element[1.2]

b.  Element[1.1] Kawagoe discloses “semiconductor regions 4Na and 4Nb...for forming the

IN'THE UNITED STATES PATENT AND TRADEMAR] Kawagoe discloses a substrate (“semiconductor substrate 2”) of a first doping source-drain regions of the nMOS [n-channel transistor] 4N.” Ex.1007, 8:66-67; id.,
BEFORE THE PATENT TRIAL AND APPEAL B{  type (p-fype) having a silicon “epitaxial layer 2E []| doped with a p-type impurity 3:32-38, 8:45-52, 14:46-55, 15:26-40. Source-drain regions 4Na/4Nb (purple) form

CIRRUS LOGIC, INC.; such as boron” formed over non-epitaxial “semiconductor substrate body 2 [also] part of the claimed first active region, which also includes the channel region (light
OMNIVISION TECHNOLOGIES, INC.: AND

AMS SENSORS USA INC., doped with a p-type impurity such as boron....” Ex.1007, 14:61-15:12, 6:50-7:3. The purple) between source-drain regions 4Na/4Nb and below insulating film 4Ne.

Petitioner,

substrate (orange) has top (“first surface”) and bottom (“second surface”) surfaces,

as indicated below. Ex.1003, 965. -00001: Petition [1] at 24

GREENTHREAD, LLC,
Patent Owner.

Case No. IPR2024-00001 NMOS )
Patent No. 10,734,481 Transistor (4N)

First Active
First Surface > s P e — 2E J 4Nd Region
PETITION FOR INTER PARTES REVIEW OF U.S. PA N 3

10,734,481 -7 i
UNDER 35 U.S.C. §§ 312 AND 37 C.F.R. § 42.1 ’ First Surface —— }2E
2W(2S)

2wW(28)

Second Surface ==

Substrate

| / / , L)
4Na
4Pa  6p 4Nb 4Nc

Ex.1007, FIG. 23.

-00001: Petition [1] at 25
-00001: Petition [1] at 17-18

PO Resp. [45] at 23-24; PO Sur-Reply [63] at 16 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Kawagoe Does Not Meet “Second Doping Type” Limitation

Petitioners later asserted (Reply) that the claim limitation is satisfied,
because the source and drain have doping “opposite” the substrate.

First, Greenthread’s argument incorrectly presumes that the claims require the

“second doping type” to be distributed throughout the entirety of the 1dentified “first

CONFIDENTIAL - PROTECTIVE ORDER MATERIAL

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE active region.” That assumption defies the plain language of the claims, which
BEFORE THE PATENT TRIAL AND APPEAL BOARD

CIRRUS LOGIC. INC.. simply call for “a first active region...with a second doping type.” Ex.1001, cls. 1,

OMNIVISION TECHNOLOGIES, INC.; AND
Petitioner,

20. It 1s sufficient that some portions of the “first active region”—here, the source

V.

GREENTHREAD. LLC,
Patent Owner.

and drain of Kawagoe’s NMOS (4N) formed in p-well 6p—include a “second

Case No. IPR2024-00001
Patent No. 10,734,481

doping type” (e.g., n-type dopants). Greenthread concedes this. POR 23 (Kawagoe’s

PETITIONER’S REPLY TO PATENT OWNER RESPONSE

“regions 4Na and 4Nb are doped n-type.”). Similarly, Figures 5B and 5C—which
Greenthread says “clearly disclose[]” the “claimed invention” (POR 4; Ex.2057,
34)—show NMOS devices having n-type source and drain regions and a p-type

substrate. Ex.1001, Figs. 5B-5C; Ex.1060-Banerjee-Supp.-Decl., §999-100.

-00001: Pet. Reply [54] at 24

-00001: PO Sur-Reply [63] at 16 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Bx. 2079 83 0 114 Q3
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Kawagoe Does Not Meet “Second Doping Type” Limitation

* The claims refer to the source and drain as a “device” and the active region as a “region,”
with distinct doping.

. . . Q. Would you consider the source and drain
Q. Okay. So when a transistor is formed in

part of the active region?

the first active region, per the fourth element,
MR. WHITEHURST: Object to form.

it's a p-type well; n-type dopants would be added to

£ the t - : qht? THE WITNESS: How should I put this?
orm e transistor, right?

The claim language describes transistors
A. Yes, n-type dopants are added to form the

) ) formed in at least one of the first active region or
source and drain. There may be other doping steps

) ) L ) second active region. It describes the transistors
involved. That's sort of a simplification. There

as a device, and the active region is a region. So
could be a number of doping steps, but yes, the

it's sort of like apples and oranges. They are

source and drain are formed by counter-doping, certainly -- on the top portion, they're made of the

doping opposite the active region. active region. The active region is, for example,

silicon. And dopants, you know, boron or

DEPOSITION OF ALEXANDER GLEW, PHD _00001: EX. 1069 at 27:18_28:2

July 16, 2024

phosphorous or something like that are added to the

Reported by: Dana Peabody, RDR, CRR, CSR No. 6332 SiliCOI'.I. substrate.

Pages 1 through 153
Job No. HOU 6760791

-00001: Ex. 1069 (Glew Dep. Tr.) at 28:11-24

Veritext Legal Solutions
346-293-7000

CIRRUS EX. 1069 - 1/201

Greenthread Ex. 2079 84 of 114 84
Cirrus Logic, et al. v. Greenthread
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Kawagoe Does Not Meet “Second Doping Type” Limitation

* Dr. Banerjee’s understanding renders the claim language requiring opposite doping types
superfluous, because he concludes that every active region has both n- and p-type doping.

101. Second, even assuming that Dr. Glew’s construction were correct (1.e.,

assuming that the “second doping type” must be included in all regions of the

100. First, Dr. Glew assumes that the claim term at issue requires that the . . « N . - . . R
“second doping type” must span the through the entirety of the claimed “first ldentlﬁed ﬁrSt aCthe reglon )7 h]S argument Completely lgnores Kawagoe S
active region.” However., the plain and ordinary meaning of “first active
region...wih a second doping ype” does ot mandte this, As 0 Kwagoe’s transistor 4P that is also shown and described in Figure 23. As a POSITA would
transistor 4N. as I explained in my opening declaration, IPR2024-00016 (*842
Patent). Ex. 1003. 979. n-type dopants. which are a “second doping type” relative haVe reCOgHIZGd, that traHSIStOr 4P iS COIlStrllCted Wlthil’l n_well 6n ) Subsequently’
to the p-type. are included in Kawagoe’s source and drain regions 4Na and 4Nb.
Dr. Glew does not appear to dispute this. That satisfied the disputed term under its . . . .

o ) - the source and drain regions of transistor 4P (4Pa and 4Pb) are formed by doping
plain and ordinary meaning. Whether or not the “second doping type™ is included
in the channel region of transistor 4N specifically. is beyond the scope of the

grim p-type dopants. Nonetheless, n-type dopants remain present in those source and

101. Second, even assuming that Dr. Glew’s construction were correct (i.e.,
asstning that th “second doping type” must be included n all regions of the drain regions (4Pa and 4Pb). Accordingly, all three regions of transistor 4P (the
identified “first active region”). his argument completely ignores Kawagoe’s
peor P s s showm s deserbe i e 2. A FOSTA would source, drain, and channel) will include n-type dopants. Accordingly, even under
have recognized, that transistor 4P is constructed within n-well 61. Subsequently.
the source and drain regions of transistor 4P (4Pa and 4Pb) are formed by doping . . . . - .« . .

. Dr. Glew’s construction (which is incorrect), in my opinion Kawagoe’s transistor
p-type dopants. Nonetheless, n-type dopants remain present in those source and

drain regions (4Pa and 4Pb). Accordingly. all three regions of transistor 4P (the

Source, dain, and channel willinchide type dopaats, Accardingly, even der 4P qualifies as the claimed “first active region...with a second doping type

54

opposite in conductivity to the first doping type.”

-00001: Ex. 1060 (Banerjee Supp. Decl.) at 9 101

-00001: PO Sur-Reply [63] at 16 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Bx. 2079 85 01 114 QO
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Kawagoe Does Not Meet “Second Doping Type” Limitation

e Alternatively, Petitioners argue that a different transistor (4P) satisfied the claim limitations.

* Transistor 4P is not mapped in the Petition.

Second, even assuming the claim were read to require “second doping type” NMOS
Transistor (4N)

dopants to be distributed throughout the “first active region” (i.e., not just in the . )
First Active

Region

source/drain, but also in the region where the channel is formed), that feature is still

met by Kawagoe’s PMOS (4P). As shown and described in Fig. 23, 4P is formed First Surface —— brv{;?l_/" = }ZE

into an n-well, which contains n-type dopants throughout the well. Pet. 30-31;

Ex.1007,9:40-54, 17:50-54, 18:15-23,21:55-61, Fig. 23. When the source and drain n / 2W(2S)

regions are subsequently formed, those n-type dopants remain present. Accordingly,

even under Greenthread’s unsupported construction, the source, drain, and channel

region of Kawagoe’s PMOS (4P) qualify as a “first active region” having a “second
8 8 (4P) qualify 8 8 -00001: Petition [1] at 25

doping type” (n-type). Ex.1060-Banerjee-Supp.-Decl., §101.

-00001: Pet. Reply [54] at 24-25

Greenthread Ex. 2079 86 of 114 8 6
Cirrus Logic, et al. v. Greenthread
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Kawagoe Does Not Meet “Second Doping Type” Limitation

-00001: PO Sur-Reply [63] at 17

Even if a part of a prior art reference is discussed in the
petition, it cannot be used to satisfy a claim element when the
Petition does not use it for that purpose.

Oren Techs., LLC v. Proppant Express Invs. LLC, 2021 WL 3120819, at *4 (Fed. Cir. July 23, 2021)

Greenthread Ex. 2079 87 of 114
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Overview of Issues

* Petitioners’ expert declaration and testimony are untrustworthy.
* Dr. Banerjee has an undisclosed financial relationship with one of the petitioners.

Greenthread Ex. 2079 88 of 114
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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!

ETT 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

B different kinds of memories, including flash

numbered cause on
9:13 a.m. to 6:31

kick you out in six years. So that's
G dm endl for it SN 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| '00001: EX. 2078 at 29:4'13 '00001: EX. 2078 (Ba ner_lee Dep. Tr-) at 29:18'30:4

Greenthread Ex. 2078, p. 1 of 388
Cirrus Logic, et al. v. Greenthread
1PR2024-00001
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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

-00001: Ex. 2078 (Banerjee Dep. Tr.)
at 44:13-19

-00001: Ex. 1004 (Banerjee CV)
at pg. 11

-00001: PO Sur-Reply [63] at 12 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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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?

Tt's a small amount, something A. That's how you pay your

80-. 90.000 graduate students, your postdoctoral fellows.
’ 14 .

-00001: Ex. 2078 at 46:22-47:7 Your lab collapses if you don't have money.

-00001: Ex. 2078 (Banerjee Dep. Tr.) at 49:15-50:1

Greenthread Ex. 2079 91 of 114 9 1
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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;

CIRRUS LOGIC, INCORPORATED, -00001: Paper 52, pg. 20

OMNIV , TED, and . -
TEXAS INSTRUMENTS INCORPORATE FURTHER ORDERED that the case caption in [PR2024-00017 shall

—Perrrorer be changed to reflect joinder of Texas Instruments Incorporated as a

V. petitioner in accordance with the attached example;

o

GREENTHREAD, LLC, -00017: Paper 52, pg. 13
Patent Owner. FURTHER ORDERED that the case caption in IPR2024-00018 shall

be modified to reflect Petitioner’s joinder in accordance with the attached

[PR2024-00001" example.
Patent 10,734,481 B2 .

-00018: Paper 51, pg. 18
-00001: Paper 52, pg. 22 FURTHER ORDERED that the case caption in [PR2024-00019 shall

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 [63] at 12-13 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE e o ey




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

_00001 . EX' 1062A (Streetm 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 -00001: 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

-00001: PO Sur-Reply [63] at 13 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Bx. 2079 93 0 114 Q3
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Overview of Issues

* Petitioners’ expert declaration and testimony are untrustworthy.
* Dr. Banerjee has an undisclosed financial relationship with one of the petitioners.
* Petitioners’ counsel conducted improper witness coaching prior to re-direct examination.

Greenthread Ex. 2079 94 of 114
Cirrus Logic, et al. v. Greenthread
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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

CIRRUS LOGIC, INCORPORATED,
OMNIVISION TECHNOLOGIES, INCORPORATED,

o] S IR, TG, 16 talk to anybody during the breaks about your

Petitioners,

v.
GREENTHREAD, LLC,

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 hd .
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 _OOOO 1 : EX . 2 078 ( B a n e rj e e D e p . Tr. ) at 7 : 1 2 _ 2 2

Girrus Logic, et al. v. Greenthre:
1PR2024-00001

-00001: PO Sur-Reply [63] at 13 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Bx. 2079 95 01 114 Q §
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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.

-00001: Ex. 2078 (Banerjee Dep. Tr.) at 313:10-16; 314:8-315:4

www.DigitalEvidenceGroup|
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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 -00001: Ex. 2078 (Banerjee Dep. Tr.) at 337:17-338:20

was also there and Emre.

www.DigitalEvidenceGroup.com Digitd

-00001: PO Sur-Reply [63] at 13-14 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 207997 o 114 Q7
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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

-00001: Ex. 2078 (Banerjee Dep. Tr.) at 339:9-20
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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

www.DigitalEvidenceGroup.com Digital Evidence Group C'rt 2024 202-232-0646 - 0 OO 0 1 . E 2 0 7 8 B 1 D T 3 4 4 . 3 - 1 9
e : Ex. anerjee Dep. Tr.) at ;
irrus Logic, et al. v. Greenthread
IPR2024-00001

-00001: PO Sur-Reply [63] at 14 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 207999 01114 QQ
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-00001: PO Sur-Reply [63] at 14

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 100 of 114
Cirrus Logic, et al. v. Greenthread
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Overview of Issues

* Petitioners’ expert declaration and testimony are untrustworthy.
* Dr. Banerjee has an undisclosed financial relationship with one of the petitioners.
* Petitioners’ counsel conducted improper witness coaching prior to re-direct examination.
* Dr. Banerjee copied verbatim the expert declaration from a separate petitioner’s expert.

Greenthread Ex. 2079 101 of 114
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Cirrus Logic, et al. v. Greenthread 10 1



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.

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

-00001: Ex. 2058 (Banerjee Dep. Tr.) at 125:11-126:1
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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 DhfE e conal Bk Gow S 2024 st -00001: Ex. 2058 (Banerjee Dep. Tr.) at 53:13-54:10

Cirrus Logic, et al. v. Greenthread
IPR2024-00001

-00001: PO Resp. [45] at 31; PO Sur-Reply [63] at 24 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Sreentread Bx- 2019193911 103
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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 -00001: 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.

-00001: Ex. 2058 (Banerjee Dep. Tr.) at 57:13-58:5
-00001: PO Resp. [45] at 31; PO Sur-Reply [63] at 24 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Sreentread Bx 201919491112 104
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Petitioners’ Replicated Expert Declaration

* Dr. Banerjee’s declaration essentially matches the prior expert’s declaration.

Element [1.5]: “at least a portion of at least one of the
first and second active regions having at least one
graded dopant concentration to aid carrier movement
from the first surface to the second surface of the
substrate; and”

88.  In my opinion, Kawagoe discloses or, at a minimum, renders obvious
this element. As illustrated in Figure 23 (below left), a channel region (light purple)
formed at the top surface of the substrate connects the source-drain regions 4Na and
4Nb (purple) of transistor 4N. See Ex. 1008B, 298 (“A channel region in the
Declaration of Dr. Blalock for /nter Partes Review of U.S. Patent No. 10,734,481
semiconductor under the gate electrode separates the source and drain”), 300-301
(“When positive bias is applied to an NMOS transistor gate ... an n-type channel
connects the source and drain regions”), FIG. 5-2; Ex. 1007, 8:60-67 (“The
semiconductor regions 4Na and 4Nb are regions for forming the source-drain
regions of the NMOS 4N.”), 14:46-55, 15:26-30 (“The p-well 6p is formed with the
nMOS 4N.”), 15:37-40. Based on Patent Owner’s representation in the District Court

Case that the channel is “a thin layer below the surface” connecting the source and

drain, Patent Owner does not appear to dispute this.

-00001: Ex. 2076 (Prior Blalock Decl.)
at 99 88; 102-103

-00001: PO Resp. [45] at 30-31

102. It is also my opinion that Kawagoe also satisfies this claim element
under Petitioner’s proposed constructions of these terms. See Section VIII. With
regard to the “well region,” it is mapped to Kawagoe’s p-well 6p and this mapping,
in my opinion, satisfies Petitioner’s construction of the term. /d. Notably, p-well 6p
Declaration of Dr. Blalock for Inter Partes Review of U.S. Patent No. 10,734,481
is formed by implanting ions of “a p-type impurity such as boron.” Ex. 1007, 17:43-
49. With regard to the “aid carrier movement” term, Kawagoe satisfies Petitioner’s
alternative proposed construction, in my opinion, that the term means “to sweep the
carriers from the first surface to the second surface of the substrate.” /d. As discussed
in Wang and as was well understood in the art, an O-ray generates a stream of
millions of carriers (e.g., electrons) that can cause single-event upset (SEU) soft

errors. Ex. 1009, 431; Section X.A.1.f.

n* lon Track

Ex. 1009, FIG. 2
103. Kawagoe also explains that the graded dopant concentration illustrated
in Figure 17 reduces soft errors by sweeping those carriers down to the second

surface of the substrate. Ex. 1007, 16:2-11.

Element [1.5]: “at least a portion of at least one of the
first and second active regions having at least one
graded dopant concentration to aid carrier movement
from the first surface to the second surface of the
substrate; and”

85.  In my opinion, Kawagoe discloses or, at a minimum, renders obvious
this element. As illustrated in my annotation of Figure 23 (below left), a channel
region (light purple) formed at the top surface of the substrate connects the source-
drain regions 4Na and 4Nb (purple) of transistor 4N. See Ex. 1008B, 298 (“A
channel region in the semiconductor under the gate electrode separates the source
and drain”), 300-301 (“When positive bias is applied to an NMOS transistor gate ...
an n- fype channel connects the source and drain regions”), FIG. 5-2; Ex. 1007, 8:46-

47 (“nMOS” is a shorthand for “n-channel MOS.FET”), 8:60-67 (“The

semiconductor regions 4Na and 4Nb are regions for forming the source-drain
regions of the NMOS 4N.”), 14:46-55, 15:26-30 (“The p-well 6p is formed with the
nMOS 4N.”), 15:37-40. Based on Patent Owner’s representation in the District Court
Case that the channel is “a thin layer below the surface” connecting the source and

drain, Patent Owner does not appear to dispute this.

is/cm’)

P

T
—
6n “!b“’d 4Pa Sp-

6p6n)

IMPURITY\CONCENTRATION [a

We Ww
> DEPHT (um)

Ex. 1007, FIGS. 17, 23.

99.  Further, as discussed in Wang and as was well understood in the art, an
o-ray generates a stream of millions of carriers (e.g., electrons) that can cause single-

event upset (SEU) soft errors. Ex. 1009, 431; Section X.A. 1.1,

lon Track

Ex. 1009, FIG. 2.
100. Kawagoe also explains that the graded dopant concentration illustrated
in Figure 17 reduces soft errors by sweeping those carriers down to the second

surface of the substrate. Ex. 1007, 16:2-11.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-00001: Ex. 1003 (Banerjee Decl.)
at 99 85; 102-103
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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.

63.  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

1s widely cited in scientific works.

60. 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

1s widely cited in scientific works. The Wolf textbook provides helpful context

-00001: Ex. 2076 (Prior Blalock Decl.) at 9] 63

-00001: PO Resp. [45] at 31-32

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-00001: Ex. 1003 (Banerjee Decl.) at 9 60
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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 -00001: Ex. 2058 (Banerjee Dep. Tr.) at 114:7-22

Reported by: Matthew Goldstein, RMR, CRR

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

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
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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% -00001: Ex. 2058 (Banerjee Dep. Tr.) at 122:20-123:5
THE WITNESS: I do not know.

Reported by: Matthew Goldstein, RMR, CRR

-00001: Ex. 2058 at 116:14-16, 117:2-8

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

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

PO Resp. [45] at 32 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE e asiv, crommrend 108



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 -00001: 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

-00001: PO Resp. [45] at 32 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE e ey croonrend 109



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

-00001: 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?

-00001: 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.

-00001: Ex. 2058 (Banerjee Dep. Tr.) 120:22-121:20

Greenthread Ex. 2079 110 of 114 1 10
Cirrus Logic, et al. v. Greenthread
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Overview of Issues

* Petitioners’ expert declaration and testimony are untrustworthy.
* Dr. Banerjee has an undisclosed financial relationship with one of the petitioners.
* Petitioners’ counsel conducted improper witness coaching prior to re-direct examination.
* Dr. Banerjee copied verbatim the expert declaration from a separate petitioner’s expert.
* Substantial evidence of objective indicia of non-obviousness supports patentability.

Greenthread Ex. 2079 111 of 114
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE vt o et Geeniaee) AL L



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)

-00001: PO Resp. [45] at 26-27; PO Sur-Reply [63] at 23 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE e ey cromrond 112



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.

-00001: Ex. 2072 (Dr. Rao Decl.) at 2
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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.)

: : -00001: 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 -00001: 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,

_00001: Ex. 2072 at 55 ;l;l;i(:?4-00020, IPR2024-00021 and all other proceedings challenging the validity of a Licensed

-00001: Ex. 2072 (Dr. Rao Decl.) at 122

Greenthread Ex. 2079 114 of 114 1 14
Cirrus Logic, et al. v. Greenthread
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