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Texas Instruments Incorporated (“Petitioner” or “TI”), requests inter partes
review (“IPR”) of claims 1-6 (the “Challenged Claims”) of U.S. Patent No.
8,421,195 (Ex.1001, “’195 Patent”). This Petition is accompanied by a Motion for
Joinder to join pending IPR proceeding Cirrus Logic, Inc., et al. v. Greenthread,
LLC, IPR2024-00017.

L INTRODUCTION

The 195 Patent is directed to a Complementary Metal-Oxide Semiconductor
(CMOS) device having graded dopant concentrations. Ex.1001, 4:13-29. This
Petition demonstrates that the Challenged Claims are unpatentable as anticipated and

obvious.

II. MANDATORY NOTICES
A.  Real Party-in-Interest
Petitioner Texas Instruments Incorporated is the real party-in-interest.

B. Related Matters

The *195 Patent is the subject of the following active proceedings:

° Greenthread, LLC v. Cirrus Logic, Inc., Civil Action No. 1:23-cv-
00369 in the Western District of Texas, filed March 31, 2023 (“Cirrus
District Court Case”);

° Greenthread, LLC v. OmniVision Technologies, Inc., Civil Action No.

2:23-cv-00212 in the Eastern District of Texas, filed May 10, 2023



(“OmniVision District Court Case”);

° Greenthread, LLC v. OSRAM GmbH et al., Civil Action No. 2:23-cv-
00179 in the Eastern District of Texas, filed April 19, 2023 (“ams-
OSRAM District Court Case™);

° Greenthread, LLC v Texas Instruments Incorporated, Civil Action
No. 2:23-cv-00157 in the Eastern District of Texas, filed April 6,
2023;

o Greenthread, LLC v. Monolithic Power Systems, Inc., Civil Action
No. 1:23-¢cv-00579 in the District of Delaware, filed May 26, 2023;

° Cirrus Logic, Inc., et al. v. Greenthread, LLC, IPR2024-00017 before
the Patent Trial and Appeal Board, filed October 18,2023;

o Semiconductor Components Industries, LLC v. Greenthread, LLC,
IPR2024-00266 before the Patent Trial and Appeal Board, filed
December 11,2023; and

° Monolithic Power Systems, Inc. v. Greenthread, LLC, IPR2024-00468
before the Patent Trial and Appeal Board, filed February 3, 2024.

The 195 Patent was previously subject to the following proceedings, which

are no longer pending:

° Greenthread, LLC v. Samsung Electronics Co., Ltd.. et al, Civil

Action No. 2-19-cv-00147 in the Eastern District of Texas, filed April



30,2019

o Samsung Electronics Co., Ltd. v. Greenthread, LLC, TIPR2020-00289
before the Patent Trial and Appeal Board, filed December 23,2019;

° Greenthread, LLC v. Intel Corporation, Dell Inc., and Dell
Technologies Inc., Civil Action No. 6:22-cv-105 in the Western
District of Texas (“Intel Litigation”), filed January 27, 2022;

o Greenthread, LLC v. Intel Corporation, Civil Action No. 6:22-cv-
01293 in the Western District of Texas, severed December 21, 2022,
and transferred to District of Oregon as 3:22-cv-02001;

° Greenthread, LLC v. Micron Technology, Inc. et al., Civil Action No.
1:23-cv-00333 in the District of Delaware, filed March 24, 2023;

o Intel Corporation v. Greenthread, LLC, IPR2023-00548, before the
Patent Trial and Appeal Board, filed January 30, 2023; and

o Greenthread, LLC v. Western Digital Corporation et al, Civil Action

No. 1:23-cv-00326 in the District of Delaware, filed March 24, 2023.

C. Counsel Service Information

Lead Counsel Backup counsel

Joshua A. Griswold, Reg. No. 46,310 | Patrick J. Bisenius, Reg. No. 63,893

Fish & Richardson P.C. Fish & Richardson P.C.
60 South Sixth Street, Suite 3200 60 South Sixth Street, Suite 3200
Minneapolis, MN 55402 Minneapolis, MN 55402




Tel: 214-292-4034 Tel: 612-766-2048
Fax: 877-769-7945 Fax: 877-769-7945
Email: [IPR12189-00841P1@fr.com PTABInbound@fr.com

D. 37 C.F.R. §42.8(b)(4): Service Information
Please address all correspondence and service to the address listed above.

Petitioner consents to electronic service by email at IPR12189-00841P1@fr.com

(referencing No. 12189-0084IP1 and cc’ing PTABInbound@fr.com,

griswold@fr.com and bisenius@fr.com).

III. PAYMENT OF FEES UNDER 37 C.F.R. §42.103

The undersigned authorizes the Office to charge the fee set forth in 37
C.F.R. §42.15(a)(1) for this Petition to Deposit Account No. 06-1050. Review of 6
claims is requested. The undersigned further authorizes payment for any additional
fees that may be due in connection with this Petition.
IV. CERTIFICATION OF GROUNDS FOR STANDING

Petitioner certifies under Rule 42.104(a) that the *195 Patent is available for
IPR and Petitioner is not barred or estopped from requesting IPR of the Challenged
Claims on the grounds identified in this Petition.
V.  OVERVIEW OF CHALLENGE AND REQUESTED RELIEF

A.  Prior Art Printed Publications

The 195 Patent claims priority to September 3, 2004. Petitioner’s challenge

is based on the following prior-art references, none of which were before the

4



Patent Office during prosecution of the 195 Patent:
o Payne — U.S. Patent No. 4,684,971 to Payne (Ex.1005) issued on August 4,
1987 and is prior art under §102(b).!
o Onoda — Japanese Application H8-279598 to Onoda (Ex.1043, certified
translation Ex.1042) published on October 22, 1996 and is prior art under §102(b).
o Wolf — Wolf and Tauber, Silicon Processing, Lattice Press (2000)
(Ex.1008A- D), was published and publicly available no later than 2002, and is prior
art under §102(b). Exs. 1014-1015; Ex.1036.2
o Parrillo - U.S. Patent No. 4,435,896 to Parrillo and Payne (Ex.1025) issued
on March 13, 1984 and is prior art under §102(b).

B. Relief Requested

The specific grounds of the challenge are set forth below and are supported

by the declaration of Dr. Banerjee (Ex.1003).

Ground Basis Challenged Claims Reference(s)
I § 103 1-2,4-6 Payne
II § 102 1-6 Onoda

I Cites to 35 U.S.C. §§102 and 103 are to the pre-America Invents Act (pre-AIA).
2 Petitioner is relying on independent librarian expert, Dr. Sylvia Hall-Ellis, to

verify the public availability of the Wolf reference.



II1 § 103 1-6 Onoda/Wolf

v § 103 2,3 Payne/Wolf

Vv § 103 3 Payne/Parrillo

VI. PERSON OF ORDINARY SKILL IN THE ART

A person of ordinary skill in the art (“POSITA”) of the subject matter of the
’195 Patent would have had a Bachelor’s degree in electrical engineering, material
science, applied physics, or a related field, and four years of experience in
semiconductor design and manufacturing or equivalent work experience. Ex.1003,
955-58. Additional education might compensate for a deficiency in experience,
and vice-versa. Id. Notably, in the Intel Litigation, Patent Owner agreed with this
characterization of a POSITA. Ex.1045, 913.
VII. CLAIM CONSTRUCTION

Claims in an IPR are construed under Phillips v. AWH Corp., 415 F.3d 1303
(Fed. Cir. 2005) (en banc). 37 C.F.R. §42.100(b). Petitioner is aware that Patent
Owner took positions on the meaning of certain claim terms, which are listed

below. See Exs.1030, 1032, 1033.°

> As to the “active region” terms, Patent Owner’s position is reflected in its claim

construction briefing. See Ex.1030, 28, 40.



Claim Term Patent Owner’s Proposed

Construction

“surface layer” Plain and ordinary meaning (“a

layer at the surface™)

“substrate” Plain and ordinary meaning

(“underlying layer™)

“active region” Plain and ordinary meaning (“a
doped silicon region at the surface
of a semiconductor device where a

transistor can be formed”)

“to aid carrier movement from . . . Plain and ordinary meaning
[to/towards] . . .”
“well region” Plain and ordinary meaning (“a

doped region that surrounds the

active region of a semiconductor

device”)
“active region ... within which Plain and ordinary meaning (“‘a
transistors can be formed” doped silicon region at the surface

of a semiconductor device where a

transistor can be formed”)

Petitioner is further aware that, in the Intel Litigation, the Court provided its
“preliminary constructions” in advance of the claim construction hearing, in which
the Court offered a “preliminary construction” of plain and ordinary meaning as to

each of the above-listed terms. See Ex.1037. Petitioner does not believe any terms



need be construed to resolve the issues presented in this Petition, and Petitioner takes
no position regarding claim construction at this time. The Challenged Claims are
unpatentable under either their plain and ordinary meaning, or under Patent Owner’s
proposed constructions (except for the term “active region ... within which
transistors can be formed,” which 1s addressed in the sections below).
VIII. SPECIFIC GROUNDS FOR PETITION

A.  GroundI:

Payne renders claims 1-2 and 4-6 obvious. Ex.1003, 4972-130.

1. Independent Claim 1

a. Preamble: “A CMOS semiconductor device

comprising:”
Payne is directed to a CMOS semiconductor device. Ex.1003, 473; Ex.1005,
Title, Abstract, 1:51-54 (*“it is a primary object of the invention to provide a CMOS
structure and method of manufacture which requires little semiconductor space and
therefore permits a high packing density.”), 1:5-15. Payne Figure 10 illustrates a “p-
channel” (PMOS) transistor (with “P+” source/drain regions 21/22) adjacent to an
“n-channel” (NMOS) transistor (with “N+" source/drain regions 23/24) of a CMOS

semiconductor device. /d., 2:50-60, 5:18-34, 6:57-59.



FIG. /0
PMOS Transistor NMOS Transistor

0 3l
3 34

2 77

Ex.1005, FIG. 10.}
b. Element [1.1]: “a surface layer;”
Payne discloses, or at a minimum, renders obvious this element. Ex.1003,
1974-76. According to Patent Owner (“PO”), a “surface layer” is “a layer at the
surface of the silicon” (or “a layer at the surface of the semiconductor device”)—

which PO annotated in blue below—*“where the active region [(red)] is located.”

Ex.1030, 6, 9, 12, 13; Ex.1033.

3 All colors and colored annotations to figures added.



Access Transistor

Storage ¢

SO
“ONE SURFACE OF SAID SURFACE LAYER"

|| L]
! ! A

Graded dopant region to pull minornity carriers from surface

Ex.1001, FIG. 5(b); Ex.1030, 7, 12.

Payne satisfies element [1.1] to the same extent that Figure 5(b) meets it.
Ex.1003, 9974-75. Payne’s Figure 10 discloses a surface layer (blue) that matches
the surface layer PO identified in Figure 5(b). Payne’s surface layer—a subset of
what Payne refers to as “surface region 18”—is at the surface of silicon substrate 10,
and “source and drain regions, 21 and 22 [(red)] of P+ conductivity” of Payne’s p-
channel transistor (left) are located in it. Ex.1005, 2:50-60; 5:21-27, 6:57-59, FIG.

1.

32

3%

2 O Surface Layer
[0 Active Region

}u i Source/Drain
’E\-« 10

10



Ex.1005, FIG. 10. Payne likewise discloses another surface layer—a subset
of “surface region 20”—containing “source and drain regions, 23 and 24, of N+
conductivity” of Payne’s n-channel transistor (right). Id., 5:24-27, 6:57-59; Ex.1003,

q76.

26 28 ¥
) ) 24
S5 } 3
T 2 O Surface Layer

[0 Active Region

h: é» i Source/Drain
‘§~—|U

Ex.1005, FIG. 10.
c. Element [1.2]: “a substrate;”
Payne discloses this element. Ex.1003, 9977-78. Payne’s Figure 10
illustrates a CMOS device “fabricated in a silicon semiconductor substrate [(grey)]
10 of ‘N-’ conductivity type which typically has a doping concentration of

approximately 1- 2x10'*ons/cm? [.]” Ex.1005, 1:60-62, 2:50-60.%

4+ All emphases added unless otherwise noted.

11



R

NN %

»2\_|0 ¥ Substrate

Ex.1005, FIG. 10.

Payne satisfies element [1.2] under PO’s proposed construction of “plain and

299

ordinary meaning [i.e.] ‘an underlying layer.”” Ex.1033. Payne’s substrate also

matches PO’s identification of the substrate (grey) in Figure 5(b) of the *195 Patent.

AccessTransistor
Storage Capacitor or
nsor element
| 1] | _]

I 1| ]
11 SURFACE LAYER

| L]
! R R

Graded dopant region to pull minonty carmers from surface

(2 ) SUBSTRATE P substrate

Ex.1030, 6-7, 16-17 (well region and drift layer can be part of substrate);

Ex.1001, FIG. 5(b). See also Ex.1005, 1:60-65, 2:50-60 (“the [CMOS] device is

12



fabricatedin a silicon semiconductor substrate, 10”), FIGS. 1, 10.

d. Element [1.3]: “an active region including a source
and a drain, disposed on one surface of said surface

layer;”
Payne discloses or renders obvious this element. Ex.1003, 9979-83.
According to PO, Figure 5(b) of the 195 Patent depicts an active region (red)

“disposed on one surface [(top surface)] of said surface layer”:

AccessTransistor
Storage

SO
“ONE SURFACE OF SAID SURFACE LAYER"

gin
Active Region 1 Active Region
Source \- Drain

v v REER

Graded dopant region to pull minonty carmers from surface

Ex.1001, FIG. 5(b); Ex.1030, 6-7, 11 (“[T]he ‘active region’ is part of the
‘surface layer’ ... When the claim says the active region is ‘disposed on one
surface of the surface layer,” it means the active region is located on the ‘ceiling’
of the silicon inside the silicon.”) (emphasis in original), 12.

Payne satisfies element [ 1.3] under PO’s interpretation. Ex.1003, 483. Payne’s

13



Figure 10 below illustrates a “p-channel” transistor with source/drain regions 21/22
(left), and an “n-channel” transistor with source/drain regions 23/24 (right). Ex.1005,
5:18-29, 1:5-19, 6:57-59. These source/drain regions are formed with “a surface
impurity concentration of approximately 10"-10% ions/cm?.” Ex.1005, 5:21-29,
1:43-45. The channel region between them is part of the surface region, which has
an impurity concentration of “typically 0.5-5x10'® ions/cm®.” Ex.1005, 5:51-52,
4:31-39, 4:63-5:5. The source/drain regions of a transistor, together with the channel
region in between them, form an active region. Ex.1003 981-82; Ex.1008B, 299
(“The top surface of the [silicon substrate] body consists of active or transistor
regions as well as passive or (field) regions. The active regions are those in which
transistor action occurs; i.e., the channel and the heavily doped source and drain
regions.”), 300, FIG. 5-2, 382, FIG. 6-8(c), 387, FIG. 6-10; Ex.1008C, 525, FIG. 8-
1(e). The active region (red) of each of Payne’s transistors is disposed on one surface
(top surface) of a corresponding surface layer (blue), exactly as depicted in PO’s

annotated Figure 5(b) above. Ex.1003, 983; §VIIL.A.1.b.

32

H

i @ Surface Layer
% @ Active Region

}HIT
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Ex.1005, FIG. 10.

Payne satisfies element [1.3] under PO’s position that “active region” means
“a doped silicon region at the surface of a semiconductor device (e.g., the source and
drain and silicon between them) where a transistor can be formed” (Ex.1033)
because the active region of a MOS transistor is “[its] channel and [its] heavily doped

source and drain regions,” highlighted below (red). Ex.1008B, 299; Ex.1003, 83.

Polysilicon

or metal 2

Oxide ntype G B
semiconductor
S
(Channel width W
n-source 1 to paper) C) Schematic symbol
Gate Metal source Gate, G Metal drain
contact n-type Deposited contact,
polysilicon insulator

p-substrate

a)  Structure
Field oxide Channel” Gate dielectric p*
Field region region L- (silicon dioxide)
Channel length L
5 “2—-—4 I pm vertical
b) horizontal scale
. scale p-type body, #
Cross-sectional view

Ex.1008B, FIG. 5-1; id., 298-301, 374, FIGS. 5-2, 6-4.

e. Element [1.4]: “a single drift layer disposed between
the other surface of said surface layer and said
substrate, said drift layer having a graded
concentration of dopants extending between said

surface layer and said substrate,”

Payne discloses or renders obvious this element. Ex.1003, q984-93.

15



Single drift laver (“SDL”) — In its claim construction brief, PO identified
the SDL in tan in Figure 5(b). Ex.1030, 7. According to PO, the SDL (tan) is
“disposed between ‘the other surface [(bottom surface)] of said surface layer

[(blue)]” and [said] substrate [(grey)]”:

AccessTransistor
Storage C
“THE OTHER SURFACE OF SAID SURFACE LAYER"” /@’““"

(1

| | S A
SINGLE DRIFT i l l v v l l l l L

\ LAYER Graded dopant region 10 pull minonty camers trom surface

<

Ex.1001, FIG. 5(b); Ex.1030, 7. The SDL in Figure 5(b) has a well region

(green) disposed in it, forming a nested structure, as required by the claim (see

element [1.6]), and as shown below:

16



Access Transistor

([) Storage C

SOr
| 1
6 WELLREGION h ' -
€ ||

| | 5[5 81
. il IS R

Graded dopant region to pull minonty camers from surface

. 4

\ 2

Ex.1001, FIG. 5(b); Ex.1030 at 7; id., 11 (“the ‘well region’ is part of the
‘single drift layer.””).

Payne discloses a single drift layer (SDL) to the same extent the 195 Patent’s
Figure 5(b) does. Ex.1003, 9985-87. In Payne’s Figure 10, the “first tub region” 15
(tan) of Payne’s nested well structure—with shallow well (“surface region”) 18
disposed in it—is an example of the claimed single drift layer. /d.; Ex.1005, 3:28-42
(ion implantation for tub 15), 4:19-30 (thermal drive-in to achieve the desired depth
for tub 15), 4:31-39, 5:7-17, 5:44-48, 5:48-50 (“In a typical device, the final depth
of surface regions 18 and 20 would be approximately 1-2u and the depth of the fub
regions 15 and 17 would be typically 3-8u.”). This SDL (tan) is “disposed between
‘the other surface [(bottom surface)] of said surface layer [(blue)]’ and [said]
substrate [(grey)]” under PO’s interpretation, and in exactly the same way as

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

17
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O Surface Layer
O Active Region
P~ égn O Drift Layer
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Ex.1005, FIG. 10. Payne’s tub 17 (right), in which shallow well 20 is

disposed, is likewise an SDL (tan) disposed between a surface layer (blue) and the
substrate (grey). Ex.1005, 4:3-30, 4:63-5:17, 5:44-50; Ex.1003, 487; § VIIL.A.1.b.

Payne meets all other claim requirements associated with the SDL to the same
extent Figure 5(b) meets them. See below and elements [1.5]-[1.6]; Ex.1003, 9988-
93. Notably, as detailed in element [1.5], each of Payne’s tubs 15/17 is a single drift
layer (SDL) because it has a graded-dopant concentration that, according to PO,
creates a unidirectional electric drift field that aids the movement of minority carriers
in a single direction—from the surface layer to the substrate. Ex.1030, 7; Ex.1002,
253-54, 289-290; §VIILA.1.1.

Graded-dopant concentration — The 195 Patent admits that graded-dopant
concentrations were known, Ex.1001, 2:13-15, FIG. 1 (“Prior Art”), and that it was
known to grade the dopant concentration in CMOS devices to affect the movement
of minority carriers. Id., 1:34-2:5, FIGS. 3(a)-3(d) (all “Prior art”). Payne’s SDL has

a graded-dopant concentration extending between the surface layer and the substrate.
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Ex.1003 989. Payne explains that the “impurity profile in both tubs [15/17] thereby
has the general shape illustrated in FIG. 11” which exhibits “[t]he major advantage”
of a “high-low implant profile.” Ex.1005, 2:38-41, 5:14-17, 5:56-57. Payne’s Figure
11 (below right) illustrates the dopant concentration measured along the red dotted
line in Figure 10 (below left), which starts at the bottom of the surface layer (blue)
and extends to the substrate (grey). As shown below, Payne discloses a downward-
sloping graded-dopant concentration in the SDL (tan) associated with Payne’s

PMOS transistor (left).’
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Ex.1005, FIGS. 10-11. Dr. Banerjee has annotated Figure 11 to reflect

exemplary (maximum) dopant concentrations at various depths disclosed in Payne:

> Cf. Kingsford Prod. Co., LLC v. Creative Spark, LLC, No. IPR2016-01831, Paper
32 at 32 (P.T.A.B. Mar. 9, 2018) (“Figures that are not drawn to scale may be

relied upon to disclose qualitative relationships between measured quantities...”).
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(1) 5x10' ions/cm® at the surface of the shallow wells (depth Oum), (2) 10'°
ions/cm? at a depth of ~2um (boundary of deep and shallow wells), and (3) 2x10'*
ions/cm® at a depth of ~8um (boundary of substrate and deep wells). Ex.1003,

990-91.

FIG. 1
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Ex.1005, FIG. 11. Indeed, Payne explains that “[t]he surface impurity
concentration of the surface regions [18/20] is typically 0.5-5x10'¢ ions/cm? and
that [the surface impurity concentration] of the tub regions [15/17] is typically
10'5-10'¢ ions/cm?, with the former concentration being at least twice as much as
the latter over these ranges.” Id., 5:51-55. The concentration is lowest at the
substrate, where it is “I1- 2x10' ions/cm?.” Id., 2:56-59. Payne also explains that
“the final depth of surface regions 18 and 20 would be approximately 1-2u and the

depth of tub regions 15 and 17 would be typically 3-8u.” Id., 5:48-50.
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While the above discusses the SDL associated with Payne’s PMOS transistor
(left in Figure 10), Payne teaches that the SDL associated with Payne’s NMOS

transistor (right) also has a downward-sloping graded-dopant concentration.

Ex.1005, 5:14-17; Ex.1003, §991-93.

f. Element [1.5]: “said drift layer further having a first
static unidirectional electric drift field to aid the
movement of minority carriers from said surface

layer to said substrate; and”
Payne discloses or, at a minimum, renders obvious this element. Ex.1003,
1994-107. As shown below, Payne’s SDL (tan) has a downward-sloping graded-
dopant concentration extending between the surface layer (blue) and the substrate

(grey). §VIILLA.1.e.
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Ex.1005, FIGS. 10-11.

Payne’s downward-sloping graded-dopant concentration aids the movement
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of minority carriers from the surface layer to the substrate to the same extent to which
Applicant relied on the prior art and admitted to the Patent Office that such carrier
movement would occur under the same scenario. Ex.1003, 9995-99. During
prosecution, Applicant represented to the Patent Office that a downward-sloping
graded-dopant concentration was known in the prior art to create an “inherent ‘built-
in’ unidirectional electric field” that moves carriers deep into the substrate (while an
upward-sloping concentration, not at issue in Payne, would move those carriers in
the opposite direction towards the surface):

[T]he graded dopant concentration itself creates a ‘built-

in’ electrical field that forces the movement of carriers
into a particular direction, whereby the ‘direction’ of the
electrical field and the resulting direction of the carrier
movement depends solely on the slope of the graded

concentration of dopant.

Ex.1002, 289-290 (underlining in original); Ex.1003, 94995-96. Applicant
further represented that “a unidirectional drift (electric) field necessarily affects all
the present minority carriers in the same way.... Depending on the particular slope
of the graded concentration of dopant, all minority carriers are either swept ‘down’

. or ‘up...”” Ex.1002, 289. Applicant cited Jastrzebski in support. I/d., 290. In
Jastrzebski, the graded-dopant concentration is “decreasing with depth” from the top

surface 11 (purple) of the substrate 10, as shown in Figure 1b below. Ex.1010, 5:14-
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22. Jastrzebski teaches that this downward-sloping graded-dopant concentration
creates an electric drift field that “force[s] most of the charge carriers ... deep into
the substrate[.]” Id., 5:14-22; id., 2:277-32 (“This is done by creating a field, such as
a drift field, in the semiconductor substrate to sweep minority charge carriers...into

the bulk [substrate], away from the electrode-bearing surface of the substrate.”).
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Ex.1010, FIGS. 1a-1b.

Applicant made the same representation to the Patent Office regarding
Kamins. Ex.1002, 237-238, 253-254. According to Applicant, Kamins’ Figure 3
shows “two electrical fields with opposing directions” (highlighted in blue and

yellow) that correspond to increasing and decreasing graded-dopant concentrations,

respectively. 1d., 237, 253 (citing Ex.1009, 3:6-13, FIGS. 2-3). Applicant explained
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that Kamins “show([s] minority carrie[r|s accelerated into the substrate.” Id., (citing
Ex.1009, FIG. 2 and quoting Ex.1009, 3:6-13 (“carriers... accelerated... away from
the surface... into the substrate”)). According to Applicant, the electric field
associated with the downward-sloping graded concentration at depth beyond ~10pum
(red) causes “[minority] carriers created [in that region to be] ... accelerated into
the substrate ....” 1d. (citing Ex.1009, 3:6-13, FIGS. 2-3); Ex.1030 at 24 (Kamin’s
“bottom electric field [(yellow)] draws a minority carrier from the substrate to a
deeper part of the substrate.”); Ex.1009, 2:67-3:14 (“The non-uniform dopant
concentration in the substrate creates electric fields in the substrate indicated by
arrows labeled ‘€’ in FIGS. 2 and 3” such that “[minority] carriers created below the
maximum dopant concentration are accelerated into the substrate.”), FIG. 2

(referring to these carriers as “photogenerated minority carriers”), 2:11-16 (same).
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Ex.1009, FIG. 3.

Dr. Banerjee explains that during a so-called single event upset (SEU), an a-
ray generates millions of carriers, some of which are produced in or near the active
regions at the surface of the substrate. Ex.1003, 4100; Ex.1013, 431 (“A[n] [o-]
particle can induce SEU when it strikes at the channel region of an off NMOS
transistor or the drain region of an off PMOS transistor.”), FIG. 2. As shown in
Figure 2, such event generates both types of carriers (holes, denoted “+” and

electrons, denoted “-”’), one of which will be the minority carrier in any given surface

layer.
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Ex.1013, FIG. 2(a).

Like Jastrzebski and the right-hand side of Kamins Figure 3 (yellow), Payne’s
graded-dopant concentration is downward-sloping, as shown in Figure 11.
Moreover, this graded-dopant profile is determined by the ion-implantation and
drive-in steps of the chip fabrication processes (described in Payne in relation to
Figures 2 and 5-9 in particular) and thus the profile (and any resulting electric field)
is static—it is set once the device has been fabricated and does not change. Ex.1003,
101; Ex.1005, 5:7-17, 5:44-55 (describing “the final depth” of tubs and surface
regions and their typical ranges of impurity concentrations). During prosecution
Applicant described “static” similarly, conceding that “Kamins (US 4,160,985), just

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

Thus, according to Jastrzebski, Kamins, Applicant, and PO, Payne’s profile
generates a (first) “built-in” static unidirectional electric drift field (illustrated by the
yellow arrow labelled “E1” below left) that aids the movement of minority carriers

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

El
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LOG DOPING
CONCENTRATION

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

 The Ground I figures depict electric fields in N-wells, e.g., Payne’s nested N-
wells 15/18. §§VIILLA.1.f-g. The electric fields would be pointing in the opposite
direction in Payne’s nested P-wells. In both cases, these electric fields result from
the downward-sloping graded dopant concentrations in Payne’s N-wells and P-
wells and aid the movement of minority carriers (holes in N-wells, electrons in P-

wells) downward to the substrate. /d.; Ex.1003, 49105-106.
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Notably, Payne satisfies element [1.5] to the same extent the *195 Patent’s
Figure 5(b) meets it. Ex.1003, q101-107. While the 195 Patent does not disclose
any SDL’s dopant profile, PO contends that annotated Figure 5(b) below shows that
“[t]he single drift layer has a graded concentration of dopants ... [that] create[s] an
electric field that aids the movement of minority carriers [] from the surface layer to

the substrate.” Ex.1030, 7.

AccessTransistor
Storage C
“THE OTHER SURFACE OF SAID SURFACE LAYER" .
(1
SINGLE DRIFT 5 * ‘ L ‘ l l l l
\ LAYER Graded dopant region 10 pull minonty carners from surface
2

Ex.1001, FIG. 5(b); Ex.1030, 7.

In light of the above, Payne satisfies element [1.5] under PO’splain-meaning
constructions. Ex.1033. Payne’s Figure 11 shows a graded- dopant concentration
that is downward-sloping over the entire SDL (tan)—in fact, from the top of the
silicon/surface layer (blue) to the bottom of the SDL—and thus, according to PO
(and Applicant’s representations to the Patent Office discussed above), this graded-

dopant concentration creates a static unidirectional electric drift field that aids the
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movement of minority carriers from the surface layer to the substrate. Ex.1005, FIG.

11; Ex.1003, 9101-107.
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Ex.1005, FIGS. 10-11.

g. Element [1.6]: “at least one well region disposed in
said single drift layer, said well region having a
graded concentration of dopants and a second static
unidirectional electric drift field to aid the movement
of minority carriers from said surface layer to said
substrate.”

Payne discloses or, at a minimum, renders obvious this element. Ex.1003,

9108-118.

Well region disposed in_said single drift layer...having a graded

concentration of dopants — As detailed above in §§VIII.A.1.e-f regarding elements

[1.4] and [1.5], Payne’s “tub region” 15 is an example of the claimed SDL. As shown

below, Payne’s “surface region” 18 (green) disposed in tub region 15 (tan) is an
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example of a well region (a shallow well) disposed in Payne’s SDL (tub). Ex.1005,
1:65-68, 4:31-39, 5:7-14, 5:44-55; Ex.1003, 99109-110. Payne’s surface region 20
(green) is another well region disposed in an SDL (tub 17). Id., 1:65-68, 4:63-5:14,

5:44-55; Ex.1003, 99109-110; §VIIL.B.1.e.
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Ex.1005, FIG. 10.

Notably, Payne satisfies element [1.6] to the same extent that Figure 5(b) of

the *195 Patent, annotated by PO (as shown below), meets it:
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Ex.1001, FIG. 5(b); Ex.1030, 7.

As detailed above with respect to element [1.4], Payne’s Figure 11 (below
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right) illustrates the dopant concentration measured along the red dotted line in
Figure 10 (below left). As shown, Payne’s well region (“surface region 18”)
(green)—disposed in the SDL (tub 15) (tan border)—has a graded-dopant
concentration that is downward-sloping with increasing depth. Ex.1003, q9111-

113; §VIILA. 1 e.
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Ex.1005, FIGS. 10-11. As discussed in §VIII.A.1.e, Payne discloses that
Figure 11 illustrates a “high-low implant profile” that is downward-sloping with
depth, such as from 5x10!° ions/cm® (near the top surface of the silicon/surface
layer (blue)) to 1x10'® ions/cm® near the bottom of well 18 (green), to 2x10'
ions/cm? near the bottom of the single drift layer (tub 15) (tan). Id., 2:56-59, 5:48-

57; Ex.1003, q111- 113.
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Ex.1005, FIG. 11.

In light of the above, Payne satisfies element [1.6] under PO’s construction
that the term “well region” should be accorded plain meaning and is “a doped region
that surrounds the active region of a semiconductor device.” Ex.1033. As shown in
Figure 10 below, the well region (green) is a doped region that surrounds the surface

layer (blue) and the active region (red) therein. Ex.1003, q110-113.
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Ex.1005, FIG. 10.
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In addition, Sakai teaches a nested structure similar to Payne, which Sakai
refers to as “twin double well.” Ex.1006, 7:19-37 (“The memory of FIG. 15 has a
twin double well structure ...made up of the deep P-well region 2, the deep N-well

region 3, the shallow P-well region 4 and the shallow N-well region 5”).

4 p-werl| N-weLL B |p-werL 4| In-weLL 5 o7
' J

—— PERIFERAL CKT ! MEMORY CELL

Ex.1006, FIG. 15; 1:57-67, 5:56-6:4, FIG. 10B, FIGS. 3, 8-9, 11E. Sakai
confirms that Payne’s “surface region” is a shallow well region. Ex.1003, q114.

Second static unidirectional electric drift field to aid the movement of

minority carriers — According to §VIII.A.1.f—including Applicant’s repeated

representations during prosecution, Jastrzebski and Kamins relied on by Applicant
during prosecution, and PO’s statements in its claim construction brief—the
downward-sloping graded-dopant concentration in the well region creates a (second)
static unidirectional electric drift field that aids the movement of minority carriers

from the surface layer to the substrate. Ex.1003, q115; §VIIL.A.1.f. Further, Payne’s
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graded-dopant profile, including the profile in the well region, is set once the device
has been fabricated and does not change, making the profile (and any resulting
electric field) static, as described in §VIII.A.1.f.

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

19116-117; see also n.6.

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

having different magnitudes, to reflect the different local slopes (gradients) of the
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graded-dopant profile. Ex.1003, qq118-119; Ex.1022, [0071] (“the vertical €-field
is established by the rate of change in the graded dopant concentration, i.e., the
greater the rate of change ... the greater the intensity of the €-field.”).

In light of the above, Payne satisfies element [1.6] under PO’splain-meaning
construction of “to aid the movement of minority carriers”. Ex.1033; Ex.1003,
4116-118. Payne’s Figure 11 shows that the dopant concentration is downward-
sloping with increasing depth over the entire well region, and thus, according to PO
(and also in light of Applicant’s representations to the Patent Office, discussed in
§VIIIL.A.1.1), creates a static unidirectional electric drift field that aids the movement
of minority carriers downward from the surface layer to the substrate. Ex.1030, 2,

29; Ex.1003 q118.

2. Dependent Claim 2: “The CMOS semiconductor device of
claim 1 wherein the said drift layer is a deeply-implanted

layer.”

Payne renders obvious claim 2. Ex.1003, qq119-121. The 195 Patent
mentions “deeply-implanted layer” just once, suggesting that the “subterrain n-
layer” (tan) in PO’s annotated Figure 5(b) below “can be a deeply-implanted layer.”
Ex.1001, 3:33-38. The specification does not discuss the depth of this “deeply-

implanted layer” or the process for forming such a layer.
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Ex.1001, FIG. 5(b); Ex.1030, 7.
As detailed above in §VIII.A.1, Payne’s Figure 10 (below, left) discloses a
nested well structure that matches Figure 5(b) of the 195 Patent. §VIII.A.1.e-g;

Ex.1003, §9120-121.
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Ex.1005, FIGS. 10-11. Payne’s nested well structure is formed by multiple
distinct ion-implantation process steps illustrated in its figures. Id., 1:5-6, 3:17-

5:17, FIGS. 2-9. In particular, “tub region 15~ (left) (tan) and “tub region 17”
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(right) are deep wells that are formed by ion implantation and drive-in annealing,
and they extend to a depth of 3-8um. /d., 5:48-50, 3:28-42, 4:3-25, FIGS. 2, 5, 6;
Ex.1008A, 403 (“high-energy machines are used to produce the deeper (1-2 um)
CMOS wells”). Each of Payne’s tub regions (e.g., tub region 15 (tan)) is a deeply-
implanted layer to the same extent Figure 5(b) of the ’195 Patent shows a

deeply-implanted layer. Ex.1003, 49120-121.

3. Dependent Claims 4/5: “The CMOS Semiconductor device
of claim 1, wherein said graded concentration follows a

[linear/quasilinear]| gradient.”

Payne discloses or renders obvious claims 4 and 5. Ex.1003, 49122-126. As
shown in Figure 11 below, Payne teaches a graded-dopant profile that follows a
linear/quasi-linear gradient in at least the regions of the deep well (“tub region™) (A)
and shallow well (“surface region”) (B), outlined in green, where the dopant
concentration decreases gradually in a linear or nearly-linear (quasilinear) manner.
§§VIILA.l.e, VIIL.A.1.g; Ex.1003, q122; Ex.1040, 437 (defining “quasi-linear” as

“substantially linear”).
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Ex.1005, FIG. 11. Payne’s illustrative graded-dopant profile of Figure 11 in
fact comprises many small linear/quasilinear segments. Ex.1003, 9122.

Dopant profiles with linear/quasi-linear gradients were also well-known and
obvious. Ex.1003, 99123-124. The ’195 Patent only mentions a “linear [or] quasi
linear” gradient once and does not illustrate it or describe any process for obtaining
it, confirming that a POSITA would have known how to manufacture a CMOS
device with such a profile. Ex.1001, 2:40-42; Ex Parte Nico Hawley-Weld, Dan
Volpe, & Ben Silverman, No. APPEAL 2023-000345, 2022 WL 17495059, at *7
(P.T.A.B. Dec. 6, 2022) (“in the absence of specific description [in the
specification], it is appropriate to assume that anyone desiring to perform the

claimed function would know how to do so0.”); In re Epstein, 32 F.3d 1559, 1568
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(Fed. Cir. 1994). The ’195 Patent also lists linear/quasi-linear among a few likewise
well-known gradients without giving any reason to use one over another. Ex.1001,
2:40-42. Kawagoe provides further evidence that dopant profiles with linear/quasi-
linear gradients were indeed well-known. Ex.1003, q124. Kawagoe’s Figure 17
below is an example of a linear/quasi-linear dopant profile. /d. It is also a
combination of linear/quasi-linear segments, illustrated in green/red— smaller

segments become even more linear/quasi-linear. /d.
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Ex.1007, FIG. 17.
It would also have been obvious to modify Payne’s graded-dopant profile

based on the POSITA’s general knowledge in the art to achieve a known
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linear/quasi-linear gradient as in Kawagoe’s graded-dopant profile. Ex.1003, 49125-
126; Koninklijke Philips N.V. v. Google LLC, 948 F.3d 1330, 1337-38 (Fed. Cir.
2020). This would have been obvious to try as one of a finite number of known
gradients to use for a downward-sloping graded-dopant profile and would have also
been a simple substitution of one known downward-sloping graded-dopant profile
for another while retaining the known benefit of aiding minority carrier movement
(§§VIILA.1.f-g; Ex.1007, 16:2-11), with a reasonable expectation of success, as
shown by Kawagoe’s implementation of CMOS devices similar to Payne’s.
Ex.1007, 14:46-55, 15:26-40, FIG. 16. Id. Indeed, it was well-known that the
Payne’s ion-implantation process described is versatile and enables different dopant
profiles to be readily engineered and fabricated. Ex.1005, 1:1-9 (“Ion Implanted
CMOS Devices”); Ex.1008A, 371 (“Ion implantation is superior” for many reasons,
including that “Depth profiles of the implanted species can be established ... This
capability can be extended to produce the depth profiles needed in complex
applications by using multiple-energy implants.”), 373 (“Complex-doping profiles
can be produced” using ion implantation).

4. Dependent Claim 6: “The CMOS Semiconductor device
of claim 1, wherein said graded concentration follows an

exponential gradient.”

Payne discloses or renders obvious claim 6. Ex.1003, q9128-131. As shown

in Figure 11 below, Payne teaches a dopant profile following a rapidly changing,
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exponential gradient (green) in the border region of the deep well and the substrate
(A), and the border region of the shallow well and the deep well (B). §§VIIL.A.1.e,
VIILLA.1.g; Ex.1003, 9127; Ex.1028, 337 (defining “exponential” as “more and more

rapid”).

FIG. 11
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Ex.1005, FIG. 11.

Dopant profiles with exponential gradients were also well-known and
obvious. Ex.1003, q9128-129. The *195 Patent only mentions “exponential” gradient
once and does not illustrate or otherwise describe it or describe any process steps for
obtaining it, confirming that such a gradient was well-known and that a POSITA
would have known how to manufacture a CMOS device with such a profile.
Ex.1001, 2:40-42; In re Epstein, 32 F.3d at 1568. The ’195 Patent also lists

exponential among a few likewise well-known gradients without giving any reason
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to use one over another. Ex.1001, 2:40-42. Jastrzebski provides further evidence that
dopant profiles with exponential gradients were well-known. As explained in
Jastrzebski, “FIG. 1b is a graph of the logarithm of doping concentration versus
depth.” Ex.1010, 5:25-27. In Figure 1b below, the “log doping concentration” is
linear, meaning that the dopant concentration follows a rapidly changing,

exponential gradient. Ex.1003, 9129.
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Ex.1010, FIGS. 1a-1b.

It would have been obvious to modify Payne’s graded-dopant profile based
on the POSITA’s general knowledge in the art to achieve a known exponential
gradient as in Jastrzebski’s profile. Ex.1003, 130; Koninklijke Philips, 948 F.3d

1337-38. This would have been obvious to try as one of a finite number of known
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gradients to use for a downward-sloping graded-dopant profile and would have been
a simple substitution of one known downward-sloping graded-dopant profile for
another while retaining the known benefit of aiding minority carrier movement
(§§VIILA.1.f-g; Ex.1007, 16:2-11), with a reasonable expectation of success.
Ex.1003,9131; Ex.1010, 2:27-32, 5:11-21. Indeed, as discussed above in §VIII.A.3,
it was well-known that the ion-implantation process described in Payne enables
different dopant profiles to be readily engineered and fabricated as needed. Ex.1005,
1:1-9; Ex.1008A, 371, 373 (“Complex-doping profiles can be produced” using ion
implantation).

B.  Grounds II-III

Claim 1-6 are anticipated by Onoda, rendered obvious by Onoda in
combination with Wolf (hereinafter, “Onoda-Wolf”). Ex.1003, 44131-208.

1. Independent Claim 1

a. Preamble: “A CMOS semiconductor device

comprising:”

Onoda discloses, or else Onoda-Wolf renders obvious, the preamble. A
CMOS device, by definition, has “N-channel MOS [(NMOS)] transistor[s]” and “P-
channel MOS [(PMOS)] transistors.” Ex.1008A, 807-09; see also Ex.1008B, 368
(“Complementary MOS (CMOS) is so-named because it uses both p- and n-type

(complementary) MOS transistors in its circuits. (Figure 6-1 [below] depicts a CMOS
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invertor.)”).
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Ex.1008B, 369 (depicting FIG. 6-1). As depicted above, a CMOS device has
an N- channel MOS (NMOS) transistor and a P-channel MOS (PMOS) transistor.
Ex.1008A, 807-09. Ex.1003, 99133, 137-138.

Though Onoda does not explicitly refer to a CMOS device, a POSITA would
have recognized from Onoda’s disclosure that its devices are CMOS devices. Onoda
discloses both N-channel MOS (NMOS) transistors and P-channel MOS (PMOS)
transistors in the peripheral circuitry of its flash memory devices. Ex.1042, [0052],
[0044], [0045], Fig. 3, claim 2. Onoda mentions that one of the objectives of the
invention “is to provide a semiconductor integrated device . . . with improved
resistance to latch-up.” Ex.1042, [0006]. A POSITA would have understood that

the problem of latch-up is unique to CMOS transistors and does not arise in N-MOS
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only or P-MOS only devices. See e.g., Ex.1008B, 400 (explaining that
“susceptibility to latchup arises from the presence of complementary parasitic
bipolar transistors structures, which result from the fabrication of the
complementary MOS' devices in CMOS structures”). Thus, Onoda discloses a

CMOS semiconductor device.
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Ex.1042, FIG. 3.

Motivation to combine Onoda with Wolf: To the extent that Onoda were
deemed not to disclose a CMOS device, a POSITA would have been motivated to
implement a CMOS device (as discussed in Wolf) using the N-channel MOS and
the P-channel MOS transistors in the peripheral circuitry of Onoda’s disclosed flash
memory device, according to Onoda’s disclosed manufacturing process. A POSITA
would have been motivated to combine the disclosure of Onoda and Wolf for several

reasons. Using N-channel and P-channel MOS transistors to create a CMOS
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semiconductor device was well-known in the art well before the priority date of the
195 patent. Ex.1003, 49133, 137-138. According to Wolf, “CMOS [wa]s the
dominant silicon IC technology of the 1990°s.” Ex.1008A, 807. For context, “[b]y
the mid-1980’s, with the dawning of the VLSI era ..., power consumption in NMOS
[only] devices began to surpass tolerable limits. A lower-power technology was
needed to exploit the VLSI fabrication techniques. CMOS represented just such
technology.” Id., 808; Ex.1003, q135.

Accordingly, a POSITA would have been motivated to leverage the lower-
power feature of CMOS technology to reduce power consumption in Onoda’s flash
memory. In addition, a POSITA would have appreciated the benefits of using
epitaxial layers, as taught by Onoda, to implement a CMOS device. As discussed
below, the PMOS and NMOS transistors in Onoda’s peripheral circuitry are formed
on a lightly-doped epitaxial semiconductor layer. Ex.1042, [0041], [0044]-[0046],
[0047], FIGS. 2, 4 and 5. Wolf discloses the advantages of forming transistors on
epitaxial layers as opposed to polished wafers: “CMOS epitaxial wafers, when
compared to polished bulk wafers provide: a) improved latch-up immunity; b) layers
of silicon free of Si10, precipitates, COPs [Crystal Originated Particles], or vacancy
condensates (all of which are formed during crystal growth); and c) a silicon surface
that is smoother than that found on PWBs [Polished Bulk Wafers], with minimal

surface damage.” Ex.1008A, 227. Implementing a CMOS device using Onoda’s
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peripheral circuity PMOS and NMOS transistors would have also been obvious to
try, because it involves nothing more than choosing one of a finite number of options
for implementing MOS device technology (e.g., complementary MOS, as opposed
to NMOS-only or PMOS-only) which, as Wolf describes, is suitable for use in the
peripheral circuitry of Onoda’s flash memory cells. Ex.1003, 4136.

A POSITA would have had a reasonable expectation of successfully
implementing a CMOS semiconductor device using Onoda’s NMOS and PMOS
transistors because it would have involved combining known semiconductor process
techniques (disclosed in both Onoda and Wolf) to obtain predictable results (creating
a CMOS semiconductor device for the peripheral circuity of Onoda’s flash memory,
which—as Onoda discloses—already has NMOS and PMOS transistors adjacent to
one another). Ex.1003, q136.

b. Element [1.1]: “a surface layer;”

Onoda discloses or, at a minimum, renders obvious this element. Ex.1003,
19139-144. According to PO, a “surface layer” is “a layer at the surface of the
silicon” (or “a layer at the surface of the semiconductor device”’)—which PO
annotated in blue in Figure 5(b) of the *195 patent below—*“where the active region

[(red)] 1s located.” Ex.1030, 6, 9, 12, 13; Ex.1033; §VIIL.A.1.b.
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Ex.1001, FIG. 5(b); Ex.1030, 7, 12.

Onoda satisfies element [1.1] to the same extent that Figure 5(b) does.
Ex.1003, 99140-141. Onoda’s Figure 3 depicts how the flash memory is formed on
the semiconductor substrate 100. Ex.1042, [0043]. Onoda likewise discloses at least
one N-channel MOS transistor (labeled N-MOS in Figure 3) and at least one P-

channel MOS transistor (labeled P-MOS in Figure 3). Ex.1042, FIG. 3, [0055],

[0044].
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Ex.1042, FIG. 3. As indicated below, Onoda’s surface layer (blue) is at the
surface of semiconductor substrate 100, and the source and drain regions (red) of
Onoda’s NMOS and PMOS transistors are located in that layer. Ex.1003, 494140-

142.
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] Active Region ] Active Region
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NMOS Active Regions/Surface Layer ~ PMOS Active Regions/Surface Layer
Ex.1042, FIG. 3 (excerpts of NMOS (left) and PMOS (right)).
Likewise, Wolf teaches that a MOS transistor consists of a source, a drain and

a channel regions therebetween (collectively, red):
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Ex.1008B, FIG. 5-1; id., 298-301, 374, FIGS. 5-2, 6-4.

As a result, a POSITA would have understood that each of Onoda’s NMOS
transistors has a surface region (blue) that contains a source region, drain region, and
a channel region positioned therebetween (collectively, red), which are formed in a
P-type well region 104a, 104b, 105a, 105b, or 105¢. Ex.1042, [0042], [0044]-[0045],
[0055], FIG. 3. Thus, Onoda discloses a surface layer (blue) that matches the surface
layer Patent Owner identified in Figure 5(b) of the *195 patent. Likewise, a POSITA
would have further understood that each of Onoda’s PMOS transistors has a surface
region (blue) that contains a source region, a drain region, and a channel region

positioned therebetween (collectively, red), which are formed in an N-type well

region 106a. Id., [0042], [0055], [0044]. Ex.1003, 9143. Onoda further discloses that
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the memory cells are formed on the disclosed surface layer. Ex.1042, [0029], [0043];
Ex.1003, 9144.
c. Element [1.2]: “a substrate;”
Onoda discloses “a semiconductor substrate 100 (grey below) in Figure 2 on
which the flash memory is formed. Ex.1042, [0041]. “FIG. 2 depicts critical portions
of the semiconductor substrate that is applied to the first embodiment of the present

invention ...” Id. Within semiconductor substrate 100, “101 is a first ssmiconductor

layer made from a heavily-doped (for example, about 1 x 1019/em3 ) P-type silicon

substrate ...” 1d.; Ex.1003, q145.
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Ex.1042, FIG 2,7 [0046], [0047], FIGS. 3, 4.

7 While the legend here labels “Well Region” in green, for clarity, the light green
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Onoda satisfies element [1.2] under PO’s proposed construction of “plain and
ordinary meaning [i.e.] ‘an underlying layer.”” Section VII; Ex.1033. Onoda’s
substrate also matches PO’s identification of substrate (grey) in Figure 5(b) of the

’195 Patent. Ex.1003, §146.
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‘ nsor element
[ ] | J
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1 SURFACE LAYER
‘4 I Ve e
Graded dopant region 1o pull minonty carmers from surface
(2 ) SUBSTRATE P substrate

Ex.1030, 6-7, 16-17 (well region and drift layer can be part of substrate);
Ex.1001, FIG. 5(b).

d. Element [1.3]: “an active region including a source
and a drain, disposed on one surface of said surface

layer;”
Onoda discloses or renders obvious this element. Ex.1003, q4147-151. As

described in Section VIII.A.1.d, according to PO, Figure 5(b) of the 195 Patent

depicts an active region (red) “disposed on one surface [(top surface)] of said surface

regions indicate N-Well regions whereas dark green regions indicate P-Well regions.
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layer.”
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Ex.1001, FIG. 5(b); Ex.1030, 6-7, 10-12; §VIIL.A.1.d.

Onoda satisfies element [1.3] under PO’s interpretation. Ex.1003, 44148-151.
As shown below, Figure 3 from Onoda illustrates an NMOS transistor (left) with
source/drain regions in a doped P-well 105a, 105b and 105¢, and a PMOS transistor

(right) with source/drain regions in a doped N-well 106a. Ex.1042, FIG. 3, [0042],

[0055], [0044]; §X.B.1.b.
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Ex.1042, FIG. 3.

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

Figure 5(b) above. Section X.B.1.b.
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Ex.1042, FIG. 3 (excerpted).

Onoda satisfies element [1.3] under Patent Owner’s position that the term
“active region” means “a doped silicon region at the surface of a semiconductor
device (e.g., the source and drain and silicon between them) where a transistor can
be formed” (§VIII and Ex.1033) because the active region of a MOS transistor is
“[its] channel and [its] heavily doped source and drain regions,” indicated in red

below, which is consistent with how Petitioner maps Onoda’s active regions.

Ex.1008B, 299; Ex.1003, q151.
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Ex.1008B, FIG. 5-1; id., 298-301, 374, FIGS. 5-2, 6-4.

e. Element [1.4]: “a single drift layer disposed between
the other surface of said surface layer and said
substrate, said drift layer having a graded

concentration of dopants extending between said

55



surface layer and said substrate,”

Onoda discloses this element. Ex.1003, 44152-171.

Single drift layer (“SDL”) - As described in Section VIII.A.1.e, according
to PO, Figure 5(b) of the *195 Patent depicts a single drift layer (tan) “disposed
between ‘the other surface [(bottom surface)] of said surface layer [(blue)]’ and

[said] substrate [(grey)]”:

AccessTransistor
Storage C
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\ LAYER Graded dopant region 10 pull minonty camers trom surface

S

Ex.1001, FIG. 5(b); Ex.1030 at 7. The SDL in Figure 5(b) has a well region
(green) disposed in it, forming a nested structure, as required by the claim (see

element [1.6]):
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Ex.1001, FIG. 5(b); Ex.1030, 7; id., 11 (“the ‘well region’ is part of the
‘single drift layer.’”).

Onoda discloses a SDL to the same extent Figure 5(b) of the *195 Patent does.
Ex.1003, q9155-156. In Onoda’s Figure 3, the second semiconductor layer 102 is an
example of the claimed drift layer. /d. This SDL (tan) is “disposed between ‘the
other surface [(bottom surface)] of said surface layer [(blue)]’ and said substrate
[(grey)]” under PO’s interpretation, and in exactly the same way as depicted in PO’s
annotated Figure 5(b) above. This is demonstrated in Figure 8 of Onoda, which

shows the manufacturing process of semiconductor substrate 100. See Ex.1042,

[0041]-[0051].

57



B A e
| | |
106b 1054 703 ' 104a  104b 785b 'reda  105c 10de

--.-"l"’i&'-t-c' % R0 -

- @ s ®a |.r" L) | 82 & & & w & 8]
. - » - -
- - LIS T Tl p M R LI

=
s + - -
g LY " o . v o -
B e R - F ke L ox g A Wiy o
. g @ ] . LR t My - i
‘-11 REER Y O 0 . . L] hy w*™ i - ¥
i - L e e e e e T ], 0 ot o A et o W T S i o
] % L] ‘_""l d . N "‘... . i "‘"‘l - Lo L L & e . s "
~ . .- s m ~ -
P LTS “ 2 x W . L TR LY 4T e " nY v 2

I.:l'.g‘h‘... - T

'z

|
] Surface Layer |
| , ’l" [] Drift Layer

B [] Substrate

r

Ex.1042, FIG. 8, [0041], [0046], [0047]. Onoda’s P-type well regions 105a,
105b and 105¢ and N-type well regions 103 and 106a are disposed in a single drift
layer (tan) disposed between a surface layer (blue) and the substrate (grey). /1d.;
§§X.B.1.b, VIIL.B.1.b.

Onoda meets all other claim requirements associated with the SDL to the same
extent Figure 5(b) meets them, as explained below. See §§VIIL.B.1.f~g (elements
[1.5]-[1.6]); Ex.1003, 94156-167. Notably, as detailed in element [1.5], the second
semiconductor layer 102 in Onoda is a single drift layer because it has a graded-
dopant concentration that, according to PO, creates a unidirectional electric drift
field that aids the movement of minority carriers in a single direction—from the

surface layer to the substrate. Ex.1030, 7; Ex.1002, 253-54, 289-290; § VIIL.B.1.1.

58



Graded concentration of dopants extending between said surface layer

and said substrate — Onoda discloses a SDL having a graded concentration of
dopants extending between the surface layer and the substrate. Ex.1003, §4157-167.
In Onoda, “FIG. 2 depicts critical portions of the semiconductor substrate that is
applied to the first embodiment of the present invention; . . .” Ex.1042, [0041].
Within the semiconductor substrate 100, “101 is a first semiconductor layer made
from a heavily-doped . . . P-type silicon substrate, and 102 is a P-type second
semiconductor layer having a dopant concentration that is lower than the dopant
concentration of the first semiconductor layer 101 . . . deposited through epitaxial
deposition to a thickness of between 1 and 10 um onto the surface of the first

semiconductor layer.” Id.
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Ex.1042, FIG. 2.

Onoda discloses how the P-type semiconductor layer 102 is formed. As
illustrated in Figure 4, “a lightly-doped P-type epitaxial layer 102a . . . is formed
with a thickness of about 5 um through epitaxial deposition onto the surface of a
first semiconductor layer 101, which comprises a heavily-doped P-type silicon

substrate (silicon wafer).” Ex.1042, [0046]; Ex.1003, 99158-159.
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Ex.1042, FIG. 4. According to Onoda, a P-type dopant (e.g., boron B) is
implanted into the epitaxial layer 102a to form an ion implantation layer 102b. /d.,
[0047]. Thereafter, a heat treatment is carried out to thermally diffuse the dopant
(boron) in the ion implantation layer 102b to produce a lightly-doped P-type

second semiconductor layer 102. /d.; Ex.1003, §160.
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Ex.1042, FIG. 5, [0046], [0047]. As illustrated in Figure 5, the dopant

concentration of the epitaxial layer 102a, as a whole, is between 1 x 10'® and 1 x
10'%/cm3. Id., [0047]. At this time, the dopant concentration of boron (B) is
depicted by the solid line B indicated in Figure 9 below. /d.; Ex.1003, q161.
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Ex.1042, FIG. 9. As further discussed below in Section VIII.B.1.g (element
[1.6]), P-well regions 105a, 105b, 105¢, 104a and 104b (dark green) and N-well

regions 103, 106a, 106b and 106c (light green) are formed in semiconductor layer
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102 resulting in the structure depicted in Figure 8 below. Id., [0042], [0048]-

[0050]; Ex.1003, 9162,

P ﬁ
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Ex.1042, FIG. 8. The dopant profile appearing in the B-B’ cross-section in
Figure 8 is shown in Figure 11. Id., [0052]. As Figure 11 illustrates, “both the third
well region 105a and the second semiconductor layer 102 are of the same
conductivity type, that is, P-type, so there is no clear boundary between the third
well region 105a and the second semiconductor layer 102, but rather the dopant

concentration falls off smoothly.” Id.; Ex.1003, 4162.
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Ex.1042, FIG. 11.

A POSITA would have understood that Onoda’s high-to-low concentration is
gradually decreasing across Onoda’s single drift layer (second semiconductor layer
102) because it is formed through ion implantation techniques and thermal diffusion
techniques. Ex.1042, [0041], [0046], [0047], FIGS. 4, 5; Ex.1003, 4163. Indeed, a
downward-sloping graded-dopant concentration formed through ion implantation
and thermal diffusion was well-known in the art. Such gradients were disclosed in

many prior art references, such as Payne, Kawagoe, Wieczorek and Jastrzebski, as

shown below. Ex.1003, 9164.
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Ex.1005, FIG. 11, 3:28-42, 4:19-39, 5:7-17; Ex.1007, FIG. 17, 15:62-16:2,
17:31-61; Ex.1038, FIG. 2b, [0008], [0010]-[0011]; Ex.1010, FIG. 1b, 5:5-27;

9:2-8. Significantly, Payne’s Figure 11 illustrates a graded-dopant profile that is
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downward-sloping over a nested well structure similar to the dopant profile of
Onoda’s second semiconductor layer 102, as detailed under VIII.A.1.e-f. Ex.1003,

9165-167.

f. Element [1.5]: “said drift layer further having a first
static unidirectional electric drift field to aid the
movement of minority carriers from said surface

layer to said substrate; and”

Onoda discloses this element. Ex.1003, q9168-172. As discussed above with
regard to element [1.4], Onoda discloses a SDL (tan) having a downward-sloping
dopant concentration extending between the surface layer (blue—i.e., starting at the
0 um depth level) and the substrate (grey, starting at the 5 um depth level).
SVIILB.1.e.

The below annotation of Onoda’s Figure 11 depicts the exemplary first static
unidirectional electric drift field (“E1”") described in Section X.A.1.f, at a depth

corresponding to Onoda’s second semiconductor layer 102 (tan).
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Ex.1042, FIG. 11, [0041], [0046], [0047], [0052]; Fig. 3 (excepted).

Thus, given Applicant’s repeated representations to the Office and the
Jastrzebski and Kamins cited art relied on by Applicant—such a downward-
sloping graded-dopant concentration creates a “built-in” unidirectional electric
drift field to aid the movement of minority carriers from the surface layer to the
substrate. Ex.1003, §9170-172; §VIILA.1.£.3

Such a profile is created “through ion implantation techniques and thermal

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

electrons in a P-well) from the surface layer to the substrate, as required.
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diffusion techniques” and thus the profile (and any resulting electric drift field) is
static—it is set once the CMOS device has been fabricated and does not change
afterwards. Ex.1003, q171. As discussed in Section VIII.A.1.f, Applicant described
“static” similarly during prosecution. Ex.1002, 318 (citing Ex.1009), 333 (same).

Accordingly, Onoda satisfies element [1.5] under PO’s plain-meaning
constructions. Ex.1033; Ex.1003, 99172. Onoda’s graded-dopant concentration is
downward-sloping over the entire single drift layer (tan)—in fact, from the top of
the silicon/surface layer (blue) to the bottom of the SDL—and thus, according to PO
(and in light of Applicant’s representations to the Patent Office), creates a static
unidirectional electric drift field that aids the movement of minority carriers from
the surface layer to the substrate. Ex.1003, §172.

g. Element [1.6]: “at least one well region disposed in
said single drift layer, said well region having a
graded concentration of dopants and a second static
unidirectional electric drift field to aid the movement
of minority carriers from said surface layer to said

substrate.”

Onoda discloses this element. Ex.1003, 49173-187.

Well region disposed in_said single drift layer...having a graded

concentration of dopants — As detailed above, Onoda discloses a SDL

(semiconductor layer 102) (tan), as shown below. Ex.1042, [0046], [0047];
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Ex.1042, FIG. 8; id., FIGS. 2 and 3.
Each well in Onoda’s lightly doped P-type semiconductor layer 102—e.g.,
P-wells 104a, 104b, 105a, 105b, and 105¢ (dark green) and N-wells 103, 106a, 106b,

and 106c¢ (light green)—is an example of a well region disposed in a single drift layer

(tan). Ex.1042, [0041], [0042], [0046]-[0049]; Ex.1003, §9174-175.
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Ex.1042, FIG. 2.

Onoda discloses the steps to form the P-wells and the N-wells in the light-
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doped semiconductor layer 102. Ex.1042, [0048]-[0050]. After forming the epitaxial
second semiconductor layer 102, an N-type dopant (e.g., phosphorus P) is implanted
and heat treatment is carried out to form an N-type first well region 103 with a depth
of about 3 um. /d., [0048]. Thereafter, a P-type dopant (e.g., boron B) is implanted
to from P-type implantation layers 104a, 104b and 105a through 105c, and an N-
type dopant is implanted to form N-type implantation layers 106a through 106c¢. /d.,
[0049]. Finally, after carrying out heat treatment, P-type second well regions 104a
and 104b, P-type third well regions 105a through 105c, and N-type fourth well
regions 106a through 106c are formed in the second semiconductor layer 102, as

illustrated in Figure 8 below. /d., [0050]; Ex.1003, 4176.
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Ex.1042, FIG. 8.
Notably, Onoda satisfies element [1.6] to the same extent that Figure 5(b) of

the 195 Patent, annotated by PO in its claim construction brief, meets it:
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Ex.1001, FIG. 5(b); Ex.1030, 7.
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To the extent PO argues that the well region must be entirely contained within
the SDL, Onoda discloses that too. Figure 3 (excerpted below) shows that the well
regions (e.g., 105a) are entirely contained within the drift layer. See, e.g., Ex.1042,

FIGS. 2 and 3.

N-MO3
17 \ T

[] Active Region
[C] Surface Layer
[] Well Region
[C] Drift Layer
|:| Substrate

Ex.1042, Fig. 3 (excerpted, annotated). Furthermore, whereas Onoda’s
Figure 3 shows well regions in contact with one another, Onoda’s Figure 13 shows
an alternate structure “wherein the first well region 103, third well region 105, and
fourth well region 106 are separated from each other, that is, wherein the second
semiconductor layer 102”—i.e., the drift layer—"is interposed between the well

regions.” Id., [0087].
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Ex.1042, Fig. 13 (annotated). This likewise shows the well regions are
entirely contained within the SDL. Ex.1003, 177.

The dopant profile appearing in the B-B’ cross-section in Figure 8 (above) is
shown in Figure 11 (below). As depicted therein, ““a third well region 105a is formed
down to a depth of about 1.5 pm from the surface of the second semiconductor layer
102, and the second semiconductor layer 102 is interposed from the bottom surface
of the third well region 105a down to the surface of the first semiconductor layer
101.” Ex.1042, [0052]. “[B]oth the third well region 105a and the second
semiconductor layer 102 are of the same conductivity type, that is, P-type, so there
is no clear boundary between the third well region 105a and the second

semiconductor layer 102, but rather the dopant concentration falls off smoothly.”

Id.; Ex.1003, 99178-182.
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[FIG. 11]
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Ex.1042, FIG. 11.

Further, as also detailed above with respect to element [1.4], Onoda’s
structure has a downward-sloping graded-dopant concentration extending between
the surface layer and the substrate, such that well region 105a (green) also has a
downward-sloping graded-dopant concentration. Ex.1042, [0052]; Ex.1003, q183;
§VIIL.B.1.e. Onoda discloses that in Embodiment 1, “the first through fourth well
regions are all formed through thermal diffusion, and thus the dopant profiles thereof
are profiles that approximate Gaussian distributions with the concentrations at
maxima near the surface.” Ex.1042, [0053].

Accordingly, Onoda satisfies element [1.6] under PO’s construction that the

term “well region” means “a doped region that surrounds the active region of a
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semiconductor device.” Ex.1033; Ex.1003, q9177-182. As shown in Onoda’s

Figures 2 and 3, the exemplary well region (green) is a doped region that surrounds

both the surface layer (blue) and the active region therein. Ex.1003, 9184;

§VIILB.1.d.

Second static unidirectional electric drift field to aid the movement of

minority carriers — The below annotation of Onoda’s Figure 11 depicts the

exemplary first static unidirectional electric drift field (“E1”") described in Section

X.A.1.f, at a depth corresponding to Onoda’s well (tan), and an exemplary second

static unidirectional electric drift field (“E2”), at a depth corresponding to Onoda’s

second semiconductor layer 102 (green) (exemplary well region disposed in the

single drift layer).
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Ex.1042, FIG. 3 (excerpted, annotated) FIG. 11 (annotated). Moreover, E1l
and E2 are illustrated as electric fields having different magnitudes, to reflect the
different local slopes (gradients) of the dopant profile. Ex.1003, 9185; Ex.1022,
[0071] (“the vertical €-field is established by the rate of change in the graded
dopant concentration, i.e., the greater the rate of change ... the greater the intensity
of the €-field.”). Further, Onoda’s graded-dopant profile, including the profile in
the well region, is set once the device has been fabricated and does not change,
making the profile (and any resulting electric field) static, as described in
§VIILB.1.f.

Further, based on Applicant’s repeated representations during prosecution,
and according to the Jastrzebski and Kamins prior art relied on by Applicant during
prosecution, and PO’s statements in its claim construction brief, the downward-
sloping graded-dopant concentration in each of these well regions creates a (second)
static unidirectional electric drift field that aids the movement of minority carriers
from the surface layer to the substrate. /d.; §VIIL.A.1.f.

In light of the above, Onoda satisfies element [1.6] under PO’s plain-meaning
construction of “to aid the movement of minority carriers.” Ex.1033; Ex.1003,
9184-186. As shown in Figure 11 above, Onoda’s graded-dopant concentration is
downward-sloping over the entire well region, and thus, according to PO (and also

in light of Applicant’s representations to the Patent Office, discussed in §VIII.A.1.1),
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it creates a static unidirectional electric drift field that aids the movement of minority
carriers downward from the surface layer to the substrate. Ex.1003 q186-187.

2. Dependent Claim 2: “The CMOS semiconductor device of
claim 1 wherein the said drift layer is a deeply-implanted

layer.”

Onoda discloses, or else Onoda-Wolf renders obvious, the additional
limitation of claim 2. Ex.1003, q9188-194. As discussed in §VIII.A.2, the only

mention of a “deeply-implanted layer” in the *195 Patent is a suggestion that the

“subterrain n”layer” (tan) in PO’s annotated Figure 5(b) below “can be a deeply-
implanted layer.” Ex.1001, 3:33-38. The specification does not discuss the depth of

this “deeply-implanted layer” or the process for forming such a layer. Ex.1003, q188.
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Ex.1001, FIG. 5(b); Ex.1030, 7.

Onoda explicitly teaches that the semiconductor layer 102 is formed through ion
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implantation techniques and has a depth of “about 5 um.” See Ex.1042, [0046],
FIG. 9. Further, Onoda teaches forming its well structures with deep wells formed
by ion implantation and thermal diffusion, extending 3-5 pm deep. Ex.1042, [0052].
Thus, Onoda’s semiconductor layer 102 is a deeply-implanted layer to the same
extent Figure 5(b) of the 195 Patent shows a deeply-implanted layer. Ex.1003, 4189.
To the extent Onoda does not disclose forming a deeply-implanted drift layer,
POSITA would have been motivated to deeply-implant Onoda’s drift layer (i.e.,
semiconductor layer 102) based on the disclosure of Wolf. Wolf teaches using high-
energy ion-implantation (“MeV implantation”) to implant ions deeper (as-implanted
depth of “~1-2 um”) for a variety of reasons, such as, forming “buried grids as
protection against ‘soft errors’ in memory devices,” forming “buried collectors in
bipolar transistors,” forming “retrograde wells and buried layers for control of
latchup in CMOS devices. Ex.1008A, 403, 406. Wolf also discloses that a key
benefit of high-energy implantation is that it minimizes damage to surface structures.
1d., 406-407 (“A key advantage of MeV implantation is that most of the ion damage
is confined within the range of ion distribution, which is buried deep to a region near
the bottom of the CMOS wells, so that near-surface regions (such as the transistor
channel) are relatively undisturbed.”), 423 (discussing, regarding high-energy
implantation, that “FLASH memories use deep wells, sometimes in combinations

with even deeper ‘triple wells’ (which allow for the n- and p-well junctions to be
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biased separately from the substrate).”), 830 (“The well formation step employs
high-energy ion implantation to locate the well dopant peak ~1-2 um below the Si
surface.”), Table 10.2 (“Key Application of high-energy ion implantation is “CMOS
Wells”); see also Ex.1041, 567-68 (disclosing as-implanted depths beyond 3pum
using a high-energy implanter), FIGS. 1-7. Further, Wolf also teaches using
“multiple-energy implants” to establish a desired dopant depth profile. Ex.1008A,
371 (“Ion implantation is superior” for many reasons, including that “Depth profiles
of the implanted species can be established ... This capability can be extended to
produce the depth profiles needed in complex applications by using multiple-energy
implants.”), 373 (“Complex-doping profiles can be produced” using multiple ion
implants). Indeed, high-energy ion-implantation was used in CMOS processes “to
set doping levels in the wells.” Id., 424; Ex.1003, q191.

A POSITA would have been motivated to use high-energy implantation
technology as disclosed in Wolf to form Onoda’s drift layer as a deeply-implanted
layer to realize the benefits of avoiding damage to critical near-surface structures
while keeping the desired dopant profile disclosed in Onoda. Indeed, Onoda’s flash
memory uses a “triple-well structure, wherein a well region that further surrounds
the well region in which memory cells are formed are further provided in order to
electrically insulate, from the semiconductor substrate, the well regions wherein

memory cells are formed in the block units,” Ex.1042, [0005]—an application that
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Wolf teaches is suitable for high-energy ion implantation. See Ex.1008A, 423.
Further, as discussed in Section VIII.B.1.a, to the extent Onoda does not already
disclose it, it would have been obvious to use the NMOS and PMOS transistors of
Onoda’s peripheral circuitry to implement a CMOS structure, based on Wolf’s
teachings. Thus, this combination merely amounts to (1) using prior art elements
(Wolf’s high-energy implantation to form Onoda’s second semiconductor layer 102
and structure disposed therein) according to known methods (Wolf’s high-energy
implantation techniques to achieve depth profiles suggested by Onoda) and (2) use
of a known technique (Wolf’s high-energy implantation) to improve similar devices
(Onoda’s semiconductor layer 102 and CMOS structures) in the same way (to avoid
near-surface damage and establish the desired depth profile). Ex.1003, §192.

As Dr. Banerjee explains, a POSITA would also have had a reasonable
expectation of success with predictable results using high-energy ion-implantation
systems and processes to form Onoda’s deep wells because, as discussed above,
Wolf and Rubin (Ex.1041) show that POSITAs knew how to use high-energy ion
implantation to form CMOS wells and establish the desired dopant depth profile
disclosed in Onoda. Ex.1003, 49193-194. Even though a POSITA would form the
second semiconductor layer 102 and related structure during a deep implant process,
a POSITA would still maintain the dopant profile disclosed in Onoda (e.g., Figures

10, 11 and 12) in order to leverage the benefits of such profiles. /d.
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3. Dependent Claim 3: “The CMOS semiconductor device of

claim 1 wherein said drift layer is an epitaxial layer.”

Onoda discloses the added limitation of claim 3. Ex.1003, 94195-197. When
discussing formation of semiconductor layer 102 in the context of Figure 4, Onoda
mentions that a lightly-doped P-type epitaxial layer 102a with a dopant

concentration of 1 x 1015/cm3

is formed with a thickness of about 5 pm through
epitaxial deposition onto the surface of a first semiconductor layer 101, which

comprises a heavily-doped P-type silicon substrate (silicon wafer) with a dopant

concentration of 1 x 101%/cm3. Ex.1042, [0046].
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Ex.1042, FIG. 4.
Subsequent implantation of dopant (e.g., boron B) creates and ion
implantation layer 102b, which is then subjected to heat treatment to produce a

lightly-doped P-type second semiconductor layer 102. Ex.1042, [0047].
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Ex.1042, FIG. 5.

A POSITA would have understood that Onoda’s lightly-doped P-type
semiconductor layer 102 is an epitaxial layer. See Ex.1008C at 528-531; Ex.1003,
q1197.

4. Dependent Claims 4/5: “The CMOS Semiconductor device
of claim 1, wherein said graded concentration follows a

[linear/quasi-linear] gradient.”

Onoda discloses added limitations of claims 4 and 5. Ex.1003, 44/198-202. The
195 Patent does not describe how to make linear/quasi-linear gradients, see
Ex.1001, 2:40-42, confirming implementing them in CMOS devices was well-
known. Ex Parte Hawley-Weld at *7; In re Epstein, 32 F.3d at 1568; §VIII.A.3. The
’195 Patent also lists linear/quasi-linear among a few likewise well-known gradients,
Ex.1001, 2:40-42, without giving any reason to use one over another.

Onoda discloses that in Embodiment 1, “the first through fourth well regions
are all formed through thermal diffusion, and thus the dopant profiles thereof are

profiles that approximate Gaussian distributions with the concentrations at
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maxima near the surface.” Ex.1042, [0053]. As described above in §VIIL.B.1.e,
Onoda has a downward-sloping graded-dopant concentration that follows a linear or
nearly-linear (quasilinear) gradient, as shown in Figure 11 below. Specifically,
Figure 11 is a semi-logarithmic graph, where the dopant concentration (y-axis) is on

a logarithmic scale, and depth (x-axis) 1s on a linear scale. Ex.1003, §9199.

[FIG. 11]
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Ex.1042, FIG. 11.
Dr. Banerjee, using curve-fitting analysis tools, demonstrates that Onoda’s
semi-logarithmic dopant profile—when converted to a linear-scale profile as shown
below—contains one or more segments that follow a linear or quasilinear gradient

(for example, the segment at a depth of between approximately 4 pm and 4.5 pm):
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Ex.1003, 99200-201.

The above identification of the claimed features is consistent with three out
of the four exemplary profiles described in Section VIII.B.1.e. As shown again
below, each of Wieczorek, Payne, and Kawagoe likewise discloses a downward-
sloping graded-dopant concentration that follows a linear or nearly-linear

(quasilinear) gradient.
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Ex.1005, FIG. 11; Ex.1007, FIG. 17; Ex.1038, FIG. 2b.
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5. Dependent Claim 6: “The CMOS Semiconductor device of
claim 1, wherein said graded concentration follows an

exponential gradient.”

Onoda discloses the additional limitation of claim 6. Ex.1003, 99203-208. The
195 Patent specification does not describe how to make “exponential” gradients,
Ex.1001, 2:40-42, confirming implementing them in CMOS devices was well-
known. Ex Parte Hawley-Weld at *7; In re Epstein, 32 F.3d at 1568; §VIII.A.4. The
195 Patent also lists exponential among a few likewise well-known gradients
without giving any reason to use one over another. Ex.1001, 2:40-42.

Onoda discloses that in Embodiment 1, “the first through fourth well regions
are all formed through thermal diffusion, and thus the dopant profiles thereof are
profiles that approximate Gaussian distributions with the concentrations at
maxima near the surface.” Ex.1042, [0053]. Onoda has a downward-sloping
graded-dopant concentration that follows an exponential gradient. As discussed in
Section VIII.B.4, Figure 11 is a graph of logarithm of dopant concentration (y-axis)
versus depth (x-axis) on a linear scale. Ex.1042, FIG. 11. Dr. Banerjee, using curve-
fitting analysis tools, demonstrates that Onoda’s semi-logarithmic dopant profile—
when converted to a linear-scale profile as shown below—follows an exponential
gradient (for example, the segment at a depth of between approximately 0.5 pm and

2.0 pm):
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Onoda’s rapidly changing, exponential gradient doping profile is consistent
with the knowledge of a POSITA at the relevant time. See Ex.1008A, 371, 373
(“Complex-doping profiles can be produced” using ion implantation). Ex.1003,
9205; Ex.1028, 337 (“exponential” means “more and more rapid”). This is also
consistent with three of the four exemplary profiles described in Section VIII.B.1.e,
which, as shown again below, also have a downward-sloping dopant profile

following an exponential gradient.’

® While Jastrzebski’s figure 1b appears linear, Jastrzebski explains, as indicated in

the figure, that “FIG. 1b is a graph of the logarithm of doping concentration versus
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depth.” Ex.1010, 5:25-27. A POSITA would therefore have understood that
Jasztrebski’s logarithmic dopant profile follows a rapidly changing, exponential

gradient.
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C. GroundlV

Payne in combination with Wolf renders claims 2 and 3 obvious. Ex.1003,
919209-223. Payne is directed to CMOS devices. Ex.1005, 1:5-10, 1:51-54, 6:57-59.
Wolf is a well-known textbook that teaches fundamental features and concepts
related to semiconductor manufacturing, with particular emphasis on CMOS. See
generally Ex.1008A; id., Chapter 16 (“CMOS Process Integration”); Ex.1003, 4209.
Wolf also published over 20 years after Payne was filed. Exs.1014-15. A POSITA
would have therefore understood and expected that the teachings of Wolf would
apply to Payne, and would have looked to Wolf for advances in CMOS technology

and additional process details to the extent not covered in Payne. /d.

1. Dependent Claim 2: “The CMOS semiconductor device of
claim 1 wherein the said drift layer is a deeply-implanted

layer.”

Payne in combination with Wolf (hereinafter, “Payne-Wolf”) renders claim 2
obvious. Ex.1003, 99210-217.

As described in §VIII.A.2, Payne teaches forming its nested well structures
with tub regions 15/17 (SDLs) which are deep wells formed by ion implantation and
drive-in annealing, extending 3-8um deep. Ex.1005, 5:48-50, 3:28-42, 4:3-25,
Ex.1008A, 403. While Payne describes implanting ions at an initial, as-implanted,

depth of 400-500 Angstroms (Ex.1005, 3:39-41, 4:14-16), Wolf teaches using high-
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energy ion-implantation (“MeV implantation”) to implant ions deeper (as-implanted
depth of “~1-2 um”) for CMOS wells and minimize damage to surface structures.
Ex.1008A, 406-407 (“A key advantage of MeV implantation is that most of the ion
damage is confined within the ion range distribution, which is buried deep to a
region near the bottom of the CMOS wells, so that near-surface regions (such as the
transistor channel), are relatively undisturbed.”), 830 (“The well formation step
employs high-energy ion implantation to locate the well dopant peak ~I1-2 um
below the Si surface.”), Table 10.2 (“Key Application” of high-energy ion
implantation is “CMOS Wells”). See also Ex.1041, 567-68 (disclosing as-implanted
depths beyond 3um using a high-energy implanter), FIGS. 1-7. Wolf also teaches
using “multiple-energy implants” to establish a desired dopant depth profile.
Ex.1008A, 371 (“Ion implantation is superior” for many reasons, including that
“Depth profiles of the implanted species can be established ... This capability can
be extended to produce the depth profiles needed in complex applications by using
multiple-energy implants.”), 373 (“Complex-doping profiles can be produced”
using multiple ion implants). Indeed, high-energy ion- implantation was used in
CMOS processes “to set doping levels in the wells.” Ex.1008A, 423-424 (section
heading “High-Energy Implantation™).

Accordingly, a POSITA would have been motivated to use high-energy

implantation technology to form Payne’s tub regions 15/17 as deeply-implanted
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layers to realize the benefits of avoiding damage to critical near-surface structures
while establishing a desired dopant profile. Ex.1003, 9213. This combination also
merely amounts to (1) combining prior art elements (Wolf’s high-energy
implantation technique and Payne’s CMOS structure) according to known methods
(using known high-energy implantation techniques to shape depth profiles as
evidenced by Wolf) and (2) use of a known technique (Wolf’s high-energy
implantation) to improve similar devices (Payne’s CMOS devices) in the same way
(to avoid near-surface damage and establish depth profile). Ex.1003 q214. A
POSITA would also have had a reasonable expectation of success with predictable
results using high-energy ion-implantation systems and processes to form Payne’s
deep wells because, as discussed above, Wolf and Rubin show that POSITAs knew
how to use high-energy ion implantation to form CMOS wells and establish a desired
dopant depth profile. Ex.1003, 99215.

Additionally, Wieczorek illustrates the use of multiple-energy implants to
form a desired dopant profile, described in Wolf. Ex.1038, FIGS. la, 2a-2b;
Ex.1008A, 406. Wieczorek Figure 2b (below right) illustrates a graded-dopant
profile formed by the four well implants shown in Figure 2a (below left) followed
by an annealing step. Ex.1038, [0007]-[0011], FIGS. 1a, 2a-b; id., FIG. 4. InFigure
2a, at least the “buried implant” (also shown in FIG. 1a) is a deep, high-energy

(“400-800Ke V™), well implant. Id., [0028]-[0029]; Ex.1008A, 423 (“High-Energy
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Implantation” - “[T]he doping of CMOS well junctions requires ion energies ranging

from a few hundred KeV to several MeV”); Ex.1041, Abstract (“High energy
implantation of dopant atoms is used to form buried layers [that] have many

potential applications, including triple wells ...”); Ex.1003, 99216-217.
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Ex.1038, FIGS. 2a-b. Wieczorek explains that the implantation profiles in
Figure 2a are “smeared out” by the annealing process, resulting in the composite

downward- sloping graded-dopant profile shown in Figure 2b. Id., [0009]-[0010].

2. Dependent Claim 3: “The CMOS semiconductor device of

claim 1 wherein said drift layer is an epitaxial layer.”

Payne-Wolf renders claim 3 obvious. Ex.1003, 99218-223. Payne is directed

to improving twin-well (“twin-tub”) CMOS technology by adding a shallow well
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(“surface region”) in each deep well (“tub”) (serving as a SDL) of a twin-well CMOS

device, as shown below. Ex.1005, 1:5-14, 1:59-2:28, 6:20-21; id., 1:15-50;

§VIILA.1.e.
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Ex.1005, FIG. 10. This nested well structure allowed transistors to be closer

to improve packing density. /d., Abstract, 1:51-54, 6:17-19, 6:57-59. That however
has the drawback of increased latchup susceptibility. Ex.1008B, 381. Thus, a
POSITA would have understood that a high-packing-density CMOS device
according to Payne’s teachings may benefit from latchup protection. Ex.1003,
19219-220.

A POSITA would thus have been motivated to fabricate Payne’s device using
an epitaxial substrate to protect it against latchup failures. Ex.1008B, 385 (“CMOS
on Epitaxial Substrates”; “[H]eavily doped substrates with a more lightly doped

surface epitaxial layer have been utilized to suppress latchup in CMOS.”), 387-88

(““With the twin-tub approach, two separate wells are formed for n- and p- channel
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transistors [as taught in Payne]. The substrate may be either a lightly doped wafer of
n or p material, or a thin, lightly doped epitaxial layer on a heavily doped
substrate.”’). A POSITA would have had a reasonable expectation of success
because Wolf shows that a POSITA knew how to use n-type epitaxial substrates to
implement twin-well CMOS devices similar to Payne’s. Id., 389. Combining Wolf
with Payne in this manner would have been the use of a known technique (using
epitaxial substrate to make CMOS devices) to improve similar devices (Payne’s
twin-tub CMOS devices) in the same way (with improved latchup resistance), and a
simple substitution of one known element (n- epitaxial substrate) for another
(Payne’s n-- substrate) to obtain predictable results. Ex.1003 §9221-222.

A POSITA would also have understood that, when Payne’s “twin tub” CMOS
device is fabricated using an epitaxial substrate, its SDL (tub(s), especially tub(s)
less than 4 um deep) is entirely epitaxial and, moreover, can be as thick as the
epitaxial layer of the substrate. Ex.1005, 5:48-50; Ex.1008A, Table 7-1 at 228
(“commonly used” epi thickness in CMOS devices is 2-4um); Ex.1008B, 386 (“The
epitaxial layer is made thicker than the well depth ... The process is designed so that
the bottom of the well [tub] is eventually adjacent to the heavily doped substrate

region.”).
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D. Ground V

1. Dependent Claim 3: “The CMOS semiconductor device of

claim 1 wherein said drift layer is an epitaxial layer.”

Payne in combination with Parrillo renders claim 3 obvious. Ex.1003, 99224-
229. Payne is directed to improving twin-well (“twin-tub”) CMOS technology by
adding a shallow well (“surface region”) in each deep well (“tub”) (serving as a
SDL) of a twin-well CMOS device. Ex.1005, 1:5-14, 1:59-2:28, 6:20-21; id., 1:15-
50; §VIII.A.l.e. This nested well structure allowed transistors to be closer to
improve packing density. Id., Abstract, 1:51-54, 6:17-19, 6:57-59. As an example,
Payne describes its devices fabricated in a “silicon semiconductor substrate [] of ‘N-

-’ conductivity type ...”, as shown below. Id., 2:50-60.
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Ex.1005, FIG. 10.

Parrillo is a contemporaneous patent that shares a common inventor (Richard

S. Payne) with Payne and, like Payne, was originally assigned to AT&T Bell Labs.
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Ex.1025; Ex.1005. Parrillo teaches a CMOS device with twin-tubs 50 and 51 (tan)
formed in an epitaxial layer 12 (purple) of Parrillo’s epitaxial substrate (12+13,
grey). Ex.1025, 3:19-41, 3:45-4:14 (“tubs 50 and 51 are [] driven to a depth of 5-6

um’), 3:28-33 (the epitaxial layer 12 is “10-20 um thick™); Ex.1003, 9225-228.

Epitaxial

Ex.1025, FIG. 5; Ex.1026, FIG. 1(e).

A POSITA would have been motivated to fabricate Payne’s “twin-tub” device
using Parrillo’s epitaxial substrate to protect Payne’s high-density CMOS device,
which POSITAs knew were susceptible to latchup failures due to the close proximity
of their transistors. Ex.1008B, 381; Ex.1025, 3:38-41 (“The use of a relatively lightly
doped (n-) epitaxial layer on a relatively doped (n+) substrate provides protection
against SCR latch-up in the device.”); Ex.1008B, 414 (“The use of lightly doped
epitaxial layers on heavily doped substrates is effective in reducing latchup
susceptibility ...”); Ex.1003 99227-229. A POSITA would have had a reasonable

expectation of success with predictable results because, as shown by Parrillo and
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Wolf, POSITAs knew how to use an n-type epitaxial substrate for latchup protection
in a “twin-tub” (twin-well) CMOS device. Ex.1025, 1:13-33, 2:21-24, 3:28-41;
Ex.1008B, 385, 387-89; Ex.1026 (Parrillo2), Abstract (“The combination of n on n*
epi and careful I/O layout renders the circuits latch-up free.”); Ex.1023, 192-193
(discussing the use of n-type epitaxial substrate to improve latchup resistance in
twin-well CMOS devices, citing Parrillo, 196. Forming Payne’s single drift layer
(tubs 15/17 (tan above), as detailed in §VIII.A.1.e) in Parrillo’s epitaxial substrate
would make Payne’s drift layer an epitaxial layer, satisfying claim 3. Ex.1003,
19227-229.

Combining Parrillo with Payne in this manner would have been the use of a
known technique (using epitaxial substrate to make CMOS devices) to improve
similar devices (Payne’s twin-tub CMOS devices) in the same way (with improved
latchup resistance), and a simple substitution of one known element (n- epitaxial
substrate) for another (Payne’s n-- substrate) to obtain predictable results. Ex.1003,
19227-229.

IX. THE BOARD SHOULD INSTITUTE IPR

The Board should decline to exercise its discretion to deny institution for
several reasons.

A. 35US.C. §314(a)

In Apple Inc. v. Fintiv, Inc., the Board enumerated six factors that it will
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assess in determining whether to exercise discretion to deny institution under
§314(a) based on co-pending litigation. IPR2020-00019, Paper 11 at 2-3 (PTAB
“precedential” Mar. 20, 2020). The USPTO issued updated discretionary denial
guidance in view of the Fintiv factors and confirmed that “the PTAB will not
discretionarily deny institution in view of parallel district court litigation where a
petitioner presents a stipulation not to pursue in a parallel proceeding the same
grounds or any grounds that could have reasonably been raised before the PTAB.”

See June 21, 2022 Memorandum to Members of the PTAB, 3 (available at

https://www.uspto.gov/sites/default/files/documents/interim_proc_discretionary_d

enials_aia_parallel district_court_litigation_memo_20220621_.pdf). Here,

Petitioner has eliminated any risk of duplicated effort by voluntarily presenting a
Sotera stipulation to Patent Owner. EX1101; Sotera Wireless, Inc. v. Masimo
Corp., IPR2020-01019, Paper 12 (PTAB Dec. 1, 2020). For at least this reason,
and considering the compelling merits of the above-detailed Grounds,
discretionarily denial is unwarranted and would be unjust.

B. 35U.S.C. § 325(d)

The Board should likewise not deny institution under §325(d) because neither
prong of the two-part Advanced Bionics framework is satisfied. See Advanced
Bionics, LLC v. Med-El Elektromedizinische Gerdte GmbH, IPR2019- 01469, Paper

No. 6 at 8 (P.T.A.B. Feb. 13, 2020) (precedential). Under that framework, in
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evaluating discretionary denial arguments under §325(d), the Board looks to “(1)
whether the same or substantially the same art previously was presented to the Office
or whether the same or substantially the same arguments previously were presented
to the Office; and (2) if either condition of first part of the framework is satisfied,
whether the petitioner has demonstrated that the Office erred in a manner material
to the patentability of challenged claims.” /d.

In applying this test, the PTAB considers the “Becton, Dickinson” factors.!”
Among these are “the extent to which the asserted art was evaluated during
examination, including whether the prior art was the basis for rejection,” Becton,
Dickinson, Paper No. 8 at 17-18; see also Edwards Life Sciences Corp. v. Colibri
Heartinvalve, LLC, IPR2020-01649, Paper No. 8 at 20-21 (P.T.A.B. Mar. 26 2021)
(declining to exercise discretionary denial where prior art references were not
substantively considered during prosecution). Here, none of the ground references
(Payne, Onoda, Wolf and Parrillo) is cited art, and the arguments presented herein
were not considered during prosecution of the 195 Patent.

Payne and Onoda are not cumulative with the Rhodes cited art — In its
POPR to the terminated IPR2022-00289, PO argued that Payne is cumulative with

Rhodes on the alleged ground that the nested well structure of Payne is nothing more

10 Becton, Dickinson & Co. v. B. Braun Melsungen AG, IPR2017-01586, Paper 8

(Dec. 15, 2017) (precedential as to § III.C.5, first paragraph) (“Becton, Dickinson”).
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than a single well formed with multiple implants. Ex.1016, 25-41. This isincorrect.

First, in Figure 2 Onoda expressly discloses forming P-type well regions
(105a through 105¢) and N-type well regions (103, 106a through 106c) in a lightly-
doped semiconductor layer 102 that is formed through epitaxial deposition.
Ex.1042, FIG. 2. Thus, Onoda’s well regions and the semiconductor layer 102 are
formed through processes that are distinct from those disclosed in Rhodes. Ex.1003,
9222.

Second, Payne’s nested-well structure, in which shallow wells are formed in
deeper wells with separate implants and annealing steps, differentiates Payne from
Rhodes which does not teach a nested-well structure. Ex.1003, 99231-232. As Payne
describes and illustrates in Figures 2 and 5-9, the deep wells (“tub regions”) of
Payne’s nested well structure are formed first, using their own specific masks, ion
implantation and thermal drive-in process steps. Ex.1005, 3:17-4:30. The shallow
wells (“surface regions™) are then separately formed, using different masks, ion
implantation and thermal drive-in process steps. Ex.1005, 4:31-5:17, 5:44-55.
Payne’s separately formed deep and shallow wells, such as wells 15 and 18, are not
a single well formed using multiple implants. /d.

Third, a POSITA would have understood Payne’s tub and surface regions to
constitute distinct wells. Ex.1003, 9233. That understanding is consistent with Sakai,

which uses separate implants and annealing steps to form each well of its nested well
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structure and uses the term “well” to refer to distinct wells. Ex.1006, 5:56-6:4, 6:24-
28, 6:52-58, FIGS. 10A, 10B.

In contrast to Payne, Rhodes teaches a twin-well architecture with side-by-
side wells 160/170/180 (indicated in highlight below) that Payne and Sakai seek to
improve upon with their nested-well structure. Ex.1011, [0064]; Ex.1005, 1:24-68;

Ex.1006, 1:6-2:39.
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Ex.1011, FIG. 12, [0064]. Rhodes does not mention or suggest (in paragraph
[0064] or otherwise) forming a nested-well structure, and thus does not teach a
“well region disposed in [a] single drift layer.” Ex.1003, 49234-236. This was the
reason the Examiner allowed the claims to issue over Rhodes (and other art,
including Kamins and Jastrzebski). Ex.1002, 346. Nowhere in the prosecution did
the Applicant or Examiner discuss nested well structures, as Payne discloses. Thus,

there is no support for PO’s argument in the POPR that “it is reasonable to infer
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that the Examiner agreed with the argument Patent Owner makes explicitly herein
that a multiple-implant well does not disclose a well region disposed in a single
drift layer.” Ex.1016, 27.

PO also implied in its POPR that the Applicant overcame Rhodes-based
rejections during prosecution by adding the “drift layer” limitation to the pending
claims. Ex.1016, 22-24. This is incorrect. Applicant overcame Rhodes-based
rejections on the basis that Rhodes is a “CMOS imaging device,” and by amending
claims to include a “graded dopant concentration in the...active channel regions” (a
limitation that was later removed). Ex.1002, 94-96. The “drift layer” limitation was
added much later in the process after several intervening rejections. There is no
indication the Examiner specifically considered Rhodes in relation to the “drift
layer” limitation, let alone the “well region disposed in said single drift layer”
limitation. Ex.1003, 9237.

Payne was misapprehended or overlooked during prosecution of later
patents — PO disclosed Payne, IPR2020-00289, during later prosecution of the *222
and 014 Patents. Ex.1020, 111-116. There is no indication that the Examiner
evaluated them or understood its significance. In fact, the Examiner considered “the
closest reference” to be Hong, id., but that assessment was erroneous because Hong
is not even prior art—it was filed after the claimed priority date of the *195 Patent.

Ex.1027.
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Even if the Examiner is deemed to have considered Payne, the Examiner
“misapprehended or overlooked” their relevance and made a “material error,”
warranting institution here. Advanced Bionics, Paper No. 6 at 8; Peloton Interactive,

Inc. v. Ifit, Inc., IPR2022-00030, Paper No. 12 at 16 (P.T.A.B. Apr. 22,2022).

C.  Prior Terminated Petitions Do No Warrant Denying Institution

The instant Petition is Petitioner’s first petition challenging claims of the 195
Patent. Petitioner is not a related company to those who have previously
challenged the 195 Patent. None of the prior challenges to the *195 Patent reached
an institution decision. In addition, Petitioner is a defendant in the District Court
Case, and Petitioner would potentially be severely prejudiced if this Petition is not
instituted. Apple Inc. v. Uniloc 2017 LLC, IPR2019-01667, Paper No. 7, 11-12
(P.T.A.B. Apr. 21, 2020). In light of the foregoing, General Plastic factors weigh
strongly against discretionary denial. Xilinx, Inc. v. Arbor Global Strategies, LLC,

IPR2020-01568, Paper No. 12 at 10 (P.T.A.B. Mar. 5, 2021).
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