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Petitioner OmniVision Technologies, Inc. (“Petitioner” or “OmniVision™)
requests inter partes review (“IPR”) of claims 1-5 and 18-22 (collectively, “the
Challenged Claims”) of U.S. Patent No. 6,838,651 (“the *651 patent”) (Ex. 1001),
purportedly assigned to RE Secured Networks, LLC (“Patent Owner” or “PO”).
Petitioner’s request is supported by the Expert Declarations of Albert Theuwissen,
Ph.D. (“Theuwissen”) (Ex. 1002) and R. Jacob Baker, Ph.D. P.E. (Ex. 1015), and
other exhibits submitted. For the reasons discussed below, the challenged claims

should be found unpatentable and canceled.

I. MANDATORY NOTICES UNDER 37 C.F.R. § 42.8
A. Real Party-in-Interest Under 37 C.F.R. § 42.8(b)(1)

OmniVision Technologies, Inc. is the real party-in-interest to this IPR
Petition.

B. Related Matters Under 37 C.F.R. § 42.8(b)(2)

OmniVision Technologies, Inc. (“OmniVision” or “Petitioner”) brought an
action for Declaratory Judgment in the District of Delaware based on litigation
threats by RE Secured Networks, LLC (“RESN” or “Patent Owner”). See
OmniVision Technologies, Inc. v. RE Secured Networks, LLC, Case No. 24-187-
JLH-CJB (D. Del.) (“Litigation”). (See Ex. 1016, Dkt. [001].) On May 20, 2024,
Patent Owner filed its answer and counterclaims to OmniVision, alleging direct

infringement of the 651 patent. (See id., Dkt. [013].)
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The *651 patent has been asserted against a number of other parties, including
Apple Inc.; Kyocera Communications, Inc.; LG Electronics U.S.A., Inc.; LG
Electronics Mobilecomm U.S.A., Inc.; Motorola Mobility Holdings, Inc.; Nokia,
Inc.; Research in Motion Corporation; and Sony Ericsson Mobile Communications
(USA), Inc. (Case Nos. 6:11-CV-00128, 4:11-CV-00163) in the Eastern District of
Texas; Kyocera Communications, Inc. (Case Nos. 3:12-CV-04990, 4:12-CV-01195)
in the Northern District of California; Samsung Electronics Co., Ltd.; Samsung
Electronics America, Inc.; and Samsung Semiconductor, Inc. (Case Nos. 337-TA-
1231; 4:21-CV-00376) in the International Trade Commission and the Eastern
District of Texas (further adding Samsung Austin Semiconductor, LLC as a
defendant).

Petitioner further notes that two previous Inter Partes review proceedings
were filed against the *651 patent by Samsung Electronics Co., Ltd., [PR2021-00437
was filed January 15, 2021, and [PR2021-00557 was filed February 18, 2021.
However, both IPR proceedings were terminated due to settlement prior to

institution.
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C. Lead and Backup Counsel Under 37 C.F.R. § 42.8(b)(3)

Petitioner provides the following designations of counsel:

Lead Counsel for Petitioner Backup Counsel for Petitioner

David Bluestone (Reg. No. 44,542) Charles McMahon (Reg. No. 44,926)
BENESCH FRIEDLANDER COPLAN AND Thomas DaMario (Reg. No. 77,142)

ARONOFF LLP Carlton Hemphill (Reg. No. 81,169)
71 South Wacker Drive, Suite 1600 BENESCH FRIEDLANDER COPLAN AND
Chicago, Illinois 60606 ARONOFF LLP
Email: dbluestone@beneschlaw.com 71 S. Wacker Dr., Suite 1600
Tel: (312) 212-4949 Chicago, IL 60606
Fax: (312) 767-9192 Email: cmcmahon@beneschlaw.com

Email: tdamario@beneschlaw.com
Email: chemphill@beneschlaw.com
Tel: (312) 212-4949
Fax: (312) 767-9192

D.  Service Information Under 37 C.F.R. § 42.8(b)(4)

This Petition is being served by Federal Express to the correspondence
address of record for the 651 patent, RE Secured Networks, LLC. Petitioner
consents to electronic service at the addresses provided above for lead and back-up

counsel.

E. Power of Attorney Under 37 C.F.R. § 42.10(b)

Filed concurrently herewith in accordance with 37 C.F.R. § 42.10(b).

II. FEE PAYMENT UNDER 37 C.F.R. § 42.15(a)

Under 37 C.F.R. §42.103(a), Petitioner authorizes the Office to charge the fee
set forth in 37 C.F.R. §42.15(a) to Deposit Account No. 02-2051 as well as any

additional fees that might be due in connection with this Petition.



Petition for Inter Partes Review of
U.S. Patent No. 6,838,651

III. REQUIREMENTS UNDER 37 C.F.R. § 42.104
A.  Grounds for Standing Under 37 C.F.R. § 42.104(a)

Petitioner certifies under § 42.104(a) that the 651 patent is available for IPR
and that Petitioner is not barred or estopped from requesting IPR on the identified

grounds.

B. Identification of Challenge and Statement of Relief Requested
Under 37 C.F.R. § 42.104(b)

Under 37 C.F.R. §§ 42.104(b) and 42.22, Petitioner requests that the Board

institute this IPR on claims 1-5 and 18-22 of the 651 patent based on the following

grounds:
Ground Claims Basis for Rejection
1 I and 18 Anticipated pursuant to 35 U.S.C. § 102 by
Isogai (Ex. 1005) and the knowledge of an
ordinary artisan
2 1-5 and 18-22 Obvious pursuant to 35 U.S.C. § 103 over

Isogai and U.S. Patent No. 7,133,073 to
Neter (Ex. 1007)
3 1-5 and 18-22 Obvious pursuant to 35 U.S.C. § 103 over
Isogai and U.S. Patent No. 6,704,049 to
Fossum (Ex. 1008)

4 1-3 and 18-20 Anticipated pursuant to 35 U.S.C. § 102 by
Inuiya (Ex. 1006) and the knowledge of an

ordinary artisan
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Ground Claims Basis for Rejection

5 1,4-5, 18, and 21-22 | Obvious pursuant to 35 U.S.C. § 103 over
Inuiya and Neter

6 1,4-5,18 and 21-22 | Obvious pursuant to 35 U.S.C. § 103 over

Inuiya and Fossum

C. Prior Art Relied Upon Not Cited During Prosecution

The prior art references relied upon in this Petition were neither relied upon
nor cited during the prosecution of the 651 patent.

IV. OVERVIEW OF THE °651 PATENT
A. Level of Ordinary SKkill in the Art

Prior to and at the time of the alleged invention of the *651 patent, a person of
ordinary skill in the art (“POSA”) would be a person with at least a bachelor’s degree
in electrical engineering, physics, or materials science, and would have had at least
four years of industrial or research experience in CMOS image sensor design or
fabrication. (Ex. 1002, 416.) Alternatively, a POSA would have had a master’s
degree in the fields referenced, electrical engineering, physics, or materials science,
and at least two years of industrial or research experience in image sensor design or
fabrication. (/d.) A person of ordinary skill in the art under this standard would reach
the same conclusions as that set forth in the declaration of R. Jacob Baker. (/d., §17;

Ex. 1015, 920.)



Petition for Inter Partes Review of
U.S. Patent No. 6,838,651

B. The ’651 Patent

The ’651 patent is directed to solid-state imaging devices, such as
Complementary Metal Oxide Semiconductor (“CMOS”) solid-state imagers, that
include multiple analog-to-digital (“A/D”’) converters. (Ex. 1001, 1:6-11.) The *651
patent discloses pixels arranged in a Bayer filter pattern consisting of “four color
channels (one red, one blue and two greens”) (/d., 3:1-4.) Two A/D converters are
employed — a first “A/D converter is used for the red and blue channels” and a second
“A/D converter is used for the green channels.” (/d., 3:7-10.) The four digital signals
are then combined by a color interpolation circuit to provide a three-color output for

each pixel. (1d., 3:30-38.)
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(ld., Fig. 1.)

The ’651 patent issued on January 4, 2005, and was filed March 28, 2002. On
June 4, 2003, the Examiner rejected pending claims 1-11 as anticipated by U.S.
Patent No. 6,380,880 (“Bidermann”) pursuant to 35 U.S.C. § 102(e) and claims 12—
16 rejected as anticipated by U.S. Patent No. 5,461,425 (“Fowler”) pursuant to
U.S.C. § 102(b). (Ex. 1004 at 141-46.) On September 22, 2003, Applicants
submitted a sworn declaration by the inventor under 37 C.F.R. § 1.131 to swear
behind the March 30, 2001, filing date of Bidermann and distinguished Fowler for
disclosing each pixel with a dedicated A/D converter. (/d. at 121, 131-32.)

On January 16, 2004, the Examiner rejected pending claims 1-5 and 17-19
under 35 U.S.C. § 102(e) as anticipated by U.S. Patent No. 6,611,289 (Yu) and
claims 12—16 as obvious over Yu in view of U.S. Patent No. 3,971,065 (Bayer). (/d.
at 93-98.) On January 28, 2004, Applicants explained that the two analog-to-digital
arrangement of the claims differed from Yu in which “there is a one-to-one
connection between each image sensor 310, 312, 314 and 316 is connected to each
A/D 330, 332, 334 and 336.” (/d. at 88.)

On April 20, 2004, the Examiner rejected claims 1-11 and 17-25 as anticipated
by previously cited Bidermann. (/d. at 56-58.) On June 25, 2004, Applicants
resubmitted the swearing behind affidavit. (/d. at 40-41.) The Examiner issued a

Notice of Allowance on September 2, 2004. (Id. at 16.)
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The prior art of record did not include the references cited here that are prior
art pursuant to 35 U.S.C. § 102(b).

V. CLAIM CONSTRUCTION

All claim terms should be construed according to the Phillips standard. Phillips
v. AWH Corp., 415 F.3d 1303 (Fed. Cir. 2005); 37 C.F.R. § 42.100. Based on the
well-established principal that “claim terms need only be construed to the extent
necessary to resolve the controversy,” no express constructions are required to
institute review and find the Challenged Claims unpatentable. Wellman, Inc. v.
Eastman Chem. Co., 642 F.3d 1355, 1361 (Fed. Cir. 2011).

Petitioner and PO proposed constructions for certain claim terms in
OmniVision Technologies, Inc. v. RE Secured Networks, LLC, Case No. 24-187-
JLH-CJB (D. Del). Petitioner has asserted that “circuit” connotes that the “color
interpolation circuit” is hardware and that act of “combining the first, second, third
and fourth digital signals” requires combining all four signals. (Ex. 1016, Dkt. [089]
at 74-77.) PO has asserted a broader construction in which “circuit” is any “means
for executing instructions whether encoded in hardware, firmware, or software” and
that not all four signals need to be combined. (/d. at 78-79.) For the purposes of this

petition, Petitioner has applied its narrower proposed constructions.
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VI. THE CHALLENGED CLAIMS ARE UNPATENTABLE

A.  Ground 1: Isogai Anticipates Claims 1 and 18

1. Claim 1
a. Claim 1 Preamble: A solid state imaging device
comprising:

Isogai discloses a ‘“‘solid-state electronic image sensing device.” (see Ex.
1005, Abstract; Ex. 1015, 9942-46.) Annotated Fig. 1 of Isogai below shows solid-
state image sensing elements connected to horizontal and vertical scanning circuits.

(Ex. 1005, §[0026], Fig. 1.)
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(Ex. 1005, Fig. 1 (annotated); Ex. 1015, 943.)

Isogai also discloses a system for processing the signal outputs from the solid-
state imaging sensing elements. (Ex. 1005, 99[0077]-[0078], Fig. 22.) The
processing system, shown below in annotated Fig. 22, receives inputs from the solid-
state image sensing elements and performs color imaging. (/d., [0078], Fig. 22; Ex.
1015, 945.) “The signal processing apparatus performs color imaging using the
solid-state image sensing element of the present invention in which a color filter is
arranged in each pixel ... and a signal output and distributed into two terminals and
converted to the time-series signal corresponding to pixel position... This apparatus
output[s] the G signal as the first channel and output[s] the line sequential signals of

R and B as the second channel.” (Ex. 1005, q9[0078]-[0079].)

FIG. 22
ADCLK=PIXCLK. 2 HMEP X
— - 88
] B0 54 § 6 b
G signal 3 = G signal
1 AD ’ 3w I
MPX DFF Signal processing
Signals unit for Bayer
Output From L arrangement
Image {DFF) R signal
Sensing -
Element PLXCLK “ 82 -
* Pixel
interpolation
B/R signal ® y processing B signal
AD M MDX BFF DFF cte —
1\- Y l k‘ .ﬁ\* \L
& ) g 57 S
51 (bFF) 55 : 88
83

(Ex. 1005, Fig. 22 (annotated); Ex. 1015, 945.)
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The combination of solid-state image sensing element shown in Fig. 1 with
the processing system shown in Fig. 22 discloses a “solid state imaging device.” (Ex.
1015, 946.)

b. Claim 1[a]: a red pixel having an output;
c. Claim 1[b]: a blue pixel having an output;

Isogai discloses the claim limitations 1[a] and 1[b]. (Ex. 1015, 4947-50.) The
“solid state imaging device” of Isogai includes red pixels and blue pixels. For
example, two red pixels and four blue pixels are shown in annotated Fig. 1. (Ex.

1005, 99[0024], [0028], Figs. 1, 3; Ex. 1015, 9947, 49.)
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(Ex. 1005, Fig. 1 (annotated); Ex. 1015, 949.)

Each of the red pixels and blue pixels has an output. (Ex. 1015, 948, 50.)
Isogai discloses that vertical signal lines 22a-22d are used to connect alternating
columns of pixels to either the first horizontal signal line 27a or the second horizontal
signal line 27b. (Ex. 1005, 9[0025], [0027]-[0029], Fig. 1.) The outputs from the
pixels are routed from the vertical signal lines to the horizontal signal lines and then
output by the output terminals 35a and 35b. (/d., 4[0025], [0027]-[0029], Fig. 1.)
As shown below, each of the red pixel Px2-3 and the blue pixel Px3-2 has an output
(i.e. “ared pixel having an output” and “a blue pixel having an output™) that connects
to the vertical signal line 22b. (/d., §9[0025], [0027]-[0029], Fig. 1; see also id.,

[0063]; Ex. 1015, 9948, 50.)

| Tu1J Trg TH3
H [l ‘

2% ~22 o
Blue Pixel Blue Pixel
N Output
B /14_
| N P
Py3-1 Px3-2 E‘ Px3-3 |
G B G
/Red Pixel
[ { /
Lyrzz| Pas] |
o 7 | 4
Y.
Red Pixel
Output

(Ex. 1005, Fig. 1 (annotated excerpt); Ex. 1015, 950.)
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d. Claim 1][c]: a first green pixel having an output;
e. Claim 1[d]: a second green pixel having an output;

Isogai discloses the claim limitations 1[c] and 1[d]. (Ex. 1015, q951-54.) The
solid-state image sensing element that is included in Isogai’s “solid state imaging
device” includes a plurality of green pixels. Annotated Fig. 1 below shows six green
pixels. (Ex. 1005, q9[0024], [0028], Fig. 1; Ex. 1015, 951.) “[G]reen (G) color filters
are provided in a checkered pattern and arranged on the corresponding pixels (Px1-

1, Px1-3, Px2-2, Px2-4, Px3-1, Px3-3).” (Ex. 1005, [0028].)
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(Ex. 1005, Fig. 1 (annotated excerpt); Ex. 1015, 451.)

“[I]n the vertical signal line 22a, the first row is connected to the pixel on the
left side (Px1-1), the second row is connected to the pixel on the right side (Px2-2),
and the third row is connected to the pixel on the left side (Px3-1)... When connected
in this way, the signal output from the pixels of Px1-1, Px1-3, Px2-2, Px2-4, Px3-1,
Px3-3 (pixels arranged in a checkered pattern) can be output to the outside of the
solid-state image sensing element via the same horizontal signal line.” (Ex. 1005,
1910027]-[0028].)

Like the red and blue pixels, each of the green pixels has an output. (Ex. 1005,
4[0025], [0027]-[0029], Fig. 1; supra Sections VI.A.1(b)-(c).) As shown below,
each of the green pixels Px3-1 and Px2-2 has an output (i.e. “a first green pixel

having an output” and “a second green pixel having an output”) that connects to the

vertical signal line 22a. (/d., §9[0025], [0027]-[0029], Fig. 1; Ex. 1015, 4952, 54.)

Vertical Signal
TH Line 22a TH3

First Green
Pixel Output | |22 [~ N
| |
Px3-1 Px3-2 Ped-2
_1 e pr—
G B G
First Green | l
Pixel - Px2-2 P23
= e | R
Second Green Second Green
Pixel Output Pixel
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(Ex. 1005, Fig. 1 (annotated excerpt); Ex. 1015, 954.)
f. Claim 1[e]: a first analog-to-digital converter connected
to the output of the red pixel for converting the output of
the red pixel into a first digital signal and connected to the

output of the blue pixel for converting the output of the
blue pixel into a second digital signal;

Isogai discloses the claim 1[e] limitations. (Ex. 1015, 4955-64.) The outputs
of the red pixel and blue pixel are connected to the vertical signal line 22b. (Supra
Section VI.A.1(b)-(e).) The outputs of the green pixels are connected to the vertical
signal line 22a. (Ex. 1005, §[0027], Figs. 1, 3; Ex. 1015, 455.) As illustrated below
in annotated Fig. 1, the vertical signal lines 22a and 22b are connected to horizontal

signal lines 27a and 27b, respectively. (Ex. 1005, 4[0027], Fig. 1; Ex. 1015, §55.)

FIG. 1
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(Ex. 1005, Fig. 1 (annotated); Ex. 1015, 955.)

Addressing Figure 22, Isogai describes that same structure shown in Figure 1
in which the signal outputs have the green signals on one channel and the red and
blue signals on the second channel. (Ex. 1005, §977-79.) Each channel is processed
separately by analog-to-digital converters. (Ex. 1005, 4979-80.) As shown below,
the output signals corresponding to the horizontal signal lines 27a and 27b are
provided as inputs to the processing system that is included in Isogai’s “solid state

imaging device” and shown in Fig. 22. (Id., Y77-79; Ex. 1015, 958.)

FIG. 22
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(Ex. 1005, Figs. 1, 22 (annotated); Ex. 1015, 58.)
The outputs of the red and blue pixels on the horizontal signal line 27b are
provided as the “B/R signal” to the analog-to digital converter (AD) 81. (Ex. 1005,

1900079]-[0080]; Ex. 1015, 459.) A POSA would have understood that AD blocks
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80 and 81, which are further identified in the “Explanation of Reference Numerals”
of Isogai as “80, 81 AD converter,” are analog-to-digital (A/D) converters that are
connected to the outputs of the pixels and convert those outputs into digital signals.
(Ex. 1005, 9[0079] (“The G signal ... is AD-converted into the output signal” where
the “AD conversion frequency is 72 of PIXCLK.”); Ex. 1015, 9960-61.)

Isogai further discloses that the digital signals generated by the analog-to-
digital converter 81 include a red digital signal (R signal) (“first digital signal’) and
a blue digital signal (B signal) (“second digital signal”) that are “sequentially output”
by AD 81. (Ex. 1005, q[0079] (“This apparatus output the G signal as the first
channel, and output the line sequential signals of R and B as the second channel.”),
[0080] (“The second channel, in which the B signal and the R signal are output line
sequentially.”); Ex. 1015, 962.) A POSA would have understood that when the row
select signal 55c corresponding to the top row of pixels is asserted, the blue pixel
output is provided to the vertical signal line 22b and horizontal signal line 27b and
converted to the first digital signal by AD 81. (Ex. 1015, 9462.) Similarly, when the
row select signal 55b corresponding to the second row of pixels is asserted, the red
pixel output is provided to the vertical signal line 22b and horizontal signal line 27b
and converted to the second digital signal by AD 81. (/d.) Thus, AD 81 will
sequentially convert different red and blue pixel outputs into digital signals that are

“sequentially output.” (/d.; Ex. 1005, 9[0079]-[0080].)
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Annotated Fig. 22 shows that the signal path for the first (red) and second
(blue) digital signals includes D-flip flops 83, 87, and 88, and multiplexer 85, where
such elements control the timing of the presentation of the first and second digital
signals to the signal processing unit 89. (Ex. 1005, 49[0079]-[0080], Fig. 22; Ex.
1015, 963.) The PIXCLK scanning clock controls the presentation of the red/blue
digital pixel information to the processing block 89 by the D-flip flop (DFF) 88,
whereas the HMPX signal selects which of the red/blue pixel digital signals that are
sequentially output by AD 81 is forwarded to the DFF 87 using the multiplexer

(MPX) 85. (Ex. 1005, §9[0079]-[0080], Fig. 22; Ex. 1015, 963.)

FIG. 22
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iy ; 540
l 50 514 86 i
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=y processing B signal
B F-PEg{DM:Egl s -
=

\ g “gs

First Digital
Signal

Red Pixel
Qutput

First Analog-to-
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(Ex. 1005, Fig. 22 (annotated); Ex. 1015, 963.)
Thus, analog-to-digital converter 81 constitutes “a first analog-to-digital

converter” as recited in claim 1. (Ex. 1015, 964.)
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g. Claim 1[f]: a

pixel into a fourth digital signal; and

Isogai discloses the claim 1[f] limitations. (Ex. 1015, 9965-69.) In the same
manner that analog-to-digital converter 81 converts the red and blue pixel outputs
into digital signals, the analog-to-digital converter 80 is connected to and converts

the outputs of the first and second green pixels on horizontal signal line 27a into

digital signals. (Supra Section VI.A.1(f); see also Ex. 1005, 9[0079], Figs. 1, 22; Ex.

1015, 9965-66.)
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FIG. 22
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(Ex. 1005, Figs. 1, 22 (annotated); Ex. 1015, 965.)

Isogai further discloses that the digital signals generated by the analog-to-

digital converter 80 include first and second green digital signals (G signal) (“third

digital signal” and “fourth digital signal”.) (Ex. 1005, [0079] (“The G signal ... . is
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AD-converted into the output signal” where the “AD conversion frequency is 2 of
PIXCLK.”); Ex. 1015, 467.) A POSA would have understood that when the row
select signal 55c corresponding to the top row of pixels is asserted, the first green
pixel output is provided to the vertical signal line 22a and horizontal signal line 27a
and converted to the third digital signal by AD 80. (Ex. 1005, 467.) Similarly, when
the row select signal 55b corresponding to the second row of pixels is asserted, the
second green pixel output is provided to the vertical signal line 22a and horizontal
signal line 27a and converted to the fourth digital signal by AD 80. (/d.) Thus, AD
80 will sequentially convert different green pixel outputs into two digital signals.
(Id.; Ex. 1005, q[0079].)

Annotated Fig. 22 shows that the signal path for the third (first green) and
fourth (second green) digital signals includes DFF 82 and 86 as well as multiplexer
84, where such elements control the timing of presentation of the third and fourth
digital signals to the signal processing unit 89. (Ex. 1005, q[0079], Fig. 22; Ex. 1015,
968.) The PIXCLK scanning clock controls the presentation of the green digital pixel
information to the processing block 89 by the DFF 86, whereas the HMPX signal
selects which of the first/second green pixel digital signals that are sequentially

output by AD 81 is forwarded to the DFF 86 using the multiplexer (MPX) 84.
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(Ex. 1005, Fig. 22 (annotated); Ex. 1015, 968.)
Thus, analog-to-digital converter 80 constitutes “a second analog-to-digital
converter” as recited in claim 1. (Ex. 1015, 969.)

h. Claim 1[g]: a color interpolation circuit for combining the
first, second, third and fourth digital signals.

Isogai discloses a “color interpolation circuit for combining the first, second,
third and fourth digital signals.” (Ex. 1015, 4970-74.) Isogai discloses a signal
processing unit 89 that combines the first, second, third, and fourth digital signals.
(Id.; see also Ex. 1005, 4[0080].) As discussed above in Sections VI.A.1(f)-(g), the
analog-to-digital converters 80, 81 convert the outputs of red, blue, first green, and

second green pixels into the first, second, third, and fourth digital signals,
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respectively. (Supra Sections VI.A.1(f)-(g).) Isogai further discloses that the first,
second, third, and fourth digital signals are provided to the signal processing unit 89.

(Ex. 1005, 9[0077]-[0080], Fig. 22; Ex. 1015, 970.)
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(Ex. 1005, Fig. 22 (annotated); Ex. 1015, 970.)

Isogai discloses that the signal processing unit 89 performs signal processing
on the digitized pixel outputs, including “pixel interpolation of empty grid points
of each RGB color ... to output RGB color signals with all pixels having RGB color
signal.” (Ex. 1005, 9[0080] (emphasis added); Ex. 1015, 971.) Isogai references a
dedicated ““signal processing unit for Bayer arrangement” and depicts it in Figure 22

as receiving two separate inputs corresponding to the first and digital signals (those
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originating from the red and blue pixels, respectively) and the third and fourth digital
signals (those originating from the green pixels) and outputting three color channels
after “pixel interpolation” is performed. (Ex. 1002, 941.)

The “signal processing unit for Bayer arrangement 89” combines the four
digital signals corresponding to the outputs of the pixels in a manner consistent with
the disclosure of the *651 patent. (compare Ex. 1005, §[0078] with Ex. 1001, 5:13-
16; Ex. 1015, 972.) A POSA would have understood that Isogai’s disclosure of
“pixel interpolation” would necessarily include combining color data corresponding
to neighboring pixels in order to determine the pixel color data for the empty grid
points as described by the 651 patent. (compare Ex. 1005, [0080] with Ex. 1001,
5:13-25; Ex. 1015, 973.) A POSA also would understand that Isogai discloses a
circuit. (/d., 4941, 43-47.) The “signal processing unit for Bayer arrangement”
shown in Figure 22 is a dedicated hardware component with inputs corresponding
to the four digital signals in the Bayer filter arrangement and outputs for each of the
red, green, and blue colors for each pixel that combines the four signals. (Ex. 1002,
941.) As confirmed by Loinaz Figure 10 (shown below), a POSA would know how
to build a hardware circuit for color interpolation from a general description or block

diagram. (/d., 42; Ex. 1010, Fig. 10)
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2. Claim 18
a. Claim 18 Preamble: An imaging method comprising:

Isogai discloses a “an imaging method.” (Ex. 1015, 475.) As discussed above,
Isogai discloses a solid-state image sensing element and a system for processing the
signal outputs from the solid-state image sensing element that together form an
imaging device, where the operation of such an imaging device, which includes the
capture and processing of pixel data, constitutes an “imaging method.” (/d.; supra

Section VI.A.1(a).)

b. Claim 18][a]: converting an output of a red pixel into a first
digital signal using a first analog-to-digital converter;
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c. Claim 18[b]: converting an output of a blue pixel into a
second digital signal using the first analog-to-digital
converter;,

Isogai discloses these limitations. (Ex. 1015, 976.) As discussed above, Isogai
discloses a red pixel and a blue pixel, each of which has a corresponding “output.”
(Supra Sections VI.A.1(b)-(¢c).) The outputs of the red and blue pixels are converted
to first and second digital signals, respectively, by a first analog-to-digital converter.

(Supra Section VI.A.1(f).)

d. Claim 18]c]: converting an output of a first green pixel
into a third digital signal using a second analog-to-digital
converter;,

e. Claim 18[d]: converting an output of a second green pixel

into a fourth digital signal using the second analog-to-
digital converter; and;

Isogai discloses these limitations. (Ex. 1015, 477.) As discussed above in
Sections VI.A.1(d)-(e), Isogai discloses a first green pixel and a second green pixel,
each of which has a corresponding “output.” (Supra Sections VI.A.1(d)-(e).) The
outputs of the first green pixel and second green pixel are converted to third and
fourth digital signals, respectively, by a second analog-to-digital converter. (Supra
Section VI.A.1(g).)

f. Claim 18[e]: combining the first, second, third and fourth
digital signals using a color interpolation circuit.

Isogai discloses “combining the first, second, third and fourth digital signals

using a color interpolation circuit.” (Ex. 1015, 78.) Isogai discloses this limitation
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for the reasons discussed above in Section VI.A.1(h). (Supra Section VI.A.1(h); Ex.

1015, 978.)
B.  Ground 2: Claims 2-5 and 19-22 Are Obvious Over Isogai in View
of Neter
1. Claim 2
a. The solid state imaging device of claim 1, further

comprising an error compensation circuit for
correcting a gain of one of the output of the red pixel,
the output of the blue pixel, the output of the first green
pixel and the output of the second green pixel.

Isogai in view of Neter discloses or suggests these features. (Ex. 1015, q979-
94.) Isogai’s imaging device does not explicitly disclose an error compensation
circuit for correcting a gain of the outputs of the red, blue, and green pixels.
However, Neter discloses such gain correction, and a POSA would have found it
obvious in view of Neter to utilize gain correction in Isogai’s imaging device. (1d.,
1981-81.)

Neter, like Isogai, describes circuits for processing imaging pixel sensor
elements. (Ex. 1007, 2:60-62, 3:4-16.) Both Neter and Isogai describe image sensing
devices that include red, blue, and green pixels arranged in the Bayer pattern scheme.
(Id., 3:12-14, FIG. 3; Ex. 1005, q[0028], FIG. 1.) Therefore, a POSA implementing
an image sensing device like that described in Isogai would have had reason to look

to Neter. (Ex. 1015, 982.)
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Neter discloses performing color compensation, which involves adjusting the
output signals for different colored pixels as the pixel elements may be more
responsive to one color of light in comparison to another color of light. (Ex. 1007,
1:50-57 (“Conventional imaging devices also require color compensation for
difference in the response of the various color filters and for variations within the
integrated circuit sensor array, such as process, materials, temperature or
manufacturing. For example, when the primary color scheme is used, the response
of an element that absorbs red light may be different than an element that
absorbs blue light even when illuminated by light of equal red and blue
luminosity levels.” (emphasis added); see also id., 1:57-2:6; Ex. 1015, 484.) Neter
further discloses performing such color compensation with separate amplification of
different colored pixel outputs using programmable gain amplifiers. (Ex. 1007, 4:19-
36.) For example, Figure 13 of Neter discloses a color imaging system 330 that
includes color compensation using such programmable gain amplifiers. (/d., 13:39-

41, Fig. 13; Ex. 1015, 985-86.)
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(/d., Fig. 13 (annotated); Ex. 1015, 986.)

Neter further discloses that different transfer functions can be implemented
by the programmable gain amplifiers such that “each color can be optimized
independently for maximum dynamic range.” (Id., 4:51-55; see also id., 13:55-14:4,
Fig. 14; Ex. 1015, 487.)

Given the disclosure of color compensation in Neter, a POSA would have
found it obvious to combine the teachings of Isogai and Neter such that at least one
of the output signals for the red, blue, first green, and second green pixels identified
above in Sections VI.A.1(b)-(e) is amplified to provide color compensation for the

image sensing device. (Ex. 1015, 9988-94.) A POSA would have been motivated to
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do so because, as disclosed by Neter, such color-specific amplification compensates
for differences in the response of various color filters and variations in the sensor
array resulting from variations in process, materials, temperature, and
manufacturing. (Ex. 1007, 13:30-33, 13:61-14:1; Ex. 1015, 989.) Such color
compensation, which Neter also refers to as “color correction,” provides numerous
advantages, including improved dynamic range, improved image quality and
“improve[ed] white balancing, which is used to compensate colors for different
illumination temperatures.” (Ex. 1007, 13:28-36; 14:34-38; Ex. 1010, 2094 (“To
achieve white balance, it is evident from Fig. 4 that the outputs of the blue and green
pixels must be amplified with respect to the outputs of the red pixels.”), 2095
(“[T]hree separate and independent gains are used for pixels covered by red, green,
and blue filters, respectively. White balancing can therefore be performed in the
analog domain.”).)

Accordingly, a POSA would have combined the teachings of Isogai and Neter
such that the output of at least one of the red, blue, first green, and second green
pixels in Isogai is amplified to provide color compensation in order to, for example,
improve color dynamic range and white balancing. (Ex. 1015, 4991-94.) In such an
Isogai-Neter combination, a POSA would have understood that such color
compensation corresponds to “correcting a gain of one of the output of the red pixel,

the output of the blue pixel, the output of the first green pixel and the output of the
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second green pixel” as recited in claim 2 of the ’651 patent. (Ex. 1015, 9q91.)
Moreover, such a skilled person would have understood that the programmable gain
amplifiers and related circuitry to support such color compensation, which Neter
also refers to as “color correction,” would constitute an “error correction circuit”
that, as recited in claim 2, performs such gain correction. (/d.)

Including color compensation circuity like that disclosed in Nefer in the
imaging device of Isogai would have involved nothing more than the combination
of known prior art elements (the image array with pixel outputs of Isogai with the
amplifiers of Neter to compensate for gain differentials between different colored
pixels) using known circuit design methods, where each element performs the same
function described in Neter and Isogai, to achieve the predictable result of an
imaging device that is improved to provide color compensation. KSR Int’l Co. v.
Teleflex Inc., 550 U.S. 398, 416 (2007). As discussed above, both Isogai and Neter
describe circuits for processing imaging pixel sensor elements, but Neter describes
additional circuitry not found in Isogai for color compensation. Therefore, a POSA
would have recognized that Neter’s teachings relating to color compensation could
have been applied to Isogai’s system in a similar way. Id. at 417. (Ex. 1015, 992.)

Additionally, including such color compensation circuitry in Isogai’s imaging
device would have been straightforward for a POSA given such a person’s

knowledge and the disclosure in Neter. (Ex. 1015, 993.) For example, the
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combination would have required nothing more than adding well-known,
rudimentary, and widely available amplifiers for color compensation to Isogai’s
system, which, as evidenced by Neter and Loinaz, were commonly used for color
correction at the time. (/d.) Such a combination would not have detracted from the
overall functionality of Isogai’s system, which would have continued to operate as
described in Isogai with the added circuity to correct gain differentials for the

different colors as necessary. (/d.)

2. Claim 3

a. The solid stage imaging device of claim 1, further
comprising an error compensation circuit for
correcting a fixed pattern noise offset from one of the
output of the red pixel, the output of the blue pixel, the
output of the first green pixel and the output of the
second green pixel.

Isogai in view of Neter discloses or suggests these features. (Ex. 1015, 9995-
107.) Isogai’s imaging device discussed above with respect to claim 1 does not
explicitly disclose an error compensation circuit for correcting a fixed pattern noise
offset from one of the analog signals output by the red, blue, and green pixels.
However, Neter discloses correcting a fixed pattern noise offset for the outputs from
red, blue, and green pixels, and a POSA would have found it obvious in view of

Neter to utilize such fixed pattern noise offset correction in the solid-state imaging

device of Isogai. (Ex. 1015, 4996-97.)
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As discussed above in Section VI.B.1, a POSA implementing an image
sensing device as disclosed in Isogai would have had reason to look to Neter. Neter
discloses circuitry and methods for addressing fixed pattern noise corresponding to
pixel outputs in an array of colored pixels like that of Isogai (e.g. a Bayer pattern).
(Ex. 1007, 5:1-17, 15:53-16:2.) For example, Neter discloses that fixed pattern noise
reduction is used in imaging systems to address noise related to pixel-to-pixel
variation, which can be caused by dark current in the imaging array. (/d.; Ex. 1015,
1998-99.) Figure 20 of Neter discloses a color imaging system that supports fixed

pattern noise reduction. (Ex. 1007, 16:3-16, Fig. 20.)
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FIG. 20

(Id., Fig. 20.)

As shown in Figure 20, a dark row of pixels is added with an opaque mask
layer such that they are not exposed to light. (/d., 16:17-19.) To subtract out dark
current (correct the offset), two pixels are read out from the same column, where one

pixel is from the dark row and the other is from one of the exposed rows. (/d., 16:30-
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34.) “The dark pixel value is then subtracted from the exposed pixel value by the
summing amplifier 496, thereby providing fixed pattern noise reduction.” (/d.,
16:34-37; Ex. 1015, 9100.)

Given the disclosure of a fixed pattern noise reduction in Neter, a POSA
would have found it obvious to combine the teachings of Isogai and Neter such that
at least one of the output signals for the red, blue, first green, and second green pixels
identified in Sections VI.A.1(b)-(e) has an offset corresponding to fixed pattern
noise correction. (Ex. 1015, 4102.) A POSA would have been motivated to do so
because, as disclosed by Neter, fixed pattern noise reduction provides advantages,
including less contamination of the image signal, thereby providing increased
dynamic range and higher image quality. (/d.; Ex. 1007, 15:55-57, 15:64-67.)

Including fixed pattern noise reduction circuity like that disclosed in Neter in
the imaging device of Isogai would have involved nothing more than the
combination of known prior art elements (the image array with pixel outputs of
Isogai with the dark current removal circuitry of Nefer to compensate for fixed
pattern noise) using known circuit design methods, where each element performs the
same function described in Neter and Isogai, to achieve the predictable result of an
imaging device that is improved have higher image quality because of reduced noise.
KSR, 550 U.S. at 416. As discussed above, both Isogai and Neter describe circuits

for processing imaging pixel sensor elements, but Neter describes additional
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circuitry not found in Isogai for dark current removal. Therefore, a POSA would
have recognized that Nefer’s teachings relating to noise reduction could be applied
to Isogai’s system in a similar way to improve overall system performance,
including improved image quality. Id. at 417. (Ex. 1015, 9104.)

Additionally, including such fixed pattern noise correction circuitry in
Isogai’s imaging device would have been straightforward for a POSA given such a
person’s knowledge and the disclosure in Neter. (Ex. 1015, 9105.) For example, the
combination would have required nothing more than adding well-known circuitry to
subtract dark current to Isogai’s system, which, as evidenced by Neter, was
commonly used for fixed pattern noise reduction at the time. Such a combination
would not have detracted from the overall functionality of Isogai’s system, which
would have continued to operate as described in Isogai with the added circuity to
reduce fixed pattern noise. (/d.) In such an Isogai-Neter combination, a POSA would
have understood that such fixed pattern noise correction circuitry corresponds to the
“error compensation circuit” recited in claim 3. (Ex. 1015, 9106.)

3. Claim 4

a. The solid stage imaging device of claim 1 further
comprising a first chip and a second chip, wherein the
red pixel, the blue pixel, the first green pixel, the second
green pixel, the first analog-to-digital converter and
the second analog-to-digital converter are disposed on
the first chip and the color interpolation circuit is
disposed on the second chip.
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The Isogai-Neter combination discloses or suggests these limitations. (Ex.
1015, 99108-120.) As discussed above in Section VI.A.1(a), Isogai discloses a solid
state imaging device that includes a solid state image sensing element as shown in

Figure 1 in combination with the processing system shown in Figure 22.

FIG. 22 Color Interpolation
Circuit

Second Analog-to-

Digital Converter ADCLK=PIXCLK/2 HMPX \
4]
- L 86
FIG. 1 LAn  HL o
G signal G signal

A e s AD |= == ; -
‘ Horizontal scanning circuit MPX DFF | Siznal processing
unit for Bayer
-1 -3 7 D1 arrangement
r‘

i FF) Enesl
7h . p—
= 3% SEILK 82
Tu TH Ty 'I'MH PLAGLE
L H— 1 Pixel
interpolation
55 ™ | e |2 B/R signal i B signal
4
16513 | ] |
P31 Px3-2 Pxa-3 Pud-4
G B G

£ lgb Second Analog-to-

2= T T Digital Converter

S o |

£ Bx2-2 P3| | [P P25

£ G R G R

2

ERED

£ |2

2 |#su I I

Pxi=l Fxi-2 Pxl-3 Px1=4
s B G B

(Ex. 1005, Figs. 1, 22 (annotated); Ex. 1015, 9108.)

Isogai does not explicitly disclose that the red, blue, and green pixels are
disposed on a first chip with the analog-to-digital converters, while the color
interpolation circuit is disposed on a second chip as recited in claim 4. However,
including the pixels and analog-to-digital converters on a first chip and the
associated color interpolation circuitry on a second chip is disclosed by Neter, and a

POSA would have found it obvious in view of Nefer to implement the recited

36



Petition for Inter Partes Review of
U.S. Patent No. 6,838,651

components of Isogai on two separate chips as recited in claim 4. (Ex. 1015, 49109-
120.)

As above in Section VI.B.1, a POSA implementing an image sensing device
as disclosed in Isogai would have had reason to look to Neter. Neter discloses that
the disclosed imaging system, which includes red, blue, and green pixels, analog-to-
digital converters, and additional processing circuitry like a color interpolation
circuit can be implemented on one or more chips. (Ex. 1015, q111.) For example,
Neter discloses an array of red, green, and blue pixels arranged in the Bayer color
pattern (Ex. 1007, 7:33-37) where additional components of the imaging system,
including analog-to-digital converters and color interpolation circuitry, may or may
not be included on the same integrated circuit as the array of pixels. (/d., 5:47-52
(“The imaging system in accordance with the present invention may also include
additional on-chip or off chip amplification stages, analog-to-digital conversion
units, memory units and various other signal processing blocks.”) (emphasis
added), 7:48-53, 7:55-63, 3:1-3; Ex. 1015, q111.)

Given Neter’s disclosure of various image processing system components
being included either on the same chip as the pixel array or on another chip separate
from the pixel array, a POSA would have found it obvious to combine the teachings
of Neter and Isogai such that Isogai’s imaging device would include the analog-to-

digital converters on the same chip as the red, blue, and green pixels, whereas the
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color interpolation circuitry is on a separate chip. (Ex. 1015, §112.) Such a skilled
person would have been motivated to do so because, in some embodiments, while
integration may have been desirable, the complexity of the color interpolation
circuitry may be better implemented on a separate chip. (/d.; Ex. 1007, 1:32-49.)
Indeed, Isogai recognizes that implementing components of its imaging device on
the same or different chips is a design choice. (Ex. 1005, 4[0065] (disclosing, with
respect to the embodiment shown in FIG. 17, that the output buffer amplifiers 28a-
28d can be provided “inside the solid-state image sensing element in order to avoid
the influence of external noise” whereas differential amplifiers 34a-b are provided
“outside the solid-state image sensing element.”, Fig. 17; Ex. 1015, §113.)

Neter discloses that in conventional image processing systems (like that
disclosed by Isogai) the image processing may require significant resources that
could increase the complexity, size and expense of the imaging device. (Ex. 1007,
1:32-49; Ex. 1015, §114.) A POSA reading Neter would have understood that Neter
discloses that the color interpolation circuitry, as well as the analog-to-digital
conversion circuitry, can either be placed on the same chip as the pixel array or not,
where the decision as to whether to use one chip or two is a design choice that is
influenced by many factors, including the complexity of pixel interpolation and other

image processing, the size of the pixel array, the complexity of the analog-to-digital
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converters, as well as the presence or absence of additional intervening circuitry
between the pixel array and the color interpolation circuitry. (Ex. 1015, 4114.)

Indeed, a POSA would have understood that while integration of circuitry
onto a single chip can provide a number of advantages, including increased
performance, reduced manufacturing costs, fewer chips required, and the like, in
some instances it is preferable to maintain the color interpolation circuitry on a
separate chip while integrating the analog-to-digital converters onto the same chip
as the pixel array. (Ex. 1015, 9115.) For instance, including the analog-to-digital
conversion on the same chip as the pixel array while keeping the color interpolation
circuitry on a separate chip provides flexibility to support different
systems/applications with different levels of color processing. (/d.) In such a
scenario, a pixel-array chip that includes analog-to-digital converters would provide
digital outputs that can be provided as the inputs to different color
interpolation/processing chips with different processing capabilities in order to
satisfy the needs of different applications. (/d.)

Such an understanding is supported by contemporaneous references that
disclose analog-to-digital converters included with the pixel array on the same chip
while the color interpolation circuitry resides on a separate chip. (Ex. 1015, 4116.)
For example, Fossum (Ex. 1008) discloses CMOS imagers with analog-to-digital

conversion on the same chip as the pixel array “to provide a digital representation of
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the image which can be retrieved from the imager 10 through a parallel port

interface.” (Ex. 1008, 1:7-26, Fig. 1; Ex. 1015, 4116.)
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(Ex. 1008, Fig. 1.) Fossum further discloses that a separate DSP chip 30 can be used

with the imaging chip 10 above, where the DSP chip performs color interpolation.

(Id., 2:5-7.)
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(Id., Fig. 4)

In view of Neter and having knowledge of the state of the art at the relevant
time, a POSA looking to implement a solid-state imaging device as disclosed in
Isogai would have found it obvious to include the analog-to-digital converters on the
same chip as the pixel array, while providing a second chip that includes the color
processing circuitry. (Ex. 1015, §117.) Including the analog-to-digital converters on
the same chip as the pixel array in the imaging device of Isogai and a second chip
that includes the color processing circuitry would have merely involved the use of a
known technique (performing analog-to-digital conversion of the pixel outputs on
the same chip as the red, blue, and green pixels and color processing on a separate
chip) to improve a similar device (the device described in Isogai) to achieve the
expected and desired result of increased integration while maintaining flexibility to
support different systems/applications with different levels of pixel interpolation.

(Ex. 1015, q118; KSR, 550 U.S. at 416-417.) Additionally, as discussed above, it
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was known and predictable that imaging circuitry like that described in Isogai could
have been implemented on either one chip or more than one chip, depending on the
needs of the system. Thus, a POSA would have had reason to try implementing the
circuitry in Isogai on either one chip or more than one chip with a reasonable
expectation of success. KSR, 550 U.S. at 421. Therefore, the Isogai-Neter
combination discloses or suggests the features recited in claim 4 of the 651 patent.
(Ex. 1015, 9119.)

Including the analog-to-digital converters of Isogai’s imaging device on the
same chip as the pixel array and the color processing circuitry on another chip would
have been straightforward for a POSA to implement given such a person’s
knowledge of the state of the art and the disclosure in Neter. (Ex. 1015, 4120.) For
example, as demonstrated by Neter, Fossum, and Loinaz, a POSA at the relevant
time had the capability to include both the analog-to-digital conversion circuitry and
the color processing (color interpolation) circuitry on the same chip as the pixel
array. (Ex. 1007, 5:47-52; Ex. 1008, Figs. 1, 5; Ex. 1010, Fig. 1; infra Section
VI.B.4; Ex. 1015, 9120.) Therefore, such a POSA would also have been able to
include a subset of those components on the same chip while keeping the color
processing circuitry on a second chip. (Ex. 1015, 9120.) Moreover, a POSA would
have understood how to make any needed modifications in order to ensure that such

an implementation was successful. (/d.)
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4. Claim 5

a. The solid state imaging device of claim 1 further
comprising a chip, wherein the red pixel, the blue pixel,
the first green pixel, the second green pixel, the first
analog-to-digital converter, the second analog-to-
digital converter and the color interpolation circuit are
disposed on the chip.

The Isogai-Neter combination discloses or suggests these limitations. (Ex.
1015, 9q9121-128.) Isogai does not explicitly disclose that the components recited in
claim 5 are included on a single integrated circuit. Neter, however, discloses such a
feature, and a POSA would have found it obvious, in view of Neter, to implement
the imaging device of Isogai such that all of the components recited in claim 5 are
on the same chip. (/d., 121-122.)

As discussed above in Section VI.B.3, Neter discloses including the circuitry
for color interpolation and the analog-to-digital conversion circuitry on the same
chip as the pixel array. (Ex. 1007, 5:47-52, 7:33-37, 7:48-53, 7:55-59, 3:1-3; Ex.
1015, q122.) As also discussed above in Section VI.B.3, a POSA would have
understood, based on the disclosure of Nefer and the understanding of the state of
the art, that implementing the analog-to-digital converters and color processing
circuitry (“color interpolation circuit”) on the same chip as the pixel array in an
image processing device is a design choice. Moreover, a POSA would have been

motivated to include all of these components of an imaging device, like that
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disclosed by Isogai, on the same chip in order to realize a number of advantages,
including increased performance, reduced manufacturing costs, fewer chips
required, and the like. (/d.; Ex. 1015, 4121.) Therefore, in view of Neter and having
knowledge of the state of the art at the relevant time, a POSA looking to implement
a solid-state imaging device as disclosed in Isogai would have found it obvious to
include the analog-to-digital converters and the color processing circuitry on the
same chip as the pixel array. (Ex. 1015, §122.)

Including the analog-to-digital converters and color processing circuitry on
the same chip as the pixel array in the imaging device of Isogai would have merely
involved the use of a known technique (performing analog-to-digital conversion and
color processing on the same chip as the red, blue, and green pixels as disclosed in
Neter) to improve a similar device (the imaging device of Isogai) to achieve the
expected and desired result of increased integration that can provide increased speed,
reduced costs, and support for smaller devices. (Ex. 1015, 9123.; KSR, 550 U.S. at
416-417.) Additionally, it was known and predictable that imaging circuitry like that
described in Isogai could have been implemented on either one chip or more than
one chip, depending on the needs of the system. (Ex. 1015, 4123.) Thus, a POSA
would have had reason to try implementing the circuitry in Isogai on either one chip

or more than one chip with a reasonable expectation of success. KSR, 550 U.S. at
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421. Therefore, the Isogai-Neter combination discloses or suggests the features
recited in claim 5 of the *651 patent. (Ex. 1015, 9124.)

Including the analog-to-digital conversion and color processing circuitry on
the same chip with Isogai’s solid-state image sensing element as shown in Figure 1
would have been straightforward for a skilled person to implement given such a
person’s knowledge of the state of the art and the disclosure in Neter. (Id.) Indeed,
the motivation and ability for a POSA to perform such integration is supported by
Fossum, which discloses CMOS imagers with analog-to-digital conversion and
color interpolation circuitry on the same chip as the pixel array. (Id., q9125-126; Ex.

1008, 4:4-6, 4:33-44, Fig. 5.)
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(Ex. 1008, Fig. 5.)
Similarly, as shown in Figure 1 below, Loinaz discloses a digital color camera
chip that includes the imaging array, analog-to-digital conversion circuitry, and color

interpolation circuitry on the same chip. (Ex. 1010, Abstract, Fig. 1; Ex. 1015,

€9127-128.)
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I3 Array »| PGA | AD "] Interpolation | Correction
: 4 Y : " _
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- Time  {Words =~ et ..iCoefls. . .iCoefls. i
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H Control = Contro o
; Parameters Interface
: Digital Color Camera Chip #
(Ex. 1010, Fig. 1 (excerpt).)
5. Claim 19
a. The imaging method of claim 18 further comprising:

correcting a gain of one of the output of the red pixel,
the output of the blue pixel, the output of the first green
pixel and the output of the second green pixel.

The Isogai-Neter combination discloses these limitations as discussed above

for claim 2. (Supra Section VI.B.1; Ex. 1015, 4129.)
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6. Claim 20

a.

The imaging method of claim 18 further comprising:
correcting a fixed pattern noise offset from one of the
output of the red pixel, the output of the blue pixel, the
output of the first green pixel and the output of the
second green pixel.

The Isogai-Neter combination discloses these limitations as discussed above

for claim 3. (Supra Section VI.B.2; Ex. 1015, 9130.)

7. Claim 21

a.

The imaging method of claim 18, wherein the red pixel,
the blue pixel, the first green pixel, the second green
pixel, the first analog-to-digital converter and the
second analog-to-digital converter are disposed on a
first chip and the color interpolation circuit is disposed
on a second chip.

The Isogai-Neter combination discloses these limitations as discussed above

for claim 4. (Supra Section VI.B.3; Ex. 1015, §131.)

8. Claim 22

a.

The imaging method of claim 18, wherein the red pixel,
the blue pixel, the first green pixel, the second green
pixel, the first analog-to-digital converter, the second
analog-to-digital converter and the color interpolation
circuit are disposed on a chip.

The Isogai-Neter combination discloses these limitations as discussed above

for claim 5. (Supra Section VI.B.4; Ex. 1015, 9132.)
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C. Ground 3: Claims 2-5 and 19-22 Are Obvious Over Isogai in View
of Fossum

1. Claim 2

Isogai in view of Fossum discloses or suggests these features. (Ex. 1015,
41133-145.) Isogai’s imaging device discussed above with respect to claim 1 does
not explicitly disclose an error compensation circuit for correcting a gain of the
outputs of the red, blue, and green pixels. However, as demonstrated below, Fossum
discloses correcting a gain in the form of gain control of the analog signal outputs
from the pixels, and a POSA would have found it obvious in view of Fossum to
utilize such gain correction in the solid-state imaging device that includes the solid
state image sensing element corresponding to the first embodiment of Isogai. (Ex.
1015, 99134-135.)

Fossum, like Isogai, describes circuits for processing red, blue, and green
imaging pixel sensor elements that includes color interpolation. (Ex. 1008, 4:45-59,
Fig. 5.) As shown in Figure 5 below, Fossum discloses color interpolation done after
analog-to-digital conversion, similar to as described in Isogai. (Id., Fig. 5; see also
id., 5:7-11; Ex. 1015, 99136-138.) Therefore, a POSA implementing the image

sensing device of Isogai would have had reason to look to Fossum. (Ex. 1015, 4137.)
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(Ex. 1008, Fig. 5.)

Fossum further discloses analog conditioning circuitry 54 that performs
“correlated double sampling of the analog outputs of the pixel cells 52 and
provide[s] gain control” for the outputs of the pixels in the array. (/d.; Ex. 1008,
5:4-6, Fig. 6 (emphasis added).) A POSA would have understood that Fossum’s
disclosure of gain control with respect to the analog outputs of the pixels constitutes
“correcting a gain” of one of the pixel outputs as is recited in claim 2. (Ex. 1015,
99138-141.) Such an understanding is supported by Neter, which discloses that

imaging devices perform color compensation, which involves adjusting the gain of
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signals for different colored pixels as the pixel elements may be more responsive to
one color of light in comparison to another color of light. (Ex. 1007, 1:50-2:6, 4:19-
36; supra Section VI.B.2.) A POSA would also have understood Fossum’s “analog
conditioning circuitry” to correspond to an “error compensation circuit” as recited
in claim 2 as it performs the gain correction ascribed to the claimed error
compensation circuit in that the gain control is able to compensate for magnitude
variations for the different color components. (Ex. 1015, q141.)

Given the disclosure of a gain control in Fossum, a POSA would have found
it obvious to combine the teachings of Isogai and Fossum such that at least one of
the output signals for the red, blue, first green, and second green pixels identified
above in Sections VI.A.1(b)-(e) is amplified in order to correct the gain for that color
in the image sensing device. (Ex. 1015, 4142.) A POSA would have been motivated
to do so because such gain correction can compensate for “differences in the
response of various color filters and variations within the integrated circuit sensor
array, such as process, materials, temperature or manufacturing.” (/d.; Ex. 1007,
13:30-34.) A POSA would have understood that such gain correction improves color
dynamic range and image quality. (Ex. 1007, 13:34-39; Ex. 1015, q142.)

Including analog-conditioning circuitry for gain control like that disclosed in
Fossum in the imaging device of Isogai would have involved nothing more than the

combination of known prior art elements (the imaging array with pixel outputs of
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Isogai with the gain control as disclosed in Fossum to compensate for needed gain
differentials between different colored pixels) using known circuit design methods,
where each element performs the same function described in Isogai and Fossum, to
achieve the predictable result of an imaging device that is improved to provide color
compensation. (Ex. 1015, 9143; KSR, 550 at 416.) As discussed above, both Isogai
and Fossum describe circuits for processing imaging pixel sensor elements, but
Fossum describes conditioning circuitry not found in Isogai for providing gain
control. Therefore, a POSA would have recognized that Fossum ’s teachings relating
to gain control could have been applied to Isogai’s system in a similar way. KSR,
550 at 417. A POSA would have been encouraged to implement such gain control
in Isogai’s system to provide similar gain control capabilities to improve overall
system performance. (Ex. 1015, 9143.)

Additionally, including such gain control circuitry in Isogai’s imaging device
would have been straightforward for a POSA given such a person’s knowledge and
the disclosure in Fossum. (Ex. 1015, 9144.) For example, the combination would
have required nothing more than adding well-known, rudimentary, and widely
available conditioning circuitry for gain control to Isogai’s system, which was
commonly used for color correction at the time. Such a combination would not have

detracted from the overall functionality of Isogai’s system, which would have
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continued to operate as described in Isogai with the added circuity to improve color

output as necessary. (/d.)

2. Claim 3

Isogai in view of Fossum discloses or suggests these features. (Ex. 1015,
4/146-155.) The solid-state imaging device discussed above in Section VI.A.1 does
not explicitly disclose an error compensation circuit for correcting a fixed pattern
noise offset from one of the analog signals output by the red, blue, and green pixels.
However, Fossum discloses correcting a fixed pattern noise offset in the outputs
from red, blue, and green pixels, and a POSA would have found it obvious in view
of Fossum to utilize such fixed pattern noise offset correction in the solid-state
imaging device of Isogai that includes the solid-state image sensing element
corresponding to the first embodiment. (Ex. 1015, 49147-148.)

As discussed above in Section VI.C.1, Fossum, like Isogai, describes circuits
for processing imaging pixel sensor elements, and a POSA implementing an image
sensing device as disclosed in Isogai would have had reason to look to Fossum. As
also discussed above in Section VI.C.1, Fossum discloses analog conditioning
circuitry that performs correlated double sampling and gain control with respect to
the analog outputs of the pixels. (Supra Section VI.C.1; Ex. 1007, 1:20-22, 5:4-6;

Ex. 1015, 9149.)
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A POSA would have understood that the correlated double sampling of the
outputs of the pixels by Fossum ’s analog conditioning circuitry reduces fixed pattern
noise. (Ex. 1011, 7:34-38; Ex. 1012, 40:17-23; Ex. 1015, 4150.) Therefore, Fossum
discloses an “error compensation circuit for correcting a fixed pattern noise offset”
from one of the outputs of the red, blue, and green pixels as recited in claim 3. (Ex.
1015, 9151.)

Given the disclosure of fixed pattern noise offset reduction by correlated
double sampling in Fossum, a POSA would have found it obvious to combine the
teachings of Isogai and Fossum such that at least one of the output signals for the
red, blue, first green, and second green pixels is conditioned in a manner that
includes correlated double sampling in order to reduce fixed pattern noise in Isogai’s
image sensing device. (Ex. 1015, 9152.) A POSA would have been motivated to do
so because, as such a skilled person would have known, such fixed pattern noise
reduction allows for increased dynamic range and higher image quality. (/d.; Ex.
1007, 5:12-14, 15:64-66.)

Including fixed pattern noise reduction circuity like that disclosed in Fossum
in the imaging device of Isogai would have involved nothing more than the
combination of known prior art elements (the image array with pixel outputs of
Isogai with the correlated double sampling circuitry of Fossum to compensate for

fixed pattern noise) using known circuit design methods, where each element
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performs the same function described in Fossum and Isogai, to achieve the
predictable result of an imaging device that is improved have higher image quality
because of reduced noise. (Ex. 1015, 4154.; KSR, 550 U.S. at 416.) As discussed
above, both Isogai and Fossum describe circuits for processing imaging pixel sensor
elements, but Fossum describes additional circuitry not found in Isogai for correlated
double sampling. Therefore, a POSA would have recognized that Fossum’s
teachings relating to noise reduction could have been applied to Isogai’s system in
a similar way. Id. at 417. As also discussed above, a POSA would have been
encouraged to implement such correlated double sampling in Isogai’s system to
provide similar noise reduction capabilities to improve overall system performance,
including improved image quality. (Ex. 1015, 4154.)

Additionally, including such fixed pattern noise correction circuitry in
Isogai’s imaging device would have been straightforward for a POSA given such a
person’s knowledge and the disclosure in Fossum. (Ex. 1015, §155.)

3. Claim 4

The Isogai-Fossum combination discloses or suggests these limitations. (Ex.
1015, 9155.) Isogai does not explicitly disclose that, for the solid-state imaging
device discussed in Section VI.A.1 above and depicted below, the pixels and analog-
to-digital converters are disposed on a first chip and the color interpolation circuit is

disposed on a second chip as recited in claim 4. However, such a configuration is
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disclosed by Fossum, and a POSA would have found it obvious in view of Fossum
to implement the recited components in Isogai on two separate chips as recited in
claim 4. (Ex. 1015, 9157.)

As discussed above in Section VI.C.1, a POSA implementing an image
sensing device as disclosed in Isogai would have had reason to look to Fossum.
Fossum discloses CMOS imagers with analog-to-digital conversion on the same chip
as ared, blue, and green pixel array “to provide a digital representation of the image
which can be retrieved from the imager 10 through a parallel port interface.” (Ex.
1008, 1:7-26, Fig. 1 (showing analog to digital converter (ADC) 16 on the same chip

as pixel cells 12); Ex. 1015, 9159.)
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(Ex. 1008, Fig. 1.) Fossum further discloses that a separate DSP chip 30 is used with

the imaging chip 10 above, where the DSP chip 30 performs color interpolation. (/d.,

2:5-7; Ex. 1015, 9q159.)
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(Ex. 1008, Fig. 4.)

Therefore, Fossum discloses the arrangement of components on two chips as
recited in claim 4. (/d.; Ex. 1015, 4160.) In view of Fossum, a POSA implementing
the imaging device of Isogai would have found it obvious to include Isogai’s analog-
to-digital conversion circuitry on the same chip with the red, blue, first green and
second green pixels while maintaining the color processing circuitry on a separate
chip. (Ex. 1015, 4160.)

As discussed above in Section VI.B.3, a POSA would have understood that
while integration of circuitry onto a single chip can provide a number of advantages,
in some instances it may be preferable to maintain the color interpolation circuitry
on a separate chip while integrating the analog-to-digital converters onto the same

chip as the pixel array. For example, such an arrangement would provide flexibility
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to support different systems/applications with different levels of color processing.
(Id.; Ex. 1008, 1:24-26; Ex. 1015, q161.)

Moreover, a POSA would have understood that determining whether to put
the analog-to-digital converters and/or color interpolation circuitry for an image
processing system on the same chip with the pixel array is a design choice that is
influenced by many factors. (Supra Section VI.B.3; Ex. 1015, §9162-163.) Indeed,
Isogai recognizes that implementing components of its imaging device on the same
or different chips is a design choice. (Ex. 1007, [0065], Fig. 17; Ex. 1015, 4162.)

Therefore, a POSA looking to implement a solid-state imaging device as
disclosed in Isogai would have found it obvious to include the analog-to-digital
converters on the same chip as the pixel array, while providing the color processing
circuitry on a second chip. (Ex. 1015, 9164.) Such a configuration would have
merely involved the use of a known technique (performing analog-to-digital
conversion on the same chip as the pixels as disclosed in Fossum and color
processing on a separate chip) to improve a similar device (the device of Isogai) to
achieve the expected and desired result of increased integration while maintaining
flexibility to support different systems/applications with different levels of color
processing. (Ex. 1015, 4165; KSR, 550 U.S. at 416-417.) Additionally, as discussed
above, it was known and predictable that imaging circuitry like that described in

Isogai could have been implemented on either one chip or more than one chip,
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depending on the needs of the system. Thus, a POSA would have had reason to try
implementing the circuitry in Isogai on either one chip or more than one chip with a
reasonable expectation that one would be successful. KSR, 550 U.S. at 421.

Including the analog-to-digital conversion with the pixel array in Isogai’s
imaging device would have been straightforward for a skilled person to implement
given such a person’s knowledge of the state of the art and the disclosure in Fossum.
(Ex. 1015, 99166-167; supra Section VI.B.3.)

4. Claim 5

The Isogai-Fossum combination discloses or suggests these limitations. (Ex.
1015, 99168-177.) Isogai does not explicitly disclose that the components recited in
claim 5 are included on a single integrated circuit. Fossum, however, discloses such
a feature, and a POSA would have found it obvious, in view of Fossum, to implement
the imaging device of Isogai such that all of the components recited in claim 5 are
on the same chip. (Ex. 1015, §169.)

Fossum discloses including the circuitry for color interpolation and the
analog-to-digital conversion circuitry on the same chip as the pixel array. (Ex. 1008,

4:33-44, Fig. 5; Ex. 1015, q171.)
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(Ex. 1008, Fig. 5.)

Fossum discloses that “FIG. 5 shows a CMOS imager 50 located on a
monolithic semiconductor substrate, or chip” (id., 4:33-34), without “requiring ...
off chip-color interpolation™ (id., 4:40-44.) According to Fossum, “[ajmong the
advantages of the invention” is [tJrue color imaging occurs on a single
semiconductor chip.” (/d., 4:4-6; see also id., 4:45-58; Ex. 1015, §172.)

As discussed above, a POSA would have understood that implementing the
analog-to-digital converters and color processing circuitry on the same chip as the

pixel array is a design choice. (Supra Section VI.C.3; Ex. 1015, 4170) Moreover, a
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POSA would have been motivated to include all of these components of an imaging
device, like that disclosed by Isogai, on the same chip in order to realize a number
of advantages, including increased performance, reduced manufacturing costs, fewer
chips required, and the like. (Supra Section VI.B.3; Ex. 1015, §170.) Therefore, in
view of Fossum and having knowledge of the state of the art at the relevant time, a
POSA looking to implement a solid state imaging device as disclosed in Isogai
would have found it obvious to include the analog-to-digital converters and the color
processing circuitry on the same chip as the pixel array. (Ex. 1015, 9170-172.) Such
integration would have merely been the use of a known technique (performing
analog-to-digital conversion and color processing on the same chip as the pixels as
disclosed in Fossum) for a similar device (the imaging device of Isogai) to achieve
the expected and desired result of increased integration that can provide increased
speed, reduced costs, and support for smaller devices. (Id.; KSR, 550 U.S. at 416-
417.) Additionally, as discussed above, it was known and predictable that imaging
circuitry like that described in Isogai could have been implemented on either one
chip or more than one chip, depending on the needs of the system. Thus, a POSA
would have had reason to try implementing the circuitry in Isogai on either one chip

or more than one chip with a reasonable expectation that one would be successful.

(Ex. 1015, q173.; KSR, 550 U.S. at 421.)
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Including the analog-to-digital converters and color processing circuitry in
Isogai’s solid-state image sensing element as shown in Figure 1 would have been
straightforward for a skilled person to implement given such a person’s knowledge
of the state of the art and the disclosure in Fossum. (Supra Section VI.B.4; Ex. 1010,
Abstract, Fig. 1; Ex. 1015, 49174-177.)

5. Claims 19-22

The Isogai-Neter combination discloses the limitations of each of claims 19-
22 for the reasons discussed above for each of claims 2-5, respectively. (Supra
Sections VI.C.1-4; Ex. 1015, q178.)

D.  Ground 4: Inuiya Anticipates Claims 1 and 18

1. Claim 1
a. Claim 1 Preamble: A solid state imaging device
comprising:

Inuiya discloses a “solid-state electronic image sensing device.” (Ex. 1006,
1:14-15, see also id., 4:56-67; Ex. 1015, 99179-181.) Inuiya states that in the prior
art a “digital video tape recorder (DVTR) senses the image of a subject using a solid-
state electronic image sensing device such as a CCD, converts a video signal, which
represents the image of the subject obtained by image sensing, to digital image data
and records the digital image data on magnetic tape.” (Ex. 1006, 1:20-25.) Moreover,

“an object of the present invention is to realize readout signal charge, and recording
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and reproducing of a signal suitably in accordance with number of pixels of a solid-

state electronic image sensing device.” (Ex. 1006, 2:20-23.)

As shown below, Fig. 18 of lnuiya is a “block diagram illustrating the

electrical configuration of a digital video tape recorder” that includes an image

sensing portion and a charge-coupled device (“CCD”) 100 “composed of a large

number of pixels.” (Ex. 1006, 20:12-22.)
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(Ex. 1006, Fig. 18.) Red, blue, and green signals are output from the CCD 100 and

converted into digital signal data by analog-to-digital converters 103 and 104 before

being stored in respective memories 111, 112, and 113. (Ex. 1006, 25:36-26:31.)

The red, blue, and green image data is then read out of respective memories 111,
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112, and 113 and applied to a color processing circuit 114. (/d.) The “digital video
tape recorder” of Inuiya constitutes a “solid-state image processing device” as
recited in claim 1. (Ex. 1015, q181.)

b. Claim 1[a]: a red pixel having an output;
c. Claim 1[b]: a blue pixel having an output;

Inuiya discloses red pixel having an output and a blue pixel having an output.
(Ex. 1015, 99182-184.) As shown in Figs. 1 and 3 below the “image sensing optical
system ... includes three CCDS, namely CCDS 14R, 14G and 14B” where the
“CCDS 14R, 14G and 14B output video signals of the colors red, green and blue,
respectively, and have a red filter 13R, a green filter 13G and a blue filter 13B.” (Ex.
1006, 10:38-44.) The red, green, and blue video signals outputted by the CCDs “are
converted to red, green and blue digital image data in analog/digital (A/D) converter
circuits 16R, 16G and 16B, respectively, contained in A/D converter unit 16.” (Ex.

1006, 10:64-11:5.)
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Fig. 19 shows the CCD 100 included in the solid-state image processing
device shown in Fig. 18. (Ex. 1006, 20:23.) The CCD 100 has a light receiving area
130. (1d., 20:29-30.) “The photodiodes 122 in the odd columns each have a red (R)
or a blue (B) color filter provided on the light-receiving surface thereof, with the red
and blue color filters alternating every two photodiodes 122. The photodiodes 122
in the even columns each have a green (G) color filter provided on the light-receiving
surface.” (Ex. 1006, 20:38-44.)
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In Fig. 19, “each pixel composed of two photodiodes 122 is designated by Pi.”
(Ex. 1006, 20:61-62.) The signal charge that accumulates in the photodiodes 122 in
conformity with the amount of incident light is shifted to the vertical transfer lines
121. (1d., 20:44-47.) Thus, each of the red, blue, and green pixels has an output as
shown in the annotated excerpt of Fig. 19 below. (Ex. 1015, 49183-184.) Inuiya
further discloses that “[p]rovided between each photodiode 122 and adjacent vertical
transfer line 121 is a transfer gate TG, which is for shifting the signal charge that has

accumulated in the photodiode 122 to the vertical transfer line 121.” (Ex. 1006, 21:7-

11.)

Red Pixel
QOutput

Red Pixel |!

Blue Pixel Qutput

22 |p|

¢ Pi | Blue Pixel

First Vertical Transfer
Line 121

QD] [D||D

B

B
By B

R

Line 121

Third Vertical Transfer

(Ex. 1006, Fig. 19 (annotated excerpt); Ex. 1015, 4184.)

d.

e.

Claim 1[c]: a first green pixel having an output;

Claim 1[d]: a second green pixel having an output;
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Inuiya discloses a first green pixel having an output and a second green pixel
having an output. (Ex. 1015, 99185-186.) As shown in Figs. 1 and 3 below the
“image sensing optical system ... includes three CCDS, namely CCDS 14R, 14G
and 14B” where the “CCDS 14R, 14G and 14B output video signals of the colors
red, green and blue, respectively, and have a red filter 13R, a green filter 13G and a
blue filter 13B.” (Ex. 1006, 10:38-44.) The red, green, and blue video signals
outputted by the CCDs “are converted to red, green and blue digital image data in
analog/digital (A/D) converter circuits 16R, 16G and 16B, respectively, contained

in A/D converter unit 16.” (Ex. 1006, 10:64-11:5.)
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(Ex. 1006, Fig. 1.)

uesl

{y 14R

14G

oO00-¢

(Id., Fig. 3.)

Fig. 19 shows the CCD 100 having a light receiving area 130. “The
photodiodes 122 in the odd columns each have a red (R) or a blue (B) color filter
provided on the light-receiving surface thereof, with the red and blue color filters
alternating every two photodiodes 122. The photodiodes 122 in the even columns
each have a green (G) color filter provided on the light-receiving surface.” (Ex. 1006,
20:38-44.) As shown in annotated Fig. 19 below, lnuiya discloses a “first green
pixel” (second column) and a “second green pixel” (fourth column). (Ex. 1015,

q185.)
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In Fig. 19, “each pixel composed of two photodiodes 122 is designated by Pi.”
(Ex. 1006, 20:61-62.) The signal charge that accumulates in the photodiodes 122 in
conformity with the amount of incident light is shifted to the vertical transfer lines
121. (/d., 20:44-47.) Thus, each of the first green pixels and second green pixels has
an output as shown in the annotated excerpt of Fig. 19 below. (Ex. 1015, 9186.)
Inuiya further discloses that “[p]rovided between each photodiode 122 and adjacent
vertical transfer line 121 is a transfer gate TG, which is for shifting the signal charge
that has accumulated in the photodiode 122 to the vertical transfer line 121.” (Ex.
1006, 21:7-11.) Thus, as illustrated, the output of the highlighted first green pixel is
connected to the second vertical transfer line and the output of the second green pixel
is connected to the fourth vertical transfer line. (/d., 20:47-62, 21:7-12, 21:36-62,

Fig. 19; Ex. 1015, 9186.)

Second Green

Fir;,t Green First Green Pixel Output
PixEIOUtPUt 2I2 {4 I:.iXEI---—l 3 econ reen I2]
_ﬁ ¥ /P i Fi{i;;l ’_j_ B
i {eJALR] srsa i |3 K
| G ! [ G R _les R G
TRl T 122
. ! E-I‘ l G Bl ---==~ B G
Il@i iE] '\ Gl [(BJ ----- B]| |[G

Second Vertical Fourth Vertical
Transfer Line 121 Transfer Line 121

(Ex. 1006, Fig. 19 (annotated excerpt); Ex. 1015, 4186.)
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f.

Claim 1[e]: a first analog-to-digital converter connected
to the output of the red pixel for converting the output of
the red pixel into a first digital signal and connected to the
output of the blue pixel for converting the output of the
blue pixel into a second digital signal;

Claim 1[f]: a second analog-to-digital converter
connected to the output of the first green pixel for
converting the output of the first green pixel into a third
digital signal and connected to the output of the second
green pixel for converting the output of the second green
pixel into a fourth digital signal; and

Inuiya discloses these limitations. (Ex. 1015, 99187-194.) The red (R) pixel

output is connected to the first vertical transfer line 121, and the blue (B) pixel output

is connected to the third vertical transfer line 121. (Ex. 1006, 20:44-53, 21:7-12, Fig.

19; supra Sections VI.D.1(b)-(e).) The first green (G) pixel output is connected to

the second vertical transfer line 121, and the second green (G) pixel output is

connected to the fourth vertical transfer line. (/d.)

Fig. 19, annotated below, depicts the first and third vertical transfer lines 121

connected to the horizontal transfer line 123, and the second and fourth vertical

transfer lines connected to the horizontal transfer line 124. (Ex. 1006, 21:36-62,

22:63-23:25; Ex. 1015, 99187-189.) This results in the red and blue pixel outputs

being sequentially output by amplifier 126 and the first green pixel and second green

pixel outputs being sequentially output by amplifier 127. (/d.)
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A
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7

Outputs From
First and Second
Green Pixels

As shown in Fig. 18 below the red (R) and blue (B) signals contained in the

video signal from the CCD 100 are outputted alternately by the first horizontal

transfer line 123 and applied to the CDS (correlated double sampling) circuit 101,

and the green (G) signals of the video signal from the CCD 100 are applied to the

CDS 102. (Ex. 1006, 25:36-40.) The “CDS 101 removes kTC noise from the R and
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B signals, which are then converted to digital image data in an analog/digital

converter circuit 103.” (/d., 25:40-43.) Similarly, the “CDS circuit 102 removes kTC

noise from the G signal, after which the G signal is converted to digital G data in an

analog/digital circuit 104.” (Id., 25:55-58.)
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As depicted, below, Inuiya discloses that the output signals from the CCD

100 are provided through correlated data sampling (“CDS”) circuits 101 and 102 to

analog-to-digital converters 103 and 104, respectively. (Ex. 1006, 25:36-59, Ex.

1015, 9191.)
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(Ex. 1006, Fig. 18 (annotated excerpt).)

Shown above, the outputs of the red and blue pixels, i.e. RBRB exiting CCD
100, are “outputted alternately by the first horizontal transfer line 123" and provided
to analog-to-digital converter 103 for “convert[ing] into digital image data,” whereas
outputs of the first and second green pixels, i.e. GGGG exiting CCD100, are
sequentially provided to the analog-to-digital converter 104 for converting into
digital G image data. (Ex. 1006, 25:36-59, Ex. 1015, q191.)

A POSA would have understood that the analog-to-digital converters 103 and
104 are “connected to” the outputs of the pixels as they receive and convert the

analog signals from those outputs into digital image data. (Ex. 1015, §191.) The
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digital image data generated by the analog-to-digital (“A/D”) converter 103 includes
a “first digital signal” corresponding to the red pixel output and a “second digital
signal” corresponding to the blue pixel output. (/d., §192.) The red and blue pixel
outputs are sequentially provided from the CCD 100 to A/D 103. The digital image
data generated by the analog-to-digital converter 103 includes a “first digital signal”
that is output when the red pixel is provided to A/D 103 and a “second digital signal”
that is output when the blue pixel output is provided to the A/D 103. (/d.) Similarly,
the first and second green pixel outputs are sequentially provided to A/D 104. (/d.,
9193.) Inuiya discloses that the green (G) signals are converted into a digital G data,
including the “third digital signal” for the “first green pixel,” the “fourth digital
signal” for the “second green pixel,” and other digital signals corresponding to other
green pixels. (/d.; Ex. 1006, 25:36-59.) Accordingly, the analog-to-digital converters
103 and 104, respectively, disclose first and second analog-to-digital converters as
recited in claim 1. (Ex. 1015, 4194.)

h. Claim 1[g]: a color interpolation circuit for combining the
first, second, third and fourth digital signals.

Inuiya discloses this limitation. (Ex. 1015, 99195-202.) As shown in Fig. 1
below, the “red, green and blue digital image data is applied to a color signal
processing circuit 18 contained in a DSP (digital signal processor) 17. Using the

entered digital image data of the colors red, green and blue, the color signal
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processing circuit 18 generates luminance data composed of 1280 pixels in the

horizontal direction and 960 pixels in the vertical direction, as well as R-Y and B-Y

color difference data composed of 320 pixels in the horizontal direction and 960

pixels in the vertical direction.” (Ex. 1006, 11:6-15.)
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(Ex. 1006, Fig. 1

)

As discussed in Sections VI.D.1(f)-(g), above, the analog-to-digital converters

103 and 104 convert the outputs of red, blue, first green, and second green pixels

into the first, second, third, and fourth digital signals, respectively. Inuiya discloses

that these digital signals are processed by white-balance adjustment circuits 106-107
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and gamma-correction circuits 108-110 before being stored in memories 111-113.
(Ex. 1006, 25:49-63, Fig. 18; Ex. 1015, 4195.) The digital pixel data stored in the
memories 111-113 is then processed by the color processing block (“color
interpolation circuit”), which combines the first, second, third, and fourth digital
signals to produce luminance data and color difference data. (Ex. 1006, 26:5-19,

27:10-18; Ex. 1015, 9196.)
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(Ex. 1006, Fig. 18 (annotated excerpt); Ex. 1015, 9196.)
Inuiya discloses that the generation of the luminance data includes combining
the digital signals corresponding to the red, blue, and first and second green pixels.

(Ex. 1006, Figs. 27, 29; Ex. 1015, 4197.) The red, blue, and first and second green

77



Petition for Inter Partes Review of
U.S. Patent No. 6,838,651

pixels discussed in the above sections are show in annotated Fig. 27 below. (Ex.

1006, Fig. 27; supra Sections VI.D.1(b)-(g).)

First Green Blue Pixel Second Green
Pixel Pixel

Rl,n Gl,n BZn Gzn RS,n GSn

1 T T

Red Pixel

Bi,n+1|C1, n+1{R2,n+1[C2,0+1|B3,n+1/C3, n41

ng 27 Ri,n+2{Ci,n+2{B2,n+2|G2,n+2|R3,n+2|C3,n+2

Bi,n+3|G1,n+3|B2,n+3|G2,n+3|B3,n+3|C3,n+3

R\,n+4|G1,n+4|R2,n+4|G2,n+4|B3,n+4|C3,n+4

(Ex. 1006, Fig. 27 (annotated excerpt); Ex. 1015, 4198.)
Depicted below is an annotated excerpt of Fig. 29, which shows that the first,
second, third, and fourth digital signals are combined by the color processing circuit

114 to generate the luminance data Yu. (Ex. 1006, Fig. 29, 27:15-28:15; Ex. 1015,

1199.)
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Frg .29
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]
)
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SECOND FIELD '

(Ex. 1006, Fig. 29 (annotated excerpt); Ex. 1015, 9199.)

Inuiya discloses that the pixel outputs for the red, blue, first green, and second

green pixels are combined in calculating the luminance data Y1 of the low-frequency

components. (Ex. 1006, Fig. 30, 27:66-28:54; Ex. 1015, 9200.) Fig. 30, annotated

excerpt below, shows that the outputs for the red, blue, first green, and second green

pixels are included in calculating Rr, Gr, and Bi—these values are then used to

calculate the luminance data Yi. (Ex. 1015, 9200; see also Ex. 1006, 28:57, Eq. (1)

(“Y1=0.30R.+0.59G.+0.11BL.”).)
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Fourth Digital Signal
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(Second Green Pixel)
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' //’i !

Second Digital Signal
(Blue Pixel)

(Ex. 1006, Fig. 30 (annotated excerpt); Ex. 1015, 9200.)

When the Ry data, Gr data and Br data is generated for each of the first,
second, third and fourth fields, the luminance data Yr of the low-frequency
components is generated, for each of the first, second, third and fourth fields, from

the Ry data, Gr data and By data in accordance with the following equation:

Y, =0.30R }0.59G, +0.11B, Eq. (1)

(Ex. 1006, 28:49-57 (equation annotated); Ex. 1015, 4201.)
The digital signals corresponding to the red, blue, first green, and second
green pixels are combined to produce both the luminance data Yu and luminance

data Yi. (Ex. 1015, 9202.) Accordingly, the color processing block 114 is a “color
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interpolation circuit for combining the first, second, third, and fourth digital signals.”
(1d.)

A POSA would understand color processing block 114 to disclose a circuit.
(Ex. 1002, 9942-47.) This is confirmed by its connection to the other components
and specific inputs for the digital signals and RGB outputs. (/d.) Loinaz confirms
that a POSA would know how to build such a hardware circuit. (/d., §42; Ex. 1010,
Fig. 10.)

2. Claim 2

Inuiya discloses these limitations. (Ex. 1015, 99203-208.) As shown in the
annotated excerpt of Figure 18 below, [nuiya discloses that, after conversion to
digital signals, the outputs of the red and blue pixels are provided to white balance
adjustment circuits 106, 107 that apply white-balance adjustment to the red and blue

pixel data. (Ex. 1006, 25:49-55; Ex. 1015, 4205.)
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(Id., Fig. 18 (annotated excerpt); Ex. 1015, 4205.)

A POSA would have understood that white-balance adjustment involves
inserting equalizing gain for one or more of the color components to correct for
sensor sensitivity variation across the radiation spectrum. (Ex. 1013, 9:60-10:3; Ex.
1010, 2094 (“To achieve white balance, it is evident from Fig. 4 that the outputs of
the blue and green pixels must be amplified with respect to the outputs of the red
pixels.”).) Therefore, a POSA would have understood that the white-balance
circuits constitute an “error correction circuit” to correct the gain for the blue and
red pixels. (Ex. 1015, 49206-207.) For at least these reasons, Inuiya discloses the

limitations of claim 2. (/d., §208.)
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3. Claim 3

Inuiya discloses these limitations. (Ex. 1015, 49209-211.) As shown in the
annotated excerpt of Figure 18 below, Inuiya discloses that the outputs of pixels are
provided to CDS (correlated double sampling) circuits 101-102. (Ex. 1006, 25:36-
43, Fig. 18.) A POSA would have understood that the double sampling performed
by the CDS circuits 101-102 reduces fixed pattern noise (“‘error compensation circuit
for correcting a fixed pattern noise offset”) in the pixel outputs. (Ex. 1011, 7:34-38;
Ex. 1012, 40:17-23; Ex. 1015, 9210.) Therefore, Inuiya discloses the limitations of

claim 3. (Ex. 1015, 9211.)

Correlated Double
Sampling Circuits

o1 103 105 06 108 ;1 114 23 25 26
R A S A A / nr | [ {
~CDS|=A/D teelW B = ¥ PMEMORY[™ YH +S\ g § §8
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T 3 n}\r J’— 1 MEER REEE
102 104 K | 107 109 K, o|G f=o-PFE (&2 82 1828
/ / / / [ a g o 707
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LAY g2
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DV~ PV, ( f”3 Z | -
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|
5 C*K C+K {|0A %
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CIRCUIT /
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(Ex. 1006, Fig. 18 (annotated excerpt); Ex. 1015, 4210.)
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4. Claim 18
a. Claim 18 Preamble: An imaging method comprising:

Inuiya discloses “an imaging method.” (Ex. 1006, 1:10-18; Ex. 1015, 4212.)
As discussed above in Section VI.D.1(a), /nuiya discloses a solid-state image
sensing element, where the operation of such an image sensing element, which
includes the capture and processing of pixel data, constitutes an “imaging method.”
(1d.)

b. Claim 18][a]: converting an output of a red pixel into a first
digital signal using a first analog-to-digital converter;

c. Claim 18[b]: converting an output of a blue pixel into a
second digital signal using the first analog-to-digital
converter;,

Inuiya discloses these limitations. (Ex. 1015, 9213.) As discussed above in
Sections VI.D.1(b)-(¢), Inuiya discloses a red pixel and a blue pixel, each of which
has a corresponding “output.” Further, as discussed above in Section VI.D.1(f), the
outputs of the red and blue pixels are converted from analog signals to first and

second digital signals, respectively, by the first analog-to-digital converter.

d. Claim 18]c]: converting an output of a first green pixel
into a third digital signal using a second analog-to-digital
converter;,

e. Claim 18[d]: converting an output of a second green pixel

into a fourth digital signal using the second analog-to-
digital converter; and
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Inuiya discloses these limitations. (Ex. 1015, 9214.) As discussed above in
Sections VI.D.1(d)-(e), Inuiya discloses a first green pixel and a second green pixel,
each of which has a corresponding “output.” Further, as discussed above in Section
VI.D.1(g), the outputs of the first and second green pixels are converted from analog
signals to third and fourth digital signals, respectively, by the second analog-to-
digital converter.

f. Claim 18[e]: combining the first, second, third and fourth
digital signals using a color interpolation circuit.

Inuiya discloses this limitation. As discussed above, Inuiya discloses this
limitation. (Supra Section VI.D.1(h); Ex. 1015, q215.)

5. Claims 19-20

Inuiya discloses the limitations of each of claims 19-20 for the reasons
discussed above for each of claims 2-3, respectively. (Supra Sections VI.D.2-3; Ex.
1015, 9q9216-217.)

E. Ground 5: Claims 4-5 and 21-22 Are Obvious Over Inuiya in View
of Neter

1. Claim 4

As discussed above in Section VI.B.3, a POSA would have understood that
implementing the components of an imaging device on two chips would have been
an obvious combination and/or design choice. [lnuiya, like Isogai and Neter,

discloses an imaging device with a pixel array, analog-to-digital converters, and
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color processing circuitry. For the same reasons discussed above with respect to
Isogai in combination with Nefer in Section VI.C.3, a POSA would have found it
obvious to combine the teachings of /nuiya and Neter with a reasonable expectation
of success such that /nuiya’s analog-to-digital converters are on the same chip as the
pixel array, while maintaining the color processing circuitry on a second chip. (Ex.
1015, 9218.)

2. Claim 5

As discussed above in Section VI.B.4, a POSA would have understood that
implementing the components of an imaging device on one chip would have been
an obvious combination and/or design choice. lnuiya, like Isogai and Neter,
discloses an imaging device with a pixel array, analog-to-digital converters, and
color processing circuitry. For the same reasons discussed above with respect to
Isogai in combination with Neter in Section VI.C.4, a POSA would have found it
obvious to combine the teachings of Inuiya and Neter with a reasonable expectation
of success such that Inuiya’s analog-to-digital converters and color processing
circuitry are on the same chip as the pixel array. (Ex. 1015, 4219.)

3. Claims 21-22

The Inuiya-Neter combination discloses the limitations of each of claims 21
and 22 for the reasons discussed above for each of claims 4 and 5, respectively.

(Supra Sections VL.E.1-2; Ex. 1015, 4220.)
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F.  Ground 6: Claims 4-5 and 21-22 Are Obvious Over Inuiya in View
of Fossum

1. Claim 4

As discussed above in Section VI.B.3, a POSA would have understood that
implementing the components of an imaging device on two chips would have been
an obvious combination and/or design choice. lnuiya, like Isogai and Fossum,
discloses an imaging device with a pixel array, analog-to-digital converters, and
color processing circuitry. For the same reasons discussed above with respect to
Isogai in combination with Fossum in Section VI.C.3, a POSA would have found it
obvious to combine the teachings of Ilnuiya and Fossum with a reasonable
expectation of success such that /nuiya’s analog-to-digital converters are on the
same chip as the pixel array, while maintaining the color processing circuitry on a
second chip. (Supra Section VI.C.3; Ex. 1015, 9221.)

2. Claim 5

As discussed above in Section VI.B.4, a POSA would have understood that
implementing the components of an imaging device on one chip would have been
an obvious combination and/or design choice. Inuiya, like Isogai and Fossum,
discloses an imaging device with a pixel array, analog-to-digital converters, and
color processing circuitry. Therefore, for the same reasons discussed above with
respect to Isogai in combination with Fossum in Section VI.C.4, a POSA would have

found it obvious to combine the teachings of /nuiya and Fossum with a reasonable
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expectation of success such that /nuiya’s analog-to-digital converters and color

processing circuitry are on the same chip as the pixel array. (Ex. 1015, 4222.)

3. Claims 21-22

The Inuiya-Fossum combination discloses the limitations of each of claims 21
and 22 for the reasons discussed above for each of claims 4 and 5, respectively.
(Supra Sections VI.F.1-2; Ex. 1015, 9223.)

VII. CONCLUSION

Petitioner has established a reasonable likelihood that the Challenged Claims

are unpatentable.
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