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I. Preliminary Statement

Petitioner Samsung Electronics Co., Ltd.; Samsung Electronics America,
Inc.; Samsung Semiconductor, Inc.; and Samsung Austin Semiconductor LLC
(collectively, “Samsung”) requests inter partes review of U.S. Patent No.
10,468,543 (Ex-1042) and cancellation of claims 1-4, 7, 9-12, 16-17, 20-21, 24-26,
28-30, 32, and 35.

The challenged claims pertain to a single-chip device with a photodetector
with CMOS signal processing circuitry on a single substrate. This photodetector,
called a microstructure-enhanced photodetector (alternatively, “MSPD”) in
the 543 Patent, features etched holes to increase light absorption. However,
integration of photodetectors (even MSPDs) with CMOS signal processing
circuitry on the same substrate was widely known and was a common
characteristic of CMOS image sensors well before the alleged invention date. For
example, Kuboi (Ex-1004), which was not considered by the Examiner during
prosecution, discloses and renders obvious all recited features of the claimed
single-chip device.

As detailed below and in the supporting declaration of Dr. Michael Lebby,
Ph.D. (“Lebby”) (Ex-1043), the challenged claims are unpatentable over Kuboi.
Lebby, 991-248. The Board should institute review and cancel all challenged

claims.
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II.  State of the Art
A. Photodetectors

A photodetector is a semiconductor device that transforms photons into
electrical signals, enabling electrical circuits to detect and measure incident light.
Lebby, 951. As illustrated below, a PiN photodetector is a specific type of
photodiode characterized by an positioned between

highly doped P-type and N-type semiconductor layers (hence the name “PIN”):

HEEEEEE

P layer

— i layer

Lebby, 951. When light enters the photodetector, photons are absorbed in the

intrinsic layer, generating electron-hole pairs. Lebby, §52. Applying a negative
bias across the photodetector causes the separated electrons to move towards the
N-type layer and the holes towards the P-type layer, producing a measurable

photocurrent. Lebby, 952.
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B. Microstructure-Enhanced Photodetectors

Conventional silicon photodetectors exhibit high responsivity at wavelengths
of light less than about 850 nm. Ex-1010, 1; Lebby, 953. The prior art recognized
that tailoring the microstructure of silicon can extend the operability of these
photodetectors to longer wavelengths, such as infrared. Lebby, 453. For instance,
etching the surface of a silicon photodetector to create micron-sized pillars/
grooves was known to enhance a photodetector’s responsiveness at longer
wavelengths. Ex-1010, 1-2; Ex-1011, 1-6; Lebby, 453. The images below illustrate
photodiodes with laser-etched microstructures designed to enhance responsiveness

at longer wavelengths. Lebby, 4953-54.

Fig. 1. (Color online) Picture of two microstructured APD arrays

FIG. 1. Scanning electron micrographs of microstructured Si surface. prior to packaging. Structuring was performed with an 800 nm fs
laser operating at a fluence of 3.5 kJ/m" in an atmosphere of SF;.

The array on the right had four different structured regions with
a pulse number ranging from 0 to 300. The shiny area is the bare
silicon.

Ex-1010, 1 (left); Ex-1011, 2 (right).
Photodetectors featuring microstructures enhanced by etched holes were

widely known and utilized well before the purported invention. Lebby, 4954-56.
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For example, NXP (Ex-1006) discloses a single-chip device 1300 where a silicon
PiN photodiode is integrated with CMOS signal processing circuitry (not shown

below) on the same substrate 102. NXP, §q[15], [32], [42], [85].

_— 1300
1302 408 1102 108 702 r~
108 106 - \ 106/ 106
AN R )
\ Y7 {
e
7
[/ [ [l
902 102 708 710 902
Fig. 13

NXP, Fig. 13.! The PiN photodiode above includes an inirinsic layer 710 disposed
between an N layer 708 and a P layer 712 and holes or pores 106 formed on the
PiN layers by etching. NXP, q[77]-[78]. NXP discloses that the presence of
pores 106 increases the quantum efficiency of the photodiode. NXP, §q[13], [38];

Lebby, 455.

' All color and colored annotations in figures have been added.
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The integration of photodetectors and signal processing circuitry on a single
substrate to form a single-chip device was also known long before the purported
invention date of the *543 Patent. Lebby, 9957-65; Ex-1012, 1-14; Ex-1013, 1-8;
Ex-1014, 1-2; Ex-1015, 1-5; NXP, 99[16], [32]-[37].

III. The >543 Patent

A.  Specification

The *543 Patent details a single-chip device that integrates photodetectors
(referred to as MSPDs and MSAPDs) with CMOS active electronic circuits on a
single substrate. *543 Patent, 2:64-67, 4:65-5:5, 6:24-29; Lebby, 9966-68.

The disclosed photodetectors include a silicon substrate with a first layer (a
P layer), a very low doped N or P layer called the (or [ layer),
and a (an N layer) with holes etched in one or more of the P
layers. ’543 Patent, 16:38-42, 22:9-41, 26:42-27:4. Optical signals impinge on the
top and/or bottom surfaces of the photodetectors. *543 Patent, 16:23-27. According
to the *543 Patent, because of the holes, light interacts with the absorbing layer(s)
for a longer length of time, resulting in enhanced light absorption and a larger
external quantum efficiency over a similar structure without holes. *543 Patent,
15:48-56, Abstract.

Figure 14, reproduced below, illustrates the disclosed photodetector:
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Optical
Signal
1420 1442
[ CMOS Layer(s)
P~ Si and/or GeSi and/or Ge
1422 | Si and/or GeSi and/or Ge
PAVAVAVAVAYVAVYVAN GeSi/Si Interference layers
Metal or ITO
Si P or N substrate and/or SOI
1430 and or SOH
.

;It_lj FIG. 14

Signal
’543 Patent, Fig. 14, 10:60-62, 26:42-44. The photodetector is monolithically
integrated with signal processing circuits (such as ASIC) on the same substrate to
form a single-chip device. 543 Patent, 19:2-6, 23:43-46, 26:42-44, Lebby, 968.
Notably, the *543 Patent acknowledges that it was well known to integrate
photodetectors with signal processing circuits on a single silicon substrate to
reduce cost and improve performance. *543 Patent, 28:58-29:3, 32:50-67, 47:11-
21.

B. Claim Construction

The Board construes claims per Phillips v. AWH Corp., 415 F.3d 1303 (Fed.
Cir. 2005) (en banc). 37 C.F.R. §42.100(b). Claims must be construed only to the

extent necessary to resolve a controversy. Nidec Motor Corp. v. Zhongshan Broad
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Ocean Motor Co., 868 F.3d 1013, 1017 (Fed. Cir. 2017). Here, no terms need
construction to resolve the controversy.?

IV. Statement of Precise Relief Requested
A.  Prior Art

The application that resulted in the *543 Patent was filed on March 8, 2019,
claiming priority to multiple patent applications, the earliest of which was filed on
May 22, 2013.2 Thus, the earliest claimed priority date is May 22, 2013.

e Kuboi (Ex-1004), U.S. Patent Publication No. 2012/0049044, which
published on March 1, 2012, is prior art under 35 U.S.C. §102(a)(1)
and §102(a)(2).

B.  Challenges

Ground Challenged Claims Basis Prior Art
1-4,7,9-12, 16-17, 20-21, 24-26 ;
b 9 b 2 2 2 Kubol
1A 28-30, 32, and 35 §102
1-4,7,9-12, 16-17, 20-21, 24-26 :
s 1y ’ ’ s ’ Kuboz
1B 28-30, 32, and 35 3103

? Petitioner retains the right to contend in another proceeding that certain
limitations are indefinite.

3 Petitioner retains the right to dispute the claimed priority in another proceeding.
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V.  Level of Ordinary Skill in the Art

A person of ordinary skill in the art (“POSITA”) would have had at least a
master’s degree in electrical engineering or a similar field and at least five years of
experience working with semiconductor systems and semiconductor devices.
Lebby, 4985-87. Additional relevant work experience can compensate for less
education and vice versa. Lebby, 986.

VI. The Challenged Claims Are Unpatentable

A.  Grounds 1A/1B: Claims 1-4, 7, 9-12, 16-17, 20-21, 24-26, 28-30, 32,
and 35 Are Anticipated by Kuboi (Ground 1A) and Obvious over
Kuboi (Ground 1B)

1. Overview of Kuboi

Kuboi discloses a CMOS solid-state imaging device 201 that includes a pixel

region 203 and a on a single semiconductor

substrate 211. Kuboi, §[48], Fig. 15.
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FIG.15
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Kuboi, Fig. 15. Pixel region 203 of substrate 211 comprises a plurality of pixels
202 arranged in a two-dimensional array. Kuboi, §[48]. Each pixel 202 contains
one photoelectric conversion portion (or a photodiode) and four pixel transistors.
Kuboi, §[48]. The peripheral circuit portion includes “logic[] circuits” (such as a

vertical driving circuit 204, column signal processing circuits 205, horizontal
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driving circuit 206, output circuit 207, and control circuit 208), which process the
electrical output of the pixels and then output it. Kuboi, Y[49]-[54]; Lebby,
476-78. The pixels and the are fabricated on a single
substrate, and the pixel transistors are fabricated on another substrate and the two
substrates are bonded together. Kuboi, §9[62], [70], [78]; Lebby, §78.

Kuboi describes photoelectric conversion portions suitable for use in
imaging device 201. Kuboi, [48]; Lebby, 479. For example, Kuboi discloses a
basic pixel configuration with reference to Figures 1A/1B. Kuboi, §[55]. Kuboi
likewise discloses a pixel configuration in Figures 6A/6B, explaining that the
disclosed red and green pixels 53R and 53G have a structure that is the same as the
basic configuration of Figures 1A/1B. Kuboi, §9[90], [95], [69]. Kuboi also
discloses that Figure 13 includes pixels 53R, 53G, and 53B, having configurations
that are the same as the pixels of Figures 1A/1B. Kuboi, [181]. Similarly, Kuboi
describes Figure 15 as applicable to all of Kuboi’s embodiments. Kuboi, §[35],
[48]. Further, Kuboi’s Figures 4A-4F show a method of manufacturing the basic
pixel configuration of Figures 1A/1B. Kuboi, §4[69]-[76]. Thus, Figures 1A/1B,
6A/6B, 13, and 15 all disclose the pixel configuration of the same imaging device,
and Figures 4A-4F disclose methods of manufacturing that same pixel

configuration. Lebby, 479. Accordingly, this Petition relies on Kuboi’s Figures
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1A/1B, 4A-4F, 6A/6B, 13, and 15, and associated disclosures as representative of
the pixel configuration of the same imaging device 201. Lebby, 4[79.

Figure 1A (below) illustrates a photoelectric conversion portion 14 in a pixel
11 that may be used in imaging device 201. Kuboi, §4[48], [55]-[56]. Kuboi
explains that pixel 11, including photoelectric conversion portion 14, can be

utilized in imaging device 201. Kuboi, Y4[48], [55]; Lebby, 80.
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Kuboi, Fig. 1A. Photoelectric conversion portion 14 comprises a silicon
semiconductor layer 12 that includes multiple embedded
. Kuboi, §[55]; Lebby, 81. Silicon semiconductor layer 12 is implanted
with different impurities (or doped) to form an

with a p -type semiconductor region 18 on one side and
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an n -type semiconductor region 17 on the opposite side (i.e., stacked PiN regions).
Kuboi, J[56], [71]; Lebby, q81. The doping of layer 12 is such that p'-type
region 18 and n"-type region 17 have a higher concentration of impurities than
. Kuboi, §[56].
After forming regions 18, 16, and 17, vertical holes 38 extending from
p -type region 18 to n'-type region 17 are etched into the PiN regions (below left).

Kuboi, 19[71]-[72]; Lebby, 1982-83.

FIG.4E
39

Kuboi, Figs. 4B, 4E. Then, the organic material that forms
is deposited in these holes 38 (above right). Kuboi, 4[72]-[73].
A metal light shielding film 19 is then applied to the surface of p -type
region 18 such that only holes 38 containing are exposed to incident light
(hv). Kuboi, q[59], [76], Figs. 1A, 4F; Lebby, 484. An upper electrode 22 and a

lower electrode 23 are formed on opposite sides of the PilN regions, and a reverse

13
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bias is applied. Kuboi, §9[60], [64]. Photoelectric conversion of the incident light
(hv) within (inside holes 38) generates electron-hole pairs that pass
through the depleted semiconductor layer 12 into a charge accumulation region 26
of the transfer transistor (Tr1) of the corresponding pixel 11 (via conductors 33).
Kuboi, 19[62], [64]; Lebby, 484. After initial signal processing (e.g., amplification)
by the pixel transistors, the electrical signals from pixel 11 are sent to the

for further processing. Kuboi, §4[48]-[49], [61]-[62].

2. Independent Claim 1

a. [1pre(a)]: “A single-chip device comprising an
integrated combination of a microstructure-enhanced
photodetector (MSPD) configured for reverse-bias
operation and an ,’

To the extent the preamble is limiting, Kuboi discloses this portion of it
because its CMOS solid-state imaging device (“single-chip device”) is a single
chip that includes multiple pixels, with hybrid microstructure-enhanced
photoelectric conversion portions (“MSPD”) configured for reverse-bias operation,
integrated with an on a single semiconductor substrate 211.
Kuboi, 9[48], [64], Fig. 15; Lebby, 491.

Kuboi discloses the claimed “single-chip device” and “microstructure-
enhanced photodetector (MSPD).” Lebby, 992. Imaging device 201 “include[s] a

pixel region (so-called an imaging region) 203 and a peripheral circuit portion
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which are provided on a semiconductor substrate 211 (e.g., a silicon substrate).”

Kuboi, §[48]; Lebby, 992. This “single-chip device” is shown below:

FIG.15
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Kuboi, Fig. 15. Pixel portion 203 includes a plurality of pixels 202 (elsewhere

designated “pixel 117), each of which includes a microstructure-enhanced
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photodetector in the form of photoelectric conversion portion 14 (“MSPD”),

regularly arranged in a two-dimensional array. Kuboi, q4[48], [55]; Lebby, 993.
Figure 1A, reproduced below, illustrates exemplary pixel 11, including

photoelectric conversion portion 14, that may be used in imaging device 201.

Kuboi, 19[48], [55]; Lebby, 994.

“MSPD”

zég )

™
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Kuboi, Fig. 1A. Photoelectric conversion portion 14 comprises a semiconductor
layer 12 made of silicon and doped with different concentrations of impurities to
form a p -type region 18 and an n -type region 17 on opposite sides of an
creating a PiN photodiode. Kuboi, §4[55]-[56], [71], Fig. 4A;
Lebby, 995.
Etching vertical holes 38 and embedding

in photoelectric conversion portion 14 enhances the microstructure and improves
light absorption of the pixel’s photoelectric conversion portion. Lebby, 996; Kuboi,
MI72], [80]-[84], [107]-[108]. Vertical holes 38 extending from p -type region 18
to n -type region 17 are dry-etched into semiconductor layer 12, and

are embedded in holes 38. Kuboi, 4[57]-[58],
[71]-[75], Figs. 4A-4E. A metal light shielding film 19 is arranged on the surface
of p'-type region 18 such that only the embedded
are exposed to incident light (hv). Kuboi, §{[57]-[59], [72]-[76]; Lebby, 996.
Incident light enters and undergoes photoelectric
conversion to generate electric charges corresponding to the amount of light
received. Kuboi, 4[51], [64]. Kuboi notes that embedding

in holes in the PiN regions increases light absorption compared to

photoelectric conversion portions without embedded . Kuboi, {[12], [71]-

[75], [80]-[82], [107].
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Photoelectric conversion portion 14 is configured for “reverse-bias
operation,” as claimed. Kuboi, §4[64], [87], [149], [171], [186], Fig. 1A; Lebby,
9997-99. As shown below, an upper electrode 22 formed on top of metal film 19 of
photoelectric conversion portion 14 makes electrical contact with p -type region
18, and a lower electrode 23 is coupled to—and makes electrical contact with—the

surface of n'-type region 17. Kuboi, §[59]-[60], [77], Fig. 1A. Lebby, 997.

FIG.1A

Reverse bias voltage

Kuboi, Fig. 1A. A voltage bias is applied between these clectrodes, causing upper
clectrode 22 to have a negative potential and lower electrode 23 to have a positive
potential. Kuboi, §9[64], [87]. This creates a depletion layer in semiconductor

layer 12. Kuboi, §9[64], [87]. A POSITA would have understood that applying a

18



IPR2025-00995
Petition for Inter Partes Review

voltage bias with a negative potential to p -type region 18 and a positive potential
to n -type region 17 constitutes a reverse bias. Lebby, 4998-99; see also Ex-1031,
3-5, 8 (explaining that reverse bias is “[t]he condition in which a positive voltage is
applied to the n region with respect to the p region of a pn junction”); Ex-1032, 3-
4.

Kuboi also discloses the claimed ,” which is
integrated with photoelectric conversion portion 14. Lebby, §9100-102. Imaging
device 201 includes a with “logical circuits” (logic
circuits). Kuboi, [48]-[49], [ 78], Fig. 15; Lebby, 4100. The “logic[] circuits” of
the peripheral circuit portion include a vertical driving circuit 204, multiple column
signal processing circuits 205, a horizontal driving circuit 206, an output
circuit 207, and a control circuit 208. Kuboi, §[49]; Lebby, §100. Each can be seen

below.
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Kuboi, Fig. 15. Vertical driving circuit 204 supplies pulses for activating the pixels
in a selected row and channels pixel signals from each pixel to a corresponding
column signal processing circuit 205, which performs signal processing tasks such
as, e.g., signal amplification. Kuboi, 4[51]-[52]. Horizontal driving circuit 206

sequentially selects a column signal processing circuit 205 and routes the
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processed pixel signals from that circuit 205 to output circuit 207, which further
processes the received signals and outputs the processed signals. Kuboi, Y[53]-
[54]. Meanwhile, control circuit 208 controls the other circuits of the peripheral
circuit portion. Kuboi, §[50].
Each of these CMOS “logic[] circuits” of the

includes active components such as transistors, which activate circuits and amplify
signals, thereby making them an active electronic circuit. Lebby, §§101-102;
Kuboi, [49]; Ex-1019, 4 (“Complementary MOS (CMOS) refers to a
complementary p-channel and n-channel MOSFET pair.”); Ex-1017, 6 (describing
amplifiers and logic circuits as “active circuits”), 7, 9 (describing transistors as the
most important example of an “‘active’ component[]”), 8 (describing circuits with
transistors as “active circuits”); Ex-1019, 4 (describing logic circuits as including
transistors); Ex-1018, 4, 5; see Ex-1026, 4. Thus, the logic circuits (vertical driving
circuit 204, a column signal processing circuit 205, horizontal driving circuit 206,
output circuit 207, and control circuit 208) of Kuboi’s peripheral circuit portion
that process the signals from a pixel (pixel 11) and output it are the claimed

. Lebby, 9102. The is highlighted in the

figure of imaging device 201 below.
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Kuboi, Fig. 15 (identifying an active electronic circuit).
b. [1pre(b)]: “both formed on or in a single substrate”

To the extent the preamble is limiting, Kuboi discloses this portion of it
because imaging device 201°s photoelectric conversion portions 14 and active

clectronic circuit are both formed on or in a single substrate. Lebby, 44103-105.
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In imaging device 201, pixels 11 (including photoelectric conversion
portions 14) and the peripheral circuit portion (which includes an

) “are provided on ... semiconductor substrate 211.” Kuboi, §9[48], [78]-
[79]; see Kuboi, Fig. 15; Lebby, 4104. As shown below, the pixel region (including
pixels 11) and the (including circuits 204-208) “are

provided on a semiconductor substrate 211.” Kuboi, §4[48]-[49].
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Kuboi, Fig. 15. Indeed, consistent with the above figure’s disclosure of a single
substrate, Kuboi specifically outlines a method for fabricating the imaging device
in which the “pixel and logical circuit portion ... [are] created in advance” and
bonded to another substrate on which the pixel transistors are formed. Kuboi,

4[78]; Lebby, 9105. As Dr. Lebby explains, Kuboi’s disclosure, including
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Figure 15 and its method of fabrication, shows that the pixels (including
microstructure-enhanced photodetectors) and the (which
includes the , VILA.2.a ([1pre(a)]) are formed on a single
substrate, substrate 211.* Lebby, §105.
c. [1pre(c)]: “and configured to receive an optical input
that in cross-section is substantially continuous
spatially, convert the optical input to an electrical

output, and process the electrical output into a
processed output, wherein:”

To the extent the preamble is limiting, Kuboi discloses and renders obvious
this portion of it because imaging device 201 and pixels 11 are configured to
receive light (hy) (the “optical input”) that is substantially continuous in cross-
section spatially, convert the received light to electrical charges, and process these
electrical charges into a processed output. Lebby, 106-114.

Pixel 11 includes an on-chip microlens (not shown in the drawings) formed
on transparent upper electrode 22. Kuboi, §[63]-[64]. A color filter is disposed

between upper electrode 22 and the on-chip microlens. Kuboi, §4[63], [90],

* A drawing teaches all that it reasonably discloses and suggests to a POSITA. In re
Aslanian, 590 F.2d 911, 914 (CCPA 1979); see also Current Lighting Sols. LLC v.
Jiaxing Super Lighting Elec. Appliance Co., IPR2023-00269, Paper 18, 22-26

(PTAB Aug. 16, 2023).
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Figs. 6A-6B. As illustrated below, light that passes through the on-chip microlens
and the color filter passes through transparent upper electrode 22 and enters
of photoelectric conversion portion 14 for

photoelectric conversion. Kuboi, Y[63]-[64], Fig. 1A; Lebby, q107.

FIG.1A

“MSPD”

21 SN
33 i
30_/-5_ ALY

Kuboi, Fig. 1A.
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The light that passes through upper electrode 22 after passing through a
color filter will have the same color (or wavelength) as the color filter. Kuboi,
M[63]-[64], [90], Figs. 6A-6B; Lebby, q108. For instance, if a red filter is used,
the wavelength of incident light will be about 650 nm; if a green filter is used, the
wavelength will be about 540 nm, and so on. Lebby, §108; see Kuboi, §Y[6], [90].
Thus, the wavelength of light received by photoelectric conversion portion 14 is
“substantially continuous spatially” in cross-section, as claimed. Lebby, 4108; see
Kuboi, Fig. 1A. Moreover, based on the structure of pixel 11, a POSITA would
have understood that light is uniformly received spatially across the surface of
photoelectric conversion portion 14 beneath upper electrode 22, rather than being
limited to specific locations. Lebby, §108. Furthermore, based at least on the size
of the arrows that illustrate incident light on the pixels, a POSITA would have
recognized that the magnitude of the light received by photoelectric conversion
portions 14 is substantially continuous spatially in cross-section. Lebby, §108; see
Kuboi, Figs. 1A, 3, 5A, 6A, 8A, 9, 10A, 13.

To the extent that Kuboi does not expressly disclose that light received by
pixel 11 is substantially continuous in cross-section, this would have been obvious
to a POSITA based on Kuboi. Lebby, §109. Imaging device 201 may be used in an
imaging apparatus where light reflected from an object is guided to the pixels

(including pixel 11) to capture an image of the object. Kuboi, 4[191]-[192],
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Fig. 16; Lebby, 4109. A POSITA would have understood that each pixel receiving
light that is substantially uniform in cross-section would assist in preserving the
integrity of color reproduction and would enable the image sensor to produce
sharper and more vivid images with reduced distortions. Lebby, 4109; Ex-1015, 4-
6 (discussing the impact of color variations and illumination levels on the pixels of
an image sensor on the resulting image). A POSITA would thus have been
motivated to configure imaging device 201 such that the light received by pixel 11
is substantially uniform in cross-section, ensuring that the images produced by
imaging device 201 are sharp and vivid. Lebby, 4110. Given that this is a well-
understood image sensor feature, the results would have been entirely predictable
and a POSITA would have had a reasonable expectation of success in carrying out
this modification. Lebby, §110.

Photoelectric conversion portion 14 converts the received light into electrical
charges (“convert the optical input to an electrical output™) and outputs it.
Lebby, q4111-112. As illustrated below, light that enters

undergoes photoelectric conversion and generates electron-hole pairs.

Kuboi, §[64].
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Kuboi, Fig. 1A. The highlighted arrows above show how the separated
electrons (e), which serve as signal charges, move from

through the interface and semiconductor layer 12, and are output from
photoelectric conversion portion 14 to a charge accumulation region 26 of the pixel

transistors via conductors 33. Kuboi, {[61], [62], [64], Fig. 1A; Lebby, q112.
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Meanwhile, the holes (h) are discharged through upper electrode 22. Kuboi, [64].
The signal charges that are generated based on the amount of light received by
photoelectric conversion portion 14 are pixel 11°s electrical output. Kuboi, §q[51],
[62]-[64]; Lebby, 4112.

The ’s logic circuits (that include circuits 204-208)
process pixel 11°s electrical output into a processed output. Lebby, §9113-114. As
indicated by the annotated red line below, transfers the
accumulated electrical output (via signal line 209) to the corresponding

. Kuboi, J[51]-[52].
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Kuboi, Fig. 15. This circuit performs signal processing tasks such as signal
amplification and then outputs the amplified signals (via signal line 210) to output
circuit 207, which conducts further signal processing and outputs the processed

signals. Kuboi, {[52]-[54]; VI.LA.2.m ([1j]), VI.A.2.n ([1k]); Lebby, 9114.

31



IPR2025-00995
Petition for Inter Partes Review

d. [1a]: “the MSPD on or in said single substrate
comprises an intermediate region, a first region at one
side of the intermediate region, and a second region at
an opposite side of the intermediate region, wherein:”

Kuboi discloses this limitation because semiconductor layer 12 of
photoelectric conversion portion 14 (“MSPD”) comprises an n-type region 16
(“intermediate region™), a p -type region 18 (“first region”) on one side of n-type
region 16, and n -type region 17 (“second region”) on the opposite side of n-type
region 16, Kuboi, YY[55]-[56], [71], Figs. 3, 4A; Lebby, 49115-117. These regions

are 1llustrated below:

FIG.4A

18

—
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Kuboi, Fig. 4A. Silicon semiconductor layer 12 is implanted with impurities to
form an “n -type semiconductor region 17 (corresponding to the front surface
side), (corresponding to an intermediate region),
and a p -type semiconductor region [18] (corresponding to the rear surface side) ...
in that order from the lower region of the drawing [of Figure 4A] in a region
corresponding to one pixel.” Kuboi, J4[55]-[56], [71]; Lebby, g116.

As discussed for [1pre(b)], photoelectric conversion portion 14 (“MSPD”)
(including semiconductor layer 12 and the regions discussed above) is formed on
substrate 211 (the “single substrate”). VI.A.2.b; Lebby, 4117.

e. [1b]: “each of the regions comprises Silicon,
Germanium, or an alloy thereof;”

Kuboi discloses this limitation because n -type semiconductor region 17
(“second region”), (“ "), and
p -type semiconductor region 18 (“first region”) are each formed by implanting
“semiconductor layer 12 formed of silicon” with impurities. Lebby, 4118; Kuboi,
MI[55]-[56], [71]. Since these regions are created by implanting impurities into
silicon, each region will comprise silicon. Lebby, 4118; Kuboi, §[3] (‘“an impurity-

implanted crystalline silicon layer”); see also Kuboi, 6], [66], [110]-[111].
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f. [1c]: “at least one of said regions, and an optional
overlying covering region, have holes intentionally
formed therein”

Kuboi discloses this limitation because multiple vertical holes 38 (“holes
intentionally formed”) are dry-etched through the three regions of pixel 11°s
semiconductor layer 12: n'-type region 17, n-type region 16, and p -type region 18.
Lebby, §9119-128; Kuboi, 9[71]-[72], Fig. 4B. These holes 38 are illustrated

below:

FIG.4B 3

8
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Kuboi, Fig. 4B. After regions 16, 17, and 18 are formed on semiconductor
layer 12, “vertical hole[s] 38” “extending from the p -type ... region 18 to the
n'-type ... region [17] [are] formed in a region of the semiconductor layer 12
corresponding to one pixel by dry-etching.” Kuboi, Y[71]-[72]; Lebby, 4120.
These holes can be cylindrically shaped or may extend into the page to form a
stripe shape in a plan view. Kuboi, §[57], Fig. 1B.

A light shielding film 19 (“overlying covering region’), which is formed on
(and overlies) the light incident surface of p -type region 18, also contains holes
that align with the holes in the underlying Pi1N regions. Kuboi, §9[76], [91],

Fig. 1A; Lebby, q121.

FIG.4E FIG.4F
39 19

Holes :

Kuboi, Figs. 4E, 4F. After depositing into

holes 38 formed through regions 16, 17, and 18, the surfaces of are
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covered using a resist mask (not shown). Kuboi, Y[73]-[75]. The exposed surface
of p'-type region 18 is then etched back, causing the embedded to
protrude from the surface of p -type region 18. Kuboi, §[75], Fig. 4E. Then, a light
shielding film 19 is applied on the etched surface of p -type region 18 around
protruding so that incident light only enters exposed (and not
p -type region 18). Kuboi, {4[59], [76]. Applying light shielding film 19 around
protruding results in holes being formed in light shielding film 19 around
. Lebby, 9122.

Kuboi discloses that vertical holes 38 extending through the PilN regions
may be dry-etched “using a CCP (Capacitive Coupled Plasma) etching apparatus”
or other apparatuses. Kuboi, §9[72], [95]. Therefore, a POSITA would have
understood that these holes 38 are intentionally created. Lebby, 4123. Since the
holes in the overlying light shielding film 19 are formed by etching back p -type
region 18 around and forming light shielding film 19 around the
protruding , holes in light shielding film 19 are also intentionally created.
Kuboi, Y[ 72], [75]-[76]; Lebby, 123.

The adjective “optional” in the term “overlying covering layer” was
introduced during prosecution to clarify that the overlying covering layer is not a
mandatory feature and may or may not be included. Lebby, 124; Ex-1044, 124-

25, 136. Originally, the claim stated: “overlying covering region that may be

36



IPR2025-00995
Petition for Inter Partes Review

present,” resembling the language used in its direct predecessor, U.S. Patent No.
10,446,700 (“>700 Patent”) (Ex-1001). Ex-1044, 632; *700 Patent, 118:39-40;
Lebby, 4969-72, 124. During prosecution of the *700 Patent, the Examiner clarified
that the phrase “overlying covering region that may be present” does not mandate
the presence of the overlying layer but instead “merely states the overlying layer as
an optional component.” Ex-1003, 387. Later, during prosecution of the *543
Patent, the same Examiner recommended modifying this language to explicitly
state “optional overlying covering region” to address potential §112 enablement
concerns with the original phrasing. Ex-1044, 124-125. Accordingly, based on the
Examiner’s suggestion, “overlying covering region that may be present” was
amended to “optional overlying covering region.” Ex-1044, 136 (emphasis added);
Lebby, 4124. Indeed, the *543 Patent employs the term “optional” to denote
nonmandatory features that might or might not be present on the device. See,
e.g., '543 Patent, 41:16-19, 41:59-61, 42:47-55, 44:14-22, 75:30-32; Lebby, §125.
Case law further supports this interpretation, since “[a]s a matter of
linguistic precision, optional elements do not narrow the claim because they can
always be omitted.” In re Johnston, 435 F.3d 1381, 1384 (Fed. Cir. 2006); see also
Ericsson Inc. v. Intell. Ventures I1 LLC, IPR2014-01412, Paper 8, 8-10 (PTAB
Mar. 18, 2015) (“optional[]” elements in claims are not compulsory); Butamax

Advanced Biofuels LLC v. Gevo, Inc., [IPR2014-00250, Paper 29, 6-7 (PTAB
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Mar. 13, 2015). Consequently, an “overlying covering region” is not required to
satisfy this claim limitation. Despite this, Kuboi satisfies this limitation, as its light
shielding film 19 qualifies as an overlying covering region with deliberately
created holes for the reasons discussed above. Lebby, q125.

Indeed, a POSITA would have understood that photoelectric conversion
portion 14 (“MSPD”) generates electrons (charge) through photoelectric
conversion of light regardless of whether light shielding film 19 is present, so light
shielding film 19 is optional in the same way that the overlying covering layer is
optional in the *543 Patent. Lebby, 44126-128. When light shielding film 19 covers
the surface of semiconductor layer 12, light exclusively enters

and, as a result, photoelectric conversion occurs solely within
. See Kuboi, 9[59], [64]. A POSITA would understand that, in the absence
of light shielding film 19, light would enter both and semiconductor
layer 12, leading to photoelectric conversion occurring in layer 12 and
Lebby, 4127-128; see Kuboi, [6], [91]-[92], [94]; Ex-1045, 1-7. Consequently,
light shielding film 19 is not essential to the operation of MSPD 14 as it remains

functional even in its absence, albeit with a modified performance. Lebby, 9128.
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g. [1d]: “each of the first and second regions comprises a
doped material;”

Kuboi discloses this limitation because p -type region 18 (“first region”) and
n -type region 17 (“second region”) of semiconductor layer 12 are formed by
“implant[ing] ... impurities” in silicon semiconductor layer 12. Kuboi, §Y[55]-[56];
Lebby, §9129-130.

According to Kuboi, “semiconductor layer 12 [formed of silicon] is
implanted with impurities ... [to form] a[n] n -type ... region 17 having higher
concentration [of impurities] than the , and a semiconductor
region 18 of second conductivity type (for example, p* type) having higher
concentration [of impurities] than the .’ Kuboi, |[55]-[56]; see
also Kuboi, [7], [111], [151]. A POSITA would have understood that the process
of implanting impurities into silicon material is known as “doping” the silicon
material and the result is a “doped material,” as claimed. Lebby, 4130; Ex-1018, 3
(defining “doping” as “the process of introducing impurity atoms into pure silicon
to change its electrical properties™); Ex-1019, 23 (“Impurity doping is the
introduction of controlled amounts of impurity dopants into semiconductor
materials.”); Ex-1020, 4 (“A doped region is simply a section of the silicon into

which impurity atoms have been purposely added to alter the electrical
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properties.”); see Ex-1026, 3. Therefore, Kuboi’s first and second regions comprise

doped silicon. Lebby, q130.

h. [1e]: “the comprises a material
that is less doped than at least one of the first and
second regions or is undoped, wherein the degree of
doping is the same or different for different positions
in the 37

Kuboi discloses this limitation because its (“

””) comprises silicon that is less doped than both p'-type region 18 (“first
region”) and n"-type region 17 (“second region”). Kuboi, [56]; Lebby, 44131-138.
And, in addition, the degree of doping is the same or different at different positions
in . Kuboi, §[56]; Lebby, 4131.

According to Kuboi, “semiconductor layer 12 [formed of silicon] is
implanted with impurities ... [to form] a of first
conductivity type (for example, n type), a[n] n -type semiconductor region 17
having higher concentration [of impurities] than the

, and a semiconductor region 18 of second conductivity type (for example, p*
type) having higher concentration [of impurities] than the
.’ Kuboi, |[55]-[56]; see also Kuboi, §q[7], [111], [151]. As explained
for [1d], “the process of introducing impurity atoms into pure silicon” is doping

the silicon material and results in a “doped material.” Ex-1018, 3; Ex-1020, 4;

VI.A.2.g. Thus, comprises doped silicon with a concentration of
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impurities (or degree of doping) less than that in p -type region 18 and n -type
region 17. Lebby, q132.

A POSITA would have understood that the degree of doping in

(“intermediate region”) would either be the same or different at different

positions, as no other possibilities exist. Lebby, 9133-138. Kuboi uses “ion
implantation” for implanting impurities in semiconductor layer 12. Kuboi, (7],
[134]. After ion implantation, the dopant concentration varies with depth (x in the
figure below) of the layer. Lebby, 49133-137; Ex-1020, 4; Ex-1019, 23-24; Ex-

1028, 1.

bl

| Comparison of {g) diffusion and (5) iop-implantation technigues for selective introduction of dopants into the
semiconductor substrate.

Ex-1019, 24 (Fig. 1 cropped). A POSITA would thus have recognized that the
degree of doping in (“intermediate region”) will be different at
different positions along the depth (along line y in the figure below) and the same

for different positions along its width (along line x in the figure below).

Lebby, 9138.
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FIG.4A

L
P™ 118

)
15

Kuboi, Fig. 4A. Therefore, in Kuboi, “the degree of doping is the same or different

for different positions in the ,” as claimed. Lebby, q138.

i. [1f]: “an input portion configured to concurrently
receive at a plurality of said holes said optical input
that has said substantially continuous cross-section;

and”

Kuboi discloses and renders obvious this limitation because, as explained for
[1pre(c)], light (“optical input”) that passes through transparent upper electrode 22

of pixel 11 is substantially continuous in cross-section (or this would have been
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obvious), VI.A.2.c, and since light enters
(extending through holes in semiconductor layer 12) through upper electrode 22,
the holes are configured to concurrently receive light having substantially
continuous cross-section. Lebby, §9139-143.

Pixel 11 includes an on-chip microlens (not shown in the drawings) formed
on transparent upper electrode 22 with a color filter therebetween. Kuboi, §4[63]-
[64], [90]. Light from the on-chip microlens passes through the color filter and
upper electrode 22 and enters exposed through the
light shielding film 19 of photoelectric conversion portion 14. Kuboi, 9[63]-[64],
Fig. 1A; VI.LA.2.c ([1pre(c)]), VI.A.2.f ([1c]); Lebby, 99140-141. According to
Kuboi, the plurality of organic may be formed in
a cylindrical hollow shape or a stripe shape as viewed from the upper surface of
photoelectric conversion portion 14. Kuboi, [57], Fig. 1B

As illustrated below, the upper surface of photoelectric conversion
portion 14 (where are exposed through light shielding film 19) serves as
an “input portion” through which light enters photoelectric conversion portion 14.

Lebby, q141.
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FIG.1A

1" Input portion

“MSPD”

21 N

2 _/—; ANALRNN ]

Kuboi, Fig. 1A. As explained for [1¢], are
embedded in holes that extend vertically through the PiN regions of photoelectric
conversion portion 14. VI.A.2.f. Thus, photoelectric conversion portion 14 has an
input portion that is configured to receive, at a plurality of holes, light having a
substantially continuous cross-section. Lebby, 4142.

A POSITA would have recognized that all
exposed at the input portion would receive light concurrently. Lebby, 143. Kuboi

discloses that its imaging device may be used in a camera where an optical system
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guides incident light (e.g., light reflected from an object) to the pixel portion of the
imaging device. Kuboi, {[191]-[192], Fig. 16; Lebby, q143. A POSITA would
have understood that pixel 11 (including exposed at the input portion)
receives the light reflected from the object concurrently so that the image of the
object can be accurately recorded. Lebby, §143.

je [1g]: “an output portion configured to provide said
electrical output from the MSPD;”

Kuboi discloses this limitation because the electric charge carriers generated
from the photoelectric conversion of light in are
output through multiple conductors 33 exposed at the lower surface of
photoelectric conversion portion 14. Lebby, 49144-146; Kuboi, §[62], [64],

Fig. 1A. The lower surface functions as an “output portion,” providing electrical
output from photoelectric conversion portion 14. Lebby, 44144-145.

Kuboi discloses that incident light that enters in photoelectric
conversion portion 14 undergoes photoelectric conversion, generating electron-
hole pairs. Kuboi, §[64]; VI.A.2.c ([1pre(c)]). As indicated by arrows in Figure 1A
below, the separated electrons (e), which act as signal charges, travel from

through the interface and semiconductor layer 12, exiting photoelectric conversion
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portion 14 via conductors 33. Kuboi, §[62], [64]; Lebby, §145.

“MSPD”
21 SRRV NN —B _ _ _
33— -V / ;/ q)
_/-' N OO SSNN SO S OANNN S ANN
30 +| [~+] [+1 [o+] [Ae +] [+ 25
n n n n Q n n

Tr1 Output portion

Kuboi, Fig. 1A. The signal charges, determined by the amount of light received by
photoelectric conversion portion 14, form photoelectric conversion portion 14’s
electrical output. Kuboi, §q[51], [62]; VI.A.2.c ([1pre(c)]); Lebby, q4145-146. The
signal charges are delivered from photoelectric conversion portion 14 to a charge
accumulation region 26 of the pixel transistors via electrically isolated

conductors 33 that are exposed at the lower surface of photoelectric conversion
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portion 14. Kuboi, §[62], [64]. The lower surface thus functions as an “output
portion,” as claimed, for providing electrical output from photoelectric conversion
portion 14. Lebby, 146.

k. [1h]: “the MSPD includes reverse-bias contacts
coupled therewith to establish an electrical field
therein when energized to thereby sweep in a selected
direction electrical charges generated in the MSPD by
said optical input;”

Kuboi discloses this limitation because photoelectric conversion portion 14
(“MSPD”) includes reverse-bias upper and lower electrodes 22, 23 (“contacts”) to
establish an electrical field in photoelectric conversion portion 14 to sweep the
signal charges generated by photoelectric conversion of received light towards
lower electrode 23 and conductors 33. Lebby, 49147-153; Kuboi, §4[62], [64].

Transparent upper clectrode 22 is formed on light shielding film 19,
covering the entire upper surface of photoelectric conversion portion 14 through
which light enters. Kuboi, §9[60], [77], Fig. 1A; Lebby, q148. Lower electrode 23
is formed on the entire lower surface of photoelectric conversion portion 14 on n"-

type region 17. Kuboi, §4[60], [77], Fig. 1A; Lebby, 4148. Both electrodes are

depicted below:
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nt| [n*] Int} [n*]| [nt{{|n*] |n*
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(4) )

26 \ 28 31

T
Kuboi, Fig. 1A. Upper electrode 22 is in electrical contact with p -type region 18
(of semiconductor layer 12) through light shielding film 19, which is made of
electrically conductive tungsten. Lebby, 99148-149; Kuboi, §9[59]-[60]; Ex-1019,
21-22 (discussing the use of tungsten as the first level metal and contact plugs of
IC devices); Ex-1020, 14 (discussing using tungsten plugs in electrically

conductive vias between different metal layers of a CMOS chip), 15.
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Kuboi discloses that a sufficient voltage is applied between upper and lower
electrodes 22, 23 so that p -type region 18 is at a negative potential and n -type
region 17 1s at a positive potential. Kuboi, §[64], [87], Fig. 1A; Lebby, §150. This
creates a depletion layer in between regions |17 and 18. Kuboi,
19641, [87]; Lebby, §150. As explained for [1pre(a)], a POSITA would have
understood that applying a voltage bias with a negative potential to p -type region
18 and a positive potential to n -type region 17 constitutes a reverse bias. VI.A.2.a.
Lebby, 9150. Thus, upper electrode 22 and lower electrode 23 are reverse-bias
contacts that are coupled to photoelectric conversion portion 14. Lebby, 4150.

Kuboi discloses that when a reverse bias is applied and incident light (hy)
enters , electrons (e) in the electron-hole pairs
generated by photoelectric conversion of the light move from through the
interface and semiconductor layer 12, which is depleted by the applied bias
voltage, toward lower electrode 23 and exit photoelectric conversion portion 14
through conductors 33. Kuboi, §9[62], [64]; Lebby, §151. Meanwhile, the
generated holes (h) move toward upper electrode 22 through

and are discharged through upper electrode 22. Kuboi, [64];
Lebby, q151.
A POSITA would have understood that when a reverse bias is applied to

photoelectric conversion portion 14, the electrodes establish an “electrical field,”
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as claimed, in photoelectric conversion portion 14. Lebby, 4152. This electrical
field encourages the electron-hole pairs created by the photoelectric conversion of
the light to separate and move towards respective electrodes. Lebby, §152; Ex-
1019, 10-11 (detailing how an electric field generated by electrodes in a reverse-
bias arrangement separates electron-hole pairs and causes them to drift towards the
electrodes).

Kuboi explains that “[t]he hybrid photoelectric conversion portion is
configured so that charges generated in the organic material layers through
photoelectric conversion move inside the semiconductor layer so as to be guided to
a charge accumulation region.” Kuboi, q[11], claim 1. Thus, when a reverse bias is
applied to upper and lower electrodes 22 and 23, the electrons generated in

by the incident light are driven toward lower
electrode 23 and conductors 33 (“to thereby sweep in a selected direction electrical
charges generated in the MSPD by said optical input”), while the holes are swept
toward upper electrode 22. Lebby, §153.
I [1i]: “the on or in said single

substrate is configured to process the electrical output
from the MSPD by applying thereto:”

Kuboi discloses this limitation because the logic circuits of the
(vertical driving circuit 204, a column signal processing circuit

205, horizontal driving circuit 206, output circuit 207, and control circuit 208)
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perform signal processing of the electrical signals output from photoelectric
conversion portion 14 (“MSPD”) of pixel 11. Lebby, 4154-156; Kuboi, §4[49]-
[52], Fig. 15. As discussed for [1pre(b)], all logic circuits of the peripheral circuit
portion (including the ) are formed on or in substrate 211
along with the pixels. VI.A.2.b.
Kuboi’s processes the electrical output from

photoelectric conversion portions 14. Lebby, 4155. For instance,

“perform[s] signal processing such as noise removal” for
each pixel 202 (such as pixel 11 with photoelectric conversion portion 14) in a
column. Kuboi, §[52]. According to Kuboi, “column signal processing circuits 205
perform signal processing such as [correlated double sampling] CDS for removing
fixed pattern noise inherent in the pixels 202, signal amplification, or AD

conversion.” Kuboi, §[52]. This is illustrated below:
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FIG.15
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Kuboi, Fig. 15. Thus, Kuboi’s “active electronic circuit” (circuits 204-208)
processes the electrical output from photoelectric conversion portions 14.

Lebby, 9156; Kuboi, 1[49], [52].
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m. [1j]: “amplification to form said processed output
from the single-chip device;”

Kuboi discloses this limitation. Lebby, 49157-160. The logic circuits of
Kuboi’s amplify the electrical output of pixel 11 and
outputs it from imaging device 201. Lebby, 4157; Kuboi, )[48]-[49], [52]-[54].
Specifically, “ perform[s] signal processing
such as ... signal amplification” of the electrical output from a pixel (pixel 11 with
photoelectric conversion portion 14). Kuboi, 9[52]. Horizontal driving circuit 206
sequentially selects and outputs the processed signals from

to output circuit 207, which then outputs the processed
signals from imaging device 201. Kuboi, §9[52]-[54]; Lebby, §157. This is

llustrated below:
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Kuboi, Fig. 15. Thus, column signal processing circuit 205 amplifies the electrical
output from photoelectric conversion portion 14, and the processed signal is output
through output circuit 207. Lebby, §158.

Output circuit 207 outputs the processed electrical output of photoelectric

conversion portion 14 from imaging device 102. Lebby, 49159-160; Kuboi, 9[54],

54



IPR2025-00995
Petition for Inter Partes Review

[191]-[193]. For example, as illustrated below, imaging device 102 can be applied

in an apparatus having an external signal processing circuit. Kuboi, {[191]-[193],
Fig. 16.

FIG.16
101

—
o
=

102
103 106

_____ » VIDEO

SIGNAL

N\~ 105

Kuboi, Fig. 16. In this application, output circuit 207 of imaging device 102
outputs the processed output of photoelectric conversion portion 14 to external

signal processing circuit 106 as shown in the figure above. Kuboi, 4[54], [192],

Fig. 16; Lebby, 1160; VL.A.17.b (26b]).
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n. [1K]: “processing other than or in addition to
amplification to form said processed output from the
single-chip device; and”

Kuboi discloses this limitation. Lebby, §9161-162. In addition to amplifying
the electrical output received from pixels 11, VI.A.2.m ([1j]), the logic circuits of
the perform additional signal processing of the received
signals before outputting the processed output. Lebby, 4161; Kuboi, )[49], [54].
Specifically, “ ,” which is part of the ,
“performs signal processing on signals which are sequentially supplied from each
of the column signal processing circuits 205 through the horizontal signal line 210
and outputs the processed signals.” Kuboi, §[54]. For example, according to Kuboi,
« may perform only buffering and may perform black level
adjustment, column fluctuation correction, various digital signal processings, and
the like.” Kuboi, [54]. Hence, as shown in the figure below,

conducts further signal processing on the processed signals from

before outputting the processed output. Lebby, 99161-162.
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FIG.15
- 2]
204 203 202
| S -
- CH O 2 GH o CHCH EH EHCHCHEH | g
O I oo 63 o o o[
o s S e i) 2 (e (2
IR REE
e I 3 o o [} [} o Y [ [ [
s || & | | oiojoolelcololo{lolo] | (5
N IEEEEEEEREE =R
s | & | oo{o{oioloio oo ol | |5
. oo o] | |2
o 3 o o o o )
} | ’ ~-205
208 —{GiRuiT ™ b
X ;qqqqqep“\ .
- HORIZONTAL DRIVING\CIRCUIT l/zé:
26

21

Kuboi, Fig. 15.

0. [11]: “routing to one or more selected destinations;
and”

Kuboi discloses this limitation. Lebby, §9163-166. Horizontal driving circuit
206 of the active electronic circuit sequentially selects and outputs the processed

signals from each column signal processing circuit 205 (including column signal
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) to output circuit 207 through horizontal signal line 210.
VIL.A.2.n ([1K]); Kuboi, q[53]-[54].
To the extent that the term “routing” refers to the physical connection to a
destination, horizontal signal line 210, which delivers processed signals from
to , performs “routing.”
Lebby, 4164; see Ex-1020, 38 (describing “metal routing” that connects devices in

a CMOS circuit). This routing is illustrated below:
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Kuboi, Fig. 15.
To the extent that the term “routing” refers to the process of delivering
signals to a destination, see Ex-1018, 6, horizontal driving circuit 206 sequentially
selects each of column signal processing circuits 205 by sequentially outputting

horizontal scanning pulses and delivers the processed signals from each of column
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signal processing circuits 205 to horizontal signal line 210. Kuboi, [53];
Lebby, §165. Output circuit 207 then performs signal processing on the signals
sequentially supplied from each column signal processing circuit 205 through

horizontal signal line 210. Kuboi, §[54]. This process is illustrated below:
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Kuboi, Fig. 15. The process of sequentially selecting each column signal
processing circuit 205 by applying scanning pulses (from horizontal driving circuit
206) to a column signal processing circuit 205 to deliver the processed signals
from that column signal processing circuit 205 to output circuit 207 constitutes
“routing” the processed signals to the output circuit. Lebby, §4165-166.

p- [1m]: “a communication channel on or in said single-

chip device, configured to deliver the electrical output
from the MSPD to the J

Kuboi discloses this limitation. Lebby, §9167-168. In particular, the
electrical output from photoelectric conversion portions 14 is supplied to

of the through a vertical
signal line 209 that is on or in imaging device 201. Kuboi, [51], Fig. 15;

Lebby, §167. This is illustrated below:
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Kuboi, Fig. 15. Since both photoelectric conversion portions 14 of pixel 11 and
column signal processing circuit 205 are on substrate 211 of imaging device 201, a
POSITA would have recognized that vertical signal lines 209 (for transmitting
signals between the aforementioned components) would also be on or in imaging
device 201. Lebby, 4168; Kuboi, §[48]-[49], [51]. Moreover, as Dr. Lebby
explains, Figure 15 shows vertical signal lines 209 as being on substrate 211.

Lebby, 4168; supra FN 4.

62



IPR2025-00995
Petition for Inter Partes Review

3. Claim 2

a. [2]: “The single-chip device of claim 1, in which said
at least partly extends beyond
said substrate.”

Kuboi discloses or renders obvious this additional limitation. Lebby,

169-172. As explained for [1pre(a)], in imaging device 201, the claimed
” (including logic circuits 204-208) include transistors connected
together. VI.A.2.a; Kuboi, [49]; Ex-1019, 4.

A POSITA would have known that the multiple transistors of the logic
circuits of imaging device 201 are connected together using metal interconnects
that route signals to and from the transistors. Lebby, §170; VI.A.2.a ([1pre(a)]);
Ex-1020, 9-14, Fig. 2.22. A POSITA would have found it obvious that, although
the transistors themselves are formed partly within the substrate, VI.A .4.a, the
metal interconnects are formed above the substrate using “above-wafer” steps. Ex-
1020, 10-12, 13 (Fig. 2.20 illustrates the “above-wafer” steps in the processing
sequence); Ex-1016, 1-3; Lebby, 4170. For example, in the figure below, metal
interconnects (Metal 1, Metal 2, etc.) are formed above the substrate surface.

Lebby, 9170; Ex-1020, 10, 13-14, 25-26.
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Figure 2.22 Visualization of 4-metal interconnect structure

Ex-1020, 14. It would have been obvious that Kuboi’s CMOS logic circuits (of the
active electronic circuit) would use interconnects (or wiring) formed above the
substrate surface to connect to the transistors of these circuits. Lebby, §171. For
example, a POSITA would have known that CMOS logic circuits have “many

[such] interconnect layers ... to ease the layout and signal distribution problems.”
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Ex-1020, 10. Thus, a POSITA would have found it obvious that wiring that
connects to the transistors of the would at least partly
extend beyond substrate 211. Lebby, 4171.

A POSITA would have been motivated to incorporate wiring formed above
substrate 211 to form electrical connections to the transistors of Kuboi’s logic
circuits so that these logic circuits can be formed using conventional CMOS
processes. Lebby, 4172; see Ex-1020, 10-14, 25-26. Imaging device 201 already
incorporates such above-the-substrate wiring layers. Lebby, 4172; see Kuboi,
q[62]. For instance, a multilayer wiring layer 32, comprising multiple wiring layers
separated by an insulating film 31, is formed on the substrate surface containing
pixel transistors. Kuboi, §[62]. Given the widespread use of wiring layers above the
substrate in CMOS logic circuits and Kuboi’s existing implementation of such
wiring layers, a POSITA would have reasonably expected success in forming
above- substrate 211 wiring layers to provide electrical connections to transistors
of the within substrate 211. Lebby, 172. Therefore, it
would have been obvious to a POSITA that portions of Kuboi’s

, including above-the-substrate wiring layers, would at least partly extend

beyond substrate 211. Lebby, 169-172.
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4. Claim 3

a. [3]: “The single-chip device of claim 1, in which said
is at least partly inside said
substrate.”

Kuboi discloses this additional limitation. Lebby, §q173-175. As explained
for [1pre(a)], in CMOS imaging device 201, the logic circuits of vertical driving
circuit 204, column signal processing circuit 205, horizontal driving circuit 206,
output circuit 207, and control circuit 208 are the claimed *

> VILA .2.a; Kuboi, q[49].

As explained for [1pre(a)] and [2], a POSITA would have known that
CMOS logic circuits include transistors. Lebby, 4174; VI.A.2.a, VI.A 3.a;
Ex-1020, 9-14; Ex-1019, 4. A POSITA would also have understood that transistors
are formed by doping regions of the substrate with selected impurities to create the
sources and drains of the transistors. Lebby, 49174-175; Ex-1020, 9-14; Ex-1019,

4-9. This is further 1llustrated below:

Regions inside substrate

(a) CVD oxide and planarization
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Ex-1020, 13. For example, an “n-well is created using a deep ion implant that is
diffused deeper into the substrate,” and “transistors ... are formed by ion implants
using the self-aligned scheme. pFETs are created using a p-type boron implant in
which nFET locations are blocked .... Similarly, nFETs require an n-type implant
for drain and source regions.” Ex-1020, 10. As Dr. Lebby explains, the doped
regions of the transistors in Kuboi’s are thus at least partly
inside substrate 211. Lebby, 175.

5. Claim 4

a. [4]: “The single-chip device of claim 1, in which said
overlying region is present as a superstrate at one side
of said first, , and second regions, and
contains said holes.”

Kuboi discloses this additional limitation. Lebby, 49176-177. As explained
for [1c], Kuboi discloses light shielding film 19 formed on the light incident
surface of semiconductor layer 12 that contains holes that align with the holes in
p -type region 18 (“first region”), (“intermediate region”), and
n -type region 17 (“second region”). VI.A.2.f; Kuboi, Y[59], [75]-[76], Fig. 1A.
As illustrated below, light shielding film 19 is formed on top of the stacked p -type
region 18 (P), (1), and n"-type region 17 (N), and is therefore a
superstrate of the stacked PiN regions. Lebby, 4176; Kuboi, §4[59], [75]-[76],

Fig. 1A.
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Tr1
Kuboi, Fig. 1A. Moreover, light shielding film 19 is formed on the light receiving
side of semiconductor layer 12, and as discussed for [1¢], it contains holes.
VI.A.2.f; Lebby, 177; Kuboi, §4[59], [75]-[76]; Fig. 1A.

6. Claim 7

a. [7]: “The single-chip device of claim 1, further
including a region of a dielectric material that covers
the holes and is in the propagation path of said optical
input.”

Kuboi discloses this additional limitation. Lebby, 44178-182. Kuboi refers to

dielectric films (“dielectric material”) as “insulating film[s].” Lebby, 4178; Kuboi,

68



IPR2025-00995
Petition for Inter Partes Review

9[59] (“an insulating film such as, for example, a silicon nitride (Si3Ny) film, a
silicon oxide (Si10;) film, and the like). A POSITA would have understood that
silicon nitride and silicon oxide (SiO,) are dielectric materials. Lebby, 4178;
Ex-1020, 34-35; Ex-1019, 9, 12. Kuboi discloses that, “an on-chip microlens is
formed on the upper electrode 22 which is a transparent electrode with or without
color filters disposed therebetween. The color filters are formed on the upper
electrode 22 with or without an insulating film disposed therebetween.” Kuboi,
191631, [73], [146].

In addition, a POSITA would have understood that an “insulating film”
disposed between the microlens and the color filter of a CMOS image sensor
would be made of a dielectric material to provide a suitable surface for microlens
formation. Lebby, §179. For example, as shown below, Ex-1027 describes a
CMOS image sensor with a color filter and microlens formed over each

photodiode on a substrate. Ex-1027, 2-3.
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Microlens
Dielectric (510,)

Color Filter

Passivation (Siy;Ny)

Dielectric

(Si0,)

Substrate

(S1)

(a) (b)

Fig. 1. (a). Three-dimensional (3D) structure of a typical four-pixel unit cell of a CMOS image
sensor with a red-green-green-blue Bayer color filter array. (b) Single pixel side view,
including the microlens, color filter, passivation layer, dielectric layers, metal interconnects,
and silicon substrate.

Ex-1027, 3. A dielectric layer of silicon oxide is formed between the color filter
and the microlens to “provide[] a suitable surface for microlens formation.”
Ex-1027, 4; Lebby, 4180. Thus, in addition to Kuboi’s express disclosure, a
POSITA would have understood that Kuboi’s insulating film positioned between
the color filter and on-chip microlens is an insulating film made of a “dielectric
material,” as claimed. Lebby, 4180; Ex-1012, 4 (describing a dielectric tunnel

positioned between the microlens and the photodetector and illustrates this
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dielectric tunnel in Figure 4); Ex-1033, 2-5 (explaining that the microlens is
typically constructed on a dielectric layer to ensure signal integrity).
Since light (“optical input”) passing through the on-chip microlens to enter
of pixel 11 would traverse the dielectric
insulating film (positioned between the color filter and upper electrode 22), this
insulating film “is in the propagation path of said optical input.” Lebby, q181;

Kuboi, [64]. This is illustrated below:
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Kuboi, Fig. 1A. A POSITA would have recognized that an insulating film
positioned in such a location would cover the holes in semiconductor substrate 12
through which extend. Lebby, q182.

7. Claim 9

a. [9]: “The single-chip device of claim 1, in which said
holes are present in said R

Kuboi discloses this additional limitation. Lebby, q4183-184. As explained
for [1c] (VI.LA.2.1), after n -type region 17, ,and p -type region 18
are formed on the semiconductor layer 12, “vertical hole[s]| 38” “extending from
the p -type ... region 18 to the n"-type ... region [ 17] [are] formed in a region of
the semiconductor layer 12 corresponding to one pixel by dry-etching.” Kuboi,

MI[71]-[72]. Vertical holes 38 are shown below:
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FIG.4B 3

8

Kuboi, Fig. 4B. Accordingly, holes 38 are present in n-type region 16, which is the
claimed “intermediate region.” Lebby, 4184; VILA.2.d ([1a]); Kuboi, §[71]-[72],
Fig. 4B.

8. Claim 10
a. [10]: “The single-chip device of claim 1, in which said

holes are present in said intermediate region as well
as in at least one of the first and second regions.”

Kuboi discloses this additional limitation. Lebby, q185-186. As explained

for [1¢] and [9], vertical holes 38 extending from p -type region 18 to n' -type
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region 17 are formed in semiconductor layer 12. Kuboi, §4[71]-[72]; VI.A.2 1,

VI.A.7.a. These vertical holes 38 are shown below:

FIG.4B

Kuboi, Fig. 4B. Accordingly, holes 38 are present in n-type region 16
(“intermediate region”), p -type region 18 (“first region”), and n -type region 17

(“second region™). Lebby, q186; VI.A.2.d ([1a]), VI.A.2.f ([1¢]), ; Kuboi, 4[71]-

[72], Fig. 4B.
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9. Claim 11

a. [11]: “The single-chip device of claim 1, in which said
holes are present in each of the first, second, and

Kuboi discloses this additional limitation. Lebby, §187. As explained for
[10], holes 38 are present in (“intermediate region”), p -type
region 18 (“first region”), and n -type region 17 (“second region”). Lebby, 4187;
VI.A.2.d ([1a]), VI.LA.2.f ([1¢]), VI.A.8.a ([10]); Kuboi, Y4[71]-[72], Fig. 4B.

10. Claim 12

a. [12]: “The single-chip device of claim 1, in which each
of said first and second regions and said
has a thickness and at least some of said holes
extend through the entire thickness of said
and of one of said first region and

second region and through at least a part of the
thickness of the other one of said first and second
regions.”
Kuboi discloses this additional limitation. Lebby, 49188-192. Kuboi
discloses that, during manufacturing, semiconductor layer 12 is implanted with
impurities to form (in order) n -type region 17 (“first region”),

(“intermediate region”), and p -type region 18 (“second region”). Kuboi, §[55]-

[56],[71]; VI.LA.2.d (|1a]); Lebby, 9188. Kuboi illustrates all three regions in
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Figure 4A:

FIG.4A

15

Kuboi, Fig. 4A. As Dr. Lebby explains, a POSITA would have understood that

each region has a thickness. Lebby, §189; Kuboi, Figs. 1A, 4A-4F. This is evident

from the figures. Lebby, 9189.

In addition, Kuboi discloses that, in one example, the total thickness (d1) of
the semiconductor layer 12 is about 1.4 microns (um). Kuboi, §[94]. A POSITA
would have understood that this example makes clear that the regions in the figure

would have at least some thickness, even if the figures themselves do not disclose
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specific dimensions. Lebby, 4190. A POSITA would have further understood that
when the 1.4-micron thick semiconductor layer 12 is implanted with impurities to
form a stacked PiN structure, each component region will have a thickness that
together sum to 1.4 microns. Lebby, 4190.

Kuboi further discloses that, after forming the stacked PiN structure, vertical
holes 38 “extending from the p -type ... region 18 to the n -type ... region [17]”

are dry-etched in semiconductor layer 12. Kuboi, )[71]-[72]; VI.LA.2.f ([1c]),

VI.A.7.a-VI.A.9.a ([9]-[11]). Lebby, q191. These are shown below:

FIG.4B 3

8
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Kuboi, Fig. 4B. Accordingly, holes 38 extend through the entire thickness of
(“intermediate region”) and p -type region 18 (“first region”) and

through at least a part of the thickness of n"-type region 17 (“second region™).

Lebby, 9192; VI.A.2.d ([1a]), VL.A.2.f ([1¢]); Kuboi, 9[71]-[72], Fig. 4B.

11. Claim 16

a. [16]: “The single-chip device of claim 1, in which at
least some of said holes have sidewalls that slope in
planes transverse to said regions.”

Kuboi renders obvious this additional limitation. Lebby, 99193-197. As
explained for [1¢], “vertical hole[s] 38 “extending from the p -type ... region 18
to the n'-type ... region [17] [are] formed in a region of the semiconductor layer 12
corresponding to one pixel by dry-etching.” Kuboi, §9[71]-[72]; VI.A.2.f. Kuboi
further discloses that, by using “the Bosch process” for dry-etching the holes, “it is
possible to form a concavo-convex shape on the lateral walls of the vertical
holes 38.” Kuboi, §[72], Fig. 9. These concavo-convex-shaped holes meet the
requirements of claim 16. Lebby, 4193.

Kuboi explains that “[b]y forming the concavo-convex shape, it is possible
to increase the area of the interface with the organic photoelectric conversion film
formed in a subsequent step and to accelerate the movement of electrons

(charges),” which increases light absorption efficiency and improves sensitivity.
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Kuboi, 19[72], [80]; Lebby, 9194. This concavo-convex shape on the lateral walls

of vertical holes 38 1s illustrated below:

FIG.9 61

14

21

Kuboi, Fig. 9. Figure 9 depicts photoelectric conversion portion 14, where the
Bosch process is employed to create holes 62 with a “concavo-convex shape ... at

the interface between the semiconductor layer 12 and the organic photoelectric
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conversion film 13.” Kuboi, §[137]. The size of the concavo-convex shape can be
adjusted in the Bosch process. Kuboi, f[139]-[140]. Organic photoelectric
conversion films 13 are subsequently embedded into these holes. Kuboi, 4[139].
According to Kuboi, the fabrication process in Figure 9, which includes concavo-
convex holes 62, is “basically the same” as that for photoelectric conversion
portion 14 in Figure 1A, except that the Bosch process is used to form the holes.
Kuboi, |[137], [139]; Lebby, 9195.

Concavo-convex holes 62 feature sidewalls that slope in planes transverse to
the stacked n'-type region 17, , and p -type region 18.
Lebby, q196. For example, the sidewalls of holes 62 at the locations marked A and
B, illustrated below, are sloped in planes parallel to the plane of this paper, which

is oriented transversely to the stacked layers. Lebby, 196.
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Location A <

Location B =

14

Kuboi, Fig. 9 (cropped).

A POSITA would have been motivated to incorporate concavo-convex
holes 62 in photoelectric conversion portion 14 of Figure 1A to enhance electron
mobility and thus improve light absorption efficiency and sensitivity of
photoelectric conversion portion 14. Lebby, 4197; Kuboi, §9[72], [80], [137],
[139]. Since Kuboi explicitly states that the Bosch process can be used to create
holes with concavo-convex walls in photoelectric conversion portion 14 of
Figure 1A, the results would have been entirely predictable and a POSITA would
have had a reasonable expectation of success in carrying out this modification.

Lebby, 4197; Kuboi, q[72].
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12. Claim 17

a. [17]: “The single-chip device of claim 1, in which at
least some of said holes have sidewalls with plural
different slopes along the inside walls of the holes.”

Kuboi renders obvious this additional limitation. Lebby, §4198-199. As
outlined for [16], a POSITA would have been motivated to integrate concavo-
convex holes 62 into photoelectric conversion portion 14 to boost electron
mobility, light absorption efficiency, and sensitivity. Lebby, 9198; VI.A.11.a;
Kuboi, 4[72], [80], [137], [139]. The same analysis applies here. As shown below,
concavo-convex holes 62 feature sidewalls with varying slopes along the inner

walls. Lebby, q4198-199.

Location A <"

Location B ==

14
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Kuboi, Fig. 9 (cropped). A POSITA would have understood that the sidewalls at
locations A and B have different slopes, as required by the claim. Lebby, 4199.

13. Claim 20

a. [20]: “The single-chip device of claim 1, in which the
holes are at least partly filled with a dielectric
material.”

Kuboi discloses this additional limitation. Lebby, 9200-201. During
manufacturing of Kuboi’s pixel, vertical holes 38 extending from p -type region 18
to n -type region 17 are first formed in a region of semiconductor layer 12. Kuboi,
9[71]-[72]; Lebby, 9200. Then, “an having a thickness
of several tens of nm, for example[,] is formed on the bottom portions of the
vertical holes 38” by chemical vapor deposition. Kuboi, §[73], Fig. 4C.

1s annotated below:
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Kuboi, Fig. 4C. is composed of an insulating material,
such as silicon nitride (Si3N4) or silicon dioxide (Si10,). Kuboi, [59]. A POSITA
would have understood that silicon nitride and silicon dioxide are dielectric
materials. Lebby, 4201; Ex-1020, 34-35; Ex-1019, 9, 12. Thus, the holes of
photoelectric conversion portion 14 “are at least partly filled with a dielectric

material,” as claimed. Lebby, §201.
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14. Claim 21

a. [21]: “The single-chip device of claim 1, in which the
holes are entirely filled with a dielectric material.”

Kuboi discloses this additional limitation. Lebby, §9202-207. As detailed for
[20], after formation of holes 38, electron blocking film 21 composed of a
dielectric material such as silicon nitride (Si3N4) or silicon dioxide (S105) is
deposited at the bottom portions of holes 38. VI.A.13.a; Kuboi, §4[71]-[73];
Lebby, 9202.

As part of the next step of the manufacturing process and as shown below,
an organic material is deposited to fill the remaining portions of the holes, thereby

forming organic embedded within the hole.

Kuboi, §9[58], [73], [85], Fig. 4C; Lebby, 9203.
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Kuboi, Fig. 4C. Kuboi discloses that “[a]s the p-type organic material sensitive to a
visible light region, perylene-based compounds, phthalocyanine compounds,
quinacridone compounds, porphyrin compounds, merocyanine compounds, and the
like can be used, for example.” Kuboi, q[58].

A POSITA would have recognized that phthalocyanine compounds,
perylene-based compounds, and porphyrin compounds are dielectric materials.
Lebby, 99204-205. Multiple prior art references discuss dielectric properties and
behavior of these materials in various optoelectronic devices. Lebby, 4205 (citing

Ex-1021; Ex-1022; Ex-1034-Ex-1038). For instance, Ex-1021 discusses the
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dielectric behavior of metal-phthalocyanine (MePc) films used as photoelectric
conversion materials in organic solar cells, noting that the “dielectric constant was
high at low frequencies and decreas[ed] as the frequency increase[d].” Ex-1021, 3.
Thus, both electron blocking film 21 and that
together entirely fill the holes of photoelectric conversion portion 14 are dielectric
materials.’ Lebby, §9206-207.

15. Claim 24

a. [24]: “The single-chip device of claim 1, in which said
MSPD further comprises ohmic contacts configured
for reverse-biasing the MSPD.”

Kuboi discloses this additional limitation. Lebby, §9208-211. As detailed for
[1h], photoelectric conversion portion 14 includes contacts in the form of upper
electrode 22 on its upper surface and lower electrode 23 on its lower surface that

are configured for reverse-biasing photoelectric conversion portion 14. VI.A.2.k;

> The ’543 Patent acknowledges that a hole filled with a dielectric material can be
filled with multiple dielectric materials. 543 Patent, 30:64-67 (disclosing that
“holes 1916 can be partially filled, and/or completely filled with another
dielectric(s) and/or amorphous semiconductor and can be multiple layers™),
104:28-31 (disclosing that “microstructure holes are passivated and filled fully

and/or partially with dielectrics™).
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Kuboi, 19[60], [64], [77], Fig. 1A; Lebby, 9208. These electrodes are shown

below:

FIG.1A

22\ )

T

Kuboi, Fig. 1A. Lower electrode 23 “is formed of metal exhibiting ohmic
properties.” Kuboi, §[60]. Meanwhile, an indium tin oxide (ITO) film serves as

upper electrode 22. Kuboi, 4[60]; Lebby, 9209.
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As Dr. Lebby explains, a POSITA would have understood that an electrode
made of ITO establishes ohmic contact and thus comprises ohmic contacts.®
Lebby, 49210-211; Ex-1023, Abstract (“ITO contact with [a] p-type silicon
semiconductor is a robust ohmic contact for Si[-]based optoelectronic devices.”);
Ex-1024, 3; Ex-1025, 1. As a result, both upper electrode 22 and lower
electrode 23 are “ohmic contacts,” as claimed. Lebby, §211.

16. Claim 25

a. [25]: “The single-chip device of claim 1, in which the
MSPD further includes ohmic contacts to said first
and second regions, at least one of said ohmic
contact[s] being through a via in said substrate.”

Kuboi renders obvious this additional limitation. Lebby, §4212-220. As
explained for [24], upper electrode 22 and lower electrode 23 are ohmic contacts.
VI.A.15.a; Lebby, 9212. These ohmic contacts meet each limitation of claim 25.
Lebby, 9212.

Electrodes 22, 23 make contact with each of the “first and second regions,”

as claimed. Lebby, 9213. Upper electrode 22 is formed over the entire upper

% The *543 Patent acknowledges that ITO makes ohmic contact. *543 Patent, 39:20-
26 (explaining that an “ohmic contact” can include a “transparent conducting metal

oxide such as indium tin oxide (ITO)”).
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surface of photoelectric conversion portion 14 on top of light shielding film 19,

which is made of tungsten. Kuboi, Y4[59]-[60], [77]; Lebby, 9213.

FIG.1A
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Kuboi, Fig. 1A. A POSITA would have understood that tungsten is an electrically
conductive material. Lebby, 4214; Ex-1019, 21-22 (discussing tungsten as the first
level metal and contact plugs of IC devices); Ex-1020, 14-15. Consequently, upper
clectrode 22 makes ohmic contact with p -type region 18. Lebby, §214. Lower
electrode 23 is formed over the entire lower surface of photoelectric conversion
portion 14, covering the back surface of n -type region 17. Kuboi, Y[59]-[60],
[77], Fig. 1A; Lebby, 4214. Therefore, lower electrode 23 makes ohmic contact

with n" -type region 17. Lebby, 4214.
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Kuboi further teaches and renders obvious that “at least one of said ohmic
contact[s] [is] through a via in said substrate,” as claimed. Lebby, §9215-220. In
imaging device 201, pixels 11 (with photoelectric conversion portion 14) and the
peripheral circuit portion are formed on substrate 211. Kuboi, 99[48], [78];
VI.A.2.b ([1pre(b)]). Subsequently, a different substrate with pixel transistors Trl
and lower electrode 23 formed on its top surface is bonded to the lower surface of
substrate 211. Kuboi, §4[70], [78], Fig. 15. These two substrates are bonded such
that the photoelectric conversion portions 14 on substrate 211 connect to the n-type
charge accumulation regions 26 of corresponding pixel transistors Trl via
conductors 33 that penetrate through lower electrode 23. Kuboi, §9[48], [62];
Lebby, 9215.

A POSITA would have been motivated to fabricate photoelectric conversion
portions 14 and pixel transistors on substrate 211. Lebby, 4216. Given Kuboi’s
approximately 1.4 um x 1.4 um pixel size, e.g., Kuboi, 4[94], [122], [145], a
POSITA would have recognized that challenges in spatially aligning conductors 33
with photoelectric conversion portions 14 during substrate bonding would reduce
the yield of the bonding process. Lebby, §216; see Ex-1039, 5-6, 8-9, 11-13. A
POSITA would have understood that fabricating photoelectric conversion portions

14 and pixel transistors on the same substrate 211 would eliminate the need for
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aligning electrodes 33 and thereby increase yield. Lebby, 9216; see, e.g.,
Shinohara, 14[58], [81].

As Dr. Lebby explains, integrating signal processing circuits on the same
substrate as photodetectors was well known and beneficial to lower costs and
improve fabrication reliability. Lebby, 4217; Ex-1029, 1; Ex-1030, 1-2.
Consequently, a POSITA would have found it obvious to fabricate photoelectric
conversion portions 14 and pixel transistors Trl on substrate 211 to simplify
fabrication and reduce costs. Lebby, 4217. Additionally, methods for fabricating
photoelectric conversion portions and pixel transistors on the same substrate were
well established.” See Shinohara, Y[68]-[89]. Thus, a POSITA would have had the
motivation, requisite skill, and reasonable expectation of success in fabricating
photoelectric conversion portions 14 and pixel transistors on substrate 211. Lebby,
1217.

When the pixel transistors Trl are fabricated on substrate 211, as illustrated

below, lower electrode 23 is positioned within substrate 211. Lebby, 4218.

" The *543 Patent acknowledges that integrating photodetectors with signal
processing circuits on the same substrate was a common practice to reduce costs
and enhance performance. *543 Patent, 28:58-29:3, 32:50-67, 47:11-21;

Lebby, 9217.
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Reverse bias voltage

Kuboi, Fig. 1A.

As explained for [1h], a reverse bias is applied to photoelectric conversion
portion 14 via upper and lower electrodes 22, 23. VI.A.2.k. A POSITA would have
understood that an electrical connection (to apply the “necessary voltage” for
biasing, see Kuboi, [64]) to lower electrode 23 positioned within substrate 211 is
made using “vias.” Lebby, 4219; see Ex-1020, 13, 18; Ex-1018, 7 (defining “via”
as “a hole in the insulator between two metal layers on a multilayer integrated
circuit that is etched and filled with a conducting material so that the two metal

layers are electrically connected”).
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In addition, a POSITA would have also been motivated to implement vias in
substrate 211 for electrical connection to lower electrode 23 so that a “necessary
voltage™ can be applied to this electrode for biasing photoelectric conversion
portion 14. Lebby, 4220; see Kuboi, §[64]. In Kuboi, conductors 33 extend through
holes formed on semiconductor region 25 of the substrate to interconnect the pixel
transistors to photoelectric conversion portions 14. See Kuboi, §[62], Fig. 1A.
Given that “vias” are conventional components commonly used in similar devices
for electrical connections through substrates and that Kuboi already incorporates
electrical connections through the substrate, a POSITA would have also had a
reasonable expectation of success in using “vias” through substrate 211 to provide
electrical connection to lower electrode 23. Lebby, 4220. Therefore, it would have
been obvious to a POSITA that, in Kuboi, electrical contact to lower electrode 23
will be made through a “via,” as claimed. Lebby, 9220.

17. Claim 26

a. [26a]: “The single-chip device of claim 1, further
comprising a light guide to said MSPD for directing
said optical input thereto,”

Kuboi discloses this additional limitation. Lebby, 49221-225. Kuboi
discloses that, although not illustrated, “an on-chip microlens” (“light guide™) is

formed on upper electrode 22, allowing light to pass through this microlens to
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reach of photoelectric conversion portion 14,
where the light undergoes photoelectric conversion. Kuboi, §9[63]-[64].

A POSITA would have recognized that the on-chip microlens is a light
guide, directing light to photoelectric conversion portion 14. Lebby, 4222. For
instance, Ex-1015 describes a CMOS image sensor with a two-dimensional array
of photodiodes (or pixels) with a microlens formed over each photodiode.

Ex-1015, 2-4. This is illustrated below:

Anatomy of the Active Pixel Sensor Photodiode

Ex-1015, Fig. 3. The microlens “serves to focus incident light directly into the

photosensitive area of the photodiode.” Ex-1015, 3. This is consistent with other

95



IPR2025-00995
Petition for Inter Partes Review

prior art and Patent Owner’s infringement contentions in the parallel litigation.
Lebby, 949223-225 (citing Ex-1027; Ex-1046, 38; Ex-1047, 36). As a result, a
POSITA would have understood that Kuboi’s on-chip microlens operates as a light
guide that directs light to photoelectric conversion portion 14. Lebby, 4224.

b. [26b]: “and electrical contacts from the

configured to carry said processed
output out of the single-chip device.”

Kuboi discloses and renders obvious this additional limitation.
Lebby, 49226-228. As explained for [1pre(a)], the « ” of
imaging device 201 includes circuits 204-208. VI.A.2.a; Kuboi, §4[48]-[49].
“outputs the processed signals” from imaging device 201.
Kuboi, §[54]. Kuboi discloses that its imaging device (labelled 102 in Figure 16)
can be integrated into various apparatuses (e.g., cameras, mobile phones) with an

external signal processing circuit 106, as illustrated below:
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Kuboi, Figs. 15, 16; Kuboi, {[191]-[193]; Lebby, 4226. When used in the
apparatus above, sends the processed signals to external signal

processing circuit 106. Kuboi, Fig. 16; Lebby, 9227. A POSITA would have
understood that the imaging device would require electrical contacts to
interconnect it with external signal processing circuit 106, allowing the processed
signals to be transferred from imaging device 201 to external processing circuit
106. Lebby, 49226-227; Kuboi, §[192]. Additionally, Kuboi discloses that imaging
device 201 includes “[a]n input/output terminal 212 [to] exchange[] signals with an
external device.” Kuboi, §[54]. Kuboi thus discloses this limitation. Lebby, 4227.

A POSITA would have also found it obvious to incorporate electrical

contacts in imaging device 201 to transfer processed signals to external signal
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processing circuitry, given that the use of such contacts was well known in CMOS
solid-state integrated circuit devices. Lebby, 94228; Ex-1016, 1-3. Since the use of
electrical contacts to output signals from CMOS devices was well known and
Kuboi discloses exchanging signals with an external device, a POSITA would have
been motivated to include electrical contacts in imaging device 201 and would
have had a reasonable expectation of success in implementing this modification.
Lebby, 9228.

18. Claim 28

a. [28a]: “The single-chip device of claim 1, further
comprising one or more additional MSPD on or in the
same substrate,”

Kuboi discloses this additional limitation. Lebby, 99229-232. Imaging
device 201 (“single-chip device”) includes a plurality of pixels 202, each with a
photoelectric conversion portion 14, arranged in a two-dimensional array on the
same substrate 211. Kuboi, §[48], Fig. 15; Lebby, 4229; VI.A.2.b ([1pre(b)])

(addressing how each MSPD is formed on or in substrate 211).
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Kuboi, Fig. 15. Imaging device 201 includes multiple pixels 11 with photoelectric
conversion portions 14 (“MSPD” of claim 1 and “additional MSPDs” of this
claim). Lebby, 9230; Kuboi, §[48], [55].

For instance, as illustrated below, Kuboi describes an embodiment where
four pixels—blue pixel 53B, red pixel 53R, and two green pixels 53G—are

arranged in a two-dimensional Bayer pattern:
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Kuboi, Figs. 6A-6B, 4[90]. Red pixel 53R and green pixels 53G “are formed by the
hybrid photoelectric conversion portion 14 shown in FIGS. 1A and 1B.” Kuboi,
4[90]. Kuboi teaches incorporating this pixel grouping into imaging device 201.

Lebby, q9231-232; Kuboi, 14[48], [90]. Thus, imaging device 201 includes
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multiple pixels 11 (e.g., one red pixel 53R and two green pixels 53G) with
photoelectric conversion portions 14 (MSPD) on or in substrate 211. Lebby, 9232.
b. [28b]: “and respective different
coupled with at least two of the MSPDs on or in
said single substrate, whereby at least two of said

MSPDs are configured to respond to different
wavelength ranges that are within said optical input.”

Kuboi discloses this additional limitation. Lebby, §9233-235. The four pixels
(blue pixel 53B, red pixel 53R, and two green pixels 53G), which each include
their own MSPD, also include corresponding color filters and on-chip microlenses
in a Bayer arrangement formed over the pixels’ upper electrodes 22. Kuboi, §9[90],
[93]; Lebby, 9233. Each is an optical bandpass filter that allows light at
a specific band of wavelengths (or “wavelength band”) corresponding to the filter
color to pass through (while blocking other wavelengths). Lebby, 9233; Kuboi,
1[92] (“red wavelength band,” “green wavelength band”); Ex-1015, 4-5. For
example, as shown below, red, green, and blue color filters each have different

wavelength bands:
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Bayer Filter Transmission Spectral Profiles

=

-
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(=1
L4

Absolute Quantum Efficiency (%)
=

370 420 470 520 570 620 670 720
Wavelength (Nanometers)

Ex-1015, 4. Thus, photoelectric conversion portions 14 of red pixel 53R and green

pixels 53G are coupled to different optical bandpass filters. Lebby, 4234.

Red pixel 53R and green pixels 53G are designed to respond to different
wavelength ranges within the incident light (“optical input”). Lebby, 9235. For
instance, of red pixel 53R are composed of a
material “sensitive to [the] red wavelength band,” while of green
pixels 53G are made of a material “sensitive to [the] green wavelength band.”
Kuboi, §[92]. The red and green wavelength bands represent different wavelength
ranges. Lebby, 94235; see Ex-1015, 4. Thus, of red pixel 53R convert the

red wavelength range in the incident light into electrical output, while of
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green pixels 53G convert the green wavelength range in the incident light into

electrical output. Lebby, 4235.

19. Claim 29

a. [29]: “The single-chip device of claim 1, further
comprising one or more additional MSPDs on or in
said single substrate, one or more additional

on or in the said single substrate,
and one or more additional communication channels
configured to supply electrical outputs from the
MSPDs to the one or more of the

Kuboi discloses this additional limitation. Lebby, §9236-239. As detailed for
[28a], imaging device 201 comprises multiple MSPDs on or in substrate 211.
VI.A.18.a; Lebby, 4236. As also explained for [1pre(a)] and [1pre(b)], Kuboi’s

(which includes circuits 204-208) is on or in substrate 211.
VI.A.2.a, VI.LA.2.b; Kuboi, [48], [49], [ 78], Fig. 15.

As explained for [1m], imaging device 201 includes a communication

channel (vertical signal line 209) that supplies the electrical output from pixel 11 to

. VILA.2.p. These components are shown

below:
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Kuboi, Fig. 15.
In addition to column signal processing circuit 205 of the claimed active
clectronic circuit (marked A in the figure above), the peripheral circuit portion
includes multiple column signal processing circuits 205 provided “for each column

of the pixels 202 and perform signal processing such as noise removal for each
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pixel column on signals output from pixels 202 of one row.” Kuboi, §[52];
Lebby, 99236-237. Vertical driving circuit 204 activates pixels in a selected row
and supplies the electrical output from each pixel (including pixels 11) to a
corresponding column signal processing circuit 205 through a vertical signal

line 209. Kuboi, 4[51]-[52]; VI.A.2.c ([1pre(c)]); Lebby, §237. This is shown

below:
FIG.15
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Kuboi, Fig. 15. Thus, the electrical output from the first pixel 11 (and MSPD) is
directed to a first (marked A) via a signal line 209,
the electrical output from a second pixel 11 is routed to a second signal processing
circuit 205 (marked B) via a second signal line 209, the electrical output from a
third MSPD is conveyed to a third signal processing circuit 205 (marked C) via a
third signal line 209, and so on. Lebby, 4238; Kuboi, ({[51]-[52].

The MSPD associated with the first pixel 11 is the “MSPD” of claim 1,
while the MSPDs associated with the second and third pixels 11 are the “additional
MSPDs” of this claim. Lebby, 4239. The first (A)
constitutes part of the “ ” of claim 1, whereas the second
and third signal processing circuits 205 (B and C) are the “additional active
electronic circuits” of this claim. Lebby, 9239. Similarly, signal line 209 is the
“communication channel” of claim 1, and the signal lines 209 are the “additional
communication channels” of this claim. Lebby, 4239. As explained for [1pre(a)]
and [1pre(b)], all logic circuits of the peripheral circuit portion (including signal
processing circuits B and C) are “active” electronic circuits comprising transistors,
and all pixels and logic circuits of the peripheral circuit portion of imaging

device 201 are formed on or in substrate 211. VI.A.2.a, VI.A.2.b; Lebby, 9239.
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20. Claim 30

a. [30]: “The single-chip device of claim 1, further
comprising one or more additional
that are formed on or in the said single

substrate.”
Kuboi discloses this additional limitation. Lebby, 9240. As explained for
[29], the one or more additional active electronic circuits (signal processing
circuits 205 B and C) are formed on or in substrate 211 of imaging device 201.
VIL.A.2.a ([1pre(a)]), VI.LA.2.b ([1pre(b)], VI.A.19.a (]29]); Kuboi, 4[52];
Lebby, 9240.

21. Claim 32

a. [32]: “The single-chip device of claim 1, further
comprising one or more additional
that are formed on or in the said single
substrate and comprise one or more of CMOS,
BiCMOS, and bipolar active devices.”

Kuboi discloses this additional limitation. Lebby, 99241-242. As explained
for [29], the one or more additional active electronic circuits (signal processing
circuits 205 B and C) are formed on or in substrate 211. VI.A.2.a ([1pre(a)]),

VLA.2.b ([1pre(b)], VI.A.19.a ([29]); Kuboi, §[52]; Lebby, 9241.

Kuboi further discloses that imaging device 201 is a “CMOS solid-state
imaging device” fabricated using “existing CMOS techniques.” Kuboi, §4[3], [7],

[48], [55]. A POSITA would have understood that, in a CMOS solid-state device
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fabricated using existing CMOS fabrication techniques, all logic circuits of the

peripheral circuit portion (including the and the additional

active electronic circuits) would be CMOS active devices. Lebby, 94242.

22. Claim 35

a. [35]: “The single-chip device of claim 1, further
including a region of selected material that is over a
side of one of the first and second regions facing away
from the and is configured to

reduce sheet resistance.”

Kuboi discloses this additional limitation. Lebby, q9243-245. As shown
below, a transparent upper electrode 22 (“selected material””), which is made of
indium tin oxide (ITO), covers the entire light incident side of pixel 11°s

photoelectric conversion portion 14. Kuboi, §)[60], [93], Fig. 1A; Lebby, §243.
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Kuboi, Fig. 1A. Light enters photoelectric conversion portion 14 through
transparent upper electrode 22. Kuboi, §[60], [64]; Lebby, 9244. A POSITA
would have understood that upper electrode 22 is formed over a side (the light
incident side) of p -type region 18 (“first region”), which faces away from

(“intermediate region”). Kuboi, Fig. 1A; Lebby, 4244.
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A POSITA would also have understood that an ITO film reduces sheet
resistance.® Lebby, 4245; Higuchi, {J[16]-[17] (explaining that an ITO film on a
photoelectric conversion device decreases the sheet resistance of the device due to
the low sheet resistance of ITO). Upper electrode 22 is thus “configured to reduce
sheet resistance,” as claimed. Lebby, 9245.

VII. Mandatory Notices
A. Real Parties-in-Interest

The real parties-in-interest are Samsung Electronics Co., Ltd.; Samsung
Electronics America, Inc.; Samsung Semiconductor, Inc.; and Samsung Austin
Semiconductor LLC.

B. Related Matters

Patent Owner W& Wsens Devices, Inc. asserted the *543 Patent in W& Wsens

Devices Inc. v. Samsung Electronics Co., Ltd., Samsung Electronics America, Inc.,

8 The *543 Patent acknowledges that an ITO layer on a photodiode reduces sheet
resistance. *543 Patent, 27:56-59 (“Layer 1450 is a thin ITO like material ... that
can be deposited on the P and/or N layer(s) to reduce the sheet resistance of these
layers.”), 29:42-45 (“[ T]ransparent conducting metal oxide may be used to reduce

the sheet resistance.”).
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Samsung Semiconductor, Inc., and Samsung Austin Semiconductor LLC, Case No.
2:24-cv-00854-JRG (E.D. Tex.). Patent Owner also asserted U.S. Patent Numbers
10,446,700 (“700 Patent™), 12,087,871, 11,621,360, 9,525,084, and 12,243,948 in
that case, which are related to the *543 Patent. Petitioner is simultaneously
challenging the 700 Patent in IPR2025-00996.
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Please address all correspondence to counsel at the address above. Petitioner
consents to electronic service by email at the above email addresses.

VIII. Grounds for Standing

Petitioner certifies that the *543 Patent is available for IPR and that
Petitioner is not barred or estopped from requesting IPR challenging the patent

claims on the grounds identified herein.
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IX. Conclusion

For the reasons above, Petitioner requests institution of IPR and cancellation
of each challenged claim. The Office may charge any required fees to Deposit
Account No. 06-0916.
Date: May 20, 2025 Respectfully submitted,

By: _ /Joshua L. Goldberg/
Joshua L. Goldberg
Lead Counsel
Reg. No. 59,369
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