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LISTOF CHALLENGEDCLAIMS

Claim Limitation
1pre 1. A backside illuminated image sensor comprising:

la a semiconductor substrate having a first surfaceand a second
surface;

1b a plurality of light-sensitive pixel regions formed on the first
surface of the semiconductor substrate and includinga
photodiode diffusion region extending into the semiconductor
substrate from the first surface;

1c a metal line formed adjacent the first surface of the
semiconductor substrate;

1d a protective substrate secured tothe semiconductor substrate
such that themetal lineis located between the protective
substrate and the semiconductor substrate; and

le a transparent substrate securedto the second surface of the
semiconductor substrate such that the semiconductor substrate is
sandwiched between the transparent substrate andthe protective
substrate;

1f wherein the semiconductor substrate has a thickness defined
such that the light-sensitive pixel region is effectively exposed
through the second surface.

2pre 2. The backside illuminated image sensor according to claim 1,

further comprising

2a a first adhesive layer located between the protective substrate
and the semiconductor substrate, and

2b a second adhesive layer located between the transparent substrate

and the semiconductor substrate.




Claim Limitation
3pre 3. The back-illuminated image sensor according to claim 2,
wherein each of the plurality of light-sensitive pixel regions
further comprises:

3a a second diffusion region that is formed in the semiconductor
substrate and spaced from the photodiode diffusion region;

3b a first polysilicon gate structure provided between the second
diffusion region and the photodiode diffusion region;

3c a third diffusion region that is formed in the semiconductor
substrate and spaced from the second diffusion region;

3d a second polysilicon gate structure that is provided between the
second diffusion region and the third diffusion region;

3e a fourth diffusion region that is formed in the semiconductor
substrate and spaced from third diffusion region;

3f a third polysilicon gate structurethat is provided between the
third diffusion region andthe fourth diffusion region;

39 wherein the photodiode region is connected to the second
polysilicon gate by a first metal line to form a source-follower
transistor, and

3h wherein the first metal line is located between the semiconductor
substrate and the protective substrate.

4pre 4. The backside illuminated image sensor according to claim 1,
4a wherein the thickness of the semiconductor substrateis in the
range of 10 to 15 microns.
5pre 5. The backside illuminated image sensor according to claim 1,
ba wherein the transparent substrate is glass.
6pre 6. The backside illuminated image sensor according to claim 1,

further comprising




Claim Limitation

6a a plurality of metal leads formed on the protective layer.

Xi




l. INTRODUCTION

Taiwan Semiconductor Manufacturing Company Limited (“TSMC” or
“Petitioner”) respectfully requests inter partes review of claims 1, 2, 3, 4, 5, and 6
(“the Challenged Claims™) of U.S. Patent No. 6,169,319 (“the 319 patent™) pursuant
to35U.S.C.§311and 37 C.F.R. §42.100.

II. TECHNOLOGYBACKGROUND
A. CMOS Image Sensors (CIS)

Complementary metal-oxide semiconductor (“CMOS”) image sensors are
ubiquitous in today’s electronic devices that output digital recordings of images,
such asdigital cameras. See Ex. 1013, 1; Ex. 1003, 1138, 42, 43. These devices use
CMOS sensorsto measure light intensity and color. Ex. 1030; Ex. 1003, 1138, 42,
43. Today, CISistheindustry standard. Ex.1013, 6; Ex. 1003, {138-43.

A CIS is comprised of a pixel array, with each pixel having a photodetector,
a CMOS transistor switch to allow direct access to the pixel, antireflective coating,
and microlens. Ex. 1024, 1:34-41; Ex. 1034; Ex. 1003, 138, 42.

A CIS can be either frontside illuminated (FSI) or backside illuminated (BSI).
Ex. 1015, 1; Ex. 1003, 144-45. The difference between a BSI image sensor andan
FSI image sensor is thearrangement of imaging elements in the sensor with respect

toincident lightto the pixel.
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Ex. 1043; Ex. 1003, 144. BSI is preferred because it allows the image sensors to
achieve higher quantum efficiency than FSI. Ex. 1018; Ex. 1019, 1:10-11; Ex. 1020,
4:7-11; Ex. 1021, 2:26-30; Ex. 1003, 1144-45.

B. Pixel

There are three well-known CIS pixel implementations: photodiode-type
passive pixel, photodiode-type active pixel, and photogate-type active pixel. Ex.
1045, 1691; Ex. 1003, 1146-49.

1. Photodiode-Type Passive Pixel

A photodiode-type passive pixel consists of a photodiode and a transistor. Id.;

Ex. 1003, 147. A diagram of the photodiode-type passive pixel is shown below:



COL BUS

Id., Fig. 2. The transfer (TX) transistor is activated to connect the photodiode,
which is comprised of a photodiode diffusion region, to the column bus to sense
photogenerated charge collected by the photodiode. Id.; Ex. 1046, 2:58-3:4; Ex.
1050; Ex. 1003, 47. Photogenerated charge is read out without pixel-based
amplification. Ex. 1036, 2; Ex. 1003, 147.

2. Photodiode-Type Active Pixel / Photogate-Type Active Pixel

A photodiode-type active pixel consists of a photodiode and several
transistors. Ex. 1036, 3; Ex. 1003, 148. A diagram of the photodiode-type active

pixel is shown below:

VDD

COL BUS



Ex. 1045, Fig. 4. The voltage at the photodiode is buffered by the source-follower
transistor to the column bus, which is selected by row select (RS) transistor, and
the voltage at the photodiode is reset by the reset (RST) transistor. Id.; Ex. 1003,
{48. Thistype of APS pixel is commonly referredto as a “3T pixel” because it uses
three transistors to read out the voltage signal from the photodiode. Ex. 1003, 148;
Ex. 1001, 1:55-67, 3:11-15.

3. Photogate-Type Active Pixel

A photogate-type active pixel consists of a photogate, a floating diffusion, and
several transistors. Ex. 1045, Fig. 5; Ex. 1003, 149. A diagram of the photogate-

type passive pixel is shown below:

vDD

RST+

PG X

COL BUS

Ex. 1045, Fig. 5. Photogenerated charge is collected under the photogate and then
transferred to the floating diffusion. Id., 1693; Ex. 1003, 149. The voltage at the
floating diffusion is buffered by the source-follower transistor to the column bus,
which is selected by row select (RS) transistor, and the voltage at the floating node

Is reset by the reset (RST) transistor. Ex. 1045, 4; Ex. 1003, 49 Photodiodes



provide high quantum efficiency. Ex. 1045, 4; Ex. 1003, 149. Photogates, on the
other hand, have less noise at low light but a lower fill factor and poorer blue light
response and quantumefficiency. Ex. 1045, 4; Ex. 1003, 149.

C. Removal of Material from Backside of Wafer

It was common practice to thin a silicon wafer with BSI image sensors by
attaching the frontside of the silicon wafer with BSI image sensors to another wafer
for support for further processing of the front side and then using a combination of
backside grinding and chemical etching techniques to thin the backside of the BSI
Image sensors toallow the photons to be absorbed by the thinned substrate closer to
the photodiode. Ex. 1020, 2:10-22, 6:10-42; Ex. 1022, 14; Ex. 1010, 144; Ex. 1003,
50. Ifthe backside substrate thickness is not reduced, light is absorbed far from the
photodiode and the photogenerated electrons and holes might recombine before they
can be collected by the photodiode. Ex. 1003, 50.

D. Wafer-Level Packaging

Wafer-level packaging of BSI image sensors based on conventional
semiconductor process and standard semiconductor manufacturing equipment was
well known. Ex. 1010, 144-146, Figs. 3, 5; Ex. 1003, 151. For example, it waswell-
known to package a die with a protective shell comprised of glass plates at the top
and bottom of the die. Ex. 1010, 144-146, Figs. 3, 5; Ex. 1003, {51. It was also

well-known to provide metal contact pads in between the top glass plate covering



the top or active surface of the silicon die and the silicon die itself and to provide
metal leads on the glass plate covering the active surface and that are connected the
contact pads as part of this conventional packaging process. Ex. 1010, 144, 146,
Figs. 3, 5; Ex. 1003, 151. Sakai’s Figure 3 illustrates the resulting packaged die,
with thesilicon chip sandwiched by glass 1 and glass 2 and the pads connected to

the electrical leads:

Id., Fig. 3.

I11. OVERVIEW OF THE 319 PATENT

The 319 patent, titled “Backside illuminated image sensor,” was filed on
November 17, 1999 and claims priority to a divisional of application No.
09/372,863, which was filed on August 12, 1999, and resulted in U.S. Patent No.
6,168,965 (“the 965 patent”).

The 319 patent discloses conventional backside illuminated image (BSI)
Image sensors are expensive because (1) they are made using nonstandard
complementary metal-oxide-semiconductor (CMOS) processes and (2) packaging

the BSI image sensors is complex. 1d.,4:14-31. To address these problems, the



’319 patent discloses a method for making and packaging BSI image sensors using
standard wafer processing techniques and equipment. Id., 8:52-55.

The method starts with a wafer having image sensor circuits formed on the
wafer’s frontside, also known as the active side since that is where all the
microelectronics of the image sensor circuitsare located. 1d.,5:21-28, 6:13-16. The
frontside of the wafer is secured to a protective substrate and then the backside of
the wafer is thinned until the pixels in the image sensor circuits can detect light
passing through the backside of the wafer. 1d., 6:30-60. The thinning process
include a grinding process, such as planar erosion, and a chemical etching process.
Id., 6:61-7:41. After thinning, a transparent substrate is secured to the backside of
the wafer, forming a waferwise sandwich. Id., 7:62-8:8. The waferwise sandwich
iIs sliced to produce individually packaged image sensors. 1d., 8:45-51.

Figure 4(1) illustrates BSI image sensors in a waferwise sandwich about tobe
diced. Each BSI image sensor has a die 300-1 with an
and metal contact pads 330, which provide access to a matrix of light-sensitive
pixel regions 110 and control circuitry 120 in image sensor circuit 100. Id., 7:37-
41, 6:13-19, Fig. 3(B). “Insulation and metal lines (not shown) ... provide
connections between metal contact pads 330 and the matrix of light-sensitive pixel

regions 110 and control circuitry 120.” Id., 6:19-22.
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Id., Fig. 4(1).

Each BSI image sensor further has a die-sized section 410-1 of a protective
substrate 410 secured to the frontside surface of die 300-1 by an adhesive region
420-1, a die-sized section of a transparent substrate 440 secured to the backside
surface of die 300-1 by an adhesive region, and metal leads 460 formed over die-
sized section 410-1 and “connected to metal contact pads 330 of each image sensor
circuit 100 tofacilitate signal between each image sensor circuit 100 and an external
system (not shown).” Id., Figs. 4(H), (1), 8:26-29, 8:31-33, 8:10-13.

IV. PROSECUTIONOF THE 319 PATENT
The ’319 patent issued on January 2, 2001, from U.S. App. No. 09/441,766,

filed on November 17, 1999 with original claims 1-17. Ex. 1002. The applicant

preliminarily canceled claims 1-11 following a Restriction Requirement during the



prosecution of the claims of the parent *965 patent. Id., 53. Subsequently, the
Examiner issued a Notice of Allowability on August 29, 2000. Id.,57.

V. LEVEL OF ORDINARY SKILLINTHEART
A person of ordinary skill in the art (“POSITA”) at the time of the alleged

invention would have been a person having a Master’s degree in electrical
engineering, computer engineering, or physics with at least two years of industry
experience in integrated circuit design, layout, packaging or fabrication. A greater
level of experience may compensate for less education, and vice versa. Ex. 1003,
152-55.

VI. CLAIMCONSTRUCTION

For purposes of this proceeding only, Petitioner does not believe the claim
terms need to be construed to resolve the prior art issues presented in this Petition.
The Challenged Claims are invalid under their plain and ordinary meaning. Ex. 1003

156.

VIl. CITED ART!
A. Nixon

Nixon claims priority to Nixon Prov., which includes two documents: (1) an
Invention Disclosure Technical Description (“IDTD”); and (2) an article entitled “A

CSP Optoelectronic Package for Imaging and Light Detection Applications” by

! Pre-AIA 35 U.S.C. 8102 applies. MPEP 82159.02.

9



Shweky et al. (“Shweky”). Shweky is incorporated in Nixon Prov. as a prior art
reference, upon which the IDTD claims an improvement using wafer level
processing and packaging techniques for CMOS imaging, including its backside.
Ex. 1003, 1157-58. Accordingly, the disclosures of both Shweky (as the basis upon
which the Nixon invention was based) and IDTD (as the disclosure of that
improvement) are relevant to the Nixon invention.

Nixon qualifies as prior art at least under pre-AlA § 102(e) because Nixon
Prov. was filed (January 14, 1999) before the presumed priority date (August 12,
1999) of the 319 patent. See Dynamic Drinkware, LLC, v. National Graphics, Inc.,
800 F.3d 1375 (Fed. Cir. 2015). Nixonwas not cited during prosecution of the *319
patent.

1. Dynamic Drinkware

Nixon Prov. provides support for at least claim 1 of Nixon. Ex. 1003, 1{58-

72.

Nixon [1pre] A method of manufacturing an image sensor comprising:

Nixon Prov. provides support for this claim element. Ex. 1003, §159-60.
Specifically, IDTD discloses that the “[b]ackside imaging using wafer level
processing techniques to obtain thinning and integrated packaging of the image
sensor.” Ex.1005, IDTD, 4. Shwekyalso provides support for this limitation, as it

illustrates a manufacturing process for image sensors. I1d., Shweky, Fig. 4.

10




Nixon[la] attachinga firstcover layer to an active surface of a silicon wafer;

Nixon Prov. provides support for this claim element. Ex. 1003, §161-63.
Shweky discloses a process step of attaching a (first) glass cover to the active
surface of a wafer:

Figure 4. Optronic Package Schematical Process

1st. The incoming die is coated with a Mosaic layer

2nd. The incoming lass plate for Bond-1 is coated with a Filter layer

3rd. Attach Glass Cover onto Wafer Active surface, use Optical Clear Epoxy, Filter side faces the
dle aclive surface

Ex. 1005, Shweky, 8, Fig. 4.

Relatedly, IDTD discloses the resulting packaged image sensor has a glass

plate (first cover layer) attachedto the active surface (where are located) of
asilicondie:
Fixels Ta PIIEE
-‘-‘ = laoe
.'E'r'Jl esh —_
i - g la.ss
pPhete ns
Figere 1.

Id., IDTD, 4-5, Fig. 1.

11




Nixon[1b] attachinga second cover layer to an opposite surface of the silicon
wafer;

Nixon Prov. provides support for this claim element. Ex. 1003, 1164-66.
Shweky discloses a process step of attaching a second glass plate (second glass

cover) tothe backside of the wafer:

F. Attach a second glass plate from the back side , the epoxy fills the trenches between the dies.

Ex. 1005, Shweky, 8, Fig. 4.
Relatedly, IDTD discloses the resulting packaged image sensor has another

glass plate (second glass cover) attached to the backside of the silicon die:

Fixels Te PTIEE
-‘4 -a'l.:p-;'!;'
Sl esn —_
elL - g la.5s
P hete ws
Figv re€ 1.

Id., IDTD, 4-5, Fig. 1.
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Nixon[1c] notching the silicon wafer along the second cover layer; and

Nixon Prov. provides support for this claim element. Ex. 1003, 167-68.
Shweky discloses that “[d]eep notches are drawn between the dice, so as to reveal
the pads cross section.” Ex. 1005, Shweky, 8. Shweky further discloses the process
step of forming notches along the backside of the wafer through the second glass

plate (second glass cover):

& g () o

G. Notch process along the dice lines, caried from the back side of the wafer.

1d., Fig. 4.

Nixon[1d] forming electrical interconnectionson the notched surface of the
silicon wafer;

Nixon Prov. provides support for this claim element. Ex. 1003, 1169-70.
IDTD discloses that conventionally, the bump contacts and interconnect lines are
located on the backside of the wafer for FSI image sensors. Ex. 1005, IDTD, 4, Fig.
1. Shweky discloses a process step of depositing a metal layer “to contact the metal
pads at their cross sections.” ld., Shweky, 8. Leads are deposited on the notched

sides of the wafer:

G. Lead deposition on notched &

13




d., Fig. 4.

Nixon[le] whereinthe image sensor is light sensitive from a back side.

Nixon Prov. provides support for this claim element. Ex. 1003, {{71-72.

IDTD illustrates the packaged image sensor receiving photons from the backside:

Fixels Te PSIEG
-[“ M . ﬁ'l&!."!f
sefreen -
B ) g la.ss

P lhete ws

Figure I

Ex. 1005, IDTD, 4-5, Fig. 1.

2. Overview of Nixon

Nixon teaches BSI CMOS image sensors “packaged at the wafer level using
semiconductor manufacturing processes’ which “results in lower cost, particularly
for smaller dies.” Ex. 1004, 1:8-10, 1:65-2:1, 3:16-17.

Nixon’s Figures 4A to 4G “illustrate[ ] the image sensor in various stages of
formation.” Id., 1:61-62. Nixon’s Figure 1 and 2 illustrate two embodiments
manufactured using the Figure 4 process. 1d., 1:56-57, Figs. 1, 2, 4. Both
embodiments have asilicon substrate 105 sandwiched between a protective plate

110 andaprotective plate 115. 1d., 2:1-3, Figs. 1, 2. are formed on the
14




active surface of silicon substrate 105 facing protective plate 110. Id., 2:8-10,
Figs. 1, 2. Protective plates 110 and 115 are made from glass plates. Id., 2:26-28,
2:49-52. The embodimentin Figure 2 has electrical leads 120, 125 and pads 130,
135 formed on protective plate 110 at the frontside of image sensor 100 so light can
enter unobstructed through protective plate 115 at the backside of image sensor

100:

protective

silicon substrate

electrical electrical

lead

protective
plate

Id., Fig. 2, 2:16-22. Both embodiments disclose notching in order to expose the
metal pads 130, 135 to be connected with the electrical leads 120, 125, with Figure
1 illustrating notching from the protective plate 115 and Figure 2 illustrating
notching from the protective plate 110. Id., Figs. 1, 2, 1:65-2:10, 2:15-22; Ex. 1003,

73.
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B. Badihi
Badihi was published on March 14, 1999 and qualifies as prior art at least

under pre-AlA8102(a). Ex. 1101.

Badihi is a printed publication. As set forth in the accompanying Dr. Hall-
Ellis declaration, Badihiqualifies as a printed publication because it was published
in the Proceedings International Symposium on Advanced Packaging Materials,
Processes, Properties and Interfaces and was made available in university libraries
including the Kurt F. Wendt Engineering Library at the University of Wisconsin —
Madison. Ex. 1054, 1149-56. A copy of that library’s online catalog demonstrates
that the conference proceedings were available as of March 30, 1999. Id.,
52. Further supportingthe publicavailability of these proceedings is that a copy of
these conference proceedingswas indexed by the Library of Congress on March 30,
1999. 1d., 153; Ex. 1101.

The well-known nature of this and other similar IEEE publications is
confirmed by Dr. Giapis. Dr. Giapis states in his declaration that he was aware of
the International Symposium on Advanced Packaging Materials, Processes,
Properties and Interfaces and that Badihi, along with the other papers presented at
that conference (and published in its proceedings) would have been readily available
as of the publication of those proceedings. Ex. 1003, 174. Moreover, Badihibears

a 1999 date on the first page of the paper, further indicating its reliability. Ex. 1101.
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Badihi was presented in an IEEE conference and published by the IEEE. The
Badihi conference proceedings bears a publication date of 1999 which is inherently
reliable and trustworthy given the publication source, the IEEE. Ex. 1101. Indeed,
the Board has stated that the “IEEE is a well-known, reputable compiler and
publisher of scientific and technical publications, and we take Official Notice that
memobers in the scientific and technical communities who both publish and engage
in research rely on information published on the copyright line of IEEE
publications.” Ericsson Inc. v. Intellectual Ventures | LLC, IPR 2014-00527, Paper
41, at 11 (PTAB May 18, 2015). The Board has further found that “[a]llowing [PR
petitionerstorely on the IEEE publication date in an IPR proceeding ... serves the
interests of justice.” Id. at 12.

Based on this and other library records, Dr. Hall-Ellis concludes that Badihi
“was published and publicly accessible on or shortly after March 30, 1999.” Ex.
1054, 156.

Moreover, the copies of Badihi in the record are authentic. Exhibit A of Ex.
1055 is an authentic copy of the document as it was published in 1999. Exhibit A is
a color version of Badihi obtained from Internet Archive. As set forth in the

accompanying Frank-White affidavit, Exhibit A is a true and correct copy of Badihi

that was published at the website http:/shellcase.co/il/utlra.html and captured on
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May 23, 2000. Ex. 1055. It is otherwise identical to the other copies of Badihi in
therecord. This alone establishes its authenticity.

Additionally, Badihi was located in the IEEE database, which is a place it
“would likely be,” and as testified to by Dr. Hall-Ellis, is complete, with no visible
alterations, and therefore “creates no suspicion about authenticity.” Ex. 1054, 149.
Additionally, pursuant to FRE 8§ 901(b)(8), Exhibit A of Exhibit 1055 qualifies as
an “ancient document,” andis, for this additional reason, authentic.

Badihi discloses a ShellCase Chip Size Package (CSP) for, inter alia, BSI
CMOS image sensors. Ex. 1101, 236, 239; Ex. 1003, 175. Badihi’s ShellCase CSPs
are made with a “wafer-level packaging process ... can be accomplished with
commercial [s]emiconductor wafer processing equipment” and be “based on
[s]lemiconductor processes.” Id., 236, 240.

Badihi’s Figure 3 illustrates the ShellCase CSP has a silicon die (e.g., an
imager die) sandwiched between a first glass cover anda second glass cover, with
the active side of the silicon die facing the first glass cover, contact pads formed
on the activeside of the silicon die, and individuals metal leads formed on the first

glass cover to contact the contact pads:
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first glass

xtemal lead —\

Contact pad on the die
silicon die Figure 3: The CSP schematical cross section S == glass
cover

Id., Fig. 3; seealsoid., 237, Fig. 2. Badihi further discloses that the above ShellCase
CSP package is a “glass transparent package [that] encases the [ijmager [d]ie in a
solid protecting optically clear enclosure,” including, for example, packaged CMOS
APS shown in Badihi’s Figure 4. 1d., 239, Fig. 4.

C. Merrill

Merrill was issued on August4, 1998 and qualifies as prior art at least under
pre-AlA § 102(b). Ex. 1049.

Merrill teaches a prior art “conventional CMOS active pixel sensor cell 10”
shown in Figure 1. 1d., 1:42-43; Ex. 1003, §76. Figure 1’s CMOS APS cell 10
“includes a photodiode 12, a , whose source is connected to
photodiode 12, a sense transistor 16; whose gate is connected to photodiode 12, and
a select transistor 18, whose drain is connected in series to the source of sense

transistor 16”:
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Ex. 1049, 1:38-44, Fig. 1. CMOS APS cell 10 is a 3T pixel because it uses three
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transistors to read out the voltage signal from photodiode 12. Ex. 1003, 176
Merrill’s Figure 9B illustrates a cross-sectional view of CMOS APS cell 100,
which “implements the schematic representation of cell 10,” with an n+ photodiode
140 and a for which “ functions as the lead-in and
gate,” asense transistor 16 for which “local interconnect line 152 forms the gate,”
and a select transistor 18 for which “select line 154 functions as the lead-in and

gate,” with n+regions for photodiode 140 and sources and drains for the transistors:
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FIG. 9B

Ex. 1049, 1:39-44, 3:43-45,5:13-17,5:56-68, 6:6-8, 6:25-27, Figs. 1, 9B; Ex. 1003,
77.

D. Watanabe

Watanabe was published on September 22, 1994 and qualifies as prior art at
least under pre-AlA 8§ 102(b). A certified translation is includedas Exhibit 1007.

Watanabe discloses a method for thinning a CMOS infrared detector (i.e.,
image sensor). Ex. 1007, Abstract; Ex. 1003, 178. First, an insulator (SOI) substrate
1 with asilicon plate 1a, silicon oxide film 1b, anda silicon layer 1c is provided,
and semiconductor elements 2 are formed on silicon layer 1c. Ex. 1007, Fig. 2(c),
fl17. SOl substrate 1 is bonded to a transparent supporting substrate 5, and then

silicon oxide film 1b and silicon layer 1c are removed from the backside of SOI

substrate 1:
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() Polishing the silicon plate (14) and etching the silicon oxide film (1b)

3 Polymer resin 2 Semiconductor element

5 Transparent

-} supporting

substrate

4 Wax film

i — 1c Silicon

“ layer

' -.i * 1b Silicon

— — ~ . oxide film
1a Silicon
plate

Id., Fig. 2(c), Abstract, 1118, 19.

VIIl. GROUNDS OF CHALLENGE (37 C.F.R. § 42.204(B)(2))

Petitioner requests inter partes review and cancelation of the challenged

claims on the following grounds:

Grounds | Claims Statutory | Prior Art
Basis
1 1,2,5,and 6 8103 Nixon
2 3 8103 Nixon and Merrill
3 4 8103 Nixon and Watanabe
4 1,2,5,and6 §103 Badihi
5 4 8103 Badihi and Watanabe
6 1,2,3,5and6 |8103 Merrill and Badihi
7 4 8103 Merrill, Badihi,and Watanabe

These grounds are not duplicative of each other. Grounds 1-3 rely on Nixon
as a primary reference. To the extent the Patent Owner argues that Nixon is not

entitled to the filing date of Nixon Prov., Grounds 4-5 rely on Badihi as a primary
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reference, which is prior art under pre-AlA 8§ 102(a). Grounds 6-7 rely on Merrill
as a primary reference, which is prior art under pre-AlA 8 102(b).

IX. GROUND 1:NIXON RENDERS OBVIOUS CLAIMS 1, 2,5, AND 6

Nixon renders obvious claims 1, 2, 5, and 6 of the *319 patent. Ex. 1003,
1181-110.

1. Claim1

[1pre] A backside illuminated image sensor comprising:

To the extentthe preamble is considered to be a limitation, Nixon discloses a
BSIimage sensor. Ex. 1003, 1182-83. Nixon discloses that “[t]his invention relates
to image sensors, and more particularly to the manufacturing of CMOS image
sensors capable of backside illumination,” such as BSI CMOS image sensors 100
(i.e., a backside illuminated image sensor). Ex. 1004, 1:8-10, Abstract, Figs. 1, 2,

4A-4G; Ex. 1005, IDTD, 4-5, Fig. 1, Shweky, 7-9, Fig. 4.
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Ex. 1004, Fig. 2; Ex. 1005, IDTD, Fig. 2.

[la] asemiconductor substrate having a first surface and a second surface;

Nixon discloses a semiconductor substrate with a first and second surface. Ex.
1003, 184-85. Nixon’s silicon substrate 105 corresponds to the claimed
“semiconductor substrate.” Nixon discloses “image sensor [100] includes a thin
silicon substrate 105 which is sandwiched ... on the top and bottom sides” (i.e.,
semiconductor substrate having a first surface and a second surface). Ex. 1004,
1:65-2:10; Ex. 1005, IDTD, 4-5, Fig. 2, Shweky, 8-9, Figs. 3, 4. Nixon’s Fig. 2
illustrates silicon substrate 105 with a protective plate 110 facing top surface 148

anda protective plate 115 facing the bottom surface:

second surface

semiconductor % first surface
substrate

FIG. 2

Ex. 1004, Fig. 2; Ex. 1005, IDTD, Fig. 2.
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[1b]  aplurality of light-sensitive pixel regions formed on the first surface of
the semiconductor substrate and including a photodiode diffusion
region extending into the semiconductor substrate from the first
surface;

Nixon discloses or renders obvious “a plurality of light-sensitive pixel regions
formed on the first surface of the semiconductor substrate.” Ex. 1003, 1186-87.
Nixon discloses silicon substrate 105 and top surface 148 that correspond to the
claimed “semiconductor substrate” and “first surface,” respectively. Seesupra, la.
Nixon discloses that image sensor 100 has “[p]ixels 145 ... positioned at the top
surface 148 of the silicon substrate 105” (i.e., a plurality of light-sensitive pixel
regions formed on the first surface of the semiconductor substrate). Ex. 1004, 2:8-
9; Ex. 1005, IDTD 4, Fig. 2, Shweky, 8, Figs. 3-4; Ex. 1003, 187.

Nixon also discloses or renders obvious “a plurality of light-sensitive pixel
regions ... including a photodiode diffusion region extending into the semiconductor
substrate from the first surface.” EX. 1003, 188-89. Nixon’s Figure 2 illustrates

extending into silicon substrate 105 from top surface 148 (i.e., first

surface):
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Ex. 1004, Fig. 2; Ex. 1005, IDTD, Fig. 2.2

Pixels 145 are CMOS pixels because they are part of CMOS image sensor 100
made with CMOS process. Id., 187. At the time of the invention, CMOS pixels
were implemented as one of three known and available options: (1) passive pixels
with photodiodes; (2) active pixels with photodiodes; or (3) active pixels with
photogates. 1d.; see supra, 811.B; Uber Techs., Inc. v. X One, Inc., 957 F.3d 1334,
1340 (Fed. Cir. 2020) (in choosing between “terminal-side plotting” or “server-side

plotting,” “[a] person of ordinary skill would therefore have two predictable choices

2 Nixon’s Figures4A to 4G “illustrate[ ] the image sensor in various stages of
formation.” Ex. 1004, 1:61-62. Nixon’s Figure 2, described as “an image sensor
including a color filter array according to the present invention,” illustrates an
embodimentcreated using the process depictured in Figures 4Ato 4G. Id., 1:56-57;

Ex. 1003, 987 n.2.
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for when to perform plotting, providing them with a simple design choice... Because
a [POSITA] has ‘good reasons to pursue the known options within his or her
technical grasp,” § 103 bars the patentability of such an obviousness combination.”);
Wyers v. Master Lock Co., 616 F.3d 1231, 1238 (Fed. Cir. 2010) (holding that a
motivation to combine and a reasonable expectation of success exist when “it is
simply a matter of common sense” to combine known elements of the prior art to
solve a known problem).

Just like in Uber and Wyers, using any one of the three well-known and
available CMOS pixel implementations would have been a simple design choice that
a POSITA “ha[d] good reason to pursue” given “a finite number of identified,
predictable solutions” to a design need. KSR Int’l Co. v. Teleflex Inc.,550 U.S. 398,
421 (2007); Ex. 1003, 89. Moreover, using any of these three CMOS pixel
implementations would not change the nature of claimed invention, which would
remain a BSI image sensor. Ex. 1003, 189; see supra, 88l1.A-B. In fact, the ’319
patent recognizes its invention is applicable to passive pixels and active pixels with
photodiode or photogates. Ex. 1001, 6:1-3. Thus, it would have been a matter of
routine, design choice to implement Nixon’s pixels 145 as active pixels with
photodiodes, which include photodiode diffusion regions. Ex. 1003, 189; seesupra,

88]1.B.
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As Nixon’s pixels 145 extend into silicon substrate 105, their photodiode
diffusion regions would also extend into silicon substrate 105 (i.e., photodiode
diffusion region extending into the semiconductor substrate from the first

surface). Ex. 1003, 189; see supra, §8l1.A-C.

[1c] ametalline formed adjacent the first surface of the semiconductor
substrate;

Nixon discloses or renders obvious a metal line formed adjacent to the first
surface of the substrate. Ex. 1003, §190-92. Nixon’s metal pads correspondto the
claimed “metal line.” Ex. 1004, 2:6-8, 2:20-22; Ex. 1005, IDTD, 4-5, Fig. 2,
Shweky, 8, Fig. 4. Nixon discloses drawing deep notches between the dies to expose
the cross-sections of each of the metal pads. Ex. 1004, 2:58-61; Ex. 1005, IDTD 4-
5, Fig. 2, Shweky, 8, Fig. 4. Nixon’s Figure 2 illustrates the metal pads that are
formed adjacent to top surface 148 of silicon substrate 105 (i.e., a metal line

formed adjacent the first surface of the semiconductor substrate):

100
150
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FIG. 2

Ex. 1004, Fig. 2; Ex. 1005, IDTD, Fig. 2.
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To the extent the Patent Owner argues that a metal line is not expressly
disclosed in Nixon,a POSITA would readily understand that Nixon’s CMOS image
sensor 100 includes the claimed “metal line.” Ex. 1003, 192. This is because pixels
145 extend into top surface 148 of silicon substrate 105 and the electrical signals
generated by the collected charges must be transmitted from pixels 145 to the outside
world. Ex. 1004, 2:8-9; Ex. 1005, IDTD, 4-5, Fig. 2, Shweky, 8. The only way to
transmit these charges is via metal lines formed where pixels 145 are located, which
are adjacent to top surface 148 of silicon substrate 105. Ex. 1003, §92; Ex. 1010,

146, Fig. 3; supra, §lI.D.

[1d]  a protective substrate secured to the semiconductor substrate such
that the metal line is located between the protective substrate and the
semiconductor substrate; and

Nixon disclosesthe claimed protective substrate. Ex. 1003, 1193-94. Nixon’s
protective plate 110 corresponds to the claimed “protective substrate.” EXx. 1004,
2:1-6; Ex. 1005, IDTD, 4-5, Fig. 2, Shweky, 8, Fig. 4. Nixon discloses that image
sensor 100 has an epoxy adhesive layer attaching the silicon substrate 105 to the
protective plate 110 (i.e., a protective substrate secured to the semiconductor
substrate). Ex. 1004,2:1-6; Ex. 1005, IDTD, 4-5, Fig. 2, Shweky, 8, Fig. 4. Nixon
further discloses metal pads (i.e., metal line). See supra, 1c. The metal pads are

located between protective plate 110 and silicon substrate 105:
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Ex. 1004, Fig. 2; Ex. 1005, IDTD, Fig. 2. Furthermore, it was conventional at the
time of invention to place the metal line in between the semiconductor substrate

and protective substrate. See supra, 811.D.

[le] atransparentsubstrate secured to the second surface of the
semiconductor substrate such that the semiconductor substrate is
sandwiched between the transparent substrate and the protective
substrate;

Nixon discloses the claimed transparent substrate. Ex. 1003, 195-97.
Nixon’s protective plate 115 and glass plate 440 correspond to the claimed
“transparent substrate.” Ex. 1004, 1:65-2:10, Abstract; Ex. 1005, IDTD, 4-5, Fig. 2,
Shweky, 8, Fig. 4. Indeed, Nixon discloses fabricating and packaging a CMOS
image sensor can be illuminated from the backside, where the “die is covered with
an optically transparent material.” Ex. 1004, 1:37-47; Ex. 1005, IDTD, 4-5, Fig. 2,

Shweky, 7-8, Fig. 4. Protective plate 115 is theresulting die-sized section of Nixon’s
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second glass plate 440, after it is diced to separate thedies. Ex. 1004, 1:37-47,2:49-
57; Ex. 1005, IDTD, 4-5, Fig. 2, Shweky, 7-8, Fig. 4.

Nixon discloses “[a]n epoxy adhesive layer ... attaches the protective plates
110, 115 to the silicon substrate 105 and surrounds and protects the edges of the
silicon 105 (i.e., a transparent substrate secured to the second surface of the
semiconductor substrate) and “a thin silicon substrate 105 ... is sandwiched
between two thin protective plates 110, 115 on the top and bottom sides” (i.e., the
semiconductor substrate is sandwiched between the transparentsubstrate and the
protective substrate). Ex. 1004, 1:65-2:10; Ex. 1005, IDTD, 4-5, Fig. 2, Shweky, 8,
Fig. 4. Nixon’s Figure 2 illustrates silicon substrate 105 being sandwiched between

protective plate 110 and protective plate 115:

transparent
substrate

second surface

semiconductor
substrate

protective
substrate

Ex. 1004, Fig. 2; Ex. 1005, IDTD, Fig. 2.
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[1f]  whereinthe semiconductor substrate has a thickness defined such that
the light-sensitive pixel region is effectively exposed through the
second surface

Nixon discloses the thickness of the semiconductor substrate is “defined such
that the light-sensitive pixel region is effectively exposed through the second
surface.” Ex. 1003, 1198-99. Nixon discloses “grindingthesilicon wafer from the
opposite surface of the silicon wafer” to a “predetermined thickness” that “allows
for the light sensitive area of the die 430 to be illuminated from . . . the back side”
(i.e., wherein the semiconductor substrate has a thickness defined such that the
light-sensitive pixel region is effectively exposed through the second surface).® Ex.
1004, 2:36-41, 3:7-17, 1:37-39, 1:65-2:10; Ex. 1005, IDTD, 4-5, Fig. 2, Shweky, 8,
Fig. 4. Figure 4B illustrates grinding (indicated by arrow 420) of the back side of
silicon wafer 405 to achieve a thickness that would expose the light sensitive area

of the die 430 from the back side:

405

Ex. 1004, Fig. 4B; Ex. 1005, Shweky, Fig. 4.

3 Nixon discloses thinning the substrate until it is transparent to visible light

like what is described in the 319 patent. EX. 1003, 199 n.3; Ex. 1001, 4:63-5:7.
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2. Claim2

[2pre]. The backside illuminated image sensor according to claim 1, further
comprising

Nixon discloses 2pre for the same reasons as claim 1 above. Ex. 1003, {100.

[2a]  afirst adhesive layer located between the protective substrate and the
semiconductor substrate, and

Nixon discloses the claimed first adhesive layer. Ex. 1003, 11101-102.
Nixon’s epoxy adhesive layer correspondsto the claimed “first adhesive layer.” EX.
1004, 2:3-6; Ex. 1005, Shweky, 7-8, Fig. 4. Nixon discloses “[a]n epoxy adhesive
layer ... attaches the protective plates 110, 115 to the silicon substrate 105 (i.e., a
first adhesive layer located between the protective substrate and the semiconductor

substrate). Ex. 1004, 2:3-6, Fig. 2; Ex. 1005, Shweky, 7-8, Fig. 4.

[2b]  asecond adhesive layer located between the transparent substrate and
the semiconductor substrate.

Nixon discloses the claimed second adhesive layer. Ex. 1003, 11103-104.
Nixon’s epoxy adhesive layer corresponds to the claimed “second adhesive layer.”
Ex. 1004, 2:3-6; Ex. 1005, Shweky, 7-8, Fig. 4. Nixon discloses “[a]n epoxy
adhesive layer ... attaches the protective plates 110, 115 to the silicon substrate 105
(i.e., a second adhesive layer located between the transparent substrate and the

semiconductor substrate). Ex. 1004, 2:3-6, Fig. 2; Ex. 1005, Shweky, 7-8, Fig. 4.
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3. Claim5b

[Spre] The backside illuminated image sensor according to claim 1,

Nixon discloses 5pre for the same reasons as claim 1 above. Ex. 1003, 105.

[5a]  wherein the transparent substrate is glass.

Nixon discloses the transparent substrate is glass for the same reasons
discussed above in connection with claim 1e. Ex. 1003, 11106-107; see supra, le.

4.  Claim6

[6pre]. The backside illuminated image sensor according to claim 1, further
comprising

Nixon discloses 6pre for the same reasons as claim 1 above. Ex. 1003, {108.

[6a] a plurality of metal leads formed on the protective layer.

Nixon discloses a plurality of metal leads formed on the protective layer. Ex.
1003, 11109-110. Nixon'’s electrical leads 120, 125 correspond to the claimed “a
plurality of metal leads.” Ex. 1004, 2:6-9, 2:20-22; Ex. 1005, IDTD, 4-5, Fig. 2.
Nixon discloses that “[e]lectrical leads 120, 125 ... are movedto the top surface 148
of the image sensor 100 (i.e., a plurality of metal leads formed on the protective

layer). Ex. 1004, 2:20-22; Ex. 1005, IDTD, 4-5, Fig. 2.
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Ex. 1004, Fig. 2; Ex. 1005, Fig. 2. It was conventional at the time of invention for
electrical leads to be formed on top of the protective layer where grooves are formed.
See supra, 8l1.D.

X. GROUND 2: NIXON IN VIEW OF MERRILL RENDERS OBVIOUS
CLAIM3

Nixon in view of Merrill renders obvious claim 3. Ex. 1003, §9111-134.

1. Reasons to Combine Nixon with Merrill

A POSITA would have been motivated to modify Nixon’s manufacturing
process for a BSI CMOS image sensor to include the CMOS APS employing
photodiodes as taughtby Merrill. Ex. 1003, §1112-114. Nixon discloses a BSI
CMOS image sensor with pixels 145 on the active surface of the silicon die. Ex.
1004, 2:8-9; Ex. 1005, IDTD, 4-5, Fig. 2, Shweky, 8. Nixon, however, does not
disclose the specific circuitry and structure of pixel 145to read out the potential from

the collected photons. By the priority date of the *319 patent, there were three well-
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known options for designing a CMOS image sensor to collect and read out the
potential from the collected photons: passive pixel with photodiode, active pixel with
photodiode, and active pixel with photogate. Ex. 1003, §112; see supra, 811.B. The
use of APS with photodiodes in such pixels was one of those well-known,
conventional choices, and as such would have simply been a design choice for a
POSITA to implement. Ex. 1003, §112; see supra, 811.B; Uber, 957 F.3d at 1340
(in choosingbetween “terminal-side plotting” or “server-side plotting,” “[a] person
of ordinary skill would therefore have two predictable choices for when to perform
plotting, providing them with a simple design choice... Because a [POSITA] has
‘good reasons to pursue the known options within his or her technical grasp,” § 103
bars the patentability of such an obviousness combination.”); Wyers, 616 F.3d at
1238 (holding that a motivation to combine and a reasonable expectation of success
exist when “it is simply a matter of common sense” to combine known elements of
the priorart to solve aknown problem).

Merrill discloses a CMOS APS image sensor cell and teaches the arrangement
of the various elementsin a CMOS APS. Ex. 1049, 6:13-18. Further, Merrill’s
CMOS APS performs three steps, all of which were conventional by the time of the
’319 patent: “areset step, where cell 100is reset from the previous integration cycle;
an image integration step, where the lightenergy is collected and converted into an

electrical signal; and a signal readout step, where the signal is read out.” EX. 1049,
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6:13-18; Ex. 1003, 1113. A POSITA would have naturally looked to Merrill’s
CMOS APS with “a conventional photodiode ... typically combined with a number
of active transistors” to modify Nixon’s manufacturing process for a BSI CMOS
Image sensor. Ex. 1049, 1:31-45; Ex. 1003, 1113; see supra, 88II.A-B, D.
Accordingly, it would have been obviousto a POSITA to utilizea CMOS APS
structure, such as the one taught by Merrill, because it would be a mere routine
design choice thata POSITA would readily understand how to implement using
conventional CMOS manufacturing techniques. Ex. 1003, {113; see supra, 88I1.A-
B, D.

Merrill’s CMOS APS is readily applicable to Nixon’s manufacturing process,
and a POSITA could have modified Nixon’s manufacturing process to include
fabrication of a CMOS APS such as taught in Merrill with a reasonable expectation
of success. Ex. 1003, 1114; see supra, 88I1.A-B, D. The CMOS APS sensor of
Merrill would be simply fabricated on a separate silicon wafer, which would replace
one-for-one Nixon’s substrate 105. Ex. 1003, §114. Such a modification to Nixon’s
manufacturing process would have merely required using one of the three well-
known options for designing CMOS image sensors at thetime. Id.;see supra, §lI1.B.
A POSITA would have also been further motivated to combine the low fill factor

CMOS APS of Merrill with Nixon’s BSI scheme and substrate thinning, because the
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unobstructed illumination of the photodiode region would improve sensitivity and
prevent noise from scattered light. Ex. 1003, 1114; see supra, §8811.A-C.

2. Claim3

[3pre] The back-illuminatedimage sensor according to claim 2, wherein
each of the plurality of light-sensitive pixel regions further comprises:

Nixon discloses 3pre for the same reasons as claim 2 above. Ex. 1003, 115.

[3a] aseconddiffusion region thatis formed in the semiconductor
substrate and spaced from the photodiode diffusion region;

Nixon combined with Merrill renders obvious claim 3a’s requirement of a
“second diffusion region” formed on the semiconductor substrate and spaced from
the photodiode diffusion region. Ex. 1003, 1116-118. Nixon disclosesa fabrication
and packaging process for a CMOS image sensor with a silicon substrate 105
corresponding to the claimed “semiconductor substrate.” EX. 1004, 1:37-47, 1:65-
2:10; Ex. 1005, IDTD, 4-5, Fig. 2, Shweky, 8, Fig. 4.

Merrill’s n+ photodiode 140 corresponds to the claimed “photodiode diffusion
region” and the n+ active region that “functions as the drains for reset transistor 14
and sense transistor 16” corresponds to the claimed “second diffusion region. EX.
1049, 5:9-23, 5:56-68, 6:41-43. Merrill further discloses that the APS cell 100 “is
formed on a substrate 110 ... that encloses a plurality of active regions within
substrate 100.” 1d., 2:63-3:1. Merrill’s Figure 9B illustrates that n+ active region

Is formed in substrate 110 and spaced from n+ photodiode 140 (i.e., a second
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diffusion region that is formed in the semiconductor substrate and spaced from

the photodiode diffusion region):
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146 A “ 144 “ 142

semiconductor
substrate

FIG. 9B

Id., Fig. 9B.

[3b]  afirst polysilicon gate structure provided betweenthe second
diffusion region and the photodiode diffusion region;

Merrill renders obvious claim 3b’s requirement of a “first polysilicon gate.”
Ex. 1003, 19119-120. Merrill’s reset line 150, which is polysilicon, and reset
transistor 14 correspond to the claimed “first polysilicon gate structure.” EX. 1049,
5:47-58. Merrill’s Figure 9B illustrates that the , serving as the gate
of (not labeled), is provided between the n+ active region and
n+ photodiode 140 (i.e., a first polysilicon gate structure provided between the

second diffusion region and the photodiode diffusion region):
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[3c] athirddiffusion region thatis formed in the semiconductor substrate
and spaced from the second diffusion region;

Merrill renders obvious claim 3¢’s requirement of a “third diffusion region”
spaced from second diffusion region. Ex. 1003, 9120-121. Merrill’s other n+
active region that “functions as the source of sense transistor 16 and the drain of
select transistor 18” corresponds to the claimed “third diffusion region.” EX. 1049,
5:18-23. Merrill’s Figure 9B illustrates the other n+ active region thatis formedin
substrate 110 and spaced from the n+ active region (i.e., a third diffusion region
that is formed in the semiconductor substrate and spaced from the second

diffusion region):
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[3d]  asecond polysilicon gate structure thatis provided between the
second diffusion region and the third diffusion region;

Merrill renders obvious claim 3d’s requirement of a “second polysilicon
gate.” Ex. 1003, 11123-124. Merrill’s local interconnect line 152, which is
polysilicon, and sense transistor 16 correspond to the claimed “second polysilicon
gate structure.” EXx. 1049, 5:59-67. Merrill’s Figure 9B illustrates that local
interconnect line 152, serving as the gate of sense transistor 16 (not labeled), is
provided between the n+ active region and other n+ active region (i.e., a second
polysilicon gate structurethat is provided between the second diffusion region and

the third diffusion region):
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[3e]  afourthdiffusion region thatis formed in the semiconductor
substrate and spaced from third diffusion region;

Merrill renders obvious claim 3e’s requirement of a “fourth diffusion region”
spaced from the thirddiffusion region. Ex. 1003, 11125-126. Merrill’sanother n+
active region (on the far right) that “functions as the source of select transistor 18”
corresponds to the claimed “fourth diffusion region.” EX. 1049, 5:9-23. Merrill’s
Figure 9B illustrates another n+ active region thatis formed in substrate 110 and
spaced from the other n+ active region (i.e., a fourth diffusion region that is

formed in the semiconductor substrate and spaced from third diffusion region):
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[3f] a third polysilicon gate structure that is provided between the third
diffusion region and the fourth diffusion region;

Merrill renders obvious claim 3f’s requirement of a “third polysilicon gate.”
Ex. 1003, 1127-128. Merrill’s select line 154, which is polysilicon, and select
transistor 18 correspond tothe claimed “third polysilicon gate structure.” Ex. 1049,
6:1-8. Merrill’s Figure 9B illustrates that the select line 154, servingas the gate for
select transistor 18 (not labeled), is provided between the other n+ active region
and another n+ active region (i.e., a third polysilicon gate structure that is

provided between the third diffusion region and the fourth diffusion region):
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[3g]  wherein the photodiode region is connected to the second polysilicon
gate by a first metal line to form a source-follower transistor, and

Merrill renders obvious claim 3g’s requirement of the “photodiode region”
being “connected to the second polysilicon gate by a first metal line to form a source-
follower transistor.” EX. 1003, 11129-131. Merrill’s local interconnect line 152
corresponds to the claimed “first metal line.” EX. 1049, 5:59-67. Merrill discloses
that the “local interconnect line 152 forms the gate of sense transistor 16 (see FIG.
1), and connects thefirst activearea 130 [i.e., the photodiode region] to the gate of
sense transistor 16 [i.e., second polysilicon gate].” 1d.,5:59-67. Merrill’s Figure 9
illustrates the n+ photodiode 140 connected to sense transistor 16 (not labeled) by
local interconnect line 152 (i.e., wherein the photodiode region is connected to the

second polysilicon gate by a first metal line to form a source-follower transistor):
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Merrill’s Fig. 1 illustrates that sense transistor 16 is a source-follower
transistor because its gate is connected to photodiode 12, its drain is connected to

supply voltage Vcc, and its source is connected by select transistor 18 to a column

bus:
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[3h]  wherein the first metal line is located between the semiconductor
substrate and the protective substrate.

Merrill renders obvious claim 3h’s requirement that the “first metal line is
located between the semiconductor substrate and the protective substrate.” Ex.
1003, 19132-134. Merrill’s local interconnect line 152 corresponds to the claimed
“first metal line.” Ex. 1049, 5:59-67. As illustrated in Merrill’s Figure 9B, Merrill’s
local interconnect line 152 is formed on the top (frontside) surface of the image
sensor (i.e., wherein the first metal line is located between the semiconductor

substrate and the protective substrate):
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In the combination of Nixon and Merrill, Merrill’s local interconnect line
152 would be sandwiched between Nixon’s substrate 11 on one side and Nixon’s
protective substrate on the other side. Ex. 1003, 1134; see supra, 811.D.

XIl.  GROUND 3:NIXON IN VIEW OF WATANABE RENDERS OBVIOUS
CLAIMA4

Nixon in view of Watanabe renders obvious claim 4. Ex. 1003, 14135-143.

1. Reasons to Combine Nixon with Watanabe

A POSITA would have been motivated to modify Nixon’s manufacturing
process fora BSI CMOS image sensor to thin the silicon layer to a thickness of 5 to

15 pum as taught by Watanabe. Ex. 1003, {1136-139. During semiconductor
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fabrication, including image sensor fabrication, the beginning thickness of a typical
raw silicon wafer is on the order of 500 um. Ex. 1010, 145; Ex. 1003, 1136. BSI
CMOS image sensors must be much thinner than this 500 um starting thickness so
that photons may be absorbed by the remaining substrate and photogenerated
electrons may be captured by the photodiode and not be recombined with holes
within thesubstrate. Ex. 1003, §136; see supra, §l1.C.

Nixon also discloses that the semiconductor wafer needs to be “thinned

9 ¢

considerably” “to absorb the photons in the sensitive area” and describes in one
embodiment thinning the substrate to 70 microns. Ex. 1004, 1:22-33, 2:36-41; EX.
1005, IDTD, 4, Shweky, 8, Fig. 4. It was therefore commonplace at the time of the
’319 patent for the substrate to be thinned to a fraction of their starting thickness
during manufacturing of BSI sensors. Ex. 1003, 1137. Watanabe is an example of
a substrate thinning technique applicable to BSI image sensors like Nixon’s.* Id. A
POSITA would have understood that Nixon’s substrate must have been thinned
using a technique such as that taught in Watanabe. 1d., 1138. Accordingly, applying

the teachings of Watanabe to BSI CMOS image sensor manufacturing process of

Nixon would lead to a suitably thin substrate that ensures photons are absorbed by

4 Watanabe, like Nixon, teachesthinning a silicon substrate to a desired

thickness during fabrication. Ex. 1003, 137 n.4.
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the remaining substrate and electrons are generated closer to the photodiode for
better response. Id.; seesupra, 88I1.A-D. Indeed, it was common knowledge thata
silicon layer in a photodiode-based image sensor must be thick enough to absorb
visible light, but not so thick that diffusing electrons would be likely to recombine
before reaching the p/njunction. Ex. 1052,5:8-31; Ex. 1003, §138; see supra, §lI.C.
This thickness depends on many factors, but is typically on the order of 10’s of
microns. Ex.1052,5:8-31; Ex. 1003, 1138; see supra, 8lI.C.

Watanabe’s substrate thinning to a thickness of 5 to 15 microns is readily
applicable to Nixon’s manufacturing process, and a POSITA could have modified
Nixon’s manufacturing process to include Watanabe’s substrate thinning to a
thickness of 5 to 15 microns with a reasonable expectation of success. Ex. 1003,
1139; see supra, 88II.A, C. As disclosed in Nixon, “[p]ixels 145 are positioned at
the top surface 148 of the silicon substrate 105.” EX. 1004, 2:8-10; Ex. 1005, IDTD,
4-5, Fig. 2, Shweky, 7-8, Fig. 4. And because the pixels are positioned on the top
surface of the substrate, the substrate must be thinned to a certain thickness, which
as taught in Watanabe is 5 to 15 microns, to minimize unwanted photon
absorption. Ex. 1003, 1139; see supra, 8lI.C.

2. Claim4

[4pre] The backside illuminated image sensor according to claim 1,

Nixon discloses 4pre for the same reasons as claim 1 above. Ex. 1003, 1140.
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[4a]  the thickness of the semiconductor substrate is in the range of 10 to 15
microns.

Nixon combinedwith Watanabe renders obvious claim 4a’s requirement that
the substrate is “in the range of 10 to 15 microns” thick. EXx. 1003, 141-143.
Nixon’s Figures 4A-4G illustrate the process to form silicon substrate 105, which is
represented by die 430 from silicon wafer 405. See supra, 1f. Nixon discloses that
“the silicon wafer 405 is ground to a thickness of approximately 70 microns.” EX.
1004, 2:36-42; Ex. 1005, IDTD, 5, Shweky, 8, Fig. 4. Watanabe discloses a substrate
1 which is comprised of silicon plate 1a with a thickness of 400 um, silicon oxide
film 1b with athickness of 1 um, and silicon layer 1c with a thickness of 5 to 15 pum.
Ex. 1007, 117. Watanabe further discloses that the silicon plate 1ais subjectedtoa
polishing process until it has a thickness of about 360 um and is not entirely etched
away. Id., 119. Watanabe also discloses that the remaining silicon plate 1a can be
removed by an “etchant made of caustic potash until reaching the interface with the
silicon oxide film 1b” or “by dry etching.” Id. Then, from the backside of substrate
1, “thesilicon oxide film 1b is removed using buffered hydrofluoric acid composed
of ammonium fluoride (NHsF) and hydrofluoric acid (HF),” as illustrated in

Watanabe’s Figure 2c:
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(c) Polishing the silicon plate (1a) and etclung the silicon cxade film (1b)

3 Polymer resin 2 Semuconductor element

“  layer

. b Silicon
~ _ oxide film

1a Sihcon

plate

Id., 119, Fig. 2c. Asa result, for substrate 1, only silicon layer 1c with its 5 to 15
pum thickness remains, which includes a thicknessin the range of “10 to 15 microns”
(i.e., the thickness of the semiconductor substrate is in the range of 10 to 15
microns). Id., 117; Ex. 1003, 1142.

In the combination of Nixon and Watanabe, silicon layer 1c, with a 10 to 15
micron thickness, 1s used in place of Nixon’s silicon substrate 105. Ex. 1003, 1143.
A POSITA would have been motivated to make this modification for the reasons

discussed above. Id.; seesupra, 8l1.C.

XIl. GROUND4: BADIHI RENDERS OBVIOUSCLAIMS1, 2,5, AND 6
Badihi renders obvious claims 1, 2, 5, and 6 of the *319 patent. Ex. 1003,

191144-175.
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1. Claiml
(@) lpre
To the extent the preamble is considered to be a limitation, Badihi renders
obviousaBSIimage sensor. Ex. 1003, 11145-149. Badihi’s Figure 3 illustrates the
resulting packaged semiconductor where a first glass cover is bonded to the
frontside of asilicon die, metal leads and solder bumps are formed on the firstglass

cover,andasecond glass cover is bonded to the backside of thesilicon die:

frontside

first glass
cover

silicon die : . D second glass
cover

backside

Ex. 1101, 237, Fig. 3. Badihi’s disclosures are not specific to image sensors;
however, Badihi discloses that its packaging process can be readily applied to silicon

light detectors, CMOS image sensors,and CCD devices. 1d., 239; Ex. 1003, {146.
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Badihi’s Figure 2 illustrates the resulting packaged semiconductor with metal
leads and solder bumps covering top of the frontside (active) surface, indicating that

the wafer as packaged would be back-illuminated (i.e., a backside illuminated

Image sensor):

first glass

second glass
cover

silicon die

Id., Fig. 2, 237.

Figure 4 provides an example of a BSI image sensor created using the
ShellPack wafer-level packaging process. Id., Fig. 4. Figure 4 shows photographs

of a CMOS APS image sensor, the Photobit PB0159, with an “optically clear

enclosure” made with Badihi’s process:
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Ex. 1055, Ex. A, Fig. 4, 239. The photo on the rightis the frontside of the packaged
Image sensor, because Badihi specifically teaches metal leads and solder bumps are
formed on the glass cover at the frontside of the packaged image sensor (facing the
active surface of the imager die), and the photo on the left is therefore the backside
of the packaged image sensor. Ex. 1101, 237; Ex. 1003, {148. A diagram of the
Photobit PB-159 in a contemporaneous datasheet confirms that the photo on the left

in Badihi is comprised of an array of 512x384 pixels:

Ex. 1051, 1. The packaged image sensor isaBSI image sensor because light
would enter through its unobstructed backside since itsfrontside is covered by

metal leads and solder bumps. Ex. 1003, 1149.
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(b) 1la

Badihi discloses a semiconductor substrate with a first and second surface.
Ex. 1003, 11150-151. Badihi’s silicon die corresponds to the claimed
“semiconductor substrate.” EX. 1101, 237. Badihi discloses “[a] thin protective
glass layer is bonded to the activeside of a silicon wafer with epoxy adhesive” (i.e.,
a semiconductor substrate havinga first surface) and “a second thin glass cover is
bonded ontothe silicon dies back side” (i.e., a semiconductor substrate having ...
a second surface). ld. Badihi’s Figure 3 illustrates the silicon die with its active

side facing the protective glass layer (first glass cover) and its backside facing the

second glass cover:

External lead —\

pstrate Contactpadonthedie —
Figure 3: The CSP schematical cross section

Id., Fig. 3.
(c) 1b
Badihi discloses or renders obvious “a plurality of light-sensitive pixel regions

formed on the first surface of the semiconductor substrate.” Ex. 1003, {{152-154.

Badihi’s silicon die corresponds to the claimed “semiconductor substrate” and its
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active side facing the protective glass layer (first glass cover) corresponds to the

claimed “first surface,” which is illustrated in Badihi’s Figure 3:

External lead -—-\

e,

first surface

semiconductor
substrate

Contact pad on the die — :
Figure 3: The CSP schematical cross section

Badihi discloses applying its manufacturing method toa CMOS image sensor

Id., Fig. 3.

such asthe CMOS APS product called Photobit PB0159, which contains an array of
pixels as disclosed. It was well-known that the pixels, and therefore many light-
sensitive pixel regions, would have been on the active side of thedie (i.e., a plurality
of light-sensitive pixel regions formed on the first surface of the semiconductor
substrate). Ex. 1101, Fig. 4; Ex. 1003, 1154; see supra, 88I1.A, D. Pixelsin a
CMOS APS image sensor (like Photobit PB0159) are no different. Ex. 1003, 1154;
see supra, 88I1.A, D. It isalso well known that APS pixels in APS image sensors
have light-sensitive pixel regions built into the die. Ex. 1003, {154; see supra,
§8I1.A, D.

Badihi also discloses “includinga photodiode diffusion region extending into
the semiconductor substrate from the first surface.” Ex. 1003, 1155. Just like in
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Uber and Wyers, using any one of the three well-known CIS pixel implementations
would have been a simple design choice that was a matter of common sense to a
POSITA at the time of invention and would not have changed the nature of the
claimed invention. Id.; see supra, 811.B. Thus, it would have been a matter of
routine, design choice to incorporate active pixels with photodiodes, which include
photodiode diffusion regions, into Badihi’s wafer-level semiconductor processing
(i.e., including a photodiode diffusion region extending into the semiconductor
substrate from the first surface). Ex. 1003, {155; see supra, 8811.A-B, D.
d 1c
Badihi discloses a metal line formed adjacent to the first surface of the
substrate. Ex. 1003, 11156-157. Badihi’s bond pads corresponds to the claimed
“metal line.” Ex. 1101, 237, Fig. 3. Badihi further discloses that “[d]eep notches
are drawn between the dies, revealing the cross-section of the bond pads.” 1d., 237.
Badihi’s Figure 3 illustrates the resulting packaged image sensor where the bond

pads are formed adjacent to the active side of the silicon die (i.e., a metal line

formed adjacent the first surface of the semiconductor substrate):
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External lead —\

first surface

semiconductor
substrate

Contact pad on the die —
Figure 3: The CSP schematical cross section

Id., Fig. 3. Indeed, theannotation in Figure 3 itself describes the “[c]ontact pad on

thedie.” Id.
() 1d
Badihi discloses the claimed protective substrate. Ex. 1003, {1158-159.
Badihi’s protective glass layer (first glass cover) corresponds to the claimed
“protective substrate.” Ex. 1101, 237. Badihi discloses the “protective glass layer
is bonded to the active side of a silicon wafer with epoxy adhesive” (i.e., a protective
substrate secured to the semiconductor substrate). Id. Badihi’s Figure 3 discloses
the resulting packaged image sensor where the protective glass layer (first glass
cover)isbondedtothesilicon die with the bond pads in between (i.e., a protective

substrate secured to the semiconductor substrate such that the metal line is located

between the protective substrate and the semiconductor substrate):
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trate “ Contact pad on the dic —
Figure 3: The CSP schematical cross section

Id., Fig. 3. Indeed, theannotation in Figure 3 itself describes the “[c]ontact pad on
the die” and illustrates that the contact pad is located between the silicon die and
protective glass layer (first glass cover). Id.
() 1le
Badihi discloses the claimed transparent substrate. Ex. 1003, 1160-161.
Badihi’s second glass cover corresponds to the claimed “transparent substrate.” EX.
1101, 237, Fig. 3. Badihidiscloses the “second thin glass cover is bonded onto the
silicon dies back side to achieve a complete protective enclosure for each die,”
resulting in “dies [that] are packaged and encapsulated in separate enclosures” (i.e.,
a transparent substrate secured to the second surface of the semiconductor
substrate) Id., 237, Fig. 3. Badihi further discloses that “[t]he glass transparent
package encases the [iJmager [d]ie in a solid protecting optically clear enclosure.”

Id., 239. Badihi’s Figure 3 illustrates the resulting packaged image sensor where the

second glass cover isbonded to thesilicon die and the protective glass layer (first
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glass cover) and the second glass cover sandwich the silicon die (i.e., atransparent
substrate secured to the second surface of the semiconductor substrate such that

the semiconductor substrate is sandwiched betweenthe transparent substrate and

the protective substrate):

protective

substrate

External lead

second surface

semiconductor
substrate
Figure 3: The CSP schematical cross section |RiF=01e 101
substrate

Id., Fig. 3.

() Iif

Badihi discloses the thickness of the semiconductor substrate is “defined such

that the light-sensitive pixel region is effectively exposed through the second
surface.” Ex. 1003, 11162-164. Badihi’s Figure 2 illustrates the process step where

the silicon wafer is grinded from its backside until 200 microns is left (i.e., second

surface):

B. The silicon wafer is Back - Grinded to 100 microns
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Id., Fig. 2.

A POSITA would readily understand that the purpose of grinding the silicon
wafer from its backside before enclosingit in a glass transparent package is so that
the photons absorbed by the remaining semiconductor substrate are closer to the
photodiode for a better response (i.e., wherein the semiconductor substrate has a
thickness defined such that the light-sensitive pixel regions are exposed from the
backside of the silicon die).®> Ex. 1003, 1164; see supra, §l1.C.

2. Claim2
(@) 2pre
Badihi discloses 2pre for the same reasonsas claim 1 above. Ex. 1003, §165.
(b) 2a

Badihi discloses the claimed first adhesive layer. Ex. 1003, 11166-167.
Badihi’s epoxy adhesive corresponds to the claimed “first adhesive layer.” EX.
1101, 237, Fig. 3. Badihi discloses the “thin protective glass layer is bonded to the
active side of a silicon wafer with epoxy adhesive” (i.e., a first adhesive layer

located between the protective substrate and the semiconductor substrate). See

supra, 1d. Badihi’s Figure 3 illustrates the resulting packaged image sensorwhere

> See supra, 81X, Ground 1, 1f. APOSITA would readily understand that

Badihi discloses what is described in the 319 patent. Ex. 1003, 1164 n.5.
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the protective glass layer (first glass cover) is bonded using epoxy adhesive to
the silicon die (i.e., a first adhesive layer located between the protective substrate

and the semiconductor substrate):

protective

substrate

External lead

first adhesive

semiconductor : -
substrate Contact pad on the die —

Figure 3: The CSP schematical cross section

Id., Fig. 3.

Badihi discloses the claimed second adhesive layer. Ex. 1003, 1168-169.
Badihi’s epoxy adhesive corresponds to the claimed “second adhesive layer.” EX.
1101, 237, Fig. 3. Badihi discloses a process step where “second thin glass cover is
bonded ontothesilicon dies back side to achieve a complete protective enclosure for
each die.” 1d., 237, Fig. 3. Badihi’s Figure 3 illustrates the resulting packaged image
sensor where the epoxy adhesive is deposited on the backside of the silicon dies
(i.e., a second adhesive layer located between the transparent substrate and the

semiconductor substrate):
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Id., Fig. 3.

3. Claim5

(a) Spre
Badihi discloses 5pre for the same reasonsas claim 1 above. Ex. 1003, {170.
(b) 5a
Badihi discloses the transparent substrate is glass for the same reasons
discussed above in connection with claim 1le. Ex. 1003, §1171-172see supra, le.
4.  Claim6
(@) 6bpre
Badihi discloses 6pre for the same reasonsas claim 1 above. Ex. 1003, 1173.

(b) 6a

Badihi discloses a plurality of metal leads formed on the protective glass layer

(first glass cover). Ex. 1003, 1174-175. Badihi’s individual leads corresponds to
the claimed “metal leads.” Ex. 1101, 237, Fig. 3. Badihi discloses that “[d]eep

notches are drawn between the dies, revealing the cross-section of the bond pads”
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and that “[a] metal layer, patterned by lithography to individual leads, is deposited
to contact the bond pads at their cross sections” (i.e., a plurality of metal leads
formed). 1d.,237. Badihi’s Figure 3 illustrates the resulting packaged image sensor
where the individual leads are formed on the protective glass layer (first glass

cover) (i.e., aplurality of metal leads formed on the protective layer):

protective

substrate
External lead

Contact pad on the die —
Figure 3: The CSP schematical cross section

d., Fig. 3.

XIll. GROUND 5: BADIHI IN VIEW OF WATANABE RENDERS
OBVIOUSCLAIMA4

Badihi in view of Watanaberenders obvious claim 4. Ex. 1003, {Y176-183.

1. Reasons to Combine Badihi with Watanabe

A POSITA would have been motivated to modify Badihi’s manufacturing
process for BSI CMOS image sensors to thin the silicon substrate to a thickness of
5to 15 um as taught by Watanabe. Ex. 1003, §9177-179. During semiconductor

fabrication, including image sensor fabrication, the beginning thickness of a typical
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raw silicon wafer is on the order of 500 um. Ex. 1010, 145; Ex. 1003, 1177. BSI
CMOS image sensors must be much thinner than this 500 um starting thickness so
that photons may be absorbed by the remaining substrate and photogenerated
electrons may be captured by the photodiode and not be recombined with holes
within thesubstrate. Ex. 1003, 177; see supra, §11.C.

Similarly, Badihi discloses grinding the silicon wafer from the back to 100
microns. Ex. 1101, Fig. 2. It was therefore commonplace at the time of the *319
patent for the substrate to be thinned to a fraction of their starting thickness during
manufacturing of BSI sensors. Ex. 1003, 1178. Watanabe is an example of a
substrate thinning technique applicable to BSI image sensors like the CMOS image
sensor depicted in Badihi’s Figure 4. Ex. 1003, 1178. A POSITA would have
understood that Badihi’s substrate must have been thinned using a technique such as
that taught in Watanabe. Id.; see supra, 8I1.C. Accordingly, applying the teachings
of Watanabe to the image sensor manufacturing process of Badihi would lead to a
suitably thin substrate that ensures photonsare absorbed by the remaining substrate
and electrons are generated closer to the photodiode for better response. Ex. 1003,

1178; see supra, §Il1.A-D. Indeed, it was common knowledge that a silicon layer in

® Watanabe, like Badihi, teaches thinning a silicon substrate to a desired

thickness during fabrication. Ex. 1003, 1178 n.6.
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a photodiode-based image sensor must be thick enough to absorb visible light, but
not so thick that diffusing electrons would be likely to recombine before reaching
the p/n junction. Ex. 1052, 5:8-31; Ex. 1003, 1178; see supra, 8I1.C. This thickness
depends on many factors, but is typically on the order of 10’s of microns. Ex. 1052,
5:8-31; Ex. 1003, 1178; see supra, 8lI.C.

Watanabe’s substrate thinning to a thickness of 5 to 15 microns is readily
applicable to Badihi’s manufacturing process, and a POSITA could have modified
Badih1’s manufacturing process to include Watanabe’s substrate thinning to a
thickness of 5 to 15 microns with a reasonable expectation of success. Ex. 1003,
1179; see supra, 88I1.A, C-D. In Badihi’s design, the substrate must be thinned to
minimize unwanted absorption of backside-incident photons. Ex. 1003, 1179; see
supra, 8lI.C.

2. Claim4
(@) A4pre
Badihi discloses 4pre for the same reasonsas claim 1 above. Ex. 1003, {180.
(b) 4a

Badihi combined with Watanabe renders obvious claim 4a’s requirement that
the substrate is “in the range of 10 to 15 microns” thick. EXx. 1003, 181-183.
Badihi discloses a process step where the silicon wafer is grinded from its backside

to 100 microns. Ex. 1101, Fig. 2. Watanabe discloses from the backside of the
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substrate 1, first polishing the silicon plate 1a then etching the remaining silicon
plate 1a and silicon oxide film 1Db, leaving only the silicon layer 1c with its 5 to 15
pum thickness, which overlaps with the claimed “10 to 15 microns” (i.e., the
thickness of the semiconductor substrate is in the range of 10 to 15 microns). Ex.
1007, 1117, 19, Fig. 2c; see supra, 8l1.C.

In the combination of Badihi and Watanabe, silicon layer 1c, with a 10 to 15
micron thickness, is used in place of Badihi’s silicon die. Ex. 1003, 1182. A
POSITA would have been motivated to make this modification for the reasons
discussed above. Id.; seesupra, 8l1.C.

XIV. GROUND 6: MERRILL INVIEW OF BADIHI RENDERS OBVIOUS
CLAIMS1, 2,3, 5, AND 6

Badihi in view of Merrill renders obviousclaims1, 2, 3, 5, and 6. Ex. 1003,
19184-224.

1. Reasons to Combine Merrill with Badihi

A POSITA would have been motivated to modify Merrill’s CMOS APS cells
to include the wafer-level semiconductor packaging process as taught by Badihi. Ex.
1003, 11185-186. Merrill discloses that a CMOS APS cell employs a photodiode
and teaches the arrangement of the various elements in the CMOS APS cell, as it
includesa “conventional photodiode ... typically combined with a number of active
transistors”. EX. 1049, 1:31-45, 6:13-18. Further, Merrill’s CMOS APS cell

performs three steps, all of which were conventional by the time of the ’319
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patent: “areset step, where cell 100 is reset from the previousintegration cycle; an
Image integration step, where the light energy is collected and converted into an
electrical signal; and a signal readout step, where thesignal is read out.” 1d.,6:13-
18; Ex. 1003, 1185. Badihi teaches a generalized process for manufacturing
semiconductor devices, including BSI image sensors. Ex. 1003, 1185. Indeed,
Badihi’s Figure 4 depicts a “Photobit PB-159 CMOS Active Pixel Image Sensor”
and illustrates a packaged image sensor has a frontside blanketed with metal leads
and solder bumps and an unaobstructed backside to allow light to enter. Ex. 1101,
Fig. 4; see supra, §l1.D. APOSITAwould have naturally looked to Badihi’s wafer-
level semiconductor packaging process to be used on Merrill’s CMOS APS cell to
produce thin CMOS APS die packages that are backside illuminated. Ex. 1003,
11185; see supra, 811.B-D.

Badihi’s wafer-level semiconductor packaging process is readily applicable
to Merrill’s CMOS APS cell, as a POSITA could have used Badihi’s wafer-level
semiconductor packaging process to package the CMOS APS cell as taught in
Merrill with a reasonable expectation of success since it is a conventional process
readily understood by a POSITA at the time of invention. Ex. 1003, 1186; see supra,
8I1.A-B, D. APOSITAwould have also been further motivated to combine Badihi’s

wafer-level semiconductor packaging process with Merrill’s CMOS APS cell to
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enable backside illumination of the photodiode region for improved sensitivity and
reduced noise from scattered light. Ex. 1003, 1186; see supra, §8811.A-C.
2. Claim1

(@) lpre

To the extentthe preamble is consideredto be a limitation, Merrill combined
with Badihi renders obvious a BSI image sensor. Ex. 1003, 11187-191. Merrill’s
Figure 9B illustrates a cross-sectional view of CMOS APS cell 100 (i.e., image

sensor):

PHOTODIODE ~3V AND DROPPING

RESET SELECT
n+ photodiode -3V Vee

150 1V

COLUMN OUT

154 (FLOAT)

++++44

A IUMULATION

sense transistor
select transistor

FIG. 9B

Ex. 1049, Fig. 9B.

Badihi’s Figure 3 illustrates the resulting packaged semiconductor where a
first glass cover is bonded to the frontside of a silicon die, with the active side of

thesilicon die facing the firstglass cover, metal leads and solder bumps are formed
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on the first glass cover, and a second glass cover is bonded to the backside of the

silicon die:

frontside

first glass
cover

silicon die . . P second glass
cover

backside

Ex. 1101, 237, Fig. 3. Badihi’s disclosures are not specific to image sensors;
however, Badihi discloses that its packaging process can be readily applied to silicon
light detectors, CMOS image sensors, and CCD devices. Id., 239. APOSITA would
understand that CMOS image sensors include BSI CMOS image sensors and would
further understand that the packaging taught by Badihi could be used for BSI CMOS
image sensors. Ex. 1003, 1189.

Badihi’s Figure 2 illustrates the resulting packaged semiconductor with metal

leads and solder bumps covering top of the frontside (active) surface, indicating that
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the wafer as packaged would be back-illuminated (i.e., a backside illuminated

image sensor):

first glass

second glass
cover

silicon die

Id., Fig. 2, 237.

Badihi’s Figure 4 provides an example of a BSI image sensor created using
the ShellPack wafer-level packaging process. Id., Fig. 4; Ex. 1003, 1191. Figure4
shows photographs of a CMOS APS image sensor, the Photobit PB0159, with an

“optically clear enclosure” made with Badihi’s process:
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Ex. 1055, Ex. A, Fig. 4, 239. The photo on the right is the frontside of the packaged
Image sensor, because Badihi specifically teaches metal leads and solder bumps are
formed on the glass cover at the frontside of the packaged image sensor (facing the
active surface of the imager die), and the photo on the left is therefore the backside
of the packaged image sensor. Ex. 1101, 237; Ex. 1003, 1191.
(b) 1a

Merrill combined with Badihi renders obviousa semiconductor substrate with
a first and second surface. Ex. 1003, 11192-193. Merrill’s substrate 110 and
Badihi’s silicon die corresponds to the claimed “semiconductor substrate.” EX.
1049, 5:4-17; Ex. 1101, 237. Badihi discloses “[a] thin protective glass layer is
bonded to the active side of a silicon wafer with epoxy adhesive” (i.e., a
semiconductor substrate having a first surface) and “a second thin glass cover is
bonded onto the silicon dies back side” (i.e., a semiconductor substrate having ...
a second surface). ld. Badihi’s Figure 3 illustrates the silicon die with its active

side facing the protective glass layer (first glass cover) and its backside facing the

second glass cover:
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first surface

semiconductor second surface

substrate Contact pad on the die —

Figure 3: The CSP schematical cross section

Id., Fig. 3.
(c) 1b

Merrill discloses a plurality of light-sensitive pixel regions as claimed Ex.
1003, 11194-195. Merrill’s CMOS APS 100 corresponds to the claimed “light-
sensitive pixel region” and n+ photodiode 140 corresponds to the claimed
“photodiode diffusion region.” Ex. 1049, 1:31-45, 5:9-17. Merrill discloses “a
plurality of active regions within substrate 110” (i.e., a plurality of light-sensitive
pixel regions; extending into the semiconductor substrate). 1d. 5:4-8. Merrill’s
Figure 9B illustrates a cross-sectional view of CMOS APS cell 100 with an n+
photodiode 140 extending intothe substrate 110 (i.e., light-sensitive pixel region;

formed on the first surface of the semiconductor substrate; a photodiode diffusion

region extending into the semiconductor substrate):
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Ex. 1049, 1:39-44, Fig. 9B.

d) ILc

Badihi rendersobvious a metal line formedadjacent to the first surface of the
substrate. Ex. 1003, 11196-197. Badihi’s bond pads corresponds to the claimed
“metal line.” Ex. 1101, 237, Fig. 3. Badihi further discloses that “[d]eep notches
are drawn between the dies, revealing the cross-section of the bond pads.” Id., 237.
Badihi’s Figure 3 illustrates the resulting packaged image sensor where the bond

pads are formed adjacent to the active side of the silicon die (i.e., a metal line

formed adjacent the first surface of the semiconductor substrate):
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External lead —\

first surface

semiconductor
substrate

Contact pad on the die —
Figure 3: The CSP schematical cross section

Id., Fig. 3. Indeed, theannotation in Figure 3 itself describes the “[c]ontact pad on

thedie.” Id.
() 1d
Badihi renders obvious the claimed protective substrate. Ex. 1003, {1198-
199. Badihi’s protective glass layer (first glass cover) corresponds to the claimed
“protective substrate.” Ex. 1101, 237. Badihi discloses the “protective glass layer
is bonded to the active side of a silicon wafer with epoxy adhesive” (i.e., a protective
substrate secured to the semiconductor substrate). Id. Badihi’s Figure 3 discloses
the resulting packaged image sensor where the protective glass layer (first glass
cover)isbondedtothesilicon die with the bond pads in between (i.e., a protective

substrate secured to the semiconductor substrate such that the metal line is located

between the protective substrate and the semiconductor substrate):
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Figure 3: The CSP schematical cross section

Id., Fig. 3. Indeed, theannotation in Figure 3 itself describes the “[c]ontact pad on
the die” and illustrates that it is between the silicon die and the protective glass layer
(first glass cover). Id.
() 1le
Badihi renders obvious the claimed transparent substrate. Ex. 1003, 200-
201. Badihi’s second glass cover corresponds to the claimed “transparent substrate.”
Ex. 1101, 237, Fig. 3. Badihi discloses the “second thin glass cover is bonded onto
the silicon dies back side to achieve a complete protective enclosure for each die,”
resulting in “dies [that] are packaged and encapsulated in separate enclosures” (i.e.,
a transparent substrate secured to the second surface of the semiconductor
substrate) Id., 237, Fig. 3. Badihi further discloses that “[t]he glass transparent
package encases the [iJjmager [d]ie in a solid protecting optically clear enclosure.”

Id., 239. Badihi’s Figure 3 illustrates the resulting packaged image sensor where the

second glass cover isbonded to thesilicon die and the protective glass layer (first
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glass cover) and the second glass cover sandwich the silicon die (i.e., atransparent
substrate secured to the second surface of the semiconductor substrate such that

the semiconductor substrate is sandwiched between the transparent substrate and

the protective substrate):

protective

substrate

External lead

second surface

semiconductor ey P
substrate Contact pad on the die

Figure 3: The CSP schematical cross section |RiF=01e 101
substrate

Id., Fig. 3.

() Iif

Badihi renders obvious the thickness of the semiconductor substrate is

“defined such that the light-sensitive pixel region is effectively exposed through the
second surface.” Ex. 1003, 19202-204. Badihi’s Figure 2 illustrates the process step

where the silicon wafer is grinded from its backside until 200 microns is left (i.e.,

second surface):

B. The silicon wafer is Back - Grinded to 100 microns
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Id., Fig. 2.

A POSITA would readily understand that the purpose of grinding the silicon
wafer from its backside before enclosingit in a glass transparent package is so that
the photons absorbed by the remaining semiconductor substrate are closer to the
photodiode for a better response (i.e., wherein the semiconductor substrate has a
thickness defined such that the light-sensitive pixel regions are exposed from the
backside of the silicon die).” Ex. 1003, §204; see supra, §11.C. Accordingly, Badihi
at a minimum renders this claim limitation obvious. Ex. 1003, 1204.

3. Claim?2
(@) 2pre

Merrill combined with Badihi renders obvious 2pre for the same reasons as

claim 1above. Ex. 1003, 205.
(b) 2a

Badihi renders obvious the claimed first adhesive layer. Ex. 1003, §206-207.

Badihi’s epoxy adhesive corresponds to the claimed “first adhesive layer.” EX.

1101, 237, Fig. 3. Badihidiscloses the “thin protective glass layer is bonded to the

active side of a silicon wafer with epoxy adhesive” (i.e., a first adhesive layer

7 See supra, 81X, Ground 1, 1f. A POSITA would readily understand that

Badihi discloses what is described in the 319 patent. Ex. 1003, 1204 n.7.
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located between the protective substrate and the semiconductor substrate). See
supra, 1d. Badihi’s Figure 3illustrates the resulting packaged image sensorwhere
the protective glass layer (first glass cover) is bonded using epoxy adhesive to
the silicon die (i.e., a first adhesive layer located between the protective substrate

and the semiconductor substrate):

protective

substrate
External lead

first adhesive

semiconductor : - :
substrate Contact pad on the die —

Figure 3: The CSP schematical cross section

d., Fig. 3.
() 2b
Badihi renders obvious the claimedsecondadhesive layer. Ex. 1003, 11208-
209. Badihi’s epoxy adhesive corresponds to the claimed “second adhesive layer.”
Ex. 1101, 237, Fig. 3. Badihi discloses a process step where “second thin glass cover
Is bonded onto the silicon dies back side to achieve a complete protective enclosure

for each die.” 1d., 237, Fig. 3. Badihi’s Figure 3 illustrates the resulting packaged

Image sensor where the epoxy adhesive is applied on the backside of the silicon
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dies (i.e., a second adhesive layer located between the transparent substrate and

the semiconductor substrate):

xtemal lead —-\

semiconductor e e
su bstrate Conm M on the dle

Figure 3: The CSP schematical cross section [\ LS Ll
substrate

1d., Fig. 3.

4. Claim3

(a) 3pre
Merrill combined with Badihi renders obvious 3pre for the same reasons as
claim 2above. Ex. 1003, 1210.
(b) 3a
Merrill discloses claim 3a’s requirement of a “second diffusion region”
formed on the semiconductor substrate and spaced from the photodiode diffusion
region. Ex. 1003, 1211; see supra, 8X, Ground 2, 3a.
(c) 3b

Merrill discloses this claim element. Ex. 1003, 1212; see supra, 8X, Ground

2, 3b.
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(d) 3c
Merrill discloses this claim element. Ex. 1003, 1213; see supra, 8X, Ground
2, 3cC.
(e) 3d
Merrill discloses this claim element. Ex. 1003, 1214; see supra, 8X, Ground
2, 3d.
() 3e
Merrill discloses this claim element. Ex. 1003, 1215; see supra, 8X, Ground
2, 3e.
(9) 3f
Merrill discloses this claim element. Ex. 1003, 1216; see supra, §8X, Ground
2, 3f.
(h) 3q
Merrill discloses this claim element, as Merrill’s local interconnect line 152
corresponds to the claimed “first metal line.” Ex. 1003, 1217; see supra, §X, Ground
2, 30.
(i) 3h
Merrill discloses this claim element. Ex. 1003, 19218-219; see supra, 8X,

Ground 2, 3h. The “first metal line” is Merrill’s local interconnect line 152. See

supra, 9a. A POSITA would readily understand that Merrill’s local interconnect
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line 152 is would be sandwiched between the substrate 110 on one side and a
protective substrate on the other side (i.e., wherein the first metal line is located
between the semiconductor substrate and the protective substrate). Ex. 1003,
1219; ; see supra, 811.D.
5. Claim5
(a) Spre
Merrill combined with Badihi renders obvious 5pre for the same reasons as
claim 1above. Ex. 1003, 1220.
(b) >a
Badihi renders obviousthe transparent substrate is glass for the same reasons
discussed above in connection with claim le. Ex. 1003, 1221; see supra, 1e.
6. Claim6
(@) 6pre
Merrill combined with Badihi renders obvious 6pre for the same reasons as
claim 1 above. Ex. 1003, f222.
(b) 6a
Badihi renders obvious a plurality of metal leads formed on the protective
glass layer (first glass cover). Ex. 1003, 11223-224. Badihi’s individual leads

corresponds to the claimed “metal leads.” Ex. 1101, 237, Fig. 3. Badihi discloses

that “[d]eep notches are drawn between the dies, revealing the cross-section of the
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bond pads” and that “[a] metal layer, pattemed by lithography to individual leads, is
deposited to contact thebond pads at their cross sections” (i.e., a plurality of metal
leads formed). Id., 237. Badihi’s Figure 3 illustratestheresulting packaged image
sensor where the individual leads are formed on the protective glass layer (first

glass cover) (i.e., aplurality of metal leads formed on the protective layer):

protective

substrate
External lead

Contact pad on the die —
Figure 3: The CSP schematical cross section

d., Fig. 3.

XV. GROUND 7: MERRILL IN VIEW OF BADIHI AND WATANABE
RENDERS OBVIOUS CLAIMA4

Merrill in view Badihi and Watanabe renders obvious claim 4. Ex. 1003,
19225-232.

1. Reasons to Combine Merrill and Badihi with Watanabe

A POSITA would have been motivated to modify Merrill’s CMOS APS cell
and Badihi’s manufacturing process for BSI CMOS image sensors to thin the silicon

substrate toathickness of 5to 15 um as taughtby Watanabe. Ex. 1003, 11226-228.
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During semiconductor fabrication, including image sensor fabrication, the beginning
thickness of a typical raw silicon wafer is on the order of 500 um. Ex. 1010, 145.
BSI CMOS image sensors must be much thinner than this 500 pm starting thickness
so that photons may be absorbed by the remaining substrate and photogenerated
electrons may be captured by the photodiode and not be recombined with holes
withinthesubstrate. Ex. 1003, §226; see supra, §l1.C.

Similarly, Badihi discloses grinding the silicon wafer from back to 100
microns. Ex. 1101, Fig. 2. It was therefore commonplace at the time of the *319
patent for the substrate to be thinned to a fraction of their starting thickness during
manufacturing of BSI sensors. Ex. 1003, 1227. Watanabe is an example of a
substrate thinning technique applicable to BSI image sensors like the CMOS image
sensor depicted in Badihi’s Figure 4. 1d. A POSITA would have understood that
Badihi’s substrate must have been thinned using a technique such as that taught in
Watanabe. Id.; seesupra, 811.C. Accordingly, applying the teachings of Watanabe
to the CMOS APS with photodiodes in Merrill and image sensor manufacturing
process of Badihi would lead to a suitably thin substrate that ensures photons are
absorbed by the remaining substrate and electrons are generated closer to the
photodiode for betterresponse. Ex. 1003, 1227; see supra, 88I1.A-D. Indeed, it was
common knowledge that a silicon layerin a photodiode-based image sensor must be

thick enough to absorb visible light, but not so thick that diffusing electrons would
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be likely to recombine before reaching the p/n junction. Ex. 1052, 5:8-31; Ex. 1003,
1232; see supra, 811.C. Thisthickness depends on many factors, butis typically on
the order of 10’s of microns. Ex. 1052, 5:8-31; Ex. 1003, §232; see supra, 8lI.C.

Watanabe’s substrate thinning to a thickness of 5 to 15 microns is readily
applicable to Merrill’s CMOS APS with photodiodes and Badihi’s manufacturing
process, and a POSITA could have modified Merrill’s CMOS APS with photodiodes
and Badihi’s manufacturing process to include Watanabe’s substrate thinning to a
thickness of 5 to 15 microns with a reasonable expectation of success. Ex. 1003,
1228, see supra, 88l1.A-C. Indeed, in Badihi’s design, the substrate must be thinned
to minimize unwanted absorption of backside-incident photons. Ex. 1003, 1228; see
supra, 8l1.C.

2. Claim4

(@) 4pre

Merrill combined with Badihi and Watanabe renders obvious 4pre for the
same reasonsas claim 1 above. Ex. 1003, 11229.
(b) 4a
Merrill combined with Badihi and Watanabe renders obvious claim 4a’s
requirement that the substrate is “in the range of 10 to 15 microns” thick. EXx. 1003,
111230-232. Badihi discloses a process step where the silicon wafer is grinded from

its backside to 100 microns. Ex. 1101, Fig. 2. Watanabe discloses from the backside
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of the substrate 1, first polishingthe silicon plate 1a then etching the remaining
silicon plate laand silicon oxide film 1b, leavingonly the silicon layer 1c with its 5
to 15 um thickness, which overlaps with the claimed “10 to 15 microns” (i.e., the
thickness of the semiconductor substrate is in the range of 10 to 15 microns). Ex.
1007, 1117, 19, Fig. 2c; see supra, 8l1.C.

In the combination of Badihi and Watanabe, silicon layer 1c, with a 10 to 15
micron thickness, is used in place of Badihi’s silicon die. Ex. 1003, 1232. A
POSITA would have been motivated to make this modification for the reasons
discussed above. Id.; seesupra, 8l1.C.

XVI. CERTIFICATION OF GROUNDSFOR STANDING

Petitioner certifies pursuant to Rule42.104(a) that the *319 patent is available
for IPR and that Petitioner is not barred or estopped from requesting an IPR of the

Challenged Claims on the grounds identifiedin this Petition.®

8 Alidouble first sued TSMC on the *319 patent on December 14, 2021. Alidouble
Inc. v. Taiwan Semiconductor Manufacturing Company Limited, No. 2:21-cv-
00452-JRG (E.D. Tex.). TSMC was served with the Complaintin that action on
December 16, 2021. 1d., ECF No. 6. The instant IPR petition is therefore being

filed prior to the 1-year bar. 35U.S.C.§315(b).
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XVII.MANDATORY NOTICES AND FEES
A. Real Party-In-Interest

The real parties-in-interests here is Taiwan Semiconductor Manufacturing
Company Limited. No other parties directed, controlled, or funded this Inter Partes
Review proceeding (IPR).

B. Related Matters

The *319 patent is the subject of the following civil actions and administrative

proceedings:

Alidouble Inc. v. Taiwan Semiconductor Manufacturing Company
Limited, No. 2:22-cv-00298-JRG (E.D. Tex.)

C. Counsel and Service Information

Pursuant to 37 C.F.R. 842.8(b)(3) and 42.10(a), Petitioner provides the
following counsel and service information. Pursuant to 37 C.F.R. § 42.10(b), a

Power of Attorneyaccompanies this Petition.

LEAD COUNSEL BACK-UP COUNSEL
James M. Glass (Reg. No. 46729) John T. McKee (Reg. No. 65,926)
limglass@quinnemanuel.com johnmckee@quinnemanuel.com
Postal and Hand Delivery Address: Postal and Hand Delivery Address:
QUINN EMANUEL URQUHART & | QUINN EMANUEL URQUHART &
SULLIVAN, LLP SULLIVAN, LLP
51 Madison Ave, 22ndFloor 51 Madison Ave, 22nd Floor
New York, New York 10010 New York, New York 10010
Tel: (212) 849-7000 Tel: (212) 849-7000
Fax: (212) 849-7100 Fax: (212) 849-7100

Andrew M. Holmes (Reg. No. 64,718)
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mailto:jimglass@quinnemanuel.com
mailto:johnmckee@quinnemanuel.com

drewholmes@quinnemanuel.com
Sean S. Pak (pro hac vice pending)
seanpak@quinnemanuel.com

Michael D. Powell (pro hac vice
pending)
mikepowell@quinnemanuel.com
Jonathan S. Tse (Reg. No. 70,738)
jonathantse@quinnemanuel.com

Postal and Hand Delivery Address:
QUINN EMANUEL URQUHART &
SULLIVAN, LLP

50 California Street, 22nd Floor

San Francisco, California94111

Tel: (415) 875-6600

Fax: (415) 875-6700

Petitioner consents to electronic service directed to the following email

address: ge-tsmc-alidouble-iprs@quinnemanuel.com.

D. Paymentof Fees

The Office is authorized to charge fees for this Petition to Deposit Account
No. 50-5708. Any additional fees that might be due are also authorized.

XVIIL. DISCRETIONARY ANALYSISFOR REVIEW
The Board has discretion to deny institution under 8314(a) and/or §325(d). In

addition to the strong merits presented herein, Petitioner also hereby provides a
Sotera-type stipulation andstipulates that if the PTAB institutes inter partes review
in relation to any petition filed by TSMC with respect to the 319 patent, Petitioner

will not pursue in the district court litigation any ground raised or that could have
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been reasonablyraised in the instituted IPR with respect to the patent claim subject
tothe instituted IPR. This stipulation precludes discretionary denial under §314(a).
See Director Vidal Memorandum, Interim Procedure for Discretionary Denials in
AlA Post-Grant Proceedings with Parallel District Court Litigation, at 3-5, 7-8 (June
21,2022).

Regarding 8325(d), the *319 patent hasnot previously been challenged at the
PTAB. Nor was any referencerelied upon herein as part of any ground cited during
prosecution or considered by the Examiner. Accordingly, discretionary denial under
8325(d) and General Plastic is not warranted.

XIX. CONCLUSION

For at least the foregoing reasons, Petitioner requests institution of an IPR and

cancellation of the Challenged Claims.

Date: December 16, 2022

Respectfully submitted,

By: /s/ James M. Glass
James M. Glass

Counsel for Petitioner
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CERTIFICATE OF COMPLIANCEWITH
TYPE-VOLUMELIMITATION, TYPEFACE REQUIREMENTS,
AND TYPESTYLE REQUIREMENTS

1.  ThisPetition complieswith the type-volume limitation of 14,000
words, comprising 13,830 words, as counted using the Microsoft Word software
that was used to prepare this paper, excluding the parts exempted by 37 C.F.R.

§ 42.24(a).
2. ThisPetition complieswith the general format requirements of 37

C.F.R. 842.6(a) and has been prepared using Microsoft® Word 2016 in 14-point

Times New Roman.

Date: December 16, 2022

By: /s/ James M. Glass

James M. Glass

QUINN EMANUEL URQUHART &
SULLIVAN, LLP

51 Madison Ave, 22nd Floor

New York, New York 10010

Counsel for Petitioner
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CERTIFICATE OF SERVICE

The undersigned hereby certifies that on December 16, 2022, true and
correct copies of the foregoing document and supporting materials were served in
its entirety on the Patent Owner at the followingaddress of record listed on the
USPTO’s Patent Center via FedEx Overnight:

Patrick T. Bever

c/o Carrie Reddick, Office Manager
BEVER HOFFMAN & HARMS, LLP
18486 Spring Valley Drive

Grass Valley, CA 95945

Official Correspondence Address

Jason Liang Xu

Rimon P.C.

1990 K Street NW, Suite420
Washington, DC 20006

Patent Owner Litigation Counsel

Courtesy copies of the same documents were served electronically on
prosecution counsel and Patent Owner’s litigation counsel by email at the
following addresses:

Prosecution counsel: info@beverlaw.com
Kyle Randall Akin: kakin@haltomdoan.com
JoshuaR. Thane: jthane@haltomdoan.com
Eric C Cohen: eric.cohen@rimonlaw.com
Jason Liang Xu: jason.xu@rimonlaw.com

Date: December 16, 2022
By: /s/ James M. Glass
James M. Glass
QUINN EMANUEL URQUHART &
SULLIVAN, LLP
51 Madison Ave, 22nd Floor
New York, New York 10010

Counsel for Petitioner
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