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ABSTRACT OF THE DISCLOSURE

Photosensitive devices and associated methods are provided. In one aspect, for
example, a photosensitive imager device can include a semiconductor layer having
multiple doped regions forming a least one junction, a textured region coupled to the
semiconductor layer and positioned to interact with electromagnetic radiation. The

textured region can be formed from a series of shallow trench isolation features.
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CLAIMS

What is claimed is:

1. An optoelectronic device having enhanced absorption of electromagnetic radiation,
comprising:

a semiconductor layer coupled to a support substrate; and

an array of shallow trench isolation surface features positioned between the
semiconductor layer and the support substrate, the surface features positioned to interact

with electromagnetic radiation that passes through the semiconductor layer.

2. The device of claim 1, wherein the semiconductor layer is single crystal silicon.

3. The device of claim 1, further comprising a first bonding layer coupled between the

semiconductor layer and the support substrate.

4. The device of claim 3, wherein the first bonding layer is coupled between the support

substrate and the surface features.

5. The device of claim 3, further comprising a second bonding layer positioned between

the first bonding layer and the support substrate.

6. The device of claim 5, further comprising a reflector layer disposed between the first

bonding layer and the second bonding layer.

7. The device of claim 1, wherein the surface features are formed in the support

substrate.

8. The device of claim 1, wherein the surface features are formed in the semiconductor

layer.
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9. The device of claim 1, wherein the surface features are arranged according to a

predetermined pattern.

10. The device of claim 9, wherein the predetermined pattern is an at least substantially

uniform grid.

11. The device of claim 9, wherein the predetermined pattern is a non-uniform

arrangement.

12. The device of claim 1, wherein the surface features have an at least substantially

uniform height.

13. The device of claim 1, wherein the surface features are not uniform in height.

14. The device of claim 1, further comprising a device layer coupled to the

semiconductor layer on a side opposite the surface features.

15. The device of claim 1, wherein the device is architecturally configured as a front-side

illuminated optoelectronic device.

16. The device of claim 1, wherein the device is architecturally configured as a back-side

illuminated optoelectronic device.

17. A method of making an optoelectronic device, comprising:

creating an array of surface features on a semiconductor layer using shallow
trench isolation etching; and

bonding the array of surface features between a support substrate and a

semiconductor layer.

18. The method of claim 17, wherein creating the array of surface features further

comprises creating the array of surface features on at least a portion of a surface of the
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semiconductor layer.

19. The method of claim 17, wherein creating the array of surface features further
comprises creating the array of surface features on at least a portion of a surface of the

support substrate.

20. The method of claim 17, wherein bonding the array of surface features between the
support substrate and the semiconductor layer further includes:

depositing a first bonding layer onto the semiconductor layer; and

bonding the first bonding layer to a second bonding layer disposed on the support

substrate.
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SHALLOW TRENCH TEXTURED REGIONS AND ASSOCIATED METHODS

PRIORITY DATA

This application is a continuation of U.S. patent application Ser. No. 14/884,181,
filed on October 15, 2015, which is a continuation of U.S. patent application Ser. No.
14/084,392, filed Nov. 19, 2013, which claims the benefit of U.S. Provisional Patent
Application Ser. No. 61/841,326, filed on Jun. 29, 2013, each of which are incorporated

herein by reference in their entirety.

BACKGROUND

The interaction of light with semiconductor materials has been a significant
innovation. Silicon imaging devices are used in various technologies, such as digital
cameras, optical mice, video cameras, cell phones, and the like. Charge-coupled devices
(CCDs) were widely used in digital imaging, and were later improved upon by
complementary metal-oxide-semiconductor (CMOS) imagers having improved
performance. Many traditional CMOS imagers utilize front side illumination (FSI). In
such cases, electromagnetic radiation is incident upon the semiconductor surface
containing the CMOS devices and circuits. Backside illumination (BSI) CMOS imagers
have also been used, and in many designs electromagnetic radiation is incident on the
semiconductor surface opposite the CMOS devices and circuits. CMOS sensors are
typically manufactured from silicon and can covert visible incident light into a
photocurrent and ultimately into a digital image. Silicon-based technologies for detecting
infrared incident electromagnetic radiation have been problematic, however, because
silicon is an indirect bandgap semiconductor having a bandgap of about 1.1eV. Thus the
absorption of electromagnetic radiation having wavelengths of greater than about 1100

nm is, therefore, very low in silicon.

SUMMARY
The present disclosure provides optoelectronic devices having enhanced light
absorption characteristics, including systems incorporating such devices and various

associated methods. In one aspect, for example, an optoelectronic device having
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enhanced absorption of electromagnetic radiation is provided. Such a device can include
a semiconductor layer coupled to a support substrate and an array of shallow trench
isolation surface features positioned between the semiconductor layer and the support
substrate, the surface features positioned to interact with electromagnetic radiation that
passes through the semiconductor layer. In one aspect, the semiconductor layer is single
crystal silicon. In another aspect, a device layer can be coupled to the semiconductor
layer on a side opposite the surface features.

In one aspect, a first bonding layer can be coupled between the semiconductor
layer and the support substrate. While various configurations are contemplated, in one
specific aspect first bonding layer can be coupled between the support substrate and the
surface features. In another aspect, a second bonding layer can be positioned between the
first bonding layer and the support substrate. In yet another aspect, a reflector layer can
be disposed between the first bonding layer and the second bonding layer.

The surface features can have a variety of configurations and can be formed in a
variety of locations between the semiconductor layer and the semiconductor support. For
example, in one aspect the surface features can be formed in the support substrate. In
another aspect, the surface features can be formed in the semiconductor layer.
Furthermore, in one aspect the surface features can be arranged according to a
predetermined pattern. In one specific aspect, such a predetermined pattern can be an at
least substantially uniform grid. In specific aspect, such a predetermined pattern can be a
non-uniform arrangement. Additionally, in one aspect the surface features can have an at
least substantially uniform height. In another aspect, the surface features are not uniform
in height.

Additionally, a variety of architectural configurations are contemplated. For
example, in one aspect the device can be architecturally configured as a front-side
illuminated optoelectronic device. In another aspect, the device can be architecturally
configured as a back-side illuminated optoelectronic device.

In another aspect, a method of making an optoelectronic device is provided. Such
a method can include creating an array of surface features using shallow trench isolation
etching and bonding the array of surface features between a support substrate and a

semiconductor layer. In another aspect, creating the array of surface features can further
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include creating the array of surface features on at least a portion of a surface of the
semiconductor layer. In yet another aspect, creating the array of surface features further
includes creating the array of surface features on at least a portion of a surface of the
support substrate. Furthermore, in one aspect bonding the array of surface features
between the support substrate and the semiconductor layer can further include depositing
a first bonding layer onto the semiconductor layer and bonding the first bonding layer to
a second bonding layer disposed on the support substrate. In some aspects a reflector can
be deposited on at least one of the first bonding layer or the second bonding layer prior to
bonding the semiconductor layer to the support substrate. In a further aspect the method
can include thinning the semiconductor layer at a surface opposite the support substrate
to a thickness of from about 1 microns to about 10 microns to create a pristine thinned
surface and forming a device layer on the thinned surface. The semiconductor can then

be further processed as desired to form the optoelectronic device.

BRIEF DESCRIPTION OF THE DRAWINGS

For a further understanding of the nature and advantage of the present disclosure,
reference is being made to the following detailed description of embodiments and in
connection with the accompanying drawings, in which:

FIG. 1 provides data showing the optical absorption of textured silicon compared
to standard silicon as a function of wavelength in accordance with an embodiment of the
present disclosure;

FIG. 2 is a cross-sectional view of an image sensor in accordance with another
embodiment of the present disclosure;

FIG. 3 is a cross-sectional view of an image sensor in accordance with another
embodiment of the present disclosure;

FIG. 4 is a cross-sectional view of a textured layer associated with a substrate in
accordance with another embodiment of the present disclosure;

FIG. 5 is a cross-sectional view of a textured layer associated with the substrate in

accordance with another embodiment of the present disclosure; and
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FIG. 6 is a cross-sectional view of a textured region associated with the substrate

in accordance with another embodiment of the present layer.

DETAILED DESCRIPTION

Before the present disclosure is described herein, it is to be understood that this
disclosure is not limited to the particular structures, process steps, or materials disclosed
herein, but is extended to equivalents thereof as would be recognized by those ordinarily
skilled in the relevant arts. It should also be understood that terminology employed
herein is used for the purpose of describing particular embodiments only and is not
intended to be limiting.

Definitions

The following terminology will be used in accordance with the definitions set
forth below.

It should be noted that, as used in this specification and the appended claims, the
singular forms “a,” and, “the” include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “a dopant” includes one or more of such
dopants and reference to “the layer” includes reference to one or more of such layers.

As used herein, the terms “light” and “electromagnetic radiation” can be used
interchangeably and can refer to electromagnetic radiation in the ultraviolet, visible, near
infrared and infrared spectra. The terms can further more broadly include
electromagnetic radiation such as radio waves, microwaves, x-rays, and gamma rays.
Thus, the term “light” is not limited to electromagnetic radiation in the visible spectrum.
Many examples of light described herein refer specifically to electromagnetic radiation in
the visible and infrared (and/or near infrared) spectra. For purposes of this disclosure,
visible range wavelengths are considered to be from approximately 350 nm to 800 nm
and non-visible wavelengths are considered to be longer than about 800 nm or shorter
than about 350 nm. Furthermore, the infrared spectrum is considered to include a near
infrared portion of the spectrum including wavelengths of approximately 800 to 1100 nm,
a short wave infrared portion of the spectrum including wavelengths of approximately
1100 nm to 3 micrometers, and a mid-to-long wavelength infrared (or thermal infrared)

portion of the spectrum including wavelengths greater than about 3 micrometers up to
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about 30 micrometers. These are generally and collectively referred to herein as
“infrared” portions of the electromagnetic spectrum unless otherwise noted.

As used herein, the term “detection” refers to the sensing, absorption, and/or
collection of electromagnetic radiation.

As used herein, the term “backside illumination” refers to a device architecture
design whereby electromagnetic radiation is incident on a surface of a semiconductor
material that is opposite a surface containing the device circuitry. In other words,
electromagnetic radiation is incident upon and passes through a semiconductor material
prior to contacting the device circuitry.

As used herein, the term “frontside illumination” refers to a device architecture
design whereby electromagnetic radiation is incident on a surface of a semiconductor
material that contains the device circuitry. In other words, electromagnetic radiation is
incident upon and passes through the device circuitry region prior to contacting the
semiconductor material.

As used herein, the term “absorptance” refers to the fraction of incident
electromagnetic radiation absorbed by a material or device.

As used herein, the terms “textured layer” and “textured surface” can be used
interchangeably, and refer to a surface having a topology with nano- to micron-sized
surface variations. Such a surface topology can be formed by a variety of known STI
techniques. It is noted that laser ablation techniques, at least in one aspect, are
specifically disclaimed. While the characteristics of such a surface can be variable
depending on the materials and techniques employed, in one aspect such a surface can
include micron-sized structures (e.g. about 1 um to about 10 um). In yet another aspect,
the surface can include nano-sized and/or micron-sized structures from about 5 nm and
about 10 um. In another aspect, surface structures can be from about 100 nm to about 1
micron. A variety of criteria can be utilized to measure the size of such structures. For
example, for cone-like structures the above ranges are intended to be measured from the
peak of a structure to the valley formed between that structure and an adjacent
neighboring structure. For structures such as nanopores, the above ranges are intended to
be approximate diameters. Additionally, the surface structures can be spaced at various

average distances from one another. In one aspect, neighboring structures can be spaced
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at a distance of from about 50nm to about 2 um. Such spacing is intended to be from a
center point of one structure to the center point of a neighboring structure.

As used herein, the term “substantially” refers to the complete or nearly
complete extent or degree of an action, characteristic, property, state, structure, item, or
result. For example, an object that is “substantially” enclosed would mean that the object
is either completely enclosed or nearly completely enclosed. The exact allowable degree
of deviation from absolute completeness may in some cases depend on the specific
context. However, generally speaking the nearness of completion will be so as to have
the same overall result as if absolute and total completion were obtained. The use
of “substantially” is equally applicable when used in a negative connotation to refer to
the complete or near complete lack of an action, characteristic, property, state, structure,
item, or result. For example, a composition that is “substantially free of” particles would
either completely lack particles, or so nearly completely lack particles that the effect
would be the same as if it completely lacked particles. In other words, a composition that
is “substantially free of” an ingredient or element may still actually contain such item as
long as there is no measurable effect thereof.

As used herein, the term “about” is used to provide flexibility to a numerical
range endpoint by providing that a given value may be “a little above” or “a little below”
the endpoint.

As used herein, a plurality of items, structural elements, compositional elements,
and/or materials may be presented in a common list for convenience. However, these
lists should be construed as though each member of the list is individually identified as a
separate and unique member. Thus, no individual member of such list should be
construed as a de facto equivalent of any other member of the same list solely based on
their presentation in a common group without indications to the contrary.

Concentrations, amounts, and other numerical data may be expressed or presented
herein in a range format. It is to be understood that such a range format is used merely
for convenience and brevity and thus should be interpreted flexibly to include not only
the numerical values explicitly recited as the limits of the range, but also to include all the
individual numerical values or sub-ranges encompassed within that range as if each

numerical value and sub-range is explicitly recited. As an illustration, a numerical range
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of “about 1 to about 5” should be interpreted to include not only the explicitly recited
values of about 1 to about 5, but also include individual values and sub-ranges within the
indicated range. Thus, included in this numerical range are individual values such as 2,
3, and 4 and sub-ranges such as from 1-3, from 2-4, and from 3-5, etc., as well as 1, 2, 3,
4, and 5, individually.

This same principle applies to ranges reciting only one numerical value as a
minimum or a maximum. Furthermore, such an interpretation should apply regardless of

the breadth of the range or the characteristics being described.

The Disclosure

Traditional silicon photodetecting imagers have limited light absorption/detection
properties. For example, such silicon based detectors can be mostly transparent to
infrared light, particularly with thin silicon layers. In some cases, other materials such as
InGaAs can be used to detect infrared light having wavelengths greater than about 1000
nm, silicon is still commonly used to detect wavelengths in the visible spectrum (i.e.
visible light, 350 nm — 800 nm). Traditional silicon materials require substantial optical
path lengths to detect photons from electromagnetic radiation having wavelengths longer
than approximately 700 nm. As a result, visible light can be absorbed at relatively
shallow depths in silicon, and absorption of longer wavelengths (e.g. 900 nm) in silicon
of a standard wafer depth (e.g. approximately 750 pm) is poor. Increasing the
thicknesses of the silicon layer to allow longer wavelength absorption thus greatly
increases the thicknesses of the photodetecting imager.

The optoelectronic devices according to aspects of the present disclosure exhibit
increased light absorption due to an increase in the effective optical path length for longer
wavelengths of light as compared to traditional devices. The absorption depth in
conventional silicon detectors is the depth into silicon at which the radiation intensity is
reduced to about 36% of the value at the surface of the semiconductor. The increased
optical path length of photons with the present silicon materials results in an apparent
reduction in the absorption depth, or a reduced apparent or effective absorption depth.
For example, the effective absorption depth of silicon can be reduced such that these

longer wavelengths can be absorbed in silicon layers that are less than 850 microns thick.

SIONYX1403000087.0014
SAMSUNG EX. 1002 - 13/236



10

15

20

25

30

Dkt. No. 143705.06031 (SXM-000)

In other words, by increasing the optical path length, these devices are able to absorb
longer wavelengths (e.g. > 1000 nm for silicon) within a thinner silicon material. In
addition to absorbing light having longer wavelengths in thin silicon materials (e.g. less
than 30 microns thick as compared to 700 microns thick), the response rate or response
speed can also be increased by using such thin materials.

The optoelectronic devices of the present disclosure can be front side illumination
(FSI) or back side illumination (BSI) devices. In a typical FSI imager, incident light
enters the semiconductor device by first passing by transistors and metal circuitry. The
light, however, can scatter off of the transistors and circuitry prior to entering the light
sensing portion of the imager, thus causing optical loss and noise. A lens can thus be
disposed on the topside of a FSI pixel to direct and focus the incident light to the light
sensing active region of the device, thus at least partially avoiding the circuitry. A
variety of lenses and lens configurations are contemplated, however in one aspect the lens
can be a micro-lens.

BSI imagers, one the other hand, are configured such that incident light enters the
device via the light sensitive region opposite the circuitry and is mostly absorbed prior to
reaching the circuitry, thus greatly reducing scattering and/or noise. BSI designs also
allow for greater sensitivity, smaller pixel architecture, and a high fill factor for the
imager. Additionally, it should also be understood that devices according to aspects of
the present disclosure, whether they be FSI or BSI, can be incorporated into
complimentary metal-oxide-semiconductor (CMOS) imager architectures or charge-
coupled device (CCD) imager architectures.

Generally, and without limitation, the present disclosure provides a variety of
optoelectronic devices, such as, broadband photosensitive diodes, pixels, and imagers
capable of detecting visible as well as infrared electromagnetic radiation, including
associated methods of making such devices. In one specific aspect, for example, an
optoelectronic device is provided having enhanced absorption of electromagnetic
radiation. Such a device can include a semiconductor layer coupled to a support substrate
and an array of shallow trench isolation surface features positioned between the
semiconductor layer and the support substrate, the surface features positioned to interact

with electromagnetic radiation that passes through the semiconductor layer.
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It has thus been discovered that such an array of shallow trench isolation surface
features positioned in an architecturally appropriate manner can greatly increase the
optical absorption of silicon materials. As is shown in FIG. 1, for example, such a
textured region can increase the optical absorption of silicon as compared to non-textured
silicon over an electromagnetic spectrum range of at least about 700 nm to about 1100
nm.

As can be seen in FIG. 2, for example, a FSI device is shown 200 having a
semiconductor layer 202 coupled to a support substrate 204, where the semiconductor
layer can include one or more doped regions 206, 208, that form at least one junction. A
textured layer 210 including an array or plurality of STI surface features is positioned
between the semiconductor layer 202 and the support substrate 204. A circuitry layer
212 is coupled to the semiconductor layer 202 on a side opposite the support substrate
204. Light 214 is shown impinging on the device 200 and passing through the circuitry
layer 212 prior to contacting the semiconductor layer 202. Light 214 that is not absorbed
by and subsequently passes through the semiconductor layer 202 contacts the textured
layer 210 and is redirected back into the semiconductor layer 202, thus allowing light to
be absorbed in a subsequent pass. As such, the textured layer 210 increases the effective
optical path length of the light 214 as it passes through the device. In one aspect, the
semiconductor layer can be single crystal silicon.

Turning to FIG. 3, a BSI device 1s shown 300 having a semiconductor layer 302
coupled to a support substrate 304, where the semiconductor layer can include one or
more doped regions 306, 308, that form at least one junction. In this case the support
substrate 304 can be a circuitry layer or a bulk substrate including a circuitry layer. A
textured layer 310 including an array or plurality of surface features is positioned
between the semiconductor layer 302 and the support substrate 304. Light 312 is shown
impinging on the device 300 and passing through the semiconductor layer 302 without
contacting any circuit elements that may be positioned in or at the support substrate 304.
Light 312 that is not absorbed by and subsequently passes through the semiconductor
layer 302 contacts the textured layer 310 and is redirected back into the semiconductor
layer 302. As with the FSI device shown in FIG. 2, the textured layer 310 increases the
effective optical path length of the light 312 as it passed through the device. In one

SIONYX1403000087.0016
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aspect, the semiconductor layer can be single crystal silicon.

The multiple doped regions for both the FSI and the BSI case can have the same
doping profile or different doping profiles, depending on the device. Furthermore, any
number or configuration of doped regions is considered to be within the present scope. In
some aspects the semiconductor layer can be doped, and thus can be considered to be a
doped region.

Additionally, the device can include deep trench isolation (DTI) to isolate the
imager and to provide light trapping functionality. In some aspects such a device can
include a silicon handle wafer in addition to the support substrate to facilitate
manipulation of the device. In some aspects, the support substrate can be a silicon handle
wafer. One technique for coupling a silicon handle wafer to the semiconductor layer
includes oxide bonding. Further details regarding substrates, bonding, and various imager
details can be found in US Patent Application Serial Number 13/069,135, which is
incorporated herein by reference.

Optoelectronic devices according to aspects of the present disclosure can include
photodiodes or pixels that are capable of absorbing electromagnetic radiation within a
given wavelength range. Such imagers can be passive pixel sensors (PPS), active pixel
sensors (APS), digital pixel sensor imagers (DPS), or the like. Such devices can also be
architecturally configured as a three or four transistor active pixel sensor (3T APS or 4T
APS). Additionally, devices having greater than 4 transistors are also within the present
scope. Such devices can also include pinned photodiode architectures as used in CMOS
imagers. Also, such optoelectronic devices can be used in time-of-flight (TOF)
applications, as well as various structured light applications. It is also contemplated that
such devices can also be configured as rolling shutter or global shutter readout devices.

In some aspects, a device can include a passivation layer positioned between the
textured layer and the doped regions. In some aspects, the passivation layer can be doped
to create a surface field, as is described more fully below. It is noted, that with or without
the passivation region, the textured region can be located on the light incident side of the
semiconductor material, on a side of the semiconductor material opposite the light
incident side, or both on the light incident side and opposite the light incident side.

Additionally, the device can also include an electrical transfer element coupled to the

-10 -
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semiconductor layer and operable to transfer an electrical signal from the doped regions.
Additionally, an electrical transfer element can include a variety of devices, including
without limitation, transistors, sensing nodes, transfer gates, transfer electrodes, and the
like.

As has been described, the textured layer is comprised of a plurality of surface
features, where such surface features have been formed in an array or other grouping
across an interface between the semiconductor layer and the support substrate. In some
aspects, the textured region can cover the entire interface between the semiconductor
layer and the support substrate, while in other aspects the textured region may cover only
a portion of the interface between the semiconductor layer and the support substrate. For
example, in one aspect the textured layer can cover the interface between the materials at
least in regions where light passing through the semiconductor layer would contact the
interface. In another aspect, the textured layer can cover the interface between the
materials only in regions where light passing through the semiconductor layer would
contact the interface. As such, it should be understood that the coverage area of the
textured layer can be dependent on the design of the device, as well as the intended
pattern of light trapping and/or light redirection that is desired. It is thus intended that the
scope of the present disclosure not necessarily be limited by the degree to which the
interface includes textured layer.

Furthermore, in some aspects one or more intervening layers can be present
between the semiconductor layer and the support substrate. Such layers can be used to
facilitate bonding, for reflecting light, for a variety of other purposes. In one aspect, for
example, one or more bonding layers can be utilized to facilitate bonding the support
substrate to the semiconductor layer. In such cases, it can be beneficial to apply a first
bonding layer to the semiconductor layer and a second bonding layer to the support
substrate as a bonding mechanism. The bonding layer can include a material capable of
facilitating bonding between the support substrate and the semiconductor layer. Non-
limiting examples can include silicon oxides, silicon nitrides, amorphous silicons, and the
like. The thickness of a given bonding layer can additionally vary depending on the
manufacturing techniques utilized and preferences of the designer. In one aspect,

however, a bonding layer can be thick enough to facilitate bonding and thin enough to

-11 -

SIONYX1403000087.0018
SAMSUNG EX. 1002 - 17/236



10

15

20

25

30

Dkt. No. 143705.06031 (SXM-000)

minimize waveguide effects within the device. In another aspect, a bonding layer can
have a thickness of from about 30 nm to about 3 microns. In yet another aspect, a
bonding layer can have a thickness of from about 40 nm to about 2 microns.

The position of the textured layer can thus be affected by the nature of the
coupling of the support substrate and the semiconductor layer as well as the location
where the textured layer is formed. In one aspect, the textured layer can be formed in or
on the semiconductor layer. In another aspect, the textured layer can be formed in or on
the support substrate. For the situation where the textured layer is formed in or on the
semiconductor layer, one or more bonding layers can be coupled between the support
substrate and the textured layer. If two or more bonding layers are utilized, a first
bonding layer can be formed on the textured layer, a second bonding layer can be formed
on the support substrate, and the first and second bonding layers can then be bonded
together.

For the situation where the textured layer is formed in or on the support substrate,
one or more bonding layers can be coupled between semiconductor layer and the textured
layer. For example, in one aspect one or more bonding layer can be coupled between the
support substrate and the surface features. If two or more bonding layers are utilized, a
first bonding layer can be formed on the textured layer, a second bonding layer can be
formed on the semiconductor layer, and the first and second bonding layers can then be
bonded together.

As has been described, a light reflector layer can additionally be disposed
between any two of the above referenced layers or materials. For example, in one aspect
a reflector layer can be applied to one side of the textured layer. In another aspect, a
reflector layer can be applied to either side of a bonding layer. In one specific aspect, a
reflector layer can be positioned between a first and second bonding layer. The reflector
layer can include any material capable of reflecting light back into the semiconductor
layer. Non-limiting examples can include metals, ceramics, oxides, glass, distributed
Bragg reflector stacks, and the like, including alloys and combinations thereof.

The surface features of the textured layer can be made by any process capable of
etching in a repeatable and predictable manner. In one aspect, however, the surface

features can be formed by any number of shallow trench isolation (STI) techniques.
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While such manufacturing techniques are known, they have previously been utilized for
creating regions of electrical isolation between circuit elements. Thus, such
implementations have been utilized around the peripheries of circuit elements. The
present scope, however, is directed to creating arrays of surface features in locations to
interact with light. Through this interaction, light can be redirected, diffused, focused, or
otherwise manipulated by the surface feature array.

Additionally, STI techniques can be used to form such surface features having a
variety of shapes, patterns, and the like. In one aspect, for example, the surface features
can be arranged into an array according to a predetermined pattern. In one specific
aspect, such a predetermined pattern can be a uniform or substantially uniform grid.
Additionally, a predetermined pattern can be an organized, an ordered, or a periodic
pattern. In another aspect, the predetermined pattern can be a non-uniform or a
substantially non-uniform pattern. Surface feature array patterns can also be disordered,
quasi-periodic, random, or the like.

As has been described, the textured layer can function to diffuse light, to redirect
light, and to thus increase the quantum efficiency of the device. In some cases, a portion
of the light passes through the semiconductor layer to contact the textured layer. The
surface features of the textured layer thus facilitate an increase the effective optical path
length of the semiconductor layer. Such surface features can be micron-sized and/or
nano-sized, and can be any shape or configuration that can be formed via a STI
technique. Non-limiting examples of such shapes and configurations include cones,
pillars, pyramids, inverted features, trenches, gratings, protrusions, and the like, including
combinations thereof. Additionally, factors such as manipulating the feature sizes,
dimensions, material type, dopant profiles, texture location, etc. can allow tuning of the
textured layer for a specific wavelength or range of wavelengths. In one aspect, tuning
the device can allow specific wavelengths or ranges of wavelengths to be absorbed. In
another aspect, tuning the device can allow specific wavelengths or ranges of
wavelengths to be reduced or eliminated via filtering.

Textured layers according to aspects of the present disclosure can allow a
semiconductor layer to experience multiple passes of light within the device, particularly

at longer wavelengths (i.e. infrared). Such internal reflection can increases the effective
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optical path length, thus allowing a material such as silicon to absorb light at thicknesses
that are less than standard silicon. As has been described, this increase in the effective
optical path length of electromagnetic radiation in silicon increases the quantum
efficiency of the device, thus leading to an improved signal to noise ratio.

The materials used for making the textured layer can vary depending on the
design and the desired characteristics of the device. As such, any material that can be
utilized in the construction of a textured region is considered to be within the present
scope. In one aspect, the textured region can be formed directly on the semiconductor
layer (e.g. a silicon epi-layer). In another aspect, an additional material can be deposited
onto the semiconductor layer to support the formation of the textured layer. Non-limiting
examples of such materials include semiconductor materials, dielectric materials, silicon,
polysilicon, amorphous silicon, transparent conductive oxides, and the like, including
composites and combinations thereof. In one specific aspect, the textured layer can be a
textured polysilicon layer. Thus a polysilicon layer can be deposited onto the
semiconductor layer, either directly or onto an intermediate passivation layer, and then
textured to form the textured region. In another aspect, the textured layer can be a
textured dielectric layer. In this case the textured layer can be a portion of a dielectric
layer making up a passivation region disposed on the semiconductor layer. In yet another
aspect the textured layer can be a transparent conductive oxide or another semiconductor
material. In the case of dielectric layers, the textured layer can be a textured portion of a
passivation layer or the textured layer can be formed from other dielectric material
deposited over a passivation layer.

Various methods can be utilized to form STI features, and any such shallow
trench formation technique is considered to be within the present scope. It is noted that,
in one aspect, texturing techniques that involve laser ablation are specifically disclaimed
from the present scope.

In some cases, the textured layer can be formed by using a patterned mask and
photolithography, followed by etching to define a specific structure or pattern. In one
aspect, STI techniques can be used to form the textured region. Various STI techniques
are contemplated, and any such technique is considered to be within the present scope. In

one non-limiting example, an oxide material is deposited on the material to be etched
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with shallow trenches. A uniform coating of a nitride material is deposited on the oxide
material followed by a patterned coating of a resist material to be used as a mask. Thus
the pattern of the mask will define the future pattern of the textured region. Any of a
number of etch processes can then be applied across the layered material. As a result,
regions of the layered material beneath the resist are protected from the etch, while
regions of the layered material that are not located beneath the resist are etched by the
process. This process is continued to produce a shallow trench (or a hole) etched in the
unprotected regions between the resist material through the nitride material, the oxide
material, and into the substrate. Following etching of the shallow trench, the resist
material can be removed by any appropriate process. It is noted that, while the term
“shallow trench” is used to describe the etching process, the resulting etch pattern is not
limited to trenches, but also includes holes, pits, cones, and the like.

In some aspects, the etched regions can be left as open spaces. In other aspects,
further processing can be performed to fill in the etched regions. For example, an oxide
material can be deposited along the sides and bottom of the trenches similar to an oxide
liner. Such can be deposited by a thermal oxide process, a direct oxide deposition, or any
other useful process. Once the etched regions are sufficiently filled, the resulting surface
can be further processed by techniques such as CMP processing, and then, once exposed,
the nitride layer can be removed.

In another aspect, the etched regions can be highly doped along sidewalls and/or
bottoms with a dopant profile to create a surface field. A back surface field can function
to impede the movement of photo-generated carriers from the junction toward the
textured layer, and as such the dopant profile should be designed accordingly. The use of
the back surface field in the etched regions can thus be used to electrically passivate the
regions around the textured layer.

The surface features can have a variety of configurations, structures, and sizes,
depending on the desired characteristics of the resulting device. In one aspect, as is
shown in FIG. 4 for example, surface features 402 are shown formed in a material layer
404, such as, for example, the semiconductor layer. The surface features in this case are
arranged uniformly as a uniform grid pattern comprised of a series of spaces or holes 406

and lines 408 or pillars. Various uniform grid patterns are contemplated, and in one
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aspect the pattern can include a uniformly spaced series pillars surrounded by spaces, or
vice versa depending on whether the pattern is viewed from the topside or the bottom
side of the etched material. In another aspect, the uniform grid pattern can include a
series of lines surrounding a uniformly spaced series of spaces or holes cut between the
lines, or vice versa.

Additionally, as has been described, the etch pattern of surface features can be a
predetermined nonuniform pattern. As is shown in FIG. 5, for example, the spaces 506
etched into the material layer 504 are of approximately the same size and shape and the
lines or pillars 508 vary in width. FIG. 6 shows an etch pattern were both the spaces 606
and the lines or pillars 608 are varied. It should be noted that a variety of etch patterns are
contemplated, and that the present scope should not be limited thereby. With respect to
nonuniform patterns, in some aspects the patterns can be random, either for the line or
pillar, the spaces, or both.

In addition to the pattern formed by the STI process, the depth of the etch can also
have an impact on optical absorption. In one aspect, for example, the surface features can
have a uniform or substantially uniform depth or height. While the depth or height can
vary depending on the intended use and design of the device, in one aspect the height or
depth can be from about 50 nm to about 2 microns. It is noted that, in standard STI
processes, the processing depth is about 0.35 microns, which is also considered to be
within the present scope. In another aspect, the surface features can have a non-uniform
depth or height, and thus can vary across the surface of the textured layer. Such variation
in depth can be random in some cases, and nonrandom in other cases depending on the
desired design of the device. In one aspect, the depth or height can be from about 50 nm
to about 2 microns. In some aspects discrete levels of depths can be utilized. For
example, in one aspect one level may have a depth of 0.35 microns, while another level
may have a depth of 0.7 microns. By using different masks, different depth levels can be
achieved. Similarly, subsequent levels can be etched to create a third level, a fourth
level, or more. It is noted that in some aspects each level can have a depth of from about
50 nm to about 2 microns.

As has been described, the various devices according to aspects of the present

disclosure can exhibit increased absorption as compared to traditional photosensitive
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devices. For example, for an active semiconductor layer according to aspects of the
present disclosure that has a thickness of from about 1 micron to about 10 microns, the
absorption characteristics can be as follows: in one aspect the semiconductor layer can
absorb from about 60% to about 80% of incident 700 nm light; in another aspect, the
semiconductor layer can absorb from about 40% to about 60% of incident 850 nm light;
in yet another aspect, the semiconductor layer can absorb from about 25% to about 40%
of incident 940 nm light; in a further aspect, the semiconductor layer can absorb from
about 15% to about 30% of incident 1000 nm light; and in yet a further aspect, the
semiconductor layer can absorb from about 5% to about 10% of incident 1064 nm light.
Furthermore, depending on the architecture, devices according to aspects of the present
disclosure can exhibit external quantum efficiencies (EQE) that are from about 1% to
about 5% less than the above described absorption values for a given wavelength of light.
Additionally, it is further noted that the devices of the present disclosure have at least
substantially the same dark current as a standard EPI device with no textured region.
While the present disclosure has focused on silicon materials, it should be
understood that a variety of semiconductor materials are also contemplated for use and
should be considered to be within the present scope. Non-limiting examples of such
semiconductor materials can include group IV materials, compounds and alloys
comprised of materials from groups II and VI, compounds and alloys comprised of
materials from groups III and V, and combinations thereof. More specifically, exemplary
group IV materials can include silicon, carbon (e.g. diamond), germanium, and
combinations thereof. Various exemplary combinations of group IV materials can
include silicon carbide (SiC) and silicon germanium (SiGe). In one specific aspect, the
semiconductor material can be or include silicon. Exemplary silicon materials can
include amorphous silicon (a-Si), microcrystalline silicon, multicrystalline silicon, and
monocrystalline silicon, as well as other crystal types. In another aspect, the
semiconductor material can include at least one of silicon, carbon, germanium, aluminum
nitride, gallium nitride, indium gallium arsenide, aluminum gallium arsenide, and
combinations thereof. In yet another aspect, the semiconductor materials can include any
material that is useful for making imagers, including, Si, SiGe, InGaAs, and the like,

including combinations thereof.
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A silicon semiconductor layer can be of any thickness that allows electromagnetic
radiation detection and conversion functionality, and thus any such thickness of silicon
material is considered to be within the present scope. In some aspects the textured layer
increases the efficiency of the device such that the silicon material can be thinner than
has previously been possible. Decreasing the thickness of the silicon material reduces the
amount of silicon required to make such a device. In one aspect, for example, the silicon
material has a thickness of from about 500 nm to about 50 um. In another aspect, the
silicon material has a thickness of less than or equal to about 100 um. In yet another
aspect, the silicon material has a thickness of from about 1 pm to about 10 pm. Ina
further aspect, the silicon material can have a thickness of from about 5 um to about 50
um. In yet a further aspect, the silicon material can have a thickness of from about 5 um
to about 10 pm.

A variety of dopant materials are contemplated for both the formation of the
multiple doped regions and to create a surface field at the shallow trench regions, and any
such dopant that can be used in such processes is considered to be within the present
scope. It should be noted that the particular dopant utilized can vary depending on the
material being doped, as well as the intended use of the resulting material.

A dopant can be either charge donating or accepting dopant species. More
specifically, an electron donating or a hole donating species can cause a region to become
more positive or negative in polarity as compared to the semiconductor layer. In one
aspect, for example, the doped region can be p-doped. In another aspect the doped region
can be n-doped. A highly doped region can also be formed on or near the doped region to
create a pinned diode. In one non-limiting example, the semiconductor layer can be
negative in polarity, and a doped region and a highly doped region can be doped with p+
and n dopants respectively. In some aspects, variations of n(--), n(-), n(+), n(++), p(--),
p(-), p(+), or p(++) type doping of the regions can be used. In one aspect, non-limiting
examples of dopant materials can include S, F, B, P, N, As, Se, Te, Ge, Ar, Ga, In, Sb,

and combinations thereof.
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B. Search Resuits from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14{(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DBOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are reguired to respond to a coliection of information unless it contains a valid OMB control number.

o Attorney Docket Number | 143705.06031 (SXM-000)
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SHALLOW TRENCH TEXTURED REGIONS AND ASSOCIATED METHODS

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant |1

If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or perscn
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, perscn to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

@ Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

I

Name of the Deceased or Legally Incapacitated Inventor: ‘

If the Applicant is an Organization check here. X

Organization Name SiOnyx, LLC

Mailing Address Information For Applicant:

Address 1 00 Cummings Cir.

Address 2 Suite 135P

City Beverly State/Province MA
Country ] Us Postal Code 01915
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are reguired to respond to a coliection of information unless it contains a valid OMB control number.

o Attorney Docket Number | 143705.06031 (SXM-000)
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SHALLOW TRENCH TEXTURED REGIONS AND ASSOCIATED METHODS

Assignee [

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information™ section will appear on the patent application

publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. ]

Prefix Given Name Middle Name Family Name Suffix
Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City I State/Province

Countryi I Postal Code

Phone Number t Fax Number

Email Address
Additional Assignee or Non-Applicant Assignee Data may be generated within this form by

. Add

selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14{c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature [JAndrew Schultz/ Date (YYYY-MM-DD)| R019-07-08
First Name | Andrew Last Name | Schuitz Registration Number | 66869
Additional Signature may be generated within this form by selecting the Add button. Add
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are reguired to respond to a coliection of Information unless it contains a valid OMB control number.

o Attorney Docket Number | 143705.06031 (SXM-000)
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SHALLOW TRENCH TEXTURED REGIONS AND ASSQCIATED METHODS

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. $3-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Tradernark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandenment of
the application cr expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.5.C. 552) and the Privacy
Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3 Arecord in this system of records may be disclosed, as a routine use, tc a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

6. Arecord in this system of records may be disclosed, as a routine use, te ancther federal agency for purposes of National Security review (35 U.S.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.5.C. 2904 and 2906. Such disclesure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8.  Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance of a patent pursuant te 35 U.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a viclation or potential violation of law or regulation.
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention: SHALLOW TRENCH TEXTURED REGIONS AND ASSOCIATED METHODS
First Named Inventor/Applicant Name: Homayoon Haddad

Filer: Andrew W. Schultz

Attorney Docket Number: 143705.06031 (SXM-000)

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sul:,-s'l's(t;)l in
Basic Filing:
UTILITY APPLICATION FILING 1011 1 300 300
UTILITY SEARCH FEE 1111 1 660 660
UTILITY EXAMINATION FEE 1311 1 760 760
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-interference:
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Description Fee Code Quantity Amount Sul:';rg(t;)l in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1720
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Electronic Acknowledgement Receipt

EFSID: 36514592

Application Number: 16505283

International Application Number:

Confirmation Number: 2766
Title of Invention: SHALLOW TRENCH TEXTURED REGIONS AND ASSOCIATED METHODS
First Named Inventor/Applicant Name: Homayoon Haddad
Customer Number: 959
Filer: Andrew W. Schultz

Filer Authorized By:

Attorney Docket Number: 143705.06031 (SXM-000)
Receipt Date: 08-JUL-2019
Filing Date:
Time Stamp: 17:50:08
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $1720

RAM confirmation Number 070919INTEFSW00005853120080
Deposit Account 120080

Authorized User Andrew Schultz

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
37 CFR 1.16 {National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 {Document supply fees)
37 CFR 1.20 {Post Issuance fees)
37 CFR 1.21 {Miscellaneous fees and charges)
File Listing:
Document o . File Size(Bytes Multi Pages
Document Description File Name ( y i . . 9
Number Message Digest | Part/.zip| (if appl.)
169589
1 Prel_Amendment.pdf yes 3
42a2db38c388040dcdc6af0fb8d9610875b
19c48
Multipart Description/PDF files in .zip description
Document Description Start End
Applicant Arguments/Remarks Made in an Amendment 3 3
Specification 2 2
Preliminary Amendment 1 1
Warnings:
Information:
1749392
2 Application.pdf yes 22
28db3852f3a90540800136ffc500333dcf07}
364
Multipart Description/PDF files in .zip description
Document Description Start End
Abstract 22 22
Claims 19 21
Specification 1 18
Warnings:
Information:
290339
3 Drawmgs—ong/ bIaFk and white line Drawings.pdf no 3
rawings
d2b1f56ad5d8a745a378e8816bfa63777b9]
cd860
Warnings:
Information:
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656399

4 QOath or Declaration filed Declaration.pdf no 2
a6dB8a05c1dc4449fb420433ed42b4ab8332]

Warnings:

Information:

1344348
5 Application Data Sheet ADS.pdf no 9
ea3c4ce1b6807984af6b3ae7di1c2414463a)
b4cé
Warnings:
Information:
35040
6 Fee Worksheet {SB06) fee-info.pdf no 2
5aB265¢55e4d2b8fb897d4703ff471f5598d|
bfoz
Warnings:
Information:
Total Files Size (in bytes):l 4245107

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. it serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0O/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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App. No.: To be assigned Docket No.: 143705.06031 (SXM-000)
Art Unit: To be assigned Examiner: To be assigned

REMARKS

Prior to examination on the merits, Applicant respectfully requests that the specification

be amended as shown on the attached sheets. No new matter is added.

The Director is authorized to charge any deficiency in the fees filed, asserted to be filed
or which should have been filed herewith (or with any paper hereafter filed in this application by

this firm) to our Deposit Account No. 12-0080, under Docket No. 143705.06031 (SXM-000).

Respectfully submitted,

Dated: July 8, 2019 Electronic Signature: _ /Andrew W. Schultz/
Andrew W. Schultz, Reg. No. 66,869
Attorney for Applicant
Nelson Mullins Riley & Scarborough LLP
One Post Office Square, 30" Floor
Boston, MA 02109
Tel: (617) 217-4674
Fax: (617) 217-4699
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App. No.: To be assigned Docket No.: 143705.06031 (SXM-000)
Art Unit: To be assigned Examiner: To be assigned

AMENDMENTS TO THE SPECIFICATION

Please amend the first paragraph of page 1 under the heading PRIORITY DATA as

follows:

This application is a continuation of U.S. Patent application Ser. No. 15/614.256,

filed June 5, 2017, which is a continuation of U.S. patent application Ser. No.

14/884,181, filed on October 15, 2015, which is a continuation of U.S. patent
application Ser. No. 14/084,392, filed Nov. 19, 2013, which claims the benefit of
U.S. Provisional Patent Application Ser. No. 61/841,326, filed on Jun. 29, 2013,

each of which are incorporated herein by reference in their entirety.

SIONYX1403000087.0046
SAMSUNG EX. 1002 - 45/236



UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: S?MMISSIONER FOR PATENTS

(). Box 145

Alexandria, Vitginia 22313-1450
www.uspto.gov

APPLICATION FILING or GRD ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY DOCKET.NO TOT CLAIMSIND CLAIMS
16/505,283 07/08/2019 2812 1720 143705.06031 (SXM-000) 20 2
CONFIRMATION NO. 2766
959 FILING RECEIPT
NELSON MULLINS RILEY & SCARBOROUGH LLP
FLOOR 30, SUITE 3000 I A e

ONE POST OFFICE SQUARE
BOSTON, MA 02109

Date Mailed: 07/24/2019

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)
Homayoon HADDAD, Beaverton, OR;
Jutao JIANG, Tigard, OR;
Applicant(s)
SiOnyx, LLC, Beverly, MA;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 15/614,256 06/05/2017 PAT 10347682
which is a CON of 14/884,181 10/15/2015 PAT 9673250
which is a CON of 14/084,392 11/19/2013 PAT 9209345
which claims benefit of 61/841,326 06/29/2013

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http:/www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 07/22/2019

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/505,283

Projected Publication Date: 10/31/2019
Non-Publication Request: No

Early Publication Request: No
Title

SHALLOW TRENCH TEXTURED REGIONS AND ASSOCIATED METHODS
Preliminary Class

438
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
page 2 of 4
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof uniess
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 16/505,283
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
o .01 ) N/A N/A N/A N/A 300
SEARCH FEE
37 CFR 1.16(K, ), or (m) N/A N/A N/A N/A 660
EXAMINATION FEE
AU N/A N/A N/A N/A 760
TOTAL CLAIMS . *
(37 CFR 1. 164) 20 minus 20 = OR |x 100 - 0.00
INDEPENDENT CLAIMS ) *
(37 CFR 1.16(h)) 2 minus 3 = x 460 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1720
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column ) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
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To: ipboston.docketing@nelsonmullins.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 959

Jul 24, 2019 03:47:47 AM
Dear PAIR Customer:

NELSON MULLINS RILEY & SCARBOROUGH LLP
FLOOR 30, SUITE 3000

ONE POST OFFICE SQUARE

BOSTON, MA 02109

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 959 , have new
outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
16505283 APP.FILE.REC  07/24/2019 143705.06031 (SXM-000)

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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Docket No. SXM-060CN3

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of: Homayoon Haddad ef a/.
Confirmation No.: 2766

Application No.: 16/505,283

Art Unit: 2895

Filed: July 8, 2019

Examiner: Everhart, Caridad

For: SHALLOW TRENCH TEXTURED REGIONS AND
ASSOCIATED METHODS

VIA EFS-WEB
Commissioner for Patents

P. O. Box 1450

Alexandria, VA 22313-1450

Certificate of Mailing
I hereby certify that this correspondence is being electronically filed via EFS-Web to the Commissioner for

Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

October 17. 2019 Electronic Signature: /Andrew W. Schultz/
Dated Andrew Schultz, Reg. No. 66,869

SECOND PRELIMINARY AMENDMENT

Dear Sir,

Prior to examination on the merits, please amend the above-identified U.S. patent

application as follows:

Amendments to the Claims begin on page 2 of this paper.

Remarks begin on page 6.
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Electronic Patent Application Fee Transmittal

Application Number: 16505283

Filing Date: 08-Jul-2019

Title of Invention: SHALLOW TRENCH TEXTURED REGIONS AND ASSOCIATED METHODS
First Named Inventor/Applicant Name: Homayoon HADDAD

Filer: Andrew W. Schultz/Irene Gommerstadt

Attorney Docket Number: SXM-060CN3

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sul:’-s'l's(t;)l in
Basic Filing:
Pages:
Claims:
CLAIMS IN EXCESS OF 20 1202 15 100 1500

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description Fee Code Quantity Amount Sul:';rg(t;)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1500
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Electronic Acknowledgement Receipt

EFS ID: 37487209
Application Number: 16505283
International Application Number:
Confirmation Number: 2766
Title of invention: SHALLOW TRENCH TEXTURED REGIONS AND ASSOCIATED METHODS
First Named Inventor/Applicant Name: Homayoon HADDAD
Customer Number: 959
Filer: Andrew W. Schultz/irene Gommerstadt
Filer Authorized By: Andrew W. Schultz
Attorney Docket Number: SXM-060CN3
Receipt Date: 17-0CT-2019
Filing Date: 08-JUL-2019
Time Stamp: 16:25:55
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $1500
RAM confirmation Number E20190GG26333745
Deposit Account
Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document Document Description File Name File Size(Bytes)/ Multi Pages
Number P Message Digest | Part/.zip| (if appl.)
175944
1 Prel_Amendment.pdf yes 6
af6921b24920f38b55c55fbbb0d0b1e8ecO

Multipart Description/PDF files in .zip description

Document Description Start End
Applicant Arguments/Remarks Made in an Amendment 6 6
Claims 2 5
Preliminary Amendment 1 1
Warnings:
Information:
30448
2 Fee Worksheet (SB06) fee-info.pdf no 2
Sa5c685dBabed764b1c63761916df8d23e4]
4760a
Warnings:
Information:
Total Files Size (in bytes):l 206392
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EQ/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0O/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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App. No.: 16/505,283 Docket No.: SXM-060CN3
Art Unit: 2895 Examiner: C. Everhart

REMARKS

Prior to examination on the merits, Applicant respectfully requests that the specification
be amended, that claims 1-20 be canceled, and that claims 21-55 be added as shown on the

attached sheets. No new matter is added.

The Director is authorized to charge any deficiency in the fees filed, asserted to be filed
or which should have been filed herewith (or with any paper hereafter filed in this application by

this firm) to our Deposit Account No. 50-1196, under Docket No. SXM-060CN3.

Respectfully submitted,

Dated: October 17, 2019 Electronic Signature: _/Andrew W. Schultz/
Andrew W. Schultz, Reg. No. 66,869
Attorney for Applicant
Nelson Mullins Riley & Scarborough LLP
One Post Office Square, 30" Floor
Boston, MA 02109
Tel: (617)217-4674
Fax: (617)217-4699
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App. No.: 16/505,283 Docket No.: SXM-060CN3
Art Unit: 2895 Examiner: C. Everhart

AMENDMENTS TO THE CLAIMS

1-20. (Canceled)

21. (New) A photosensitive imager device capable of detecting visible and infrared
electromagnetic radiation, comprising;:

a semiconductor layer having a light incident side and an opposed side, said
semiconductor layer having multiple doped regions forming at least one junction,

a textured region comprising a plurality of surface features configured to interact with
incident electromagnetic radiation so as to increase the quantum efficiency of the device,

a support substrate coupled to said semiconductor layer, and

a first bonding layer disposed between the semiconductor layer and the support substrate.

22. (New) The device of claim 21, wherein the textured region is located on the light

incident side of the semiconductor layer.

23. (New) The device of claim 22, further comprising a device layer coupled to the

semiconductor layer on said side opposed to the light incident side.
24, (New) The device of claim 22, wherein the textured region is formed by etching.
25. (New) The device of claim 24, wherein said surface features comprise pyramids.

26. (New) The device of claim 22, further comprising a reflector layer disposed between the

textured layer and the support substrate.

27.  (New) The device of claim 21, further comprising deep trench isolation for isolating the

device.

28.  (New) The device of claim 27, wherein said deep trench isolation provides light trapping

functionality.
29.  (New) The device of claim 21, wherein the semiconductor layer is single crystal silicon.

30.  (New) The device of claim 21, wherein the semiconductor layer comprises silicon and

germanium.
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App. No.: 16/505,283 Docket No.: SXM-060CN3
Art Unit: 2895 Examiner: C. Everhart

31 (New) The device of claim 21, wherein the surface features are formed in the

semiconductor layer.

32.  (New) The device of claim 21, wherein the surface features have a substantially uniform
height.

33. (New) The device of claim 21, wherein the surface features are not uniform in height.
34. (New) The device of claim 21, wherein said first bonding layer comprises any of silicon

oxide, silicon nitride and amorphous silicon.

35. (New) The device of claim 21, wherein said semiconductor layer has a thickness in a

range of about 1 micron to about 10 microns.

36.  (New) The device of claim 35, wherein the device exhibits a quantum efficiency of at

least about 35% for electromagnetic radiation at a wavelength of about 940 nm.

37. (New) The device of claim 21, wherein said bonding layer has a thickness in a range of

about 30 nm to about 3 microns.

38.  (New) The device of claim 21, wherein said plurality of surface features have a height in

a range of about 50 nm to about 2 microns.

39. (New) The device of claim 21, wherein said plurality of surface features have a height in

a range from about 0.35 microns to about 0.7 microns.

40. (New) The device of claim 21, wherein said plurality of surface features are formed by

using a patterned mask and photolithography followed by etching.

41. (New) The device of claim 21, wherein said plurality of surface features comprise

multiple etched levels.

42, (New) The device of claim 21, wherein said textured region increases optical absorption
of the semiconductor layer over an electromagnetic spectrum range of at least about 700 nm to

about 1100 nm.
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App. No.: 16/505,283 Docket No.: SXM-060CN3
Art Unit: 2895 Examiner: C. Everhart

43, (New) The device of claim 21, further comprising a second bonding layer positioned

between the first bonding layer and the support substrate.

44, (New) The device of claim 21, wherein the surface features are arranged according to a
pattern.

45. (New) The device of claim 44, wherein the pattern is an at least substantially uniform
grid.

46. (New) The device of claim 44, wherein the pattern is a non-uniform arrangement.

47. (New) A method of making a photosensitive image device, comprising:

providing a semiconductor layer having a light incident side and an opposed side, said
semiconductor layer having multiple doped regions forming at least one junction;

providing a support substrate;

creating a plurality of surface features on one of the semiconductor layer and the support
substrate; and

bonding the semiconductor layer to the support substrate.

48.  (New) The method of claim 47, wherein bonding the semiconductor layer to the support
substrate comprises:

depositing a first bonding layer onto the semiconductor layer; and

bonding the first bonding layer to a second bonding layer disposed on the support

substrate.

49.  (New) The method of claim 47, wherein the plurality of surface features are formed on

the light incident side of the semiconductor layer.
50.  (New) The method of claim 47, wherein the surface features are formed via etching.

51. (New) The method of claim 50, further comprising depositing an oxide material within

at least a portion of the semiconductor layer or support substrate removed via etching.
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App. No.: 16/505,283 Docket No.: SXM-060CN3
Art Unit: 2895 Examiner: C. Everhart
52. (New) The method of claim 51, wherein depositing the oxide material comprises at least
partially filling one of trenches, holes, pits, and cones formed in the semiconductor layer during

etching.

53. (New) The method of claim 51, further comprising processing the region of the
semiconductor layer or support substrate comprising the surface features with CMP after

depositing the oxide material.

54. (New) The method of claim 47, wherein the surface features are formed by shallow

trench isolation etching.

55.  (New) The method of claim 47, wherein the surface features are formed in the

semiconductor layer.
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Approved for use through 1/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information uniess it displays a valid OMB control number.

Application or Docket Number Filing Date
PATENT APPLICé};gmt:fErEFgEEITEggII?I;\IATION RECORD 167505 283 07108/2049 (7o be Maied

ENTITY: LARGE [ smaLL (J micro

APPLICATION AS FILED - PART |

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
() BasiC FEE N/A N/A N/A
(37 GFR 1.16(a). (o). or (c))
) sEaRcH FEE
(37 GFR 1.16(K), (i), or (m)) N/A N/A N/A
[_] EXAMINATION FEE
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If the specification and drawings exceed 100 sheets
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1018 fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
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TOTAL ADD'L FEE
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The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: S?MMISSIONER FOR PATENTS

(. Box 145

Alexandria, Vitginia 22313-1450
www.uspto.gov

[ APPLICATIONNUMBER | FILING OR 371(C) DATE | TIRSTNAMEDAPPLICANT | ATTY.DOCKETNO/IITLE |
16/505,283 07/08/2019 Homayoon HADDAD SXM-060CN3
CONFIRMATION NO. 2766
959 PUBLICATION NOTICE

NELSON MULLINS RILEY & SCARBOROUGH LLP

FLGOR 30, SUITE 3000 T
ONE POST OFFICE SQUARE

BOSTON, MA 02109

Title:SHALLOW TRENCH TEXTURED REGIONS AND ASSOCIATED METHODS

Publication No.US-2019-0333959-A1
Publication Date:10/31/2019

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTQO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently hitp:/www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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To: ipboston.docketing@nelsonmullins.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 959

Nov 01, 2019 03:38:28 AM
Dear PAIR Customer:

NELSON MULLINS RILEY & SCARBOROUGH LLP
FLOOR 30, SUITE 3000

ONE POST OFFICE SQUARE

BOSTON, MA 02109

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 959 , have new
outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
16505283 NTC.PUB 10/31/2019 SXM-060CN3

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM

SIONYX1403000087.0066
SAMSUNG EX. 1002 - 65/236


mailto:ipboston.docketing@nelsonmullins.com
mailto:PAIR_eOfficeAction@uspto.gov
mailto:PAIR_eOfficeAction@uspto.gov
https://sportal.uspto.gov/secure/myportal/privatepair
mailto:EBC@uspto.gov

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USplo.gov

l APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
16/505,283 07/08/2019 Homayoon HADDAD SXM-060CN3 2766
959 7590 02/13/2020 I EXAMINER |
NELSON MULLINS RILEY & SCARBOROUGH LLP
FLOOR 30’ SUITE 3000 EVERHART, CARIDAD
ONE POST OFFICE SQUARE
BOSTON. MA 02109 I ART UNIT l PAPER NUMBER |
2895
I NOTIFICATION DATE l DELIVERY MODE |
02/13/2020 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

ipboston.docketing @nelsonmullins.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

16/505,283 HADDAD et al.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
CARIDAD EVERHART 2895 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) fledon
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)(] This action is FINAL. 2b) ) This action is non-final.

3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

4)[0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 21-55 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) [0 Claim(s)____is/are allowed.
7) Claim(s) 21-35,37-43,47-52 and 55 is/are rejected.
8) Claim(s) 36,44-46 and 53-54 is/are objected to.
9) O Claim(s) are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
htip://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers
10)(0 The specification is objected to by the Examiner.
11)™ The drawing(s) filed on 7/8/2019 is/are: a)# accepted or b)["] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
Priority under 35 U.S.C. § 119

12)[0J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)dd All b)(J Some**  ¢)(J None of the:
1.[J Certified copies of the priority documents have been received.
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Notice of Pre-AlA or AlA Status
The present application, filed on or after March 16, 2013, is being examined under the first

inventor to file provisions of the AlA.

Claim Rejections - 35 USC § 103

In the event the determination of the status of the application as subject to AIA35 U.S.C. 102
and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any correction of the statutory
basis for the rejection will not be considered a new ground of rejection if the prior art relied upon, and
the rationale supporting the rejection, would be the same under either status.

The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness rejections
set forth in this Office action:

A patentfora claimedinvention maynotbe obtained, notwithstanding that the claimed inventionis

notidentically disclosed as set forth insection 102, if the differences between the claimed invention

and the priorartare such that the claimed inventionas a whole would have been obvious before the

effe ctive filingdate ofthe claimed invention to a person having ordinaryskillin the art to which the

claimedinvention pertains. Patentability shall not be negated by the mannerin which the invention
was made.

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 (1966),
that are applied for establishing a background for determining obviousness under 35 U.S.C. 103 are
summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating obviousness or
nonobviousness.

This application currently names joint inventors. In considering patentability of the claims the

examiner presumes that the subject matter of the various claims was commonly owned as of the

SIONYX1403000087.0069
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effective filing date of the claimed invention(s) absent any evidence to the contrary. Applicant is advised
of the obligation under 37 CFR 1.56 to point out the inventor and effective filing dates of each claim that
was not commonly owned as of the effective filing date of the laterinvention in order for the examiner
to consider the applicability of 35 U.S.C. 102(b)(2)(C) for any potential 35 U.S.C. 102(a)(2) prior art

against the laterinvention.

Claims 21-26, 29-35, 38-42, 47,49-52, and 55 is/are rejected under 35 U.S.C. 103 as being
unpatentable over Gaebleretal (US 2009/0261353 Al)(“Gaebler”) in view of Fonash et al (US
2014/0242744 A1)(“Fonash”).

Gaebler discloses a photosensitive imager or sensor (para. 0010) in the visible and IR range
(para. 0027), including a semiconductor layer 201 (Fig. 2a and para. 0165) having a light incident side
and an opposed side and multiple doped regions, which are the Diff regions in Fig. 2a, and ajunction,
for example the nand p regions forma pn junction in Fig. 2a

A textured region, the nanostructured region 2 (para. 0153 and Fig. 2a) including a plurality of
surface features which are the nanostructures which increase the quantum efficiency resulting from a
reduction of reflections (para. 0168)

A support substrate coupled to the semiconductor layer, as a separate substrate is subsequently
transferredto the device (para. 0031).

Gaebleris silent with respect to a bonding layer.

Fonash, in the same field of endeavor of nanostructured light detection devices (para. 0003 and
0007), discloses adhering the device to a support substrate using an adhesive material attached to the
support substrate (para. 0048-0049).

It would have been obvious to one of ordinary skill in the art before the effective filing date of

the claimed invention to have formed a bonding layer between the semiconductor layer and the support

SIONYX1403000087.0070
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substrate as disclosed by Fonash in the device disclosed by Gaebler in order to obtain the benefit of
providing support and protection for the device.

Re claim 22: Fig. 2b of Gaebler shows the textured region is on the light incident side of the
semiconductor layer.

Re claim 23: The combination of Gaebler and Fonash discloses a device layer coupled to the
opposite side of the semiconductor layer, as Fonash discloses the support substrate may include a
conducting layer (para. 0063). It would have been obvious to one of ordinary skill in the art before the
effective filing date of the claimed invention to have combined the support substrate with a conductive
layer as disclosed by Fonash with the device disclosed by Gaeblerin order to obtain the benefit of
supporting the conduction of the nanofeatures as disclosed by Fonash (para. 0063).

Reclaim 24: Gaebler discloses etching to form the nanostructures (para. 0123).

Re claim 25: Gaebler discloses pyramids for the nanostructures (Fig. 1b).

Reclaim 26: Gaebler discloses a metal layer on the nanostructures (para. 0038), which is
between the nanostructures and the substrate, as Gaebler discloses a substrate on the nanostructures
(para. 0031), and the metal layer is expected to be reflective.

Re claim 29: Gaebler discloses crystal silicon (para. 0002).

Re claim 30: Gaebler discloses the material mayinclude germanium in addition to silicon (para.
0023).

Reclaim 31: Gaebler discloses in Fig. 2b the features are formed in the semiconductor layer.

Re claim 32: Gaebler discloses in Fig. 1a the features are substantially of uniform height.

Re claim 33: Gaebler discloses in Fig. 1b the features are not all of uniform height.

Reclaim 34: The combination of Gaebler and Fonash discloses silicon oxide as the bonding
layer, as Fonash discloses anodic bonding (para. 0047), which is well known in the art to include a silicon

oxide layer formed on the silicon layer to be bonded. It would have been obvious to one of ordinary skill

SIONYX1403000087.0071
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in the art before the effective filing date of the claimed invention to have combined the bonding step
disclosed by Fonash with the method disclosed by Gaebler because Fonash discloses a method of art
recognized suitability for an intended purpose (MPEP 2144.07).

Reclaim 35: The combination of Gaebler and Fonash discloses as obvious the recited range of
thickness of the semiconductor layer, as Fonash discloses the thickness of the semiconductor layer,
which is the thickness of the layer 18 as being 10 to 5000 nm (para. 0039), which overlaps the recited
range, and therefore the recited range is obvious (MPEP 2144.05). It would have been obvious to one of
ordinary skill in the art before the effective filing date of the claimed invention to have combined the
thickness disclosed by Fonash with the device disclosed by Gaebler because Fonash discloses a material
of art recognized suitability for an intended purpose (MPEP 2144.07).

Re claims 38-39: Gaeblerdiscloses a range of the height of the nanostructures of 400-1000 or
1500 nm, which overlaps the recited range, and therefore the recited range is obvious (MPEP 2144.05).

Re claim 40: Gaebler discloses a masking and photolithography step followed by etching (para.
0116, 0129, 0145).

Re claim 41: Gaebler discloses in Fig. 1b multiple etched levels.

Reclaim 42: Gaebler discloses the device is a sensor in the infrared range (para. 0017), which is
a disclosure of a range of about 700-1100 nm, as the range 700-1100 nm is well known in the artto be
the infrared range.

Reclaim 47: The combination of Gaebler and Fonash discloses a method including providing a
semiconductor layer having a light incident side and an opposed side and having multiple doped regions
forming a junction, providing a support substrate, creating a plurality of surface featureson the

semiconductor layer and bonding the semiconductor layer to the support substrate, as Gaebler discloses

SIONYX1403000087.0072
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Providing a semiconductor layer 201 (Fig. 2a and para. 0165) having a light incident side and an
opposed side and multiple doped regions, which are the Diff regions in Fig. 2a, and a junction, for
example then and p regions form a pn junction in Fig. 2a

Forming a nanostructured region 2 (para. 0153 and Fig. 2a)including a plurality of surface
features which are the nanostructures which increase the quantum efficiency resulting from a reduction
of reflections (para. 0168)

Providing a support substrate coupled to the semiconductor layer, as a separate substrate is
subsequently transferredto the device (para. 0031).

Gaebleris silent with respect to a bonding layer.

Fonash, in the same field of endeavor of nanostructured light detection devices (para. 0003 and
0007), discloses adhering the device to a support substrate using an adhesive materialattachedto the
support substrate (para. 0048-0049).

It would have been obvious to one of ordinary skill in the art before the effective filing date of
the claimed invention to have formed a bonding layer between the semiconductor layer and the support
substrate as disclosed by Fonash in the method disclosed by Gaeblerin order to obtain the benefit of
providing support and protection for the device.

Re claim 49: Gaebler discloses the surface featuresformed on the light incident side of the
semiconductor layer (Fig. 2b).

Re claim 50: Gaebler discloses etching to form the nanostructures (para. 0123).

Re claim 51: Gaebler discloses depositing an oxide material (SOG or HSQ) on the nanostructures
(para. 0187) to protect the structures.

Reclaim 52: Gaebler discloses the deposition of the material as disclosed in the rejection of
claim 51 above includes that the holes between the pyramid shapes would be filled with the SOG or HSQ

material.

SIONYX1403000087.0073
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Reclaim 55: Gaebler discloses that the surface featuresare formed in the semiconductor layer

(Fig. 2b and para. 0153).

Claims 27-28 is/are rejected under 35 U.S.C. 103 as being unpatentable over Gaebleret al (US
2009/0261353 Al)(“Gaebler”)in view of Fonash etal (US 2014/0242744 A1)(“Fonash”) as applied to
claim 21 above, and furtherin view of Doanet al (US 2008/0057612 A1)(“Doan”).

Gaeblerin view of Fonash discloses the limitations of claim 21 as stated above. Fonash
discloses isolation structure (para. 0057-0059). Gaeblerin view of Fonash is silent with respect to trench
isolation.

Doan, in the same field of endeavor of photodetectors (para. 0003-0004) discloses trench
isolation to isolate pixels sot that signals for a given pixel will not spill over into neighboring pixels (para.
0004), which is also a disclosure of light trapping functionality.

It would have been obvious to one of ordinary skill in the art before the effective filing date of
the claimed invention to have included isolation as disclosed by Fonash in the device disclosed by
Gaeblerin order to obtain the benefit of isolation of the pixels as disclosed by Doan.

Re claim 28: The combination of Gaebler in view of Fonash and of Doandiscloses light trapping

functionality, as statedin the rejection of claim 27 above.

Claims 37 and 43 and 48 is/are rejected under 35 U.S.C. 103 as being unpatentable over
Gaebleret al (US 2009/0261353 A1)(“Gaebler”)in view of Fonash etal (US 2014/0242744 A1)(“Fonash”)
as applied to claim 21 above, and further in view of Ben Mohamed et al (US 2012/0001293 A1)(“Ben

Mohammed”).

SIONYX1403000087.0074
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Re claims 37 and 43:

Gaeblerin view of Fonash discloses the limitations of claim 21 as stated above. Gaeblerin view
of Fonash is silent with respect to the recited thickness of the bonding layer and with respect to a
second bonding layer.

Ben Mohammed, in the same field of endeavor of photoelectric and detector devices (para.
0050), discloses substrates to be bonded (para. 0002}, and discloses a range of thickness of insulating
material betweenthe substrates, one of which is semiconductor and the other of which is glass, which
overlaps therecited range (para. 0015-0016) and therefore the recited range is obvious (MPEP 2144.05).

It would have been obvious to one of ordinary skill in the art before the effective filing date of
the claimed invention to have combined the disclosure made by Ben Mohamed and the device disclosed
by Gaebler in view of Fonash because Ben Mohamed discloses a method which is of art recognized
suitability for an intended purpose (MPEP 2144.07).

Reclaim 48: The combination of Gaebler and Fonash and Ben Mohamed discloses the bonding
of thefirst and second substrates after forming the bonding layeron the first and on the second
substrate, as Ben Mohamed discloses bonding the first and second substrates after forming the bonding
layer on the first and on the second substrate (para. 0021). The reasons for combining the references

arethe same as stated above in the rejection of claims 37 and 43.

Allowable Subject Matter
Claims 36, 44-46, and 53-54 are objected to as being dependent upon a rejected base claim,
but would be allowable if rewrittenin independent form including all of the limitations of the base claim

and any intervening claims.
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Any inquiry concerning this communication or earlier communications from the examiner
should be directedto CARIDAD EVERHART whose telephone number is (571)272-1892. The examiner
can normally be reached on M-F 6:00 AM-4:00 PM.

Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use
the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

If attemptsto reachthe examiner by telephone are unsuccessful, the examiner’ssupervisor,
Eliseo Ramos-Feliciano can be reached on 571-272-7925. The fax phone number for the organization
where this application or proceeding is assighed is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained
from either Private PAIR or Public PAIR. Status information for unpublished applications is available
through Private PAIR only. For more information about the PAIR system, see https://ppair-
my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private PAIR system, contact
the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information system, call 800-786-

9199 (IN USA OR CANADA) or 571-272-1000.

/CARIDAD EVERHART/
Primary Examiner, Art Unit 2895
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nanotextur$3) and (sensor or camera or IBM_TDB
photosensitive or imager or detector ))
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USPAT; 16:03
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FPRS; EPO;
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To: ipboston.docketing@nelsonmullins.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 959

Feb 13, 2020 04:20:30 AM
Dear PAIR Customer:

NELSON MULLINS RILEY & SCARBOROUGH LLP
FLOOR 30, SUITE 3000

ONE POST OFFICE SQUARE

BOSTON, MA 02109

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 959 , have new
outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
16505283 CTNF 02/13/2020 SXM-060CN3
892 02/13/2020 SXM-060CN3

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM

SIONYX1403000087.0085
SAMSUNG EX. 1002 - 84/236


mailto:ipboston.docketing@nelsonmullins.com
mailto:PAIR_eOfficeAction@uspto.gov
mailto:PAIR_eOfficeAction@uspto.gov
https://sportal.uspto.gov/secure/myportal/privatepair
mailto:EBC@uspto.gov

Docket No. SXM-060CN3

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of: Homayoon Haddad ef a/.
Confirmation No.: 2766

Application No.: 16/505,283

Art Unit: 2895

Filed: July 8, 2019

Examiner: Everhart, Caridad

For: SHALLOW TRENCH TEXTURED REGIONS AND
ASSOCIATED METHODS

VIA EFS-WEB
Commissioner for Patents

P. O. Box 1450

Alexandria, VA 22313-1450

Certificate of Mailing
I hereby certify that this correspondence is being electronically filed via EFS-Web to the Commissioner for

Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

August 13. 2020 Electronic Signature: /Andrew W. Schultz/
Dated Andrew Schultz, Reg. No. 66,869

AMENDMENT AND RESPONSE TO NON-FINAL OFFICE ACTION

Dear Sir,

This paper is filed in response to the non-final Office Action dated February 13, 2020.

The fee for a three-month extension of time is submitted herewith.
Amendments to the Claims begin on page 2 of this paper.

Arguments begin on page 9.
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App. No.: 16/505,283 Docket No.: SXM-060CN3
Art Unit: 2895 Examiner: C. Everhart

AMENDMENTS TO THE CLAIMS

1-20. (Canceled)

21. (Currently Amended) A photosensitive imager device capable of detecting visible and
infrared electromagnetic radiation, comprising;:

a semiconductor layer having a light incident side and an opposed side, said
semiconductor layer having multiple doped regions forming at least one junction,

a textured region comprising a plurality of surface features configured to interact with
incident electromagnetic radiation so as to increase the quantum efficiency of the device,

wherein the surface features are arranged according to a pattern,

a support substrate coupled to said semiconductor layer, and

a first bonding layer disposed between the semiconductor layer and the support substrate.

22.  (Previously Presented) The device of claim 21, wherein the textured region is located on

the light incident side of the semiconductor layer.

23.  (Previously Presented) The device of claim 22, further comprising a device layer coupled

to the semiconductor layer on said side opposed to the light incident side.

24.  (Previously Presented) The device of claim 22, wherein the textured region is formed by

etching.

25.  (Previously Presented) The device of claim 24, wherein said surface features comprise

pyramids.

26. (Previously Presented) The device of claim 22, further comprising a reflector layer

disposed between the textured layer and the support substrate.

27.  (Previously Presented) The device of claim 21, further comprising deep trench isolation

for isolating the device.

28.  (Previously Presented) The device of claim 27, wherein said deep trench isolation

provides light trapping functionality.
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29. (Previously Presented) The device of claim 21, wherein the semiconductor layer is single

crystal silicon.

30.  (Previously Presented) The device of claim 21, wherein the semiconductor layer

comprises silicon and germanium.

31.  (Previously Presented) The device of claim 21, wherein the surface features are formed

in the semiconductor layer.

32.  (Previously Presented) The device of claim 21, wherein the surface features have a

substantially uniform height.

33.  (Previously Presented) The device of claim 21, wherein the surface features are not

uniform in height.

34.  (Previously Presented) The device of claim 21, wherein said first bonding layer

comprises any of silicon oxide, silicon nitride and amorphous silicon.

35.  (Previously Presented) The device of claim 21, wherein said semiconductor layer has a

thickness in a range of about 1 micron to about 10 microns.

36.  (Previously Presented) The device of claim 35, wherein the device exhibits a quantum

efficiency of at least about 35% for electromagnetic radiation at a wavelength of about 940 nm.

37.  (Previously Presented) The device of claim 21, wherein said bonding layer has a

thickness in a range of about 30 nm to about 3 microns.

38. (Previously Presented) The device of claim 21, wherein said plurality of surface features

have a height in a range of about 50 nm to about 2 microns.

39. (Previously Presented) The device of claim 21, wherein said plurality of surface features

have a height in a range from about 0.35 microns to about 0.7 microns.

40. (Previously Presented) The device of claim 21, wherein said plurality of surface features

are formed by using a patterned mask and photolithography followed by etching.
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41. (Previously Presented) The device of claim 21, wherein said plurality of surface features

comprise multiple etched levels.

42.  (Previously Presented) The device of claim 21, wherein said textured region increases
optical absorption of the semiconductor layer over an electromagnetic spectrum range of at least

about 700 nm to about 1100 nm.

43.  (Previously Presented) The device of claim 21, further comprising a second bonding

layer positioned between the first bonding layer and the support substrate.
44, (Canceled)

45. (Currently Amended) The device of claim [[44]] 21, wherein the pattern is an at least

substantially uniform grid.

46. (Currently Amended) The device of claim [[44]].21, wherein the pattern is a non-

uniform arrangement.

47.  (Currently Amended) A method of making a photosensitive image device, comprising:
providing a semiconductor layer having a light incident side and an opposed side, said
semiconductor layer having multiple doped regions forming at least one junction;
providing a support substrate;

bonding the semiconductor layer to the support substrate:

creating a plurality of surface features on one of the semiconductor layer and the support

substrate, wherein the surface features are formed via etching; [[and]]
bondined cond | ] | ‘

depositing an oxide material within at least a portion of the semiconductor layer or

support substrate removed during etching: and

processing the region of the semiconductor layer or support substrate comprising the

surface features with CMP after depositing the oxide material.

48.  (Previously Presented) The method of claim 47, wherein bonding the semiconductor
layer to the support substrate comprises:

depositing a first bonding layer onto the semiconductor layer; and
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bonding the first bonding layer to a second bonding layer disposed on the support

substrate.

49.  (Previously Presented) The method of claim 47, wherein the plurality of surface features

are formed on the light incident side of the semiconductor layer.
50.  (Canceled)
51 (Canceled)

52. (Currently Amended) The method of claim [[51]].47, wherein depositing the oxide
material comprises at least partially filling one of trenches, holes, pits, and cones formed in the

semiconductor layer during etching.
53.  (Canceled)

54. (Previously Presented) The method of claim 47, wherein the surface features are formed

by shallow trench isolation etching.

55.  (Previously Presented) The method of claim 47, wherein the surface features are formed

in the semiconductor layer.

56. (New) A photosensitive imager device capable of detecting visible and infrared
electromagnetic radiation, comprising:

a semiconductor layer having a light incident side and an opposed side, said
semiconductor layer having multiple doped regions forming at least one junction,

a textured region comprising a plurality of surface features configured to interact with
incident electromagnetic radiation so as to increase the quantum efficiency of the device,

a support substrate coupled to said semiconductor layer, and

a first bonding layer disposed between the semiconductor layer and the support substrate,

wherein the device exhibits a quantum efficiency of at least about 35% for

electromagnetic radiation at a wavelength of about 940.

57.  (New) The device of claim 56, wherein the textured region is located on the light

incident side of the semiconductor layer.

SIONYX1403000087.0090
SAMSUNG EX. 1002 - 89/236



App. No.: 16/505,283 Docket No.: SXM-060CN3
Art Unit: 2895 Examiner: C. Everhart

58. (New) The device of claim 57, further comprising a device layer coupled to the

semiconductor layer on said side opposed to the light incident side.

59. (New) The device of claim 57, wherein the textured region is formed by etching.
60. (New) The device of claim 59, wherein said surface features comprise pyramids.
61. (New) The device of claim 57, further comprising a reflector layer disposed between the

textured layer and the support substrate.

62. (New) The device of claim 56, further comprising deep trench isolation for isolating the
device.

63.  (New) The device of claim 62, wherein said deep trench isolation provides light trapping
functionality.

64. (New) The device of claim 56, wherein the semiconductor layer is single crystal silicon.
65. (New) The device of claim 56, wherein the semiconductor layer comprises silicon and
germanium.

60. (New) The device of claim 56, wherein the surface features are formed in the

semiconductor layer.

67. (New) The device of claim 56, wherein the surface features have a substantially uniform
height.

68. (New) The device of claim 56, wherein the surface features are not uniform in height.
69. (New) The device of claim 56, wherein said first bonding layer comprises any of silicon

oxide, silicon nitride and amorphous silicon.

70.  (New) The device of claim 56, wherein said semiconductor layer has a thickness in a

range of about 1 micron to about 10 microns.

71.  (New) The device of claim 56, wherein said bonding layer has a thickness in a range of

about 30 nm to about 3 microns.
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72. (New) The device of claim 56, wherein said plurality of surface features have a height in

a range of about 50 nm to about 2 microns.

73. (New) The device of claim 56, wherein said plurality of surface features have a height in

a range from about 0.35 microns to about 0.7 microns.

74. (New) The device of claim 56, wherein said plurality of surface features are formed by

using a patterned mask and photolithography followed by etching.

75. (New) The device of claim 56, wherein said plurality of surface features comprise

multiple etched levels.

76.  (New) The device of claim 56, wherein said textured region increases optical absorption
of the semiconductor layer over an electromagnetic spectrum range of at least about 700 nm to

about 1100 nm.

77. (New) The device of claim 56, further comprising a second bonding layer positioned

between the first bonding layer and the support substrate.

78. (New) The device of claim 56, wherein the surface features are arranged according to a

pattern that is an at least substantially uniform grid.

79.  (New) The device of claim 56, wherein the surface features are arranged according to a

pattern that is a non-uniform arrangement.

80. (New) A method of making a photosensitive image device, comprising:

providing a semiconductor layer having a light incident side and an opposed side, said
semiconductor layer having multiple doped regions forming at least one junction;

providing a support substrate;

bonding the semiconductor layer to the support substrate; and

creating a plurality of surface features on one of the semiconductor layer and the support

substrate, wherein the surface features are formed by shallow trench isolation etching.

81. (New) The method of claim 80, wherein bonding the semiconductor layer to the support

substrate comprises:
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depositing a first bonding layer onto the semiconductor layer; and
bonding the first bonding layer to a second bonding layer disposed on the support

substrate.

82. (New) The method of claim 80, wherein the plurality of surface features are formed on

the light incident side of the semiconductor layer.

83.  (New) The method of claim 80, wherein the surface features are formed in the

semiconductor layer.
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REMARKS

The pending Office Action addresses claims 21-55, of which claims 21-35, 37-43, 47-52,
and 55 stand rejected. Claims 36, 44-46, 53, and 54 are objected to as being dependent upon a
rejected base claims, but are indicated as being allowable if rewritten in independent form

including all of the limitations of any intervening claim.

Applicant thanks Examiner Everhart for the indication that claims 36, 44-46, 53, and 54
would be allowable. As discussed below, the claims are amended herein in accordance with the

Examiner’s indication of allowable subject matter.
Amendments to the Claims

Applicant presents the following claim amendments in an effort to expedite prosecution.
These amendments should not be construed as Applicant’s acceptance of the Examiner’s
rejections. Applicant reserves the right to prosecute any of the former claims in a continuing

application.

Claims 21, 45-47, and 52 are amended as shown on the attached sheets. In particular,
independent claim 21 is amended for form and to incorporate the recitations of allowable claim
44, which is hereby canceled. Dependent claims 45 and 46 are amended to depend from claim
21 due to the cancellation of claim 44, from which these claims previously depended.
Independent claim 47 is amended to incorporate the recitations of allowable claim 53 and its
intervening base claims 50 and 51, which are also canceled. Dependent claim 52 is amended to

depend from claim 47 due to the cancellation of claim 51, from which it previously depended.

In addition to above amendments to the pending claims, Applicant presents new
independent claims 56 and 80 (and various dependent claims). Applicant notes that new
independent claim 56 represents the previous version of independent claim 21, with the addition
of the subject matter of allowable claim 36. Dependent claims 57-79 depend from new
independent claim 56 and represent the subject matter of claims 22-35, 37-43, 45, and 46,
respectively. Additionally, new independent claim 80 represents the previous version of
independent claim 47, with the addition of the subject matter of allowable claim 54. Dependent
claims 81-83 depend from new independent claim 80 and represent the subject matter of claims

48, 49, and 55, respectively.
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Rejections Pursuant to 35 US.C. § 103

The Office Action rejects claims 21-26, 29-35, 38-42, 47, 49-52, and 55 pursuant to 35
U.S.C. § 103 as being obvious over U.S. Patent Pub. No. 20090261353 of Gaebler et al.
(“Gaebler”) in view of U.S. Patent Pub. No. 20140242744 of Fonash et al. (“Fonash™).
Dependent claims 27 and 28 stand rejected as being obvious over Gaebler and Fonash and
further in view of U.S. Patent Pub. No. 20080057612 of Doan ef al., while dependent claims 37,
43, and 48 stand rejected as being obvious over Gaebler and Fonash and further in view of U.S.

Patent Pub. No. 20120001293 of Mohamed ef al.

The above amendments obviate the basis of the rejection of these claims in light of the
Examiner’s indication of allowable subject matter. Moreover, new independent claims 57 and
80 (and their dependent claims) are also believed to overcome the cited art in light of the

Examiner’s indication.
Conclusion

Applicant believe that the claims are in proper condition for allowance and allowance
thereof is respectfully requested. The Examiner is encouraged to telephone the undersigned
attorney for Applicant if such communication is deemed to expedite prosecution of this

application.

No fees are believed to be due with filing. However, the Director is authorized to charge
any deficiency in the fees filed, asserted to be filed or which should have been filed herewith (or
with any paper hereafter filed in this application by this firm) to our Deposit Account No. 50-
1196, under Docket No. SXM-060CN3.

Respectfully submitted,

Dated: August 13, 2020 Electronic Signature: _ /Andrew W. Schultz/
Andrew W. Schultz, Reg. No. 66,869
Attorney for Applicant
Nelson Mullins Riley & Scarborough LLP
One Post Office Square, 30" Floor
Boston, MA 02109
Tel: (617)217-4674
Fax: (617)217-4699
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Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EQ/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Approved for use through 1/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

Application or Docket Number Filing Date
PATENT APPLICé};gmt:fErEFgE'lF"ITEg_gII?I;\IATION RECORD 167505 283 07108/2049 (7o be Maied

ENTITY: LARGE [ smaLL (J micro

APPLICATION AS FILED - PART |

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
() BasIC FEE N/A N/A N/A
(37 CFR 1.16(a). (b). or (c))
) sEaRcH FEE
(37 CFR 1.16(K), (i), or (m)) N/A N/A N/A
[_] EXAMINATION FEE
(37 CFR 1.16(0), {p), 01 (g)) N/A N/A N/A
TOTAL CLAIMS . R
(37 CFR 1.16(i)) minus 20 = x $100 -
INDEPENDENT CLAIMS . .
(37 CFR 1.16(h)) minus 3 = x $460 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
Défl’:’;LgC?g(O;‘)‘ SIZE FEE (37 for small entity) for each additional 50 sheets or
1018 fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
[T MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(}))
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART li
(Column 1) (Column 2} {Column 3)
CLAIMS HIGHEST
- 08/13/2020 EE%AFLN'NG Eg:\EAVBIETJSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
E E?Flm.m(i)) ' 59 Minus | ** 35 =24 x 8100 - 2400
| I Minss | 3 - x 3400 - 460
< ) Application Size Fee (37 CFR 1.16(s))
(_J FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16(j))
TOTAL ADD'L FEE 2860
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
RE/';AF/:\I_IEI%NG PF{NEL\j/'\]AC?LIJEgLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
LU ¢ Total * ; sk = —
= (sg(?FRmem) Minus - X $ 0 -
£ b Independent . ; xk - _
E /370Fpm.16'h)) Minus - X $ 0 -
E ] Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16(j))
TOTAL ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /ANTJUAN M RIVERA/
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

1 you need assistance in completing the form, call 1-800-FTO-8198 and sefect option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

| APPLICATION NUMBER |

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO, Box 145

Alexandria, Vitginia 22313-1450

WWW.USpto.gov

FILING OR 371(C) DATE

FIRST NAMED APPLICANT I

16/505,283 07/08/2019

959

NELSON MULLINS RILEY & SCARBOROUGH LLP
FLOOR 30, SUITE 3000

ONE POST OFFICE SQUARE

BOSTON, MA 02109

ATTY. DOCKET NO./TITLE |

Homayoon HADDAD SXM-060CN3

CONFIRMATION NO. 2766
POA ACCEPTANCE LETTER

A

9522

Date Mailed: 08/21/2020

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 08/18/2020.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the

above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

Iyteferra/

page 1 of 1
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http://www.uspto.gov

To: ipboston.docketing@nelsonmullins.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 959

Aug 21, 2020 03:56:25 AM
Dear PAIR Customer:

NELSON MULLINS RILEY & SCARBOROUGH LLP
FLOOR 30, SUITE 3000

ONE POST OFFICE SQUARE

BOSTON, MA 02109

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 959 , have new
outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
16505283 N570 08/21/2020 SXM-060CN3

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM

SIONYX1403000087.0107
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USplo.gov

l APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
16/505,283 07/08/2019 Homayoon HADDAD SXM-060CN3 2766
959 7590 10/22/2020 I EXAMINER |
NELSON MULLINS RILEY & SCARBOROUGH LLP
FLOOR 30’ SUITE 3000 EVERHART, CARIDAD
ONE POST OFFICE SQUARE
BOSTON. MA 02109 I ART UNIT l PAPER NUMBER |
2895
I NOTIFICATION DATE l DELIVERY MODE |
10/22/2020 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

ipboston.docketing @nelsonmullins.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

16/505,283 HADDAD et al.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
CARIDAD EVERHART 2895 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 8/13/2020.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon _____
2a)(] This action is FINAL. 2b) ¥ This action is non-final.

3)O An election was made by the applicant in response to a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

4)(O0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 21-43,45-49,52 and 54-83 is/are pending in the application.
5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) Claim(s) 21-43,45-49,52 and 54-79 is/are allowed.
7) ™ Claim(s) 80-83 is/are rejected.
8) [0 Claim(s)______is/are objected to.
) )

Claim(s are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see

hitp://www. uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers
10)(OJ The specification is objected to by the Examiner.
11)(0J The drawing(s) filed on is/are: a)(] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
Priority under 35 U.S.C. § 119

12)(0J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)lJ All b)O Some**  ¢)(d None of the:
1.[J Certified copies of the priority documents have been received.
2.(] Certified copies of the priority documents have been received in Application No.

3.(J Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

<]

<e]

Attachment(s)
1) Notice of References Cited (PTO-892) 3) Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) (] Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) [ Oter:
Paper No(s)/Mail Date '
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20201014
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Application/Control Number: 16/505,283 Page2
Art Unit: 2895

Notice of Pre-AlA or AlA Status
The present application, filed on or after March 16, 2013, is being examined under the first
inventor to file provisions of the AlA.
Response to Arguments
Applicant's arguments filed 8/13/2020 have been fully considered. New grounds of rejection

are made with respect to new claims 80-83.

Claim Rejections - 35 USC § 103
In the event the determination of the status of the application as subject to AIA35 U.S.C. 102
and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any correction of the statutory
basis for the rejection will not be considered a new ground of rejection if the prior art relied upon, and
the rationale supporting the rejection, would be the same under either status.
The text of those sections of Title 35, U.S. Code not included in this action can be found in a

prior Office action.

Claims 80 and 82-83 is/are rejected under 35 U.S.C. 103 as being unpatentable over Huang (US
4.772,335).

Huang discloses a method of making an ultraviolet light detector or sensor (col. 1, lines 51-60),
which is a photosensitive image device,

Including providing a semiconductor layer having a light incident side and anopposed side, as
Huang discloses the lightis incident from the top, as Huang discloses the light entersthrough the layer
22 tothe layer 23, in that order (col. 3, lines 39-54 and Fig. 2), and Huang also discloses multiple doped
regions including a junction (col. 3, lines 39-54 and col. 1, lines 63-68)

Providing asupport substrate 14, which is glass (col. 3, lines 20-39),

SIONYX1403000087.0110
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Application/Control Number: 16/505,283 Page 3
Art Unit: 2895

Bonding the semiconductor layerto the support substrate, as Huang discloses bonding the
semiconductor layers to the substrate through an insulating layer (col. 5, lines 19-34) and

Creating a plurality of surface featureson the semiconductor (col. 6, lines 47-54) , the surface
features are formed by shallow trenchisolation etching, as Huang discloses creating texturing features
such as grooved or features by lithography in the semiconductor layer to capture incident light (col. 5,
lines 44-68 and col. 6, lines 1-2), in which Huang discloses the grooves can be formed by lithography (col.
5, lines 65-68 and col. 6, lines 1-20), which is a disclosure of shallow trench etching ,and Huang also
discloses the light which is captured is incident light (col. 6, lines 47-54),, whichis a disclosure that
light is captured from the semiconductor side of the device, and Huang also discloses the featuresare
formed in the semiconductor layer, as statedabove, and Huang also discloses the features are formed
by etching (col. 5, lines 60-67), and these features may be formed in the semiconductor layer (col. 6,
lines 47-53).

Huang discloses more than one doped region as stated above, which is a disclosure of multiple
doped regions, or would suggest to one of ordinary skill in the art to form multiple doped regions, as
duplication of parts is obvious (MPEP 2144.04(VI(B))).

Reclaim 82: Huangdiscloses the plurality of surface features are formed on the light incident
side of the semiconductor layer, as stated above in the rejection of claim 80.

Re claim 83: Huang discloses the surface features are formed in the semiconductor layer, as

stated above in the rejection of claim 80.

Claim 81 is/are rejected under 35 U.S.C. 103 as being unpatentable over Huang (US 4.772,335).
as applied to claim 80 above, and further in view of Rey et al (US 2010/0310839 A1)(“Rey”).
Huang discloses the limitations of claim 80 as stated above. Huang is silent with respect to the

recited steps of bonding the semiconductor to the substrate.

SIONYX1403000087.0111
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Application/Control Number: 16/505,283 Page 4
Art Unit: 2895

Rey discloses a method of bonding a semiconductor to a substrate including depositing a first
bonding layer onto the semiconductor layer and bonding the first bonding layer to a second bonding
layer disposed on the support substrate (para. 0072), the substrate may be a semiconductor substrate
(para.0027) and Ray also discloses applying an adhesion layer to the substrate which is to receive the
semiconductor layer (para. 0080).

It would have been obvious to one of ordinary skill in the art to have combined the steps
disclosed by Ray with the method disclosed by Huang in order to obtain a bonded a semiconductor

bonded to a substrate of a different material.

Allowable Subject Matter

Claims 21-43, 45-49, 52, and 54-79 are allowed.

Any inquiry concerning this communication or earlier communications from the examiner
should be directedto CARIDAD EVERHART whose telephone number is (571)272-1892. The examiner
can normally be reached on M-F 6:00 AM-4:00 PM.

Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use
the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

If attemptsto reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Eliseo Ramos-Feliciano can be reached on 571-272-7925. The fax phone number for the organization

where this application or proceeding is assigned is 571-273-8300.

SIONYX1403000087.0112
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Application/Control Number: 16/505,283 Page 5
Art Unit: 2895

Information regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained
from either Private PAIR or Public PAIR. Status information for unpublished applications is available
through Private PAIR only. For more information about the PAIR system, see https://ppair-
my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private PAIR system, contact
the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information system, call 800-786-
9199 (IN USA OR CANADA) or 571-272-1000.

/CARIDAD EVERHART/
Primary Examiner, Art Unit 2895

SIONYX1403000087.0113
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Application No. Applicant(s)

. s . 16/505,283 HADDAD et al.
Examiner-Initiated Interview Summary ’ 8
Examiner Art Unit AlA (FITF) Status
CARIDAD EVERHART 2895 Yes

All participants (applicant, applicant’s representative, PTO personnel):

(1) CARIDAD EVERHART. (3) .

(2) Attorney Andrew W. Schultz. 4) .

Date of Interview: 15 October 2020.

Type: Telephonic  J Video Conference
O Personal [copy given to: (J applicant (J applicant's representative]

Exhibit shown or demonstration conducted: (JYes O No.
If Yes, brief description:

Issues Discussed (J101 [OJ112 102 103 O Others

(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed:
Identification of prior art discussed:

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a reference

or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

The examiner left a message on a voice message machine stating that the examiner was calling to request
permission for an examiner's amendment. The examiner also called on 10/19/2020..

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the general
thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the general results or
outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

O Attachment

/CARIDAD EVERHART/
Primary Examiner, Art Unit 2895

U.S. Patent and Trademark Office
PTOL-413B (Rev. 8/11/2010) Interview Summary Paper No. 20201014

SIONYX1403000087.0114
SAMSUNG EX. 1002 - 113/236



Application/Control No. Applicant(s)/Patent Under
16/505,283 Reexamination
Notice of References Cited B 2:%2:'3 otal
CARIDAD EVERHART 2895 Page 1 of 1
U.S. PATENT DOCUMENTS
* Coumzog:dme_eﬁjrrbfrz:; Code MI\/ID— e\l{l\e(YY Name CPC Classification US Classification
* | A | US-20100310839-A1 12-2010 Rey; Alain-Marcel B44C1/04 428/203
* | B | US-4772335-A 09-1988 Huang; Wingo C. HO01L31/022475 136/258
* | ¢ | US-20130014814-A1 01-2013 Han; Sang Eon HO1L31/035209 136/255
D
E
F
G
H
|
J
K
L
M
FOREIGN PATENT DOCUMENTS
* countzogg:;-el\llﬁn’:lbiTEi:L Code MI\AD-?}\e(YY Country Name CPC Classification
N
o
P
Q
R
S
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
U
A
w
X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20201014
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Application/Control No. Applicant(s)/Patent Under Reexamination
Search Notes 16/505.283 HADDAD et al.
H“"HH“ ‘III‘” ‘ NHI“ o s

CARIDAD EVERHART 2895
CPC - Searched*
Symbol Date Examiner
HO1L27/1446, 14625 02/07/2020 ce
HO1L31/0236, 18 02/07/2020 ce
HO1L25/167 02/07/2020 ce
HO1L27/1446, 14625 10/14/2020 ce
HO1L25/167 10/14/2020 ce
HO1L31/18, 0236 10/14/2020 ce
B23K26/355 10/14/2020 ce
B82Y40/00 10/14/2020 ce
HO1L11/3247 10/14/2020 ce
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.

Search Notes

Search Notes Date Examiner
EAST attached 02/07/2020 ce
EAST attached 10/14/2020 ce

U.S. Patent and Trademark Office

Part of Paper No.: 20201014
Page 1 of 2
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Search Notes 16/505.283 HADDAD et al.
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CARIDAD EVERHART 2895
Interference Search
US Class/CPC US Subclass/CPC Group Date Examiner
Symbol
EAST attached 10/14/2020 ce

U.S. Patent and Trademark Office

Page 2 of 2
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Part of Paper No.: 20201014
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EAST Search History

EAST Search History (Prior Art)

~ Default Plurals  Time
. Operator

Search Query : DBs

- US-PGPUB; USPAT; OR
“USOCR; FPRS; EPO;

- JPO; DERWENT;

' IBM_TDB

'L12 125  (nanostructur$3 near9 - US-PGPUB; USPAT;  OR
: 5 . etch$4) and ( optoelectronic : USOCR; FPRS; EPO; :
- JPO; DERWENT;

- Ssame sensor) :
f ‘IBM_TDB

- US-PGPUB; USPAT;  OR
_USOCR; FPRS; EPO;

- JPO; DERWENT;
. IBM_TDB

- nanotextur$5 and (light - US-PGPUB; USPAT; ‘OR
. near9 (sensor or detector or : USOCR; FPRS; EPO;
: optoelectronic)) - JPO; DERWENT;
f ' IBM_TDB

'L13 102 1 AND ( (B82Y40/00 OR
. B23K26/3550R
' HO1L11/3247).CPC. )

'ON 2020/10/14
12:45 %

ON 2020/10/14
: 13:06 :

‘ON 2020/10/14
: 13:14 f

ON  2020/10/14
: 113:18 :

- US-PGPUB; USPAT; OR
“USOCR; FPRS; EPO;
- JPO; DERWENT;

IBM_TDB

115 6 14 AND ((BS2Y40/00 OR
T B23K26/3550R
HO1L11/3247).CPC. )

'L16 126 nanotextur$5and ((light ~  US-PGPUB; USPAT; ~ OR

“ near9 (sensor or detector )) : USOCR; FPRS; EPQ;
| JPO; DERWENT;

 or optoelectronic)

16 AND ( (B82Y40/00 OR
- B23K26/355 OR
'HO1L11/3247 ).CPC. )

- US-PGPUB; USPAT;
- USOCR; FPRS; EPO;
- JPO; DERWENT;

' IBM_TDB

EAST Search History (Interference)
<This search history is empty>

10/14/2020 1:22:15PM
C:\Users\ceverhart\Documents\EAST\Workspaces\16505283b12.wsp

ON  2020/10/14
: 13:18 :

ON 2020/10/14
: 13:20 :

ON 2020/10/14
13:20
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EAST Search History

EAST Search History (Prior Art)

'Ref Hits Search Query ~ DBs  Default Plurals Time
- B : : Operator . Stamp

‘L1 1,563 (((infra adj red) or infrared) and visible . US-PGPUB; . OR ‘ON -2020/10/14:
-and ( nanostructur$3) and (sensoror  USPAT; 112:05 :
- camera or photosensitive or imager or - USOCR; FPRS; ! : ;

- detector )) and ((ir or (infra adj red) or . EPO; JPO; :
-infrared) and visible and (textured or - DERWENT;
- texture or microtexturs$3 or {IBM_TDB
- nanotextur$3) and (sensor or camera
. or photosensitive or imager or detector

)

13 98 1AND((HO1L27/1446 OR US-PGPUB;  OR ON  2020/10/14
P ' HO1L27/14625 OR HO1L31/02360OR  USPAT; 112:07 :
' HO1L31/18 OR HO1L25/167).CPC.) USOCR; FPRS; ?
EPO; IPO;
 DERWENT;
IBM_TDB

‘L7 31  nanostructured same sti 'US-PGPUB; - OR :ON :2020/10/14 :
L 5; USPAT; 112:38 3
_USOCR; FPRS; %
- EPO; JPO; 5
 DERWENT;
IBM_TDB

‘L9 1,863 nanostructured near5 silicon US-PGPUB;  {OR :ON 12020/10/14:
. éi USPAT; 3 112:39 :
USOCR; FPRS; : i
- EPO; JPO;
. DERWENT;
:IBM_TDB

L10:307 9 and optoelectronic US-PGPUB;  OR ‘ON -2020/10/14
L USPAT; § 112:45 3
USOCR; FPRS; : :
-EPO; JPO; 5
 DERWENT;
IBM_TDB

‘L11 :401  nanostructur$3 same optoelectronic ~ US-PGPUB; ~ : OR ‘ON  2020/10/14:
: % . same sensor - USPAT; : 12:57 ’
5?  USOCR; FPRS; - :

-EPO; JPO; :
- DERWENT;
IBM_TDB

:L12 125  (nanostructur$3 near9 etch$4)and (  US-PGPUB; . OR :ON 12020/10/14 ;
5 - optoelectronic same sensor) USPAT; 113:06 f
: _USOCR; FPRS; ; %

_EPO; JPO;
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 DERWENT;
1BM_TDB

US-PGPUB;
USPAT; V
'USOCR; FPRS;

-1 AND ( (B82Y40/00 OR B23K26/355
'OR H01L11/3247).CPC.)

'EPO; JPO;
 DERWENT;
IBM_TDB

nanotextur$5 and (light near9 (sensor
- or detector or optoelectronic))

US-PGPUB;
USPAT;
_USOCR; FPRS; -

EPO; JPO;
- DERWENT;
IBM_TDB

- US-PGPUB;
- USPAT;
- USOCR; FPRS; -

- 14 AND ( (B82Y40/00 OR B23K26/355
' OR H01L11/3247 ).CPC.)

'EPO; JPO;
 DERWENT;

~ nanotextur$5 and ((light near9 (sensor -
or detector )) or optoelectronic)

IBM_TDB

US-PGPUB;
USPAT;
'USOCR; FPRS; -

.EPO; JPO;
 DERWENT;

16 AND ((B82Y40/00 OR B23K26/355

7
: _ORHO1L11/3247).CPC.)

1BM_TDB
US-PGPUB;
USPAT; 3
'USOCR; FPRS; |

'EPO; IPO;
 DERWENT;
IBM_TDB

- (((infra adj red) or infrared) and visible
-and ( nanostructur$3) and (sensor or

- camera or photosensitive or imager or
- detector )) and ((ir or (infra adj red) or
. infrared) and visible and (textured or

. texture or microtextur$3 or

- nanotextur$3) and (sensor or camera
- or photosensitive or imager or detector -
) -
98 18 AND ((H01L27/1446 OR
HO1L27/14625 OR H01L31/0236 OR

- HO1L31/18 OR H01L25/167).CPC. )

119

US-PGPUB;

 USPAT; g
_USOCR; FPRS; -
EPO; PO;
 DERWENT;
1BV_TDB

- US-PGPUB;
 USPAT; :
- USOCR; FPRS;
EPO; IPO;
: DERWENT;,
IBM_TDB

oR

oR

12020/10/14
13:14 :

12020/10/14
13:18 :

12020/10/14
113:18 :

12020/10/14
113:20 3

12020/10/14.
1320

12020/10/14
113:43 :

£2020/10/14
13:44 '

EAST Search History (Interference)
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;Ref%H'rts% Search Query  DBs  Default ﬁPIuraIs% Time

# : _Operator ~ Stamp
1120 58 HADDAD-HOMAYOON US-  OR ‘ON  2020/10/14
A _PGPUB; 113:52 '
USPAT f f
‘121 48 JIANG-JUTAO US-  OR ‘ON  2020/10/14
: : PGPUB; .13:53 :
L _USPAT %
1226 (200r 21)and (((infra adj red) or infrared)and US-  OR ON  2020/10/14
: - visible and ( nanostructur$3) and (sensoror - PGPUB; - 113:54 f

. camera or photosensitive or imager or detector : USPAT
:)) and ((ir or (infra adj red) or infrared) and
. visible and (textured or texture or :
_microtextur$3 or nanotextur$3) and (sensoror .
: camera or photosensitive or imager or detector :
)).clm. '

123 .15  (((infra adj red) or infrared) and visibleand ( : US- OR ‘ON :2020/10/14 :
: _nanostructur$3) and (sensor or camera or PGPUB; 13:54 :
' photosensitive or imager or detector )) and ((ir | USPAT 1 1
-or (infra adj red) or infrared) and visibleand
- (textured or texture or microtextur$3 or
. nanotextur$3) and (sensor or camera or
' photosensitive or imager or detector )).clm.

10/14/2020 1:56:54 PM
C:\Users\ceverhart\Documents\EAST\Workspaces\16505283b14.wsp
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To: ipboston.docketing@nelsonmullins.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 959

Oct 22, 2020 03:54:34 AM
Dear PAIR Customer:

NELSON MULLINS RILEY & SCARBOROUGH LLP
FLOOR 30, SUITE 3000

ONE POST OFFICE SQUARE

BOSTON, MA 02109

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 959 , have new
outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
16505283 CTNF 10/22/2020 SXM-060CN3
INTV.SUM.EX 10/22/2020 SXM-060CN3
892 10/22/2020 SXM-060CN3

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM

SIONYX1403000087.0124
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Docket No. SXM-060CN3

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of: Homayoon Haddad er al.
Confirmation No.: 2766
Application No.: 16/505,283
Art Unit: 2895
Filed: July 8, 2019
Examiner: Everhart, Caridad
For: SHALLOW TRENCH TEXTURED REGIONS AND
ASSOCIATED METHODS

VIA EFS-WEB
Commissioner for Patents

P. O. Box 1450

Alexandria, VA 22313-1450

Certificate of Mailing
I hereby certify that this correspondence is being electronically filed via EFS-Web to the Commissioner for

Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

January 22, 2021 Electronic Signature: /Andrew W. Schultz/
Dated Andrew Schultz, Reg. No. 66,869

AMENDMENT AND RESPONSE TO NON-FINAL OFFICE ACTION

Dear Sir,
This paper is filed in response to the non-final Office Action dated October 22, 2020.
Amendments to the Claims begin on page 2 of this paper.

Remarks begin on page 8.

SIONYX1403000087.0125
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Docket No. SXM-060CN3

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of: Homayoon Haddad er al.
Confirmation No.: 2766
Application No.: 16/505,283
Art Unit: 2895
Filed: July 8, 2019
Examiner: Everhart, Caridad
For: SHALLOW TRENCH TEXTURED REGIONS AND
ASSOCIATED METHODS

VIA EFS-WEB
Commissioner for Patents

P. O. Box 1450

Alexandria, VA 22313-1450

Certificate of Mailing

I hereby certify that this correspondence is being electronically filed via EFS-Web to the Commissioner for
Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

January 22, 2021 Electronic Signature: /Andrew W. Schultz/
Dated Andrew Schultz, Reg. No. 66,869

INFORMATION DISCLOSURE STATEMENT (IDS) TRANSMITTAL LETTER

Dear Sir,

Pursuant to 37 CFR 1.56, 1.97 and 1.98, the attention of the Patent and Trademark Office
is hereby directed to the references listed on the attached substitute for PTO/SB/08. It is
respectfully requested that the information be expressly considered during the prosecution of this
application, and that the references be made of record therein and appear among the “References

Cited” on any patent to issue therefrom.

This Information Disclosure Statement is {iled before the mailing date of a final action
under § 1.113 or a notice of allowance under § 1.311 (37 CFR 1.97(c)). A certification statement
pursuant to 37 C.F.R. 1.97(e) is not submitted herewith. The fee set forth in § 1.17(p) is

submitted herewith.

In accordance with 37 CFR 1.98(a)(2)(ii), Applicant has not submitted copies of U.S.
patents and U.S. patent applications. In accordance with 37 CFR 1.98(d), Applicant has not

SIONYX1403000087.0126
SAMSUNG EX. 1002 - 125/236



App. No.: 16/505,283 Docket No.: SXM-060CN3
Art Unit: 2895 Examiner: C. Everhart
submitted herewith copies of foreign patents and non-patent literature that were previously
provided to the Office in one of U.S. App. No. 15/614,256 (filed June 5, 2017, Atty. Dkt. No.
SXM-060CN2), U.S. App. No. 14/884,181 (filed October 15, 2015, Atty. Dkt. No. SXM-
060CN), and U.S. App. No. 14/084,392 (filed November 19, 2013, Dkt. No. SXM-060CN), to
which the instant application claims priority under 35 USC § 120.

In accordance with 37 CFR 1.97(g), the filing of this Information Disclosure Statement
shall not be construed to mean that a search has been made or that no other material information
as defined in 37 CFR 1.56(a) exists. In accordance with 37 CFR 1.97(h), the filing of this
Information Disclosure Statement shall not be construed to be an admission that the information

cited in the statement is, or is considered to be, material to patentability as defined in § 1.56 (b).

It is submitted that the Information Disclosure Statement is in compliance with 37 CFR

1.98 and the Examiner is respectfully requested to consider the listed references.

The Director is hereby authorized to charge any deficiency in the fees filed, asserted to be
filed or which should have been filed herewith (or with any paper hereafter filed in this

application by this firm) to our Deposit Account No. 50-1196, under Docket No. SXM-060CN3.

Respectfully submitted,

Dated: January 22, 2021 Electronic Signature: _ /Andrew W. Schultz/
Andrew W. Schultz, Reg. No. 66,869
Attorney for Applicant
Nelson Mullins Riley & Scarborough LLP
One Financial Center, Suite 3500
Boston, MA 02110
Tel: (617)217-4674
Fax: (617)217-4699
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Substitute for Form 1449/PTO

Complete if Known

Application No.: 16/505,283
INFORMATION DISCLOSURE Filing Date: 07-08-2019
STATEMENT BY APPLICANT First Named Inventor: Homayoon Haddad
Group Art Unit: 2895
(use as many sheets as necessary) Examiner Name: Caridad Everhart
Sheet |1 | of | 32 Attorney Docket No.: SXM-060CN3

Examiner’s | Cite U.S. Patent Name of Patentee or Date of Pages, Columns, Lines,
Initials No. Document Applicant of Cited Publication of Where Relevant Passages
Number Kind Document Cited Document or Relevant Figures
Code MM-DD-YYYY Appear
(if known)

Al 3487223 St. John 12/30/1969
A2 3922571 Smith 11/25/1975
A3 3973994 Redfield 8/10/1976
A4 3994012 Warner, Jr. 11/23/1976
AB 4017887 Davies et al. 4/12/1977
A6 4105955 Hayashi 8/8/1978
A7 4149174 Shannon 4/10/1979
A8 4176365 Kroger 11/27/1979
A9 4181538 Narayan et al. 1/1/1980
Al0 4201450 Trapani 5/6/1980
All 4242149 King et al. 12/30/1980
Al2 4253882 Dalal 3/3/1981
Al3 4277793 Webb 7/7/1981
Al4 4322571 Stanbery 3/30/1982
Al5 4343832 Smith 8/10/1992
Al6 4346164 Tabarelli et al. 8/24/1982
Al7 4419533 Czubatyj et al. 12/6/1983
Al8 4452826 Shields et al. 6/5/1984
Al9 4493942 Sheng et al. 1/15/1985
A20 4514582 Tiedje et al. 4/30/1985
A21 4536608 Sheng et al. 8/20/1985
A22 4546945 Nessfield 10/15/1985
A23 4568960 Petroff et al. 2/4/1986
A24 4593303 Dyck et al. 6/3/1986
A25 4593313 Nagasaki 6/3/1986
A26 4617593 Dudley 10/14/1986
A27 4630082 Sakai 12/16/1986
A28 4648936 Ashby et al. 3/10/1987
A29 4663188 Kane 5/5/1987
A30 4672206 Suzuki 6/9/1987
A31 4673770 Mandelkorn 6/16/1987
A32 4679068 Lillquist et al. 7/7/1987
A33 4703996 Glass et al. 11/1/1987
A34 4723086 Leibovich et al. 2/2/1988
A35 4751571 Lillquist 6/14/1988

Examiner Date Considered

Signature

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to Applicant.
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Substitute for Form 1449/PTO

Complete if Known

Application No.: 16/505,283
INFORMATION DISCLOSURE Filing Date: 07-08-2019
STATEMENT BY APPLICANT First Named Inventor: Homayoon Haddad
Group Art Unit: 2895
(use as many sheets as necessary) Examiner Name: Caridad Everhart

Sheet |2 | of |32 Attorney Docket No.: SXM-060CN3

A36 4773944 Nath et al. 9/1/1988

A37 4775425 Guha et al. 10/4/1988

A38 4777490 Sharma et al. 10/11/1988

A39 4829013 Yamazaki 5/9/1989

A40 4838952 Dill et al. 6/1/1989

A4l 4883962 Elliot 11/28/1989

A42 4886958 Merryman 12/12/1989

A43 4887255 Handa et al. 12/12/1989

A44 4894526 Bethea et al. 1/16/1990

A45 4910568 Taki, et al. 3/20/1990

AdG6 4910588 Kinoshita, et al. 3/20/1990

A47 4964134 Westbrook et al. 10/16/1990

A48 4965784 Land et al. 10/23/1990

A49 4968372 Maass 11/6/1990

A5Q 4999308 Nishiura et al. 3/12/1991

A51 5021100 Ishihara et al. 6/4/1991

A52 5021854 Huth 6/4/1991

A53 5080725 Green et al. 1/14/1992

A54 5081049 Green et al. 1/14/1992

A55 5089437 Shima et al. 2/1/1992

A56 5100478 Kawabata 3/31/1992

A57 5101260 Nath 3/31/1992

A58 5114876 Weiner 5/19/1992

A59 5127964 Hamakawa et la. 7/7/1992

A60 5164324 Russell et al. 11/17/1992

AG1 5182231 Hongo et al. 1/26/1993

A62 5208822 Haus et al 5/4/1993

A63 5223043 Olson et al. 6/29/1993

A64 5234790 Lang, et al. 8/10/1993

A65 5236863 Iranmanesh 8/17/1993

AG6 5244817 Hawkins et al. 9/14/1993

AG7 5296045 Banerjee et al. 3/22/1994

A6G8 5309275 Nishimura et al. 5/3/1994

A69 5322988 Russell et al. 6/21/1994

A70 5346850 Kaschmitter et al. 9/13/1994

A71 5351446 Langsdorf 10/4/1994

A72 5370747 Noguchi et al. 12/6/1994

A73 5373182 Norton 12/13/1994

A74 5381431 Zayhowski 1/10/1995

A75 5383217 Uemura 1/17/1995

A76 5390201 Tomono et al. 2/14/1995

A77 5410168 Hisa 4/25/1995

A78 5413100 Barthelemy et al. 5/9/1995

A79 5449626 Hezel 9/12/1995
Examiner Date Considered
Signature

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to Applicant.
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Substitute for Form 1449/PTO

Complete if Known

Application No.: 16/505,283
INFORMATION DISCLOSURE Filing Date: 07-08-2019
STATEMENT BY APPLICANT First Named Inventor: Homayoon Haddad
Group Art Unit: 2895
(use as many sheets as necessary) Examiner Name: Caridad Everhart

Sheet |3 | of |32 Attorney Docket No.: SXM-060CN3

A80 5454347 Shibata et al. 10/3/1995

A81 5502329 Pezzani 3/26/1996

A82 5507881 Sichanugrist et al. 4/16/1996

A83 5523570 Hairston 6/4/1996

A84 5559361 Pezzani 9/24/1996

A85 5569615 Yamazaki et al. 10/29/1996

A86 5569624 Weiner 10/29/1996

AB7 5578858 Mueller et al. 11/26/1996

A88 5580615 Itoh et al. 12/3/1996

A89 5583704 Fujii 12/10/1996

A90 5589008 Kepper 12/31/1996

A91 5589704 Levine 12/31/1996

A92 5597621 Hummel et al. 1/18/1997

A93 5600130 VanZeghbroeck 2/4/1997

A94 5626687 Campbell 5/6/1997

A95 5627081 Tsuo et al. 5/6/1997

A96 5635089 Singh et al. 6/3/1997

A97 5640013 Ishikawa, et al. 6/17/1997

A98 5641362 Meier 6/24/1997

A99 5641969 Cooke et al. 6/24/1997

A100 5705413 Harkin et al. 1/6/1998

A101 5705828 Noguchi et al. 1/6/1998

A102 5708486 Miyawaki et al. 1/13/1998

A103 5710442 Watanabe et al. 1/20/1998

A104 5714404 Mititsky et al. 2/3/1998

A105 5727096 Ghirardi et al 3/10/1998

A106 5731213 Ono 3/24/1998

A107 5751005 Wyles et al. 5/12/1998

A108 5758644 Diab et el. 6/2/1998

A109 5766127 Pologe et al. 6/16/1998

A110 5766964 Rohatgi et al. 6/16/1998

Alll 5773820 Osajda, et al. 6/30/1998

All2 5779631 Chance 7/14/1998

Al13 5781392 Clark 7/14/1998

All4 5792280 Ruby et al 8/11/1998

A115 5802091 Chakrabarti et al 8/1/1998

All6 5808350 Jack et al 9/15/1998

A117 5859446 Nagasu et al. 1/12/1999

All8 5861639 Bernier 1/19/1999

Al19 5871826 Mei 2/16/1999

A120 5898672 Ginzboorg 4/1/1999

Al21 5918140 Wickboldt et al. 6/29/1999

Al22 5923071 Saito 7/13/1999

Al123 5935320 Graf et al. 8/10/1999
Examiner Date Considered
Signature

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to Applicant.
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Substitute for Form 1449/PTO

Complete if Known

Application No.: 16/505,283
INFORMATION DISCLOSURE Filing Date: 07-08-2019
STATEMENT BY APPLICANT First Named Inventor: Homayoon Haddad
Group Art Unit: 2895
(use as many sheets as necessary) Examiner Name: Caridad Everhart

Sheet |4 | of |32 Attorney Docket No.: SXM-060CN3

Al24 5942789 Morikawa 8/24/1999

Al125 5943584 Shim et al 8/24/1999

A126 5963790 Matsuno et al 10/5/1999

A127 5977515 Uraki et al. 11/2/1999

Al28 5977603 Ishikawa 11/2/1999

Al29 5995606 Civanlar et al. 11/30/1999

A130 6019796 Mei 2/1/2000

A131 6048588 Engelsberg 4/11/2000

Al32 6049058 Dulaney et al. 4/11/2000

A133 6071796 Voutsas 6/6/2000

A134 6072117 Matsuyama et al. 6/6/2000

Al135 6080988 Ishizuya et al. 6/27/2000

A136 6082858 Grace et al. 7/4/2000

A137 6097031 Cole 8/1/2000

A138 6106689 Matsuyama 8/22/2000

A139 6107618 Fossum et al. 8/22/2000

A140 6111300 Cao et al. 8/29/2000

Al41 6117499 Wong et al. 9/1/2000

Al42 6121130 Chua et al. 9/1/2000

Al143 6128379 Smyk 10/1/2000

Al44 6131511 Wachi et al 10/17/2000

A145 6131512 Verlinden et al 10/17/2000

Al46 6147297 Wettling et al. 11/14/2000

A147 6160833 Floyd et al. 12/12/2000

A148 6168965 Malinovich, et al. 1/2/2001

A149 6194722 Fiorini et al. 2/27/2001

Al150 6204506 Akahori et al. 3/20/2001

Al51 6229192 Gu 5/8/2001

A152 6242291 Kusumoto et al. 6/1/2001

A153 6252256 Ugge et al. 6/26/2001

A154 6272768 Danese 8/1/2001

A155 6290713 Russell 9/18/2001

A156 6291302 Yu 9/18/2001

A157 6313901 Cacharelis 11/6/2001

A158 6320296 Fuijii et al. 11/20/2001

A159 6327022 Nishi 12/4/2001

A160 6331445 Janz et al 12/18/2001

Al61 6331885 Nishi 12/18/2001

Al62 6333485 Haight et al. 12/25/2001

Al63 6340281 Haraguchi 1/22/2002

A164 6372536 Fischer et al. 4/1/2002

A165 6372591 Mineji et al. 4/16/2002

A166 6372611 Horikawa 4/16/2002

Al67 6379979 Connolly 4/30/2002
Examiner Date Considered
Signature

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to Applicant.
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A168 6413135 Kim et al. 1/2/2002

A169 6420706 Lurie, et al. 7/16/2002

A170 6429036 Nixon, et al. 8/6/2002

A171 6429037 Wenham et al. 8/6/2002

Al72 6457478 Danese 10/1/2002

A173 6465860 Shigenaka, et al. 10/15/2002

Al74 6475839 Zhang, et al. 11/5/2002

A175 6479093 Lauffer et al 11/12/2002

A176 6483116 Kozlowski et al. 11/19/2002

A177 6483929 Marakami et al. 11/19/2002

A178 6486046 Fttjimura et al. 11/1/2002

A179 6486522 Bishay et al. 11/26/2002

A180 6493567 Krivitski et al. 12/10/2002

Al81 6498336 Tian et al. 12/24/2002

A182 6500690 Yamagishi et al. 12/31/2002

A183 6504178 Carlson et al. 1/7/2003

Al184 6562705 Ohara 5/1/2003

A185 6580053 Voutsas 6/17/2003

A186 6583936 Kaminsky et al. 6/24/2003

A187 6586318 Lu 7/1/2003

A188 6597025 Lauter et al 7/22/2003

A189 6607927 Ramappa et al. 8/19/2003

A190 6624049 Yamazaki 9/23/2003

A191 6639253 Duane et al. 10/28/2003

A192 6653554 Ishihara 11/25/2003

A193 6667528 Cohen et al. 12/23/2003

A194 6677655 Fitzgerald 1/13/2004

A195 6677656 Francois 1/13/2004

A196 6683326 Iguchi, et al. 1/27/2004

A197 6689209 Falster et el. 2/10/2004

A198 6690968 Mejia 2/10/2004

A199 6734455 Li 5/11/2004

A200 6753585 Kindt 6/22/2004

A201 6756104 Sokol et al. 6/1/2004

A202 6759262 Theil et al. 7/6/2004

A203 6790701 Shigenaka, et al. 9/14/2004

A204 6796144 Shepard et al. 9/1/2004

A205 6800541 Okumura 10/5/2004

A206 6801799 Mendelson 10/5/2004

A207 6803555 Parrish et al. 10/12/2004

A208 6815685 Wany 11/9/2004

A209 6818535 Lu et al. 11/16/2004

A210 6822313 Matsushita 11/23/2004

A211 6825057 Heyers, et al. 11/30/2004
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A212 6864156 Conn 3/8/2005

A213 6864190 Han et al. 3/8/2005

A214 6867806 Lee et al. 3/15/2005

A215 6876003 Nakamura et al. 4/5/2005

A216 6897118 Poon et al. 5/24/2005

A217 6900839 Kozlowski et al. 5/31/2005

A218 6907135 Gifford 6/14/2005

A219 6911375 Guarini et al. 6/28/2005

A220 6919587 Ballon et al. 7/19/2005

A221 6923625 Sparks 8/2/2005

A222 6927432 Holm, et al. 8/9/2005

A223 6984816 Holm, et al. 1/10/2006

A224 7008854 Forbes 3/7/2006

A225 7041525 Clevenger et al. 5/9/2006

A226 7057256 Carey, lll et al. 6/6/2006

A227 7075079 Wood 7/11/2006

A228 7091411 Falk et al. 8/15/2006

A229 7109517 Zaidi 9/19/2006

A230 7112545 Railkar et al. 9/1/2006

A231 7126212 Enquist et al. 10/24/2006

A232 7132724 Merrill 11/7/2006

A233 7202102 Yao 4/10/2007

A234 7211214 Chou 5/1/2007

A235 7211501 Liu et al 5/1/2007

A236 7235812 Chu, et al. 6/26/2007

A237 7247527 Shimomura et al. 7/24/2007

A238 7247812 Tsao 7/24/2007

A239 7256102 Nakata, et al. 8/14/2007

A2490 7271445 Forbes 9/18/2007

A241 7271835 lizuka et al. 9/18/2007

A242 7285482 Ochi 10/23/2007

A243 7314832 Kountz et al. 1/1/2008

A244 7315014 Lee et al 1/1/2008

A245 7354792 Carey, Ill et al. 4/8/2008

A246 7358498 Geng et al. 4/15/2008

A247 7375378 Manivannan et al. 5/20/2008

A248 7390689 Mazur et al. 6/24/2008

A249 7413909 Hutchens et al. 8/1/2008

A250 7425471 Bruland et al. 9/1/2008

A251 7432148 Lietal. 10/7/2008

A252 7442629 Mazur et al. 10/28/2008

A253 7446359 Lee, et al. 11/4/2008

A254 7446807 Hong 11/7/2008

A255 7456452 Wells et al. 11/25/2008
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A256 7482532 Yi et al. 1/27/2009

A257 7498650 Lauxtermann 3/3/2009

A258 7504325 Koezuka et al. 3/17/2009

A259 7504702 Mazur et al. 3/17/2009

A260 7511750 Murakami 3/31/2009

A261 7521737 Augusto 4/21/2009

A262 7528463 Forbes 5/5/2009

A263 7542085 Altice, Jr. et al. 6/2/2009

A264 7547616 Fogel et al. 6/16/2009

A265 7551059 Farrier 6/23/2009

A266 7560750 Niira et al. 7/14/2009

A267 7564631 Li, et al. 7/21/2009

A268 7569503 Pan 8/4/2009

A269 7582515 Choi et al. 9/1/2009

A270 7586601 Eb stein 9/8/2009

A271 7592593 Kauffman, et al. 9/22/2009

A272 7595213 Kwon et al. 9/29/2009

A273 7605064 Kizilyalli et al. 10/1/2009

A274 7605397 Kindem et al. 10/20/2009

A275 7615808 Pain, et al. 11/10/2009

A276 7618839 Rhodes 11/17/2009

A277 7619269 Ohkawa 11/17/2009

A278 7629234 Bruland 12/1/2009

A279 7629582 Hoffman, et al. 12/8/2009

A280 7648851 Fu, et al. 1/19/2010

A281 7649156 Lee 1/19/2010

A282 7687740 Bruland et al. 3/1/2010

A283 7705879 Kerr et al. 4/27/2010

A284 7728274 Pilla et al 6/1/2010

A285 7731665 Lee et al 6/8/2010

A286 7741666 Nozaki, et al. 6/22/2010

A287 7745901 McCaffrey et al 6/29/2010

A288 7763913 Fan et al 7/27/2010

A289 7772028 Adkisson et al 8/10/2010

A290 7781856 Mazur et al. 8/24/2010

A291 7800192 Venezia, et al. 9/21/2010

A292 7800684 Tatani 9/21/2010

A293 7816220 Mazur et al. 10/19/2010

A294 7828983 Weber et al 11/9/2010

A295 7847253 Carey et al. 12/7/2010

A296 7847326 Park, et al. 12/7/2010

A297 7855406 Yamaguchi et al 12/21/2010

A298 7875498 Elbanhawy, et al. 1/25/2011

A299 7880168 Lenchenkov 2/1/2011
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A300 7884439 Mazur et al. 2/8/2011

A301 7884446 Mazur et al. 2/8/2011

A302 7897942 Bereket 3/1/2011

A303 7910964 Kawabhito et al. 3/22/2011

A304 7923801 Tian et al. 4/12/2011

A305 7935941 Bruland et al. 5/1/2011

A306 7968834 Veeder 6/28/2011

A307 8008205 Fukushima et al. 8/30/2011

A308 8013411 Cole 9/6/2011

A309 8030726 Sumi 10/4/2011

A310 8035343 Seman Jr. 10/11/2011

A311 8058615 McCaffrey 11/15/2011

A312 8076746 McCarten et al. 12/13/2011

A313 8080467 Carey et al. 12/20/2011

A314 8088219 Knerer et al. 1/3/2012

A315 8093559 Rajavel 1/10/2012

A316 8164126 Moon, et al. 4/24/2012

A317 8207051 Sickler et al. 6/26/2012

A318 8247259 Grolier et al. 8/21/2012

A319 8259293 Andreou et al. 9/4/2012

A320 8268403 Akiyama et al 9/18/2012

A321 8288702 Veeder 10/16/2012

A322 8355545 Corcoran et al. 1/15/2013

A323 8445950 lida et al 5/21/2013

A324 8445985 Hiyama et al 5/21/2013

A325 8456546 Oike 6/4/2013

A326 8470619 Bour 6/1/2013

A327 8476681 Haddad et al. 7/2/2013

A328 8530264 De Munck et al 9/10/2013

A329 8564087 Yamamura et al. 10/22/2013

A330 8603902 Mazur et al. 12/10/2013

A331 8604405 Liu et al 12/10/2013

A332 8629485 Yamamura et al. 1/14/2014

A333 8649568 Sato 2/11/2014

A334 8680591 Haddad et al. 3/25/2014

A335 8698272 Vineis 4/15/2014

A336 8729678 Shim et al 5/20/2014

A337 8742528 Yamamura et al. 6/3/2014

A338 8884226 Miyazaki, et al. 11/11/2014

A339 8906670 Gray 12/1/2014

A340 8916945 Sakamoto et al 12/23/2014

A341 8928784 Watanabe et al 1/6/2015

A342 8994135 Yamamura et al. 6/31/2015

A343 9064762 Yamaguchi 6/23/2015
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A344 9184204 Hu 11/10/2015

A345 9190551 Yamamura et al. 11/17/2015

A346 9209345 Haddad 12/1/2015

A347 9276143 Mazur 3/1/2016

A348 9369641 Hu 6/14/2016

A349 9419159 Sakamoto et al. 8/16/2016

A350 9478572 Miyanami 10/25/2016

A351 9559215 Ahmed 1/31/2017

A352 9659984 Ohkubo et al 5/23/2017

A353 9673250 Haddad 6/6/2017

A354 20010017344 Acbi 8/30/2001

A355 20010022768 Takahashi 9/20/2001

A356 20010044175 Barret et al. 11/22/2001

A357 20010044251 Cho et al. 11/1/2001

A358 20010044266 Katsuoka 11/22/2001

A359 20020020893 Lhorte 2/21/2002

A360 20020024618 Imai 2/28/2002

A361 20020034845 Fujimura et al. 3/21/2002

A362 20020056845 Iguchi et al. 5/16/2002

A363 20020060322 Tanabe et al. 5/23/2002

A364 20020079290 Holdermann 6/27/2002

A365 20020117699 Francois 8/29/2002

A366 20020126333 Hosono et al. 9/12/2002

A367 20020148964 Dausch et al. 10/17/2002

A368 20020173119 Dietrich et al. 11/21/2002

A369 20020176650 Zhao et al. 11/28/2002

A370 20020182769 Campbell 12/5/2002

A371 20030016708 Albrecht et al. 1/23/2003

A372 20030024269 Shepard et al. 2/6/2003

A373 20030025156 Y arnazaki et al. 2/6/2003

A374 20030029495 Mazur et al. 2/13/2003

A375 20030030083 Lee et al. 2/13/2003

A376 20030045074 Seibel et al. 3/6/2003

A377 20030045092 Shin 3/6/2003

A378 20030057357 Uppal et al. 3/27/2003

A379 20030111106 Nagano et al. 6/19/2003

A380 20030132449 Hosono et al. 7/17/2003

A381 20030183270 Falk et al. 10/2/2003

A382 20030210332 Frame 11/13/2003

A383 20030213515 Sano et al. 11/20/2003

A384 20030214595 Mabuchi 11/20/2003

A385 20030228883 Kusakari et al. 12/11/2003

A386 20040014307 Shin et al. 1/22/2004

A387 20040016886 Ringermacher et al. 1/29/2004
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A388 20040041168 Hembree et al. 3/4/2004

A389 20040046224 Rossel et al. 3/11/2004

A390 20040077117 Ding et al. 4/22/2004

A391 20040080638 Lee 4/29/2004

A392 20040112426 Hagino 6/17/2004

A393 20040130020 Kuwabara et al. 7/22/2004

A394 20040161868 Hong 8/19/2004

A395 20040169834 Richter et al. 9/2/2004

A396 20040222187 Lin 11/11/2004

A397 20040252931 Belleville et al. 12/16/2004

A398 20040256561 Beuhler et al. 12/23/2004

A399 20050032249 Im et al. 2/10/2005

A400 20050040440 Murakami 2/24/2005

A401 20050051822 Manning 3/10/2005

A402 20050062041 Terakawa et al. 3/24/2005

A403 20050063566 Beek et al. 3/24/2005

A404 20050088634 Kosugi 4/28/2005

A405 20050093100 Chen et al. 5/5/2005

A406 20050101100 Kretchmer et al. 5/12/2005

A4Q7 20050101160 Garg et al. 5/12/2005

A408 20050127401 Mazur et al. 6/16/2005

A409 20050134698 Schroeder et al. 6/23/2005

A410 20050150542 Madan 7/14/2005

AL411 20050158969 Binnis et al. 7/21/2005

A412 20050184291 Cole et al 8/25/2005

A413 20050184353 Mouli 8/25/2005

A414 20050211996 Krishna, et al. 9/29/2005

A415 20050226287 Shah et al. 10/13/2005

A416 20050227390 Shtein et al. 10/13/2005

A417 20050227457 Kondo et al. 10/13/2005

A418 20060006482 Rieve, et al. 1/12/2006

A419 20060011954 Ueda et al. 1/19/2006

A420 20060011955 Baggenstoss 1/19/2006

A421 20060060848 Chang et al. 3/23/2006

A422 20060071254 Rhodes 4/6/2006

A423 20060079062 Mazur et al. 4/13/2006

A4L24 20060086956 Furukawa et al. 4/27/2006

A425 20060097172 Park 5/11/2006

A426 20060097290 Hietanen 5/11/2006

A427 20060102901 Im et al. 5/18/2006

A428 20060118781 Rhodes 6/8/2006

A429 20060121680 Tanaka 6/8/2006

A430 20060128087 Bamiji et al. 6/15/2006

A431 20060132633 Nam, et al. 6/22/2006
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A432 20060138396 Lin, et al. 6/29/2006

2433 20060145148 Hirai, et al. 7/6/2006

A434 20060145176 Lee 7/6/2006

2435 20060160343 Chong et al. 7/20/2006

2436 20060166475 Mant| 7/27/2006

A437 20060175529 Harmon et al. 8/10/2006

2438 20060180885 Rhodes 8/17/2006

2439 20060181627 Farrier 8/17/2006

2440 20060210122 Cleveland 9/21/2006

A441 20060214121 Schrey et al. 9/28/2006

A442 20060228897 Timans 10/12/2006

A443 20060231853 Tanaka 10/19/2006

D444 20060231914 Carey, lll et al. 10/19/2006

A445 20060238632 Shah 10/26/2006

A446 20060244090 Roy, et al. 11/2/2006

A447 20060255340 Manivannan et al. 11/16/2006

2448 20060257140 Seger 11/16/2006

A449 20070035849 Li et al. 2/15/2007

2450 20070035879 Hall,et al. 2/15/2007

A451 20070051876 Sumi et al. 3/8/2007

A452 20070052050 Dierickx 3/8/2007

A453 20070063219 Sa'ar et al. 3/22/2007

A454 20070076481 Tennant 4/5/2007

A455 20070102709 Burgener et al. 5/10/2007

2456 20070103580 Noto 5/10/2007

A457 20070115554 Breitung et al 5/24/2007

A458 20070123005 Hiura et al. 5/31/2007

2459 20070125951 Snider et al. 6/7/2007

2460 20070131275 Kinsey et al. 6/14/2007

Ad61 20070138590 Wells, et al. 6/21/2007

2462 20070145505 Kim et al. 6/28/2007

2463 20070178672 Tanaka, et al. 8/2/2007

2464 20070187670 Hsu et al. 8/16/2007

A465 20070189583 Shimada et al 8/16/2007

2466 20070194356 Moon, et al. 8/23/2007

A467 20070194401 Nagai, et al. 8/23/2007

2468 20070195056 Lloyd 8/23/2007

2469 20070200940 Gruhlke et al. 8/30/2007

2470 20070201859 Sarrat 8/30/2007

A471 20070204902 Dutta 9/6/2007

A472 20070235827 Altice 10/11/2007

2473 20070237504 Nakashiba 10/11/2007

2474 20070243701 Ito et al 10/18/2007

2475 20070247414 Roberts 10/25/2007
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A476 20070262366 Baek et al. 11/15/2007

A477 20070290283 Park et al. 12/20/2007

A478 20070293056 Setsuhara et al. 12/20/2007

A479 20070296060 Tanabe et al. 12/27/2007

A480 20070298533 Yang et al. 12/27/2007

A481 20080002863 Northcott 1/3/2008

A482 20080020555 Shimomura et al. 1/24/2008

2483 20080026550 Werner et al. 1/31/2008

A484 20080036022 Hwang et al. 2/14/2008

A485 20080044943 Mazur et al. 2/21/2008

2486 20080076240 Yannick Veschtti et al. 3/27/2008

A487 20080099804 Venezia 5/1/2008

A488 20080121280 Carnel et al. 5/29/2008

A489 20080121805 Tweet et al. 5/29/2008

A490 20080135099 Yu 6/12/2008

A491 20080142686 Konno et al. 6/19/2008

A492 20080158398 Yaffe et al. 7/3/2008

2493 20080170173 Park et al. 7/17/2008

A494 20080173620 Grek 7/24/2008

A495 20080174685 Shan et al. 7/24/2008

2496 20080178932 Willem Den Boer et al. 7/31/2008

A497 20080179762 Cho et al. 7/31/2008

7498 20080191296 Wang et al. 8/14/2008

A499 20080191310 Wu et al. 8/14/2008

A500 20080192132 Bechtel et al. 8/14/2008

A501 20080192133 Abiru et al. 8/14/2008

A502 20080196761 Nakano et al. 8/21/2008

A503 20080198251 Xu et al. 8/21/2008

A504 20080202576 HiesImair 8/28/2008

A505 20080213936 Hatai 9/4/2008

A506 20080223436 den Boer et al. 9/18/2008

A507 20080242005 Dozen et al. 10/2/2008

A508 20080251812 Yoo 10/16/2016

A509 20080257409 Lietal 10/23/2008

A510 20080258604 Mazur et al. 10/23/2008

A511 20080266434 Sugawa et al. 10/30/2008

A512 20080266435 Agranov et al. 10/30/2008

A513 20080281174 Dietiker 11/13/2008

A514 20080284884 Makino et al. 11/20/2008

A515 20080303932 Wang et al 12/11/2008

A516 20080309913 Fallon 12/18/2008

A517 20090002528 Manabe et al. 1/1/2009

A518 20090009596 Kerr et al. 1/8/2009

A519 20090014056 Hockaday 1/15/2009
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A520 20090027640 Shibazaki 1/29/2009

A521 20090036783 Kishima 2/5/2009

A522 20090038669 Atanackovic 2/12/2009

A523 20090039397 Chao 2/12/2009

A524 20090050944 Hong 2/26/2009

A525 20090056797 Barnett et al. 3/5/2009

A526 20090057536 Hirose 3/5/2009

A527 20090065051 Chan et al. 3/12/2009

A528 20090078316 Khazeni et al. 3/26/2009

A529 20090090988 OHGISHI 4/9/2009

A530 20090095887 Saveliev 4/16/2009

A531 20090096049 Oshiyama et al 4/16/2009

A532 20090101197 Borikaws 4/23/2009

A533 20090109305 Dai et al. 4/30/2009

A534 20090114630 Hawryluk 5/7/2009

A535 20090142879 Isaka et al. 6/4/2009

A536 20090146240 Carey lll et al. 6/11/2009

A537 20090151785 Namn et al. 6/18/2009

A538 20090160983 Lenchenkov 6/25/2009

A539 20090174026 Carey et al. 7/9/2009

A540 20090179199 Sano et al 7/16/2009

A541 20090180010 Adikisson et al. 7/16/2009

A542 20090194671 Nozaki et al. 8/6/2009

A543 20090200454 Barbier et al. 8/13/2009

A544 20090200586 Mao et al. 8/13/2009

A545 20090200625 Venezia et al. 8/13/2009

A546 20090200626 Qian, et al. 8/13/2009

A547 20090200631 Tai, et al. 8/13/2009

A548 20090206237 Shannon et al. 8/20/2009

A549 20090211627 Meier et al. 8/27/2009

A550 20090213883 Mazur et al. 8/27/2009

A551 20090218493 McCaffrey et al. 9/3/2009

A552 20090223561 Kim et al. 9/10/2009

A553 20090227061 Bateman et al. 9/10/2009

A554 20090242019 Ramamoorthy et al. 10/1/2009

A555 20090242032 Yamazaki et al. 10/1/2009

A556 20090242933 Hu, et al. 10/1/2009

A557 20090256156 Hsieh 10/15/2009

A558 20090256226 Tatani 10/15/2009

A559 20090261255 Nakamura et al. 10/22/2009

A560 20090273695 Mabuchi 11/5/2009
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A568 20100013036 Carey 1/21/2010

A569 20100013039 Qian, et al. 1/21/2010
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A592 20100108864 OHTA et al 5/6/2010

A593 20100109060 Mao, et al. 5/6/2010

A594 20100116312 Peumans et al. 5/13/2010

A595 20100117181 Kim et al. 5/13/2010

A596 20100118172 McCarten et al. 5/13/2010
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AG18 20100300505 Chen 12/2/2010

A619 20100300507 Heng et al. 12/2/2010

A620 20100313932 Kroll et al. 12/16/2010

A621 20110003424 De Ceuster et al. 1/6/2011

A622 20110019050 Yamashita 1/27/2011

A623 20110025842 King et al. 2/3/2011

A624 20110056544 Jietal. 3/10/2011

A625 20110073976 Vaillant 3/31/2011

A626 20110095387 Carey et al. 4/28/2011

AG27 20110104850 Weidman et al. 5/5/2011

AG28 20110127567 Seong 6/2/2011

A629 20110140221 Venezia et al. 6/16/2011

A630 20110150304 Abe et al. 6/23/2011

A631 20110194100 Thiel et al. 8/11/2011

A632 20110201177 Fournel et al. 8/11/2011

A633 20110220971 Haddad 9/15/2011

A634 20110227138 Haddad 9/22/2011

A635 20110241148 Hiyama et al 10/6/2011

A636 20110241152 Hsiao et al 10/6/2011

A637 20110251478 Wieczorek 10/13/2011

AG38 20110260059 Jiang et al. 10/27/2011
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AG40 20110292380 Bamiji 12/1/2011
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A643 20120024363 Dimer et al. 2/2/2012
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AG52 20120147241 YAMAGUCHI TETSUJI 6/14/2012

A653 20120153127 Hirigoyen et al 6/21/2012

AG654 20120153128 Roy et al 6/21/2012

A655 20120171804 Moslehi et al. 7/5/2012

A656 20120187190 Wang et al. 7/26/2012

AG57 20120188431 Takimoto 7/26/2012

AG58 20120217602 Enomoto 8/30/2012

A659 20120222396 Clemen 9/6/2012
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7663 20120291859 Vineis et al. 11/22/2012
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B1 AU 3666484 Wenham et al. 6/27/1985
B2 CN 101053065 A Werner Jurgen H 10/10/2007
B3 CN 101241923 TSMC 8/13/2008
B4 CN 101404307 Univ. Zhongshan 4/8/2009
B5 CN 101423942 Dong Jiang 5/6/2009
B6 CN 101465361 TSMC 6/24/2009
B7 CN 101478013 Suntech Power Co Ltd 7/8/2009
B8 | CN 101634026 Beijing Solar Energy 1/27/2010
Res Inst
B9 | CN 101634027 Beljing Solar Energy 1/27/2010
Res Inst
B10 | CN 101740597 Sony Corp. 6/16/2010
B11 | CN 101818348 Univ Shejiang 9/1/2010
812 OMNIVISION TECH
CN 101978498 INC 2/16/2011
B13 | CN 102270646 NA 12/7/2011
Beijing Linuosangpu
B14 | CN 1507075 o~ CJ) to%olta op 6/23/2004
B15 | CN 1614789 gha”gde Solar Electric 5/11/2005
ower
Bl6 | CN 201725796 GALAXYCORE INC 1/26/2011
Fraunhofer-Gesellschaft
B17 | DE 19838439 Zur Faurderung Der 4/27/2000
Angewandten
B18 | EP 0473439 Cooper Industries 3/4/1992
819 | EP 0566156 Le.“‘mO Kabushiki 10/20/1993
aisha
B20 | EP 1347670 A1 Kitaguchi et al. 9/24/2003
Matsushita Electric
B21 | EP 1630871 Industrial Co. Ltd. 1/3/2006
B22 | EP 1873840 Neil et al. 1/2/2008
B23 | EP 2073270 Hirota, et al. 5/16/2012
B24 | EP 2509107 Boly Media Comm. 10/10/2012
825 | FR 2827707 FR De Detecteurs 1/24/2003
Infrarouges S
B26 | GB 2030766 Plessey Co. Ltd. 4/10/1980
B27 | JP 11077348 Cannon KK 3/23/1999
B28 | JP 11097724 Citizen Watch Co. Ltd. 4/9/1999
Electrowatt Technol
B29 | JP 2000164914 Innov AG 6/16/2000
830 | JP 2001007381 Japan Broadcasting 1/12/2001
Corp.
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Matsushita Electric
B31 | JP 2001024936 Industrial Co. Lid. 1/26/2001
B32 | JP 2001189478 Sanyo Electric Co. 7/10/2001
B33 | JP 2001257927 Technosonic KK 9/21/2001
B34 | JP 2001339057 Fuji Xerox Co. Lid. 12/7/2001
B35 | JP 2002043594 Sharp KK 2/8/2002
B36 | JP 2002134640 United Test CT Inc. 5/10/2002
B37 | JP 2002513176 Grace et al. 5/8/2002
B38 | JP 2003058269 Mitsubishi 2/28/2003
no Matsushita Electric
B39 | JP 2003104121 Industrial Co. Ltd. 4/9/2003
B40 | JP 2003163360 Seiko Epson Corp. 6/6/2003
B41 | JP 2003242125 Canon KK 8/29/2003
B42 | JP 2003258285 Sharp KK 9/12/2003
Matsushita Electric
B43 | JP 2003308130 Industrial Co. Ltd. 10/31/2003
B44 | JP 2004047682 Toshiba Corp. 2/12/2004
B45 | JP 2004273886 Hatachi Cable 9/3/2004
B46 | JP 2004273887 Hatachi Cable Ltd. 9/30/2004
B47 | JP 2005072097 Sony Corp. 3/17/2005
B48 | JP 2005339425 Sanyo Electric Co. 12/8/2005
Matsushita Electric
B49 | JP 2006033493 Industrial Co. Lid. 2/2/2006
B50 | JP 2006147991 Canon Inc. 6/8/2006
B51 | JP 2006173381 Toyota Motor Corp. 6/29/2006
B52 | JP 2006210701 Sayno Electric Co. 8/10/2006
B53 | JP 2006255430 Fujitsu Ltd. 9/28/2006
B54 | JP 2006261372 Sony Corp. 9/28/2006
B55 | JP 2007122237 Mitsubishi Electric Corp. 5/17/2007
B56 | JP 2007135005 Cannon KK 5/31/2007
857 | JP 2007165909 'ggr’gos Technology 6/28/2007
SWCC Showa Device
B58 | JP 2007180642 Tech Co. Ltd. 7/12/2007
B59 | JP 2007180643 Sony Corp. 7/12/2007
B60 | JP 2007258684 Sony Corp. 10/4/2007
B61 | JP 2007305675 Sony, Corp. 11/22/2007
B62 | JP 2008099158 Sony Corp. 4/24/2008
B63 | JP 2008153361 Hatachi LTD 7/3/2008
B64 | JP 2008167004 Sony Corp. 7/17/2008
B65 | JP 2008181468 8/7/2008
B66 | JP 2008187003 Fujitsu Ltd. 8/14/2008
B67 | JP 2008283219 Toshiba Corp. 11/20/2008
B68 | JP 2008294698 Sony Corp. 12/4/2008
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B69 | JP 2009021479 Electronics Co. 1/29/2009
B70 | JP 2009026142 Sony Corp. 2/5/2009
B71 | JP 2009152569 Eaeg“""’“d”cmr Energy 7/9/2009
B72 | JP 2009206356 Toshiba Corp. 9/10/2009
873 | JP 2009253683 m”'ca Minolta Holdings 10/29/2009
874 | JP 2010226071 ramamatsu Photonics 10/7/2010
B75 | JP 2010278472 Sony, Corp. 12/9/2010
B76 | JP 2011003860 Sony Corp. 1/6/2011
B77 | JP 2011091128 Cannon KK 5/6/2011
B78 | JP 2012054321 Sony Corp. 3/15/2012
B79 | JP 2012169530 Sony Corp. 9/6/2012
B80 | JP 2012191005 Sony Corp. 10/4/2012
B8l | JP 2012212349 Hitachi Solutions Lid. 11/1/2012
B82 | JP 9148594 Sanyo Electric Co. 6/6/1997
B83 | JP H02152226 Fujitsu Ltd. 6/12/1990
Bg4 | JP H02237026 Sony, Corp. 9/19/1990
B85 | JP H03183037 Nec Corp. 8/9/1991
Bg6 | JP H04318970 Mitsubishi Electric Corp. 11/10/1992
B87 | JPH06104414 Toshiba Corp. 4/15/1994
Hatachi Ltd.
B88 | JP H06244444 (Hammamatsu) 9/2/1994
B89 | JP H06267868 Fuji Electric Co LTD 9/22/1994
Semiconductor Energy
B90 | JP H06275641 Lab Co. LTD. 9/30/1994
891 | JP HO7183484 Centre Nat ETD 7/21/1995
Telecomm
B92 | JP H07235658 Sony Corp. 5/9/1995
B93 | JP H0774240 Nec Corp. 3/17/1995
B94 | JP H09298308 Sharp KK 11/18/1997
B95 | JP S57173966 Fuji Photo Film Co. Ltd. 10/26/1982
B96 | JP S5771188 Mitsubishi Electric Corp. 5/1/1982
B97 | JP S63116421 Mitsubishi Electric Corp. 5/20/1988
B98 | JP1994244444 A Hitachi, Ltd. 9/2/1994
B99 | JP2002190386 Kitaguchi et al. 7/5/2002
B100 | JPH06267868 A Fuji Electric Co Ltd 9/22/1994
. Samsung Electronics
B101 | KR 100825808 CO. Lid. 4/29/2008
2102 | KR 20010061058 m’(':”'x Semiconductor 4/7/2001
B103 | KR 2005039273 Jin- Sin Lee 4/29/2005
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B104 SEMICONDUCTOR
KR 20060020400 LTD 3/6/2006
B105| KR 20060052278 Sony Corp. 5/16/2016
B106| KR 20080014301 Samsung Elec. Co. Lid. 2/14/2008
B107| KR 20080097709 Dongbu Elec. Co. Ltd. 11/6/2008
B108| KR 20090077274 LG Electronics Inc. 7/15/2009
B109| KR 20100026463 LG Electronics Inc. 3/10/2010
B110 | KR 20100118864 Hyosung Corp 11/8/2010
5111 DONGBU HITEK CO
KR 20110079323 LTD 7/7/2011
B112| KR 20170070266 SONY CORP 6/21/2017
B113 | TW 200627675 tfrg”eds Lighting U.S. 8/1/2006
Newsouth Innovations
B114| TW 200818529 PTY LTD 4/16/2008
2115 | WO 0131842 Telefonaktiebolaget LM 3/5/2001
Ericson {publ)
B116| WO 0135601 Rainfinity Inc et al. 5/17/2001
Dong Wha Pharm Ind
B117| WO 2003059390 Co. Ltd 7/24/2003
B118| WO 2000031679 Iriscan Inc. 6/2/2000
B119| WO 2002041363 a‘(’!arﬂex Technologies 5/23/2002
Matsushita Electric
B120 | WO 2005029599 Works Ltd 3/31/2005
President and Fellows
B121 | WO 2006/086014 of Harvard College 8/17/2006
B122 | WO 2006043690 Eaeg“'“’“d”cmr Energy 4/27/2006
B123| WO 2006054758 faeg“co”d“mr Energy 5/26/2006
B124 | WO 2008091242 UVA Patent Foundation 7/31/2008
- Mitsubishi Heavy
B125| WO 2008099524 Industries Lid. 8/21/2008
Fraunhofer-Gesellschaft
B126| WO 2008145097 Zur Faurderung Der 12/8/2008
Angewandten
B127 | WO 2009016846 Panasonic Corp. 2/5/2009
President and Fellows
B128| WO 2009100023 of Harvard College 8/13/2009
B129| WO 2009147085 Thiel et al. 12/10/2009
B130| WO 2010033127 Sionyx, Inc. 3/25/2010
International Business
B131 | WO 2011003871 Machines Corporation 1/13/2011
B132 | WO 2011035188 Sionyx, Inc. 3/24/2011
B133| WO 2011119618 Sionyx, Inc. 3/22/2011
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B134 | WO 2012027290 Red.Com, Inc. 3/1/2012
B135| WO 2012117931 SONY CORPORATION 9/7/2012
B136 | WO 2012174752 Boly Media Comm. 12/27/2012
B137| WO 2014110484 Digimarc Corp. 7/17/2014
B138| WO 91/14284 Theden, Ulrich 9/19/1991
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c1 A. Arndt, J.F. Allison, J.G. Haynos, and A. Meulenberg, Jr., "Optical Properties of the COMSAT
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c2 Aberle, Progress with polycrystalline silicon thin-film solar cells on glass at UNSW. Journal of
Crystal Growth 287,386-390 (2006).

c3 Agranov, et al., Pixel continues to shrink....Small Pixels for Novel CMOS Image Sensors, 4
pages.

ca Amoruso et al., Emission of nanoparticles during ultrashort laser irradiation of silicon targets.
Europhysics Letters 67, 404-410 (2004).
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conjugated polymer and Ti02 nanoparticles. Applied Physics Letters 74, 1698-1700 (1999).

c6 Asom et al., Interstitial Defect Reactions in Silicon; Appl. Phys. Lett.; 07/27/1987; pp. 256-258;
vol. 51(4); American Institute of Physics.

c7 Beek et al., Efficient hybrid solar cells from zinc oxide nanoparticles and a conjugated polymer.
Advanced Materials 16, 1009-1013 (2004).

c8 Bentini et al., Surface doping of semiconductors by pulsed-laser irradiation in reactive
atmosphere. Applied Physics A: Materials Science & Processing. 1988;45(4):317-324.

c9 BERGER, Michael; Moth Eyes Inspire Self-Cleaning Antireflection Nanotechnology Coatings;
2008; 3 pages; Nanowerk LLC

c10 | Berger, O., Inns, D. and Aberle, A.E. "Commercial White Paint as Back Surface Reflector for
Thin-Film Solar Cells", Solar Energy Materials & Solar Cells, vol. 91, pp. 1215-1221,2007.

c11 | Bernhard, C.G., "Structural and Functional Adaptation in a Visual System" Endevor Vol. 26, pp.
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c12 | Betta et al.; Si-PIN X-Ray Detector Technology; Nuclear Instruments and Methods in Physics
Research; 1997; pp. 344-348; vol. A, No. 395; Elsevier Science B.V. cited by applicant.

c13 | Blood et al., Electrical Characterization of Semiconductors. Reports on Progress in Physics 41,
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c14 | BODEN, S.A. et al.; Nanoimprinting for Antireflective Moth-Eye Surfaces; 4 pages; 2008

c15 | Bogue: "From bolometers to beetles: the development of the thermal imaging sensors;" sensor
Review; 2007; pp. 278-281; Emerald Group Publishing Limited (ISSN 0260-2288).

c16 | Borghesiet al.; "Oxygen Precipitation in Silicon," J. Appl. Phys., v. 77(9), pp. 4169-4244 (May 1,
1995).

c17 | Born, M. and E.Wolf, "Princip les of Optics, 7th Ed.", Cambridge University Press, 1999, pp.
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c1s | Bouhdata, A. et al. "Modeling Of The Spectral Response Of PIN Photodetectors Impact of
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Microelectronics Reliability 44, pp. 223-228 (2004);

c19 | Brieger,S., O.Dubbers, S.Fricker, A.Manzke, C.Pfahler, A.Plettl, and P.Zlemann, "An Approach
for the Fabrication of Hexagonally Ordered Arrays of Cylindrical Nanoholes in Crystalline and
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REMARKS

The pending Office Action addresses claims 21-43, 45-49, 52, and 54-83, of which
claims 21-43, 45-49, 52, and 54-79 are allowed and claims 80-83 are rejected.

Applicant thanks Examiner Everhart for the indication that claims 21-43, 45-49, 52, and
54-79 are allowed. In light of the cancellation of claims 80-83, allowance of the application is

respectfully requested.
Amendments to the Claims

Applicant presents the following claim amendments in an effort to expedite prosecution.
These amendments should not be construed as Applicant’s acceptance of the Examiner’s
rejections. Applicant reserves the right to prosecute any of the former claims in a continuing

application.

As shown on the attached sheets, claims 80-83 are hereby canceled. No new matter is

added.
Rejections Pursuant to 35 U.S.C. § 103

The Office Action rejects claims 80, 82, and 83 pursuant to 35 U.S.C. § 103 as being
obvious over U.S. Patent No. 4,772,335 of Huang (“Huang™). Claim 81 is rejected pursuant to
35 U.S.C. § 103 as being obvious over Huang in view of U.S. Patent Pub. No. 20100310839 of
Rey et al. (“Rey”).

Claims 80-83 are canceled, thereby obviating the basis of these rejections.
Conclusion

Applicant believe that the claims are in proper condition for allowance and allowance
thereof is respectfully requested. The Examiner is encouraged to telephone the undersigned
attorney for Applicant if such communication is deemed to expedite prosecution of this

application.

No fees are believed to be due with filing. However, the Director is authorized to charge
any deficiency in the fees filed, asserted to be filed or which should have been filed herewith (or
with any paper hereafter filed in this application by this firm) to our Deposit Account No. 50-
1196, under Docket No. SXM-060CN3.
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Dated: January 22, 2021 Electronic Signature: __/Andrew W. Schultz/
Andrew W. Schultz, Reg. No. 66,869
Attorney for Applicant
Nelson Mullins Riley & Scarborough LLP
One Financial Center, Suite 3500
Boston, MA 02110
Tel: (617)217-4674
Fax: (617)217-4699
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AMENDMENTS TO THE CLAIMS

1-20. (Canceled)

21. (Previously Presented) A photosensitive imager device capable of detecting visible and
infrared electromagnetic radiation, comprising:

a semiconductor layer having a light incident side and an opposed side, said
semiconductor layer having multiple doped regions forming at least one junction,

a textured region comprising a plurality of surface features configured to interact with
incident electromagnetic radiation so as to increase the quantum efficiency of the device,
wherein the surface features are arranged according to a pattern,

a support substrate coupled to said semiconductor layer, and

a first bonding layer disposed between the semiconductor layer and the support substrate.

22. (Previously Presented) The device of claim 21, wherein the textured region is located on

the light incident side of the semiconductor layer.

23. (Previously Presented) The device of claim 22, further comprising a device layer coupled

to the semiconductor layer on said side opposed to the light incident side.

24. (Previously Presented) The device of claim 22, wherein the textured region is formed by

etching.

25. (Previously Presented) The device of claim 24, wherein said surface features comprise

pyramids.

26. (Previously Presented) The device of claim 22, further comprising a reflector layer

disposed between the textured layer and the support substrate.

27. (Previously Presented) The device of claim 21, further comprising deep trench isolation

for isolating the device.

28. (Previously Presented) The device of claim 27, wherein said deep trench isolation

provides light trapping functionality.
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29. (Previously Presented) The device of claim 21, wherein the semiconductor layer is single

crystal silicon.

30. (Previously Presented) The device of claim 21, wherein the semiconductor layer

comprises silicon and germanium.

31. (Previously Presented) The device of claim 21, wherein the surface features are formed

in the semiconductor layer.

32. (Previously Presented) The device of claim 21, wherein the surface features have a

substantially uniform height.

33. (Previously Presented) The device of claim 21. wherein the surface features are not

uniform in height.

34. (Previously Presented) The device of claim 21, wherein said first bonding layer

comprises any of silicon oxide, silicon nitride and amorphous silicon.

35. (Previously Presented) The device of claim 21, wherein said semiconductor layer has a

thickness in a range of about 1 micron to about 10 microns.

36. (Previously Presented) The device of claim 35, wherein the device exhibits a quantum

efficiency of at least about 35% for electromagnetic radiation at a wavelength of about 940 nm.

37. (Previously Presented) The device of claim 21, wherein said bonding layer has a

thickness in a range of about 30 nm to about 3 microns.

38. (Previously Presented) The device of claim 21, wherein said plurality of surface features

have a height in a range of about 50 nm to about 2 microns.

39. (Previously Presented) The device of claim 21, wherein said plurality of surface features

have a height in a range from about 0.35 microns to about 0.7 microns.

40. (Previously Presented) The device of claim 21, wherein said plurality of surface features

are formed by using a patterned mask and photolithography followed by etching.
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41. (Previously Presented) The device of claim 21, wherein said plurality of surface features

comprise multiple etched levels.

42. (Previously Presented) The device of claim 21, wherein said textured region increases
optical absorption of the semiconductor layer over an electromagnetic spectrum range of at least

about 700 nm to about 1100 nm.

43. (Previously Presented) The device of claim 21, further comprising a second bonding

layer positioned between the first bonding layer and the support substrate.
44. (Canceled)

45. (Previously Presented) The device of claim 21, wherein the pattern is an at least

substantially uniform grid.

46. (Previously Presented) The device of claim 21, wherein the pattern is a non-uniform
arrangement.
47. (Previously Presented) A method of making a photosensitive image device, comprising:

providing a semiconductor layer having a light incident side and an opposed side, said
semiconductor layer having multiple doped regions forming at least one junction;

providing a support substrate;

bonding the semiconductor layer to the support substrate;

creating a plurality of surface features on one of the semiconductor layer and the support
substrate, wherein the surface features are formed via etching;

depositing an oxide material within at least a portion of the semiconductor layer or
support substrate removed during etching; and

processing the region of the semiconductor layer or support substrate comprising the

surface features with CMP after depositing the oxide material.

48. (Previously Presented) The method of claim 47, wherein bonding the semiconductor
layer to the support substrate comprises:

depositing a first bonding layer onto the semiconductor layer; and

SIONYX1403000087.0169
SAMSUNG EX. 1002 - 168/236



App. No.: 16/505,283 Docket No.: SXM-060CN3
Art Unit: 2895 Examiner: C. Everhart
bonding the first bonding layer to a second bonding layer disposed on the support

substrate.

49. (Previously Presented) The method of claim 47, wherein the plurality of surface features

are formed on the light incident side of the semiconductor layer.
50. (Canceled)
51. (Canceled)

52. (Previously Presented) The method of claim 47, wherein depositing the oxide material
comprises at least partially filling one of trenches, holes, pits, and cones formed in the

semiconductor layer during etching.
53. (Canceled)

54. (Previously Presented) The method of claim 47, wherein the surface features are formed

by shallow trench isolation etching.

55. (Previously Presented) The method of claim 47, wherein the surface features are formed

in the semiconductor layer.

56. (Previously Presented) A photosensitive imager device capable of detecting visible and
infrared electromagnetic radiation, comprising:

a semiconductor layer having a light incident side and an opposed side, said
semiconductor layer having multiple doped regions forming at least one junction,

a textured region comprising a plurality of surface features configured to interact with
incident electromagnetic radiation so as to increase the quantum efficiency of the device,

a support substrate coupled to said semiconductor layer, and

a first bonding layer disposed between the semiconductor layer and the support substrate,

wherein the device exhibits a quantum efficiency of at least about 35% for

electromagnetic radiation at a wavelength of about 940.

57. (Previously Presented) The device of claim 56, wherein the textured region is located on

the light incident side of the semiconductor layer.
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58. (Previously Presented) The device of claim 57, further comprising a device layer coupled

to the semiconductor layer on said side opposed to the light incident side.

59. (Previously Presented) The device of claim 57, wherein the textured region is formed by

etching.

60. (Previously Presented) The device of claim 59, wherein said surface features comprise

pyramids.

61. (Previously Presented) The device of claim 57, further comprising a reflector layer

disposed between the textured layer and the support substrate.

62. (Previously Presented) The device of claim 56. further comprising deep trench isolation

for isolating the device.

63. (Previously Presented) The device of claim 62, wherein said deep trench isolation

provides light trapping functionality.

64. (Previously Presented) The device of claim 56, wherein the semiconductor layer is single

crystal silicon.

65. (Previously Presented) The device of claim 56, wherein the semiconductor layer

comprises silicon and germanium.

66. (Previously Presented) The device of claim 56, wherein the surface features are formed

in the semiconductor layer.

67. (Previously Presented) The device of claim 56, wherein the surface features have a

substantially uniform height.

68. (Previously Presented) The device of claim 56, wherein the surface features are not

uniform in height.

69. (Previously Presented) The device of claim 56, wherein said first bonding layer

comprises any of silicon oxide, silicon nitride and amorphous silicon.
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70. (Previously Presented) The device of claim 56, wherein said semiconductor layer has a

thickness in a range of about 1 micron to about 10 microns.

71. (Previously Presented) The device of claim 56, wherein said bonding layer has a

thickness in a range of about 30 nm to about 3 microns.

72. (Previously Presented) The device of claim 56, wherein said plurality of surface features

have a height in a range of about 50 nm to about 2 microns.

73. (Previously Presented) The device of claim 56, wherein said plurality of surface features

have a height in a range from about 0.35 microns to about 0.7 microns.

74. (Previously Presented) The device of claim 56, wherein said plurality of surface features

are formed by using a patterned mask and photolithography followed by etching.

75. (Previously Presented) The device of claim 56, wherein said plurality of surface features

comprise multiple etched levels.

76. (Previously Presented) The device of claim 56, wherein said textured region increases
optical absorption of the semiconductor layer over an electromagnetic spectrum range of at least

about 700 nm to about 1100 nm.

7. (Previously Presented) The device of claim 56, further comprising a second bonding

layer positioned between the first bonding layer and the support substrate.

78. (Previously Presented) The device of claim 56, wherein the surface features are arranged

according to a pattern that is an at least substantially uniform grid.

79. (Previously Presented) The device of claim 56, wherein the surface features are arranged

according to a pattern that is a non-uniform arrangement.

80-83. (Canceled)
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Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
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Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Al135 6080988 Ishizuya et al. 6/27/2000
A136 6082858 Grace et al. 7/4/2000
Al137 6097031 Cole 8/1/2000
A138 6106689 Matsuyama 8/22/2000
A139 6107618 Fossum et al. 8/22/2000
A140 6111300 Cao et al. 8/29/2000
Al41 6117499 Wong et al. 9/1/2000
Al42 6121130 Chua et al. 9/1/2000
Al143 6128379 Smyk 10/1/2000
Al44 6131511 Wachi et al 10/17/2000
A145 6131512 Verlinden et al 10/17/2000
Al46 6147297 Wettling et al. 11/14/2000
A147 6160833 Floyd et al. 12/12/2000
A148 6168965 Malinovich, et al. 1/2/2001
A149 6194722 Fiorini et al. 2/27/2001
A150 6204506 Akahori et al. 3/20/2001
Al51 6229192 Gu 5/8/2001
A152 6242291 Kusumoto et al. 6/1/2001
A153 6252256 Ugge et al. 6/26/2001
A154 6272768 Danese 8/1/2001
A155 6290713 Russell 9/18/2001
A156 6291302 Yu 9/18/2001
A157 6313901 Cacharelis 11/6/2001
A158 6320296 Fuijii et al. 11/20/2001
A159 6327022 Nishi 12/4/2001
A160 6331445 Janz et al 12/18/2001
Al61 6331885 Nishi 12/18/2001
Al62 6333485 Haight et al. 12/25/2001
Al63 6340281 Haraguchi 1/22/2002
A164 6372536 Fischer et al. 4/1/2002
A165 6372591 Mineji et al. 4/16/2002
A166 6372611 Horikawa 4/16/2002
Al67 6379979 Connolly 4/30/2002
lsiizlrgzlrjlreg JCARIDAD EVERHART/ Date Considered 03/22/2021
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A168 6413135 Kim et al. 1/2/2002

A169 6420706 Lurie, et al. 7/16/2002

A170 6429036 Nixon, et al. 8/6/2002

A171 6429037 Wenham et al. 8/6/2002

Al72 6457478 Danese 10/1/2002

A173 6465860 Shigenaka, et al. 10/15/2002

Al74 6475839 Zhang, et al. 11/5/2002

A175 6479093 Lauffer et al 11/12/2002

A176 6483116 Kozlowski et al. 11/19/2002

A177 6483929 Marakami et al. 11/19/2002

A178 6486046 Fttjimura et al. 11/1/2002

A179 6486522 Bishay et al. 11/26/2002

A180 6493567 Krivitski et al. 12/10/2002

Al81 6498336 Tian et al. 12/24/2002

A182 6500690 Yamagishi et al. 12/31/2002

A183 6504178 Carlson et al. 1/7/2003

Al184 6562705 Ohara 5/1/2003

A185 6580053 Voutsas 6/17/2003

A186 6583936 Kaminsky et al. 6/24/2003

A187 6586318 Lu 7/1/2003

A188 6597025 Lauter et al 7/22/2003

A189 6607927 Ramappa et al. 8/19/2003

A190 6624049 Yamazaki 9/23/2003

A191 6639253 Duane et al. 10/28/2003

A192 6653554 Ishihara 11/25/2003

A193 6667528 Cohen et al. 12/23/2003

A194 6677655 Fitzgerald 1/13/2004

A195 6677656 Francois 1/13/2004

A196 6683326 Iguchi, et al. 1/27/2004

A197 6689209 Falster et el. 2/10/2004

A198 6690968 Mejia 2/10/2004

A199 6734455 Li 5/11/2004

A200 6753585 Kindt 6/22/2004

A201 6756104 Sokol et al. 6/1/2004

A202 6759262 Theil et al. 7/6/2004

A203 6790701 Shigenaka, et al. 9/14/2004

A204 6796144 Shepard et al. 9/1/2004

A205 6800541 Okumura 10/5/2004

A206 6801799 Mendelson 10/5/2004

A207 6803555 Parrish et al. 10/12/2004

A208 6815685 Wany 11/9/2004

A209 6818535 Lu et al. 11/16/2004

A210 6822313 Matsushita 11/23/2004

A211 6825057 Heyers, et al. 11/30/2004
E.xamlner JCARIDAD EVERHART/ Date Considered 03/22/2021
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A212 6864156 Conn 3/8/2005

A213 6864190 Han et al. 3/8/2005

A214 6867806 Lee et al. 3/15/2005

A215 6876003 Nakamura et al. 4/5/2005

A216 6897118 Poon et al. 5/24/2005

A217 6900839 Kozlowski et al. 5/31/2005

A218 6907135 Gifford 6/14/2005

A219 6911375 Guarini et al. 6/28/2005

A220 6919587 Ballon et al. 7/19/2005

A221 6923625 Sparks 8/2/2005

A222 6927432 Holm, et al. 8/9/2005

A223 6984816 Holm, et al. 1/10/2006

A224 7008854 Forbes 3/7/2006

A225 7041525 Clevenger et al. 5/9/2006

A226 7057256 Carey, Il et al. 6/6/2006

A227 7075079 Wood 7/11/2006

A228 7091411 Falk et al. 8/15/2006

A229 7109517 Zaidi 9/19/2006

A230 7112545 Railkar et al. 9/1/2006

A231 7126212 Enquist et al. 10/24/2006

A232 7132724 Merrill 11/7/2006

A233 7202102 Yao 4/10/2007

A234 7211214 Chou 5/1/2007

A235 7211501 Liu et al 5/1/2007

A236 7235812 Chu, et al. 6/26/2007

A237 7247527 Shimomura et al. 7/24/2007

A238 7247812 Tsao 7/24/2007

A239 7256102 Nakata, et al. 8/14/2007

A2490 7271445 Forbes 9/18/2007

A241 7271835 lizuka et al. 9/18/2007

A242 7285482 Ochi 10/23/2007

A243 7314832 Kountz et al. 1/1/2008

A244 7315014 Lee et al 1/1/2008

A245 7354792 Carey, lll et al. 4/8/2008

A246 7358498 Geng et al. 4/15/2008

A247 7375378 Manivannan et al. 5/20/2008

A248 7390689 Mazur et al. 6/24/2008

A249 7413909 Hutchens et al. 8/1/2008

A250 7425471 Bruland et al. 9/1/2008

A251 7432148 Lietal. 10/7/2008

A252 7442629 Mazur et al. 10/28/2008

A253 7446359 Lee, et al. 11/4/2008

A254 7446807 Hong 11/7/2008

A255 7456452 Wells et al. 11/25/2008
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A256 7482532 Yi et al. 1/27/2009
A257 7498650 Lauxtermann 3/3/2009
A258 7504325 Koezuka et al. 3/17/2009
A259 7504702 Mazur et al. 3/17/2009
A260 7511750 Murakami 3/31/2009
A261 7521737 Augusto 4/21/2009
A262 7528463 Forbes 5/5/2009
A263 7542085 Altice, Jr. et al. 6/2/2009
A264 7547616 Fogel et al. 6/16/2009
A265 7551059 Farrier 6/23/2009
A266 7560750 Niira et al. 7/14/2009
A267 7564631 Li, et al. 7/21/2009
A268 7569503 Pan 8/4/2009
A269 7582515 Choi et al. 9/1/2009
A270 7586601 Eb stein 9/8/2009
A271 7592593 Kauffman, et al. 9/22/2009
A272 7595213 Kwon et al. 9/29/2009
A273 7605064 Kizilyalli et al. 10/1/2009
A274 7605397 Kindem et al. 10/20/2009
A275 7615808 Pain, et al. 11/10/2009
A276 7618839 Rhodes 11/17/2009
A277 7619269 Ohkawa 11/17/2009
A278 7629234 Bruland 12/1/2009
A279 7629582 Hoffman, et al. 12/8/2009
A280 7648851 Fu, et al. 1/19/2010
A281 7649156 Lee 1/19/2010
A282 7687740 Bruland et al. 3/1/2010
A283 7705879 Kerr et al. 4/27/2010
A284 7728274 Pilla et al 6/1/2010
A285 7731665 Lee et al 6/8/2010
A286 7741666 Nozaki, et al. 6/22/2010
A287 7745901 McCaffrey et al 6/29/2010
A288 7763913 Fan et al 7/27/2010
A289 7772028 Adkisson et al 8/10/2010
A290 7781856 Mazur et al. 8/24/2010
A291 7800192 Venezia, et al. 9/21/2010
A292 7800684 Tatani 9/21/2010
A293 7816220 Mazur et al. 10/19/2010
A294 7828983 Weber et al 11/9/2010
A295 7847253 Carey et al. 12/7/2010
A296 7847326 Park, et al. 12/7/2010
A297 7855406 Yamaguchi et al 12/21/2010
A298 7875498 Elbanhawy, et al. 1/25/2011
A299 7880168 Lenchenkov 2/1/2011
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A300 7884439 Mazur et al. 2/8/2011

A301 7884446 Mazur et al. 2/8/2011

A302 7897942 Bereket 3/1/2011

A303 7910964 Kawabhito et al. 3/22/2011

A304 7923801 Tian et al. 4/12/2011

A305 7935941 Bruland et al. 5/1/2011

A306 7968834 Veeder 6/28/2011

A307 8008205 Fukushima et al. 8/30/2011

A308 8013411 Cole 9/6/2011

A309 8030726 Sumi 10/4/2011

A310 8035343 Seman Jr. 10/11/2011

A311 8058615 McCaffrey 11/15/2011

A312 8076746 McCarten et al. 12/13/2011

A313 8080467 Carey et al. 12/20/2011

A314 8088219 Knerer et al. 1/3/2012

A315 8093559 Rajavel 1/10/2012

A316 8164126 Moon, et al. 4/24/2012

A317 8207051 Sickler et al. 6/26/2012

A318 8247259 Grolier et al. 8/21/2012

A319 8259293 Andreou et al. 9/4/2012

A320 8268403 Akiyama et al 9/18/2012

A321 8288702 Veeder 10/16/2012

A322 8355545 Corcoran et al. 1/15/2013

A323 8445950 lida et al 5/21/2013

A324 8445985 Hiyama et al 5/21/2013

A325 8456546 Oike 6/4/2013

A326 8470619 Bour 6/1/2013

A327 8476681 Haddad et al. 7/2/2013

A328 8530264 De Munck et al 9/10/2013

A329 8564087 Yamamura et al. 10/22/2013

A330 8603902 Mazur et al. 12/10/2013

A331 8604405 Liu et al 12/10/2013

A332 8629485 Yamamura et al. 1/14/2014

A333 8649568 Sato 2/11/2014

A334 8680591 Haddad et al. 3/25/2014

A335 8698272 Vineis 4/15/2014

A336 8729678 Shim et al 5/20/2014

A337 8742528 Yamamura et al. 6/3/2014

A338 8884226 Miyazaki, et al. 11/11/2014

A339 8906670 Gray 12/1/2014

A340 8916945 Sakamoto et al 12/23/2014

A341 8928784 Watanabe et al 1/6/2015

A342 8994135 Yamamura et al. 6/31/2015

A343 9064762 Yamaguchi 6/23/2015
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A344 9184204 Hu 11/10/2015

A345 9190551 Yamamura et al. 11/17/2015

A346 9209345 Haddad 12/1/2015

A347 9276143 Mazur 3/1/2016

A348 9369641 Hu 6/14/2016

A349 9419159 Sakamoto et al. 8/16/2016

A350 9478572 Miyanami 10/25/2016

A351 9559215 Ahmed 1/31/2017

A352 9659984 Ohkubo et al 5/23/2017

A353 9673250 Haddad 6/6/2017

A354 20010017344 Aebi 8/30/2001

A355 20010022768 Takahashi 9/20/2001

A356 20010044175 Barret et al. 11/22/2001

A357 20010044251 Cho et al. 11/1/2001

A358 20010044266 Katsuoka 11/22/2001

A359 20020020893 Lhorte 2/21/2002

A360 20020024618 Imai 2/28/2002

A361 20020034845 Fujimura et al. 3/21/2002

A362 20020056845 Iguchi et al. 5/16/2002

A363 20020060322 Tanabe et al. 5/23/2002

A364 20020079290 Holdermann 6/27/2002

A365 20020117699 Francois 8/29/2002

A366 20020126333 Hosono et al. 9/12/2002

A367 20020148964 Dausch et al. 10/17/2002

A368 20020173119 Dietrich et al. 11/21/2002

A369 20020176650 Zhao et al. 11/28/2002

A370 20020182769 Campbell 12/5/2002

A371 20030016708 Albrecht et al. 1/23/2003

A372 20030024269 Shepard et al. 2/6/2003

A373 20030025156 Y arnazaki et al. 2/6/2003

A374 20030029495 Mazur et al. 2/13/2003

A375 20030030083 Lee et al. 2/13/2003

A376 20030045074 Seibel et al. 3/6/2003

A377 20030045092 Shin 3/6/2003

A378 20030057357 Uppal et al. 3/27/2003

A379 20030111106 Nagano et al. 6/19/2003

A380 20030132449 Hosono et al. 7/17/2003

A381 20030183270 Falk et al. 10/2/2003

A382 20030210332 Frame 11/13/2003

A383 20030213515 Sano et al. 11/20/2003

2384 20030214595 Mabuchi 11/20/2003

A385 20030228883 Kusakari et al. 12/11/2003

A386 20040014307 Shin et al. 1/22/2004

A387 20040016886 Ringermacher et al. 1/29/2004
E.xaminer /CARIDAD EVERHART/ Date Considered 03/22/2021
Signature

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through

citation if not in conformance and not considered. Include co
ALL REFERENCES CONSIDERED EXCEPT

7 of this form with next communication to Applicant.
HERE LINED THROUGH. /

/T B,

SIONYX1403000088.0025
SAMSUNG EX. 1002 - 197/236



Receipt date:

0i/22/2021

16/505,283 ~ GRU: 2895

Substitute for Form 1449/PTO Complete if Known
Application No.: 16/505,283
INFORMATION DISCLOSURE Filing Date: 07-08-2019
STATEMENT BY APPLICANT First Named Inventor: Homayoon Haddad
Group Art Unit: 2895
(use as many sheets as necessary) Examiner Name: Caridad Everhart

Sheet |10 | of |32 Attorney Docket No.: SXM-060CN3

A388 20040041168 Hembree et al. 3/4/2004

A389 20040046224 Rossel et al. 3/11/2004

A390 20040077117 Ding et al. 4/22/2004

A391 20040080638 Lee 4/29/2004

A392 20040112426 Hagino 6/17/2004

A393 20040130020 Kuwabara et al. 7/22/2004

A394 20040161868 Hong 8/19/2004

A395 20040169834 Richter et al. 9/2/2004

A396 20040222187 Lin 11/11/2004

A397 20040252931 Belleville et al. 12/16/2004

A398 20040256561 Beuhler et al. 12/23/2004

A399 20050032249 Im et al. 2/10/2005

A400 20050040440 Murakami 2/24/2005

A401 20050051822 Manning 3/10/2005

A402 20050062041 Terakawa et al. 3/24/2005

A403 20050063566 Beek et al. 3/24/2005

A404 20050088634 Kosugi 4/28/2005

A405 20050093100 Chen et al. 5/5/2005

A406 20050101100 Kretchmer et al. 5/12/2005

A4Q7 20050101160 Garg et al. 5/12/2005

A408 20050127401 Mazur et al. 6/16/2005

A409 20050134698 Schroeder et al. 6/23/2005

A410 20050150542 Madan 7/14/2005

AL411 20050158969 Binnis et al. 7/21/2005

A412 20050184291 Cole et al 8/25/2005

A413 20050184353 Mouli 8/25/2005

A414 20050211996 Krishna, et al. 9/29/2005

A415 20050226287 Shah et al. 10/13/2005

A416 20050227390 Shtein et al. 10/13/2005

A417 20050227457 Kondo et al. 10/13/2005

A418 20060006482 Rieve, et al. 1/12/2006

A419 20060011954 Ueda et al. 1/19/2006

A420 20060011955 Baggenstoss 1/19/2006

A421 20060060848 Chang et al. 3/23/2006

A422 20060071254 Rhodes 4/6/2006

A423 20060079062 Mazur et al. 4/13/2006

A424 20060086956 Furukawa et al. 4/27/2006

A425 20060097172 Park 5/11/2006

A426 20060097290 Hietanen 5/11/2006

A427 20060102901 Im et al. 5/18/2006

A428 20060118781 Rhodes 6/8/2006

A429 20060121680 Tanaka 6/8/2006

A430 20060128087 Bamiji et al. 6/15/2006

A431 20060132633 Nam, et al. 6/22/2006
E.xaminer /CARIDAD EVERHART/ Date Considered 03/22/2021
Signature
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A432 20060138396 Lin, et al. 6/29/2006

2433 20060145148 Hirai, et al. 7/6/2006

A434 20060145176 Lee 7/6/2006

2435 20060160343 Chong et al. 7/20/2006

2436 20060166475 Mant| 7/27/2006

A437 20060175529 Harmon et al. 8/10/2006

2438 20060180885 Rhodes 8/17/2006

2439 20060181627 Farrier 8/17/2006

2440 20060210122 Cleveland 9/21/2006

A441 20060214121 Schrey et al. 9/28/2006

A442 20060228897 Timans 10/12/2006

A443 20060231853 Tanaka 10/19/2006

D444 20060231914 Carey, lll et al. 10/19/2006

A445 20060238632 Shah 10/26/2006

A446 20060244090 Roy, et al. 11/2/2006

A447 20060255340 Manivannan et al. 11/16/2006

2448 20060257140 Seger 11/16/2006

A449 20070035849 Li et al. 2/15/2007

2450 20070035879 Hallet al. 2/15/2007

A451 20070051876 Sumi et al. 3/8/2007

A452 20070052050 Dierickx 3/8/2007

A453 20070063219 Sa'ar et al. 3/22/2007

A454 20070076481 Tennant 4/5/2007

A455 20070102709 Burgener et al. 5/10/2007

2456 20070103580 Noto 5/10/2007

A457 20070115554 Breitung et al 5/24/2007

A458 20070123005 Hiura et al. 5/31/2007

2459 20070125951 Snider et al. 6/7/2007

2460 20070131275 Kinsey et al. 6/14/2007

Ad61 20070138590 Wells, et al. 6/21/2007

2462 20070145505 Kim et al. 6/28/2007

2463 20070178672 Tanaka, et al. 8/2/2007

2464 20070187670 Hsu et al. 8/16/2007

A465 20070189583 Shimada et al 8/16/2007

2466 20070194356 Moon, et al. 8/23/2007

A467 20070194401 Nagai, et al. 8/23/2007

2468 20070195056 Lloyd 8/23/2007

2469 20070200940 Gruhlke et al. 8/30/2007

2470 20070201859 Sarrat 8/30/2007

A471 20070204902 Dutta 9/6/2007

A472 20070235827 Altice 10/11/2007

2473 20070237504 Nakashiba 10/11/2007

2474 20070243701 Ito et al 10/18/2007

2475 20070247414 Roberts 10/25/2007
Examiner Date Considered 03/22/2021
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A476 20070262366 Baek et al. 11/15/2007
2477 20070290283 Park et al. 12/20/2007
A478 20070293056 Setsuhara et al. 12/20/2007
A479 20070296060 Tanabe et al. 12/27/2007
A480 20070298533 Yang et al. 12/27/2007
A481 20080002863 Northcott 1/3/2008
A482 20080020555 Shimomura et al. 1/24/2008
A483 20080026550 Werner et al. 1/31/2008
A484 20080036022 Hwang et al. 2/14/2008
A485 20080044943 Mazur et al. 2/21/2008
A486 20080076240 Yannick Veschtti et al. 3/27/2008
A487 20080099804 Venezia 5/1/2008
A488 20080121280 Carnel et al. 5/29/2008
A489 20080121805 Tweet et al. 5/29/2008
A490 20080135099 Yu 6/12/2008
A491 20080142686 Konno et al. 6/19/2008
A492 20080158398 Yaffe et al. 7/3/2008
A493 20080170173 Park et al. 7/17/2008
A494 20080173620 Grek 7/24/2008
A495 20080174685 Shan et al. 7/24/2008
A496 20080178932 Willem Den Boer et al. 7/31/2008
A497 20080179762 Cho et al. 7/31/2008
7498 20080191296 Wang et al. 8/14/2008
A499 20080191310 Wu et al. 8/14/2008
A500 20080192132 Bechtel et al. 8/14/2008
A501 20080192133 Abiru et al. 8/14/2008
A502 20080196761 Nakano et al. 8/21/2008
A503 20080198251 Xu et al. 8/21/2008
A504 20080202576 Hieslmair 8/28/2008
A505 20080213936 Hatai 9/4/2008
A506 20080223436 den Boer et al. 9/18/2008
A507 20080242005 Dozen et al. 10/2/2008
A508 20080251812 Yoo 10/16/2016
A509 20080257409 Lietal 10/23/2008
A510 20080258604 Mazur et al. 10/23/2008
A511 20080266434 Sugawa et al. 10/30/2008
A512 20080266435 Agranov et al. 10/30/2008
A513 20080281174 Dietiker 11/13/2008
A514 20080284884 Makino et al. 11/20/2008
A515 20080303932 Wang et al 12/11/2008
A516 20080309913 Fallon 12/18/2008
A517 20090002528 Manabe et al. 1/1/2009
A518 20090009596 Kerr et al. 1/8/2009
A519 20090014056 Hockaday 1/15/2009
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A520 20090027640 Shibazaki 1/29/2009
A521 20090036783 Kishima 2/5/2009
A522 20090038669 Atanackovic 2/12/2009
A523 20090039397 Chao 2/12/2009
A524 20090050944 Hong 2/26/2009
A525 20090056797 Barnett et al. 3/5/2009
A526 20090057536 Hirose 3/5/2009
A527 20090065051 Chan et al. 3/12/2009
A528 20090078316 Khazeni et al. 3/26/2009
A529 20090090988 OHGISHI 4/9/2009
A530 20090095887 Saveliev 4/16/2009
A531 20090096049 Oshiyama et al 4/16/2009
A532 20090101197 Borikaws 4/23/2009
A533 20090109305 Dai et al. 4/30/2009
A534 20090114630 Hawryluk 5/7/2009
A535 20090142879 Isaka et al. 6/4/2009
A536 20090146240 Carey lll et al. 6/11/2009
A537 20090151785 Namn et al. 6/18/2009
A538 20090160983 Lenchenkov 6/25/2009
A539 20090174026 Carey et al. 7/9/2009
A540 20090179199 Sano et al 7/16/2009
A541 20090180010 Adikisson et al. 7/16/2009
A542 20090194671 Nozaki et al. 8/6/2009
A543 20090200454 Barbier et al. 8/13/2009
A544 20090200586 Mao et al. 8/13/2009
A545 20090200625 Venezia et al. 8/13/2009
A546 20090200626 Qian, et al. 8/13/2009
A547 20090200631 Tai, et al. 8/13/2009
A548 20090206237 Shannon et al. 8/20/2009
A549 20090211627 Meier et al. 8/27/2009
A550 20090213883 Mazur et al. 8/27/2009
A551 20090218493 McCaffrey et al. 9/3/2009
A552 20090223561 Kim et al. 9/10/2009
A553 20090227061 Bateman et al. 9/10/2009
A554 20090242019 Ramamoorthy et al. 10/1/2009
A555 20090242032 Yamazaki et al. 10/1/2009
A556 20090242933 Hu, et al. 10/1/2009
A557 20090256156 Hsieh 10/15/2009
A558 20090256226 Tatani 10/15/2009
A559 20090261255 Nakamura et al. 10/22/2009
A560 20090273695 Mabuchi 11/5/2009
A561 20090278967 Toumiya 11/12/2009
A562 20090283807 Adkisson et al. 11/19/2009
A563 20090286347 Kim et al. 11/19/2009
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A564 20090294787 Nakaji, et al. 12/3/2009

A565 20090308450 Adibi et al. 12/17/2009

A566 20090308457 Smith et al. 12/17/2009

A567 20100000597 Cousins 1/7/2010

A568 20100013036 Carey 1/21/2010

A569 20100013039 Qian, et al. 1/21/2010

A570 20100013593 Luckhardt 1/21/2010

A571 20100024871 Oh et al. 2/4/2010

A572 20100032008 Adekore 2/11/2010

A573 20100037952 Lin 2/18/2010

A574 20100038523 Venezia et al. 2/18/2010

A575 20100038542 Carey et al. 2/18/2010

A576 20100040981 Kiesel et al. 2/18/2010

A577 20100044552 Chen 2/25/2010

A578 20100051809 Onat et al. 3/4/2010

A579 20100052088 Carey 3/4/2010

A580 20100053382 Kuniba 3/4/2010

A581 20100055887 Piwczyk 3/4/2010

A582 20100059385 Li 3/11/2010

A583 20100059803 Gidon et al. 3/11/2010

A584 20100072349 Veeder 3/25/2010

A585 20100074396 Schmand et al. 3/25/2010

A586 20100083997 Hovel 4/28/2010

A587 20100084009 Carlson et al 4/8/2010

A588 20100096718 Hynecek, et al. 4/22/2010

A589 20100097609 Jaeger, et al. 4/22/2010

A590 20100102206 Cazaux et al. 4/29/2010

A591 20100102366 Lee et el 4/29/2010

A592 20100108864 OHTA et al 5/6/2010

A593 20100109060 Mao, et al. 5/6/2010

A594 20100116312 Peumans et al. 5/13/2010

A595 20100117181 Kim et al. 5/13/2010

A596 20100118172 McCarten et al. 5/13/2010

A597 20100128161 Yamaguchi 5/27/2010

A598 20100128937 Yoo et al. 5/27/2010

A599 20100133635 Lee et al. 6/3/2010

A600 20100140733 Lee et al. 6/10/2010

AG01 20100140768 Zafiropoulo 6/10/2010

A602 20100143744 Gupta 6/10/2010

A603 20100147383 Carey et al. 6/17/2010

A604 20100171948 Mazur et al. 7/8/2010

A605 20100181014 Raymond 7/22/2010

A606 20100190292 Alberts 7/29/2010

A607 20100200658 Olmstead et al. 8/12/2010
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A608 20100201834 Maruyama et al. 8/12/2010

AG609 20100213582 Coullard et al. 8/26/2010

A610 20100219506 Gupta 9/2/2010

A611 20100224229 Pralle et al. 9/9/2010

A612 20100240169 Petti et al. 9/23/2010

A613 20100245647 Honda et al. 9/30/2010

AGl4 20100258176 Kang et al. 10/14/2010

A615 20100264473 Adkisson et al. 10/21/2010

AG616 20100289885 Lu et al. 11/18/2010

A617 20100290668 Friedman et al. 11/18/2010

AG18 20100300505 Chen 12/2/2010

A619 20100300507 Heng et al. 12/2/2010

A620 20100313932 Kroll et al. 12/16/2010

A621 20110003424 De Ceuster et al. 1/6/2011

A622 20110019050 Yamashita 1/27/2011

A623 20110025842 King et al. 2/3/2011

A624 20110056544 Jietal. 3/10/2011

A625 20110073976 Vaillant 3/31/2011

A626 20110095387 Carey et al. 4/28/2011

A627 20110104850 Weidman et al. 5/5/2011

7628 20110127567 Seong 6/2/2011

A629 20110140221 Venezia et al. 6/16/2011

A630 20110150304 Abe et al. 6/23/2011

A631 20110194100 Thiel et al. 8/11/2011

A632 20110201177 Fournel et al. 8/11/2011

A633 20110220971 Haddad 9/15/2011

A634 20110227138 Haddad 9/22/2011

A635 20110241148 Hiyama et al 10/6/2011

A636 20110241152 Hsiao et al 10/6/2011

A637 20110251478 Wieczorek 10/13/2011

AG38 20110260059 Jiang et al. 10/27/2011

A639 20110266644 Yamamura et al. 11/4/2011

AG40 20110292380 Bamiji 12/1/2011

A641 20110303999 Sakamoto et al. 12/15/2011

AG42 20120001841 GOKINGCO et al. 1/5/2012

AG43 20120024363 Dimer et al. 2/2/2012

AG644 20120024364 Carey, lll et al. 2/2/2012

AG45 20120025199 Chen et al 2/2/2012

A646 20120038811 Ellis-monaghan et al 2/16/2012

AG4T 20120043637 King et al. 2/23/2012

A648 20120049242 Atanackovic et al. 3/1/2012

AG649 20120049306 Ohba et al. 3/1/2012

A650 20120080733 Doan et al. 4/5/2012

A651 20120111396 Saylor et al. 5/10/2012
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A652 20120147241 YAMAGUCHI TETSUJI 6/14/2012
A653 20120153127 Hirigoyen et al 6/21/2012
AG654 20120153128 Roy et al 6/21/2012
A655 20120171804 Moslehi et al. 7/5/2012
A656 20120187190 Wang et al. 7/26/2012
A657 20120188431 Takimoto 7/26/2012
AG58 20120217602 Enomoto 8/30/2012
A659 20120222396 Clemen 9/6/2012
AG60 20120228473 Yoshitsugu 9/13/2012
A661 20120235268 Niira et al. 9/20/2012
A662 20120274744 Wan 11/1/2012
7663 20120291859 Vineis et al. 11/22/2012
7664 20120300037 Laudo 11/29/2012
A665 20120305063 Moslehi et al. 12/6/2012
A666 20120312304 Lynch et al. 12/13/2012
A667 20120313204 Haddad et al. 12/13/2012
A668 20120313205 Haddad et al. 12/13/2012
A669 20120326008 Mckee et al. 12/27/2012
A670 20130001553 Vineis et al. 1/3/2013
A671 20130020468 Mitsuhashi et al 1/24/2013
A672 20130026531 Seo et al. 1/31/2013
A673 20130082343 Fudaba, et al. 4/4/2013
AG674 20130135439 Kakuko et al. 5/30/2013
A675 20130168792 Haddad et al. 7/4/2013
A676 20130168803 Haddad et al. 7/4/2013
AG677 20130200251 Velichko 8/8/2013
A678 20130207212 Mao et al 8/15/2013
A679 20130207214 Haddad et al. 8/15/2013
A680 20130285130 Ting 10/31/2013
A681 20140054662 Yanagita et al 2/27/2014
AG82 20140138785 Pralle et al. 5/22/2014
A683 20140198240 Rhoads 7/17/2014
AG84 20140247378 Sharma et al. 9/4/2014
A685 20140352779 Smirnov et al. 12/4/2014
A686 20140374868 LEE et al 12/25/2014
AG87 20150076468 Yamaguchi et al. 3/19/2015
7688 20170141258 McFarland 5/18/2017
A689 20170244920 Ohkubo et al 8/24/2017
A690 RE43169 Parker 2/7/2012
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B1 AU 3666484 Wenham et al. 6/27/1985
B2 CN 101053065 A Werner Jurgen H 10/10/2007
B3 CN 101241923 TSMC 8/13/2008
B4 CN 101404307 Univ. Zhongshan 4/8/2009
B5 CN 101423942 Dong Jiang 5/6/2009
B6 CN 101465361 TSMC 6/24/2009
B7 CN 101478013 Suntech Power Co Ltd 7/8/2009
B8 | CN 101634026 Beljing Solar Energy 1/27/2010
Res Inst
B9 | CN 101634027 Beljing Solar Energy 1/27/2010
Res Inst
B10 | CN 101740597 Sony Corp. 6/16/2010
B11 | CN 101818348 Univ Shejiang 9/1/2010
812 OMNIVISION TECH
CN 101978498 INC 2/16/2011
B13 | CN 102270646 NA 12/7/2011
Beijing Linuosangpu
B14 | CN 1507075 o~ CJ) to%olta op 6/23/2004
B15 | CN 1614789 gha”gde Solar Electric 5/11/2005
ower
B16 | CN 201725796 GALAXYCORE INC 1/26/2011
Fraunhofer-Gesellschaft
B17 | DE 19838439 Zur Faurderung Der 4/27/2000
Angewandten
B18 | EP 0473439 Cooper Industries 3/4/1992
819 | EP 0566156 Le.“‘mO Kabushiki 10/20/1993
aisha
B20 | EP 1347670 A1 Kitaguchi et al. 9/24/2003
Matsushita Electric
B21 | EP 1630871 Industrial Co. Ltd. 1/3/2006
B22 | EP 1873840 Neil et al. 1/2/2008
B23 | EP 2073270 Hirota, et al. 5/16/2012
B24 | EP 2509107 Boly Media Comm. 10/10/2012
825 | FR 2827707 FR De Detecteurs 1/24/2003
Infrarouges S
B26 | GB 2030766 Plessey Co. Ltd. 4/10/1980
B27 | JP 11077348 Cannon KK 3/23/1999
B28 | JP 11097724 Citizen Watch Co. Ltd. 4/9/1999
Electrowatt Technol
B29 | JP 2000164914 Innov AG 6/16/2000
830 | JP 2001007381 ‘éapa” Broadcasting 1/12/2001
orp.
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Matsushita Electric
B31 | JP 2001024936 Industrial Co. Lid. 1/26/2001
B32 | JP 2001189478 Sanyo Electric Co. 7/10/2001
B33 | JP 2001257927 Technosonic KK 9/21/2001
B34 | JP 2001339057 Fuji Xerox Co. Lid. 12/7/2001
B35 | JP 2002043594 Sharp KK 2/8/2002
B36 | JP 2002134640 United Test CT Inc. 5/10/2002
B37 | JP 2002513176 Grace et al. 5/8/2002
B38 | JP 2003058269 Mitsubishi 2/28/2003
no Matsushita Electric
B39 | JP 2003104121 Industrial Co. Ltd. 4/9/2003
B40 | JP 2003163360 Seiko Epson Corp. 6/6/2003
B41 | JP 2003242125 Canon KK 8/29/2003
B42 | JP 2003258285 Sharp KK 9/12/2003
Matsushita Electric
B43 | JP 2003308130 Industrial Co. Ltd. 10/31/2003
B44 | JP 2004047682 Toshiba Corp. 2/12/2004
B45 | JP 2004273886 Hatachi Cable 9/3/2004
B46 | JP 2004273887 Hatachi Cable Ltd. 9/30/2004
B47 | JP 2005072097 Sony Corp. 3/17/2005
B48 | JP 2005339425 Sanyo Electric Co. 12/8/2005
Matsushita Electric
B49 | JP 2006033493 Industrial Co. Lid. 2/2/2006
B50 | JP 2006147991 Canon Inc. 6/8/2006
B51 | JP 2006173381 Toyota Motor Corp. 6/29/2006
B52 | JP 2006210701 Sayno Electric Co. 8/10/2006
B53 | JP 2006255430 Fujitsu Ltd. 9/28/2006
B54 | JP 2006261372 Sony Corp. 9/28/2006
B55 | JP 2007122237 Mitsubishi Electric Corp. 5/17/2007
B56 | JP 2007135005 Cannon KK 5/31/2007
857 | JP 2007165909 'ggr’gos Technology 6/28/2007
SWCC Showa Device
B58 | JP 2007180642 Tech Co. Ltd. 7/12/2007
B59 | JP 2007180643 Sony Corp. 7/12/2007
B60 | JP 2007258684 Sony Corp. 10/4/2007
B61 | JP 2007305675 Sony, Corp. 11/22/2007
B62 | JP 2008099158 Sony Corp. 4/24/2008
B63 | JP 2008153361 Hatachi LTD 7/3/2008
B64 | JP 2008167004 Sony Corp. 7/17/2008
B65 | JP 2008181468 8/7/2008
B66 | JP 2008187003 Fujitsu Ltd. 8/14/2008
B67 | JP 2008283219 Toshiba Corp. 11/20/2008
B68 | JP 2008294698 Sony Corp. 12/4/2008
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Omron Tteisi
B69 | JP 2009021479 Electronics Co. 1/29/2009
B70 | JP 2009026142 Sony Corp. 2/5/2009
B71 | JP 2009152569 Eaeg“""’“d”cmr Energy 7/9/2009
B72 | JP 2009206356 Toshiba Corp. 9/10/2009
873 | JP 2009253683 m”'ca Minolta Holdings 10/29/2009
874 | JP 2010226071 ramamatsu Photonics 10/7/2010
B75 | JP 2010278472 Sony, Corp. 12/9/2010
B76 | JP 2011003860 Sony Corp. 1/6/2011
B77 | JP 2011091128 Cannon KK 5/6/2011
B78 | JP 2012054321 Sony Corp. 3/15/2012
B79 | JP 2012169530 Sony Corp. 9/6/2012
B80 | JP 2012191005 Sony Corp. 10/4/2012
B8l | JP 2012212349 Hitachi Solutions Lid. 11/1/2012
B82 | JP 9148594 Sanyo Electric Co. 6/6/1997
B83 | JP H02152226 Fujitsu Ltd. 6/12/1990
Bg4 | JP H02237026 Sony, Corp. 9/19/1990
B85 | JP H03183037 Nec Corp. 8/9/1991
Bg6 | JP H04318970 Mitsubishi Electric Corp. 11/10/1992
B87 | JPH06104414 Toshiba Corp. 4/15/1994
Hatachi Ltd.
B88 | JP H06244444 (Hammamatsu) 9/2/1994
B89 | JP H06267868 Fuji Electric Co LTD 9/22/1994
Semiconductor Energy
B90 | JP H06275641 Lab Co. LTD. 9/30/1994
891 | JP HO7183484 Centre Nat ETD 7/21/1995
Telecomm
B92 | JP H07235658 Sony Corp. 5/9/1995
B93 | JP H0774240 Nec Corp. 3/17/1995
B94 | JP H09298308 Sharp KK 11/18/1997
B95 | JP S57173966 Fuji Photo Film Co. Ltd. 10/26/1982
B96 | JP S5771188 Mitsubishi Electric Corp. 5/1/1982
B97 | JP S63116421 Mitsubishi Electric Corp. 5/20/1988
B98 | JP1994244444 A Hitachi, Ltd. 9/2/1994
B99 | JP2002190386 Kitaguchi et al. 7/5/2002
B100 | JPH06267868 A Fuji Electric Co Ltd 9/22/1994
. Samsung Electronics
B101 | KR 100825808 CO. Lid. 4/29/2008
2102 | KR 20010061058 m’(':”'x Semiconductor 4/7/2001
B103 | KR 2005039273 Jin- Sin Lee 4/29/2005
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MAGNACHIP
B104 SEMICONDUCTOR
KR 20060020400 LTD 3/6/2006
B105| KR 20060052278 Sony Corp. 5/16/2016
B106| KR 20080014301 Samsung Elec. Co. Lid. 2/14/2008
B107| KR 20080097709 Dongbu Elec. Co. Ltd. 11/6/2008
B108 | KR 20090077274 LG Electronics Inc. 7/15/2009
B109| KR 20100026463 LG Electronics Inc. 3/10/2010
B110 | KR 20100118864 Hyosung Corp 11/8/2010
5111 DONGBU HITEK CO
KR 20110079323 LTD 7/7/2011
B112| KR 20170070266 SONY CORP 6/21/2017
B113 | TW 200627675 tfrg”eds Lighting U.S. 8/1/2006
Newsouth Innovations
B114| TW 200818529 PTY LTD 4/16/2008
2115 | WO 0131842 Telefonaktiebolaget LM 3/5/2001
Ericson {publ)
B116| WO 0135601 Rainfinity Inc et al. 5/17/2001
Dong Wha Pharm Ind
B117| WO 2003059390 Co. Ltd 7/24/2003
B118| WO 2000031679 Iriscan Inc. 6/2/2000
B119| WO 2002041363 a‘(’!arﬂex Technologies 5/23/2002
Matsushita Electric
B120 | WO 2005029599 Works Ltd 3/31/2005
President and Fellows
B121 | WO 2006/086014 of Harvard College 8/17/2006
8122 | WO 2006043690 Eaeg“'“’“d”cmr Energy 4/27/2006
B123 | WO 2006054758 semiconductor Energy 5/26/2006
B124| WO 2008091242 UVA Patent Foundation 7/31/2008
- Mitsubishi Heavy
B125| WO 2008099524 Industries Lid. 8/21/2008
Fraunhofer-Gesellschaft
B126| WO 2008145097 Zur Faurderung Der 12/8/2008
Angewandten
B127| WO 2009016846 Panasonic Corp. 2/5/2009
President and Fellows
B128| WO 2009100023 of Harvard College 8/13/2009
B129| WO 2009147085 Thiel et al. 12/10/2009
B130| WO 2010033127 Sionyx, Inc. 3/25/2010
International Business
B131| WO 2011003871 Machines Corporation 1/13/2011
B132 | WO 2011035188 Sionyx, Inc. 3/24/2011
B133| WO 2011119618 Sionyx, Inc. 3/22/2011
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B134 | WO 2012027290 Red.Com, Inc. 3/1/2012
B135| WO 2012117931 SONY CORPORATION 9/7/2012
B136 | WO 2012174752 Boly Media Comm. 12/27/2012
B137| WO 2014110484 Digimarc Corp. 7/17/2014
B138| WO 91/14284 Theden, Ulrich 9/19/1991
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c1 A. Arndt, J.F. Allison, J.G. Haynos, and A. Meulenberg, Jr., "Optical Properties of the COMSAT
Non-reflective Cell," 11th IEEE Photovoltaic Spec. Conf,, p. 40, 1975

c2 Aberle, Progress with polycrystalline silicon thin-film solar cells on glass at UNSW. Journal of
Crystal Growth 287,386-390 (2006).

c3 Agranov, et al., Pixel continues to shrink....Small Pixels for Novel CMOS Image Sensors, 4
pages.

ca Amoruso et al., Emission of nanoparticles during ultrashort laser irradiation of silicon targets.
Europhysics Letters 67, 404-410 (2004).

c5 Arango et al., Charge transfer in photovoltaics consisting of interpenetrating networks of
conjugated polymer and Ti02 nanoparticles. Applied Physics Letters 74, 1698-1700 (1999).

c6 Asom et al., Interstitial Defect Reactions in Silicon; Appl. Phys. Lett.; 07/27/1987; pp. 256-258;
vol. 51(4); American Institute of Physics.

c7 Beek et al., Efficient hybrid solar cells from zinc oxide nanoparticles and a conjugated polymer.
Advanced Materials 16, 1009-1013 (2004).

c8 Bentini et al., Surface doping of semiconductors by pulsed-laser irradiation in reactive
atmosphere. Applied Physics A: Materials Science & Processing. 1988;45(4):317-324.

Cc9 BERGER, Michael; Moth Eyes Inspire Self-Cleaning Antireflection Nanotechnology Coatings;
2008; 3 pages; Nanowerk LLC

c10 | Berger, O., Inns, D. and Aberle, A.E. "Commercial White Paint as Back Surface Reflector for
Thin-Film Solar Cells", Solar Energy Materials & Solar Cells, vol. 91, pp. 1215-1221,2007.

c11 | Bernhard, C.G., "Structural and Functional Adaptation in a Visual System" Endevor Vol. 26, pp.
79-84, May 1967

c12 | Betta et al.; Si-PIN X-Ray Detector Technology; Nuclear Instruments and Methods in Physics
Research; 1997; pp. 344-348; vol. A, No. 395; Elsevier Science B.V. cited by applicant.

c13 | Blood et al., Electrical Characterization of Semiconductors. Reports on Progress in Physics 41,
157-257 (1978)..

c14 | BODEN, S.A. et al.; Nanoimprinting for Antireflective Moth-Eye Surfaces; 4 pages; 2008

c15 | Bogue: "From bolometers to beetles: the development of the thermal imaging sensors;" sensor
Review; 2007; pp. 278-281; Emerald Group Publishing Limited (ISSN 0260-2288).

c16 | Borghesiet al.; "Oxygen Precipitation in Silicon," J. Appl. Phys., v. 77(9), pp. 4169-4244 (May 1,
1995).

c17 | Born, M. and E.Wolf, "Princip les of Optics, 7th Ed.", Cambridge University Press, 1999, pp.
246-255.

c1s | Bouhdata, A. et al. "Modeling Of The Spectral Response Of PIN Photodetectors Impact of
Exposed Zone Thickness, Surface Recombination Velocity And Trap Concentration”,
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Microelectronics Reliability 44, pp. 223-228 (2004);
c19 | Brieger,S., O.Dubbers, S.Fricker, A.Manzke, C.Pfahler, A.Plettl, and P.Zlemann, "An Approach
for the Fabrication of Hexagonally Ordered Arrays of Cylindrical Nanoholes in Crystalline and
Amorphous Silicon Based on the Self-Organization of Polymer Micelles", Nanotechnology, vol.
17, pp. 4991-4994, 2006, doi:10.1088/0957-4884/17/19/036.
c20 | Brus, Luminescence of Silicon Materials-Chains, Sheets, Nanoc1ystals, Nanowires,
Microcrystals, and Porous Silicon. Journal of Physical Chemistry 98,3575-3581 (1994).
c21 | Bucksbaum et al., Rapid Melting and Regrowth Velocities in Silicon Heated by Ultraviolet
Picosecond Laser-Pulses, Physical Review Letters 53, 182-185 (1984).
c22 | Bulgakov et al., Silicon clusters produced by femtosecond laser ablation: non-thermal emission
and gas-phase condensation. Applied Physics AMaterials Science & Processing 79, 1591-1594
(2004).
c23 | Buttgen, B.; "Demodulation Pixel Based on Static Drift Fields"; IEEE Transactions on Electron
Devices, vol. 53, No. 11, Nov. 2006.
Cc24 | Byung Jun Park et al, Jpn. J. Appl. Phys. 46 2454, 2007, 5 pages.
c25 | Campbell et al., Light Trapping Properties of Pyramidally Textured Surfaces. Journal of Applied
Physics 62, 243-249 (1987).
c26 | Campbell, Stephen A., "The Science and Engineering of Microeletronic Fabrication, 2nd Ed.",
Oxford University Press, 2001, pp. 406-411.
c27 | Carey et al, "High Sensitivity Silicon-Based VIS/NIR Photodetectors", CLEO 2004 (San
Francisco, CA 2004) pp. 1-2 cited by other.
c28 | Carey et al., "Femtosecond-Laser-Assisted Microstructuring of Silicon Surfaces", Optics and
Photonics News, 2003. 14, 32-36.
c29 | Carey et al., In-situ doping of silicon using the gas immersion laser doping (GILD) process.
Applied Surface Science. vol. 43, Issues 1-4, Dec. 2, 1989, pp. 325-332.
c30 | Carey et al., Visible and near-infared responsivity of femtosecondlaser microstrnctured silicon
photodiodes. Opt. Lett. 2005;30: 1773- 5.
c31 | Carey, et al. "Femtosecond Laser-Assisted Microstructuring of Silicon for Novel Detector,
Sensing and Display Technologies", LEOS 2003, 481-482, Tuscon, AR.
c32 | Carey, et al. "Femtosecond Laser-Assisted Microstructuring of Silicon for Novel Detector,
Sensing and Display Technologies", LEOS; 2002, 97-98, Glasgos, Scotland, 2002.
c33 | Carey, et al., "Fabrication of Micrometer-Sized Conical Field Emitters Using Femtosecond
Laser-Assisted Etching of Silicon," Proc. IVMC 2001, 75-76, UC Davis, Davis, CA.
c34 | Carey, et al., "Field Emission from Silicon. Microstructures Formed by Femtosecond Laser
Assisted Etching," Proc. CLEO 2001 (Baltimore, MD 2001) 555-557.
c35 | Carey, et al., "High Sensitivity Silicon-Based VIS/NIR Photodetectors”, Optical Society of
America (2003) 1-2.
c36 | Carey, Femtosecond-laser microstructuring of silicon for novel optoelectronic devices. Thesis.
The Division of Engineering and Applied Sciences. Harvard University. Cambridge, MA. Jul.
2004 162 pages.
c37 | CAREY, lll; “Femtosecond-laser Microstructuring of Silicon for Novel Optoelectronic Devices”;
Harvard University, July 2004; (Thesis)
c38 | Carey, P.G. et al,, "In-situ Doping of Silicon Using Gas Immersion Laser Doping (GILD)
Process," Appl. Surf. Sci. 43, 325-332 (1989)
c¢39 | Chang, S.W., V.P.Chuang, S.T.Boles, and C.V.Thompson, "Metal-Catalyzed Etching of
Vertically Aligned Polysilicon and Amorphous Silicon Nanowire Arrays by Etching Direction
Confinement", Advanced Functional Materials, vol. 20, No. 24, pp. 4364-4370, 2010
c40 | CHEN, Q. et al.; Broadband moth-eye antireflection coatings fabricated by low-cost
nanoimprinting; Applied Physics Letters 94; pgs. 263118-1 - 263118-3; 2009; American Institute
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ca1 | CHIANG, Wen Jen Et al., "Silicon Nanocrystal-Based Photosensor on Low-Temperature
Polycrystalline-Silicone Panels", Applied Physics Letters, 2007, 51120-1-51120-3, Ltt. 91,
American Inst. Of Physics, Melville, NY.

c42 | CHICHKOQYV, B.N. et al, "Femtosecond, picosecond and nanosecond laser ablation of solids"
Appl. Phys. A 63, 109-115; 1996.

c43 | Chien et al, "Pulse Width Effect in Ultrafast Laser Processing of Materials," Applied Physics A,
2005, 1257-1263, 81, Springer Berlin, Heidelberg, Germany.

c44 | Choubey et al., On Evolution of CMOS Image Sensors, Proceedings of the 8th International
Conference on Sensing Technology, Sep. 2-4, 2014, Liverpool, UK, pages.

c45 | Cifre, Polycrystalline Silicon Films Obtained by Hot-Wire Chemical- Vapor-Deposition. Applied
Physics aMaterials Science & Processing 59, 645-651 (1994).

c46 | CILINGIROGLU et al., "An evaluation of MOS Interface-Trap Charge Pump as and Ultralow
Constant-Current Generator," IEEE Journal of Solid-State Circuit, 2003, Vol. 38, No. 1, Jan.
2003, 71-83.

ca7 | Clapham, P.B. et al, "Reduction of Lens Reflexion by the Moth Eye Principle" Nature, Vol 244.
Aug. 1973, pp. 281-282

cas | CMOSIS; "Global Shutter Image Sensors for Machine Vision Application"; Image Sensors
Europe 2010, Mar. 23-25, 2010; .COPYRGT. copyright 2010.

c49 | Contreras et al., Progress toward 20% efficiency in Cu(In,Ca)Se-2 polycrystalline thin-film solar
cells. Progress in Photovoltaics 7, 311-316 (1999).

cs50 | Cotter, Jeffrey E.; Optical intensity of light in layers of silicon with rear diffuse reflectors; Journal
of Applied Physics; Jul. 1, 1998; pp. 618-624; vol. 84, No. 1; American Institute of Physics.

c51 | Crouch et al., "Comparison of Structure and Properties of Femtosecond and Nanosecond Laser-
Structured Silicon" Appl. Phys. Lett., 2004, 84,1850-1852.

c52 | Crouch et al., "Infrared Absorption by Sulfur-Doped Silicon Formed by Femtosecond Laser
Irradiation”, Appl. Phys. A, 2004, 79, 1635-1641.

¢53 | Cuadra et al., Present status of intermediate band solar cell research. Thin Solid Films 451-52,
593-599 (2004).

c54 | Curtins et al., High-Rate Deposition of Amorphous Hydrogenated Silicon-Effect of Plasma
Excitation-Frequency. Electronics Letters 23, 228-230 (1987).

c55 | Delley et al., Quantum Confinement in Si Nanocrystals. Physical Review B 47, 1397-1400
(1993).

cs56 | Despeisse, et al.; "Thin Film Silicon Solar Cell on Highly Textured Substrates for High
Conversion Efficiency"; 2004.

c57 | Detection of X-ray and Gamma-ray Photons Using Silicon Diodes; Dec. 2000; Detection
Technology, Inc.; Micropolis, Finland.

c58 | DEWAN, Rahul et al.; Light Trapping in Thin-Film Silicon Solar Cells with Submicron Surface
Texture; Optics Express; Vol. 17, No. 25; December 7, 2009; Optical Society of America

c59 | Deych et al.; Advances in Computed Tomography and Digital Mammography; Power Point; Nov.
18, 2008; Analogic Corp.; Peabody, MA

ce60 | Dobie, et al.; "Minimization of reflected light in photovoltaic modules™; Mar. 1, 2009.

ce61 | DOBRZANSKI, L.A. et al.; Laser Surface Treatment of Multicrystalline Silicon for Enhancing
Optical Properties; Journal of Materials Processing Technology; page 291 - 296; 2007; Elsevier
B.V.

ce62 | Dolgaev et al., "Formation of Conical Microstructures Upon Laser Evaporation of Solids", Appl.
Phys. A, 2001, 73, 177-181.

c63 | Duerinckx, et al.; "Optical Path Length Enhancement for >13% Screenprinted Thin Film Silicon
Solar Cells"; 2006.
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ce4 | Dulinski, Wojciech et al.; Tests of backside illumincated monolithic CMOS pixel sensor in an
HPD set-up; Nuclear Instruments and methods in Physics Research; Apr. 19, 2005; pp. 274-
280; Elsevier B.V.
ce65 | Fontaine, A Review of the 1.4 ym Pixel Generation, Technology Analysis Group Chipworks Inc.,
2011, 4 pages.
ce66 | Fontaine, Ray, A Survey of Enabling Technologies in Successful Consumer Digital Imaging
Products (Part 3: Pixel Isolation Structures), http://www.techinsights.com,July 24, 2017, 13
pages.
ce7 | Forbes, L. and M.Y. Louie, "Backside Nanoscale Texturing to Improve IR Response of Silicon
Photodetectors and Solar Cells," Nanotech, vol. 2, pp. 9-12, Jun. 2010.
ces | FORBES; “Texturing, reflectivity, diffuse scattering and light trapping in silicon solar cells”; 2012
c69 | Fowlkes et al., "Surface Microstructuring and Long-Range Ordering of Silicon Nanoparticles",
Appl. Phys. Lett., 2002, 80 (20), 3799-3801.
c70 | Gibbons, J., "lon Implantation in Semiconductors-Part Il; Damage Production and Annealing",
proceedings of the IEEE Vol. 60, No. 9 pp. 1062-1096. Jun. 1972.
c71 | Gjessing, J. et al.; 2D back-side diffraction grating for impored light trapping in thin silicon solar
cells; Optics Express; vol. 18, No. 6; pp. 5481-5495; Mar. 15, 2010; Optical Society of America.
c72 | Gjessing, J. et al.; 2D blazed grating for light trapping in thin silicon solar cells; 3 pages; 2010;
Optical Society of America.
c73 | Glezer et al., Ultrafast-laser driven micro-explosions in transparent materials. Applied Physics
Letters 71, 882-884 ( 1997).
c74 | Gloeckler et al. Band-Gap Grading in CU(In,GA)Se2 Solar Cells, Journal of Physics and
Chemistry of Solids; 2005; pages 189-194; vol. 66.
c¢75 | Glover et al., Probing paiticle synthesis during femtosecond laser ablation: initial phase
transition kinetics. Applied Physics B Lasers and Optics 78, 995-1000 (2004).
c76 | Glover, Hydrodynamics of particle formation following femtosecond laser ablation. Journal of the
Optical Society of America B-Optical Physics 20, 125-131 (2003).
c77 | Goetzberger, et al.; "Solar Energy Materials & Solar Cells"; vol. 92 (2008) pp. 1570-1578.
c78 | Goetzbergeret al., Crystalline Silicon Solar Cells (ed.), Chapter 6, High Efficiency Solar Cells.
New York: John Wiley& Sons Ltd, 1994.
c79 | Green, Recent developments in photovoltaics. Solar Energy 76, 3-8 (2004).
cso | Greenham et al.,Charge sepai-ation and transport in conjugatedpolymerjsemiconductor-
nanocrystal composites studied by photoluminescence quenching and photoconductivity.
Physical Review B 54, 17628-17637 (1996).
cg1 | Halls et al., Efficient Photodiodes from Interpenel:rating Polymer Networks. Nature 376, 498-500
(1995).
cg2 | HAN et al., "Evaluation of a Small Negative Transfer Gate Bias on the Performance of 4T
CMOS Image Sensor Pixels," 2007 International Image Sensor Workshop, 238-240, Ogunquit,
Maine.
c83 | Hansen, Henri et al. "The Black Silicon Method: A Universal Method For determining The
Parameter Setting Of A Fluorine-Based Reactive lon Etcher In Depp Silicon Trench Etching
With Profile Control", J. Micromedch. Microeng. 5 (1°995) pp 115-120
cs4 | HAUG, et al.; “Light Trapping effects in thin film silicon solar cells”; 2009
c8s5 | Heisterkamp et al., Pulse energy dependence of subcellular dissection by femtosecond laser
pulses. Optics Express 13, 3690-3696 (2005).
cs6 | Her et al., "Microstructuring of Silicon with Femtosecond Laser Pulses," Applied Physics Letters,
1998, 1673-1675, vol. 73, No. 12, American Institute of Physics.
cg87 | Her et al., "Novel Conical Microstructures Created in Silicon With Femtosecond Laser Pulses",
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CLEOQO 1998, 511-512, San Francisco, CA.

cssg | Her, et al., "Femtosecond laser-induced formation of spikes on silicon," Applied Physics A,
2000, 70, 383-385.

c89 | HERMANN, S. et al.; Impact of Surface Topography and Laser Pulse Duration for Laser
Ablation of Solar Cell Front Side Passivating SiNx Layers; Journal of Applied Physics; Vol. 108,
No. 11; pages 114514-1 - 114514-8; 2010; American Institute of Physics

c90 | Henry, Limiting Efficiencies of Ideal Single and Multiple Energy Gap Terrestrial Solar-Cells.
Journal of Applied Physics 51, 4494-4500 (1980).

c91 | High--Performance Technolocgies for Advanced Biomedical Applications; .COPYRGT.
2004Brochure; pp. 1-46; PerkinEimerOptoelectronics

c92 | Holland; Fabrication of Detectors and Transistors on High-Resistivity Silicon; Nuclear
Instruments and Methods in Physics Research, vol. A275, pp. 537-541 (1989).

c93 | HONG et al., "Cryogenic processed metal-semiconductor-metal (MSM) photodetectors on MBE
grown ZnSe,", 1999, IEEE Transactions on Electron Devices, vol. 46, No. 6, pp. 1127-1134.
c94 | HSIEH et al., "Focal-Plane-Arrays and CMOS Readout Techniques of Infrared Imaging
Systems," IEE Transactions on Circuits and Systems for Video Technology, 1997, vol. 7, no. 4,
Aug. 1997, 594-605.

c95 | http//electroig.com/insights-from-leading-edge/2016/09/iftle-303-sony-introduces-ziptronix-dbi-
technology-in-samsung-galaxy-s7, “Omnivision was the first to sample BSI in 2007 but costs
were too high and adoption was thus very low”, (2016)

c96 | http//joseph-tang.blogspot.com/2017/, Oshiyama et al. , Near-infrared Sensitivity Enhancement
of a Back-illuminated Complementary Metal Oxide Semiconductor Image Sensor with a Pyramid
Surface for Diffraction Structure,(2017)

C97 | https://blogs.yahoo.co.jp/miyabiman_now/25628945.html

c98 | Hu et al., "Solar Cells from Basic to Advanced Systems,"” McGraw Hill Book Co., 1983, 39, New
York, New York.

c99 | Huang et al., "A uniform 290 nm periodic Square Strcuture on ZnO Fabricated by Two-Beam
Femtosecond Laser Ablation," Nanotechnolgoy, 8 pp. 1-6 (2007);

c100| Huang, et al.; “Key Technique for texturing a uniform pyramid structure with a layer of silicon
nitride on monocrystalline silicon wafer" Applied Surface Science; 2013 pp. 245-249

c101| HUANG, et al.; “Microstructured silicon photodetector”; Applied Physics Letters 89, 033506;
2006 American Institute of Physics; 2006

c102| HUPKES, J. et al.; Light Scattering and Trapping in Different Thin Film Photovoltaic Devices;
24th European Photovoltaic Solar Energy Conference, Hamburg, Germany (Sept. 21-25, 2009);
pgs. 2766-2769

c103| lgalson et al. Defect States in the CIGS Solar cells by Photocapacitance and Deep Level Optical
Spectroscopy; Bulletin of the Polish Academy of Sciences Technical Sciences; 2005; pp. 157-
161; vol. 53(2).

c104| IMEC, 3D INTEGRATED IMAGE SENSORS FOR SMART IMAGING SYSTEMS, PIET DE
MOOR, 2010, 32 pages.

c105| ltonaga et al., "Extremely-low-noise CMOS Image Sensor with high saturation capacity,” 2011
International Electron Devices Meeting, Washington, DC, 2011, pp. 8.1.1-8.1.4.

C106| Jansen, H. et al., "The Black Silicon Method: a universal method for determining the parameter
setting of a flourine-based reactive ion etcher in deep silicon trench etching with profile
control",J. Micromech. Microeng. Vol. 5, 1995 pp.115-120.

C107| Job et al., "Doping of Oxidized Float Zone Silincon by Thermal Donors - A low Thermal Budget
Doping Method for Device Applications?" Mat. Res. Soc. Symp. Pro.;v. 719, F9.5.1-F9.5.6
(2002).

c108| Joy, T. et al.; Development of a Production-Ready, Back-liluminated CMOS Image Sensor with
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Small Pixels; Electron Devices Meeting; pp. 1007-1010; 2007; IEEE.

c109| Juntunen et al.; Advanced Photodiode Detector for Medical CT Imaging: Design and
Performance; 2007; pp. 2730-2735; IEEE.

c110| Keppner et al., Passivation Properties of Amorphous and Microcrystalline Silicon Layers
Deposited by Vhf-Gd for Crystalline Silicon Solar-Cells. Solar Energy Materials and Solar Cells
34, 201-209 (1994)".

c111| KIM et al.; “Strong Sub-Band-Gap Infrared Absorption in Silicon Supersaturated with Sulfur”;
2006 Appl. Phys. Lett. 88, 241902-1 — 241902-3

c112| Kitamura et al., "Suppression of crosstalk by using backside deep trench isolation for 1.12um
backside illuminated CMOS image sensor," 2012 International Electron Devices Meeting, San
Francisco, CA, 2012, pp. 24.2.1-24.2.4.

c113| Koh et al., "Simple nanostructuring on silicon surfaceby means of focused beam patterning and
wet etching", Applied Surface Science, 2000 pp. 599-603.

c114| Kolasinski et al., "Laser Assisted and Wet Chemical Etching of Silicon Nanostructures," J. Vac.
Sci. Technol., A 24(4), Jul/Aug 2006, 1474-1479.

c115| Konstantatos et al., "Engineering the Temproal Response of Photoconductive Photodetectors
via Selective Introduction of Surface Trap States,” Nano Letters, v. 8(5), pp. 1446-1450 (Apr. 2,
2008).

c116| Konstantatos et al., "PbS Colloidal Quantum Dot Photoconductive Photodetectors: Transport,
Traps, and Gain," Appl. Phys. Lett., v. 91, pp. 173505-1-173505-3 (Oct. 23, 2007).

c117| KOREAN INTELLECTUAL PROPERTY OFFICE (KIPO), CMOS Image Sensor, KIPO, 2004, 29
pages.

c118| Kray, D. et al.; Laser-doped Silicon Soalr Cells by Laser Chemical Processing (LCP) exceeding
20% Efficiency; 33rd IEEE Photovoltaic Specialist Conference; 3 pages; May 2008; IEEE.
c119| Kroning et al.; X-ray Imaging Systems for NDT and General Applications; 2002; Fraunhofer
Institute for Nondestructive Testing; Saarbrucken and Dresden, Germany.

c120]| Kryski; A High Speed 4 Megapixel Digital CMOS Sensor; 2007 International Image Sensor
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citation if not in conformance and not considered. Include copy of this form with next communication to Applicant.
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.E/
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To: ipboston.docketing@nelsonmullins.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 959

Mar 25, 2021 04:18:22 AM
Dear PAIR Customer:

NELSON MULLINS RILEY & SCARBOROUGH LLP
ONE FINANCIAL CENTER

SUITE 3500

BOSTON, MA 02111

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 959 , have new
outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
16505283 NOA 03/25/2021 SXM-060CN3
1449 03/25/2021 SXM-060CN3

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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PART B-FEE(S) TRANSMITTAL

Complete and send this form, together with the applicable fee(s), by mail or fax, or via EFS-Web.
By mail, send to: Mail Stop ISSUE FEE By fax, send to: (571)273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate.
All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless
corrected below or directed otherwise in Block 1, by (a) specifying a new correspoudence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee
notifications.
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

00959 papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

NELSON MULLINS RILEY & SCARBOROUGH LLP Certificate of Mailing or Transmission

One Financial Center I hereby certify that this Fee(s) Transmittal is being deposited with the United
Suite 3500 States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to

Boston, Massachusetts 02111 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Andrew Schuh'z (Typed or printed name)
/Andrew W. Schultz/ (Signature)
June 17, 2021 (Date)

APPLICATION NO FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO CONFIRMATION NO
16/505,283 07/08/2019 Homayoon HADDAD SXM-060CN3 2766

TITLE OF INVENTION:  SHALLOW TRENCH TEXTURED REGIONS AND ASSOCIATED METHODS

APPLN: TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional | UNDISCOUNTED $1,200.00 $1,200.00 06/25/2021
EXAMINER ART UNIT CLASS-SUBCLASS
EVERHART, CARIDAD 2895 257/432000
1. Change of correspondence address or indication of "Fee 2. For printing on the patent front page, list 1 Nelson Mullins Riley &
Address” (37 CFR 1.363) . :
(1) The names of up to 3 registered patent attorneys Scarborough LLP
or agents OR, altematively,
D Change of correspondence address (or Change of A ) 2. Thomas J. Engellenner
Correspondence Address form PTO/SB/122) attached. (2) The name of a single firm (having as a member
D “Fee Address” indication (or “Fee Address” Indication aregistered attomey or agent) and the names of
form PTO/SB/47; Rev 03-09 or more recent) upto?2 re.gisAtered patent atlomeys or ‘agentsA If 3. Reza Mollaaghababa
attached. Use of a Customer Number is required. no name is listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been
previously recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE or COUNTRY )
SiOnyx, LLC Beverly, Massachusetts

Please check the appropriate assignee category or categories (will not be printed on the patent): D Tndividual Corporation or other private group entity D Government

4a. Fees Submitted: Issue Fee D Publication Fee (if required) D Advance Order - # of Copies
4b. Method of Payment (Please first reapply any previously paid fee shown above):

Electronic Payment via EFS-Web l:! Enclosed check D Non-electronic payment by credit card (Attach form PTO-2038)

The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 50-1196

5. Change of Entity Status (from status indicated above)
Applicant certifying micro entity status. See 37 CFR 1.29. NOTE: Absent a valid Certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue fee
payment in the micro entity amount will not be accepted at the risk of application abandonment.

D Applicant asserting small entity status. See 37 CFR 1.27. NOTE: If the application was previously under micro entity status, checking this box will be taken as
a notification of loss of entitlement to micro entity status.

D Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken as a notification of loss of entitlement to small or micro entity
status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature /Andrew W. Schultz/ Date  June 17, 2021

Typed or printed name Andrew Schultz Registration No. 66,869

PTOL-85 Part B (08-18) Approved for use through 03/31/2023 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number: 16505283

Filing Date: 08-Jul-2019

Title of Invention: SHALLOW TRENCH TEXTURED REGIONS AND ASSOCIATED METHODS
First Named Inventor/Applicant Name: Homayoon HADDAD

Filer: Andrew W. Schultz/Irene Gommerstadt

Attorney Docket Number: SXM-060CN3

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sul:,-s'l'g(t;)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 1200 1200
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Description Fee Code Quantity Amount Sul:';rg(t:)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1200
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Electronic Acknowledgement Receipt

EFS ID: 43013276
Application Number: 16505283
International Application Number:
Confirmation Number: 2766

Title of Invention:

SHALLOW TRENCH TEXTURED REGIONS AND ASSOCIATED METHODS

First Named Inventor/Applicant Name:

Homayoon HADDAD

Customer Number:

959

Filer:

Andrew W. Schultz/Irene Gommerstadt

Filer Authorized By:

Andrew W. Schultz

Attorney Docket Number: SXM-060CN3
Receipt Date: 17-JUN-2021
Filing Date: 08-JUL-2019

Time Stamp: 13:20:52

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $1200

RAM confirmation Number E20216GD21211522

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document .. . File Size(Bytes)/ Muiti Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (if appl.)
38117
1 Issue Fee Payment (PTO-85B) Issue_Fee.pdf no 1
1381f174d531712524c200b6d6ab241d5a5)
0092
Warnings:
information:
30653
2 Fee Worksheet (SB06) fee-info.pdf no 2
db527c41ba4899e7e9c9d6a00afSc1 9f6bd 1|
84fe
Warnings:
Information:
Total Files Size (in bytes):l 68770

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the international Application Number
and of the International Filing Date (Form PCT/R0O/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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SAMSUNG EX. 1002 - 227/236



UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.I‘S}“O.gO\/

I APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/505,283 07/20/2021 11069737 SXM-060CN3 2766
959 7590 06/30/2021
NELSON MULLINS RILEY & SCARBOROUGH LLP
ONE FINANCIAL CENTER
SUITE 3500

BOSTON, MA 02111

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

APPLICANTY(s) (Please see PAIR WEB site hitp://pair.uspto.gov for additional applicants):

SiOnyx, LLC, Beverly, MA;
Homayoon HADDAD, Beaverton, OR;
Jutao JTIANG, Tigard, OR;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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To: ipboston.docketing@nelsonmullins.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 959

Jul 01, 2021 04:12:45 AM
Dear PAIR Customer:

NELSON MULLINS RILEY & SCARBOROUGH LLP
ONE FINANCIAL CENTER

SUITE 3500

BOSTON, MA 02111

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 959 , have new
outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
16505283 ISSUE.NTF 06/30/2021 SXM-060CN3

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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Doc Code: PA..
PTO/AIA/82A (07-13)

Document Description: Power of Attorney Approved for use through 03/31/2021. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number 16/505,283

Filing Date 08-Jul-2019

_ Homayoon HADDAD
First Named Inventor

Title SHALLOW TRENCH TEXTURED REGIONS AND ASSOCIATED
METHODS

Art Unit

Examiner Name

Attorney Docket Number |143705.000367

SIGNATURE of Applicant or Patent Practitioner

Signature /Gunnar G. Leinberg/ pate Gptionad | 2(022-09-01

Name Gunnar G. Leinberg Registration | 35,584
Number

Title (if Applicant is a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

*Total of I forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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Doc Code: PA..

N PTO/AIA/82B (07-13)
Document Description: Power of Attorney Approved for use through 03/31/2021. OMB 0651-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

POWER OF ATTORNEY BY APPLICANT

| hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or
the boxes below.

Application Number Filing Date

(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.)

I hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and

to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in
the attached transmittal letter (form PTO/AIA/82A) or identified above:

OR 11951

D | hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to transact
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.)

Please recognize or change the correspondence address for the application identified in the attached transmittal
letter or the boxes above to:

The address associated with the above-mentioned Customer Number
OR

I:l The address associated with Customer Number:
OR

I:] Firm or
Individual Name
Address

City
Country

l State I Zip

Telephone | Email I

| am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box):

SiOnyx, LLC

r_—l Inventor or Joint Inventor (title not required below)

I:] Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below)
Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer’s title if applicant is a juristic entity)

D Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the
application or is concurrently being filed with this document) (provide signer’s title if applicant is a juristic entity)

SIGNATURE of Applicant for Patent
The undersigned (whose ti}le,}'(sapplied below) is authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity).

Signature yh,,_ I Date (Optional) I
Name Steveh D. Saylo‘r
Title President and CEO

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements
and certifications. If more than one applicant, use multiple forms.

Total of 1 forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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Electronic Acknowledgement Receipt

EFS ID: 46535036
Application Number: 16505283
International Application Number:
Confirmation Number: 2766

Title of Invention:

SHALLOW TRENCH TEXTURED REGIONS AND ASSOCIATED METHODS

First Named Inventor/Applicant Name:

Homayoon HADDAD

Customer Number:

959

Filer:

Gunnar G. Leinberg/Mary Frances Heeks

Filer Authorized By:

Gunnar G. Leinberg

Attorney Docket Number: SXM-060CN3
Receipt Date: 01-SEP-2022
Filing Date: 08-JUL-2019

Time Stamp: 13:38:06

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes Multi Pages
u Document Description File Name ile Size( yt i " '. . 9
Number Message Digest | Part/.zip| (if appl.)
328404
20220901_Corrected_POA_wit
1 Power of Attorney h_Transmittal_143705_000367. no 2
pdf db97a159f92471e249c81efb3c0d8185259
1076d
Warnings:
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Information:

Total Files Size (in bytes):i 328404

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0O/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: S?MMISSIO.\"ER FOR PATENTS

(. Box 145

Alexandria, Vitginia 22313-1450

WWW.ISPIO 2OV
| APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
16/505,283 07/08/2019 Homayoon HADDAD SXM-060CN3
CONFIRMATION NO. 2766
959 POWER OF ATTORNEY NOTICE
NELSON MULLINS RILEY & SCARBOROUGH LLP

ONE FINANCIAL CENTER ARSI LR AR AL
SUITE 3500 00000013 69

62892
BOSTON, MA 02111

Date Mailed: 09/20/2022

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 09/01/2022.

» The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence
will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO, Box 145

Alexandria, Vitginia 22313-1450

WWW.USpto.gov

APPLICATION NUMBER I FILING OR 371{C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
16/505,283 07/08/2019 Homayoon HADDAD 143705.000367
CONFIRMATION NO. 2766
11951 POA ACCEPTANCE LETTER
Troutman Pepper Hamilton Sanders LLP (Rochester)
70 Linden Oaks ARSI L ARV
Suite 210 00000013628927

Rochester, NY 14625
Date Mailed: 09/20/2022

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 09/01/2022.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

Ngchau/

page 1 of 1

SIONYX1403000088.0063
SAMSUNG EX. 1002 - 235/236


http://www.uspto.gov

To: USPTOinboxroc@pepperlaw.com,BadumK@pepperlaw.com,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 11951

Sep 20, 2022 03:19:57 AM
Dear PAIR Customer:

Troutman Pepper Hamilton Sanders LLP (Rochester)
70 Linden Oaks

Suite 210

Rochester, NY 14625

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 11951 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
16505283 N570 09/20/2022 143705.000367
N570 09/20/2022 143705.000367

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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