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(57) Abstract

Problem

To make it possible to configure a CMOS on the
same chip as an photodetection semiconductor .
element in which a PIN photodiode is provided on a
light-receiving part.

Sohation g

A hight-receiving part 62 and a signal-processing
circuit part 66 are configured on a semiconductor
substrate on which an epitaxial layer 82 is layered
onto a P-sub layer 80. A PIN photodiode uses the P-
sub fayer &0 as an anode, and the epitaxial layer 82,
which is between a cathode region 72 and the P-sub
layer 80. is configured as the i-layer. In the signal-
processing circuit part 66, a P-well 84 1s formed at
the boundary between an N-well 86 and the epitaxial
layer 82, which form a CMOS.

Selected Figure
FIG. 3
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CLAIMS
1. A semiconductor device, which comprises a light-receiving part and a circuit part that are formed on a
semiconductor substrate that is common thereto, comprising:

a high specific resistance region, which is provided on a principle surface of the semiconductor
substrate and is formed with high specific resistance owing to a low impurity concentration;

wherein:

the light-receiving part comprises:

a first electrode region, which is disposed in contact with the high specific resistance region, is
a first conductive semiconductor region having a higher impurity concentration than the high specific resistance
10 region, and fo which a first voltage 1s applied; and
a second electrode region, which is disposed in contact with the high specific resistance
region, is a second conductive semiconductor region having a higher impurity concentration than the high
specific resistance region. and to which a second voltage is applied;

between the first electrode region and the second electrode region is placed in a reverse-bias state
owing to the first voltage and the second voltage, and thereby a depletion layer is formed in the high specific
resistance region; and

the circuit part comprises:

a circuit-element region, which is provided on the principle surface and is a first conductive

semiconductor region on which a circuit element is formed in the mtertor; and

20 a junction-boundary region, which constitutes the boundary between the high specific
resistance region and the circuit-element region and is a second conductive semiconductor region having a
higher impurity concentration than the high specific resistance region.
2. The semiconductor device according to claim 1, wherein the high specific resistance region is the second
conductive semiconductor region.
3. The semiconductor device according to claim 1 or 2, wherein the high spectfic resistance region has a specific
resistance of 200 Q-cm or more.
4. The semiconductor device according to any one of claims 13, wherein the high specific resistance region is
an epitaxial growth layer.
5. The semiconductor device according to any one of claims 14, wherein:

30 the second electrode regton is an underlaver of the high specific resistance region; and

the first electrode region and the circuit-element region are each formed on surface-layer portions of
the high specific resistance region.

6. The semiconductor device according to any one of claims 1—4, wherein the first electrode region, the second
electrode region, and the circuit-element region are each formed on surface-layer portions of the high specific
resistance region.
7. The semiconductor device according to claim 6, wherein another second electrode region is an underlayer of
the high specific resistance region.
DETAILED DESCRIPTION OF THE INVENTION
TECHNICAL FIELD

40 [oo01]

The present mvention relates to a semiconductor device that comprises a light-receiving part, which
utilizes a depletion layer extending across a semiconductor region of high specific resistance. and generates
signals by way of photoelectric conversion.

BACKGROUND ART
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{0002}

Optical discs, such as CDs (compact disks) and DVDs (digital versatile disks) have, in recent years,
come to occupy a major position in the marketplace as information recording media. Playback devices for these
optical discs radiate laser light along a track of the optical disc via an optical pickup mechanism and detect the
reflected light thereof. Furthermore, recorded data is played back based on the variation of the reflected light
intensity.

{0003}

An optical disc-playback device performs servo control to control the positional relationship between
the optical pickup mechanism and the optical disc while detecting data based on the reflected light. Specifically,
10 tracking servo is performed for radiating the laser light along the center hine of the track, and focusing servo 1s
performed to maintain a constant distance between the optical disc and the optical pickup mechanism. In
focusing servo control, for example, variable control is performed to vary the location of the optical pickup
mechanism, using an actuator, based on an output signal from a photodetector that detects the laser reflected
hight, thereby maintaining a constant distance d to the optical disc. Thereby, fluctuation i the reflected light
quantity in response to shifts in the focus of the radiated light on the front surface of the optical disc is curtailed,
and thereby noise superimposed on the recetved-light signals is suppressed.
[0004]
To obtain information for this kind of servo control, something that partitions a reflected-light image
into a plurality of blocks and receives light is used as the photodetector. FIG. 9 includes schematic diagrams that
20 show a light-receiving part of the photodetector and the reflected-light image on the light-receiving part. The
laser reflected light passes through a cylindrical lens and impinges on the photodetector. According to the
principle of astigmatism, the dimensional proportions of the image of reflected light that has tmpinged a circular
cross-section on the cylindrical lens and then passed through the lens will vary in two orthogonal directions in
accordance with distance d between the optical pickup mechanism and the optical disc. Specifically, in the
situation in which distance d 1s a target value, distance d is set so that the reflected-light image becomes a
perfect circle 30 as shown in FIG. 9(b). In contrast, for example, m the situation in which distance d is over, the
reflected-light image becomes an ellipse 32, which is vertically long as shown in FIG. 9(a), and in the situation
in which distance d s under, the reflected-light image becomes an ellipse 34, which is horizontally long as
shown in FIG. 9(c).
30 {0005}
The photodetector comprises, for example, the light-receiving part, which is divided into four blocks
36, 2x2, where each of the blocks constitutes a light-receiving element that outputs received-light signals. The
photodetector ts disposed such that each diagonal direction along the 2x2 square array of light-receiving
elements coincides with an axis of the vertically long ellipse 32 and an axis of the horizontally long elflipse 34,
respectively. By such an arrangement, in FIG. 9, the shapes of the reflected-light images can be distinguished on
the basis of the difference between the sum of the output signals of the two light-receiving elements aligned
along the diagonal line in the vertical direction and the sum of the output signals of the two light-recetving
elements aligned along the diagonal line in the horizontal direction, and thereby can be used to control distance
d. In contrast, the reflected light intensity, in accordance with data, can be derived from the sum total of the
40 output signals of the four hight-receiving elements.
[0006]

Because the rate at which data is read from the optical disc is extremely high, the photodetector is
configured from semiconductor elements in which PIN photodiodes having a fast response speed are used. FIG.
10 1s a schematic, cross-sectional view of one light-receiving element that constitutes a conventional
photodetector. This diagram shows the vertical cross-sectional structure of a PIN photodiode, which is the light-
receiving element. In this semiconductor element, a p-type semiconductor substrate 40 becomes the anode
region 42 of the photodiode, and an i-layer 44, which has a low impurity concentration and high spectfic
resistance, 1s formed on the anode region 42 via epitaxial growth. The impurity concentration of the i-layer 44 is
extremely low, and the specific resistance thereof is on the order of 100 Q-cm and is higher, by an order of

50 magnitude, than that of a semiconductor substrate used in other generic semiconductor elements. An n” region,
which becomes a cathode region 48, is formed on the front surface of the i-layer 44. By disposing the low
concentration i-layer 44 between the anode region 42 and the cathode region 48, a depletion layer can be formed
in the i-layer 44 even when a reverse-bias voltage applied between the anode and the cathode becomes low,
thereby enabling low-voltage driving of the photedetector.

{0007}

The anode region 42, the i-layer 44, and the cathode region 48 constitute the PIN photodiode that
becomes each light-receiving element of the photodetector. The anode region 42 and the cathode region 48 of
the PIN photodiode are each connected to a voltage terminal, and a reverse-bias voltage is applied between the
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terminals. The depletion layer is formed in the i-layer 44 between the anode region 42 and the cathode region 48
in the reverse-bias state, and the electrons emitted owing to absorption of the incident light within the depletion
layer move toward the cathode region 48 owing to the electrical field within the depletion layer and are output
as the received-light signal.

[0008]

The thickness of the i-layer 44 is set to approximately the absorption length or more withimn the
semiconductor for the light to be detected. For example, the absorption length in sificon with respect to light in
the 780 am band or the 650 nm band, which is employed in CDs and DVDs, is approximately 10-20 um.
DISCLOSURE OF THE INVENTION

10 PROBLEMS TO BE SOLVED BY THE INVENTION
[0009]

The weak photo-electrical conversion signals generated by the light-recetving parts are amplified by an
amplifier and output to a later-stage signal-processing circuit. Here, from the viewpoint of curtailing attenuation
of the photo-electrical conversion signals and suppressing the superimposition of noise, the length of wiring
between the light-receiving parts and the amplifier is configured to be as short as possible. Based on this
viewpoint, and from the viewpoint of reducing the manufacturing cost of the photodetector, it would be ideal to
form the circuits—such as the light-receiving parts, each of which has the PIN photodiode structure, and the
amplifier—on the same semiconductor chip. In this situation, as shown m the schematic, cross-sectional view in
FIG. 11, an N-well 50, which is an n-type impurity region, is formed in the front surface of the i-layer 44, which

20 is formed on the low-concentration p-type region, and within this N-well 50, for example, a p-channel MOSFET
{Metal Oxide Semiconductor Field Etfect Transistor: MOS-type field effect transistor) 52 and an n-channel
MOSFET 54 can be formed to constitute a CMOS (Complementary Metal Oxide Semiconductor). However,
due to the impurity concentration of the i-layer 44 being extremely low, this configuration has the problem that
the leakage current at the pn junction between the 1-layer 44 and the N-well becomes large.

{0010}

The present invention was conceived in order to solve the above-mentioned problems, and an object of
the present invention is to provide a semiconductor element for photodetection that can be driven at low voltage
and high speeds and can achieve a reduction in cost.

MEANS FOR SOLVING THE PROBLEMS

30 j0011]

A semiconductor device of the present invention, which comprises a light-receiving part and a circuit
part that are formed on a semiconductor substrate that s common thereto, comprising: a high specific resistance
region, which is provided on a principle surface of the semiconductor substrate and 1s formed with high specitic
resistance owing to a low impurity concentration; wherein the light-receiving part comprises: a first electrode
region, which is disposed in contact with the high specific resistance region, is a first conductive semiconductor
region having a higher impurity concentration than the high specific resistance region, and to which a first
voltage ts applied; and a second electrode region, which is disposed in contact with the high specific resistance
region, is a second conductive semiconductor region having a higher impurity concentration than the high
specific resistance region, and to which a second voltage is applied; between the first electrode region and the

40 second electrode region is placed in a reverse-bias state owing to the first voltage and the second voltage, and
thereby a depletion layer is formed in the high specific resistance region; and the circuit part comprises: a
circuit-element region, which is provided on the principle surface and is a first conductive semiconductor region
on which a circuit element is formed in the interior; and a junction-boundary region, which constitutes the
boundary between the high specific resistance region and the circuit-element region and is a second conductive
semiconductor region having a higher impurity concentration than the high specific resistance region.
EFFECTS OF THE INVENTION
[0012]

According to the present invention, a junction-boundary region of a concenfration higher than that of
the high specific resistance region is provided at the boundary between the high spectfic resistance region and

50 the circuit-element region to have a conductivity type that is the reverse of the circuit-element region. The
expansion of a depletion layer that can generate electric charges due to thermal excitation or the like is curtailed
and leakage current is inhibited at the pn junction portion that is formed by this junction-boundary region and
this circuit-element region. As a result, a circuit part that includes a circuit element such as a CMOS can be
provided together with the light-receiving part and formed on the same substrate, and thereby a low voltage and
high-speed driven photodetection semiconductor element can be realized while curtailing costs.

BEST MODES FOR CARRYING OUT THE INVENTION
[0013]

Modes for implementing the present invention (referred to below as embodiments) are explained below

on the basis of the drawings.
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[0014]
{First Embodiment]}

FIG. 1 is a schematic plan view of a photodetector, which is a semiconductor element of the
embodiment. A photodetector 60 is formed on a semiconductor substrate composed of silicon, and a light-
receiving part 62 is disposed in an opening portion (not shown) provided in a protective film that is layered on
the front surface of the semiconductor substrate. The light-receiving part 62 comprises, for example, four PIN
photodiodes (PD) 64, which are arrayed 2x2, and partitions light incident from an optical system onto the
substrate front surface into four blocks, 2x2, and receives that light. A signal-processing circuit part 66, as well
as the light-receiving part 62, is formed on the semiconductor substrate. The signal-processing circuit part 66 is
disposed, for example, around the light-receiving part 62. The signal-processing circuit part 66 comprises, for
example, circuit elements, such as CMOSs 68, and these circuit elements can be used to form, on the same
semiconductor chip as the light-recetving part 62: an amplifier circuit for the output signals from the light-
receiving part 62; or another signal-processing circuit.

{0015}

FIG. 2 1s a more detailed plan view of the light-receiving part 62. Each of the PDs 64 is demarcated by
an isolation region 70, which is formed on the front surface of the semiconductor substrate surrounding the PDs
64. The isolation region 70 1s formed, for example, as a p* region 11 which a high concentration of p-type
impurities is diffused. The absorption of light generates electrons and electron holes in portions on the silicon
substrate that correspond to the light-receiving part. A cathode region 72, in which electrons from among the
generated electric charges are collected, is disposed in each of the PDs 64 as the cathode. Each of the cathode
regions 72 is formed, for example, as an n* region in which a high concentration of n-type impurities is diffused.
{0016}

The isolation region 70 and each of the cathode regions 72 is connected via a contact to a wiring
formed in, for example, an aluminum (Al) layer or the like. A ground potential 1s applied to the isolation region
70, for example, via a wiring 74. In addition, the signal charges collected in the cathode regions 72 are read out
via wirings 76.

[0017}

FIG. 3 is a schematic, cross-sectional view that shows the structure of the light-receiving part 62 and
the signal-processing circuit part 66 in a vertical cross section of the semiconductor substrate through a straight
line A-A', which is shown in FIG. 1 and FIG. 2, respectively. Two of the PDs 64 of the light-receiving part 62
and the CMOS 68 of the signal-processing circuit part 66 appear in this cross section.

{0018}

The present photodetector 60 ts formed by employing a semiconductor substrate onto which a
semiconductor layer, having a lower impurity concentration than a P-sub layer 80 and a high specific resistance,
is layered onto one principle surface of the P-sub layer 80, which 1s a p-type silicon substrate into which p-type
impurities have been mtroduced. The P-sub layer 80 constitutes the anode, which is common to all the PDs 64;
and, for example, a ground potential from the substrate rear surface is applied to the P-sub layer §0. The
semiconductor layer, which has high specific resistance and is layered onto the P-sub layer 80, is formed, for
example, by epitaxial growth. This epitaxial layer 82 (high specific resistance region) constitutes the i-layer of
each of the PDs 64 in the light-receiving part 62. The low-concentration impurity mtroduced into the epitaxial
layer 82 1s, for example, a p-type impurity. In addition, specific resistance p of the epitaxial layer 82 is at least
200 Q-cm or more, and here, p is approximately 500 Q-cm. In addition, the thickness of the epitaxial layer 82
that constitutes the i-layer is set to approximately the absorption length or more within the semiconductor for the
light to be detected. For example, the absorption length of silicon with respect to light in the 780 nm band or the
650 nm band, which is employed in CDs and DVDs, is approximately 10-20 um. Accordingly, here, the
thickness of the epitaxial layer 82 is set to 10-20 pm.

{0019]

The isolation region 70 and the cathode regions 72 described above are formed on the front surface of
the epitaxial layer 82 in the hight-receiving part 62. The introduction of impurities into the isolation region 70
and the cathode regions 72, respectively, is achieved by forming a mask, which is formed by photolithographic
techniques, on the front surface of the silicon substrate on which this epitaxial layer 82 is formed, and
employing this mask to selectively perform ion implantation of target regions.

{6020}

Incidentally, the impurities introduced by ion implantation at each of the locations at which the
isolation region 70 and the cathode regions 72 are formed are further subject to a thermal diffusion process, as
necessary, such that the impurities are pushed further in the depth direction of the substrate. That push amount

Samsung Exhibit 1005, Page 5 of 29

Patent Owner, W& Wsens - Ex. 2034, p. 6



(6) JP 2007-129024 A 2007.5.24

can be separately controlled for the isolation region 70 and the cathode regions 72, respectively. As described
below, the tsolation region 70, for example, functions to suppress crosstalk, among the PDs 64, of the signal
charges collecting in the cathode regions 72. Therefore, the depth of the isolation region 70 can be set, for
example, to deeper than the cathode regions 72. In contrast, by making the depth of the cathode regions 72
shallow, the depletion layer formed in the i-layer beneath each of the cathode regions 72 expands from
proximate to the substrate front surface, and thereby an improvement in photoelectric conversion efficiency can
be expected at each of the PDs 64. In this manner, in the situation in which the cathode regions 72 are to be
formed shallower than the isolation region 70, it is ideal to perform the ion tmplantation and thermal diffusion of
mmpurities into the isolation region 70 prior to ion implantation mto the cathode regions 72.

10 oez1]

It is noted that, in the configuration of the present photodetector 60, the epitaxial layer 82 of high
specific resistance exists as the i-layer between the isolation region 70 and the P-sub layer 80, without the
isolation region 70 reaching as far as the P-sub layer 80. In addition, a ground potential is applied to the
isolation region 70 via the wiring 74, which is provided on the substrate front-surface side as described above,
and the isolation region 70 together with the P-sub layer 80 constitutes an anode.

[0022]

In contrast, in the signal-processing circuit part 66, a P-well 84 and an N-well 86 are formed in a
surface-layer portion of the epitaxial layer §2 corresponding to a formatton region for the CMOS 68. Here, the
N-well 86 is a circuit-element region in which a circuit element 1s formed in the interior as described below, and

20 the P-well 84 is a junction-boundary region that forms the boundary between the N-well 86 and the epitaxial
fayer 82. The P-well 84 and the N-well 86 are each formed, for example, by ion implantation. Specifically, ion
implantation that forms the P-well 84 is performed first, then, the N-well 86 1s formed, by ion implantation, in
the intertor of the P-well 84 such that the N-well 86 is shallower than the P-well 84. The depths of the P-well 84
and the N-well 86 can be made different from each other by adjusting the ion implaniation energy or by
selecting the ion type for each of the P-well 84 and the N-well 86. The concentration of the N-well 86 can be
established in accordance with its relationship to the CMOS 68 formed within that region. The P-well 84 is
configured to have a higher concentration than that of the epitaxial layer 82, and thereby inhibits junction
leakage current between the epitaxial layer 82 and the N-well 86.

{0023}

30 A p-channel MOSFET &8 and an n-channel MOSFET 90, which constitute the CMOS 68, are formed
mside the N-well 86. The p-channel MOSFET 88 is formed, for example, by additionally forming an N-well 92
inside the N-well 86 and forming a source region 94 and a drain region 96, which are p” regions, on the front
surface of the N-well 92. A gate electrode 100 1s disposed above a channel region, which is between the source
region 94 and the drain region 96, with a gate oxide film 98 interposed therebetween. The n-channel MOSFET
90 is formed by additionally forming a P-well 102 inside the N-well 86 and forming a source region 104 and a
drain region 106, which are n” regions, on the front surface of the P-well 102. A gate electrode 110 is disposed
above a channel region, which 1s between the source region 104 and the drain region 106, with the gate oxide
film 98 interposed therebetween. The gate electrodes 100, 110 are formed, for example, by using polysilicon,
tungsten (W), or the like.

40 {0024}

It is noted that, LOCOSs (local oxidation film) 112 are formed, on the front surface of the epitaxial
layer 82, at the boundary between the formation region of the CMOS 68 and the epitaxial layer 82 for the
purpose of isolating the regions. In addition, a LOCOS 114 is formed at the boundary between the p-channel
MOSFET §8 and the n-channel MOSFET 90 for the purpose of isolating elements.

[0025]

An anti-reflection film {16 is layered onto the substrate front surface on which the light-receiving part
62 and the signal-processing circuit part 66 are formed as described above. The anti-reflection film 116 is
composed of, for example, a silicon nitride film. Furthermore, although a planarized film, a wining layer, and a
light-shielding layer are formed thereon, these are not shown in FIG. 3 for simplicity.

50 [0026]

FIG. 4 1s a schematic view that shows a circuit configuration during operation of the present
photodetector 60 and shows an electric potential distribution at a cross section of the light-receiving part.
Similar to FIG. 3, the cross section of the fight-receiving part 62 shown in FIG. 4 is along the straight line A-A",
which is shown in FIG. 1 and FIG. 2. A reverse-bias voltage is applied, by a voltage source 120, between the
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cathode regions 72 and the isolation region 70 and between the cathode regions 72 and the P-sub layer 80.
Specifically, the wiring (the wirings 76 in FIG. 2) from each of the cathode regions 72 is connected to one of the
input terminals of an op amp 122, and a positive voltage Vb is mput from the voltage source 120 into the other
mput terminal of that op amp 122. The output terminal of each of the op amps 122 is connected to the
corresponding cathode region 72 via a resistor, thereby constituting a current detector device. According to this
configuration, positive voltage Vb is applied to the cathode regions 72 using the electrical potential of the
isolation region 70 and the P-sub layer 80 as a reference, and a voltage that corresponds to the cathode current is
extracted from the oufput terminal of each of the op amps 122. Incidentally, the current detector devices, which
each mcludes the op amp 122, can be formed on the signal-processing circuit part 66.

10 {0027}

A number of equipotential lines are depicted in the cross-sectional view using dotted hnes. This cross-
sectional view indicates that the depletion layer expands in the epitaxial layer 82, which constitutes the i-layer,
owing to a reverse-bias voltage being applied to the anode and cathode of each of the PIN photodiodes. The
potential deepens, i.¢., increases, with proximity to one of the cathode regions 72, and a potential well is formed
for the electrons centered on each of the cathode regions 72.

[0028]

The potential at a boundary region 124—which is between the isolation region 70 and the P-sub layer
§0—of the epitaxial layer 82 becomes less by applying a ground potential, which becomes a reverse bias, to the
cathode regions 66, with the isolation region 70 and the P-sub laver 80 serving as the anode. That is, by

20 providing a ground potential with the P-sub layer 80 as well as the isolation region 70 serving as the anode. the
potential of the boundary region 124 beneath the 1solation region 70 is pulled in a direction in which 1t become
shallow. Thereby, a potential barrier is formed, against the movement of the electrons, between the potential
wells corresponding to adjacent PDs 64 that sandwich the isolation region 70.

[0029]

For example, in FIG. 4, the electrons emitted by the #-layer beneath the left-side cathode region 72-1
owing to the light incident on the left-side PD 64 are able to move easily toward the cathode region 72-1 along
the electric field of the left-side potential well; however, 1t is difficult for those electrons to move toward the
right-side cathode region 72-2 because of the potential barrier that exists therebetween in the region 124.
Consequently, the signal charges corresponding to the light incident on the left-side PD 64 collect primarily in

30 the cathode region 72-1. Similarly, it is difficult for the signal charges corresponding to the light incident on the
right-side PD 64 to move to the cathode region 72-1 owing to the existence of the potential barrier, and
therefore, the signal charges collect primarily in the cathode region 72-2. The amount of electrons that collect in
cach of the cathode regions 72 is detected as the cathode current via the corresponding op amp 122,

{6030}

Thus, by making the P-sub laver 80 and the isolation region 70 serve as the anode, element isolation
can be achieved between the PDs 64 regardless of whether the i-layer of the adjacent PDs 64 are connected
beneath the isolation region 70, and thereby a recetved-light signal, in which crosstalk is suppressed, can be
obtained.

[0031}

40 In addition, in the configuration of the present photodetector, the P-sub layer 80 serves as the anode,
and this P-sub layer 80 extends beneath the signal-processing circuit part 66 as well. Here, the impurity
concentration in the epitaxial layer 82 is extremely low. Consequently, in a configuration in which the epitaxial
layer 82 contacts the N-well 86, the lower the electric potential in the P-sub layer 80, the easier it is for the
depletion layer to expand into a junction portion at which the epitaxial layer 82 and the N-well 86 are joined. In
the depletion layer, it is easier for electric charges to be emitted by thermal excitation or the like, which can
cause leakage current to be generated. That is, in a configuration of a photodetector i which the common P-sub
layer 80 is disposed beneath the light-receiving part 62 and the signal-processing circuit part 66, and a ground
potential is applied with this P-sub layer 80 serving as the anode of the light-recetving part 62, it becomes easter
for leakage current to be generated if the N-well 86 of the signal-processing circuit part 66 directly contacts the

50 epitaxial laver 82. Given that point, in the present photodetector 60, the P-well 84, which has a higher impurity
concentration than the epitaxial layer 82, is provided at the boundary between the N-well 86 and the epitaxial
layer 82, and thereby the expansion of the depletion layer into the pn junction becomes small and curtailment of
leakage current is achieved.

[0032]

In addition. the depletion layer in the epitaxial layer 82, which is the boundary with the N-well 86,
expands not only at the lower-surface side of the N-well 86 but also at the side surfaces. At a boundary portion
between the light-receiving part 62 and the signal-processing circuit part 66 in particular, because the isolation
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region 70, which is the anode, 1s grounded and made to have a low electric potential, it 1s easy for the depletion
fayer to expand, and thereby it is easy for leakage current to be generated. However, by having a structure in
which the P-well 84 is disposed at side portions of the N-well 86 as well, expansion of the depletion layer in the
horizontal direction such that it enters the boundary portion between the light-receiving part 62 and the signal-
processing circuit part 66 is also curtailed, and thereby a decrease in leakage current is achieved.

{0033}

It is noted that, in the light-receiving part 62 described above, the PDs 64 are disposed adjacent to each
other with the isolation region 70 placed between them. Here, as one conventional technique for element
isolation, the LOCOS method is known. According to that technique, for example, a thick oxide film that

10 peneirates the substrate similar to the LOCOSs 112, 114 formed on the signal-processing circuit part 66 is
caused to grow selectively in a p* region similar to the one in which the separation region 70 is formed. While
on the one hand this technique can be applied to the light-receiving part 62 as well, this technique is not adopted
in the present embodiment. Thus, by not forming a LOCOS oxide film on the isolation region 70, the light
incident on the isolation region 70 from above is no fonger attenuated by the LOCOS oxide film. Here, beneath
the 1solation region 70 is the i-layer, which can be depleted. Consequently, attenuation of the light is curtailed
and the light incident on the isolation region 70 from above reaches the i-laver beneath the isolation region 70
and can generate the signal charge; thereby, detection efficiency for Hght that is incident on the light-receiving
part 62 improves.

{0034}

20 In addition, the isolation region 70 can become a non-sensitive region with respect to detecting
incidence light. Here, by not forming the LOCOS oxide film, diffuston in the horizontal direction of the
isolation region 70 during that formation process is avoided. As a result, because the proportion of the isolation
region 70 taking up the light-receiving part is curtailed, an improvement in the detection efficiency for the light
incident on the light-receiving part is achieved even at this point.

{0035}

The structure of the light-recetving part 62 of the photodetector 60 is not limited to the configuration
described above. FIG. 5 is a schematic, cross-sectional view that shows another structure of the light-receiving
part 62 and shows a vertical cross section of the semiconductor substrate along the straight line A-A’, which is
shown in FIG. 1 and FIG. 2. It is noted that the plan view of this light-receiving part 62 is in common with that

30 shown in FIG. 2. A feature of the light-recetving part 62 shown in FIG. 5 is that it has a fower-portion isolation
region 130, which is a p* region that protrudes from the P-sub layer 80 at locations opposing the isolation region
70. This lower-portion isolation region 150 receives the voltage applied to the P-sub layer 80 and. together with
the P-sub layer 80, functions as a substrate-side anode. Owing to the lower-portion isolation region 150, the
distance between the anode that is constituted by the isolation region 70 and the substrate-side anode is reduced
at the boundaries of the PDs 64. As a result, the potential barriers for the electrons are more suitably formed in
the epitaxial layer 82 at the boundaries of the PDs 64, thereby improving the element isolation performance
between the PDs 64.

[0036}

The lower-portion isolation region 150 is formed, for example, by introducing p-type impurities,

40  through ion implantation, etc., at locations on the epitaxial layer 82 corresponding to the boundaries between the
PDs 64 in the stage in which the epttaxial layer 82 is layered onfo the P-sub layer 80 to a partial thickness. Thus,
after the lower-portion iselation region 150 s formed, the epitaxial layer 82 is caused to grow to the remaining
thickness. Thereafter, similar to the light-receiving part 62, which exhibits the cross-sectional structure shown in
FIG. 3, the structure on the substrate front surface having the isolation region 70, the cathode regions 72, etc., is
formed.

{0037}

In the sttuation in which the structure of the light-receiving part 62 shown in FIG. 5 is adopted instead
of the structure of the light-receiving part 62 shown in FIG. 3, here, as well, the expansion of the depletion layer
into the epitaxial layer 82 from the boundary with the N-well 86 can be curtailed by providing the P-well 84 on

50 the signal-processing circuit part 66. As a result, the photodetector 60 is achieved in which junction leakage
current at the junction between the epitaxial layer 82 and the N-well 86 is curtailed.

[0038]
{Second Embodiment]

Except for points where the structure of the hght-receiving part 62 is different from the above-
mentioned first embodiment, the photodetector 60, which is a second embodiment explained below, has a
configuration that is basically the same as the above-mentioned first embodiment; 1n the present embodiment,
constituent elements having the same functions and properties as those of the first embodiment are assigned
reference numerals identical to those of the first embodiment. A schematic plan view of the photodetector 60 of
the present embodiment is identical to that of FIG. 1., which is referenced here.

60 [0039]
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FIG. 6 is a schematic plan view of the light-receiving part 62 of the present photodetector 60. Similar
to the photodetector of the first embodiment, the present photodetector 60 is formed on the semiconductor
substrate, which is composed of silicon, and the light-receiving part 62 is disposed in the opening portion (not
shown) that is provided in the protective film layered on the front surface of the semiconductor substrate. The
light-receiving part 62 partitions light incident on the substrate front surface into four blocks, 2x2, and receives
that tight.

{0040}

Cathode regions 200 are disposed, corresponding to the PDs 64, on the front surface of the
semiconductor substrate on the outer periphery of the light-receiving part 62. In addition, an anode region 202 is
disposed on the front surface of the semiconductor substrate between adjacent PDs 64 to provide element
isolation between the PDs 64.

[0041]

Each of the cathode regions 200 is formed as an n* region along the outer periphery of the light-
recetving part, for example, by diffusing a high concentration of n-type impurities from the front surface of a
trench 204 that is L-shaped in planar form. In contrast, the anode region 202 is formed as a p* region between
adjacent PDs 64, for example, by diffusing a high concentration of p-type impurities from the front surface of a
trench 206 that is plus-shaped in planar form. Each of the cathode regions 200 is connected via a contact to
wiring (not shown) formed from, for example, an aluminum (Al) layer or the like, and functions as the cathode
of the corresponding PD 64, which is a PIN photodiode. In contrast, the anode region 202 is connected via a
contact to wiring (not shown), and functions as an anode that is common to all the PIN photodiodes.

{0042}

FIG. 7 is a schematic, cross-sectional view that shows the structure of the light-receiving part 62 and
the signal-processing circuit part 66 in a vertical cross section of the semiconductor substrate through a straight
line A-A', which is shown in FIG. | and FIG. 6, respectively. Two of the PDs 64 of the light-receiving part 62
and the CMOS 68 of the signal-processing circuit part 66 appear in this cross section. The epttaxial layer 82
having high specific resistance and layered onto one principle surface of the P-sub layer 80, which is a p-type
silicon substrate, constitutes the i-layer of the PIN photodiodes. The trenches 204, 206, the cathode regions 200,
and the anode region 202 described above are formed on the front surface of the epitaxial laver 82. The trenches
204, 206 are formed by etching the front surface of the semiconductor substrate. After forming the trenches 204,
206, a resist is applied to the front surface of the semiconductor substrate, the resist is patterned, and apertures
are formed surrounded by the trenches 204. Ion implantation of n-type impurities is performed with this resist
serving as a mask. By making the implantation direction inclined, ion implantation also occurs at the wall
surfaces of the trenches 204, and the cathode regions 200 are formed on the front surface of each of the trenches
204, 1.e., the wall surfaces and the bottom surface of each of the trenches 204. Simifarly, a mask having an
aperture corresponding to the trench 206 is formed using the resist, ion implantation of p-type impurities is
performed, and thereby the anode region 202 is formed on the front surface of the trench 206, i.e., on the wall
surfaces and bottom surface of the trench 206.

[0043]

It is noted that the processes for forming the cathode regions 200 and the anode region 202 can mclude
a thermal diffusion step, as necessary, which 1s performed after the ion implantation described above. In
addition, after forming the cathode regions 200 and the anode region 202, the trenches 204, 206 can be filled
with an insulating film to achieve a structure in which the front surface of the light-receiving part is planarized.
[0044]

While the cathode regions 200 and the anode region 202 formed using the trenches 204, 206,
respectively, as described above, constitute the anode and the cathode of each of the PIN photodiodes, they alse
surround the PDs 64 and function to isolate each of the PDs 64 from the outside thereof. Incidentally, this kind
of configuration is known as the STI (Shallow Trench Isolation) technique.

{0045}

The epitaxial layer §2 appears on the front surface at the inner-side portions swrounded by the cathode
regions 200 and the anode region 202 of the PDs 64. As described below, each of these portions becomes a
semiconductor region (a light-receiving semiconductor region 208) that 1s sensitive to the light incident on the
hight-receiving part.

{0046}

FIG. 8 is a schematic view that shows a circuit configuration during operation of the present
photodetector 60 and shows an electric potential distribution at a cross section of the light-receiving part 62.
Similar to FIG. 7, the cross section of the light-receiving part 62 shown in FIG. 8 is along the straight line A-A',
which 1s shown in FIG. 1 and FIG. 6. Each of the cathode regions 200 is placed in a reverse-bias state in relation
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to the anode region 202 and the P-sub layer 80, which are made a ground potential using the voltage source 120.
Specifically, the wiring from each of the cathode regions 200 is connected to one of the input terminals of the
corresponding op amp 122, and the positive voltage Vb from the voltage source 120 1s input to the other input
terminal of that op amp 122. The output terminal of each of the op amps 122 is connected to the corresponding
cathode region 200 via a resistor, to thereby constitute a current detector device. According to this configuration,
Vb 1s applied to the cathode regions 200, and a voltage that corresponds to the cathode current 1s extracted from
the output terminal of each of the op amps 92. Incidentally, the cumrent detector devices, which each includes the
op amp 122, can be formed on the signal-processing circuit part 66.

{0047}

10 A number of equipotential lines are depicted in the cross-sectional view using dotted lines. This cross-
sectional view indicates that the depletion layer expands in the epitaxial layer 82, which constitutes the i-layer,
owing to the reverse-bias voltage being applied to the cathode and the anode of each of the PIN photodiodes.
The cathode regions 200 and the anode region 202 are both disposed on the front surface of the semiconductor
substrate, and the light-recetving semiconductor regions 208 located in the vicinity of the front surface of the
semiconductor substrate between the cathode regions 200 and the anode region 202 constitute the i-layer.
According to this configuration, the depletion laver likewise expands to the vicinity of the front surface of the
semiconductor substrate in correspondence to the light-receiving semiconductor regions 208 when the reverse-
bias voltage is applied.

[0048]

20 The potential within the depletion layer increases from the anode region 202 toward the respective
cathode region 200. That is, a potential well is formed at a location corresponding to each of the cathode regions
200. In addition, the potential becomes fow at the boundary portions between adjacent PDs 64, which
correspond to the location of the anode region 202, a potential barrier with respect to the movement of electrons
is formed, and thereby element isolation between adjacent PDs 64 is achieved.

[0049]

The light incident on each of the PDs 64 generates electron—electron hole pairs, which function as the
signal charges absorbed by the depletion layver, and the electrons of these pairs collect in the neighboring
cathode regions 200. The amount of electrons that collect in each of the cathode regions 200 ts detected by the
corresponding op amp 122 as the cathode current. The signal charges are generated in each of the PDs 64 of the

30 present photodetector 60 also owing to the fight absorbed in the vicinity of the front surface of the
corresponding light-receiving semiconductor region 208, and those signal charges can be detected from the
corresponding cathode region 200. Thereby. it becomes possible to extract the signal charges generated by
short-wavelength light absorbed in the vicinity of the front surface of the semiconductor substrate as the
recetved-light signal, and thereby sensitivity to short-wavelength light can be obtamed.

[0050}

Incidentally, by emploving an anisotropic etching technique, such as RIE (Reactive Ion Etching). as the
etching method for forming the trenches 204, 206, for example, the trenches 204, 206 can be finely formed, and
thereby the proportion of the light-receiving semiconductor region 208 that takes up the surface area of the front
surface of the semiconductor substrate at each of the PDs 64 can be made large. Thereby, an improvement in the

40 sensitivity of the PDs 64 is achieved.

{0051}

In addition, because the junction surface area of the junctions between the cathode regions 200 and the
epitaxial layer 82 and the junction between the anode region 202 and the epitaxial layer 82 can be made small,
the inter-terminal capacitance between the cathode and anode of each of the PIN photodiodes is curtailed, and
thereby it becomes possible to secure satisfactory responsiveness.

{0052}

In the configuration of the present photodetector 60, the N-well 86, in which the circuit elements are
formed m the signal-processing circuit part 66, is formed instde the epitaxial layer 82, which has an extremely
low impurity concentration. Consequently, the depletion layer expands easily to the epitaxial layer 82 at the

50 boundary with the N-well 86, and thereby leakage current is easily generated. When the PIN photodiodes are
used in the reverse-bias state in particular, the P-sub layer 80, which is the anode therefor, expands also to
beneath the signal-processing circuit part 66. Although the epitaxial layer 82 is more easily depleted when the
potential difference between the N-well 86 and the P-sub layer 80 is small (or is reverse biased), in the present
photodetector 60, the P-well 84, which has a higher impurity concentration than the epitaxial layer 82, 1s
provided at the boundary between the N-well 86 and the epitaxial layer 82, and thereby expansion of the
depletion layer into the pn junction portion with the N-well 86 is reduced, and leakage current is curtatled.
[0053]

In addition, by having the structure in which the P-well 84 also covers the side surfaces of the N-well
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86, the depletion layer in the horizontal direction from the N-well 86 is also curtailed, and a decrease in leakage
current is achieved. There are also situations in which the PDs 64 are laid out such that the anode region 202 is
adjacent to the N-well 86, and in that situation in particular, the depletion layer, which expands in the horizontal
direction, is easily formed in the epitaxial layer 82 therebetween. However, in the present photodetector 60, by
having the structure in which the P-well 84 is also disposed at the side portions of the N-well 86 as described
above, in this situation as well, it becomes possible for the depletion layer to be suitably curtailed and the
leakage current to be suitably inhibited.

BRIEF DESCRIPTION OF THE DRAWINGS

{0054}

FIG. 1 1s a schematic plan view of a photodetector, which is an embodiment of the present invention.

FIG. 2 is a plan view of a light-receiving part of the photodetector according to the first embodiment.

FIG. 3 is a cross-sectional view of the photodetector according to the first embodiment.

FIG. 4 1s a schematic view that shows a circuit configuration during operation of the photodetector
according to the first embodiment and shows an electric potential distribution at a cross section of the light-
receiving part.

FIG. 5 1s a cross-sectional view of another light-recetving part of the photodetector according to the
first embodiment.

FIG. 6 1s a plan view of a light-receiving part of a photodetector according to a second embodiment.

FIG. 7 is a cross-sectional view of the light-receiving part of the photodetector according to the second
embodiment.

FIG. 8 1s a schematic view that shows a circuit configuration during operation of the photodetector
according to the second embodiment and shows an electric potential distribution at a cross section of the light-
receiving part.

FIG. 9 includes schematic diagrams that show a light-receiving part of the photodetector and the
reflected-light image on the light-receiving part.

FIG. 10 is a schematic, cross-sectional view of one light-receiving element that constitutes a
conventional photodetector.

FIG. 11 is a cross-sectional view of an element and is for explaining the problems of a photodetector in
which circuits, such as the light-receiving part having a PIN photodiode structure, an amplifier, and the like, are
formed on the same semiconductor chip.

EXPLANATION OF THE REFERENCE NUMBERS

[0055]

60 Photodetector

62 Light-recetving part
04 PIN photodiode (PD)
66 Signal-processing circuit part
68 CMOS

70 Isolation region
72,200 Cathode regions
74,76 Wirings

80 P-sub layer

82 Epttaxial layer

84 P-well

86, 92 N-wells

88, 102 p-channel MOSFETs
90 n-channel MOSFET
94 104 Source regions

96, 106 Drain regions

98 Gate oxide film

100, 110 Gate electrodes

112 LOCOS

116 Anti-reflection film

120 Voltage source

122 Op amp

202 Anode region

204,206  Trenches

208 Light-receiving semiconductor region
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I, Nadine A. Edwards, declare as follows:

1. I am over 21 years of age and am competent to make this declaration.
2. I am a native speaker of English.

3. I am fluent in Japanese.

4. I have 14 years of experience translating Japanese to English.

5. I translated the attached patent document "JP2007129024A" from
Japanese to English.

6. I certify that the above-mentioned translation of the document
"JP2007129024A" is, to the best of my knowledge, a true and accurate translation
from Japanese to English.

7.  Insigning this declaration, I understand that the translation and this
declaration may be filed as evidence in a contested case. I acknowledge that I may
be subject to cross-examination within the United States.

8. I declare under penalty of perjury that all statements made herein are
true and accurate to the best of my knowledge and belief, and that these statements
were made with the knowledge that willful false statements and the like so made
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of

the United States Code.

Executed: April 2, 2025

I[Iadine A. Edwards
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UNITED STATES

Page 1 of 2

P.Q. Box 1450
Alexandria, VA 22313 - 1450

PATENT AND TRADEMARK OFFICE www.uspto.gov

ELECTRONIC PAYMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #

19/036,506 09/16/2025 11:52:23 AM Z ET 309-0015USCIPDIV2

Title of Invention

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT # -
under 35 USC 111(a)

CONFIRMATION # 4276
PATENT CENTER # 72308372
CUSTOMER # 139982

CORRESPONDENCE -
ADDRESS

Payment Information

PAYMENT METHOD
CARD /8026

PRE-AUTHORIZED ACCOUNT
600125

FILED BY  Mary Ellen Finnegan

AUTHORIZED BY  Gerard Wissing

FILING DATE  01/24/2025

FIRST NAMED  Shih-Yuan WANG

INVENTOR
PAYMENT TRANSACTION ID PAYMENT AUTHORIZED BY
E20259FB53265631 Mary Ellen Finnegan

PRE-AUTHORIZED CATEGORY
37 CFR 1.21 (Miscellaneous fees and charges)

FEE CODE DESCRIPTION ITEM PRICE($) QUANTITY ITEM TOTAL($)
SUBMISSION OF AN
2806 INFORMATION DISCLOSURE 112.00 1 112.00
STATEMENT
EXTENSION FOR RESPONSE
2253 WITHIN THIRD MONTH, EXCEPT 636.00 1 636.00
PROVISIONAL APPLICATIONS
TOTAL
AMO%NT_ $748.00

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.
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New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for 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/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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Doc code: IDS
Doc description: Information Disclosure Statement (IDS) Filed

PTO/SB/08 (01-25)

Approved for use through 11/30/2027. OMB 0651-0031
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 contains a valid OMB control number.

Application Number 19036506
INFORMATION DISCLOSURE |2 20ze0n 2

First Named Inventor | Shih-Yuan WANG
STATEMENT BY APPLICANT :

Art Unit | 2893

Examiner Name | Eduardo A. Rodela

Attorney Docket Number |309-0015USCIPDIV2

U.S. PATENTS
. . . . Pages, Columns, Lines where
E)_(e_mljner Cite Patent Number Kind Issue Date Name of Inventor of cited Relevant Passages or Relevant
Initial No Code1 Document

Figures Appear

If you wish to add additional U.S. Patent citation information, please click the Add button.

U.S. PATENT APPLICATION PUBLICATIONS

Examiner| .. Publication Kind | Publication Name of Inventor or Applicant Pages, Columns, Lines where
- Cite No . Relevant Passages or Relevant
Initial Number Code'| Date of cited Document :
Figures Appear
1 20120049044 2012-03-01 Kuboi
2 20120033119 2012-02-09 Shinohara
3 20120153124 2012-06-21 Yuetal.
4 20120012741 2012-01-19 Vasylyev
If you wish to add additional U.S. Published Application citation information, please click the Add butto
FOREIGN PATENT DOCUMENTS
Name of Patentee or Pages, Columns,
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited Lines where Relevant 5
Initial* No | Number3 Codezj Code4| Date PP Passages or Relevant
Document .
Figures Appear
PC.1.19.25
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Application Number 19036506
Filing Date 2025-01-24
First Named Inventor | Shih-Yuan WANG
Art Unit | 2893

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Examiner Name | Eduardo A. Rodela
Attorney Docket Number | 309-0015USCIPDIV2

1 2002314116 JP 2002-10-25 Harada et al. ]
2 2007129024 JP 2007-05-24 Hasegawa ]
3 2172974 EP 2010-04-07 NXP B.V. ]

If you wish to add additional Foreign Patent Document citation information, please click the Add button

NON-PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

1 Yahaya, NA, Characterization of light absorption in thin-film silicon with periodic nanohole arrays, 11 March 2013/Vol. D
21, No. 5/0PTICS EXPRESS 5924-5930. (7 pages)

If you wish to add additional non-patent literature document citation information, please click the Add butto

EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered and whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

Standard ST.3). 2 For Japanese patent documents the |nd|cat|on ofthe year of the relgn of the Emperor must precede the senal number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 3 Applicant is to place a check mark here if]
English language translation is attached.

PC.1.19.25
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Application Number 19036506

Filing Date 2025-01-24

INFORMATION DISCLOSURE

First Named Inventor |Shih-Yuan WANG

STATEMENT BY APPLICANT

Art Unit | 2893

Examiner Name | Eduardo A. Rodela

Attorney Docket Number |309—0015USC|PD|V2

TIMING STATEMENT
Please see 37 CFR 1.97(e) to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to
any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

[

See attached timing statement under 37 CFR 1.97(e).

A timing statement under 37 CFR 1.97(e) is not submitted herewith.
TIMING FEE

The fee set forth in 37 CFR 1.17(p) has been submitted herewith.

OO

X

COPIES

X]

An identification of an earlier application pursuant to 37 CFR 1.98(d)(1) is attached.

SIZE FEE ASSERTION

Please see 37 CFR 1.17(v) and the {8 Auto-Load instructions for completing this form to make the appropriate selection of
an assertion under 37 CFR 1.98. For the information disclosure statement (IDS) submitted herewith, the applicant or patent
owner certifies the following with respect to the cumulative number of applicant-provided or patent-owner provided items of
information submitted to date including those in the accompanying IDS (select only one):

No IDS size fee is required under 37 CFR 1.17(v) at this time.

] The IDS is accompanied by the IDS size fee under 37 CFR 1.17(v)(1).
7] The IDS is accompanied by the IDS size fee under 37 CFR 1.17(v)(2).
7] The IDS is accompanied by the IDS size fee under 37 CFR 1.17(v)(3).

SIGNATURE
A signature of the applicant or representative is required in accordance with 37 CFR 1.33 and 11.18. Please see 37 CFR 1.4(d)
for the form of the signature.

Signature /Gerard M. Wissing/ Date (YYYY-MM-DD) 2025-09-16
Name/Print Gerard M. Wissing Registration Number 36,309
PC.1.19.25
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Application Number 19036506

Filing Date 2025-01-24

INFORMATION DISCLOSURE

First Named Inventor |Shih-Yuan WANG

STATEMENT BY APPLICANT

Art Unit | 2893

Examiner Name | Eduardo A. Rodela

Attorney Docket Number |309—0015USC|PD|V2

This collection of information is required by 37 CFR 1.97 and 1.98. 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 1 hour 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.

PC.1.19.25
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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) furishing 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 the Freedom of Information Act requires disclosure of these record s.

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.

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.

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).

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.

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)).

A record 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.

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 inspections or an issued patent.

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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(57) Abstract
Problem
To provide a lateral-type 3
semiconductor light-receiving element having 8 \\| /A 8
a PIN structure, in which light-receiving AV
sensitivity is improved without causing a N / [\ A ( A 9
decrease in response speed. ] \/y \ Y1 4
. 5-——’& ‘Q\ Eh:'é”; /l‘-—ﬂ'lﬂ
Solution % ANA
. . R / AN P15
In a lateral-type semiconductor light- e 7 /
receiving element, in which interfaces \\\\‘“ \>v1
between an i-layer 15 and a p-layer 5 and D 1
between the i-layer 15 and an n-layer 7, i i
respectively, of a PIN structure are formed 3 1=

perpendicular to a semiconductor substrate
surface, and light that enters the i-layer is
converted into electric current and detected, a
hole 4, which extends from a light-receiving
surface 3 to a prescribed depth of the i-layer
15, is provided in a light-receiving region 2.
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2

CLAIMS

1. A lateral-type semiconductor light-receiving element

having a PIN structure in which interfaces between an i-layer

and a p-layer and between the i-layer and an n-layer,

respectively, of the PIN structure are formed perpendicular to

a semiconductor substrate surface, and light that enters the i-

layer is converted into electric current and detected, wherein:
a hole, which extends from a light-receiving

surface to a prescribed depth of the i-layer, is provided in a

light-receiving region.

DETAILED DESCRIPTION OF THE INVENTION

[0001]

TECHNICAL FIELD PERTAINING TO THE INVENTION
The present invention relates to a lateral-type

semiconductor light-receiving element having a PIN

structure.

[0002]

BACKGROUND ART

In a vertical-type photodiode, in which a p-n
junction surface is formed parallel to a semiconductor
substrate surface, light impinges a depletion layer after
passing through a p-layer or an n-layer; in contrast, in a
lateral-type photodiode, in which the p-n junction surface is
formed perpendicular to the semiconductor substrate surface,
light directly impinges the depletion layer (without passing
through the p-layer or the n-layer). Consequently, the lateral-
type photodiode is advantageous in that it has better light-
receiving efficiency than the vertical-type photodiode.

[0003] Conventionally, an i-layer (intrinsic layer) is
provided in the photodiode between the p-layer and the n-
layer to make the depletion layer thick. In a vertical-type
photodiode having this kind of PIN structure, the i-layer is
formed to a thickness that is the absorption length or more to
make the light-receiving sensitivity high. Thereby, a quantum
efficiency of 70% or more can be obtained at wavelengths of
approximately 700 nm to 870 nm.

[0004] A lateral-type photodiode having a PIN structure (a
photodiode in which interfaces between the i-layer and the p-
layer and between the i-layer and the n-layer of the PIN
structure are formed to be perpendicular to the
semiconductor substrate surface) is produced by, for
example: providing a region, which has an extremely light
impurity concentration and will become the i-layer, on a
front surface portion of the semiconductor substrate; and then
forming the p-layer and the n-layer by adding and diffusing
p-type impurities and n-type impurities respectively from an
upper surface at locations that are at a prescribed spacing
from this region, wherein the spacing between both the layers
remains as the i-layer.

[0005] Consequently, in the case of the lateral-type
photodiode having a PIN structure, when attempting to make
the thickness of the i-layer (the depth from a light-incident
surface) large, the p-layer and the n-layer must also be
formed deeply. To form the p-layer and the n-layer deeply
while maintaining a uniform width (i.e., the distance between
the p-layer and the n-layer) of the i-layer in the thickness
direction of the substrate, the distance between the p-layer
and the n-layer must be made large at the substrate front
surface. When the distance between the p-layer and the n-
layer is made large at the substrate front surface, the width of
the i-layer becomes large. When the width of the i-layer is
large, the migration distance for an electron generated on the
p-layer side of the i-layer to the n-layer electrode becomes
long, and the response speed becomes slow.

[0006] Accordingly, in the lateral-type photodiode having
a PIN structure, making the thickness (the depth from the
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light-incident surface) of the i-layer large cannot simply be
adopted as a method of further increasing the light-receiving
sensitivity. Consequently, providing an anti-reflection film on
the upper surface of the i-layer and making the incidence
efficiency of the i-layer high is effective as a method of
further increasing the light-receiving sensitivity of the
lateral-type photodiode having a PIN structure.

[0007]

PROBLEMS TO BE SOLVED BY THE INVENTION
However, there is a problem in that, in the lateral-type
photodiode having a PIN structure, which has the anti-
reflection film on the upper surface of the i-layer, the
response speed becomes low in the situation in which the
photodiode is used as an element for receiving high-speed
light signals. In view of such problems in the related art, an
object of the present invention is to improve light-receiving
sensitivity of a lateral-type semiconductor light-receiving
element having a PIN structure without causing a decrease in
response speed.

[0008]

MEANS FOR SOLVING THE PROBLEMS To solve
the above-mentioned problem, the present invention provides
a lateral-type semiconductor light-receiving element having a
PIN structure in which interfaces between an i-layer and a p-
layer and between the i-layer and an n-layer, respectively, of
the PIN structure are formed perpendicular to a
semiconductor substrate surface, and light that enters the i-
layer is converted into electric current and detected, wherein
a hole, which extends from a light-receiving surface to a
prescribed depth (a shallower location than the depths of the
p-layer and the n-layer) of the i-layer, is provided in a light-
receiving region.

[0009]

EMBODIMENTS OF THE INVENTION An
embodiment of the present invention is explained below.
FIG. 1 is a cross-sectional view that shows a photodiode
corresponding to one embodiment of the present invention.
FIG. 2 is a diagram that shows one example of a planar shape
in the situation in which the photodiode of this embodiment
is formed in an array. FIG. 1 corresponds to a cross-sectional
view through line A-A in FIG. 2.

[0010] This photodiode is a lateral-type photodiode
(semiconductor light-receiving element) in which a PIN
structure is formed perpendicular to a substrate surface of a
silicon substrate (semiconductor substrate) 1, and holes 4 are
provided in a light-receiving region 2 (the region sandwiched
between a p-layer 5 and an n-layer 7 of an i-layer 15), the
holes 4 extending from a light-receiving surface 3 to a
prescribed depth in the i-layer 15 and perpendicular to the
surface of the silicon substrate 1.

[0011] A p-electrode 6 and an n-electrode 8 are formed on
the upper surface of the p-layer 5 and the n-layer 7,
respectively. A p-electrode 11 is formed on the lower surface
of the silicon substrate 1. In addition, an element-protection
layer 9, which is composed of a silicon oxide film or the like,
is formed to a prescribed thickness on the upper surface of
the silicon substrate 1 on portions outside of the locations
having both of the electrodes 6, 8 and the holes 4. This
photodiode can be produced, for example, by the following
method.

[0012] First, an n-well (a region having an extremely low
impurity concentration) 10 is provided on a surface-layer
portion of the p-type silicon substrate 1. Next, p-type
impurities are added to and diffused into one of two regions
of the n-well 10, and n-type impurities are added to and
diffused into the other region of the n-well 10, with a
prescribed spacing between the two regions. Thereby, the p-
layer 5 and the n-layer 7 are formed in the n-well 10, and a
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portion of the n-well 10 that is between the p-layer 5 and the
n-layer 7 remains as the i-layer 15. Next, the electrodes 6, 8
are formed on the p-layer 5 and the n-layer 7, respectively,
and then the element-protection layer 9 is formed.

[0013] Next, a focused ion beam processing apparatus
(FIB) is employed to irradiate the portion sandwiched by
both the electrodes 6, 8 on the upper surface of the silicon
substrate 1 with an ion beam so as to etch the element-
protection layer 9 and the i-layer 15, thereby creating the
holes 4, which extend from the light-receiving surface 3 to a
prescribed depth (a location shallower than the depth of the
p-layer 5 and the n-layer 7) in the i-layer 15 in the thickness
direction of the silicon substrate 1.

[0014] Here, the dimension of the holes 4 in the direction
between the p-layer 5 to the n-layer 7 is set to the dimension
at which the i-layer 15 of a prescribed thickness exists
between the holes 4 and the p-layer 5 and between the holes
4 and the n-layer 7, respectively. In addition, in the situation
in which the light-receiving surface 3 between the pairs of
electrodes is large, preferably a plurality of the holes 4 is
provided within the light-receiving surface 3, as shown in
FIG. 2. In this situation, for example, width W1 of each of
the electrodes 6, 8 is 1 pm, spacing W2 between the
electrodes 6, 8 is 2—4 um, pitch K of the holes 4 is 2—4 um,
and the diameter of each of the holes 4 is 1 pm.

[0015] By connecting a power supply between the n-
electrode 8 that contacts the upper surface of the n-layer 7
and the p-electrode 11 on the lower surface of the substrate 1,
with the n-layer 7 side as the positive, applying a reverse-
bias voltage, and connecting the p-electrode 6, which
contacts the upper surface of the p-layer 5, to an output
circuit, this photodiode can convert the light incident on the
i-layer 15 from the light-receiving surface 3 into electric
current to detect the light. In addition, in this photodiode , the
light (a portion of which is shown in FIG. 1 by chain, double-
dashed lines) that enters the interior of the hole 4 from the
light-receiving surface 3 directly enters the light-receiving
region 2 from a bottom surface and side surfaces of the hole
4, and by being reflected from the bottom surface and the
side surfaces, the light travels from the bottom surface
toward the side surfaces and enters the light-receiving region
2, and travels from one side surface toward the opposing side
surface and enters the light-receiving region 2. Consequently,
the light-receiving efficiency at the light-receiving region 2
becomes higher than in the situation in which no holes 4 are
present.

[0016] In the situation in which the light-receiving surface
3 is merely made large without providing the holes 4 in order
to make the light-receiving surface area large, the migration
time increases for the electrons generated on the p-layer side
of the i-layer to reach the electrode on the n-layer, and the
response speed becomes slow because parasitic capacitance
increases. In contrast, by providing the holes 4, the light-
receiving surface area in this photodiode becomes larger, to
the extent of the side surfaces of the holes 4, than in the
situation in which no holes 4 are present. Consequently, in
this photodiode, in no situation will the migration time for
the electrons generated on the p-layer side of the i-layer to
reach the electrode on the n-layer become longer than in the
situation in which the light-receiving surface 3 is the same
size with no holes 4 being provided. In addition, the parasitic
capacitance of this photodiode becomes smaller than the
situation in which the light-receiving surface 3 is the same
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size with no holes 4 being provided. Hence, according to this
photodiode, the light-receiving surface area can be made
large and light-receiving efficiency can made high without
reducing response speed.
[0017] Furthermore, by having the holes 4, localized
electric-field intensity applied to a portion of the i-layer 15
that surrounds the holes 4 becomes large in this photodiode.
Thereby, compared with the situation in which there are no
holes 4, response speed becomes faster because the light is
absorbed at the portion of the i-layer 15 that surrounds the
holes 4, and generated electron holes and electrons can
migrate through the i-layer 15 at high speed. Accordingly,
according to this photodiode, by providing the holes 4, the
light-receiving efficiency at the light-receiving region 2
becomes high, which improves light-receiving sensitivity and
also increases response speed.
[0018] TItis noted that, although the lateral-type
photodiode having a PIN structure is explained in this
embodiment, the lateral-type semiconductor light-receiving
element of the present invention, which has a PIN structure,
is not limited thereto, and the present invention can also be
applied to a lateral-type phototransistor, etc., in which the
base and the collector portions have a PIN structure.
[0019]
EFFECTS OF THE INVENTION As explained above,
according to the lateral-type semiconductor light-receiving
element having a PIN structure according to the present
invention, light-receiving sensitivity can be improved
without causing a decrease in response speed.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view that shows a
photodiode corresponding to one embodiment of the present
invention and is a diagram that corresponds to a cross-
sectional view through line A-A in FIG. 2.

FIG. 2 is a diagram that shows one example of a
planar shape in the situation in which the photodiode in FIG.
1 is formed in an array.

EXPLANATION OF THE REFERENCE NUMBERS

1 Silicon substrate (semiconductor substrate)
10 n-well

11 p-electrode

15 i-layer

2 Light-receiving region

3 Light-receiving surface
4 Hole

5 p-layer

6 p-electrode

7 n-layer

8 n-clectrode

9 Element-protection layer
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I, Nadine A. Edwards, declare as follows:

1. I am over 21 years of age and am competent to make this declaration.

2. I am a native speaker of English.

3. 1 am fluent in Japanese.

4. I have 14 years of experience translating Japanese to English.

5. I translated the attached patent document "JP2002314116A" from
Japanese to English.

6. I certify that the above-mentioned translation of the document
"JP2002314116A" is, to the best of my knowledge, a true and accurate translation
from Japanese to English.

7. In signing this declaration, I understand that the translation and this
declaration may be filed as evidence in a contested case. I acknowledge that I may
be subject to cross-examination within the United States.

8. I declare under penalty of perjury that all statements made herein are
true and accurate to the best of my knowledge and belief, and that these statements
were made with the knowledge that willful false statements and the like so made
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of

0.

the United States Code.

y
A
Executed: April 2, 2025 By: //f

Nadine A. Edwards
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AMENDMENTS TO THE CLAIMS

Please cancel claims 1-17 and add the following claims 18-30:

18.  (New) A structure comprising:
an array of elongated pillars of semiconductor material in which each of at least

some of the pillars has:

i) a respective light-receiving surface,

(i) respective sides,

(iii)  width of 50-2000 nm,

(iv)  height of 100-10000 nm, and

v) at least one photodetector of Si, Ge, and/or alloyed SiGe

semiconductor material formed in the pillar;
wherein each of the photodetectors:

i) has P-doped and N-doped regions of the semiconductor material,

(ii) is configured to generate electrical charge carriers in the
semiconductor material of the photodetector in response to light that
(a) is in the visible and infrared wavelengths, and (b) illuminates
along a light direction the light-receiving surface of the pillar in

which the photodetector is formed;
one or more in-pillar holes each of which:

1) is fabricated as a recess in each of the pillars in which at least one of
the photodetectors is formed, and
(i1) extends along the light direction into the semiconductor material of

the pillar in which the in-pillar hole is fabricated;

side-isolation comprising solid dielectric material between at least portions of the

sides of at least some of the pillars;
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electrical contacts configured to provide electrical pathways coupled to at least
some of the photodetectors, including for selected reverse-biasing at least
some of the photodetectors;

wherein the presence of the in-pillar holes increases by a factor of at least 1.1 the
absorption of the light by at least some of the photodetectors relative to like

photodetectors in pillars lacking said holes.

19. (New) The structure of claim 18, in which the array is monolithically integrated with Si

electronic devices.

20. (New) The structure of claim 18, in which at least one of the in-pillar holes in each of at

least some of the pillars is elongated in the light direction.

21. (New) The structure of claim 18, in which each of at least some of the holes is elongated

in a direction along the light-receiving surface of the pillar in which the hole is fabricated.

22. (New) The structure of claim 21, in which the array is monolithically integrated with Si

electronic devices.

23. (New) The structure of claim 21, in which each of at least some of the pillars has a

plurality of the elongated holes.

24, (New) The structure of claim 21, in which each of at least some of the pillars has only

one of the elongated holes.
25. (New) The structure of claim 21, in which each of at least some of the elongated holes

has at least one closed contour remote from side edges of the light-receiving surface of the pillar

in which the hole is fabricated.
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26. (New) The structure of claim 18, in which each of at least some of the pillars includes

only one of the photodetectors.

27. (New) The structure of claim 18, in which two or more of the photodetectors are

connected electrically in parallel.

28. (New) The structure of claim 18, wherein the array of pillars is monolithically integrated
with Si electronic devices for transmitting electrical signals related to accumulations of the

charge carriers in at least some of the photodetectors.
29. (New) The structure of claim 18 in which at least some of the holes extend 100 to 10000
nm in the light direction into the semiconductor material of the pillars in which the holes are

formed.

30. (New) The structure of claim 18, in which the pillars in which the photodetectors are

formed are elongated in the light direction.
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REMARKS
Priority and Paragraph 112(a)
Examples of support are outlined below in the subject application and in the 2013
provisional applications that are incorporated by reference and to which priority is claimed.
FIG. 5B of the subject application illustrates an example of an array of vertical pillars of
semiconductor material such as Si, and FIG. 49 illustrates an example of an in-pillar hole (pillar

with hole). Both are reproduced below.

As seen in FIG. 5B and explained in the text of the subject application, each pillar 524
has a light receiving surface that is on top of the pillar in this example, illuminated with light
(photons) in the direction of one or both arrows, has sides, and has at least one photodetector of
Si, Ge, or SiGe formed in the pillar.

The width of a pillar can be 50-2000 nm' and the height of a pillar can be 100-10000
nm.? Each photodetector has P-doped and N-doped regions and is configured to generate
electrical charge carriers in the semiconductor material of the photodetector formed in the pillar
in response to light that is in the visible and infrared wavelengths and illuminates the light-

receiving surface of the pillar.

! Provisional application 61/826,446 filed May 22, 2013, page 12; “The shape of the pillar can be... rectangle....
The pillar diameter range from 50-2000 nm ....”,
% Provisional application 61/826.446 filed May 22, 2013, page 12: “[Plillars can be 100-10000 nm in length....”

-1-
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Each of the pillars in the array of FIG. 5B can be a “pillar with a hole” as in the example
of FIG. 49.% Each in-pillar hole extends into the pillar in the direction of the light, down into the
pillar in this example.

Dielectric material 522 such as oxide forms solid isolation between pillar side walls and,
with in-pillar holes in the pillars, fills at least a part of the holes,* and the in-pillar holes can be
oxidized.® Electrical contacts as seen in the example of FIG. 5B provide pathways to the
photodetectors and can reverse-bias them.® The presence of the in-pillar holes increases
absorption by a factor of at least 1.1 compared to like photodetectors without holes or to bulk
semiconductor without holes.’

The array of pillars can be monolithically integrated with Si electronic devices.® The in-
pillar holes can be elongated — FIG. 46 of the subject application illustrates some examples of
holes that are longer in one direction than in an orthogonal direction along the light-receiving
surface of a pillar and additionally illustrate that a pillar can have a single hole or multiple holes
and that at least one contour of a hole can be away from the outline of a pillar as seen in top

view.?

Section 103

The references identified in the Office Action, page 8, post-date the 2013 priority of the

subject application.

IPRs and PGR regarding commonly assigned patents

3 See also provisional application 61/826,446 filed May 22, 2013, page 16; “[T]he microstructure can have both
pillars and holes coexist, can be concentric (pillar within a hole or hole within a pillar or multiple concentric
hole/pillar, not necessarily circular....”

4 See also Figure 8 in page 6 of provisional application 61/826,446 filed May 22, 2013.

3 See also provisional application 61/826,446 filed May 22, 2013, page 16: “[P]atrial filling of the holes with filler
...~ Page 10: “[TThermal oxidation of exposed surfaces ....”

6 See also provisional application 61/826,446 filed May 22, 2013, page 14: ”The photodiode is reversed biased . . ..”
7 Subject application paragraph 114 (factor of 1.1 to over 100), and provisional application 61/826,446 filed May
22,2013, Table 8 in page 8, and page 16 (enhancement of the bulk absorption constant). Subject application
paragraph [00114].

8 Provisional application 61/826,446 filed May 22, 2013, page 1: “Compatible with Si Photonics, CMOS processes
... integration with CMOS highly desirable.” Provisional application 61/834,873 filed June 13, 2013, pages 1-2:
“[TThe detector array can be monolithically integrated with Si electronic devices such as bipolar transistors, CMOS

9 See also Fig. 12 in provisional application 61/834,873 filed June 13, 2013.

2-
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IPR and PGR petitions were filed challenging claims in six patents in the family of the
subject application,!” five of which are in a patent infringement action.!!

The references that the IPRs and the PGR assert are:

1. Kubei US 2012/0049044

2. Shinohara US 2012/0033119

3. Yu US 2012/0153124

4. Harada Kokai No. 2002-314116 (P2002-314116A)

5. Hasegawa Kokai 2007-129024 (P2007-129024A)

6. NXP EP 2 172974 Al

7. Yahaya, NA, Characterization of light absorption in thin-film silicon with periodic

nanohole arrays, 11 March 2013/Vol. 21, No. 5/OPTICS EXPRESS 5924-5930.

8. Vasylysev US 2012/0012741

Applicant submits that claims 18-30 differ patentably from these seven references taken
individually or in combination, at least because:

Kuboi proposes a standard semiconductor PIN photodiode 53R with no in-pillar holes
and additionally proposes pixels 53R, 53G that generate electrical output only in organic material
13, not in semiconductor material of a photodetector. See Kuboi FIGs. 6A and 10A.

Shinohara proposes an array of standard photodiodes with no in-pillar holes.

Yu proposes nanowires or nanopillars that also lack in-pillar holes.

Harada proposes a lateral photodiode with no pillars along the light direction and no in-
pillar holes.

Hasegawa proposes standard photodiodes, lacking in-pillar holes, used in optical disc

drive tracking.

10 The IPRs are: (1) Case IPR2025-00993 on patent 12,087,871, (2) Case IPR2025-00994 on patent 11,621,360; (3)
Case IPR2025-00995 on patent 10,468,543; (4) Case IPR2025-00996 on patent 10,446,700; and (5) Case IPR-00997
on patent 9,525,084. Applicant is concurrently submitting an IDS identifying the total of 7 references on which the 5
IPRs rely to challenge patentability under Sections 102 or 103. The PGR is Case PGR2025-00082 for patent
12,243,948.

1 The action is: W& Wsens Devices Inc. v. Samsung Elecs. Co., Case No. 2:24-cv-00854-JRG (E.D. Tex.).
Defendants have filed pleadings identitying purported prior art, which are available through Pacer. Applicant offers
to any of the several hundred patents, published applications, and non-patent publication listed in such pleadings if
the Office requests it.

3-
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NXP proposes standard photodiodes, with no in-pillar holes.

Yahaya proposes a solar cell panel with surface structures but lacks a teaching of pillars
of semiconductor material that are electrically isolated from each other and have reverse-biased
photodetectors fabricated in the pillars and in-pillar holes with solid dielectric material.

Vasylyev also proposes a solar cell panel with surface structures but lacks a teaching of
pillars of semiconductor material that are electrically isolated from each other and have reverse-

biased photodetectors fabricated in the pillars and in-pillar holes with solid dielectric material.

The Preliminary Amendment filed 01/24/2025 in the subject application addresses
references cited in application Ser. No. 18/385,213, now patent 12,243,948. They are Yu US
2011/0309331), Lunev US 2014/001660, Counil US 2010/0116332, and Arimoto US
5,759,292. Applicant submits that claims 18-30 patentably differ from these references at least
for the reasons discussed in the Preliminary Amendment filed 01/24/2025 but also for additional
reasons.

Applicant invites the Examiner to telephone the undersigned if the Examiner finds that it
may help advance prosecution.

Please charge any shortfall and credit any overpayments to our Deposit Account number
600125.

Respectfully Submitted,
/Gerard M. Wissing/
WISSING MILLER LLP
Attorney for Applicant
By: Gerard M. Wissing

Reg. No. 36,309
Tel.:  516-901-7027

4-
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(57)  Adevice (100) for detecting electromagnetic ra-
diation, the device (100) comprising a substrate (102),
an electromagnetic radiation sensitive structure (104) ar-
ranged on and/or in the substrate (102), and a plurality
of pores (106) formed on and/or in the substrate (102) in
such a manner that electromagnetic radiation to be de-

104 104 108

Wavelength selective electromagnetic radiation detector using pores as photonic crystal

tected propagates partly through the pores (106) before
propagating into the electromagnetic radiation sensitive
structure (104), wherein different ones of the plurality of
pores (106) differ regarding at least one physical param-
eter sothat each of the plurality of pores (1086) is sensitive
to an assigned wavelength range of electromagnetic ra-
diation.
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Description
FIELD OF THE INVENTION

[0001] The invention relates to a device for detecting electromagnetic radiation.
[0002] Moreover, the invention relates to a method of detecting electromagnetic radiation.

BACKGROUND OF THE INVENTION

[0003] A PIN (P-type/Intrinsic/N-type or positive intrinsic negative) diode can be used as a photodiode. Under reverse
bias, the dicde ordinarily does not conduct. A photon entering the intrinsic region frees a carrier. The reverse bias field
sweeps the carrier out of the region and creates a current. In order to make a wavelength detector, it may be necessary
to filter the light before it reaches the intrinsic region.

[0004] US 5,726,440 discloses a wavelength selective photodetector including a substrate having a buried insulator
layer for electrically isolating a lower section of the substrate located below the insulator layer from an upper section of
the substrate located above the insulator layer, and a photon detector formed on the upper section of the substrate for
detecting photons in a selected wavelength range, wherein the upper section has a selected thickness and the thickness
determines at least in part the selected wavelength range of the detected photons.

[0005] However, conventional wavelength selective photodetectors may lack sufficient detection accuracy.

OBJECT AND SUMMARY OF THE INVENTION

[0006] Itis an object of the invention to enable electromagnetic radiation detection with sufficient accuracy.

[0007] In order to achieve the object defined above, a device for detecting electromagnetic radiation, and a method
of detecting electromagnetic radiation according to the independent claims are provided.

[0008] Accordingto an exemplary embodiment of the invention, a device for detecting electromagnetic radiation (such
as light) is provided, the device comprising a substrate (such as a semiconductor wafer), an electromagnetic radiation
sensitive structure (such as a photodiode) arranged on and/or in the substrate, and a plurality of pores (such as empty
or filled trenches in a surrounding material) formed on and/or in the substrate in such a manner that electromagnetic
radiation to be detected propagates through at least a part of the plurality of pores (for instance may be reflected once
or several times at walls thereof) before propagating into (or penetrating into) the electromagnetic radiation sensitive
structure (which structure may be arranged to extend deeper into the substrate or with a larger distance to a surface of
the device, which surface is to be irradiated with the incoming electromagnetic radiation, than the plurality of pores),
wherein different ones of the plurality of pores differ regarding at least one physical parameter so that each of the plurality
of pores is sensitive to an assigned wavelength range of electromagnetic radiation (wherein assigned wavelength ranges
of different pores or pore groups may be different or may be at least overlapping).

[0009] According to another exemplary embodiment of the invention, a method of detecting electromagnetic radiation
is provided, the method comprising directing electromagnetic radiation to be detected towards a plurality of pores formed
on and/or in a substrate in such a manner that the electromagnetic radiation to be detected propagates through at least
a part of the plurality of pores, and subsequently propagating the electromagnetic radiation into an electromagnetic
radiation sensitive structure arranged on and/or in the substrate, wherein different ones of the plurality of pores differ
regarding at least one physical parameter so that each of the plurality of pores is sensitive to an assigned wavelength
range of the electromagnetic radiation.

[0010] The term "substrate” may denote any suitable material, such as a semiconductor, glass, plastic, etc. According
to an exemplary embodiment, the term "substrate" may be used to define generally the elements for layers that underlie
and/or overlie a layer or portions of interest. Also, the substrate may be any other base on which a layer is formed.
[0011] The term "electromagnetic radiation” may particularly denote photons in an appropriate wavelength range. In
an embodiment, such an electromagnetic radiation may be in a range between 400 nm and 800 nm, so that optical light
is the electromagnetic radiation then. However, alternatively, other wavelength ranges are possible such as ultraviolet
radiation, infrared radiation or the like. For instance for silicon, a usable electromagnetic radiation range goes from 190
nm to 1100 nm. However, with other materials for photodetectors, ranges can be different and may, for example, be
extended to far infrared or far ultraviolet.

[0012] The term "pore" may particularly denote a trench formed in and/or on a substrate and having an aspect ratio,
which is defined by the ratioc between depth of the trench in the substrate and diameter of the trench in a surface portion
of the substrate. For instance, such pores may have a cylindrical shape or alternatively may have a rectangular cross
section, an oval cross section, a polygonal cross section or the like. In an embodiment, the aspect ratio may be larger
than three, particularly larger than five, more particularly larger than ten. A diameter of the pores may be less than 1000
nm, particularly less than 700 nm. Generally, it may be advantageous to use, as a diameter dimension, a value in the
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order of the wavelength to get a sufficiently pronounced diffraction effect. For instance, a 700 nm hole may particularly
impact radiation of about 700 nm wavelength. The term "electromagnetic radiation sensitive structure" may particularly
denote a member, which is capable of detecting electromagnetic radiation such as a CMOS sensor, a CCD pixel, or the
like. For instance, photodiodes (such as a simple pn-junction) may be used for such detection purposes. However,
alternative detection options are possible as well.

[0013] The term "physical parameter" may particularly denote any physical or structural or dimensional property of
the pores, which may have an impact on the propagation characteristics of electromagnetic radiation of a certain wave-
length in the pore. Such a physical parameter may change the propagation characteristics of electromagnetic radiation
depending on the wavelength of the electromagnetic radiation. Examples for such a physical property are a diameter of
the pores, a geometry of the pores, a depth of the pores, an aspect ratio of the pores, a surface area of the pores, a
material filled in the pores, etc.

[0014] According to an exemplary embodiment, the detection of electromagnetic radiation in a wavelength specific
manner is possible. For this purpose, pores having different physical parameters such as geometrical parameters or
material parameters may be provided, for example pores having different diameters. The propagation properties of the
electromagnetic radiation within the pores may depend particularly on the wavelength of the electromagnetic radiation
so that each of the pores may be used as a wavelength specific filter being sensitive only to electromagnetic radiation
in a specific wavelength range or of a specific wavelength. Thus, by providing multiple pores having different physical
propetties, each pore may be used as a band-pass filter in a dedicated or assigned wavelength range.

[0015] In an embodiment, a wavelength detector in silicon may be provided. Such an embodiment may combine a
PIN (P-type/Intrinsic/N-type or positive intrinsic negative) diode with pore technology to manufacture the wavelength
detector. A gist of an embodiment is to make holes of different diameters in a vertical PIN structure and to use diffraction
to select wavelength and recombination of electron-hole pair in the intrinsic region.

[0016] With silicon electronics, it is possible to make a wavelength detector performing a feedback loop function on
a complete solid state lighting solution. Phototransistors may serve as a good detector, but have a low internal gain
(compared to a photodiode). So a large area may be necessary. Embodiments of the invention may allow making very
small wavelength detectors in silicon that can be integrated in a small package. The trend to use solid-state lighting like
LEDs is increasing as it has a very small footprint and is very efficient. Their major drawback is the intensity variation
due to environmental factors like temperature, aging, etc. By putting a very small light detector near the light source (a
mobile phone flash for example), this can control a feedback loop to control the intensity or wavelength of the light flux.
It is also possible to integrate embodiments of the detector with passive electronics and with LED drivers to obtain a low
cost solution. A corresponding packaging may be more reliable and smaller and may be simple in manufacture.
[0017] Because of integration of sensor and LEDs, calibration may be done by manufacturers and not by an end user
who is buying LED and sensors separately. The benefit of a PIN dicde is that the depletion region exists almost completely
within the intrinsic region, which is a constant width (or almost constant) regardless of the reverse bias applied to the
diode. This intrinsic region can be made large, increasing the area where electron-hole pairs can be generated. For
these reasons many photodetector devices may include at least one PIN diode in their construction, for example PIN
photodiodes and phototransistors (in which the base-collector junction is a PIN diode).

[0018] Next, further exemplary embodiments of the device will be described. However, these embodiments also apply
to the method.

[0019] The plurality of pores may be formed to extend parallel to one another. For example, the pores may be arranged
in a row or in a matrix-like manner on a surface of the substrate. An alignment direction of the pores may be parallel to
one another and perpendicular to a surface of the substrate so that the manufacture of all pores is possible with a
common lithography procedure. The electromagnetic radiation to be detected may be directed perpendicular to the
surface of the substrate or basically parallel to an alignment of the pores.

[0020] Different ones of the plurality of pores may have a different diameter or a different surface area in a surface
plane of the substrate, which surface is to be irradiated with the incoming electromagnetic radiation. For example, first
pores may have a first diameter, second pores may have a second diameter differing from the first diameter, third pores
may have a third diameter differing from the first and the second diameter, etc. In this context, a diameter may be the
diameter of a circle in a surface of the pore, may be the length of a diagonal of a rectangle, or the like.

[0021] Different ones of the plurality of pores may extend up to a different depth into the substrate, which depth may
be calculated as a distance from a surface to be irradiated with the incoming electromagnetic radiation. Also by modifying
the depth up to which the pores extend into the substrate, the wavelength specific propagation characteristic of the
different pores may be further refined, involving another design parameter for a wavelength filter or a wavelength specific
detector. For example, by using different aspect ratios for the different pores, it is possible that some of the pores extend
into layers into which other pores do not extend. This may allow to define the specific wavelength selective properties
with high accuracy.

[0022] A cross-section of the pores may be constant along the extension of the pores into the substrate.

[0023] The plurality of pores may be grouped into groups of pores. Pores of each one of the groups may have a
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common diameter in a surface plane of the substrate and may extend up to a different depth into the substrate. Hence,
for the different pores of a common group, the same pore diameter may be used but different extensions in a vertical
direction. On the other hand, pores of different ones of the groups may have a different diameter in a surface plane of
the substrate. Hence, a two-dimensional array of pores may be provided, wherein one design parameter is the diameter
and another design parameter is the depth up to which the pores extend into the substrate. By taking this measure, a
highly wavelength selective filter may be obtained.

[0024] The plurality of pores may be trenches extending perpendicular with respect to a main surface of the substrate.
The main surface may be the surface at which a semiconductor wafer is usually processed. Vertical pores can be formed
in such a semiconductor substrate as trenches by a lithography and etching procedure.

[0025] The plurality of pores may be at least partially filled with a filling material being transparent forthe electromagnetic
radiation, particularly being optically transparent. Such a material, for instance silicon dioxide as a CMOS compatible
material, may fill the pores so that the device is not prone to dust or dirt. However, other materials may be appropriate
as well, for instance a silicon filled material such as polysilicon. More generally, any appropriate semiconductor material
such as polysilicon, silicon dioxide, silicon nitride, germanium, may be used. Hence, the filling material may be selected
so as to not influence the detection purposes, but to provide for a mechanical stable structure, which can even be
employed under harsh conditions. In another embodiment, the filling material of the pores may be used as a design
parameter for adjusting the wavelength-dependent propagation properties of the pores. In still another embodiment, the
pores may remain unfilled, that is may remain hollow bodies.

[0026] The electromagnetic radiation sensitive structure may comprise a photodiode structure, particularly a photodi-
ode such as a PIN photodiode or a PN photodiode. Such a structure can be formed as a layer structure with simple
deposition procedures known from semiconductor technology, wherein an crientation of such layers may be perpendicular
to an extension of the trenches as the pores. A photodiode can simply be formed by correspondingly doping different
portions of asemiconductor substrate, thereby providing for a pn-junction. Upon irradiation with electromagnetic radiation
such as light, electron-hole pairs may be generated at the pn-junction, which can be detected as a fingerprint of the
presence of the corresponding electromagnetic radiation.

[0027] The electromagnetic radiation sensitive structure may comprise a stack of layers differing regarding a doping
profile of the respective layer, wherein the plurality of pores may be formed to penetrate through at least a part of the
layers. For example, the layers may be planar layers which are formed on top of the substrate, and the pores may be
formed at least partially in this layer stack perpendicular to a sequence of application of the layers. By taking this measure,
simple and well-known manufacture procedures of silicon technology may be employed and simultaneously a powerful
wavelength selective filter may be formed.

[0028] A thickness of at least a part of the layers may differ in portions adjacent to different ones of the plurality of
pores. By forming the layers of different thicknesses, it is possible that adjacent pores are neighboured to different
thicknesses of a respective material, for instance an n-doped material and/or a p-doped material. This may have an
influence on the interaction between surrounding matter and the electromagnetic radiation, thereby further refining the
wavelength selectivity of the system.

[0029] The device may comprise a patterned cover layer arranged to expose the plurality of pores and to cover surface
portions between adjacent ones of the plurality of pores. Such a patterned cover layer may be arranged on top (or close
to the top) of the layer sequence forming the device and may prevent electromagnetic radiation from propagating into
portions between adjacent pores, which could deteriorate the detection performance.

[0030] Suchacoverlayermay, forinstance, have electrically conductive properties so as to allow serving as electrodes
for the photodiodes as well. When such a cover layer is made of an opaque material, it can have a shielding effect
preventing optical light to propagate through portions between the pores, which could result in undesired crosstalk.
[0031] Itis also possible to provide a cover layer made of an anti-reflective material (at least above the pores) so as
to prevent reflection of electromagnetic radiation to thereby improve the detection efficiency. Hence, the amplitude of
the detection signals may be kept sufficiently large.

[0032] The device may comprise a signal processing circuit formed on and/or in the substrate and being adapted for
processing detection signals generated by the electromagnetic radiation sensitive structure. Such a signal processing
circuit may be monolithically integrated within the substrate and may comprise active and/or passive electric components,
for instance may comprise resistors, capacitances, transistors, logic gates, memory cells, processors, orthe like. Hence,
it is possible that the signal processing circuit processes the signal provided by the electromagnetic radiation sensitive
structure to evaluate the wavelength dependence of the impinging electromagnetic radiation.In an embodiment (see for
instance Fig. 15), all devices are fully integrated on a silicon wafer. This may be called SoC (System on Chip). SoC is
advantageous regarding parasitic effects. In another embodiment (see Fig. 16), devices are mounted on a support, this
may be called SiP (System in Package). SiP may be preferred for ease of process.

[0033] In an embodiment, the electromagnetic radiation sensitive structure may be realized as a photodiode which
may be electrically biased by a bias voltage to enable accurate detection of electric signals in response to the presence
of electromagnetic radiation.
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[0034] For example, the device may additionally comprise an electromagnetic radiation source such as a light emitting
diode (LED) which may be adapted for generating electromagnetic radiation such as light and may be controlled by a
control signal generated by the signal processing circuit based on the detection signals. Hence, a combined light emitting
diode and photodetector may be manufactured which allows to regulate the emission characteristics of the light emitting
diode based on the detected signal of the light emitting diode which allows for a wavelength specific analysis of the
emission characteristic of the light source.

[0035] For example, the device may be monolithically integrated in and/or on the substrate. Hence, at least a part of
the components of the device may be manufactured in semiconductor technology or microprocessing technology and
the resulting system may be very small in size.

[0036] Anembodiment ofthe invention may use the fundamental physical laws of diffraction of light in a hole combining
to a vertical PIN diode. Choosing the right design and silicon electronics can result in a variety of devices. In an embod-
iment, it is possible to make a specific wavelength detector with two different diameters only. Other possible applications
are a wide range light detector to measure the absolute intensity of a light source. For example, it can be used to tune
the flash intensity by a feedback loop. Another applicaticon is a light filter for wavelengths below or above a specific value.
If the detector is used for a non-mobile application, the detector can be put far away from the light source. It can be used
as a presence detector. Any other applications are possible as well.

[0037] In an embodiment, a completely integrated silicon solution may be provided which may be more reliable than
a discrete solution. This may allow for a better control due to submicron patterning. Embodiments of the invention may
be applied to mobile applications where small packaging is advantageous. According to an embodiment, with a unique
process, any kind of wavelength detector can be made as it is only depending of the via diameter. It is even possible to
make different detectors on the same silicon wafer. Furthermore, it is possible to use standard semiconductor processes
with standard dimensions and standard material. With a silicon wafer, the wavelength detection range may be from 190
nm (or less) to 1100 nm (or more). For higher wavelength detection (above 1 pm), a device made from germanium may
be advantageous.

[0038] Embodiments of the invention may have advantages such as excellent linearity of output current as a function
of incident light, a spectral response from 190 nm (or less) to 1100 nm (or more), low noise, robustness to mechanical
stress, long lifetime, high quantum efficiency (typically 80% or more), and no high voltage required.

[0039] Asthe detector may be designed in a silicon substrate by deep silicon etch, itis possible to reach a high-density
detector compared to a planar detector, and it may be possible to compensate a low gain. In an embodiment, it is possible
to combine pore etching and PIN junction formation to realize a wavelength filter.

[0040] By a unique process, it may be possible to create different diameter holes (just by using a lithography mask),
so it is possible to detect several wavelengths. As different diameter holes may be used at the same time, any drift in a
lithographic step would be the same for all detector elements, meaning that one single offset would be obtained for all
detectors. As it is a silicon process, it is possible to add active and passive components on the silicon. It is possible to
geta complete integrated solution of a detector and a signalprocessing module. The combination of amultiple wavelength
detector coupled with a signalprocessing module allows sampling.

[0041] In an embodiment, as the signal detection is a function of the hole diameter but also the depth of the intrinsic
zone, it is possible to design a matrix of detectors with rows of various diameter hole and columns of various depth of
intrinsic zone. This may improve the wavelength selection range for a better sampling performance. It is possible to use
pore technology to make a very accurate detector thanks to a lithography resolution and to a thin film deposition control.
[0042] The manufacturing method may be carried out in CMOS technology, since the described procedures are
compatible with CMOS technology.

[0043] For any method step, any conventional procedure as known from semiconductor technology may be imple-
mented. Forming layers or components may include deposition techniques like CVD (chemical vapour deposition),
PECVD (plasma enhanced chemical vapour deposition), ALD (atomic layer deposition), or sputtering. Removing layers
or compeonents may include etching techniques like wet etching, vapour etching, etc., as well as patterning techniques
like optical lithography, UV lithography, electron beam lithography, etc.

[0044] Embodiments of the invention are not bound to specific materials, so that many different materials may be
used. For conductive structures, it may be possible to use metallization structures, silicide structures or polysilicon
structures. For semiconductor regions or components, crystalline silicon may be used. For insulating portions, silicon
oxide or silicon nitride may be used.

[0045] The structure may be formed on a purely crystalline silicon wafer or on an SOl wafer (Silicon On Insulator).
[0046] Any process technologies like CMOS, BIPOLAR, BICMOS may be implemented.

[0047] The aspects defined above and further aspects of the invention are apparent from the examples of embodiment
to be described hereinafter and are explained with reference to these examples of embodiment.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0048] The invention will be described in more detail hereinafter with reference to examples of embodiment but to
which the invention is not limited.

Fig. 1 and Fig. 2 show a geometrical condition illustrating an interaction of electromagnetic radiation with a pore.
Fig. 3 shows intensities for different wavelengths as a function of depth for a via diameter of 0.5 pm and shows that
for certain depths, attenuation is depending of the wavelength.

Fig. 4 shows intensities for different wavelengths as a function of depth for a via diameter of 0.6 um, so that by
subtracting the intensity of hole of 0.6 um and 0.5 pm it is possible to clearly differentiate wavelengths :

Fig. 5 shows subtraction of intensity of a 0.6 wm hole minus intensity of a 0.5 pm hole for 300 nm and 400 nm light
and shows that it is possible to extract UV-B light intensity (280 nm to 315 nm) from a light source.

Fig. 6 illustrates a wavelength selective filter according to an exemplary embodiment of the invention.

Fig. 7 to Fig. 13 show cross-sectional views of layer sequences obtained during a method of manufacturing a
wavelength selective filter according to an exemplary embodiment of the invention.

Fig. 14 shows a plan view of a wavelength selective filter according to an exemplary embodiment of the invention.
Fig. 15 to Fig. 17 show cross-sectional views of wavelength selective filters in combination with a light emitting diode
according to exemplary embodiments of the invention.

Fig. 18 and Fig. 19 show a wavelength selective characteristic of a system according to an exemplary embodiment
of the invention.

Fig. 20 shows a cross-sectional view of a wavelength selective filter according to an exemplary embodiment of the
invention.

DESCRIPTION OF EMBODIMENTS

[0049] The illustration in the drawing is schematical. In different drawings, similar or identical elements are provided
with the same reference signs.

[0050] Embodiments of the invention allow for diffraction in a micrometric cylindrical trench.

[0051] Diffraction refers to various phenomena associated with the bending of waves when they interact with obstacles
in their path. Its effects are generally most pronounced for waves where the wavelength is in the order of the size of the
diffracting objects. Diffraction is based on the Huygens-Fresnel principle which predicts the future position of a wave
when its earlier position is known. Every point on a wave front can be considered as a source of tiny wavelets that spread
out in the forward direction at the speed of the wave itself. The new wave front is the envelope of all the wavelets - that
is, tangent to them.

[0052] In optics, Fresnel diffraction or near-field diffraction is a process of diffraction which occurs when a wave passes
through an aperture and diffracts in the near field, causing any diffraction pattern observed to differ in size and shape,
relative to the distance. It occurs due to the short distance in which the diffracted waves propagate. When the distance
is increased, outgoing diffracted waves become planar and Fraunhofer diffraction occurs. In the following, calculations
of the magnitude of the electric field given by Fresnel integral in application of Huygens-Fresnel principle in a cylindrical
trench will be explained. The diffracted light from the aperture of the cylindrical trench is absorbed by the silicon lateral
surface and by a photon-electron interaction can generate a built-in potential in the semiconductor.

[0053] The diffraction angles depend on the wavelength and on the size of the diffracting object. As a consequence,
the magnitude of the electric field along the side surface of the cylindrical trench at a fixed distance of the aperture
depends on the wavelength.

[0054] Next, wave magnitude calculation will be described.

[0055] In application of Huygens-Fresnel principle in a circular aperture, the phase and amplitude of each of the
Huygens wavelets at each point P in space is given by a double integral in cylindrical coordinates.

[0056] This is indicated schematically in Fig. 1:

I .
Alp) = / f La0. 1y exp j-;-cus{r,z)rtwdr (1)
gJr T

[0057] In a circular aperture, A(p) is supposed independent of the angle ®. Along the side surface of the cylindrical
trench, the elementary surface at each point P introduces the angle a between p and the perpendicular radius.
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[0058] The double integral is calculated in the cylindrical trench as represented in Fig. 2. Every point on the circular
aperture can be considered as a source each point with the same amplitude K.

[0059] The phase and amplitude of each of the Huygens wavelets at each point P along the side surface of the
cylindrical trench at a fixed distance z of the aperture is given by a double integral

- 1 2xp
AP) = K / / =~ exp =L (cosa) (cos §) i )
8Jr 4

[0060] Herein, o is the angle between p and the perpendicular radius at P, and a is the radius of the aperture

.

reosd a
M=| rsinf | P=| 0
0 z
p=[(e - rcos @)’ +(?‘sin0)2'+22]1/2 (3)
s = (u) 0
- 4,
cos8 = % (5)

T pay 24/ (a ~ recos8)® + (rsing)” + 22
A(P) =2K/ / Z expj v (r=inf)
o Jo P A

(—————a T 7o G) Erdé’d:' (6}
P P

[0061] A(P) is a complex number with phase and amplitude at each point P. The complete amplitude in a nano-ring
dz along the side surface of the cylindrical trench is:

27
[ A(P)adq‘o} dz = a2 A(P)dz )
0

[0062] The intensity of light at each point P in space is:
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2

I(p) = A(P)A(P)" = |A(P)[ (8)

[0063] Simulations of equation (6) are presented with following parameters: aperture radius 0.5 pm z varies from 0.05
pmto 2 pm.

Ay Ao Ag Ay As
0.3pm 04pm 0.5pm  0.6pm  0.7pm
A2 Axa(z) Az A2 Asa(2)

[0064] Fig. 3 shows a diagram 300 having an abscissa 302 along which a z axis distance is plotted in um. Along an
ordinate 304, A-values corresponding to A, to A5 are plotted.
[0065] Aperture radius 0.6 pm z varies from 0.05 pm1to 2 pm

A Ay s A As
0.3pm 04pm 0.5pm  0.6pm  0.7pm
A2 A2 Al A(d) Agd)

[0066] Fig. 4 shows a diagram 400 having an abscissa 302 along which a z axis distance is plotted in pm. Along an
ordinate 304, A-values corresponding to A4 to A5 are plotted.

[0067] Fig. 5 shows a diagram 500 having an abscissa 302 along which a z axis distance is plotted in um. Along an
ordinate 502, differential amplitudes are plotted.

[0068] Fig. 6 illustrates a device 100 for detecting a light beam 108 in a wavelength selective manner according to an
exemplary embodiment of the invention.

[0069] The wavelength selective filter 100 comprises a silicon substrate 102. A photodiode 104 as a light sensitive
structure is embedded within the silicon substrate 102. The photodiode 104 may be formed by a number of horizontally
deposited planar layers which are doped accordingly. A plurality of trenches or pores 106 are formed in a surface portion
of the substrate 102 in order to penetrate through the layers forming the photodiode 104. As can be taken from Fig. 6,
the pores 106 have different diameters d,>d,>d;>d, and are formed by a common lithography and etching procedure
in the substrate 102, more precisely in a surface portion of the substrate 102 including the photodiode layer sequence
104. As can be further taken from Fig. 6, all of the pores 106 extend up to the same depth, 1, into the substrate 102.
[0070] Since the inner diameters d4, d,, ds, d, of the pores 106 differ, the light detection properties are wavelength
selective and differentfor each of the pores 106, sothateach ofthe pores 106is capable of detecting a specific wavelength
range of impinging light 108.

[0071] The combination of the detection signals of all pores 106 may allow to obtain wavelength-resolved information
about a spectrum of the light 108.

[0072] The pores 106 are formed parallel to one another in the substrate 102 and have the different diameters d, d,,
dg, ds in a surface plane of the substrate 102. Since all of them have the same depth 1 in the substrate 102, their aspect
ratios are different. The pores 106 are formed as trenches extending perpendicular to a main surface of the substrate
102 and perpendicular to the layer sequence 104 forming the photodiode. The pores 106 are filled with silicon dioxide
material or any other semiconductor-based material as an optically transparent material so that the light beam 108
impinging on the device 100 can propagate through the filling material 110.

[0073] A patterned cover layer 112 covers surface portions of the layer sequence between adjacent pores 106 to
absorb electromagnetic radiation impinging between different ones of the pores 106 to further increase the signal-to-
noise ratio. The opaque top layer 112 may further be electrically conductive so as to serve as an electrode for contacting
the photodiodes 104 or other components of the integrated circuit 100, if desired or necessary.

[0074] A signal processing unit 114 is provided as a buried integrated circuit within the silicon substrate 102 and is
supplied with the detection signals from the photodiode 104. The processing circuit 114 may evaluate the wavelength
characteristic of the detected light 108 and may output, at an interface 116, a signal indicative of the result of the detection.
The output at the interface 116 may alternatively alsc be used for control purposes, for instance for controlling a light
emitting diode.

[0075] In the following, referring to Fig. 7 to Fig. 13, a method of manufacturing a device according to an exemplary
embodiment will be explained. Such a manufacturing method may result in a colour filter which may serve for light
emitting diode control purposes.
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[0076] In Fig. 7 to Fig. 13, a common silicon substrate 102 is processed to manufacture a A, wavelength detector 700
and a A, wavelength detector 702, wherein A,#)4.

[0077] Fig. 7 shows a layer sequence 704 obtained by PIN epitaxy applied to a silicon substrate 102, thereby forming
an n+-doped layer 708 on the silicon substrate 102, followed by an intrinsic layer 710 and a p*-doped layer 712. Starting
from the silicon substrate, the PIN structure 708, 710, 712 is grown by epitaxy (n+-silicon region 708, intrinsic region
710 and p+-region 712).

[0078] In order to obtain a layer sequence 800 shown in Fig. 8, trenches 106 are formed to entirely penetrate through
layers 712, 710, and to partially penetrate into layer 708. These trenches 106 may be formed by a deep silicon etch.
The deep silicon via holes 106 are formed into the PIN structure 708, 710, 712. Diameters of the holes 106 are different
from one to another area in order to detect different wavelengths.

[0079] In order to obtain a layer sequence 900 shown in Fig. 9, light transparent silicon dioxide or another transparent
semiconductor-based material 902 is deposited on the layer sequence 800 to fill the trenches 106.

[0080] In order to obtain a layer sequence 1000 shown in Fig. 10, the deposited silicon oxide material may be etched
back, for instance using CMP (Chemical Mechanical Polishing), wherein silicon is at the top of the trench. In another
embodiment, when silicon shall be used as a stop layer, it may be possible to add a dummy layer to stop CMP to get
selectivity.

[0081] Hence, in Fig. 9, the holes 106 are filled with light transparent material 902 (such as undoped silicon, silicon
dioxide SiO,), and in Fig. 10 a back etching (etching without litho mask) is performed to remove this material 902 on top
of the p*-region 712.

[0082] In order to obtain a layer sequence 1100 shown in Fig. 11, an opaque/metal layer 1102 is deposited over the
layer sequence 1000. As a material for the metal layer 1102, aluminium or tungsten may be used, for instance.

[0083] In order to obtain a layer sequence 1200 shown in Fig. 12, the cover layer 1102 is patterned to expose the
pores 106.

[0084] Referring to Fig. 11 and Fig. 12, the metal layer 1102 or opaque material is deposited and patterned only on
the detector area 106.

[0085] In order to obtain a device 1300 according to an exemplary embodiment as shown in Fig. 13, a silicon nitride
layer 1302 is deposited on a surface of the layer sequence 1200, which silicon nitride layer 1302 acts as an antireflective
coating on the openings 108 but also as a passivation layer.

[0086] The described process flow does not show the interconnects to collect current from light. Based on theoretical
calculations, it is possible to make numerical computing to get values to make the layout of the detector.

[0087] A corresponding design may be such that the PIN dicdes 708, 710, 712 have an intrinsic region 710 buried
between 0.5 pm and 1 um into the silicon with a hole 106 diameter of 600 nm for one circuit part and 500 nm for the
other circuit part. For UV-B light source, the current intensity of the 600-nm-hole circuit (A1 and A2 intensities) is higher
than for the 500-nm-hole circuit (A1b and A2b intensities).

[0088] By triggeringthe detector to take into account only positive intensities in the area of 0.5 pm 1 wm deep (intrinsic
region), a simple device can be made to detect UV-B (280 nm to 315 nm) and filter UV-A (315 nm to 400 nm).

[0089] An even more accurate filter can be made by optimizing via diameter and combination of different sizes of
holes 106.

[0090] Fig. 14 shows a plan view of a device similar to the device 100 shown in Fig. 6 in which four different pore
groups 106 with four different diameters and thus different wavelength selectivity are shown. Four different wavelengths
can be detected with the four pores 106 of the different sizes shown in Fig. 14.

[0091] Fig. 15 shows a device 1500 according to another exemplary embodiment of the invention.

[0092] The device 1500 further comprises a light emitting diode (LED) 1502 emitting light 108. A part of the light 108
is transmitted towards a device 100 for detecting the wavelength composition of the light 108. A corresponding detection
result may be transmitted from the device 100 to a signal processing circuit 114 which may generate a control signal for
controlling the LED 1500 in a feedback architecture. The light emitting diode 1500 may be connected to the silicon
substrate 102 using solder bumps 1504 or the like.

[0093] Fig. 16 shows a device according to another exemplary embodiment of the invention which differs from Fig.
15 in that the substrate 102 is substituted by a printed circuit board (PCB) 1602. In the embodiment of Fig. 16, the
detector 100 is assembled on the PCB sub-mount 1602 via solder bumps 1504. Also the feedback loop circuitry 114 is
connected to the PCB sub-mount 1602 using solder bumps 1504.

[0094] Fig. 17 shows a device 1700 according to another exemplary embodiment of the invention.

[0095] In this embodiment, the light emitting diode 1502 has a transparent substrate. Thus, the detector 100 can also
be arranged under the light emitting diode 1502 as there may be also light emission below the light emitting diode 1502.
[0096] Fig. 18 schematically illustrates how different detectors 1802, 1804, 1806 may detect different wavelength
ranges of an overall signal 1808. Reference numeral 1810 illustrates signal sampling from a first detector 1802 and a
second detector 1804.

[0097] Fig. 19 shows a diagram 1900 having an abscissa 1902 along which a light energy is plotted in electron volts.
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Along an ordinate 1904, a spectral distribution of a signal 108 is plotted. Sampling results in measuring the individual
wavelength ranges 1906.

[0098] Fig. 20 shows a device according to another exemplary embodiment in which a thickness of the layer 712
differs forthe two wavelength detectors 700, 702 shown in Fig. 20. For wavelength detector 700, layer 712 has a thickness
b, which is smaller than a thickness b, for a second wavelength detector 702. Thus, the depth of the intrinsic zone 712
may be tuned by a recess 2002 of p+-layer 712. Such a recess 2002 of the p-region 712 can be manufactured by mask
lithography and dry silicon etch.

[0099] Finally, it should be noted that the above-mentioned embodiments illustrate rather than limit the invention, and
that those skilled in the art will be capable of designing many alternative embodiments without departing from the scope
of the invention as defined by the appended claims. In the claims, any reference signs placed in parentheses shall not
be construed as limiting the claims. The word "comprising” and "comprises”, and the like, does not exclude the presence
of elements or steps other than those listed in any claim or the specification as a whole. The singular reference of an
element does not exclude the plural reference of such elements and vice-versa. In a device claim enumerating several
means, several of these means may be embodied by one and the same item of software or hardware. The mere fact
that certain measures are recited in mutually different dependent claims does not indicate that a combination of these
measures cannot be used to advantage.

Claims

1. A device (100) for detecting electromagnetic radiation, the device (100) comprising
a substrate (102);
an electromagnetic radiation sensitive structure (104) arranged on and/or in the substrate (102);
a plurality of pores (106) formed on and/or in the substrate (102) in such a manner that electromagnetic radiation
to be detected propagates through at least a part of the plurality of pores (106) before propagating into the electro-
magnetic radiation sensitive structure (104), wherein different ones of the plurality of pores (106) differ regarding at
least one physical parameter so that each of the plurality of pores (106) is sensitive to an assigned wavelength
range of electromagnetic radiation.

2. The device (100) according to claim 1, wherein the plurality of pores (106) are aligned parallel to one another.

3. The device (100) according to claim 1, wherein different ones of the plurality of pores (106) have a different diameter
or surface area in a surface plane of the substrate (102).

4. The device (100) according to claim 1, wherein different ones of the plurality of pores (106) extend up to a different
depth into the substrate (102).

5. The device (100) according to claim 1, wherein the plurality of pores (106) are grouped into pore groups, wherein
pores (106) of each one of the pore groups have a common diameter or surface area in a surface plane of the
substrate (102) and extend up to a different depth into the substrate (102), and wherein pores (106) of different ones
of the pore groups have a different diameter or surface area in a surface plane of the substrate (102).

6. The device (100) according to claim 1, wherein the plurality of pores (106) are trenches extending perpendicular to
a main surface of the substrate (102).

7. The device (100) according to claim 1, wherein the plurality of pores (106) are at least partially filled with a filling
material (110) being transparent for the electromagnetic radiation, particularly being optically transparent.

8. The device (100) according to claim 1, wherein the electromagnetic radiation sensitive structure (104) comprises a
photodiode structure, particularly a positive-intrinsic-negative photodiode structure.

9. The device (100) according to claim 1, wherein the electromagnetic radiation sensitive structure (104) comprises a
stack of layers, wherein different ones of the layers differ from one another regarding a doping profile, wherein the

plurality of pores (106) are formed to penetrate through at least a part of the layers.

10. The device (100) according to claim 9, wherein a thickness of at least a part of the layers differs in portions adjacent
to different ones of the plurality of pores (1086).

10
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The device (100) according to claim 1, comprising a patterned cover layer (112) arranged to expose the plurality of
pores (106) and to cover surface portions between adjacent ones of the plurality of pores (106).

The device (100) accordingto claim 11, wherein the cover layer (112) comprises at least one of the group consisting
of an electrically conductive material, and an opaque material.

The device (1300) according to claim 1, comprising an anti-reflective layer (1302) covering at least the plurality of
pores (106).

The device (100) according to claim 1, comprising a signal processing circuit (114) formed on and/or in the substrate
(102) and being adapted for processing detection signals generated by the electromagnetic radiation sensitive
structure (104).

The device (1500) according to claim 14, comprising an electromagnetic radiation source (1502) adapted for gen-
erating electromagnetic radiation and being controlled by a control signal generated by the signal processing circuit
(114) based on the detection signals.

The device (100) according to claim 1, monolithically integrated in and/or on the substrate (102).

The device (100) according to claim 1, wherein the substrate (102) is a semiconductor substrate, particularly one
of the group consisting of a group |V semiconductor substrate, a silicon substrate, a germanium substrate, a group
Ill-group V semiconductor substrate, and a GaAs substrate.

A method of detecting electromagnetic radiation, the method comprising directing electromagnetic radiation to be
detected towards a plurality of pores (106) formed on and/or in a substrate (102) in such a manner that the electro-
magnetic radiation to be detected propagates through at least a part of the plurality of pores (106);

subsequently propagating the electromagnetic radiation into an electromagnetic radiation sensitive structure (104)
arranged on and/or in the substrate (102);

wherein different ones of the plurality of pores (106) differ regarding at least one physical parameter so that each
of the plurality of pores (106) is sensitive to an assigned wavelength range of the electromagnetic radiation.

1
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Patentamt
a ) EZIZEFZ"nne Application Number
Office européen EUROPEAN SEARCH REPORT

des brevets EP 08 29 0924

DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)

X US 2006/011955 Al (BAGGENSTOSS WILLIAM J 1-18 INV.

[US]) 19 January 2006 (2006-01-19) HO1L27/146

* paragraph [0029] - paragraph [0033] *

* abstract; figures 3,4,13 * ADD.

————— HO1L31/0232

X EP 1 328 024 A2 (SAMSUNG ELECTRONICS CO 1-2, HO1L31/0352

LTD [KR]) 16 July 2003 (2003-07-16) 6- 12 15,

17- 18

* paragraph [0049] - paragraph [0050] *
* abstract; figures 4,5,6,7,8,9 *

* paragraph [0061] - paragraph [0072] *
X US 6 359 323 B1 (EOM JAE-WON [KR] ET AL) 1-3,5-8,
19 March 2002 (2002-03-19) 10-12,
14-18

* abstract; figures 1,6,7 *
* column 1 *

X US 2007/284510 Al (LI JIUTAO [US] ET AL) |1,17-18
13 December 2007 (2007-12-13)

* abstract; figure 4 * TECHNICAL FIELDS
_____ SEARCHED  (IPC)
X SCHMIDT D J ET AL: "Color filtering 1,18 HO1L

metallization for optoelectronic 100nm
CMOS circuits"

INTERNATIONAL ELECTRON DEVICES MEETING
2003. IEDM. TECHNICAL DIGEST. WASHINGTON,
DC, DEC 8 - 10, 2003; [INTERNATIONAL
ELECTRON DEVICES MEETING], NEW YORK, NY :
IEEE, US, 8 December 2003 (2003-12-08),
pages 389-392, XP010684035

ISBN: 978-0-7803-7872-8

A * the whole document * 2-17
A US 20057233493 Al (AUGUSTO CARLOS J [US] 1-18
AUGUSTO CARLOS J R P [US])
20 October 2005 (2005-10-20)

2 The present search report has been drawn up for all claims

Place of search Date of completion of the search Exarminer
8 The Hague 16 June 2009 Heising, Stephan
=]
o
o GCATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
& . 9 !
pd E : earlier patent document, but published on, or
S X : particularly relevant if taken alone after the filing date
2 Y : particularly relevant if combined with another D : document cited in the application
hat document of the same category L : document cited for other reasons
z A technological background e e et
Q@ O : non-written disclosure &- member of the same patent family, corresponding
o P : intermediate document document
in]
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Category Citation of coiffeulem\’e;:tvg:; ;r:;i;::tion, where appropriate, Eia;ﬂt ‘ADEJSE%ZEI'CISRORP%F) THE
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7 November 1996 (1996-11-07)
A JP 62 123404 A (MITSUBISHI ELECTRIC CORP) |1-18
4 June 1987 (1987-06-04)
A US 2005/040440 Al (MURAKAMI ICHIRO [JP]) 1-18
24 February 2005 (2005-02-24)
A US 2006/113552 Al (SONG IN-JAE [KR] ET AL)|1-18
1 June 2006 (2006-06-01)
A ARGUEL P ET AL: "A monolithic phase 1-18
measurement photodetector"
PROCEEDINGS OF IEEE SENSORS 2003. 2ND.
TEEE INTERNATIONAL CONFERENCE ON SENSORS.
TORONTO, CANADA, OCT. 22 - 24, 2003; [IEEE
INTERNATIONAL CONFERENCE ON SENSORS], NEW
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vol. CONF. 2, 22 October 2003 (2003-10-22) TECHNICAL FIELDS
, pages 783-786VOL.2, XP010691014 e
ISBN: 978-0-7803-8133-9
The present search report has been drawn up for all claims
Place of search Date of completion of the seaich Examiner
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CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
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Y : particularly relevant if combined with another D : document cited in the application
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ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 08 29 0924

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

16-06-2009
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2006011955 Al 19-01-2006  CN 101019233 A 15-08-2007
EP 1779432 Al 02-05-2007
JP 2008507152 T 06-03-2008
KR 20070042182 A 20-04-2007
US 2006081900 Al 20-04-2006
W0 2006019968 Al 23-02-2006

EP 1328024 A2 16-07-2003  CN 1431720 A 23-07-2003
JP 3825358 B2 27-09-2006
JP 2003218385 A 31-07-2003
KR 20030061069 A 18-07-2003
US 2003127655 Al 10-07-2003

US 6359323 B1 19-03-2002 JP 3899432 B2 28-03-2007
JP 2000228513 A 15-08-2000
KR 20000044627 A 15-07-2000
W 437080 B 28-05-2001

US 2007284510 Al 13-12-2007 WO 2007146035 Al 21-12-2007

US 2005233493 Al 20-10-2005  NONE

DE 19515369 Al 07-11-1996  NONE

JP 62123404 A 04-06-1987  NONE

US 2005040440 Al 24-02-2005 CN 1585134 A 23-02-2005
JP 2005072097 A 17-03-2005
KR 20050020633 A 04-03-2005
W 251930 B 21-03-2006

US 2006113552 Al 01-06-2006 JP 2006165544 A 22-06-2006
KR 20060059327 A 01-06-2006

g
2

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82
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REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

e US 5726440 A [0004]
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Attorngy Docket No.: 309-0015USCIPDIV2 PATENT
Confirmation No.: 4276

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Examiner: Eduarde A. Rodela

Shih-Yuan WANG et al.
Art Unit: 2893
Application No.: 19/036,506

CERTIFICATE OF TRANSMISSION

Filed: January 24, 2025 I hereby certify that this correspondence is being
submitted through the USPTO Electronic Filing

Title: MICROSTRUCTURE Service addressed to the Commissioner for Patents,

ENHANCED ABSORPTION PO Box 1450, Alexandria, VA 22313-1450,

PHOTOSENSITIVE DEVICES
/Mary Ellen Finnegan/
Date: Sept. 16, 2025 Name: Mary Ellen Finnegan

VIA EFS-Web
Commissioner for Patents
PO Box 1450

Alexandria, VA 22313-1430

TRANSMITTAL OF INFORMATION DISCLOSURE STATEMENY

Applicant submits the accompanying Information Disclosure Statement for the

Examiner’s consideration.

This application is a division of Application No. 18/822,880 filed September 3, 2024,
now U.S. Patent No. 12,243,948, which is a division of Application No. 18/385 213 filed
October 30, 2023, now U.S. Patent No. 12,087,871, which is a continuation in-part of
17/974,325 filed October 26, 2022, now U.S. Patent No. 11,830,954 and also a continuation in-
part of Application No. 18/113,474 filed February 23, 2023, Pursuant to 37 CFR 1.98(d)(1),
Applicant respectfully directs the Examiner to the documents set forth in the Information
Disclosure Statements submitted in these parent applications and the documents cited by the

Examiners in these parent applications. Applicant respectfully requests that all items submiited

Page 1 of4
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or cited in the parent applications be considered and acknowledged by the Examiner in this
subject application. Applicant also respectfully requests that all documents submitied or cited in

the parent applications be listed in any patent issuing from the subject application.

It is respectfully requested that the documents listed on the concurrently submitted
Information Disclosure Statement form and the documents identified pursuant to 37 CFR
1.98(d)(1) above be considered and acknowledged by the Examiner in connection with the

present application and be made of record therein.

Non-U.S. Patent Documents

In compliance with 37 CFR 1,98, copies of the non-U. 8. patent documents referenced on
the concurrently submiited Information Disclosure Statement are enclosed herewith. For any
non-English language patent documents identified in the Information Disclosure Statement form,
copies of the original patent documents along with an English language transiation of the original
patent documents or an English language translation of the Abstracts of the original patent

docurnents are enclosed herewith.

Information Disclosure Statement Size Fee — Written Assertion Under 37 CFR 1.98

Submitted herewith is an Information Disclosure Statement Size Fee — Written Assertion
Under 37 CFR 1.98. The cumulative number of documents submitted by the Applicant in the
present application, including documents identified in the present Information Disclosure
Statement, is 8. The cumulative number of documents submiited by the Applicant does not

include the documents referred to the Examiner pursuant to 37 CFR 1.98(d)(1).

Commonly-owned Related Patents

Applicant brings to the attention of the Examiner the following commounly owned
patents:

1. Application No. 16/528,958 filed August 1, 2019, now U.S. Patent No. 11,121,271,

2. Application No. 17/182,954 filed February 23, 2021, now U 8. Patent No.

11,791,432, and

Application No .1 19/036,500 Examiner: Eduardo A. Rodela
Attorney Docket No.: 309-0015USCIPDIVZ Art Unit: 2893
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3. Application No. 17/532,831 filed November 22, 2021, now U.S. Patent No.
11,309,444,

Commonly-owned Related Patents Involved in IPRs and PCGs

Applicant brings to the attention of the Examiner the following commonly owned patents

currently inveolved in pending IPR proceedings:

1. Case IPR20325-00993 on patent 12,087,871,

2. Case IPR2025-00994 on patent 11,621,360;

3. Case IPR2025-0099S5 on patent 10,468,543,

4. Case IPR2025-00996 on patent 10,446,700; and
5. Case IPR-00997 on patent 9,525,084,

The following U.S. Patent is currently involved in a pending PGR proceeding:

1. Case PGRZ025-00082 for patent 12,243,948
In the concurrently submitted Information Disclosure Statement, Applicant has identified seven
{7} references on which the above five (5) IPRs rely to challenge patentability of the relevant

patents under 35 U.S.C §§102 or 103.

Commonly-owned Related Patents lovolved in Litigation

Applicant also brings to the attention of the Examiner currently pending litigation
WEWSENS DEVICES INC., v. SAMSUNG ELECTRONICS CO., LTD, and SAMSUNG
ELECTRONICS AMERICA, INC., pending in United States District Court for the Eastern

District of Texas, Marshall Division (W& Wsens v. Samsung) involving the following patents:

1. U.S Patent No. 12,087 871,

2. U.S. Patent No. 11,621,364,

3. U8 Patent No. 10,468 543;

4. U8 Patent No. 10,446,790, and
5. U.8. Patent No. 9,525,084,

Applicant attaches hereto as Exhibit A (43 pages), Defendant’s Invalidity Contentions in the
W&W Sens v. Samsung litigation. The Defendant’s Invalidity Contentions include an exhaustive
list of references that the Defendant apparently may be relied on to invalidate one or more claims

of the above-identified patents without providing any basis supporting any coutention.
Page 3 of 4
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The Commissioner is hereby authorized to charge U.S. PTO Deposit Account 600125
any payment due and to credit any overpayment thereto.
Respectfully submitted,
[Gerard M. Wissing/
Gerard M. Wissing
Registration No. 36,309
Attorney for Applicant

Date: September 16, 2025

Wissing Miller LLP
Industrious at Hudson Yards
31 Hudson Yards, 11% Floor
New York, NY 10001

Page 4 of 4

Application No .1 19/036,500 Examiner: Eduardo A. Rodela
Attorney Docket No.: 309-0015USCIPDIVZ Art Unit: 2893

Patent Owner, W& Wsens - Ex. 2034, p. 81



EXHIBIT A

IMN THE UNITED STATES DISTRICTY COURT
FOR THE EASTERN BDISTRICT OF TEXAS
MARSHALL DIVISION

WE&WSENS DEVICES INC|
Pleaniiff, Case No. 2:24-CV-00854-JRG

V. JURY TRIAL DEMANDED

SAMSUNG ELECTRONICS CO, LTD, and
SAMSUNG ELECTRONICS AMERICA, INC,,

Defendants.

DEFENDANTS INVALIBITY CONTENTIONS

Pursuant to Local Patent Rules 3-3 and 3-4 and the Court’s Docket Controf Order (Dki. 38),
Defendants Samsung Electronics Co., Lid. {(“SEC”) and Samsung Electronics America, Inc.
{(“SEA™), (collectively, “Samsung” or “Defendants”} provide these Invalidity Contentions and
accompanying document production to Plaintiff W& Wsens Devices Inc. ("W&W”),

L Overview

In this action, Plaintiff asserted in its P.R. 3-1 and 3-2 Disclosures of January 7, 2028
18 of U.S. Patent No. 12,087,871 (the “’871 patent”), claims 1, 3, 3, 6, §, and 9 of U.S. Patent No.
11,621,360 {the “’360 patent”), claims 1, 3, 7,9, 10, 16, 20, 24, 26, 28-30, and 32 of U.8. Patent
No. 10,468,543 (the “>543 patent”), claims 1, 3, 7, 9, 10, 16, 20, 24, 26, 28-30, and 32 of U.S.
Patent No. 10,446,700 {the “" 700 patent”), and 1-3, 5, 7, 8, 11-15, 17-19, and 21 of U.S. Patent

No. 9,525,084 (the “’084 patent”) {collectively, the “Patents-in-Suit” and the “Asserted Claims™).

Patent Owner, W& Wsens ~ Ex. 2017, p. 1
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This Court has not vet construed any of the terms in the Patents-in-Suit. Defendants’
Invalidity Contentions are based on Defendants’ present understanding of Plaintiff’s apparent
interpretation of the Asserted Claims, as advanced by Plaintiff in its Complaint and Infringement
Contentions, and Defendants’ own understanding of the scope of the Asserted Claims. Defendants
take no position on any matter of claim counstruction or interpretation in these contentions.
Defendants’ contentions herein are not, and should in no way be seen as, admissions about or
adoptions of any particular claim scope or construction, or any admission that any particular
element is met in any particular way. Defendants object to any attempt to imply claim constructions
from any identification or application of potential prior art. Any statement herein describing or
tending to describe any claim element is provided solely for the purpose of understanding the
relevant prior art. By including prior art that anticipates or renders obvious claims based on
Plaintift”s apparent claim construction, Defendants do not thereby adopt Plaintiff’s apparent claim
coustruction.

Moreover, nothing herein should be construed as an admission that Defendants agree with
Plaintift”s claim interpretations or that Plaintift has a plausible basis to allege infringement.
Similarly, nothing herein shall be construed as an admission regarding the application of the
Asserted Claims to any of Defendants’ accused products. Defendants do not agree with Plaintiff’s
application of the claims to the accused products, and Defendants deny infringement. Furthermore,
these contentions do not represent an agreement with Plaintiffs views as to the meaning,
definiteness, writien description support for, or enablement of any of the Asserted Claims. To fact,
Defendants provide grounds for invalidity under § 112 below. Pursuant to the Court’s Docket
Control Order (Dkt. 34), Defendants reserve the right to include arguments directed to

indefiniteness 1o their Markman briefing. Nothing stated herein shall be construed as a waiver of

Patent Owner, W& Wsens ~ Ex. 2017, p. 2

Patent Owner, W& Wsens - Ex. 2034, p. 83



€4 LT0T X - STIS AP AL IBUMQ JusiRg

LOT9E000 MBAM-VS

oL 195000 M M-INVS TR0 [[BUSIRIA | 00T ‘TT ATenigag 1007 ‘g 105Ny Ci6'8s89 | 8N
wmwmmmms\wmwmm ERON| PO0T S RA0P0 T00T ‘61 wnSny PI6'008'9 | SO
o g / 7 N

MMMR%WNNM%WMMN PIRBIEILG | p00T ‘07 Arenuef 00T ‘1 1SNy $6v°0899 | SN
TSOLE000 MR MINVS .. \ £007 e - o ,‘
~650€££000 MBPMTNVS e £7 19quId0a( ooz e fenuep Bes L9991 s
mwmmmwmm\wxwwwﬁm 1210 BABSIBRUB 4 £00T ‘St Ay 2007 ‘¢ Ay $E9°E68'9 | SN
BS19£000 MBM-NVS . 00T o1 11 sun bt y
7S (95000 MBM-INVS OB ot saquisno boct 1L emm Boas8VY | SN
ﬂwmmmmmmwwwﬁm Suenyy 100T pz judy 0007 ‘¢ judy 1662229 801
TY19E000 MPM-INYS S661 T o ort )
"8119€000 MPMAYS oA s queidag root TN covgrys ) s
NNM%NWWMNNMMMN T2 10 NSRUIOAY se6l '$T judy o6t ‘g1 sunf sLroiv's | 8N
wwmwmmwwwmwﬁm BQRUTLY | {661 67 199010 1661 ‘g Adenugf LLETIO0S S0
mmmmmm....wm%,mmw R WSSO | {661 'RINGOI0 | 6861 114990100 006°¢50°s | SN
000 YA Y

PeeTEDDD_MBMINVS fereweAn] | [e6] ] Arenuef | 6861 ‘6 Alenigeg STS'I86 | SN

~ZLETE000 AT MINVYS

suonpeoipidy 30318 DUV SJHIIBF 3V J0LL] 1 3B,

suoIEdgng pur ‘sucneoyddy 1using ‘S1uavy 1Y 014y

'V

Patent Owner, W& Wsens - Ex. 2034, p. 84



b d CLT0T XH - SEIS AP AL SUMQ Jusieg

€1

mwmmwmmmxmwwwmmw 121 UCSIM | 600Z ‘3L ISNSTY | 9007 "£1 JequiRda(g YOYOLS'L | SN
wm mmmmwwwwﬁw e 39 nSH 6007 ‘8T [HdY 9007 ¥ 339010 OLUSTSL | 8N
e ve omnfny | 6007 17 1ady S007 ‘T WOTEIN LeLTsL| s
mmmmmmmxwwwwww 12 10 U0y 600 v judY | L00T ‘O Arenuef TLIBEISL| SN
MNMM%W\'MMMWMM 1€ 10 NSEDSTY 600T ¢ Y2ae $O0T ‘g Aqnf PLS 86T L 511
mwmwmmwwmwwﬁw TeI2 SIPM ‘ez 1 @&M,MM 00T "1 oquidsag Tov'osy'L | SN
DIES000 MTAYS PEZ| g mquendog | 0T SUMION] L) 53
wmmm Mmmm%wwwﬁm B 1B nygD 9007 T wniny POOT 1 Ay 866°£30°L 311
wmwm%mm\wmwwﬁ (B30 HaAsioy 900T ‘€T AN #00T “0€ outy 0v9'er0’L | 8N
wmmmmmmmxwwwmmmw '[& 19 BuRWOpUI] $00T ‘61 Ay F0O0T 1 1HdY 6096160 1 SN
OLEDE000_MBMTINYS JLRERe S00T °G Amnf p00T 9 Kepy 00'F169 | 87

“8619¢000 MBMINVS

Patent Owner, W& Wsens - Ex. 2034, p. 85



§ 4 LT07 XH - SEIS AP AL ISUMQ JujRg

vi

DELEE000 MPMINY S

~G0SEE000 M MINVS B8 enng 10T 'S AInf | 6007 vT equsiday S88TLEL | SO
ww mmwmmmxwwwmmw RERSRLELE LEOT TZounf | LOOT ‘LI Avenugf STeY9e’L | SN
memmmmwwwmﬁ B0 110z °s pudy BOOT '§1 dunf 18L°026'4 | 50
wmmwmmwwmwmmw T 10T TT PN 80OT “¢1 oung $96°016°L | SN
wwmmwmxww%wﬁm ssojsuaBBeq | 1107 T Amwrugay Y00L ‘61 Ay SST088°L| SN
wﬂmwmmwwmwwﬁm 113 0UIS0 | 0107 *L 18qusdR(] 800T ‘T Ay OELYRL | 8N
Mwwmwmmwwmwwﬁw e 10 g 9z Eaﬁmﬁwmm LOOT '8 YRIB £61°008°L | SN
Mmmmmmmwwmwﬁm B39 RAOWS - Emam%m 8007 ‘91 Iequiadog 989°S6L’L | SO
Mmmwwmws\\%mwwmw e 1R weN 010T 0T At 00T 0T dun( goL'eSLL | SN
,WMWMHWNMWIMNWM%MWMW eI Buey OLOT 11 Aoy 9007 ‘9T sun{ BOCHILL | SN
Nwmmmmwwﬁﬁym e 3e Suesy 0107 ‘0z 1y £00Z ‘61 [udy 629°10L°L | 80
mewmm\wmwwﬁm (RIS WOBAN | 010T ‘6 AnIgR | L00T S $0quusoa(] LT96S9°L | 8N
,wm%wmwm;wwwwﬁmmm 9GO | OLOT 71 Awnuep | 8007 v oquindag EPeOreL | SN
LLOBLOUD_MBMTINYS 1838 URSION | 600T ‘LT 99010 | LOOT ‘0T Jequiaidag PZ8'900°L | ST

“9908L000 MBMINVS

Patent Owner, W& Wsens - Ex. 2034, p. 86



9 4 “LT0T XU - SEIS AP AL ISUMQ JujRg

STERL000 MPPM-INVYS

01 £8E000 MWMINYS

<

Z10T LT YRR

13

G007 ‘L1 2qusosd

< <

L8O CPL E

C1EBE000 MBPM-INVS
FOEREO00 MBM-INVS

230 peneyg

TL0T 0T Yoigy

1107 F1 Amnugay

3 4

£L0BEL 3

S0

€OL97000 MBIV
-6878£000 MBIV

18312 04D

Z10T "9 YoIew

{007 ‘1€ 180100

01L°6T1°8

51

BBIRLO00 MFM VS
-09T8£000_ MPMINYS

opsngny

7107 17 Arenigeg

6007 “€1 HorBpy

6LO0TI'S

6578E000 MTM-NVS
“BPTRE000 MW M-INVS

HoLo))

7107 ‘17 Aenigsy

6007 ‘vl IsaBny

PEP611s

LYTBL000 MPMINVYS
“O7TEL000 MBMINYS

RN

7107 “i§ Avenuef

LODT 1 € 12quassg

682°901°¢

STTREO00 MBM-NVS
-6178£000 MPM-INYS

1210 IBoTy

7107 ‘01 Awenueyp

8007 ‘g wHEny

3 <

B8P €608

EPPEL000 AT MAVS
FEVECO00 MBMINYS

® 18 BIRGenD

1107
7T RQUIBAON

6007 "9 IBGUIBAON

PIPE90's

CEPLL000 MPM-INVYS
“O0PLEN00 MBACINYS

BUR LRI ERTGEN

1107 ‘1 Rqusaon

L00T ‘§1 euny

£O7'60'e

B1T8E000 MBPM-INVS
“GOTRE000 MIPM-INVS

12 19 BLIOS

1107 81 3840100

0107 ‘61 judy

0086508

POZSE000 AMBANYS
“LLISE000 MBMAVS

e 30 Bpng

1107 11 434010

6007 "7 Fequeldsy

P8I sE0's

665££000 MY MINYS
~T8EEE000 MPMNYS

81wy

107
‘o7 Rqudsg

LO0OT "L1 1n8ny

06£770°¢

IBECC000 MBPM-INVS
“19CCC000 MBM-INVS

12 18 JERBATIO N

1107 ‘¢g 18080y

LO0T "1 1 Arenuey

£88°€00°8

09££L000 MPAINYS
"LEELe000 MBAMCINYS

e deg

1107 ‘T1 Anf

6007 ‘07 1snsny

LEYLLEL

Patent Owner, W& Wsens - Ex. 2034, p. 87



LG LT0T X - SEIS AP AL WISUMQ JEjRg

o1
Mwwmwwmm\wmwwﬁm 839 98I0 ‘o1 .EEMMM 010¢ ‘8z 18nsny Ls8'8EE'8 | 8N
m. %mmmmwwwwﬁw 1819 J1OYIN 47 10 ﬂammm 110T ‘L7 Arenuef 0OV PIES | 8N
e RN | T10C 9 RQWIAON 010¢ 7T aung 65Lv0E'8 | SN
MW%%;MMMWMN B IR SRURNRL | CIOT TG00 | 0107 §T Woquiideg 61S°6LT SN
edienec AN I CEERL LT B 6007 ‘6 YOIUIN £0£'%697°8 | $0)
wmmmwmmwwmwwﬁw 1832 J91q9RD 4 sﬁaowwmm L00Z ‘01 1udy L5S°RSTR L SN
mmwwmmmwwwmﬁ T8 33 way) b EEM%M 8O0T L1 4290100 L66°LST8 | 8N
memwwmwsmwmwwm I TYD | ZIOT STINENY | 6007 YT wquisidey HzesT's | 8N
WMMMW%MINNM%WMN RIS SBNRISTOW | ZI0Z 'L ISNSTY | 1107 €7 Bquieidey SLILETB | SN
mwmwmmm%wwﬁﬁym R YN TL0Z “1E Ay 6007 " dung L197€T8 | 8N
memwwmm\mmwwﬁm 2 10 suakorg CLOT L1 Ay 6007 ¢ (1dy PEIPCZE | 8N
mwmmmmmﬁww%mmw B3R Fuoy) 710z ‘7z A 6007 'L Amf zio'esl’s | SN

CLEBEDO0_MFMTINVS enng 2107 'S AP 600C ‘£ 1dy 6s0PLIS | SO

“97e8L000 MBMINVS

Patent Owner, W& Wsens - Ex. 2034, p. 88



8 4 °LT07 XU - SEIS AP AL ISUMQ JujRg

LLOBEO00 MPM-INYS

~Z968E£000 MWMINYS

10 Sury

<

PLOZ b YOI

<

1107 ‘97 A8

< <

GEL P99 E

1968C000 MFTM-INVS
“8688L000 MBM-INVS

T2 18 Wy

y10T ‘sz Merugey

3

0107 gouny

3 4

LE0 6598

S0

LGSBEOO0 MFMNVS
-9L88£000 MBMINYS

8 13 0J0WEN()

107 ‘T Arenuef

6007 ‘6 Areruef

1S6°L£9°8

51

SLBREO00 MFMNVS
-6S88L000 MPMINYS

810ty

€107
‘G IequERnagy

6007 ‘8T 1800y

- 3 3

6P 098

8588000 MBM-NVS
~LEBREO0D MBAM-INVS

219 peqy

€107 "7 pwusny

6007 € IBQUIBAON

017°615'8

9L9LL000 MPMNVYS
“OFOLL000 MBACINYS

RLECRI

€107 ‘g1 wndny

(0107 “LT 2qwess(

0P8 L0S'S

SPOLE000 MBMINVS
~pTILE000 MPMINYS

Oz

€107 ‘91 Ay

[10T “11 1smgny

3

96E L8P

e

9£88E000 MFAMNYS
“TLLREO00 MBMINVS

TR 18 Wry]

€107 7 Ay

0107 "g suny

LEG'OLY'S

LLLBEO00 MUPAMCINVYS
"LPLEEN00 MBMCINYS

239 Uy

8007 ‘01 USIBW

TO8TLY'S

ETOCC000 MBM-INVS
“86SLL000 MIPM-INVS

e 10 aeg

£107 ‘L Ay

6007 7T 39quiRda(y

OPL3E000 MBAINYS
~7898£000 MBMAVS

1Bl Wil

€107 ‘ot [dy

010T g aunyf

18985000 MPMINYS
~8S98E000 MPMNYS

S

£107 ‘6 ady

600 ‘L1 Arenigoyg

LOGECO00 MBM-INVS
“90CLL000 MBM-INVS

NCEERIDY

£10T ‘97 Mwrugey

6007 ‘L 4940100}

LOOPRE'B

5955000 MRBMINYS

(2220 4]

€107 7T Avenueyf

6007 ‘11 Jaqueideg

096°LSE'S

Patent Owner, W& Wsens - Ex. 2034, p. 89



6 4 LT0T XH - SEIS AP AL ISUMQ JusjRg

81

ZOTHE000 MMV S

<

<

< [P

9L 165000 MW AAYS TeROEIBN | G107 11 nAny 10T VT YosB 68L°s01'6 | 8N
wm _mm%wm;www%”mmm 1812 ouuoy SLOT 'grounf | €107 ¢ Aenigay $50'650'6 | SN
wwwwmmmmmwwwmww s §10T 5 ABN y10T 7 Arenuef PLO'STO6 | 80
Mmm%mwwmwmmw R | SI0T I YMEN | £107 'y lequisndag 9e1ve6'8 | SN
,ww wwmmmmxwwwwﬁm B39 BOWRY S10T '€ 42BN 010z ‘0t 1Hdy 658°L96'8 | SN
wmmmmmw'%www%w R IRUYRM | SIOT LT ArenuRl | TEOT T Rqueideg £0Z'176'8 | 801
wmmw%mwwm%wﬁw myg | 10T LT Avenueg 010Z 9T Ay $00'IPe'8 | SN
wwwmmmmwwmwﬁm Ewuosdr]| plOz p1 900 | TI0T 91 Aenigeg 606°198'8 | S0
) wmeMmme\%mwwwm B3 1800/ ‘o1 10 ﬁamwmm 10T ‘ST yoiep $O6'5E8'8 | SN
Mm MW%MINNM%WMMN 830 380l ‘“ 10 %%wwmmm LOOT S YRR 995°678'8 | SN
momwmmm%wwﬁ%\m 1oquy ‘ Eam%m €107 ‘1z s08ny Olv'6z8's | 8N
mwmm%mm\wmwwﬁm (B 10 SSEURM PLOT AN | TLOT 0€ 299010 £29°TLL8 | SN
mwmwmmmxwwwmmmw '[B 3 yOsPRUES P10Z '8 AV | 6007 ¥ 9quiidag [0£769'8 | SN
O0LELO0D_MBMINYS TR WY | pI07 T YRR | 0107 ‘€7 Arenigay 1Ly'oLo's | 8a

"LLOLE000 MBMINYS

Patent Owner, W& Wsens - Ex. 2034, p. 90



OF "4 LI07 "XA - SUSS AW AL UM Juageg

60PGE000 MPM-INYS

“6REGE000 MW MINYS

12 30 BROC

3

LI0T €] sung

1oz

L

[ ¢ 10QI80a(]

< [P

Gr0 0896

16BEC000 MFTM-INVS
“GLBELO00 MBM-INVS

T8 10 URpURI(

L107 $1 Yy

F107 ‘11 1sndny

3 4

96656

S0

PLSEEO00 MFMNVS
-8Y8EE000 MBMINYS

O]

L107 ‘P Arenigeg

£10T €1 yodepy

909°895°6

51

BBEGL000 MFMNVS
-0LE6L000 MPMINYS

{818 HYSIN

9107
‘G IBGRIBAON

0107 ‘7T euny

TF 9616

6966£000 MTM-NVS
“OFE6L000 MBM-INVS

1239 oy

9107 ‘61 Ay

107 ‘¢ Q010

687°56¢°6

SPEGL000 MWA-INY S
"8676L000 MBAMINYS

12 19 2108 1S

9107 ‘97 judy

(107 ‘77 12qwess(

168'v72¢°6

L6T6€000 MBMINVS
“08T6E000 MPMINYS

12 1@ BRI

9107 ‘71 judy

07 6T IBQUUSAON
i LC ls7@ |

GLT6E000 MFAMNVS
~LSTOE000_ MBMINVS

RINTIO N

GI0T “¢1 Yooy

$107 "g7 ouny

LPELLO00 MPAM-INYS
"LESLEN00 MBAMCINYS

18 15 0GRUBIE MY

G107 ‘6 Arenige g

1107 ‘57 S8

95768000 MBM-INVS
~8ZT6L000 MIPM-INVS

BECREIA

9107 ‘71 Arenuef

£107 81 42BN

S 0CT6

LTT6£000 MBAAYS
“T1T6£000 MBMAVS

BSTISIOWUIYS

9107 ¢ Arenuef

CI07 9 IBQUIso(

610°1£2°6

11265000 MPMINYS
~£0T6£000 MPMNYS

10 AL

G107 S Asenuep

y10T "17 389000

F101£2%6

97BECO00 MBM-INVS
“FIBCL000 MBM-INVS

I8 Jo pEpPPEH

S10T ‘g Joquipney

107 ‘61 WOWSAON

SPE60T6

C18£L000 MBMINYS
"9SLLE000 MBMINYS

12 1o TgseArqoy

SEOZ "9 14010

€107 ‘p1 Arenuef

019°¢ST'6

Patent Owner, W& Wsens - Ex. 2034, p. 91



114 “L107 "XH - SUSS AP AL ISUMQ JuRIRg

0T
6EBSE000 MPMTYS | 10 o covorunps 1 9007 o | NI

- e € 10 50Y8[RIRS . . COOZ ‘91 1yosE PSGLOTO/900T S
A OSCL000” MW MyS | (B0 SONEIRES] 2 soquioidos SO0T ‘91 WOIBN | LPILOTO/00T | S
8881000 MBMINVS , n n

- B 13 OBL 900 ud S RRI4 6859L00/9007 S0
ZIRLE000 AME M-IV i 3 9007 ¢l eV S007 i 4R /900

[L81E000 MBAINVS
-7981£000 MBMINVS
£981£000 MM VS

eI RN | 9007 T1 Atenuef £007 p1 sndny ££68000/9007 51

. . : REREREEN R CONZ ‘07 AN O07 TC7 13010 LREGOTOH/SO0T SN
6£RTE000 AP A-TNYS {8 1o TIENBINA] SOOT 97 AN YO0 T G010 5010/6007
SERTL000 MBAM-NVS . o - - . P

_ 10 USRURYR CO07 ‘61 ABIN ; Iaquaydos LOLO0TO/SO0T N8
LZRIE000 MBM-YS | L e aEIRL 002 61 N | ¥00T L2429 5 >
OC8IL000_MZAMINYS TER US| $00T P HOGORO Y0OT ‘9 ABN CROTOTOPO0T 81

~LOSTE000 MPMINVS

SORTE000 MBIV S ) - - o ]
; PIE7 | p00T S ABruge | 007 I JSGIUOACN | 79012004007 | SN
~BOLTE000 MIPM-INYS IRz vo0T o4 | T00T 5139 01200/

LOSSE000 MBAMINVS 0707

7SCE000 M AM-INYS T8 12 BPON ‘c] 1QUBSA( p10z ‘st judy £rE€998°01 | 80
ww“mwwmwsmwmww%m e vheyy ‘0z EEW%M $10T 0g dun( 976 PELOL | SN
w mmwnmmmﬂww%mw B8 9NBuld | L107 L J9GURAON | 8007 0E SdquiRidag zsicis’e | 8N
MMMMWNMNWMMM%M T2 EpnSYN | L10T ‘LT 9GOP0 10T ‘07 dung LSy'veL'6 | 8N
mwmwwmm\wmwwﬁm 1R 10 Buey 1 g,%mwmm £10T 1T Ye 9vLI9L'6 | SN
mwwm%mmxwwwmmmw UBBIOW | L10Z 6T ISUSTY | €107 1 SquanoN Q0CBYLG | SN
OLOLLO0D_MBMINYS wedeg LIOZ v AIf | 9107 ‘9T YoreIy S67'369°6 | 801

"CO8LL000 MBMINYS

Patent Owner, W& Wsens - Ex. 2034, p. 92



T1 4 °L107 XA - SEBS A AL TSUM( JumiRg

17
PPIZE000 MBIV . . P U B
- YR 2 19 10JqIBE 0107 ‘€1 AR c oy nad TARLS), ; S
L O1PE000 AP ATy I¥ 15 109980 10T ‘€1 ABpy £00T 01 1udy | 8OILILOWI0T | S
DOICE00_MPMINYE | o upiswoog | 010z st 1Ay | 6007 ‘PZ PqWRIMRS | €pp6800/010Z | $A1

~9S0TE000 MBMINVYS
£L00V000 MPACINYS
~£L00V000 MBMINVS
SSHSE000 MIPM-INYS
~ZTOSE000 MWMINYS
17655000 AT MINVS

sung | Q107 ‘11 Arenigeg 6007 C 1I08NY | 9847£00/0107 51

‘oo uny 6007 "9 1endny 6007 ‘¢ ABnIgad | 091v610/6007 SN

ECSCE000” MB M-IV 10 Legoy 600T ST AUNE | BOOT ST PQUISRQ | £216S10/6002 | SN
mmmwwmmwmuwmwﬁw EARIYS] 6007 “p1 ABN | SO0T “1TFequeod | 90LITI0/600T | 81
wmmwmmwwmwwﬁw e 38 suaydals | 3007 v JOqUIe(] 8007 ‘LT ABN | Z8RSGTO/R00Z | SN
mwm Mmmmwwﬁﬁm TR0 BUBM | 8007 €T 8GO0 LO0Z ‘61 1HdY | 18665T0/200C 31
0961L000_MFMINYS | 1o 10 pojosneagy | 3007 ‘6 2900100 LO0T "€y | 9019bT0/8007 | SO

“TEGTE000 MWMINVYS
ZSRSE000 MBPM-INVS
~LPRSE000 MPM-INVS
1E61£000 MBMINYS

URH | 8007 ‘§7 Amrugey LODT 1T wrdny £RTRYON/800T S0

v 12 13 ZO1MBIZIE 007 ‘9T Alf 900T ‘07 Arenuef | 9Ly0L10/L00T o]
SL161£000 AR M-TAYS i ! 1Z15y LOOT 9T A (e 0/ L
GYRCE000 MIPM-INYS i i eer P - v .

. ; ® 13 9550 0 A SOD RQUIBLSC SRTLSTO/LO0T SO
OPESL0n0 ™ AP MANYS f W LODT 'S AL S007 08 eg G| 6877510/L00T
9161000 MBPMIAVS e . e . ) .

— PMBRISEE] | Q00T L Joquisas } Agy RCECLTO/O00T SN
00615000 B M-TAVS H | 9007 ‘L 429 { 9007 1L ABIN | BSEELTO/900 S
0 MY S 90 .

SO61£000 MPMAVS 210l 5007 900Z 92 PN | 0£51920/900Z <n

“5881£000 MBAMIVS ‘€7 I8QUIBAON

Patent Owner, W& Wsens - Ex. 2034, p. 93



€1 4 LI07 "X - STSS AT AL BB JuRgRg

6057000 MPMINYS

I3

ORPTE000” MR A-AYS 2IBYOUNIS | 7107 ‘6 Aveniqe F107 2180y | 611EE00/210T S
Mwmmmmmxwwwmmw nohjAsep | 7107 ‘61 Awnurf LLOZ 2L AN | 1PLT100/2102 SN
wwmwmm%wwm«w REEERS ‘67 10 naw,,mm 1107 T A8 | 886STE0/110T 801
3 mmwm%mwwmwmmw WG | 1107 0T 1990100 | 6007 LT PQWRAON | 80TL5Z0/110Z SN
mmmwmmmmxwwwwww 32 seBujH 1107 "0 129010 0107 "0€ URIN | 6600F70/1107 Sh
WMMM%WMMMW%M 1232 peppRH 77 @awwmm 0107 ‘21 sequeidsy | §C1L7T0/1107 811
ﬁ“mmwmmwwm\wwﬁw RERER 77 1 %Swwmm 0107 ‘71 JQWOACN, | LE£69TTO/T10T SN
mmwm%mmwwwm«m 1230 IUHa 1107 “€73Ung | 6007 L1 1qU03 | LLYLYPTONTOT 81
mmmw%mws\\%mwwm 719 0105 FI0Z ‘T Runf | 0107 ‘67 SOqURAON | 1689Z10/110C St
WMMWW%W;NNM %‘Mmmm 12 39 ORI | (10T ‘6 SRquRIe(] 6007 ‘6 ArenuRy | 8ZHROLO/0IOT SN
@zwwwmmmwwwﬁﬁm B30 DeZRR R | 0107 ‘6 Jquuesa(y OIOT LT AR | LSSLOE0/010T 801
me%mm\mmwwﬁm 18 35 O0WRLI L ‘a1 gﬁmﬁm 9007 ‘€1 10quass( | £016820/010T S
Mmmmmmmmxwwwmmmw ERAL OLOT "L19uny | §00T ‘g Ioqueda(y | [ZT8YIO/0T0T SN

8512£000 MBMINVS [erresy 0107 LT AR 2007 ‘97 1dY | £S1L710/010T 801

“oP17e000 MBAMINYS

Patent Owner, W& Wsens - Ex. 2034, p. 94



PE 4 LI07 XA - STSS A AL BEMQ Juageg

a3

OLLTEO00 MMV S

Degsseoncoyniinbd BERECITLALI G 10z ‘81 ADf | £107 Pl Amnueg | c9iz8Io/ElOT | SO
wmwmmmmm&%%mmw 210 TSy €107 7 BN | 0107 77 0qWR0a() | [76S010/S10Z | A
wwwmmmm %MNN-WMMN erenduid | c107 81 MY | 8007 ‘0¢ qwaidosg | s98p600/€107 | SN
mem%mw Mwwmw‘mﬁ 215 BqEpng €107 b 1udy | 710z 71 oquardag | £pez800/S107 | SO
wmwmmwmxwwwmmw jeloueH | £1o7 L1 Aenarg| {1z ‘0l Arenuef | $I8p100/£107 | SO
WWWMM%WMMMNW%M ‘[ 19 1SGRL] ‘] 3 @M%m 7107 ‘S KB | 1ozelo/zion | S

LSOTE000 MBM-INYS
-0797£000 MPMAVS
5797£000 MBMINYS
~S09ZE000 MBPM-INVS
YO9ZE000 MPMINYS

1238 e33BIS | TI0T 1 I0qUBAON | 10T L1 JOquiasa(] [RESIHAVARVI S0

wuosdiy | ZIozczwnsny | 7I07 o] ARnIGe | SOpCITOIINT 48]

657000 MR ANYS YO TI0T 9T Ay 1107 TT AL | 8E998I0/TIOT | Si1
%%%Www%mw RERERL S TLOT IZUR{ | Q10T +140queoaq | 616¥S10/C10T | SN
OMMMMW% \MNM Nﬁﬁm BEESRUN TIOT LT 3URf | G107 1T IRGWS0d(T | PTIESIONIOT | 501
w%w%mm WMWM‘WWW B35 ARy T10T ‘pieung [1oz oz eung | ZLIOVIO/ZI0T | SN
1809£000_mBMINYS B39 JojAes T10T 01 AvN 10T ¥ A2 | 96€1110/C10T | SN

~1909€000 MBPM-INYS

CPSTE000 MBAINYS
“01572000 MBAMCINVS

g Z10T "1 YoIe [107 ‘61 18080y | phO6v00/710T 5

Patent Owner, W& Wsens - Ex. 2034, p. 95



ST 4 LI07 "XA - SIS MW AL BER Juageg

Ve

88RESTOO0 MBACINVS

"STESTO00 MBAM-INVS

18 10 prodiny

010 "o suSny

6007 07 Amnigs g

iy
Y18600600701

PEILEO0C MRMINVYS

"CTLLEN00 MBACINVS

COLYE000 MBACIANVS
0697000 M M-INVS

RERERIAT

€10z ‘L1 pdy

¢

2107 8¢ J=eqeds(j

867050801

CTLOOFO00 MFPANYS
-$5007000 MBMINVS

12 10 015y

S10T ‘g7 wndny

£107 ‘0¢ dung

HTLE00VE0]

OY66£000 MM INVS
~Z0665000 MPMAVS
009PZ000 MWPMINYS
09557000 MBMIAVS

18 19 oty

€107
07 IBGRIBAON

£107 ‘0¢ oung

VIL800VE01

N3

PZLSE000 MBMINVS
“6L9S£000 MPMINYS

T8 33 Ui

2107 g7 euny

LI0T “0€ 3200130y

SO08TSIO/I0T

S0

STOTEO00 AT MAVS
“6¥8TE000_ MBMINVS

1230 Buep

9107 °¢ A2

y10T ‘77 Ao

18E9Z10/9107

8YETEO00 MRACINYS
“1E8TE000 MBMCINYS

R 10 pneusg

Q107 ‘17 Asenuey

10T LT Aetugay

LEGS100/910C

Z06LE000 MBM-INVS
“093LE000 MIPM-INVS

T2 18 Wy

$107 ‘67 12q0100

ST07 LT 1udy

1OPTIEG/S 10T

£3TE000 MFMINVS
~£78TE000 MBMAVS

B Lo1g

$107 ‘97 Arenigag

p107 ‘17 18080y

£T6LS00/S10T

ZIBTE000 MM INYS
~POSTEO00 MPMNYS

1219 Sgy

107 ‘o7 euny

Y07 ‘17 wqusssg

TLECLIONIOT

EOBTLO00 MBM-INVS
“1LLTE000 MBM-INVS

oqnyy

€107
‘97 1wquusda(y

£107 ‘g wudny

65842000 MPAMINYS
"CPELE000 MBAMINYS

2R uyy

£107 ‘¢ Iqmeoag

€107 ST yorep

GLPOTEO/C10T

Patent Owner, W& Wsens - Ex. 2034, p. 96



91 4 ‘LI07 "XA - SIS MW AL BER Juageg

CCEPE000 MBM-INVS

"96LY 000 MBACINYS

I8 10 BuuRALTY]

<

007 '8 Anf

¢

7007 (€1 IBqueddg

VLTSe61-v00T

&

SOLVEO0D MIPM-INVS

“LELPE000 MIEM-INYS

T2 18 BpRAA

<

£007 ‘6 AEIN

[00T $T 2G0100

FISTee1-800T

98LYE000 MTFM-NVS
“COLPE000 MBM-INVS

233 RPN

£007 ‘1§ Apnurf

1007 "L1 A

VOGLIE0-£007

CO0LZO00 MWMINYS
“5S0LT000 MBATNVS
17997000 MBMIVS
~POOOT000 MBMINVYS

e 12 BpRIBE]

T0OT "7 1990120

1007 ‘6 11dy

VOLIPEE-T00T

&f

60£5E000 MPMNVYS
“10E52000 MBACINYS

BPOL

6661 ‘1T Al

L661 97 2qusss(]

VOORSOI-TIH

00ESE000 MBM-INVS
~£6TS£000 MPMNYS

EpOL

6661 17 Af

L661 97 PGB

VOIgsol-11H

df

T6TSE000 MFANYS
“Z8TSEO00_ MBMINVS

B 0g

L661
‘61 wqusdeg

S YOIRIA

VORSOVT-60H

df

LBTSL000 MPAMCINYS
0978000 MBMCINYS

1839 WonF o

L661 L1 Asenuey

$661 ‘g RQuusss(

YE66L10-60H

df

SEESE000 MBPMINVS
“ELEST000 MIPM-INVYS

BERCRALR LN

pR61 ‘L7 Arenuef

I861 ‘61 Ay

SBEO1-05S

df

!fr

M;mmaoozﬁ%ﬁawﬁm
-6E557000 MBM-INVS

AH XN

0107 "L dy

2007 ‘1 100100

IVVLi6TL1T

dd

8ESST000 MPM VS
~T6PST000 MPMINYS

1819 RANSIEY

9661 ‘pi Arenigeg

Seel ‘g isndny

IV LPL9690

LOVST000 MBM-INVS
“CBYSTO00 MBM-INVS

“[e 12 Apuogay

¢861
¢ IBQUIBAON

7861 ‘6T judy

1g316¥900

dd

99PL 7000 MPAMINYS
“6SEST000 MBAMINYS

yoszinetyy

$10T 07 Ydre

7107 ‘b1 gueidey

44

Patent Owner, W& Wsens - Ex. 2034, p. 97



LT G CLI07 YA - STSS M A BRQ Juageg

9¢

700SE000 MFMINVS
“886PE000 MPMINVS

e naBe A

80

07 L Aerugeg

LO0T 01 1301y

YIZYET0-8007

Jdf

L8OYE000 MBACINVS

0LV E000 MBM-INVYS

wondouy

LOOT "7 18G0I100

[

9007 ‘01 judy

YOOTI8T-L00T

daf

GLLST000 MW MAYS
“T1L9T000 MBAINYS

OO

LO0T ‘81 900

9007 ‘I £ UOrEN

YIEEELT-LOOL

df

(1257000 MFMINVS
~7699T000_ M M-INVS

T8 10 BRI

LOOT "87 suny

5007 "6 JoquiRda(y

Voseeoi-Lo07

df

TS69Z000 MBMINVYS
“FS697000 MBMTNVS
16997000 MBM-INVS
69997000 MPM-NVS

T8 10 pmREosely

LOOT $T Aoy

SOOZ 7 IBGUIBAON

VIZ06T1-L00T

OP6rE000 MFAINYS
“EE6VE000 MBMIAVS

T8 12 ovhey

LOOT 'S YoIe

$007 ‘p7 1sndny

V1965074007

ZE6VE000 MWMINYS
~£T6PE000 MPMINYS

vrmefossy

9007
‘b1 IRquERnacy

5007 ¢ eunyf

[e

FEESHEL-D00T

L6V 000 MFM-INVS
-006VE000 M M-INVS

12 30 OUBITH

906¢
‘b1 1equeidoy

SO0Z Ty

VESLev-900T

df

LOOOY000 MRMINYS
-IP66£000 MBMTINVS
G68YE000 MBMINYS
~ESRPE000 MBMNVYS
89997000 MIPMIAYS
~ZT997000 MWPMINYS

‘18 30 NSIUBSEN]

Q00T 67 duny

POOT ST Joquisdagy

VOULeLi-9007

df

S8V E000 MBM-INVS
“LEBVE000 MBM-INVS

12 13 BWURAOY

S00T "91 dunf

€007 ‘07 IBGUUSAON

V0065175007

df

9L8FL000 MPAMINYS
“EC8TL000 MBAMCINYS

139 1ysy

7007
‘11 IQUISACN

£007 ‘¢t udy

V99611007

daf

Patent Owner, W& Wsens - Ex. 2034, p. 98



81 4 ‘LI07 "XA - SIS MW AL BER Juageg

~~
[

MNNM%WMMWW\MNW TBIRBPON | €107 SIISUBNY | ZI0T TE Amnu[ | VI9SLSI-€10T | I
wwwmmmw\w\wmwmﬁ 18I0 DyESES | €107 v Awnigeg 1107 7080V | ¥pogee0-€107 | df
rwmwmmmnwwwwww OIOWOU ‘el Esmwmm [107 Sz Amnigod | VLSPSLISTIOT | i
NM Nwmmwwwwwﬁm BLESRECE SN LEOZ ‘w1 AIPf | GIOT §1 10queoaq | V8S06EL-110T | df
Mwmﬂmmwwwwwﬁw T2 12 BWIITH F10T L AI0f | 0107 PTI9GIWSAON | V8SOSEI-T10Z | df
ﬁwmmwmmwwwwwm BnsiQ L10T 71 1Y | 6007 0f 29queideg | VOLELLOTIOT | df
wwmwwwmmswwwwmm ERBIAGY | 0107 b1 SGORO 6007 ‘9T YMBIN | YYOITEL0L0T | df
wmwwmmMWmW|NNM%mMN BUWBACHO A oy Eam%m 6007 "LLWIBIN | V6OVTITOL0Z | df
Mwmmmwmmwwwﬁﬂwm ey - EEM%M 6007 "6 YOTBIAL | VLPEZIZOI0Z | I
mmmwmwmmwmwwﬁm 12 10 BINWIS] ‘o] %%wmmm BOOT 8T AIBQIGRT | WHOE90T-600T | df
wmmww%m;ww%mmw R 6007 "T19URY | L00T LT I8GUBAON | VOLZOSI-600T | df
WWWNMWNWMMMWMMW R I3SSIOI | 00T b 12qUus03Q 9007 'STUN{ | VESSHISR00T | dAf
610LT000_MPMINYS

mmmmwwmws\wwwwmm 1810 81840 - @MMM LOOT ‘81 2unf | YZOSIIE-BO0T | df

“LLLDTO00 MBMINVS

Patent Owner, W& Wsens - Ex. 2034, p. 99



61 "4 LI07 "XA - SUSS MW AL UM JuagRg

3T
mmwm%mmwmwwﬁm 219 RSB 110Z “v1L AIDf | 0102 ‘L1 10qusoag] PLOERO/TIOT | OM
wwmmmmmmxwwwmmw REECRLE Loz Ty | 0107 51 1eqo1a0y 6SELPO/TIOZ | OM
wwmmmmmwwwwﬁw ARITRN 0107 ‘g tudy 6007 1 1990100 0£8LE0/010T 1 OM
wam%mw%@wmmw ‘12 30 nuesuny BOOZ TABIN | LOOT vT990100 | L90TSO/800T | OM
mwmwmmmmxwwwﬁmw TR0 BNONSRIL | 6007 ‘61 YOI | LOOT ‘71 ioquioldes £TOPEO/600T | OM
MQMM%WMMMWMM 639 YOI | 9007 ‘L 10quusds( 9007 ‘g1 judy LTFETI/O00T | OM
Mwwwmmwwm MMHWMW e1e oY) Yoo ﬁamu%m 6007 ‘LT Uy | §HCSEI0-0I0Z | ¥
WMWM%NMMMMMMW wiys | 8007 11 snsny LOOT"C AR | THGSLISROOT | WM
WWMW%NMIMNMMWMM e 10 wry | Eammmmm €007 ST AnIged | [€£9L00-4007 | WM
WMMMmmN;NNM%mMN 218 W0 P00Z 0 IHAY | Z00T P IRQOIND | SECOL00-F0O0T | WY
wmmmwmmmwwwﬁﬁm REEER N v00Z “T1 Af 7007 ‘ST Bunf | [H09L6EV00T | UM
Mmmwwwmm\wmwwﬁm T8 10 OjouEN G 10T ‘o7 Aoy 6007 ‘6 Asenugf 1L0880/6007 | OMdl
Mwmmwmmm;ww%mmw T 1@ epeiey LO0T 6 AvN 100T 6 Judy (43 AL ITALTS df
COLTO00 MBRAYS . €661 O — VeTLEhecO ar

“0C0LT000 MBAMINVS

7 IDQUIBDO(CY

Patent Owner, W& Wsens - Ex. 2034, p. 100



07 "4 LI07 "XA - SIS AW AL BMQ Juageg

6C

LTOPEO00 MPM-INYS e e S P10 ¢ vy G v IR

- € 35 Sug/ ) o 107 77 A TOT ;
SPPE000 AT ATAY'S g1 M L7 IBQUIACN 7107 TT ABN 681061/710T OMm
CLYYE000 MBM-INVS 4 y1oT o Koy e \
lwmvvmesmv.l}‘f\%glvﬁﬁwm m.mw e wﬂﬁm.ﬂ@m FNH .MQAME@\NQQPW .WW,ON L ué.mm,m.m.whw@nw NCO@M\M\?MCN Mv>>u
LOSGENCC MZBMINVS ) cIo7 ‘ .

© 10 aqruwie, . 7107 ‘07 sun 9006 1/€ /
SPR6E000” MBAITYS | 1B SaTuEEA 17 B 10T °079ung | 9PO06L/EI0T | OM
ETPPE000 MBM-INVS €107 . c .

- . ) WISy . ) €14 sun 7E6 37 /
L CPE000 AP MTAVS PUILM T g 10Z ‘g1 oUnf | TEE6SI/EIOT | OM
88HYE000 AT M-INVS e A 10T e £ . RN \
€ LbbE000 M MAAVS 2 19 vowng 21 pquadeg | PI0T LT ABU®L | ZZO9EL/LI0T | OM
MNWMM%WMMMWMM BWEPO | CLOTIWNENY | €107 £7 Aenvef | CLITIHEI0T | OM
/ m } m d 6 . rx - < 3 n
=mwwmfmmﬂwww%%%w [8is DYDEL | 7107 9 Bquisse(] 2107 peuly IRCLOL/TIOT OM
1LEFE000 MBACINVS . 5107 ‘n o -

© 18 oquule; . T ‘7 Avy 3091/7 /
6LEPE000" M MINVS [¥ 13 eqeuBIB g 01 £qUIBAON 1107 ST AR TO909 /10T OM
B1LFEO00 MPM-INVYS : fasire - ot s .

= CRER . ’ © g YOSEIN LITLZI0T /
TRTHE000 AR ATAYS ] o o1 soquiadog LLOT 8 Yorepy SOLITH/TIOT Om
SOLGEO0O MBM-INVS . Z10¢ o ymy :

— A RLIUOE . N7 ‘1€ 12q010n ot 37
-8726£000 MFPMINVS H [ pquoydog | 10T TERAORO | 0OPLILCIOL | OM
1STHE000 MBACINVS . c , € Covrar iy .

2 13 ‘BYoNsey 7 ‘¢ AR A L9C0/T /
-QOTHE000 M A-INVS 8 1e ey W 7107 € ABWN T10T 67 Al T8LOGO/TI0T OM
1000 PMINY . . - . - [P . - - NP - .
‘Mﬂwwwwmm\wmw‘wﬁm [e 13 DfBOAEH 2107 ‘97 judy LEOT L1 199010 167E50/T10T Om

QLOVE000 MBM-INVS o ‘o Lorrar s by Krea e .
HEEC000 M MINYS e is uel G107 'S Aey Y107 7T AR LOTSEO/T 0T oM
LLLOEDO0 MFMINVS T2 10 B108IYS 1107 P1 AIf | 0107 "TT 12quedsg FEOERO/ 10T OM

"8L96L000 MBMINVS

Patent Owner, W& Wsens - Ex. 2034, p. 101



17 ' “L107 "XH - SUSS AP AL ST JuRIRg

~9079L000 MPM-INYS

0€
CHBTOON A o Foddeay 1817 poscadurg i
PEPPEO00 MBMINYS GEE) R ory gmﬂ oy | RO TRIO8 UOOIIS duius 10N
“TCh v 4 “IATY hileielisTy
LEPP2000 MBM-INYS 01 12GoI0 QOO ABUOH 102 %861 V
SBOPLO00 MIPM-INYS]  Hoday 10853001d0I0TA] SO0
- w ) mw - o Jopusisic 8661 e . ,E
~189PE000 MWM-INYS] '$900n0s9y uBISapoIniy QBUSBJILY ) SIOSUSE IBBT SO
SCCETON0 0/ ~TATY ¢ digy-e-uo-pioure:
GESPTO00 MPMINVS — wnssog] L661 Hy)-E-u0-BIOUIT )
-0SSHZO00 MBM-INVS 01 J2G0I0() | OIUOIDRJY SI0SUSS sFRU SOWD
SRISR)
LPEO00 M MIINYS 3d SJQRHOJ 9S[1~0 1 -ASE;
_m‘ﬁ%mki& ,H\,Mw,., o — 1661 r 3d :,T m, M. w. w
“GPLYE000 MBMINVS BIBPIOLIY JO UOHONPOLY 104
WY vIRUIR T Dd 146 S9sea(oy] oKy
17000 MW M-S SI0100) d Ne
9E1LTO00 MPAINYS T ® o 0661 siopeppoioyd NRO
~£E1L7000 MBTM-INVS Ul UOTBUIGIIOIAT JO SHISTHBYISIA]
PESPTI000 MBACINYS . -
— ceil 12 18 SIPUSINl $66 1 °C UDIBIA | JOSURY 98B X1 SARDY SOINC
~£ESPTO00 MBM-INVYS M P 4 M SO
SUCHBITUII0)
991L7000 MPM-INYS — — 5861 BABMNISIT 107 AGoouyos],
-ISTLT000 MBMINVS — o IBQUIIB wavodwo) meN v uoneISe|
SION130IAG SHRHOUOA
Nl Y i\ DA IATY N DUT ‘SRU0IBIOgE” - SIDIAZ
6959000 MPM Sf ] ‘821L0JBIO] M 12 10 EBE <861 - | . ! a
-60S97000 MBM-INVYS suoydore ]l og SIOIOY PUR 210N poreadeu;
000 MR M-INYQ SpUS ¢ s1uamdoisas
T1ILE000 MBACINVYS sso1g wnuolg] (po) 00] HuBnp-Buor] 26T pusl], pue spuswdoeipas(g

ANSTUDY ) SAISIUDY|

SUSIIRIGR UL J-H0N] 17 IR,

Patent Owner, W& Wsens - Ex. 2034, p. 102



L7 "4 L107 XA - SEBS AW AL SUM( JumiRg

SOLTE000 MBMINYS
“ZOLIE000 MPM-INYS

PYT S0UNDS IBIADS[H

‘¢ 19 Supy

TOOT Aenige g

STHS DA PRULUOD-2PIN0 8L
WY (¢8R Y1 J0F 10VILOD OTUMD UL
S 3PIXO UN WHIPUT JO 10312 34 L,

IPZLE000 MBACINYS

SIOSUIY

MBM-INYS

UDISTA TULIQ) UOISTA IUIU() 1607 agew] SO D1 I6AO/OI96A0
“6ZTLEO00 MPMINYS
Y 1eaysEIEC] NOISTAININO
00 / A g apuedy;
0S1LE000 MPMNVS HOISIA TG HOISIA IO B~ iosuay afewy papuedry
“OF1LE000 MBMINVS sUNOULY NOISIAINING
CH1LE000 MBAINYS suog ofewi QO joxides
SYLLEO00 MBPMINYS HOISTA IO HOISIA G - 5I08USG STRUIf SO [oxideSop
“EPILE000 MWPMIINYS -€ [ SROUNOUUY NOISIAINING
Q0757000 MBPM-INVS SI0YSTqng . - X
RINUBISAN 1607 uIso(7 IINGH) 018077 SOWD
0997000 MBM-INVS DIOIBPEYY FAO[Y -
LISSE000 MBPM-INVS SIOSUSY
; 1210 HEN 00
~ROSSE000 MW M-INYS et FRHEN 0900 aeuy somD w Buissaaosg afig
POTO00 MBM-INYS (UOBIPH L) swuidL
LEFOT000 WS, i
P70 AP ALTYS WAL HAHL 0007 prepuel§ {HH] JO ArRuonoi(
TR s SATRILIOYINY YL 007 JAI
[Z1LE000 MPA-INYS - J08U08 988U 81E80I0Yd SOIND
: AQS (30303
“CTHILE000 MBTM-INVS AL 63 AGSIUEIE ooz [0 ¥ IO SISAJRUY 30UBIOLIS]
SFEOTO00 MBMINYS
YT 8533d N ‘12 1o syuejde 0007 Areuons ] SuoduISuy [BoIod[g
“6L§STO00 MPM-INYS ) 4o w : ’ m M
L7000 MY M-IV S . SI019039D010Ud + smdey
MM@S%....S,%& WYS — 12 10 UewOSRIQ ceol 010018p0j0U4  sndey)

'SAOTAD(Y STON0V[301G PaouRADY

Patent Owner, W& Wsens - Ex. 2034, p. 103



€7 4 LI07 "X - SIS AT AL BB JuRgRg

o
ea)

B UOSPIARQ . SIOSUIY
ow\@r%oolg%a WVS). A 1PRUOTIA 2% ALISIZATU[Y BERERAIE RN . booz ATBW QO O1 UOAINPOTI]
“TYOLTO00 MPM-INVS ) ‘ 91 Ajng , ]
VIS BPLIOTT BYL g AJoosoaoy eondQ
PZSOL000 MBMINVYS funds — 002 i IR
-6510£000 MWPM-INYS , . PRIBIBIUY SUOL0R]P0Id() HOOIIS
) —~ ! SO SOUBULIOLIBG - 4B
RLSOTOO0 MBPM-INVS o an @ - \ )
— FAS] 210 BuUR g £O07 Yim I013013P0I0YJ YOUSL] [BIs1e ]
~{ 1 GG ) MY S
LLSOTO00 MBMINYS WODI[IS 995/400 ] JO UONEISAIU]
- {vonipy
LG/ ) AR D A ~TATY N
m,ﬁmc%}é.& 5? HIH MeID0N] USTEIN £007 pg) sopdiouni oiseq $901AA(]
09462000 MFMNVS DUR $OISAYJ JOIONPUO IR
$o1u012371901d0
STSSEO00 MPMANYS . ) paouRyu-AHAR) URUOSIY
— AAT © 13 ASSUL 00 ) o
-8155E000 MBPM-INYS HHI M B cooe 103 810J00joy FRRIY pOINGLASI(]
POLING Yim S31RISGNS HODI]I
- ) SPUR[SI POIQLIESE
"SOE0 MW A TATY S $o1s A .
JLEUENY MMV onddy 10 @wﬁmw R PINIE 00T 3105 15/3D) Yim 1010033potoyd
CLs0L000 MAMINVS PoIIACY 40 rainof apINSaARA J0JR[TSTI-U0-UODIIS
[STLE000 MWPAMINYS (813)
) : ,L e i DY JOSUSS SO DU JOSURY SOND 7007 JOSUDY SFRMY 192IU0]} SUIGLINS3IP
TSTLE000 MBPM-INVS S11SGOM D1 I0SUOS SO
- o |20 17{08 15-0
CVILED0U MBAINYS HEAL R PRZ T00Z iy L, ut uondIosqy PIuBYuH J0j
€1

sarjonng Sunein paysg Adsog

Patent Owner, W& Wsens - Ex. 2034, p. 104



P74 LI0T XA - STSS M AN BEMQ JuRgRg

33
UOLBUILING oA
EEFSE000 M MINY §O0U0IBJ00)) SHNDILD 01RIg - - ~JoXig JO] QUONNG [OXId POIRUS-f
“PTHSE000 M M-INVS|PIOS [PUOHBIINUT — HHAT A BUIST) SEYIG WHSTT i JOSUSS
oBewl] SQWD PXIJING L UoT-Z/1
£6597000 MPMNYS 101908 1€ 13 IPIEYUBIA 000z SOWDIE LEH 3DIS piepoeg vl
61597000 MPM-IAVS [BOTUISHO0HI9] SY L . $1033039(] DIOIOL JO UOTRISaIN]
19162000 MBMINYS suowwosy @B T 00T SI01090( UONNAN AIS-PHOS
-1SI6T000 MBPMINVYS 1340130 Aouatoyyg YSIH H0f dewpeoy
e e AJQUuessy|
EEVIEO00 MTMINYS GEE eRoequuegl  S00Z -qng [eoRd() AINTRIUIA S/GD01
SPPoCo0n MEMIRYS pasEg-THS A poRISaiu] AYSIH
LSPSE000 MBM-INVS sAelie J0SUSS
- EEE 1230 YIRIDON 007 :
“E5PSE000 MWMIIAYS AR : aSewn SO 10 spxid pareysy
cann— e suoipediddy
CoPSE000 MBMINYS AIBIQIT] SUHUQ 3]IAL T2 Sueg 002 ITRHOADIONJ O] SARLY SHMOURN]
~LBPSLO00 MPM-INYS ‘g1 8nSny 1§ sunBIs A -ei8uig pouBiy
6FSYTO00 MBM-IANVS $00T
- - EEEL BLECRLLBZ B! o §I0SUAG aFeW] SOWD
“GESPIO00 MWPM-NYS e
SR AL NI EARY
8997€000 MBM-INY S ST T ——— vO0T $'1 YHM S0sueg 95RW] SOWND
“009% 000 MPMINYS 218)8-PIOS *f HHATL o T Rquieosg wding [eIBiE 4-01 Jeuuoy
YDA Yo 18X WW-6C Y|
BIDWIBD YBAIS ABI-X ADUDIONI0
7SOYT000 MBM-INVS S84 o 15 AoUMD YO0z wnuenb jiun » uy 9sn Jog
T8 13 AQUA
~OpOPTO00 . MY AMCINYS J0 INNSUL UBOHOWY| 3 ol 390G Rouspur Suizess 12 sopoyienologd
1873 IO UDTIRELISIORIBY

Patent Owner, W& Wsens - Ex. 2034, p. 105




$7 "4 LI07 YA - SIS MW AL BER Juageg

143

UON0BIY [BoIUSYD0AIS[T
68 Mwmcoe....%&ﬁﬁ&«@ AMDIAY [BOTUY0] LIN 210 00O X, 8O0C A UISTE R SISIBURLY
“TRILTO00 MPM-INYS . . pnsny vey jupdanouen eonuey)
:AgdeISomrT oponod[PoUEN]
LEFSE000 MBMIAYS  (SSID AI9DOL SIOSUSY 2 s w ~ i wrigy 1 mim J0sueg e8vuy
~HEFSEO00 MIBMTNYS ofeur] jRUCTIBUINU] 139w Looe SOWO N 912003 HHID G 3
T A e . S{BLIOIRUIEIDIA
8LOLZD oo.&ﬁ%.%, VS HOAA3TM T8 12 ugodsIye A . L ,vmmc PUE "SOTHOWISRLJ ‘S[BISAID)

-6 W, “IATY JOQUIOAON
06147000 MBPMNVS 1 N DIHOIOY] STeusRpy swoogdouen]

_ SHONROIGNY 2181J0A0I0L

LPLVPE000 MBPM-INVS A13100g LOOZ BRIy 2 td

“TPLFE000 MBMIAVS

[BOIGY ) RO LSIY|

BN

I3

01 12G0150)

103 SARITY QUIMOUBN] HODI[IS
ur pondiosgy eondo) 10 SBARUY

ceennn Ay SIS z ST AN 00ois 1 uondiosge
wwmlmocp..mﬁ%% WNYS OB SN SU] B soyermEsy \bo@c suifyy Nﬁ?g PIHIS Uz H n
“FESSLO00 »\su%ﬁgaw\ﬁw w\momwﬁmOLOwOﬂ@ WQ \@‘@MDQW i1 >M5M MQUS\ & ﬂﬁ@@-ﬁ@@hﬁ ,OHMO\S\MV
o . ~ ASopouyde ] 10sURY 98U SO
Mwwwucow..%&ﬁﬁ w\?w THAI e SuByy L QNNS POOURAPY 10 SIMONIE SUifL
LTP9TO00 MWPM-INYS 01-Lsunyf SIORICY SO AAnSuag yFi
42d

T8YSE000 MBMINVS so158y g porjddy LO0T JOXIG W 7] YA SIOSURS (oI

“GLYSEO00 MPMINYS

JO peuInof aseuvdef

TR 38 MIed

vz udy

sanoy vt uossosddng ypeissor)
107 uonRios] youal g, daogy

TESHIO00 MBM-INYS LOOT saoiaap sojoyd pajeiSaiu
e d1dS SLESRCUEHIZ - Ny e
“LISYTON0 MBAM-INYS 6 Arenige g SOIND AJ[0J Ul S90URADY!
iﬂ\ SO :..\ g N IS
BLCLLO00 MPAINYS AGojouyos] U0IoIpy]  ASO[OUYDS ], UCIOTA 9007 oL

~LTTLEO00 MBM-INVS

WNPOIJ - J05USS AFLW] [ EOL6LIN

Patent Owner, W& Wsens - Ex. 2034, p. 106



97 "4 ‘LIG7 "XA - SUSS MW AL BERQ JuagRg

LU
fea)

CPEETO00 MPM-INYS

<

SPLIIN WD)

“0L9LT000 MPM-IAVS

=

30 LBwog eondp

16 10 191ELHU0SS

‘G7 IBQUIBAON

~€05STO00 MPM-AVS PYIsuo8 7 L3l ol B pnteed HovT PUE opIqie]y OOy ST0I0 ]
— UOPH
Namwmooo,...\(p&wﬁéﬁ.\w TBupdg e 1 Astuag 3007 P SODIAB(] J1UOIOY 9]EIS0UBN
“68OLTC00 MMV SPIEMOL SRISAI) D010
SuiSemoeg
LPBLEO00 MFMINYS GEE] e eyl 8007 s108005 afey SOWD 0]
TLEBLEOOD MTMINYS ABOTOMYDA L SRIA BOOIIS gEnonLy
mm@moooiw.ﬁ%.ﬁlwz{m 8821 (e 1o sojodonueog 2007 UOTIPH PT WS o \E.x,.w
“PR0LT000 MBMINYS AJSIDAIUL) 0OIBIDULIG oY) SuIPIOp §1BISALD DIUOIOYY
mﬁmmaomﬁ%%%g&{w 98undg 2 10 BIIQIS 2007 , e mmmoﬂozaum,.m\
PPEETCO0 MWMNYE . pue s0isAd S{EISAL) 2100y
- $50001J]
@m?mcoo&ﬁw&&:ﬁ{m EILR 1719 BB BOGT SOIND © Ul IO SIHOR0S[H puR
TLETLTO00 MIAINVS SDIoH JO uoneISNU] OIHCUoA]
e (H1ds) s1eauiBuy SOND
@wMmmcoo‘.\ﬁ%g-w\a{m UONRIUSGILEST] 1813 s[Eeg 007 Ul UOHRISSIN] O01AB(Y JTUOIOY
"££162000 MBMNVS reaud-oioug 30 A19Doy JOJ SUOHBACUU] MO} 5830004
wrig | pIesol
SLOVLD oo....g%,@,wa«m AL €18 Uy 0T a0 Sueos pxid 105 AGojouyos)
TCLOVERDD MBMTINYS I0SUSE 5TBUN PIDUBADY
sioxid J0osuos

£89LT000 MPA-INVS BOMOWY 8007

afewn QOIAD 30 SuIfeos poruiio
JOJ SPOIO U uues eondo

Patent Owner, W& Wsens - Ex. 2034, p. 107



L7 O CLI0T XA - STRS M AN EMQ JuRgeg

BEOLT000 MBMINYS
~$E9LTO00 MBMINVS

£131004
[EDLUIRY]) BEDUSUIY

12 30 UBH

010z
¢ AJETLGS,]

<

SOTE}OAOIOU 100§
10] SABITY S]OUOUBN HOOIHIS Ul
wewssueyuy vondiosqy reondQ

gonrotdde omypoacioyd 103

~$8EO97000 MBM-INVS

DOUSIDE JOIONPUODIRISY

‘0T yoIRy

:%MWMWNNMMMEWMW 10 b?uommwmmw T8 12 Fuep q MMW Nnﬁm W[ UIY} HOOHIS-painixa} s1odouey
: : u1 wowesuegus uondiosqgr eondQ

SIPeE000 MBMIAYS yoneasydde oreljoacioyd Jog sAeim

.r T e ‘ ceEel 115 ury 010z S[CYOURY PUE SUIMOUEY YOS

TLLPSEO00 MFMINVS 1 JuowRouegus uondiosae feondQ
SUCHROTAdR DIRHOAOIOY

TSYSE000 MBMINYS Edlouly ‘ 6607 103 JuRISUOD 30138} 95 rE)
“THPSEO00 MPMNYS 4o Ajog [Eoudo B gz s0q0m0 B YA SABLIE SIIMOUEY UODI[IS
g1 Juowssueyus sondiosge poudy

LOYITON0 MPM-NVE Asojoua ], pue ooy O00% suoneoidde sy

puz ASOOUYDR) WeDq UL PISTIO0 |

s1ojeurEIRd [0y pue somadory

~980P 000 MPMINYS

a0 [RGUOTBILIIU]

T8 18 spsegog)

8Z-ar suny

OO0 M-IV S A1o130% &
mm@vmwccig@hﬁ WVS aris EGMME 5 1819 AOYBAIS] QQMM Peond(y SISOINAS (SSRED U0 S0
- OO0 MWM-INYS . RETIAYY .
PSOPEODD MPM-INVS JEOIBYTy UBSLIDWY, 1 YoIe P[0 PISBE-OILMOTEN UOOT[IS
_ QUIMOOYIYOIR
6897000 MBMIANVS doys o py 105USY 6007

MNOPEaI pa1sB85eis pue pxud porvys
-OM] A JOSUSY 3BBW] SO

SSHPTO00 MBMINYS
“LEPPTO00 MPAMCINYS

41

‘18 1o Blung

sondQ [EopRWoan

pue jesisAyg Suis(} uonBImSuo)
10§ UL S{0 JBJOf VOO Wiy
U I, Uf Jusuisoueyuyg uondiosqy,

Patent Owner, W& Wsens - Ex. 2034, p. 108



87 "4 LI07 "XA - STSS MW AL BERQ Juageg

~~
I3e)

85102000 MPM-WVS

UOISIDATO))

~LEPPTON0 MPAM-INYS

JO IS UBILOUIY]

8 19 Fuayg

[

&7 UOIB

L s STRLISIRIA] POOURADY ° 10 Fung 1107 ABI0Ug IBJOS O1BIOACIONJ
IP10L000 MBMINVS 101 SOIMOUEBN BODI[IS
YZESTO00 MPM-INYS ety G i ‘ SeOIRT] JWOICYd Pednpuy
_ 50501 1 198uuds s{IRyIe 07 .
-60TSTO00 MPM-INYS HLOPHHES HEL Ho Apeondy t11yS1 Suponuo;y
1€8LE000 MPM-AVS (wonipy pe) ASofouyoay pue
S Gkl eyl ZI0T o pe) Asofouy .
“TFTLEO00 MBM-INVS SOISAL SOD1AS(] JOIONPUODINSY
9LS9T000 MBPM-INVS - ‘ - ‘ UOHI3IOP 10[OIABIHIY
— 563. ATIS IS/ / 1R 1D pABLSGE .
~QLSOTO00 MWMIINYS 559id MISPAN €O 1839 pivyontd 00T JANJG J0OJ WSS ASOII I pajeiSatuy
sgoneadde
699L7000 MBMINVS oreyjoaojoyd Jof sAvie
PN o q1dS BRUY 010C  omnament
~6SOLTO00 MPMINYS SIOYOUBYU PUB DIIMOURY UODL[IS
Ul prstesueyus uondiosge eondg
1L70007 MBM-TINYS A1810Yg S{I303 JBJOS 2IMOUBN
TTLLTO0 MBEM-INYS oy 12 10 HeuIEn 010z HES) ,M 5 24 ﬁ7
-LTILT000 MPM-INVS [BOIUSY D HBOLIOUWY uooiig ul Suiddery sy
— . . . . . WEHung poINsEoy
MW AACIATYS Ax0Rioqe ] ASIous; Asoyeroge ] AR1oug )
mmw hmcnw....ﬁ‘%.ﬁ 5»1 <] M%Mﬁm M.vam% M M o NMM@M ,WQHM w Spmwmmo (| Puonpay Aq fouswiyA () RO
0BLLZ000 MBM-INVS S[QEMSUSY [PUOHEN]  2qRMIUIY [BUCHBN] [oQUIRAON §55B3I0U] UOOTIIS ORIE S, TN
LYYOTO00 MPM-INYS K301008 2 10 Suog 0107 SHP0 1B0S S[0YOURN]
~SPYOTO00 MW M-INYS [BOVUSY ) UEOLIBIY| 19 Rep UOOT}IG SOUBULIOLD-YFTH
o - S SIUGIIBINSEOU]
2000 MEM-INVYS SUABHUN S2IBAUd 010¢

I0US-0[SUIS “ISBIRIN IOJ RISWED
RIS Aer-X souspou Sureid v

£ZFSE000 MBPMIAYS
-LIPSE000 MWM-INYS

patiury
SISUSIqH UB][IUOBIA]

12 1o SI3qUozZoyE

0L0Z
‘b1 AIEOIGSL

suoieaijdde 3mpoA0loyd
J07 SABLIE S3iM 1IN UI UOUIBTOD
ISLLIED puR uondIosqe peouryuyg

Patent Owner, W& Wsens - Ex. 2034, p. 109



67 "0 LI0T "XA - STS MW AL BEMQ JugRg

IPLPE000 MIPAM-INYS
“OELPEO00 MPMINYS

Py Rumgsyang 4Oy

TR 35 PAEOD)

ALt
71 Ayenuel

I3

uco1]Is snoydiowe Jo 358D
Q1Y) [ST[9D R[OS UI STRISAID omojoyd
apuetd Ag Fuyssaary ST

ISPPTO00 MIPACINYS
QPP PIO00 MBPMINVE

A€ R1AIS[

‘e 10 Sueny

10T
ff, IRQUIBOS(T

S][e0 12]0S
poseq SABUR S1MOUEBY BOBLIS JO]
subnngol 1500-m0] pur spduns ¥

ST JB[OS UNpRIn

“IEPPIO00 MPMINYS

SR 50154 popddy

12 10 vArRORNRY Y

‘0¢ Jequiskday

POSE000 M MINYS _— smn] 10T o wooms sy persends ui syeskin
“BCPS 000 MBM-INVYS ~£1 RqQUUBAON QMEOMOCMQM JO uonesugE] puw EWMMQQ
@NNWMDOO!»R%Q%?W;H\QW ISIASSTH felo iy | 1oe mumﬁgﬁuoﬁmmﬁgﬁ I5-U0-30
TETLYEG00 MBMINVS 67 3240130
TP o SOIBIOACION]
@P%\V.MOOC\/}»@}? VS EEeH el uayy 1107 101 m.%m‘ﬁaﬁw SjoyouRn yosHIg Ul
B AT A TAT S
LYSE000 MPAINVS wswmouryuy vondiosgy eondn
— o ) ST[20 JeJ0S Wiy
SEEPTO00 MBM-INVS {10C

ung ui wondiosge 18| Sumurgo
107 exmonigs swowseid-omwoogd v

LOVEO00 MBMINVS

JOURIBIUOTY SHNOIL) 91BN

AJTOITY INOPRSY RV
(A T-HENIQ} puR

18

“GLLFE000 MBPM-TAVS

o8By [BUOLRUISHI]

T A A A TAT T T ‘ I BHYSBIUE A 10T tegidury uen-o581jo A 19XIg-UY

699V L0000 MRACINVYS]-PIOS [RUoUBULINE HHHT Wi 089G a5ew]
SOWD 9215-I8jE M QRUGOE ¥

D I e treen 0802 98B0 SOIND
mw,ww,w.c on..,uﬁ%.%y wﬁx (s xmmw.m Mmmwmwwmmﬂmw TE 13 IOTUWING I, 1107 o1 uoneorjddy (ASojomyne) youary
“OECEE000 MBM-INVYS SEHT [EUORELIOM] doa(q A UOTRIOST [OXII-01-RXL]]
000 AT MY S STE) AISI008 SICsUD OHBIRUaL
TTLPEOOO MPM-INYS]  (SSTD K010 siosuag SuIEIHO g 107 uoneIual)

L] Wi ] 34 JO MO1AY]

Patent Owner, W& Wsens - Ex. 2034, p. 110



0€ 4 LI07 "XA - SIS MW AL BEMQ JuagRg

suoneonddy 1100 1Bj0S

ELYSEODD MWACINYS
“TLPSE000 MBM-INYS

‘p1 ABTLEQS

NSowooo,.w\f@@%@aaﬁ opToURN] 1% 19 SO[RIOYOIABI 7107 J0J SOUBIQUIDIN :omz:m QUL [EISAI]Y
~R000F000 MPM-INYS ’ 17 ARIN Ury , presAdougn poueauy
v Suiddery BT ey
S{190 JBIOS GODIIS-3UNBISAI00u0m
SILPEN00 MPM-INYS (VSO) eouowy) o . TI0Z W] UL} PIISISSE (8IS AL
“SOLPEO00 MPM-IAVS Jo fppog pondg fo30 SO 11 Aep 31U0I0Yd JO UOTIBZIISIORIVYD
eando pue u0EdLIGE] ‘uSIsS(]
SUNOIE (20T} POISISSY
- -fe1epy pue AydeiSogi 1os
78 m@mcoo&mﬁ%\ﬁéﬁx 5 T 2 30 U (A5 4q W@@ QMMMM g mﬂw 5 SM m. waw
-08£97000 MBMINVS judy re[dOIOT HOOIIS Uf SIIBWEIE]
uZsay 10 Aprug elusmpsdyyg
S LLbE000™ MR AMIAVS o~ soanereduin g, vonisoda(y ﬁmmm@h@
2 ; b m 00 oh\%% MTATYS EEE 1B 18 37859, 3 3(]) . 12 JORIUO0) UOSTIG-2UL[RISAI /(L
FUESE s A 10 sensadorgd [RoLA9[H
SO prepugig unl 1170
mmvm mocc..mﬁ%hﬁ;ﬁ{m 0SS] 1wy mmom E 2NN PXIg ‘mammzmm mmm
“COPSE000 MBA-INVTS T Aletigs wds s Josueg oFeUIf (J€/(J7
[oxig-tt $9°C 0BOIX0T6T V

O110V000 MPM-INVS
90107000 MBPM-INVS Ao 00014 f SHOG TI0T ASopompay,

UOUDOPSIIINY UODIIG YoBY]

Patent Owner, W& Wsens - Ex. 2034, p. 111



1€ d “L107 "XH - SUSS AP AL ISUMQ JuRIRg

“$SILE000 MBM-IAVS

pue 501d0) Ui SI0UBADY

12 10 ‘ureusey-sury)

v equeidsg

ot
PEPOT000 MBM-INYS 1081 - z10Z 101093epioYd Ucoys
-8EPATO00 MPM-INVS w - 1z ssquizang FoB[G SN Aniaisuodsar yaiy|
wonsinboy o8y
wda(] puR 1070y 0] SWIDYDS
LOSSE000 MBPM-INYS S . T M mw o ) OIS
OEhCE000™ AP AINYS EELE] R meson Fuixadnnpy soISIAI-SWL,
POVSLORL AT T QA SImO0nY0RY [PXIg poyany
U0 pIstg 105Ul 282 SO V]
N e = S80I UONONPOLT 51qRIBIY
DPOLEO0 MFMVINVS yerqeyy| ey | @NS.M\: Buis() 190 IR0 BODI[IS OTIE
~65G/ 700 MY AMCINYN pi=Telotte I
6E9L700 MWAINYS L IBQUSAON JSILT S PLIOAL SPIINE 2I091EN
LT OO S . sarepoantod
wwcvcocp&ﬁ%g VS ARigi SUijugy ASTIM e sy Mm wcu HODHIS-U1Y} JO] SARLIE [OyouRy
Brslatel vd AR =IAT Q -
PEOYL000 MBMNYS 1194630 31e05~-08.18] JO SONSLIOEIRYD)
QITLEODO MWPM-NVE S21U0I0Y 7107 $21U010Rj01do paTRIFIUY

10¥ s8unRaF 19enu0d-yS1H

~19795000 MPM-INYS

[EOIIDY ) UBDHIDUIY|

18 13 SOTRIOVOIARIA

‘€1 sung

— JOSUSS
mmvvnowcigw@ﬁ%wdm 10 sy Aoog] | ¢ m,nm |eBewir SOIND POYORES 161K § PHOMA
“OTPPTO00 MPMNVS 0z 1smany oy ‘Y Jouxy, sdojasp Auog
SEILE000 MBMINVS  Austay) pue soishyy z10z P
~CCLLEODD ﬁm% @A&&w mmﬁwgﬁ\w ui m@uﬁw%{ 1739 eleimigad ounf JOBIIOT 18-W/OLT PUR 15-G/0 11
TEmEeE e : ) 3O sopsusiveIgy) 98810 A ~IHRIIN)
suoneonddy ([0 1Bi0S

COZOEO00 MBMINVS A19100g 0T JOJ SAUBIGUIB HODIIY SuLj[RISAI)

U] PHURIAZ-OUBN] PILIDAUYT

ut Suidder]-yBry jusnyg

Patent Owner, W& Wsens - Ex. 2034, p. 112



7€ "4 °L107 YA - SEBS AW AL SUM( JumiRg

~LPI6Z000 MBMINVS

[E3WRBY)) WEDUSWY

2 10 OJRULLIURIAY

FAR

1%

awmwwwwmmlwwmawwm PHOA S108USG d8eW] PO Siosuss afruy @m%wﬁwﬂ S19NPOIY 1811} SEOUNOURY XAU(HS
mcwwmecotkﬁ%kﬁﬁh{m ooLu] SO cioz mmomoqﬁ”@ H ABL1y
“LOPOTO00 MBMCINVYS I010013(] PRJBIIU] Ul SOOUBADY!
SOTEHOA0KY
P59LTO00 MBPM-IAVS BOLBHIY ‘ 10 SSIMONLS J0HOURY
-£$9LT000 MBMINVS Jo Aeog reondo e FHue wo21pIs 2ipousde Ajfenied
o1 Juewssisyus vondiosqe fpoudy
— 3RO SHUOTY

05167000 MBM-INVS Apmog At

o preasot AgdeiBoqry weag
~UCHD3] JO SHWI] UOUR]OSTY]

[£50£000 MPM-INVS
~$780000 MBMIAVS

AH 1188

T8 38 2I0upeg

£I07
FAR A

SUnEs1 Wodey

o w1 Sunersdo 1o1081epotoyd
pasepur uonRUniosey
PrIGAY 21uRBI0/M00IIS

“GSPPZ000 MBM-TAVS

£E9PZO00 MPMAYS atire sumdes 0apia JO] JOSUSE SO
o UDUR ) wour) ‘ ‘
~TEOVZO00 MBM-IAYS US| surel-ny uni ¢f sdojeasp uour)y
e - . sAvaiE SjoYouRy 21polad
omovaw@ig%? wfww”m o muﬁmi,mu.ﬂ mw\ REE RN T1D S N ﬂww O ighm w0 aEy-urgl i oondiosge
ESOPTO00 MPMINVS JO ARID0G [BONGG P 4RI BT JO UDTRZLSIORIR
I08URS BB SO
trys mooc...g%g WVYS T B30 BT 710z pEURUB]] opIsioRy WNT ('] I0]
“BEPSEO00 MTWACINYS . uonejos] yauely doagg episyoeg
Sus) Aq w1801 Jo uossanddng
POPETO00 MWMIINYS YEAY (I 1% wawdopeas(y
dIdS 2 1e Fey(] oz

pUE Yoreosyy SUIERWI] pOOURADY|

Patent Owner, W& Wsens - Ex. 2034, p. 113



€€ 4 LI07 "X - STSS AR AL BB JuRgRg

14
675¢ mceolkgu%mw\w%ﬁw T vup Ao 107 SIO8URE
QTS L0000 MBPMINVS afBw SO JO UOnNOAT YL
C OO0 A HAA (VA AQ. ’ 3/ SI97y 18
[LPSE000 MPMINVS AL foseymury|  E10C sodeayy UBAR S[J9]) JEJOS UOOTIS
~SOPSE000” MBMTAVS 610qWada | YOr|F ONEIN OF SWITY AI00TEN

10668000 MBAM-INYS
“86865000 MPM-INYS

ATRiqry SULUQ ASTIM

oY

eiod

‘o7 lequieidag

TGO [BDIUSYD JoM PIJSISER
-{EISTU JO SUBOWI AG S{[o0 JIB]OS
WL UL GODIIS 2ufTes AmATod
107 Bundden 18y 9An00 e

1A BINONISOURY HODI[IS [OACH Y

“0L9PE000 MPM-IAVS

HHHE

e ugy

‘yz-7z 1udy

UOISSHUSHEIL ],
SLTLT000 AMSACIN ¢ wiB(y [Bond( [BUonIanpt
mis%ocl%ﬂ%g wﬁwm Sl 21 Ry me tle R H O [BUCHIBHPIY

"LOLLTO00 MBM-INVS shnsny 0} UBOTRISIIU] SPOIPOIOY ]

MNId-THSOA 2H[OUOW
$3IAOY
Suncogs wAYM pue Funooys
mwcvmecﬂ..kr%\ﬁ NS uoursy wou) 10 MBIA SAV] SULITD Snmmaﬁw

“PEIPTO00 MPM-INYS T Ay 81100301 PaADIdWIT APUBOHIUETS

10§ A010U481 4V SOIND
@Y1 1BRCY 260U 5doRASp UOUR Y
CIOVTO00 MBMIINYS e i 7 Ang 0o peounoyur og o ‘(J0susyg

ﬂwvcooc,,.%,@% ;@m Sfoviawe) Sgovioutey] (e cAmfu w u .cc qop (s c 5

-L19PT000 MWM-INYS Ly wung maN) s09dg (1oL SOH voue)
COPEON0 MTM-INYS . ) 107 QOIS JOR(Q, M
mm@wscoo,....ﬁ;%.ﬁ 5» N 510'500dG f050nd0 M mcw‘ ] u " ‘E (S F‘E

“CEOTECO0 MBMINYS 9 ARIA AfpenSip 5098 XAUGIS (€107 S8

230

LLOYEODO MBBM-INVS €107

9715 RS JO Josu0g oFeury 1010
Ui Y[BISSOID) PUR OLHIA UNS

Patent Owner, W& Wsens - Ex. 2034, p. 114



pE 4 LI07 XA - STS M AL EMQ JuagRg

T9LTE000 MPM-TNVS

8sa1d]

“LEPSTOND MWMIINYS

' 10 yomowd
SUNUBIE JO MIIAY] 18 10 YoRpRe(y

QUL PAUBSAIH

— . TR 10 Z}IMOJOH 90T {(0OWIPT PE) SO0 JO WY 941
"LESOE000 MIM-NVS]  Ausisatun aSpuque)
FuimsuiSug

OP1O£000 MPMINVS) OTORSIH mcw ‘Eugumﬁ SuoH FIOT {190 IRJOS PISRG SOIMONIISOURY 1§
“PE66T000 MBMINYS]  JO 100408 "AuSISALIN
feo1Soiouyos I, Suriuen
AuusswSury

£566T000 MBFM-INY'S) OIO[ORTH PUE [BOLRS0T - p10Z §1109 12]0S PISEQ SITIONISOUEN IS
“89L6T000 MBPM-INYS]  JO (000G — AIsIaATuf)
ROISOOUYoS I FuRAunn

SUSTS3P

LEVOTO00 MBM-IAVS STUSUITIISY] 1007 POITUDSTLS [BAOY JO HORESHSIAU]

31 10J uonBNWES spoyieoloyd
Aouemiyge umueab ySiy

TELLTO00 MM NS
“€TILTO00 MPMNYS

STRLIBIEIAN SIIHEN £is mﬁmm\wvwﬁcum

VAt
7z udy

SOINYONASOURY
X3pul-y3dy Sursn somijoacioyd
JO} luswodruew Ry

089PE000 MIPAM-INYS
“RLOPEGO0 MBPMIINVS

HEH! feie uyy

Y107
‘€16 ArBnigag

ARLY ISISUBIY, [ED1UA DUE
YONRIOST Youal]-dod opig-1u0i]
s exeg wiiz | parsunon)jj
-3PISSoRY (1€ MM JOSURS

ofew] SOIND PXIANG Youk-4/] ¥

OTHITON0 MPM-INYS
“BOPOT000 MBM-INVS

MBTATY SHUCIOTF-0140y T2 10 nTUAUEIA]

sy0100j2poioyd pareul TOH

Patent Owner, W& Wsens - Ex. 2034, p. 115



$€ 4 LI07 XA - SIS MW AL BER JuagRg

144

LOTETO00 MIPAM-INYS
~ZO16Z000 MBPM-INVS

Apreqy (@51

OY-FURG YOO K

LE0T
‘01 JISQUIBAON

SpIeAY UOHBACUY] 8107 SO
9¢ Y Suuoouidurg pue udissg

SUIPULISING 0] PIOUOTT Bunsuieg

69167000 MBPMINYS
-89167000 MPM-INVYS

Agdeagoloyd A1l

PoIPIY YOy,

L10T
‘1 189010

s200UdLIeus o1 SRISWED
(E0D STEUIBEO O] STUBM J0SURS
spgow Pxid renp mou s Sunswey

STILTO00 MBMNVS
-PIILT000 MPMINVS
65E97000 MWMIINVYS
“9$£97000 MBMINYS

IOIONPUDI RS
Sunsuwrey

IOIINPUOD TG
Funswes

L1107
11 8GO0

TIH40051
SIOSURS ofewi] UOnUYL(]

~YSTE] 10d ORI} MBN O]
SOUDUNR-Y SOIUONND [ Bunsueg

mwcvgomﬁ%%kﬁ&«,w DO AL SI0SUSS A58 PO A SIosuag ofeur LI0T TRHRIA 23 YaRay SIOSUSY
“OLOPLO00 MIPMCINYS ) ‘7z sequerdag UOOHIEG HOBIY Qitm sRIswe])
Omvwmcoow\ﬁ%géﬁﬁm PLIO AL S10SUSG ofewr]| PO Siosuag afewy LIOT . QUMINAG [EPIURIA] 1A %08
“PIFPI000 MBM-IAVS ’ ‘o7 eung Aq ANAISUSS Y] SO0UBYUH A0S
o s . stexid Surdden B sanovigp
-Mwwwmmmmi\wwkm”wm” spoday 21 ume 1% 10 BMBS030 X ,@M MMM:. s Josuag 0SB SO
T ‘ JO TUSTUSOURILS AJIATIISUIS ]
ET1LT000 MBMINYS ispremy ABojoupeg
~LOTLTO00 MSATNYS IDIONPUOITUSY IOIINPUODIIRS 1107 VIPSWILNGA 1B PIRAY 8 I0ISTUTA]
CCCOTONN MWMEIINYS Sunswey Funsues ‘7 sung SUIM  JOSUDS 28R [[O0RISY,
-6PE97000 MBM-IAVS spgow souetnoped-ySi
$822004d

1107000 MPACINYS QHGUIAIRY § sIprg 9tec &ydeisoioyd Sumois s Sunsweg

“TLIOP000 MPM-IAVS

‘Pl ISQUISIB(]

s{SySy suoyd mou STy

Patent Owner, W& Wsens - Ex. 2034, p. 116



9¢ 4 ‘LI07 "XA - SIS MW AL BER Juageg

“FLOPZO00 MBPMINYS

‘91 Jaquisoagy

St
GLEITO00 MBMINVS wounsy wouey o {4V} %&wﬁﬁ moge
-09£97000 MPMINVS MO 0] pelires noA Surliieay|
yePSTO00 MPM-INYS n ‘ i

- ouzede SO SUTZRARIAL SO STOZ Y & O TN
8 HETO00 AR AIAYS ESEI SOH Ze BN SOH $Z0 A¥ SOWD TaXId TV
£0997000 MFMINVS S HoRUI cror (Ivaa
“P6SOT000 MBMINVS SNOOJOINY JOXIg fengy OF o1y
SPLYE000 MBMTNVS UINISTIA] e ‘
BYLYLO00 MPMIINYS]  Wnestiy eowesjensi( RISWIEN[RISI(] reoe (Lo61) M BIoWED D 126 (P11
PSILEO00 MPMNVS ‘ v70T ujpeNuIy

_ . wjpeNury U IOSUSS SOWD| . . U .
“TSILE000 MBTMIAVS m 31 Ay | IN0QY 1001 JOSURE SOIND
[£9PT000 MPMAVS Jousdeusg S 70T $AV SOWD 19X [T STIBYM|

Jeurepdg AFoouyno ], BOUE))

O8PSEO00 MPAM-INYS

(ST A18100G 5108UaG

JOSUAG
oSty SO pereuTmnlRpIYoRg|

“PPOFE000 MBTM-IAVS

PHO A SIOSUSS oFwur]

PHC M SIOSHRS 3T

-£95CE000 MBM-IAYS S8BT [BUCHRILISI] (B9 g 610C JO ADUBRDUYH nimeng) Wi
Fuaoxdury 103 AF0oj0uun0 ], 19X
7000 MIINYS sumd 7 SO 1ox1

@Evcooclgumg WVS doue ) wousy| 210C PRUIBIGXH AV SOIND PX
“LOOYTO00 MBMINVS LT udy BRI} s9Liof STIDOJONTY HOUE )
2DUTWIOLISG 1V YoiH O] UONB|OS]
P - gousl] deogq exid-uy peulipe
g@m@@@kﬁ@g WVS el 12 12 10U L1027 -}Ho% Ag perpiedog opopoloyd
"EOLYEOO0 MBMIINYS wrigy [ «Wrtpg o s J0Susy
5] SOWD VA PXId IV ¥

[SOPEDDD MWM-INYS LY0T

MB[AIY UL ATOOUYIS] [OXId £ 107

Patent Owner, W& Wsens - Ex. 2034, p. 117



LE U CLIOT XA - STBS M A REMQ JuRgRg

9y

sansed prygl Jo guueid
WAL SQEIBAR SOUIO00q UOHRILIOJUL 21010 uogam por Ji jusuddns jix s1uRpuaiagy pue asen sup w anSoq ienf Auo svy Aaodsiy
J[OS1E WIDISAS U} O} S0UQIGIRI B OS[R NG ‘JIOSH 20uaIeyel 1 Joud 313 01 UOHRID B ATUO 10U 31NNSUOD O] PINIISUOD 3G PINOYS WSS AS
30 poyawr Aue SuipieSel seousiaiel pe oud 1Mo 10 $20usieiel e Joud 0A0gR Syl JO SIOW IO SUO O] UONEND AUY HNG-UFSIUSIE]

3 JO 90B] SYI U0 POl SUOLEINNG JOUI(H,, PUE  SIUSWIN0NO( JUSTEd K[, 1IE 90ua¥ajel Ag ererodioour oy siuepuaed

Patent Owner, W& Wsens - Ex. 2034, p. 118



B. Prior Art Disclosures—EKnown/Use/Sales/Offers for Sale

Pefendants believe that there were prior art disclosures in the form of sales, offers for sale,

and/or uses by others of products that qualify as prior art under pre-AIA 35 US.C. § 102(a) and/or

(bY or under ATA 35 U.S.C. § 102(a)(1) against one or wore of the Asserted Claims of the Patents-

in-Suit. The below-identified prior art products include producis Defendants are currently aware

of through an on-going diligent and reasonable investigation at this early stage of discovery and/or

based on publicly available information. Details regarding such offers for sale and public uses may

be within the possession of third parties. As discovery progresses, Defendants intend and reserve

the right to promptly supplement and/or amend the lists below to include additional prior ast

products that anticipate and/or render obvious the asserted claims. To the extent Plaintiff contends

that any systems presented below do not quality as prior art to one or more Patents-in-Suit,

Defendants reserve the right to rely on any

development as an indicia of obvicusness.

of such systerms as evidence of simultaneous

Table 3: Prior Art Products

lntel Corp.’s 971 PC Camera Kit including
CMOS Image Sensor for “portable PC cameras
for home and business users”

At least ag early as November 3, 1997

OMNIVISION Technologies, Inc.”s CMOS
Image Sensors, including 1.3-Megapixel
CMOS Image Sensors, OV8610 and OVS110
SVGA Sensors, OV5116 TV Sensor, OV6630
and OV6130 CIF Sensors.

At least as early as April 23, 20601

CMOS Image Sensor, Inc.”s CMOS tmage
SenSOrs.

At least as early as May 3, 2002

Si0nyx XQE CMOS sensors, including XQE-
1310, XQE-0920, XOQE-0570

At least as early as 2013

<
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Natcore black silicon solar cells At least as early as 2012
Solar Cells with Inverted Nanopyramid Thin
Crystalline Silicon Membranes for Efficient At least as early as 2012
Light Trapping
Samsung’s ISCCELL products with deal-PD At least as carly as 2016
or similar PDAF features - 7
Sarosung CMOS Image Sensor products with
RGB Bayer or similar pixel-binning features
Canon Dual Pixel Autofocus CMOS sensor

At least as early as 2016

At least as early as 2013

products
DARPA infrared detector At least as early as 2012
Sony CMOS Tmage Sensors At least as early as 2008

For the public uses identified herein, Defendants are investigating the identities of the
tndividuals who kuew about and/or were involved in the making, first public use, offer for sale
and/or sale of these products and systems. Defendants are also investigating the exact date that
these products and systems were first made, first publicly used, offered for sale and/or sold. In
addition, Defendants are currently investigating the dates of conception and reduction to practice
of these products and systems and when these products and systems were first known or used by
others.

In the course of their investigation, Defendants may identify additional prior art documents
describing these products, systems, and/or disclosures that may also anticipate and/or render
obvious as invalidating printed publications. Any citation to one or more of prior art references
regarding these products, systems, and/or disclosures should be counstrued to constitute not only a
citation to the prior art reference itself, but also a reference to the associated products, systems,

and/or disclosures.

48
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3. "543 Patent

Table 6;: Exemplary Anticipatory and Combinations
for the Asserted Claims of the 543 Paient

Ci Kuboi either alone or in combination with one or more of the knowledge of
a person of ordinary skill in the art.
C2 NXP either alone or in combination with one or more of Kuboi and Obara.
, Wang189 either alone or in combination with one or more of Kuboi, NXP,
C3 - - ,
(Obara, and Wang981,
C4 Obara either alone or in combination with one or more of Kuboi and NXP.
Cs Canon Product either alone or in combination with one or more of DARPA
. Imaging Sensor, Solar Cells, and Kuboi.
C6 Sony CMOS Product either alone or in combination with one or more of
DARPA Imaging Sensor, Solar Cells, NXP, Obara, and Kuboi.
7 Omnivision CMOS Product etther alone or in combination with one or more
o of DARPA Imaging Sensor, Solar Cells, and Kuboi.
cg Samsung Product under Plaintiff”s apparent interpretation of the asserted
claims

The prior artidentified above, and in the attached * 543 charts, individuaily anticipate and/or
can properly be combined in multiple ways to demonstrate the obviousness of the Asserted Claims
of the 543 patent. Various combinations of the references would have naturally been considered
as part of the exercise of ordinary skill by one skilled in the art. The references disclosed in the
attached charts and herein are also directed to the same or similar features as the purported
invention claimed in the Asserted Claims of the 7543 patent. To the extent Plaintiff contends that
any of these features solved a problem in the art, the references cited herein show that that problem

was known to those of ordinary skill and had already been solved using obvious solutions.
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hinwoo Kim {(pro hac vice)

FINNEGAN, HENDERSON, FARABOW,
GARRETT & DUNNER, LLP

3300 Hillview Avenue, 2nd Floor

Palo Alto, CA 94304

Telephone: (650) 849-6600

Facsimile: (650) 849-06666

finwoo kim@finnegan.com

Attorneys jor Defendanis

Samsung Llectronics Co., Lid, &
Samsung Flecironics America, Inc.

78

Patent Owner, W& Wsens - Ex. 2017, p. 42

Patent Owner, W& Wsens - Ex. 2034, p. 123



The undersigned hereby certifies that on May 2, 2025, copies of the foregoing
Defendants’ Invalidity Contentions and Exhibits have been served to Plaintiff through its counsel
of record via email.

7 Seth 1. Katz

Seth D. Katz
{Case Manager
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AMENDMENTS TO THE CLAIMS
This listing of claims will replace all prior versions and listings of the claims in the

application.

1-17. (Canceled)
18-36. (Canceled)

37. (New) A structure comprising;
an array of elongated pillars of semiconductor material in which each of at least

some of the pillars has:

1) a respective light-receiving surface,

(i)  respective sides,

(iii))  width of 50-2000 nm,

(iv)  height of 100-10000 nm, and

(v)  atleast one photodetector of Si, Ge, and/or alloyed SiGe

semiconductor material formed in the pillar;
wherein each of the photodetectors:

) has P-doped and N-doped regions of the semiconductor material,

(i) s configured to generate electrical charge carriers in the
semiconductor material of the photodetector in response to light that
(a) is in the visible and infrared wavelengths, and (b) illuminates
along a light direction the light-receiving surface of the pillar in

which the photodetector is formed;
one or more in-pillar holes each of which:

1) is fabricated as a recess in each of the pillars in which at least one of
the photodetectors is formed, and
(i)  extends along the light direction into the semiconductor material of

the pillar in which the in-pillar hole is fabricated,
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side-isolation comprising solid dielectric material between at least portions of the
sides of at least some of the pillars;

electrical contacts configured to provide electrical pathways coupled to at least
some of the photodetectors, including for selected reverse-biasing at least
some of the photodetectors;

wherein the presence of the in-pillar holes increases by a factor of at least 1.1 the
absorption of the light by at least some of the photodetectors relative to like

photodetectors in pillars lacking said holes.

38. (New) The structure of claim 37, in which the array is monolithically integrated with Si

electronic devices.

39.  (New) The structure of claim 37, in which at least one of the in-pillar holes in each of at

least some of the pillars is elongated in the light direction.

40. (New) The structure of claim 37, in which each of at least some of the holes is elongated

in a direction along the light-receiving surface of the pillar in which the hole is fabricated.

41. (New) The structure of claim 40, in which the array is monolithically integrated with Si

electronic devices.

42. (New) The structure of claim 40, in which each of at least some of the pillars has a

plurality of the elongated holes.

43.  (New) The structure of claim 40, in which each of at least some of the pillars has only

one of the elongated holes.
44, (New) The structure of claim 40, in which each of at least some of the elongated holes

has at least one closed contour remote from side edges of the light-receiving surface of the pillar

in which the hole is fabricated.
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45.  (New) The structure of claim 37, in which each of at least some of the pillars includes

only one of the photodetectors.

46. (New) The structure of claim 37, in which two or more of the photodetectors are

connected electrically in parallel.

47. (New) The structure of claim 37, wherein the array of pillars is monolithically integrated
with Si electronic devices for transmitting electrical signals related to accumulations of the

charge carriers in at least some of the photodetectors.
48. (New) The structure of claim 37, in which at least some of the holes extend 100 to 10000
nm in the light direction into the semiconductor material of the pillars in which the holes are

formed.

49.  (New) The structure of claim 37, in which the pillars in which the photodetectors are

formed are elongated in the light direction.
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REMARKS

With this Supplemental Response, Applicant corrects a claim numbering issue noticed
after filing its Response to the Non-Final Office Action dated September 16, 2025. More
specifically, in the Preliminary Amendment filed on January 24, 2025, Applicant canceled
claims 1-17 and added new claims 18-36. In the Response to the Non-Final Office Action dated
September 16, 2025, Applicant again canceled claims 1-17, did not cancel claims 18-36 and
added new claims 18-30, which is inconsistent with Office rules. Therefore, in this
Supplemental Response, Applicant recognizes that claims 1-17 were previously canceled, has
canceled claims 18-36 and adds new claims 37-49 (which are the same as improperly number

new claims 18-30).

Interview Summary

Applicant’s representative would like to thank Examiner Rodela for his time and
professionalism during the interview conducted on September 26, 2025 (the “Interview”).
During the Interview, Applicant’s representatives, Gerard Wissing and Ivan Kavrukov, advised
the Examiner of the above described claim numbering issue and provided the Examiner with
additional background information regarding U.S. Publication No. US 2012/0049044 to Kuboi
identified on page 8 of this Response. There was no discussion regarding claim amendments,
except to suggest to Examiner Rodela that Applicant is willing to discuss claim amendments in

order to advance prosecution of the subject application.

Priority and Paragraph 112(a)
Examples of support are outlined below in the subject application and in the 2013
provisional applications that are incorporated by reference and to which priority is claimed.
FIG. 5B of the subject application illustrates an example of an array of vertical pillars of
semiconductor material such as Si, and FIG. 49 illustrates an example of an in-pillar hole (pillar

with hole). Both are reproduced below.
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As seen in FIG. 5B and explained in the text of the subject application, each pillar 524
has a light receiving surface that is on top of the pillar in this example, illuminated with light
(photons) in the direction of one or both arrows, has sides, and has at least one photodetector of
Si, Ge, or SiGe formed in the pillar.

The width of a pillar can be 50-2000 nm' and the height of a pillar can be 100-10000
nm.? Each photodetector has P-doped and N-doped regions and is configured to generate
electrical charge carriers in the semiconductor material of the photodetector formed in the pillar
in response to light that is in the visible and infrared wavelengths and illuminates the light-
receiving surface of the pillar.

Each of the pillars in the array of FIG. 5B can be a “pillar with a hole” as in the example
of FIG. 493 Each in-pillar hole extends into the pillar in the direction of the light, down into the
pillar in this example.

Dielectric material 522 such as oxide forms solid isolation between pillar side walls and,

with in-pillar holes in the pillars, fills at least a part of the holes,* and the in-pillar holes can be

! Provisional application 61/826,446 filed May 22, 2013, page 12; “The shape of the pillar can be... rectangle....
The pillar diameter range from 50-2000 nm ....”,

2 Provisional application 61/826,446 filed May 22, 2013, page 12: “[Plillars can be 100-10000 nm in length....”
3 See also provisional application 61/826,446 filed May 22, 2013, page 16; “[TThe microstructure can have both
pillars and holes coexist, can be concentric (pillar within a hole or hole within a pillar or multiple concentric
hole/pillar, not necessarily circular....”

4 See also Figure 8 in page 6 of provisional application 61/826,446 filed May 22, 2013.

-6-
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oxidized.’ Electrical contacts as seen in the example of FIG. 5B provide pathways to the
photodetectors and can reverse-bias them.® The presence of the in-pillar holes increases
absorption by a factor of at least 1.1 compared to like photodetectors without holes or to bulk
semiconductor without holes.”

The array of pillars can be monolithically integrated with Si electronic devices.® The in-
pillar holes can be elongated — FIG. 46 of the subject application illustrates some examples of
holes that are longer in one direction than in an orthogonal direction along the light-receiving
surface of a pillar and additionally illustrate that a pillar can have a single hole or multiple holes
and that at least one contour of a hole can be away from the outline of a pillar as seen in top

view.”

Section 103
The references identified in the Office Action, page 8, post-date the 2013 priority of the

subject application.

IPRs and PGR regarding commonly assigned patents
IPR and PGR petitions were filed challenging claims in six patents in the family of the

subject application,'® five of which are in a patent infringement action.!!

3 See also provisional application 61/826,446 filed May 22, 2013, page 16: “[P]atrial filling of the holes with filler
....” Page 10: “[T]hermal oxidation of exposed surfaces ....”

6 See also provisional application 61/826,446 filed May 22, 2013, page 14: “The photodiode is reversed biased . . ..”
7 Subject application paragraph 114 (factor of 1.1 to over 100), and provisional application 61/826,446 filed May
22,2013, Table 8 in page 8, and page 16 (enhancement of the bulk absorption constant). Subject application
paragraph [00114].

8 Provisional application 61/826,446 filed May 22, 2013, page 1: “Compatible with Si Photonics, CMOS processes
... integration with CMOS highly desirable.” Provisional application 61/834,873 filed June 13, 2013, pages 1-2:
“[T]he detector array can be monolithically integrated with Si electronic devices such as bipolar transistors, CMOS

° See also Fig. 12 in provisional application 61/834,873 filed June 13, 2013.

19 The IPRs are: (1) Case IPR2025-00993 on patent 12,087,871, (2) Case IPR2025-00994 on patent 11,621,360; (3)
Case [PR2025-00995 on patent 10,468,543; (4) Case IPR2025-00996 on patent 10,446,700; and (5) Case [PR-00997
on patent 9,525,084. Applicant is concurrently submitting an IDS identifying the total of 7 references on which the 5
IPRs rely to challenge patentability under Sections 102 or 103. The PGR is Case PGR2025-00082 for patent
12,243,948.

I The action is: W&Wsens Devices Inc. v. Samsung Elecs. Co., Case No. 2:24-cv-00854-JRG (E.D. Tex.).
Defendants have filed pleadings identifying purported prior art, which are available through Pacer. Applicant offers
to any of the several hundred patents, published applications, and non-patent publication listed in such pleadings if
the Office requests it.

-7-
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The references that the IPRs and the PGR assert are:

. Kuboi US 2012/0049044

. Shinohara US 2012/0033119

. Yu US 2012/0153124

4. Harada Kokai No. 2002-314116 (P2002-314116A)
5. Hasegawa Kokai 2007-129024 (P2007-129024A)
6. NXPEP2 172974 Al
7

N =

(98]

. Yahaya, NA, Characterization of light absorption in thin-film silicon with periodic
nanohole arrays, 11 March 2013/Vol. 21, No. 5/OPTICS EXPRESS 5924-5930.
8. Vasylysev US 2012/0012741

Applicant submits that claims 18-30 differ patentably from these seven references taken
individually or in combination, at least because:

Kuboi proposes a standard semiconductor PIN photodiode 53R with no in-pillar holes
and additionally proposes pixels 53R, 53G that generate electrical output only in organic material
13, not in semiconductor material of a photodetector. See Kuboi FIGs. 6A and 10A.

Shinohara proposes an array of standard photodiodes with no in-pillar holes.

Yu proposes nanowires or nanopillars that also lack in-pillar holes.

Harada proposes a lateral photodiode with no pillars along the light direction and no in-
pillar holes.

Hasegawa proposes standard photodiodes, lacking in-pillar holes, used in optical disc
drive tracking.

NXP proposes standard photodiodes, with no in-pillar holes.

Yahaya proposes a solar cell panel with surface structures but lacks a teaching of pillars
of semiconductor material that are electrically isolated from each other and have reverse-biased
photodetectors fabricated in the pillars and in-pillar holes with solid dielectric material.

Vasylyev also proposes a solar cell panel with surface structures but lacks a teaching of
pillars of semiconductor material that are electrically isolated from each other and have reverse-

biased photodetectors fabricated in the pillars and in-pillar holes with solid dielectric material.

The Preliminary Amendment filed 01/24/2025 in the subject application addresses

-8-
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references cited in application Ser. No. 18/385,213, now patent 12,243,948, They are Yu US
2011/0309331), Lunev US 2014/001660, Counil US 2010/0116332, and Arimoto US
5,759,292. Applicant submits that claims 18-30 patentably differ from these references at least
for the reasons discussed in the Preliminary Amendment filed 01/24/2025 but also for additional
reasons.

Applicant invites the Examiner to telephone the undersigned if the Examiner finds that it

may help advance prosecution.
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Please charge any shortfall and credit any overpayments to our Deposit Account number
600125.
Respectfully Submitted,
/Gerard M. Wissing/
WISSING MILLER LLP
Attorney for Applicant
By: Gerard M. Wissing

Reg. No. 36,309
Tel.: 516-901-7027

-10-
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AMENDMENTS TO THE CLAIMS

This listing of claims will replace all prior versions and listings of the claims in the

application.

1-17. (Canceled)
18-36. (Canceled)

37. (New) A structure comprising:
an array of elongated pillars of semiconductor material in which each of at least

some of the pillars has:

i) a respective light-receiving surface,

(i) respective sides,

(iii))  width of 50-2000 nm,

(iv)  height of 100-10000 nm, and

) at least one photodetector of Si, Ge, and/or alloyed SiGe

semiconductor material formed in the pillar;

wherein each of the photodetectors:

i) has P-doped and N-doped regions of the semiconductor material,

(ii) is configured to generate electrical charge carriers in the
semiconductor material of the photodetector in response to light that
(a) is in the visible and infrared wavelengths, and (b) illuminates
along a light direction the light-receiving surface of the pillar in

which the photodetector is formed;
one or more in-pillar holes each of which:

(1) is fabricated as a recess in each of the pillars in which at least one of
the photodetectors is formed, and
(i1) extends along the light direction into the semiconductor material of

the pillar in which the in-pillar hole is fabricated;
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side-isolation comprising solid dielectric material between at least portions of the
sides of at least some of the pillars;

electrical contacts configured to provide electrical pathways coupled to at least
some of the photodetectors, including for selected reverse-biasing at least
some of the photodetectors;

wherein the presence of the in-pillar holes increases by a factor of at least 1.1 the
absorption of the light by at least some of the photodetectors relative to like

photodetectors in pillars lacking said holes.

38.  (New) The structure of claim 37, in which the array is monolithically integrated with Si

electronic devices.

39, (New) The structure of claim 37, in which at least one of the in-pillar holes in each of at

least some of the pillars is elongated in the light direction.

40. (New) The structure of claim 37, in which each of at least some of the holes is elongated

in a direction along the light-receiving surface of the pillar in which the hole is fabricated.

41. (New) The structure of claim 40, in which the array is monolithically integrated with Si

electronic devices.

42. (New) The structure of claim 40, in which each of at least some of the pillars has a

plurality of the elongated holes.

43. (New) The structure of claim 40, in which each of at least some of the pillars has only

one of the elongated holes.
44, (New) The structure of claim 40, in which each of at least some of the elongated holes

has at least one closed contour remote from side edges of the light-receiving surface of the pillar

in which the hole is fabricated.
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45. (New) The structure of claim 37, in which each of at least some of the pillars includes

only one of the photodetectors.

46. (New) The structure of claim 37, in which two or more of the photodetectors are

connected electrically in parallel.

47. (New) The structure of claim 37, wherein the array of pillars is monolithically integrated
with Si electronic devices for transmitting electrical signals related to accumulations of the

charge carriers in at least some of the photodetectors.
48. (New) The structure of claim 37, in which at least some of the holes extend 100 to 10000
nm in the light direction into the semiconductor material of the pillars in which the holes are

formed.

49. (New) The structure of claim 37, in which the pillars in which the photodetectors are

formed are elongated in the light direction.
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REMARKS

With this Supplemental Response, Applicant corrects a claim numbering issue noticed
after filing its Response to the Non-Final Office Action dated September 16, 2025. More
specifically, in the Preliminary Amendment filed on January 24, 2025, Applicant canceled
claims 1-17 and added new claims 18-36. In the Response to the Non-Final Office Action dated
September 16, 2025, Applicant again canceled claims 1-17, did not cancel claims 18-36 and
added new claims 18-30, which is inconsistent with Office rules. Therefore, in this
Supplemental Response, Applicant recognizes that claims 1-17 were previously canceled, has
canceled claims 18-36 and adds new claims 37-49 (which are the same as improperly number

new claims 18-30).

Interview Summary

Applicant’s representative would like to thank Examiner Rodela for his time and
professionalism during the interview conducted on September 26, 2025 (the “Interview”).
During the Interview, Applicant’s representatives, Gerard Wissing and Ivan Kavrukov, advised
the Examiner of the above described claim numbering issue and provided the Examiner with
additional background information regarding U.S. Publication No. US 2012/0049044 to Kuboi
identified on page 8 of this Response. There was no discussion regarding claim amendments,
except to suggest to Examiner Rodela that Applicant is willing to discuss claim amendments in

order to advance prosecution of the subject application.

Priority and Paragraph 112(a)
Examples of support are outlined below in the subject application and in the 2013
provisional applications that are incorporated by reference and to which priority is claimed.
FIG. 5B of the subject application illustrates an example of an array of vertical pillars of
semiconductor material such as Si, and FIG. 49 illustrates an example of an in-pillar hole (pillar

with hole). Both are reproduced below.
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As seen in FIG. 5B and explained in the text of the subject application, each pillar 524
has a light receiving surface that is on top of the pillar in this example, illuminated with light
(photons) in the direction of one or both arrows, has sides, and has at least one photodetector of
Si, Ge, or SiGe formed in the pillar.

The width of a pillar can be 50-2000 nm' and the height of a pillar can be 100-10000
nm.? Each photodetector has P-doped and N-doped regions and is configured to generate
electrical charge carriers in the semiconductor material of the photodetector formed in the pillar
in response to light that is in the visible and infrared wavelengths and illuminates the light-
receiving surface of the pillar.

Each of the pillars in the array of FIG. 5B can be a “pillar with a hole” as in the example
of FIG. 49.3 Each in-pillar hole extends into the pillar in the direction of the light, down into the
pillar in this example.

Dielectric material 522 such as oxide forms solid isolation between pillar side walls and,

with in-pillar holes in the pillars, fills at least a part of the holes,* and the in-pillar holes can be

! Provisional application 61/826,446 filed May 22, 2013, page 12; “The shape of the pillar can be... rectangle....
The pillar diameter range from 50-2000 nm ....”,

2 Provisional application 61/826.446 filed May 22, 2013, page 12: “[Plillars can be 100-10000 nm in length....”
3 See also provisional application 61/826,446 filed May 22, 2013, page 16; “[T]he microstructure can have both
pillars and holes coexist, can be concentric (pillar within a hole or hole within a pillar or multiple concentric
hole/pillar, not necessarily circular....”

4 See also Figure 8 in page 6 of provisional application 61/826,446 filed May 22, 2013.

2-
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oxidized.’ Electrical contacts as seen in the example of FIG. 5B provide pathways to the
photodetectors and can reverse-bias them.® The presence of the in-pillar holes increases
absorption by a factor of at least 1.1 compared to like photodetectors without holes or to bulk
semiconductor without holes.”

The array of pillars can be monolithically integrated with Si electronic devices.® The in-
pillar holes can be elongated — FIG. 46 of the subject application illustrates some examples of
holes that are longer in one direction than in an orthogonal direction along the light-receiving
surface of a pillar and additionally illustrate that a pillar can have a single hole or multiple holes
and that at least one contour of a hole can be away from the outline of a pillar as seen in top

view.?

Section 103
The references identified in the Office Action, page 8, post-date the 2013 priority of the

subject application.

IPRs and PGR regarding commonly assigned patents
IPR and PGR petitions were filed challenging claims in six patents in the family of the

subject application,'? five of which are in a patent infringement action.!!

3 See also provisional application 61/826,446 filed May 22, 2013, page 16: “[Platrial filling of the holes with filler
....” Page 10: “[TThermal oxidation of exposed surfaces ....”

6 See also provisional application 61/826,446 filed May 22, 2013, page 14: “The photodiode is reversed biased . . .”
7 Subject application paragraph 114 (factor of 1.1 to over 100), and provisional application 61/826,446 filed May
22,2013, Table 8 in page 8, and page 16 (enhancement of the bulk absorption constant). Subject application
paragraph [00114].

8 Provisional application 61/826,446 filed May 22, 2013, page 1: “Compatible with Si Photonics, CMOS processes
... integration with CMOS highly desirable.” Provisional application 61/834,873 filed June 13, 2013, pages 1-2:
“[TThe detector array can be monolithically integrated with Si electronic devices such as bipolar transistors, CMOS

9 See also Fig. 12 in provisional application 61/834,873 filed June 13, 2013.

10 The IPRs are: (1) Case IPR2025-00993 on patent 12,087,871, (2) Case IPR2025-00994 on patent 11,621,360; (3)
Case IPR2025-00995 on patent 10,468,543; (4) Case IPR2025-00996 on patent 10,446,700; and (5) Case IPR-00997
on patent 9,525,084. Applicant is concurrently submitting an IDS identifying the total of 7 references on which the 5
IPRs rely to challenge patentability under Sections 102 or 103. The PGR is Case PGR2025-00082 for patent
12,243,948.

1 The action is: W& Wsens Devices Inc. v. Samsung Elecs. Co., Case No. 2:24-cv-00854-JRG (E.D. Tex.).
Defendants have filed pleadings identitying purported prior art, which are available through Pacer. Applicant offers
to any of the several hundred patents, published applications, and non-patent publication listed in such pleadings if
the Office requests it.

3-

Patent Owner, W& Wsens - Ex. 2034, p. 147



309-0015USCIPDIV2

The references that the IPRs and the PGR assert are:

1. Kubei US 2012/0049044

2. Shinohara US 2012/0033119

3. Yu US 2012/0153124

4. Harada Kokai No. 2002-314116 (P2002-314116A)

5. Hasegawa Kokai 2007-129024 (P2007-129024A)

6. NXP EP 2 172974 Al

7. Yahaya, NA, Characterization of light absorption in thin-film silicon with periodic
nanohole arrays, 11 March 2013/Vol. 21, No. 5/OPTICS EXPRESS 5924-5930.

8. Vasylysev US 2012/0012741

Applicant submits that claims 18-30 differ patentably from these seven references taken
individually or in combination, at least because:

Kuboi proposes a standard semiconductor PIN photodiode 53R with no in-pillar holes
and additionally proposes pixels 53R, 53G that generate electrical output only in organic material
13, not in semiconductor material of a photodetector. See Kuboi FIGs. 6A and 10A.

Shinehara proposes an array of standard photodiodes with no in-pillar holes.

Yu proposes nanowires or nanopillars that also lack in-pillar holes.

Harada proposes a lateral photodiode with no pillars along the light direction and no in-
pillar holes.

Hasegawa proposes standard photodiodes, lacking in-pillar holes, used in optical disc
drive tracking.

NXP proposes standard photodiodes, with no in-pillar holes.

Yahaya proposes a solar cell panel with surface structures but lacks a teaching of pillars
of semiconductor material that are electrically isolated from each other and have reverse-biased
photodetectors fabricated in the pillars and in-pillar holes with solid dielectric material.

Vasylyev also proposes a solar cell panel with surface structures but lacks a teaching of
pillars of semiconductor material that are electrically isolated from each other and have reverse-

biased photodetectors fabricated in the pillars and in-pillar holes with solid dielectric material.

The Preliminary Amendment filed 01/24/2025 in the subject application addresses

4-
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references cited in application Ser. No. 18/385,213, now patent 12,243,948. They are Yu US
2011/0309331), Lunev US 2014/001660, Counil US 2010/0116332, and Arimoto US
5,759,292. Applicant submits that claims 18-30 patentably differ from these references at least
for the reasons discussed in the Preliminary Amendment filed 01/24/2025 but also for additional
reasons.

Applicant invites the Examiner to telephone the undersigned if the Examiner finds that it

may help advance prosecution.
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Please charge any shortfall and credit any overpayments to our Deposit Account number
600125.
Respectfully Submitted,
/Gerard M. Wissing/
WISSING MILLER LLP
Attorney for Applicant
By: Gerard M. Wissing

Reg. No. 36,309
Tel.: 516-901-7027
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| Applicant changing to regular undiscounted fee status. 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 Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (11/23) Approved for use through 03/31/2026 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

wWww.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
19/036,506 01/24/2025 Shih-Yuan WANG 309-0015USCIPDIV2 4276
| EXAMINER |
139982 7590 10/27/2025
Wissing Miller LLP RODELA, EDUARDO A
Industrious at Hudson Yards
31 Hudson Yards, 11th Floor | ARTUNIT PAPER NUMBER |
New York, NY 10001 2893

DATE MAILED: 10/27/2025

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
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
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
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3

PTOL-85 (Rev. 11/23)
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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. The United States Patent and Trademark
Office (USPTO) collects the information in this record under authority of 35 U.S.C. 2. The USPTO’s system of
records is used to manage all applicant and owner information including name, citizenship, residence, post office
address, and other information with respect to inventors and their legal representatives pertaining to the applicant's/
owner’s activities in connection with the invention for which a patent is sought or has been granted. The applicable
Privacy Act System of Records Notice for the information collected in this form is COMMERCE/PAT-TM-7 Patent
Application Files, available in the Federal Register at 78 FR 19243 (March 29, 2013).

)

htps/vww govindo. gov/content/pkg/FR-2013-03-29/pdi72013-0734 1 pdf

Routine uses of the information in this record may include disclosure to:

1) law enforcement, in the event that the system of records indicates a violation or potential violation of law;
2) a federal, state, local, or international agency, in response to its request;
3) a contractor of the USPTO having need for the information in order to perform a contract;

4) the Department of Justice for determination of whether the Freedom of Information Act (FOIA) requires
disclosure of the record;

5) a Member of Congress submitting a request involving an individual to whom the record pertains, when the
individual has requested the Member’s assistance with respect to the subject matter of the record,

6) a court, magistrate, or administrative tribunal, in the course of presenting evidence, including disclosures to
opposing counsel in the course of settlement negotiations;

7) the Administrator, General Services Administration (GSA), or their designee, during an inspection of records
conducted by GSA under authority of 44 U.S.C. 2904 and 2906, in accordance with the GSA regulations
and any other relevant (i.c., GSA or Commerce) directive, where such disclosure shall not be used to make
determinations about individuals;

8) 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));

9) the Office of Personnel Management (OPM) for personnel research purposes; and
10)the Office of Management and Budget (OMB) for legislative coordination and clearance.

If you do not furnish the information requested on this form, the USPTO may not be able to process and/or examine
your submission, which may result in termination of proceedings, abandonment of the application, and/or expiration
of the patent.
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Application No. Applicant(s)
19/036,506 WANG et al.
Notice ofA//owab//ity Examiner Art Unit AIA (First
Eduardo A Rodela 2893 Inventor to File)
Status Yes

-- The MA/LING DATE of this communication appears on the cover sheet with the corresponderce address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.4 This communication is responsive to 9/26/2025.
(0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.3 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.

3. The allowed claim(s) is/are 37-49 . As a result of the allowed claim(s), 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
http:/Mmww.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

43 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) OJall b) {J Some* ¢) J 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)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(J including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6.(] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1.} Notice of References Cited (PTO-892)

2.} Information Disclosure Statements (PTO/SB/08), 6. Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

5. [J Examiner's Amendment/Comment

3.[J Examiner's Comment Regarding Requirement for Deposit 7.3 Other .
of Biological Material

4.4 Interview Summary (PTO-413),
Paper No./Mail Date. 9/26/2025.

/EDUARDO A RODELA/
Primary Examiner, Art Unit 2893

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13)

Notice of Allowability Part of Paper No./Mail Date 20250926
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Application/Control Number: 19/036,506 Page 2
Art Unit: 2893

DETAILED ACTION
This correspondence is in response to the communications received September 26, 2025.

Claims 37-49 are pending.

Notice of Pre-AIA or AIA Status
The present application, filed on or after March 16, 2013, is being examined under the

first inventor to file provisions of the AIA.

Priority
In light of Applicant’s clarification regarding priority in the remarks dated September 26,

2025, Examiner agrees with Applicant’s assessment of priority.

Claim Rejections - 35 USC § 112
The 112a rejections to (previous) claims 18 and 32 have been withdrawn in light of the

remarks provided on September 26, 2025.

REASONS FOR ALLOWANCE

Claims 37-49 are allowed.
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Application/Control Number: 19/036,506 Page 3
Art Unit: 2893

The following is an Examiner's statement of reasons for allowance: The pillar shaped
light photodiode array as recited in the claims of the instant invention fail to be taught by the

prior art cited of interest.

Regarding claim 37, the prior art discloses pillar shaped light photodiode array, but fails
to disclose the specific characteristic recited in the claims of the instant invention e.g. the
combination of claimed features of the specified semiconductor material based pillars with n and
p doped regions, holes in the light entry surface, side isolation, electrical contacts, in conjunction
with the limitations of;

“including for selected reverse-biasing at least some of the photodetectors;

wherein the presence of the in-pillar holes increases by a factor of at least 1.1 the
absorption of the light by at least some of the photodetectors relative to like photodetectors in

pillars lacking said holes.”
A prior art rejection in view of Dutta (US 8,357,960) in view of Hsu et al. (US

2008/0083963) in view of Dutta (US 8,106,289), was attempted, however, several of the claim

limitations were not able to be addressed by the prior art.
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Application/Control Number: 19/036,506 Page 4
Art Unit: 2893

Contact Information

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Eduardo A Rodela whose telephone number is (571)272-8797.
The examiner can normally be reached M-F, 8:30-5:00pm ET.

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 attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Yara B Green can be reached on (571) 270-3035. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of published or unpublished applications may be
obtained from Patent Center. Unpublished application information in Patent Center is available
to registered users. To file and manage patent submissions in Patent Center, visit:
https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-center for more
information about Patent Center and https://www.uspto.gov/patents/docx for information about
filing in DOCX format. For additional questions, contact the Electronic Business Center (EBC)
at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service

Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/EDUARDO A RODELA/
Primary Examiner, Art Unit 2893
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Application No. Applicant(s)
19/036,506 WANG et al.
. vy . i AIA (First | t:
Examiner-Initiated Interview Summary Egj;"r:j"oe/& Rodela o o Fie status | 29°
2803 Yes 10f1

Eduardo A Rodela Primary Examiner Telephonic
Gerard M. Wissing Attorney
Ivan Kavrukov Attorney

Date of Interview: 26 September 2025

Issues Discussed:

35U.8.C. 112

Applicant's Representatives further clarified the support for the claim content which was identified in the
previous 112a written description rejection to claims 18 and 32.

Other

Applicant's Representatives explained the purpose of presenting the information and prior art references

in the discussion around the section of remarks titled, "IPRs and PGR regarding commonly assigned
patents".

/EDUARDO A RODELA/
Primary Examiner, Art Unit 2893

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04

Please further see:

MPEP 713.04

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b)

37 CFR § 1.2 Business to be transacted in writing

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.

U.S. Patent and Trademark Office
PTOL-413/413b (Rev. Oct. 2019) Interview Summary Paper No. 20250926
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Notice of References Cited

Application/Control No. Applicant(s)/Patent Under
19/036,506 Reexamination
WANG et al.
Examiner Art Unit
Eduardo A Rodela 2893 Page 1 of 1

U.S. PATENT DOCUMENTS

Coumgogzz_eﬁﬂbir:;i; Code YYY\[()?I\t/IeM-DD Name CPC Classification US Classification
A | US-8357960-B1 2013-01-22 Dutta; Achyut Kumar B82Y20/00 257/292
B | US-20080083963-A1 2008-04-10 Hsu; Louis Lu-Chen H10F77/147 2571431
C | US-8106289-B2 2012-01-31 Dutta; Achyut Kumar H10F77/148 136/258
D
E
F
G
H
|
J
K
L
M
FOREIGN PATENT DOCUMENTS
* Countzog:t;z-el\:ﬁmNbiTIl()iiL code | VYV MM-DD 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
\Y%
w
X

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

U.S. Patent and Trademark Office

PTO-892 (Rev. 11-2023) Notice of References Cited Part of Paper No. 20250926
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Application/Control No. Applicant(s)/Patent Under Reexamination
Search Notes 19/036,506 WANG et al.
H“HHH” HH “H ” “HH“ o s
Eduardo A Rodela 2893
CPC - Searched*
Symbol Date Examiner
(H10F39/014,024,8027,806,8067; H10F71/121,1212,1215; H10F77/ EAR
14,147,40,413,488,70,703; H10F77/703; H10F30/223; H10F77/122; 10/02/2025
H10F77/1226; H10F77/14; H10F77/1437: H10F77/147; H10F77/413
H10F77/122,143,1437,147,70,703,413 10/02/2025 EAR
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
PEZ2E search - see history for complete details 10/02/2025 EAR
Inventor & Applicant search 10/02/2025 EAR
Similarity search 10/02/2025 EAR
Interference Search
US Class/CPC US Subclass/CPC Group Date Examiner
Symbol
noted CPC in conjunction with a text limited search
search area 10/02/2025 EAR

U.S. Patent and Trademark Office

Page 1 of 1
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | 9036 506 WANG et al.
H “H“ Examiner Art Unit
Eduardo A Rodela 2893
CPC
Symbol Type Version
H10F 703 F 2025:01-01
H10F 14 | 2025:01:01
H10F 223 | 2025-01-01
H10F 122 | 2025-01-01
H10F 147 | 2025:01-01
H10F 413 | 2025:01-01
H10F 1226 | 2025:01:01
H10F 1437 | 2025-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 13
/EDUARDO A RODELA/ 02 October 2025 ) ) -
Primary Examiner, Art Unit 2893 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 37 5B, 49
U.S. Patent and Trademark Office Part of Paper No.: 20250926

Page 1 of 3
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification | 9036 506 WANG et al.

H “H“ Examiner Art Unlt
Eduardo A Rodela 2893

INTERNATIONAL CLASSIFICATION
CLAIMED

H10F
H10F

NON-CLAIMED

US ORIGINAL CLASSIFICATION

CLASS SUBCLASS

CROSS REFERENCES(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
NONE
Total Claims Allowed:

(Assistant Examiner) (Date) 13

/EDUARDO A RODELA/ 02 October 2025 ) ) -
Primary Examiner, Art Unit 2893 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 37 5B, 49
U.S. Patent and Trademark Office

Part of Paper No.: 20250926

Page 2 of 3
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification | 9036 506 WANG et al.

H “H“ Examiner Art Unlt
Eduardo A Rodela 2893

(J Claims renumbered in the same order as presented by applicant ] CPA (O T.D. O R.1.47
CLAIMS

Final |Original|Final |]Original|Final [Original|Final OriginallFinaI Original|Final OriginallFinaI Original|Final |Original
1 10 19 28 1 37 10 46
2 11 20 29 2 38 11 47
3 12 21 30 3 39 12 48
4 13 22 31 4 40 13 49
5 14 23 32 5 41
6 15 24 33 6 42
7 16 25 34 7 43
8 17 26 35 8 44
9 18 27 36 9 45
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 13
/EDUARDO A RODELA/ 02 October 2025 ) ) -
Primary Examiner, Art Unit 2893 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 37 5B, 49
U.S. Patent and Trademark Office Part of Paper No.: 20250926
Page 3 of 3
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Receipt date:

Doc code: IDS
Doc description: Information Disclosure Statement (IDS) Filed

09/16/2025

18/036,506 ~ GAU: 2883

PTO/SB/08 (01-25)

Approved for use through 11/30/2027. OMB 0651-0031
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 contains a valid OMB control number.

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Application N

umber 19036506

Filing Date

2025-01-24

First Named Inventor |Shih—Yuan WANG

Art Unit

|2893

Examiner Name

| Eduardo A. Rodela

Attorney Docket Number

| 309-0015USCIPDIV2

U.S. PATENTS

Examiner
Initial*

Cite
No

Patent Number

Kind
Code!

Issue Date

Name of Inventor of cited
Document

Pages, Columns, Lines where
Relevant Passages or Relevant

Figures Appear

If you wish to add additional U.S. Patent citation information, p

lease click the Add button.

U.S. PATENT APPLICATION PUBLICATIONS

Examiner| .. Publication Kind | Publication Name of Inventor or Applicant Pages, Columns, Lines where
- Cite No . Relevant Passages or Relevant
Initial Number Code'| Date of cited Document :
Figures Appear

1 20120049044 2012-03-01 Kuboi

2 20120033119 2012-02-09 Shinohara

3 20120153124 2012-06-21 Yuetal.

4 20120012741 2012-01-19 Vasylyev

If you wish to add additional U.S. Published Application citation information, please click the Add butto

FOREIGN PATENT DOCUMENTS

Name of Patentee or Pages, Columns,
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited Lines where Relevant 5
Initial* No | Number3 Codezj Code4| Date PP Passages or Relevant
Document .
Figures Appear
PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /E.A.R/
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Receipt date: 08/16/2025 18/036,506 - GAU: 2883
Application Number 19036506
INFORMATION DISCLOSURE | —— o
First Named Inventor |Shih-Yuan WANG
STATEMENT BY APPLICANT ,
Art Unit | 2893
Examiner Name | Eduardo A. Rodela
Attorney Docket Number | 309-0015USCIPDIV2
1 2002314116 JP 2002-10-25 Harada et al. |:|
2 2007129024 JP 2007-05-24 Hasegawa |:|
3 2172974 EP 2010-04-07 NXP B.V. |:|
If you wish to add additional Foreign Patent Document citation information, please click the Add button
NON-PATENT LITERATURE DOCUMENTS
. . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite . . . .
o (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
Initials No . : .
publisher, city and/or country where published.
1 Yahaya, NA, Characterization of light absorption in thin-film silicon with periodic nanohole arrays, 11 March 2013/Vol. D
21, No. 5/0OPTICS EXPRESS 5924-5930. (7 pages)
If you wish to add additional non-patent literature document citation information, please click the Add butto
EXAMINER SIGNATURE
Examiner Signature JEDUARDO A RODELA/ Date Considered 09/28/2025
*EXAMINER: Initial if reference considered and whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.
Standard ST.3). 2 For Japanese patent documents the |nd|cat|on-;)fthe year of the relgn of the Emperor must precede the senal number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 3 Applicant is to place a check mark here if]
English language translation is attached

PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /E.A.R/
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Receipt date: 08/16/2025 18/036,506 - GAU: 2883
Application Number 19036506

Filing Date 2025-01-24
First Named Inventor | Shih-Yuan WANG
Art Unit | 2893

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Examiner Name | Eduardo A. Rodela
Attorney Docket Number | 309-0015USCIPDIV2

TIMING STATEMENT
Please see 37 CFR 1.97(e) to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to
any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

[

See attached timing statement under 37 CFR 1.97(e).

A timing statement under 37 CFR 1.97(e) is not submitted herewith.
TIMING FEE

The fee set forth in 37 CFR 1.17(p) has been submitted herewith.
COPIES

OO

X

X]

An identification of an earlier application pursuant to 37 CFR 1.98(d)(1) is attached.

SIZE FEE ASSERTION

Please see 37 CFR 1.17(v) and the {8 Auto-Load instructions for completing this form to make the appropriate selection of
an assertion under 37 CFR 1.98. For the information disclosure statement (IDS) submitted herewith, the applicant or patent
owner certifies the following with respect to the cumulative number of applicant-provided or patent-owner provided items of
information submitted to date including those in the accompanying IDS (select only one):

No IDS size fee is required under 37 CFR 1.17(v) at this time.
] The IDS is accompanied by the IDS size fee under 37 CFR 1.17(v)(1).
7] The IDS is accompanied by the IDS size fee under 37 CFR 1.17(v)(2).

7] The IDS is accompanied by the IDS size fee under 37 CFR 1.17(v)(3).

SIGNATURE
A signature of the applicant or representative is required in accordance with 37 CFR 1.33 and 11.18. Please see 37 CFR 1.4(d)
for the form of the signature.

Signature /Gerard M. Wissing/ Date (YYYY-MM-DD) 2025-09-16
Name/Print Gerard M. Wissing Registration Number 36,309
PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /E.A.R/
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Receipt date: 08/16/2025

18/036,506 ~ GAU:

2893

Application Number

19036506

Filing Date
INFORMATION DISCLOSURE

2025-01-24

STATEMENT BY APPLICANT

First Named Inventor |Shih-Yuan WANG

Art Unit

|2893

Examiner Name

| Eduardo A. Rodela

Attorney Docket Number

| 309-0015USCIPDIV2

VA 22313-1450.
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Privacy Act Statement

1.

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) furishing 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:

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 the Freedom of Information Act requires disclosure of these record s.

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.

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.

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).

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.

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)).

A record 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.

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 inspections or an issued patent.

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.

PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /E.A.R/

Patent Owner, W& Wsens - Ex. 2034, p. 171



PE2E SEARCH - Search History (Prior Art)

Ref #

Hits

Search Query

DBs

Default
Operator

Plurals

British
Equivalents

Time Stamp

L34

L35

36

34

((US-11347001-B2 OR
US-9425126-B2 OR
US-8147704-B2 OR
US-9105867-B2 OR
US-8778195-B2 OR
US-8453319-B2 OR
US-10739189-B2 OR
US-11037794-B2 OR
US-8501020-B2 OR
US-7046441-B2 OR
US-12174398-B2 OR
US-9406824-B2 OR
US-8344241-B1 OR
US-8814622-B1 OR
US-8357960-B1 OR
US-11211419-B2 OR
US-11830594-B2 OR
US-11830954-B2 OR
US-9331116-B2).did.
AND USPT.dbnm.) OR
((US-20110036396-A1
OR US-20100203235-
A1 OR US-
20080067721-A1 OR
US-20070049028-A1
OR US-20240339475-
A1 OR US-
20240304641-A1 OR
US-20240276114-A1
OR US-20230238468-
A1 OR US-
20100221866-A1 OR
US-20170133415-A1
OR US-20180359434-
A1 OR US-
20180182806-A1 OR
US-20200135776-A1
OR US-20100271524-
A1 OR US-
20140167066-A1).did.
AND PGPB.dbnm.) OR
((CN-116110986-A OR
CN-110518093-A).did.
AND FTDB.dbnm.)

((US-11347001-B2 OR
US-9425126-B2 OR
US-8147704-B2 OR
US-9105867-B2 OR
US-8778195-B2 OR
US-8453319-B2 OR
US-10739189-B2 OR
US-11037794-B2 OR

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN,CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT,JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, 8l SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT)

OR

OR

ON

ON

ON

ON

2025/09/23
10:44 AM

2025/09/23
10:44 AM

10/02/2025 03:51:12 PM Page 1 of 26
Workspace: 19036506 ER
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US-8501020-B2 OR
US-7046441-B2 OR
US-12174398-B2 OR
US-9406824-B2 OR
US-8344241-B1 OR
US-8814622-B1 OR
US-8357960-B1 OR
US-11211419-B2 OR
US-11830594-B2 OR
US-11830954-B2 OR
US-9331116-B2).did.
AND USPT.dbnm.) OR
((US-20110036396-A1
OR US-20100203235-
A1 OR US-
20080067721-A1 OR
US-20070049028-A1
OR US-20240339475-
A1 OR US-
20240304641-A1 OR
US-20240276114-A1
OR US-20230238468-
A1 OR US-
20100221866-A1 OR
US-20170133415-A1
OR US-20180359434-
A1 OR US-
20180182806-A1 OR
US-20200135776-A1
OR US-20100271524-
A1 OR US-
20140167066-A1).did.
AND PGPB.dbnm.) OR
((CN-116110986-A OR
CN-110518093-A).did.
AND FTDB.dbnm.)

L36 36 ((US-11347001-B2 OR |(US-PGPUB; USPAT; |OR ON ON 2025/09/26
US-9425126-B2 OR USOCR; FIT (AU, AP, 01:21 PM
US-8147704-B2 OR AT, BE, BG, BR, BY,
US-9105867-B2 OR CA,CH,CN, CS, CU,
US-8778195-B2 OR CZ, DD, DE, DK, EA,
US-8453319-B2 OR EE, EP, ES, FI, FR, GB,
US-10739189-B2 OR  [HR, HU, ID, IE, IL, IS,
US-11037794-B2 OR IT,JP, KR, LT, LU, LV,
US-8501020-B2 OR MA, OA, RU, SU, WO,
US-7046441-B2 OR MC, MD, MY, NL, NO,
US-12174398-B2 OR  [NZ, PH, PL, PT, RO,
US-9406824-B2 OR RS, SE, SG, SI, 8K,
US-8344241-B1 OR TH, TN, TR, TW, UA,
US-8814622-B1 OR VN); FPRS; EPO;
US-8357960-B1 OR JPO; DERWENT;
US-11211419-B2 OR  [IBM_TDB)
US-11830594-B2 OR
US-11830954-B2 OR
US-9331116-B2).did.
AND USPT.dbnm.) OR
((US-20110036396-A1
10/02/2025 03:51:12 PM Page 2 of 26
Workspace: 19036506 ER
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OR US-20100203235-
A1 OR US-
20080067721-A1 OR
US-20070049028-A1
OR US-20240339475-
A1 OR US-
20240304641-A1 OR
US-20240276114-A1
OR US-20230238468-
A1 OR US-
20100221866-A1 OR
US-20170133415-A1
OR US-20180359434-
A1 OR US-
20180182806-A1 OR
US-20200135776-A1
OR US-20100271524-
A1 OR US-
20140167066-A1).did.
AND PGPB.dbnm.) OR
((CN-116110986-A OR
CN-110518093-A).did.
AND FTDB.dbnm.)

L37 36 ((US-11347001-B2 OR |(US-PGPUB; USPAT; |OR ON ON 2025/09/29
US-9425126-B2 OR USOCR; FIT (AU, AP, 09:13 AM
US-8147704-B2 OR AT, BE, BG, BR, BY,

US-9105867-B2 OR CA,CH,CN, CS, CU,
US-8778195-B2 OR CZ, DD, DE, DK, EA,
US-8453319-B2 OR EE, EP, ES, FI, FR, GB,
US-10739189-B2 OR  [HR, HU, ID, IE, IL, IS,
US-11037794-B2 OR  |IT, JP, KR, LT, LU, LV,
US-8501020-B2 OR MA, OA, RU, SU, WO,
US-7046441-B2 OR MC, MD, MY, NL, NO,
US-12174398-B2 OR  [NZ, PH, PL, PT, RO,
US-9406824-B2 OR RS, SE, SG, SI, SK,
US-8344241-B1 OR TH, TN, TR, TW, UA,
US-8814622-B1 OR VN); FPRS; EPO;
US-8357960-B1 OR JPO; DERWENT;
US-11211419-B2 OR  [IBM_TDB)
US-11830594-B2 OR
US-11830954-B2 OR
US-9331116-B2).did.
AND USPT.dbnm.) OR
((US-20110036396-A1
OR US-20100203235-
A1 OR US-
20080067721-A1 OR
US-20070049028-A1
OR US-20240339475-
A1 OR US-
20240304641-A1 OR
US-20240276114-A1
OR US-20230238468-
A1 OR US-
20100221866-A1 OR
US-20170133415-A1
OR US-20180359434-
10/02/2025 03:51:12 PM Page 3 of 26
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A1 OR US-
20180182806-A1 OR
US-20200135776-A1
OR US-20100271524-
A1 OR US-
20140167066-A1).did.
AND PGPB.dbnm.) OR
((CN-116110986-A OR
CN-110518093-A).did.
AND FTDB.dbnm.)

L38 9 "10050078".pn. (US-PGPUB; USPAT,; [OR ON ON 2025/09/29
USOCR; FIT (AU, AP, 09:20 AM
AT, BE, BG, BR, BY,
CA,CH,CN, Cs, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;

IBM_TDB)
L39 37 ("9853073"|"201002765 |(US-PGPUB; USPAT; |OR ON ON 2025/09/29
72""20130181114"|"20 |USOCR; FIT (AU, AP, 09:23 AM

140021574""20140146 |AT, BE, BG, BR, BY,
208""20150171146"["2 |CA, CH, CN, CS, CU,
0160054172"|"8941200 |CZ, DD, DE, DK, EA,
"|"8946610"|'8970751"|" |EE, EP, ES, FI, FR, GB,
9313433"|"9577012").P [HR, HU, ID, IE, IL, IS,
N. IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L45 13 ("6882364" | "7110034" |(US-PGPUB; USPAT; |OR ON ON 2025/09/29
| "8208052" | "8289422" [USOCR) 02:30 PM

| "8294076" | "8384818"
| "20020135825" |
"20100019129" |
"20120212656" |
"20140055649").pn. OR
("9853073").urpn. AND
(PGPB | USPT |
USOC).dbnm.

L46 2 ("20130182155".pn.  |(US-PGPUB; USPAT; |OR ON ON 2025/09/29
OR ("8970751").urpn. |USOCR) 02:33 PM
AND (PGPB | USPT |
USOC).dbnm.

10/02/2025 03:51:12 PM Page 4 of 26
Workspace: 19036506 ER
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L47

L48

L49

L50

L51

60336

15285465

102189812

"9252177".pn.

("20050213221" |
"20090040345" |
"20110037869").pn. OR
("9252177").urpn. AND
(PGPB | USPT |
USOC).dbnm.

(micrometer OR micro
OR (micro NEAR
structur$3)) WITH
(pillars OR columns)
WITH (plurality OR
matrix OR array)

silicon OR "SiGe" OR
(silicon NEAR
germanium) OR
germanium

recess$2 OR hole OR
aperture OR orifice OR

(US-PGPUB; USPAT,
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CSs, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT,
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, Cs, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2025/09/29
03:43 PM

2025/09/29
03:43 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM
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L52 3873614

L53 460

L54 169

L55 49

opening OR pit OR
hollow

(dielectric OR oxide OR
nitride OR glass OR
insulat$3) near3 (fill$3
ORin$3)

(L1 same3 L3 SAME
L4) AND L2

(L1 same3 L3 SAME
L4) AND L2

("4983251" | "6316793"
| "6486502" | "6583454"
| "6682659" | "8147704"
| "8608468" | "8993380"
| "9000584" | "9048222"
| "9048233" | "9064879"
| "9111949" | "9209068"
| "9263511" | "9281254"

AT, BE, BG, BR, BY,
CA,CH,CN,CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, 8I, 8K,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH,CN, CSs, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT:
USOCR)

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2025/09/29
04:04 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM

10/02/2025 03:51:12 PM
Workspace: 19036506
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| "9299649" | "9368460"
| "9372206" | "9425126"
| "9431368" | "9443783"
| "9461018" | "9484482"
| "9496189" | "9564414"
| "9666502" | "9735131"
| "9899355" |
"10366962" |
"20010017370" |
"20030201459" |
"20090154871" |
"20100216294" |
"20110008484" |
"20110036396" |
"20120156321" |
"20130279844" |
"20150037044" |
"20150194337" |
"20150378095" |
"20160190093" |
"20160315452" |
"20170092626" |
"20170207600" |
"20180308834" |
"20190004247").pn. OR
("11347001").urpn.
AND (PGPB | USPT |

USOC).dbnm.
L56 15 ("7189635" | (US-PGPUB; USPAT; |OR ON ON 2025/09/29
"20020133129" | USOCR) 04:04 PM
"20070049028" |
"20080061214" |
"20080067721" |
"20080217819" |
"20100203235").pn. OR
("8147704").urpn. AND
(PGPB | USPT |
USOC).dbnm.
L57 13 ("2010/0203235").urpn. |(US-PGPUB; USPAT; |OR ON ON 2025/09/29
AND (PGPB | USPT| |USOCR) 04:04 PM
USOC).dbnm.
L58 7 ("2007/0049028".urpn. |(US-PGPUB; USPAT; |OR ON ON 2025/09/29
AND (PGPB | USPT| |USOCR) 04:04 PM
USOC).dbnm.
L59 41067 H10F39/014,024,8027, [(US-PGPUB; USPAT; |OR ON ON 2025/09/29
806,8067.cpc. OR USOCR) 04:04 PM
H10F71/121,1212,1215
.cpc. OR
H10F77/14,147,40,413,
488,70,703.cpc.
L60 17 H10F77/703.cpc. AND [(US-PGPUB; USPAT; |OR ON ON 2025/09/29
L1 AND L3 USOCR) 04:04 PM
L61 39 H10F77/703.cpc. AND |(US-PGPUB; USPAT; [OR ON ON 2025/09/29
L1 AND L3 USOCR; FIT (AU, AP, 04:04 PM
AT, BE, BG, BR, BY,
CA, CH, CN, CSs, CU,
10/02/2025 03:51:12 PM Page 7 of 26
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CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT,;
IBM_TDB)
L62 418 L12 AND L1 AND L3 (US-PGPUB; USPAT; |OR ON ON 2025/09/29
USOCR; FIT (AU, AP, 04:04 PM
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, 8K,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L63 138 L12 AND L1 AND L3 (US-PGPUB; USPAT; |OR ON ON 2025/09/29
USOCR) 04:04 PM
L64 0 ("2023/0238468").urpn. [(US-PGPUB; USPAT; |OR ON ON 2025/09/29
AND (PGPB | USPT| |USOCR) 04:04 PM
USOC).dbnm.
L65 194 ("4358851" | "4634272" |(US-PGPUB; USPAT; |OR ON ON 2025/09/29
| "4676599" | "4702600" [USOCR) 04:04 PM
| "4744667" | "4851664"
| "5267016" | "5288992"
| "5760899" | "5982552"
| "6014232" | "6133989"
| "6255133" | "6374024"
| "6414746" | "6690019"
| "6721262" | "7091462"
| "D531525" | "7170542"
| "7295298" | "7345271"
| "7421159" | "7433042"
| "7808706" | "7848478"
| "7969558" | "8013983"
| "8089618" | "8130367"
| "D659030" | "8319949"
| "8330840" | "8374405"
| "8384997" | "8494252"
| "8675181" | "8717488"
| "8742325" | "8743176"
| "8761495" | "8767190"
| "8829406" | "8836922"
| "8848039" | "9041915"
10/02/2025 03:51:12 PM Page 8 of 26
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| "9063549" | "9071763"
| "9086273" | "9111444"
| "9157790" | "9164511"
| "9176051" | "9229109"
| "9285464" | "9285477"
| "9299731" | "9368936"
| "9369689" | "9383753"
| "9425654" | "9435891"
| "9470520" | "9489601"
| "9525863" | "9529079"
| "9551791" | "9992477"
| "10063849" |
"10183541" |
"10222458" |
"10222475" |
"20020072684" |
"20030006676" |
"20030047752" |
"20040061502" |
"20040223071" |
"20050030409" |
"20060244851" |
"20070007563" |
"20070060806" |
"20070228262" |
"20080153189" |
"20090016642" |
"20090040629" |
"20090179142" |
"20090295910" |
"20100008588" |
"20100020306" |
"20100110275" |
"20100123893" |
"20100204964" |
"20110025843" |
"20110032398" |
"20110037849" |
"20110116262" |
"20110216304" |
"20120044476" |
"20120140109" |
"20120154914" |
"20120182464" |
"20120287417" |
"20120320164" |
"20130044310" |
"20130141549" |
"20130206967" |
"20130294089" |
"20130300840" |
"20140118335" |
"20140118493" |
"20140153001" |
"20140158900" |
"20140168631" |
"20140176933" |
"20140211194" |
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"20140269796" |
"20140285628" |
"20140291491" |
"20140313519" |
"20140375977" |
"20140376092" |
"20150002636" |
"20150131080" |
"20150184999" |
"20150192677" |
"20150292948" |
"20150293224" |
"20150316473" |
"20150355470" |
"20150358601" |
"20150378241" |
"20150379371" |
"20160003946" |
"20160047895" |
"20160047896" |
"20160047897" |
"20160047898" |
"20160047899" |
"20160047900" |
"20160047901" |
"20160047903" |
"20160049765" |
"20160097858" |
"20160150963" |
"20160161600" |
"20160218727" |
"20160265902" |
"20160291134" |
"20160306032" |
"20160327779" |
"20160328619" |
"20170146640" |
"20170219426" |
"20170219695" |
"20170269197" |
"20170269198" |
"20170269209" |
"20170269215" |
"20170289524" |
"20170350983" |
"20180059222" |
"20180067209" |
"20180069838" |
"20180136042" |
"20180152691" |
"20180299554" |
"20180329035" |
"20180329060" |
"20180329061" |
"20180329062" |
"20180329066" |
"20180359460" |
"20190011556" |
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L66

L67

L68

L69

19

19

69978

"20190011561" |
"20190011562" |
"20190011567" |
"20190018111" |
"20190146088" |
"20190064355").pn. OR
("10739189").urpn.
AND (PGPB | USPT |
USOC).dbnm.

("4407695" | "6835317"
| "8501020" | "9675790"
| "9993948" |
"20080047929" |
"20170110330").pn. OR
("11037794").urpn.
AND (PGPB | USPT |
USOC).dbnm.

("4407695" | "7046441"
| "7483130" | "7700520"
| "20060002656" |
"20060228722" |
"20070177647" |
"20070184204" |
"20070284570" |
"20080047929" |
"20100087723" |
"20100221866" |
"20100244079" |
"20110195201" |
"20120152353" |
"20120170033").pn. OR
("8501020").urpn. AND
(PGPB | USPT |
USOC).dbnm.

("4117506" | "4403239"
| "5211761" | "8344241"
| "20010013362" |
"20020011263" |
"20020192441" |
"20040084080" |
"20040109666" |
"20050098205" |
"20050121068" |
"20060118166" |
"20060207647" |
"20090194152" |
"20090283139" |
"20100096013" |
"20100186802" |
"20110162706" |
"20130048070").pn. OR
("9406824").urpn. AND
(PGPB | USPT |
USOC).dbnm.

(H10F77/703 OR
H10F30/223 OR

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT
USOCR)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2025/09/29
04:04 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM

10/02/2025 03:51:12 PM
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H10F77/122 OR AT, BE, BG, BR, BY,
H10F77/1226 OR CA, CH, CN, CS, CU,
H10F77/14 OR CZ, DD, DE, DK, EA,
H10F77/1437 OR EE, EP, ES, FI, FR, GB,
H10F77/147 OR HR, HU, ID, IE, IL, IS,
H10F77/413).cpc. IT,JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SlI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO,;
JPO; DERWENT;
IBM_TDB)
L70 43660 L12 OR L22 (US-PGPUB; USPAT; [OR ON ON 2025/09/29
USOCR) 04:04 PM
L71 139 L23 AND L1 AND L3 (US-PGPUB; USPAT; [OR ON ON 2025/09/29
USOCR) 04:04 PM
L72 32 ("4814847" | "5266814" |(US-PGPUB; USPAT; [OR ON ON 2025/09/29
| "6667528" | "7015139" |USOCR) 04:04 PM
| "7132677" | "7183127"
| "20050255581" |
"20070158661" |
"20070210349" |
"20080105296").pn. OR
("8357960").urpn. AND
(PGPB | USPT |
USOC).dbnm.
L73 5 (("W8&amp;W") near3 |(US-PGPUB; USPAT) [OR ON ON 2025/09/29
("SENS") near3 04:04 PM
("DEVICES") near3
("INC")).AS,AANM.
L74 869 ((("WANG") near3 (US-PGPUB; USPAT; |OR ON ON 2025/09/29
("Shih-Yuan")) OR USOCR; EPO; JPO; 04:04 PM
(("WANG") near3 DERWENT)
("Shih-Ping"))).INV.
L75 2 (L26 OR L27) AND (US-PGPUB; USPAT; [(AND ON ON 2025/09/29
((pillars)(photodetectors ([USOCR; FIT (AU, AP, 04:04 PM
)(light NEAR receiving [AT, BE, BG, BR, BY,
NEAR CA, CH, CN, Cs, CU,
surfac$2)(light)(respond |CZ, DD, DE, DK, EA,
)(visible OR EE, EP, ES, FI, FR, GB,
infrared)(wavelength$1) |HR, HU, ID, IE, IL, IS,
(holes)(recess$3)(filled) |IT, JP, KR, LT, LU, LV,
(dielectric NEAR MA, OA, RU, SU, WO,
material)(absorption)).cl |MC, MD, MY, NL, NO,
m. NZ, PH, PL, PT, RO,
RS, SE, SG, SlI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L76 40 ("56315147" | "6759292" |(US-PGPUB; USPAT; |AND ON ON 2025/09/29
| "6879014" | "7276749" [USOCR) 04:04 PM
| "7396696" | "7525170"
10/02/2025 03:51:12 PM Page 12 of 26
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L77 10

L78 1

L79 1

L80 9

| "8129710" | "8357960"
| "8558336" | "8946675"
| "9000492" | "9184202"
| "9263519" | "9515218"
| "10411053" |
"10522582" |
"11211419" |
"11309444" |
"11728457" |
"20050145779" |
"20080083963" |
"20100320444" |
"20110156195" |
"20110297214" |
"20110309331" |
"20120012741" |
"20120153127" |
"20120153416" |
"20120196401" |
"20130125965" |
"20140016660" |
"20160240579" |
"20170141153" |
"20180012918" |
"20180102442" |
"20180182806" |
"20190001989" |
"20190166317" |
"20200006407" |
"20200006416").pn. OR
("12243948").urpn.
AND (PGPB | USPT |
USOC).dbnm.

("20150372034" |
"20160112614" |
"20170104020" |
"20170117309" |
"20180151759" |
"20180182806" |
"20180359434").pn. OR
("11211419").urpn.
AND (PGPB | USPT |
USOC).dbnm.

"11830594" pn.
"11830954" pn.

("9209320" | "9331116"
| "9876045" |
"11594657" |
"20100271524" |
"20140167066" |
"20180033895" |
"20200135776" |
"20210305440").pn. OR
("11830954").urpn.

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT
USOCR)

(US-PGPUB; USPAT;
USOCR)

AND

AND

AND

AND

ON

ON

ON

ON

ON

ON

ON

ON

2025/09/29
04:04 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM

2025/09/29
04:04 PM
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L81

L82

36

34

AND (PGPB | USPT |
USOC).dbnm.

((US-11347001-B2 OR
US-9425126-B2 OR
US-8147704-B2 OR
US-9105867-B2 OR
US-8778195-B2 OR
US-8453319-B2 OR
US-10739189-B2 OR
US-11037794-B2 OR
US-8501020-B2 OR
US-7046441-B2 OR
US-12174398-B2 OR
US-9406824-B2 OR
US-8344241-B1 OR
US-8814622-B1 OR
US-8357960-B1 OR
US-11211419-B2 OR
US-11830594-B2 OR
US-11830954-B2 OR
US-9331116-B2).did.
AND USPT.dbnm.) OR
((US-20110036396-A1
OR US-20100203235-
A1 OR US-
20080067721-A1 OR
US-20070049028-A1
OR US-20240339475-
A1 OR US-
20240304641-A1 OR
US-20240276114-A1
OR US-20230238468-
A1 OR US-
20100221866-A1 OR
US-20170133415-A1
OR US-20180359434-
A1 OR US-
20180182806-A1 OR
US-20200135776-A1
OR US-20100271524-
A1 OR US-
20140167066-A1).did.
AND PGPB.dbnm.) OR
((CN-116110986-A OR
CN-110518093-A).did.
AND FTDB.dbnm.)

((US-11347001-B2 OR
US-9425126-B2 OR
US-8147704-B2 OR
US-9105867-B2 OR
US-8778195-B2 OR
US-8453319-B2 OR
US-10739189-B2 OR
US-11037794-B2 OR
US-8501020-B2 OR
US-7046441-B2 OR
US-12174398-B2 OR

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN,CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT,JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, 8I, 8K,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT)

OR

OR

ON

ON

ON

ON

2025/09/29
04:04 PM

2025/09/29
04:04 PM
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Workspace: 19036506 ER

Patent Owner, W& Wsens - Ex. 2034, p. 185



US-9406824-B2 OR
US-8344241-B1 OR
US-8814622-B1 OR
US-8357960-B1 OR
US-11211419-B2 OR
US-11830594-B2 OR
US-11830954-B2 OR
US-9331116-B2).did.
AND USPT.dbnm.) OR
((US-20110036396-A1
OR US-20100203235-
A1 OR US-
20080067721-A1 OR
US-20070049028-A1
OR US-20240339475-
A1 OR US-
20240304641-A1 OR
US-20240276114-A1
OR US-20230238468-
A1 OR US-
20100221866-A1 OR
US-20170133415-A1
OR US-20180359434-
A1 OR US-
20180182806-A1 OR
US-20200135776-A1
OR US-20100271524-
A1 OR US-
20140167066-A1).did.
AND PGPB.dbnm.) OR
((CN-116110986-A OR
CN-110518093-A).did.
AND FTDB.dbnm.)

L83 36 ((US-11347001-B2 OR |(US-PGPUB; USPAT; |OR ON ON 2025/09/29
US-9425126-B2 OR USOCR; FIT (AU, AP, 04:04 PM
US-8147704-B2 OR AT, BE, BG, BR, BY,
US-9105867-B2 OR CA, CH, CN, CS, CU,
US-8778195-B2 OR CZ, DD, DE, DK, EA,
US-8453319-B2 OR EE, EP, ES, FI, FR, GB,
US-10739189-B2 OR  |HR, HU, ID, IE, IL, IS,
US-11037794-B2 OR  [IT, JP, KR, LT, LU, LV,
US-8501020-B2 OR MA, OA, RU, SU, WO,
US-7046441-B2 OR MC, MD, MY, NL, NO,
US-12174398-B2 OR NZ, PH, PL, PT, RO,
US-9406824-B2 OR RS, SE, SG, SI, SK,
US-8344241-B1 OR TH, TN, TR, TW, UA,
US-8814622-B1 OR VN); FPRS; EPO;
US-8357960-B1 OR JPO; DERWENT;
US-11211419-B2 OR  |IBM_TDB)
US-11830594-B2 OR
US-11830954-B2 OR
US-9331116-B2).did.
AND USPT.dbnm.) OR
((US-20110036396-A1
OR US-20100203235-
A1 OR US-
20080067721-A1 OR
10/02/2025 03:51:12 PM Page 15 of 26
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L84

36

US-20070049028-A1
OR US-20240339475-
A1 OR US-
20240304641-A1 OR
US-20240276114-A1
OR US-20230238468-
A1 OR US-
20100221866-A1 OR
US-20170133415-A1
OR US-20180359434-
A1 OR US-
20180182806-A1 OR
US-20200135776-A1
OR US-20100271524-
A1 OR US-
20140167066-A1).did.
AND PGPB.dbnm.) OR
((CN-116110986-A OR
CN-110518093-A).did.
AND FTDB.dbnm.)

((US-11347001-B2 OR
US-9425126-B2 OR
US-8147704-B2 OR
US-9105867-B2 OR
US-8778195-B2 OR
US-8453319-B2 OR
US-10739189-B2 OR
US-11037794-B2 OR
US-8501020-B2 OR
US-7046441-B2 OR
US-12174398-B2 OR
US-9406824-B2 OR
US-8344241-B1 OR
US-8814622-B1 OR
US-8357960-B1 OR
US-11211419-B2 OR
US-11830594-B2 OR
US-11830954-B2 OR
US-9331116-B2).did.
AND USPT.dbnm.) OR
((US-20110036396-A1
OR US-20100203235-
A1 OR US-
20080067721-A1 OR
US-20070049028-A1
OR US-20240339475-
A1 OR US-
20240304641-A1 OR
US-20240276114-A1
OR US-20230238468-
A1 OR US-
20100221866-A1 OR
US-20170133415-A1
OR US-20180359434-
A1 OR US-
20180182806-A1 OR
US-20200135776-A1

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

OR

ON

ON

2025/09/29
04:04 PM
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OR US-20100271524-
A1 OR US-
20140167066-A1).did.
AND PGPB.dbnm.) OR
((CN-116110986-A OR
CN-110518093-A).did.
AND FTDB.dbnm.)
L85 9 "10050078".pn. (US-PGPUB; USPAT: |OR ON ON 2025/09/29
USOCR; FIT (AU, AP, 04:04 PM
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)
L86 37 ("9853073"|"201002765 | (US-PGPUB; USPAT; |OR ON ON 2025/09/29
72""20130181114""20 |USOCR; FIT (AU, AP, 04:04 PM
140021574""20140146 |AT, BE, BG, BR, BY,
208"["20150171146""2 |CA, CH, CN, CS, CU,
0160054172"|"8941200 |CZ, DD, DE, DK, EA,
""8946610"["8970751"|" | EE, EP, ES, FI, FR, GB,
9313433"'9577012").P |HR, HU, ID, IE, IL, IS,
N. IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN):; FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)
L87 13 ("6882364" | "7110034" |(US-PGPUB; USPAT; |OR ON ON 2025/09/29
| "8208052" | "8289422" [USOCR) 04:04 PM
| "8294076" | "8384818"
| "20020135825" |
"20100019129" |
"20120212656" |
"20140055649").pn. OR
("9853073").urpn. AND
(PGPB | USPT |
USOC).dbnm.
L88 2 ("20130182155".pn.  |(US-PGPUB; USPAT; |OR ON ON 2025/09/29
OR ("8970751").urpn. |USOCR) 04:04 PM
AND (PGPB | USPT |
USOC).dbnm.
L89 2 "9252177".pn. (US-PGPUB; USPAT; |OR ON ON 2025/09/29
USOCR: FIT (AU, AP, 04:04 PM
AT, BE, BG, BR, BY,
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CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;

IBM_TDB)

L90 3 ("20050213221" | (US-PGPUB; USPAT; |OR ON ON 2025/09/29
"20090040345" | USOCR) 04:04 PM
"20110037869").pn. OR
("9252177").urpn. AND
(PGPB | USPT |
USOC).dbnm.

L91 17 ((("W&amp;WSens") (US-PGPUB; USPAT) |OR ON ON 2025/09/29
near3 ("Devices") near3 05:04 PM
("Inc"))).AS,AANM.

L92 869 (("WANG") near3 (US-PGPUB; USPAT; |OR ON ON 2025/09/29
("Shih-Yuan")) OR USOCR; EPO; JPO; 05:15 PM
(("WANG") near3 DERWENT)
("Shih-Ping"))).INV.

L93 50 (Artificial Intelligence) [(US-PGPUB; USPAT; |OR ON ON 2025/09/29
Similar to: USOCR; FIT (AU, AP, 05:15 PM

19/036,506 with 0 CPC |AT, BE, BG, BR, BY,
Selections and 0 Text |CA, CH, CN, CS, CU,
Selections CZ, DD, DE, DK, EA,
Text: EE, EP, ES, FI, FR, GB,
(US-20250194293-A1 |HR, HU, ID, IE, IL, IS,
OR US-12087871-B2 IT, JP, KR, LT, LU, LV,
OR US-12243948-B2 MA, OA, RU, SU, WO,
OR US-20240429332- |MC, MD, MY, NL, NO,
A1 OR KR- NZ, PH, PL, PT, RO,
20220164070-A OR RS, SE, SG, SI, SK,
KR-20220019844-A OR [TH, TN, TR, TW, UA,
US-11621360-B2 OR  |VN))

KR-102472078-B1 OR
KR-102593511-B1 OR
US-20240063317-A1
OR KR-20160039150-A
OR US-20190019899-
A1 OR US-10700225-
B2 OR EP-3000134-B1
OR US-9559240-B1 OR
US-11309444-B1 OR
KR-102358584-B1 OR
WO-2019018846-A2
OR US-20220246775-
A1 OR WO-
2014190189-A9 OR
US-20230215962-A1
OR US-20160254407-
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A1 OR US-
20160126381-A1 OR
KR-20180060969-A OR
WO-2014190189-A2
OR US-9496435-B2 OR
US-10622498-B2 OR
CN-116454144-A OR
US-11791432-B2 OR
CN-111133590-B OR
US-20180151759-A1
OR DE-102017123338-
B4 OR JP-7429084-B2
OR KR-102162408-B1
OR KR-20080028385-A
OR US-20220102563-
A1 OR US-
20200020816-A1 OR
EP-3772104-A1 OR
US-20130125965-A1
OR US-20160258867-
A1 OR US-9909989-B2
OR US-10707361-B2
OR US-9182338-B2 OR
US-20140329352-A1
OR US-8890271-B2 OR
US-20140045209-A1
OR US-11393937-B2
OR US-20170263790-
A1 OR CN-111133590-
A OR US-9406824-
B2).did.

L94 59241 H10F77/122,143,1437, |(US-PGPUB; USPAT; |OR ON ON 2025/09/29
147,70,703,413.cpc. USOCR; FIT (AU, AP, 05:19 PM
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L95 93510 (H10F77/703 OR (US-PGPUB; USPAT; |OR ON ON 2025/09/29
H10F30/223 OR USOCR; FIT (AU, AP, 05:23 PM
H10F77/122 OR AT, BE, BG, BR, BY,
H10F77/1226 OR CA,CH,CN,CS, CU,
H10F77/14 OR CZ, DD, DE, DK, EA,
H10F77/1437 OR EE, EP, ES, FI, FR, GB,
H10F77/147 OR HR, HU, ID, IE, IL, IS,
H10F77/413 OR IT, JP, KR, LT, LU, LV,
H10F30/221 OR MA, OA, RU, SU, WO,
H10F30/225 OR MC, MD, MY, NL, NO,
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H10F77/40 OR NZ, PH, PL, PT, RO,

H10F77/407).cpc. RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L96 3 (L94 OR L95) AND (US-PGPUB; USPAT; |AND ON ON 2025/09/29
((pillars)(photodetectors ([USOCR; FIT (AU, AP, 05:25 PM
)(light NEAR receiving |AT, BE, BG, BR, BY,

NEAR CA,CH, CN, CS, CU,
surfac$2)(light)(respond |CZ, DD, DE, DK, EA,
)(visible OR EE, EP, ES, FI, FR, GB,
infrared)(wavelength$1) |HR, HU, ID, IE, IL, IS,
(holes)(recess$3)(filled) |IT, JP, KR, LT, LU, LV,
(dielectric NEAR MA, OA, RU, SU, WO,
material)(absorption)) MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, 8K,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L97 199 (L94 OR L95) AND L1 |(US-PGPUB; USPAT; |OR ON ON 2025/09/29

AND L3 USOCR; FIT (AU, AP, 05:26 PM
AT, BE, BG, BR, BY,
CA,CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, 8K,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT,;
IBM_TDB)

L98 40 ((US-11347001-B2 OR |(US-PGPUB; USPAT; |OR ON ON 2025/10/01

US-9425126-B2 OR USOCR; FIT (AP, AT, 03:51 PM
US-8147704-B2 OR AU, BE, BG, BR, BY,
US-9105867-B2 OR CA, CH, CN, CS, CU,
US-8778195-B2 OR CZ, DD, DE, DK, EA,
US-8453319-B2 OR EE, EP, ES, FI, FR, GB,
US-10739189-B2 OR  |HR, HU, ID, IE, IL, IS,
US-11037794-B2 OR  |IT, JP, KR, LT, LU, LV,
US-8501020-B2 OR MA, MC, MD, MY, NL,
US-7046441-B2 OR NO, NZ, OA, PH, PL,
US-12174398-B2 OR  |PT, RO, RS, RU, SE,
US-9406824-B2 OR SG, SI, SK, SU, TH,
US-8344241-B1 OR TN, TR, TW, UA, VN,
US-8814622-B1 OR WO); FPRS; EPO;
US-8357960-B1 OR JPO; DERWENT,;
US-11211419-B2 OR  |IBM_TDB)
US-11830594-B2 OR

US-11830954-B2 OR

US-9331116-B2 OR
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US-9853073-B2 OR
US-8970751-B2 OR
US-9252177-B2).did.
AND USPT.dbnm.) OR
((US-20110036396-A1
OR US-20100203235-
A1 OR US-
20080067721-A1 OR
US-20070049028-A1
OR US-20240339475-
A1 OR US-
20240304641-A1 OR
US-20240276114-A1
OR US-20230238468-
A1 OR US-
20100221866-A1 OR
US-20170133415-A1
OR US-20180359434-
A1 OR US-
20180182806-A1 OR
US-20200135776-A1
OR US-20100271524-
A1 OR US-
20140167066-A1 OR
US-20130182155-
A1).did. AND
PGPB.dbnm.) OR ((CN-
116110986-A OR CN-
110518093-A).did. AND
FTDB.dbnm.)

L99 38 ((US-11347001-B2 OR |(US-PGPUB; USPAT) |OR ON ON 2025/10/01
US-9425126-B2 OR 03:51 PM
US-8147704-B2 OR
US-9105867-B2 OR
US-8778195-B2 OR
US-8453319-B2 OR
US-10739189-B2 OR
US-11037794-B2 OR
US-8501020-B2 OR
US-7046441-B2 OR
US-12174398-B2 OR
US-9406824-B2 OR
US-8344241-B1 OR
US-8814622-B1 OR
US-8357960-B1 OR
US-11211419-B2 OR
US-11830594-B2 OR
US-11830954-B2 OR
US-9331116-B2 OR
US-9853073-B2 OR
US-8970751-B2 OR
US-9252177-B2).did.
AND USPT.dbnm.) OR
((US-20110036396-A1
OR US-20100203235-
A1 OR US-
20080067721-A1 OR

10/02/2025 03:51:12 PM Page 21 of 26
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L100 40

US-20070049028-A1
OR US-20240339475-
A1 OR US-
20240304641-A1 OR
US-20240276114-A1
OR US-20230238468-
A1 OR US-
20100221866-A1 OR
US-20170133415-A1
OR US-20180359434-
A1 OR US-
20180182806-A1 OR
US-20200135776-A1
OR US-20100271524-
A1 OR US-
20140167066-A1 OR
US-20130182155-
A1).did. AND
PGPB.dbnm.) OR ((CN-
116110986-A OR CN-
110518093-A).did. AND
FTDB.dbnm.)

((US-11347001-B2 OR
US-9425126-B2 OR
US-8147704-B2 OR
US-9105867-B2 OR
US-8778195-B2 OR
US-8453319-B2 OR
US-10739189-B2 OR
US-11037794-B2 OR
US-8501020-B2 OR
US-7046441-B2 OR
US-12174398-B2 OR
US-9406824-B2 OR
US-8344241-B1 OR
US-8814622-B1 OR
US-8357960-B1 OR
US-11211419-B2 OR
US-11830594-B2 OR
US-11830954-B2 OR
US-9331116-B2 OR
US-9853073-B2 OR
US-8970751-B2 OR
US-9252177-B2).did.
AND USPT.dbnm.) OR
((US-20110036396-A1
OR US-20100203235-
A1 OR US-
20080067721-A1 OR
US-20070049028-A1
OR US-20240339475-
A1 OR US-
20240304641-A1 OR
US-20240276114-A1
OR US-20230238468-
A1 OR US-
20100221866-A1 OR

(US-PGPUB; USPAT,
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN,CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT,JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, 8I, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

OR

ON

ON

2025/10/02
09:09 AM

10/02/2025 03:51:12 PM
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L101 38

US-20170133415-A1
OR US-20180359434-
A1 OR US-
20180182806-A1 OR
US-20200135776-A1
OR US-20100271524-
A1 OR US-
20140167066-A1 OR
US-20130182155-
A1).did. AND
PGPB.dbnm.) OR ((CN-
116110986-A OR CN-
110518093-A).did. AND
FTDB.dbnm.)

((US-11347001-B2 OR
US-9425126-B2 OR
US-8147704-B2 OR
US-9105867-B2 OR
US-8778195-B2 OR
US-8453319-B2 OR
US-10739189-B2 OR
US-11037794-B2 OR
US-8501020-B2 OR
US-7046441-B2 OR
US-12174398-B2 OR
US-9406824-B2 OR
US-8344241-B1 OR
US-8814622-B1 OR
US-8357960-B1 OR
US-11211419-B2 OR
US-11830594-B2 OR
US-11830954-B2 OR
US-9331116-B2 OR
US-9853073-B2 OR
US-8970751-B2 OR
US-9252177-B2).did.
AND USPT.dbnm.) OR
((US-20110036396-A1
OR US-20100203235-
A1 OR US-
20080067721-A1 OR
US-20070049028-A1
OR US-20240339475-
A1 OR US-
20240304641-A1 OR
US-20240276114-A1
OR US-20230238468-
A1 OR US-
20100221866-A1 OR
US-20170133415-A1
OR US-20180359434-
A1 OR US-
20180182806-A1 OR
US-20200135776-A1
OR US-20100271524-
A1 OR US-
20140167066-A1 OR

(US-PGPUB; USPAT)

OR

ON

ON

2025/10/02
09:09 AM

10/02/2025 03:51:12 PM
Workspace: 19036506

Page 23 of 26

ER

Patent Owner, W& Wsens - Ex. 2034, p. 194




US-20130182155-
A1).did. AND
PGPB.dbnm.) OR ((CN-
116110986-A OR CN-
110518093-A).did. AND
FTDB.dbnm.)

L102 35 (nm OR nanometer$1 |(US-PGPUB; USPAT; |OR ON ON 2025/10/02
OR"um" OR "mu" OR |USOCR; FIT (AU, AP, 09:16 AM
micrometer$1 OR AT, BE, BG, BR, BY,
micron$1) AND L101 CA,CH,CN,CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, 8I, 8K,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;

IBM_TDB)
L103 5 (silicon WITH pillar) (US-PGPUB; USPAT,; |OR ON ON 2025/10/02
AND L101 USOCR; FIT (AU, AP, 01:37 PM

AT, BE, BG, BR, BY,
CA,CH,CN, Cs, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;

IBM_TDB)
L104 92 (silicon WITH pillar) (US-PGPUB; USPAT; |OR ON ON 2025/10/02
AND H10F77/1437.cpc. |USOCR,; FIT (AU, AP, 01:41 PM

AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;

IBM_TDB)
L1056 47 (silicon WITH pillar) (US-PGPUB; USPAT) [OR ON ON 2025/10/02
AND H10F77/1437 .cpc. 01:41 PM
10/02/2025 03:51:12 PM Page 24 of 26
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L106

L107

L108

L109

L110

L111

72

261

71

N

(silicon WITH pillar)
AND H10F77/147 .cpc.

"9252177".pn.

("20050213221" |
"20090040345" |
"20110037869").pn. OR
("9252177").urpn. AND
(PGPB | USPT |
USOC).dbnm.

((divot OR dent of hole
OR groove OR texture
OR (inverted NEAR
pyramid)) WITH ((top
OR upper OR upward)
NEAR (face OR
surface))) AND
H10F77/147,1437 .cpc.

("2009/0165844").urpn.
AND (PGPB | USPT |
USOC).dbnm.

"11830954" pn.

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT:
USOCR)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT:
USOCR)

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2025/10/02
01:54 PM

2025/10/02
02:53 PM

2025/10/02
02:59 PM

2025/10/02
03:00 PM

2025/10/02
03:11 PM

2025/10/02

03:19 PM

PE2E SEARCH - Search History (Interference)

Ref #

Hits

Search Query

DBs

Default
Operator

Plurals

British
Equivalents

'Time Stamp

N1

N2

N3

2

(L26 OR L27) AND
((pillars)(photodetectors
)(light NEAR receiving
NEAR
surfac$2)(light)(respond
)(visible OR
infrared)(wavelength$1)
(holes)(recess$3)(filled)
(dielectric NEAR
material)(absorption)).cl
m.

(L94 OR L95) AND
((pillars)(photodetectors
)(light NEAR receiving
NEAR
surfac$2)(light)(respond
)(visible OR
infrared)(wavelength$1)
(holes)(recess$3)(filled)
(dielectric NEAR
material)(absorption))

(L91 OR L92) AND
((pillars)(photodetectors
)(light NEAR receiving
NEAR
surfac$2)(light)(respond

)(visible OR

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

AND

AND

AND

ON

ON

ON

ON

ON

ON

2025/09/29
05:24 PM

2025/09/29
05:25 PM

2025/10/02
03:45 PM

10/02/2025 03:51:12 PM
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infrared)(wavelength$1)
(holes)(recess$3)(filled)
(dielectric NEAR
material)(absorption)).cl
m.
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Doc Code: PET.OP
Document Description: Petition for Review by the Office of Petitions
PTO/SB/445 (01-25)
Approved for use through 11/30/2027. 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.

PETITION TO ACCEPT AN UNINTENTIONALLY DELAYED CLAIM UNDER 35 U.S.C. 119(e)
(37 CFR 1.78(c)) AND/OR TO ACCEPT AN UNINTENTIONALLY DELAYED CLAIM UNDER 35 U.S.C.
120, 121, 365(c), or 386(c) (37 CFR 1.78(e)) FOR THE BENEFIT OF A PRIOR-FILED APPLICATION
Page 1 of 5

First named inventor: Shih_Yuan WANG
19/036,506 oo 2893
Eduardo A. Rodela

Application No.:

January 24, 2025

Filed: Examiner:

Tie: | MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Attention: Office of Petitions When filing via USPTO patent electronic filing system, use Doc Code
Mail Stop Petition PET.PCT (Petition for review by the PCT Legal Office) for applications
Commissioner for Patents filed under 35 U.S.C. 371 and/or if the reference to the prior-filed

P.O. Box 1450 application(s) includes an international application or an international
Alexandria, VA 22313-1450 design application. In all other instances, use Doc Code PET.OP (Petition
FAX571-273-8300 for review by the Office of Petitions).

NOTE: If information or assistance is needed in completing this form, please contact the Office of Petitions at 571-272-3282.

APPLICANT HEREBY PETITIONS FOR ACCEPTANCE OF AN UNINTENTIONALLY DELAYED BENEFIT CLAIM TO A PRIOR-FILED APPLICATION
UNDER 37 CFR 1.78(c) AND/OR 37 CFR 1.78(e).

NOTE: For a petition under 37 CFR 1.78(e), the above-identified application must have been filed during the pendency of the
prior application or during the pendency of an intermediate application similarly entitled to the benefit of the filing date of the
prior application. For a petition under 37 CFR 1.78(c), the above-identified application must have been filed within 12 months of
the filing date of the provisional application or be entitled to claim the benefit under 35 U.S.C. 120, 121, or 365(c) of an
application that was filed within 12 months of the filing date of the provisional application, except as provided in 37 CFR 1.78(b).

NOTE: A grantable petition requires the following items:

(1) the reference required by 35 U.S.C. 119(e) and 37 CFR 1.78(a)(3) to the prior-filed provisional application and/or the
reference required by 35 U.S.C. 120 and 37 CFR 1.78(d)(2) to the prior-filed nonprovisional application, international
application designating the United States, or international design application designating the United States, unless
previously submitted;

(2) the petition fee set forth in 37 CFR 1.17(m) and the applicable fee (if any) set forth in 37 CFR 1.17(w); and

(3) astatement that the entire delay between the date the benefit claim was due under 37 CFR 1.78(d)(3) and/or 37 CFR
1.78(a)(4) and the date the benefit claim was filed was unintentional. The Director may require additional information
where there is a question as to whether the delay was unintentional.

1. The required reference to the prior-filed application:

li\ The above-identified application was filed on or after September 16, 2012, and the reference is either set forth in the attached
corrected application data sheet (ADS) or in a corrected ADS that was previously submitted.

l:\ The above-identified application was filed prior to September 16, 2012, and the reference is either (1) set forth in a supplemental ADS,
(2) set forth in the attached amendment to the first sentence(s) of the specification, or (3) set forth in a supplemental ADS or
amendment to the first sentence(s) of the specification that was previously submitted. See 37 CFR 1.78(h).

Reminder: Any ADS which corrects or updates the information of record must comply with 37 CFR 1.76(c)(2) (or for applications filed
prior to September 16, 2012, pre-AlA 37 CFR 1.76(c)).

A Federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to comply with an
information collection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a currently valid OMB Control
Number. The OMB Control Number for this information collection is 0651-0032. Public burden for this form is estimated to average 1 hour per response, including
the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the information
collection. Send comments regarding this burden estimate or any other aspect of this information collection, including suggestions for reducing this burden to the
Chief Administrative Officer, United States Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email InformationCollection@uspto.gov. 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, calf 1-800-PTO-9199and select option 2.
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PTO/SB/445 (01-25)
Approved for use through 11/30/2027. 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.

PETITION TO ACCEPT AN UNINTENTIONALLY DELAYED CLAIM UNDER 35 U.S.C. 119(e)
(37 CFR 1.78(c)) AND/OR TO ACCEPT AN UNINTENTIONALLY DELAYED CLAIM UNDER 35 U.S.C.
120, 121, 365(c), or 386(c) (37 CFR 1.78(e)) FOR THE BENEFIT OF A PRIOR-FILED APPLICATION

Page 2 of 5
2. Petition fee:
(A) Fordelay greater than two years:
37 CFR1.17(m)(1)
l:l Other than a small or micro entity (undiscounted) fee $ (Fee Code 1469).
‘:‘ Small entity fee $ (Fee Code 2469). Applicant asserts small entity status. See 37 CFR 1.27.
l:‘ Micro entity fee $ (Fee Code 3469). Applicant has established or is establishing micro entity status. See 37 CFR 1.29.

Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously.

(B) Fordelay less than or equal to two years:

37 CFR 1.17(m)(2)
l:‘ Other than a small or micro entity (undiscounted) fee $ (Fee Code 1454).
lil Small entity fee $ 904.00 (Fee Code 2454). Applicant asserts small entity status. See 37 CFR 1.27.

l:‘ Micro entity fee $ (Fee Code 3454). Applicant has established or is establishing micro entity status. See 37 CFR 1.29.
Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously.

3. Statement: The entire delay between the date the benefit claim was due under 37 CFR 1.78(d)(3) and/or 37 CFR 1.78(a)(4) and the date
the benefit claim was filed was unintentional.

Petitioner is reminded that a change in circumstance or a delay resulting from a deliberately chosen course of action does not become an
“unintentional” delay because, for example:

. the applicant does not consider any patent to be of sufficient value to justify the financial expense of obtaining the patent; or

. the applicant remains interested in eventually obtaining a patent, but simply seeks to defer patent fees and patent prosecution
expenses.

NOTE: Where the petition under 37 CFR 1.78(c) and/or 37 CFR 1.78(e) is filed more than two years after the date the priority or benefit
claim was due, the United States Patent and Trademark Office requires an additional explanation of the circumstances surrounding the
delay that establishes the entire delay was unintentional. This requirement is in addition to the requirement to provide a statement that the
entire delay was unintentional. See Clarification of the Practice for Requiring Additional Information in Petitions Filed in Patent Applications
and Patents Based on Unintentional Delay, 85 FR 12222 (March 2, 2020). See MPEP 711.03(c)(I1)(C)-(F) for additional guidance on the
information required to establish that the entire delay was unintentional.

l:‘ Because this petition under 37 CFR 1.78(c) and/or 37 CFR 1.78(e) is being filed more than two years after the date the priority or
benefit claim was due, additional explanation of the circumstances surrounding the delay that establishes the entire delay was
unintentional is enclosed herewith. Note: If this box is checked, section 2A must also be completed.

Reminder: Presentation of a benefit claim may prompt a requirement to pay the continuing application fee set forth in 37 CFR 1.17(w), if
the actual filing date of the application is more than six years after the earliest benefit date. See 37 CFR 1.78(d)(3)(i) and 37 CFR 1.17(w).
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PTO/SB/445 (01-25)
Approved for use through 11/30/2027. 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.

PETITION TO ACCEPT AN UNINTENTIONALLY DELAYED CLAIM UNDER 35 U.S.C. 119(e)
(37 CFR 1.78(c)) AND/OR TO ACCEPT AN UNINTENTIONALLY DELAYED CLAIM UNDER 35 U.S.C.
120, 121, 365(c), or 386(c) (37 CFR 1.78(e)) FOR THE BENEFIT OF A PRIOR-FILED APPLICATION
Page 3 of 5

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to
identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers (other than a check or
credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO to support a petition or an
application. If this type of personal information is included in documents submitted to the USPTO, petitioners/applicants should consider
redacting such personal information from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the
record of a patent application is available to the public after publication of the application (unless a non-publication request in compliance
with 37 CFR 1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from an abandoned application may also
be available to the public if the application is referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit
card authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly
available.

/Gerard M. Wissing/ November 14, 2025
Signature* Date
Gerard M. Wissing 36309
Typed or Printed Name Registration Number, if applicable

Industrious at Hudson Yards, 31 Hudson Yards, 11th Floor (5'] 6) 901-7027

Address Telephone Number

New York, New York 10001
Address

* This petition must be signed in accordance with 37 CFR 1.33. Please see 37 CFR 1.4(d) for the signature requirements. Submit multiple
forms if more than one signature is required.

Enclosures:
E Application Data Sheet (see instructions starting on page 4)

E Fee (along with supporting documentation, if required)

l:‘ Other:

CERTIFICATE OF MAILING OR TRANSMISSION [37 CFR 1.8(a)]

I hereby certify that this correspondence is being:

D Deposited with the United States Postal Service on the date shown below with sufficient postage as first class mail in an envelope
addressed to: Mail Stop Petition, Commissioner for Patents, P. O. Box 1450, Alexandria, VA 22313-1450.

li‘ Transmitted by the USPTO patent electronicfiling system or by facsimile to 571-273-8300, to the USPTO on the date shown.

November 14, 2025 /Gerard M. Wissing/
Date Signature

Gerard M. Wissing

Typed or printed name of person signing certificate
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Instructions for Petition to Accept an Unintentionally Delayed Claim under 35 U.S.C. 119(e)
(37 CFR 1.78(c)) and/or to Accept an Unintentionally Delayed Claim under 35 U.S.C. 120,
121, 365(c), or 386(c) (37 CFR 1.78(e)) for the Benefit of a Prior-Filed Application

(Not to be Submitted to the USPTO)

When filing electronically via the USPTO patent electronic filing system, use Doc Code PET.PCT
(Petition for review by the PCT Legal Office) for applications filed under 35 U.S.C. 371 and/or if the
reference to the prior-filed application(s) includes an international application or an international
design application. In all other instances, use Doc Code PET.OP (Petition for review by the Office of
Petitions).

1. The reference required to the prior-filed application:

a. For applications filed on or after September 16, 2012, the reference must be set forth in a
corrected application data sheet (ADS). See 37 CFR 1.76.

Note: Any ADS filed after the filing of the application is considered a corrected (or updated) ADS
even if an ADS was not previously submitted. A corrected ADS must identify the information that is
being changed with underlining for insertions and strike-through or brackets for text removed. In
general, the identification of the information being changed should be made relative to the most
recent filing receipt. For example, where the most recent filing receipt for the application shows no
benefit claim, the entire benefit claim must be shown with underlining in the corrected ADS. In
addition, if the ADS identified an incorrect provisional application number and the most recent filing
receipt included the incorrect provisional application number, the corrected ADS should identify the
incorrect provisional application number being deleted with strike-through or brackets, and should
identify the correct provisional application number being added with underlining. For more
information regarding a corrected ADS in an application filed on or after September 16, 2012, see
MPEP 601.05(a), subsection Il.

A corrected ADS may include all of the section headings listed in 37 CFR 1.76(b) with all appropriate
data for each heading or only those sections (including the section headings) containing changed or
updated information. See 37 CFR 1.76(c)(2). A corrected ADS must identify the application by
application number and be properly signed.

Use of the corrected Web-based ADS is recommended for registered users of the USPTO patent
electronic filing system because it will pre-populate with information of record; applicants can then
type in the desired changes, and the system will create a PDF version with the appropriate strike-
through and underlining. For more information, see the Quick Start Guide for "Application Data
Sheet to Update and/or Correct Information" available at https://www.uspto.gov/sites/default/
files/documents/Corrected-WebADS-QSG.pdf

Applicants may also use Form PTO/AIA/14, which may be printed and marked up to comply with 37
CFR 1.76(c).

[Page 4 of 5]
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Instructions for Petition to Accept an Unintentionally Delayed Claim under 35 U.S.C. 119(e)
(37 CFR 1.78(c)) and/or to Accept an Unintentionally Delayed Claim under 35 U.S.C. 120,
121, 365(c), or 386(c) (37 CFR 1.78(e)) for the Benefit of a Prior-Filed Application

(Not to be Submitted to the USPTO)

b. For applications filed before September 16, 2012, the reference to the prior-filed
application may be made in a supplemental ADS in compliance with pre-AIA 37 CFR 1.76(c) or in an
amendment in the first sentence(s) of the specification following the title. See 37 CFR 1.78(h).

Note: For applications filed before September 16, 2012, any ADS submitted after the filing date of the
application is a supplemental ADS, regardless of whether an original ADS was submitted with the
application papers on filing. Supplemental ADS papers must be labeled Supplemental ADS or
Supplemental Application Data Sheet, include each of the seven section headings listed in pre-AlA 37
CFR 1.76(b) with all appropriate data for the section heading, and identify the information that is
being changed. See pre-AlA 37 CFR 1.76(c). A supplemental ADS must also identify the application by
application number and be properly signed. For more information regarding a supplemental ADS in
an application filed before September 16, 2012, see MPEP 601.05(b), subsection .

2. Petition fee:

The petition fee is set forth in 37 CFR 1.17(m) and must be included with the petition. Petitioner is
advised to refer to the current fee schedule at hittps://www.uspto.gov/learning-and-resources/fees-
and-payment/uspio-fee-schedule.

Note: Effective January 19, 2025, presentation of a benefit claim under 35 U.S.C. 120, 121, 365(c), or
386(c) may prompt a requirement to pay the continuing application fee set forth in 37 CFR 1.17(w), if
the actual filing date of the application is more than six years after the earliest benefit date. See 37
CFR 1.78(d)(3)(i) and 37 CFR 1.17(w).

3. Statement:

37 CFR 1.78(c) and 37 CFR 1.78(e) require a statement that the entire delay between the date the
benefit claim was due and the date the benefit claim was filed was unintentional. The required
statement(s) is included in this form.

Note: the Director may require additional information where there is a question whether the delay
was unintentional.

[Page 5 of 5]
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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. The United States Patent and Trademark
Office (USPTO) collects the information in this record under authority of 35 U.S.C. 2. The USPTO’s system of
records is used to manage all applicant and owner information including name, citizenship, residence, post office
address, and other information with respect to inventors and their legal representatives pertaining to the applicant's/
owner’s activities in connection with the invention for which a patent is sought or has been granted. The applicable
Privacy Act System of Records Notice for the information collected in this form is COMMERCE/PAT-TM-7 Patent
Application Files, available in the Federal Register at 78 FR 19243 (March 29, 2013). https://www.govinfo.gov/
content/pkg/FR-2013-03-29/pdf/2013-07341 .pdf

Routine uses of the information in this record may include disclosure to: 1) law enforcement, in the event that the system
of records indicates a violation or potential violation of law; 2) a federal, state, local, or international agency, in response
to its request; 3) a contractor of the USPTO having need for the information in order to perform a contract; 4) the
Department of Justice for determination of whether the Freedom of Information Act (FOIA) requires disclosure of the
record; 5) a Member of Congress submitting a request involving an individual to whom the record pertains, when the
individual has requested the Member’s assistance with respect to the subject matter of the record; 6) a court, magistrate,
or administrative tribunal, in the course of presenting evidence, including disclosures to opposing counsel in the course
of settlement negotiations; 7) the Administrator, General Services Administration (GSA), or their designee, during an
inspection of records conducted by GSA under authority of 44 U.S.C. 2904 and 2906, in accordance with the GSA
regulations and any other relevant (i.e., GSA or Commerce) directive, where such disclosure shall not be used to make
determinations about individuals; 8) 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)); 9) the Office of Personnel Management (OPM) for
personnel research purposes; and 10) the Office of Management and Budget (OMB) for legislative coordination and
clearance.

If you do not furnish the information requested on this form, the USPTO may not be able to process and/or examine

your submission, which may result in termination of proceedings, abandonment of the application, and/or expiration of
the patent.
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PRI 34 {0132

Agproved for use through OS3Y/2024. OMB GB31-0032

W&, Prtent and Tratemark Office; U8, DEPARTMENT OF COMMERCE

Uinder the Papewark Reduation Ad of 1885, no persons are reqguired fo respand o a sollection of infannalion unizss i coniaing 3 valid OR8B sontrol number

Attorney Docket Number | 309-0015USCIPOIV £
Application Mumber 19/036.506

Application Data Sheet 37 CFR 1.76

Title of invention | MICROSTRUCTURE ENHANCED ABSORFPTION PHOTOSENSITIVE DEVICES

The application data sheetis part of the provisional or nanprovisions) application for which 1 is being submitted. The folfowing form contains the
bibkographic data arranged in & formiat specified by the United Sistes Patent and Trademark Office a5 oullined in 37 CFR 1.98,

This document may be compleled electronically and submitted (o the Office in elecironic format using the Electronic Fling Systern (EFS) or the
document may be printed and included in a paper fled application.

Secrecy Order 37 CFR 5.2:

] Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 {Paper filers only. Applicalions that fall under Secrecy Order may not be filed electronically.} ]

Inventor Information:

{ Inventor 1
Legal Name
Prefix] Given Name Middle Name Family Name Suffix
| Shin-Yuan WANG :
Residence Information (Select One) US Residency () NonUS Residency () Active US Military Service
City | Pao alto StatefProvince | CA | Country of Residencé | US

Mailing Address of Inventor:

Address 1 766 Encina Grande Drive

Address 2

City Palo Alto | statesProvince cA

Pastal Code I 94308 E Countryi ] us

inventor 2

Legal Name

Prefix] Given Name Middle Name i Family Name Suffix|
| Shin-Ping WANG {

Residence Information {Select One) US Residency { ) NonUS Reéidency ) Active US Military Service

City | Los Altos State/Province | CA Country of Residencd | US

Mailing Address of Inventor:

Address 1 38 Third Street, Suite 307

Address 2 ’

City Las Altos State/Province CA
Postal Code ] 90422 [ Countryi us

i Al Inventors Must Be Listed - Additional inventor information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence information section below.
For further information see 37 CFR 1.33(a).

EFS Webk 2.2.13
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FICYALA 14 (09-22

Spproved for use through QS313024. OMB G831-0032

LS. Ratent and Tradernark Ofice; U8, DERPARTMENT OF COMMERCE

Unrder the Papsrwork Reductios Al of 1888, no peraons are required to respond to a coliection of dfommstion sriess § coniaing 2 vwiid OB controf ssursifier.

Attorney Docket Number | 309-0015U SCIPDIVG
Application Number 189036 506

Application Data Sheet 37 CFR 1.76

Title of Invantion | MICROSTRUCTURE ENHANCED ABRSORPTION PHOTOSENSITWVE DEVICES

’ ] an Address is being provided for the correspondence Information of this application.

Customer Number
Email Address

Application Information:

Title of the Invention MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES
Attorney Docket Number] 308-0015U8CIPDINVZ l Small Entity Status Claimed
Application Type Nonpravisional
' Subject Matter Utifity
] Total Number of Drawing Sheets (if any) 48 Suggnested Figure for Publication (if any} | 5B

FiI’ing} By Reference:

Oniy complete this section when filing an application by reference under 35US.0 11 g and 37 CFR1 57{a). Do notcomplets this section if
application papers inchuding a specification and any drawings are being filed. Any domesfic benefit or foreign priority information mustbe
provided in the approprate section{s) below (Le., "Domestic Benelit/National Stage information” and “Foreign Pricrity information”).

For the purposes of a filing date under 37 CFR 1.53(0), the description and any drawings of the present application are replaced by this
reference 10 the previously fled application, sublec! to conditions and requirerments of 37 CFR 1.57(a). .

Application number of the previously Filing date (YYYY-MAM-DOY intellectual Propenty Authority or Country
filed appiication

Publication Information:
1 Reguest Early Publication (Fee required at time of Reguest 37 CFR'1.218)

Request Not to Publish. 1 nereby request that the attached appiication not be published under
{7 35 U.8.C. 122(b) and centify thal the inveniion disciosed in the attached application has not and will not be the
subject of an application filed in another country, or under 3 multilateral international agreement, that requires

publication at sightesn months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. [f both sections are completed the customer
Mumber will be used for the Representative information during processing.

Please Select One: | Customer Number | () US Patent Practitioner | () Limited Recognition (37 CFR 11.8)

Customer Number

EFS Web2.2.43

Patent Owner, W& Wsens - Ex. 2034, p. 210



PTONAIAG {D2-18)

Appravd ks wuse rough V2020, OME 0831-0032

5.8, Patent and Trademask Office, 1.8, DERPARTMENTY QF COMMERCE

Unidar the Pagerwork Reduction Aot of 1885, no pevsons are reguired o respond to a colietlion of informsastion umsless i oseing = yalid OMB contral surmsities,

Attorney Docket Number | 308-D015USCIPDIVZ
Application Mumber i 19/036.506

Application Data Sheet 37 CFR 1.76

Title of invention | MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Filing By Reference:

Only compilete this section when fﬁiﬁg an application by reference under 35U.5.C 11 (g and 37 CFR1L.57{a). Do notcomplete this section if
appfication papers including a specification and any drawings are being filked. Any domestic beneflit or foreign prioity information must be
provided in the appropriate section{s} below {Le., "Domestic Benefit/Mational Stage Information” and “Forelgn Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference 10 the previously filed application, subject to conditions and reguirements of 37 CFR 1,573}

Apphication number of the previously Filing date {YYYY-MM-DD) intellectual Propedy Authority or Country
filed application

Publication Information:
1 Request Early Publication (Fee required at time of Reguest 37 CFR 1.219)

Request Not to Publish. | nereby request that the attached appiication not be published under

1 35 U.8.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an apphication filed in another country, or under a multilateral international agresment, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for ai practiioners having a power of altorney in the application. Providing
this information in the Application Data Sheet does not constittte a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
dumber wif be used for the Representative information during processing.

Please Select Onet Customer Rumber () US Patent Practitioner | () Limited Recognition {37 CFR11.9)
Customer Number 130982

Domestic Benefit/National Stage Information:

[Tris section allows for the applicant o either claim benefit under 35 U.5.C. 118(e), 120, 121, 385(c), or 386(c) or indicate
Mationat Stage entry from a8 PCT application. Providing banefit dlaim information in the Application Dals Sheet constitules
the specific reference required by 35 U.S.C. 118(e) or 120, and 37 CFR 1.78.

When referring to the current application, pleases leave the “Application Number”® field biank.

Prior Application Status § Pending

Filing or 371{c) Dale
Apptication Number Continuily Type Prior Application Number {(YYYY-MM-DD)
19036506 Division of 18822880 - 2024-08-03
EFS Wab 2.2.13
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PTONAIANG ID2-18)

Approesd for use through YIBH2020. OME T851-0032

5.8, Patent and Trademassk Office; 1.8, DEPARTMENTY QF COMMERCE

Under the Paperwork Reduction Rotof 1885, no persons ave reguired o respond o & colivelion of infornation unless § sardaing = yabid OMB contred sumbier

1 Attorney Docket Number | 309-0015USCIPDIVZ
Application Data Sheet 37 CFR 1.76 o
Application Number 19/036,508

Title of invention | MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Prior Application 8tatus{ Patented

Application o Prior Application Fiing Date issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
18822880 | Divisionof 18385213 2093-10-30 12087871 2024-08-10
Prior Application Status{ Patented ; ) R
Application . Hrior Application Filing Date lssue Date
Mumber Continuily Type Nuttber (YYYY-MM-DD) Patent Number (YYYY- MMBD)
18385213 - Continuation in part of 17974325 2022-10-26 11830954 2023-11-28

Prior Application Stalus | Pending

Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)
18385213 ~ Continuation in part of i 18113474 2023-02.23
AAAAAAAAA e ——
Application o Brior Application Filing Date issue Date
Number Continuity Type Nu mb@r YYYY- MM-DD) Patent Number (W‘r’%MMmD D)
1811347 Division of 17707429 202203.29 11621360 2023-04-04
Prior Application Status | Patentad ;
Application o Prior Application Fibing Date Tesue Date
Nurnber Continuity Type Number (YYYY-RM-00) Patent Number | nrvyy D)

17707428 | Continustioninpatof | 17182954 | 2021-03-23 11791432 | 20231017

Prior Aﬁpiicahm Status i Patented

Application Priar Application Filing Date

Number | Continuity Type Number YYYY-RM-DD) Patent Number t{YYYY-MM—BD}
17182854 Division of 18528858 2018-08-01 11121271 2021-08-14
F‘racﬁ%‘}\pphcatuon Status| Patented ' . o
"""""" Application | o1 PriorApplication | Filing Date
Number | Cummwty Type Number (YYYY-MM-DD) Patent Number gWWMMDD}
16528858 Continuation in part of 15787821 2017-10-30 10446700 2019-10-15
Prior Application Status| Patented '
Application o Prior Agplication Filing Date 1 i ssue Date |
Number | Continuity Type Number (YYYY-RM-DD) Patent Mumber (YYYY-MM-DD)
18113474 : Division ¢of 17707429 2022-03-29 | 11621360 2023-04-04

Additional Domestic Bengfit/National Stage Data may be generated within this form
by selecting the &dd bution.
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FITAAIS (09-R32

Aporaved for use thraugh OS313024. OME GB31-0032
MLB. Patent and Teademark Ofice; 1.8, DEPARTMENT OF COMMERTE
Under the Papenvaik Reduction Aot of 1888, no persans ars seqguired to respond to a cofection of iformastion unless B containg 3 valid OMB control ssussibies.

Application Data Sheet 37 CFR 1.76

Attorney_ﬁocket Mumber

309-001SUSCIPOIZ

Application Number

19/036.506

Title of Invention

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITVE DEVICES

Prior Application Siatus{ Patented ]
Application e Frior Application Filing Date issue Date
Number Continuity Type Number CYYYY-MM-DO) Patent Number | (YYYV-MMDD)
17707429 Division of 17532831 2091-11-22 i 11309444 | 2022.0419
Prior Application Status | Patented
Application | - Hrior Application Filing Date issue Date
‘ Number Continuity Type Nurrber PYYYY-MM-DD} Patent Numbser | (vyYy-mm-oo)
17532831 Continuation inpartof | 17182854 2021-02:23 | 11791432 | 20231017
Prior Application Status ] Palented
Appiiéatim ) - Frior Application Filing Date issue Date
- Number Continuity Type v Numther (YYYY-MM-DD] | Patent Number (YYYY-MM-DD)
12182954 Division of 16528858 21 8-08-01 114212¥1 2021-08-14
Prior Application Status
Filing or 371{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
168528058 ; Continyation in part of ‘ POTUSIBEIR? 2018-12-21
Prior Application Status | Patented ‘
Application . Frrior Application Filing Date insue Date
Nurmber Continuity Type Number yyvemmop | CAentNumber | orvvy o)
16528058 Continuation in patof | 16042635 2018-07-93 | 10700228 | 2020.06-30
Frior Application Status i Patented
Application et Prior Application Filing Date lssue Date
Number Coniinuity Type Number (YYYY-MM-DD) Patent Mumber (YYYY-MM-DD)
168528858 Continuation in pan of 16206988 2018-03-08 10468543 20181018
Prior Application Status | Patentad
Application N Prior Application Filing Date: issue Date
Number Caontinuity Type Number (YYYY-MM-DD] Patent Mumber (YYYV-MA-DD)
18113474 Division of 177077438 2023-03-29 § 11621360 2023-04-04
Prior Application Status | Patented ‘
Application o Pricr Application Filing Date issue Date
Number Continuity Type Nusmber (YYYY-MM-DD] Patent Mumber (YYYY-Mi-DD)
1¥7077 Divigion of 17532831 021-11-2 11308444 -£34-1
Prior Application Status % Patented
Application - Prior Application Filing Date issue Date
Numbes Continuity Type Number YYYY-MM-DD] | Patent Number (YYYY-MM-O0)
: 17533831 Continuation in part of 17182954 2021-02-.33 { 11781433 1 20931017
Prior Application Status | Patented ‘
Apphcation - Prior Application Filing Date issue Date
Number Continuity Type Number (YYYY-MM-OD) Patent Number (YYYY-MM.DD}
171823954 Division of 16528958 18-08-01 12127 1-08-1 ‘

EFS Web 2.2.13

Patent Owner, W& Wsens - Ex. 2034, p. 213



PIHSIAE 10123

Agreoved foruse thraegh 05313024, OB 0B51-0032
WL8. Patent and Tradermarks Office; U 8. DERPARTMENT OF COMMERCE
Kindes the Papeowork Redudtion At of 1885, no persons are resgurst o respond o a cofection of mlormsatios urisss i oontain s 2 valid OB oontrsl pussher

Application Data Sheet 37 CFR 1.76

i\ttomey_uecket Number

308-0015USCIPDN 2

Application

Mumber

19/036.506

Titte of invention

MICROSTRUCTURE ERHANCED ABSORPTION PHOTOSENSITIVE DEVICES

BCTUSIBATEE3

Prior Application Status{ Patented ‘ :
Application o Frior Applcation Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number | (yyyy.MmoD)
Prior Application Siatus § Abandonad :
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)
16528058 | PLTUS1667977 2016-12-21
Prior Application Status | Patented j
Application - Prior Application Filing Date lague Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number {(YYYY-MAM-OO)
Prior Application Status § Patented
Application - Prior Application Filng Date {asue Date
Number Continuity Type Number CYYYY-MM-D0} Patent Number (YYYY-MM-DD)
- Prior Application Status | Palented v
Appilication - Prior Application Filing Date . lasue Date
Wumber Continuity Type Number (PYYY-MM-ID) | Patant Number (YYYY-MM-DD)
16528858 16296985 20180308 | 10468543 | 2019-10-18
Prior Application Biatus | Abandoned §
Filing or 37 1{c} Date
Apptication Number Continuity Type Prior Application Number (YYYY-MM-DD)
Prior Application Siatus § Abandoned
Filing or 371(c) Date
Application Number Continuity Type Frior Application Number (YYYY-MM-DD)
16538858 2018-10-29

Prior Application Status

Application Number

Prior Application Number

Filing or 37 1{c) Date
(YYYY-MM-DD)

16528058

82713455

2018-08-01

Prior Application Slatus

Application Nurmber

Prior Application Mumber

Filing or 37 1{c) Date
{(YYYY-MM-DD)

16528358

- §2716310

EFS Web 2243
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PITHAIAIIS {0933

Aporaved for use thraugh OS313024. OME GB31-0032

MLB. Patent and Teademark Ofice; 1.8, DEPARTMENT OF COMMERTE

Under the Papenvaik Reduction Aot of 1888, no persans ars seqguired to respond to a cofection of iformstion unless B containg 3 valid OMB control ssussibies.

308-0015USCIPDIVE
19/036.506

Attorney Docket Number

Application Data Sheet 37 CFR 1.76 ——
Application Mumber

Titte of invention | MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Prior Application Status § Expired
Filing or 37 1{c) Date
Apptication Rurrber Continuity Type Prior Application Mumber (YYYY-MM-DD)
1682B058 Claims biey - G2717950 2018-08-10
Prior Application Status § Dxplred
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Mumber (YYYY-MM-DD)

46528058

G2716668

218-08-19

Prior Application Status | Expirgd _‘
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Mumber (¥Y¥YYY-MM-DD)
 Prior Application Status § Expired
Filing or 371{c) Date
Apptication Number Continuity Type Prior Apphcation Number (YYYY-MM-DD)

16528958

- 52733476

2018-08-19

Additional Domestic Benefitfhiational Stage Data may be generated within this form

by seiscting the Add button.
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PTHARTEG {02-18)

Approved fue use through 14302020, OMB 0851-0032

A8, Patent and Trademark Offios; 4.8, DEPARTMENT OF COMMERCE

Urwler the Papeavork Reduction Act of 1885, ao persons are reguired (o respond to a eoliection of Sfonmston sniess i conteing a vakd CGMB contrel swrrlier.

308-0015USCIPDIVZ
19/036.506

i Att Docket Mumb:
Application Data Sheet 37 CFR 1.76 b e

Application Mumber

Title of invention | MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Frior Application Status i Expired
; Flling or 37 1{c) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)
Prior Apglication Status | Expired
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

6528068

Claims benefif of provisionat

G2750018

18- 4

Prior Application Status

Expired

Filing or 37 1{c) Date

Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
16525958 ; - G2T70H56 | 2018-11-21
Frior Application Status Expired
Filing or 371{c) Date
Apptication Number Continuity Type Prior Application Number {(YYYY-MM-DD)
16528958 img henefit of igion {7244 2018-11-28
Prior Application Status | Expired

Application Number

Continuity Type

Prior Application Number

Filing or 371{c) Date
(YYYY-MM-DD)

Claims benefit of provisionat

20181200

Prior Application Status { Expired wemave.
Filing or 37 1{c) Date
Application Number Continuity Type Frior Application Number (YYYY-MM-DD)
AB528858 Claims fit of provisionat G2/ 73683 098-12-14
Prior Application Status § Expked
Filing or 37 1{c) Date
Application Murnber Continuily Type Prior Application Number {YYYY-MM-DD)
Prior Appiication Status | Expired :
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

15528958

Claims benefit of provisional

B2/794330

18-01-18

Prior Application Status

Expired

Application Number

Continuity Type

Prior Application Number

Filing or 371{c) Date
(YYYY-MM-DD)

/528058

. G2/797141

2018-01-25
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PTANIG [D-18)

Appraved for use thyoughy | WN202G. OMB G851-0032

1.8 Patent and Trademark Office; U8, DEPARTRENT OF COMMERCE

Ukser the Pagrenwork Reducton Aot of 1885, no persons are reguired o respond o 3 coflection of &6 o ardess oo 2 i £ control ssitise

Attorney Docket Number | 308-0015usciPIVZ

Application Data Sheet 37 CFR 1.76

Application Mumber 19/036.506

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Titte of invention

Prior Application Status § Expired
‘ Filing or 37 1{c) Date
Application Numbey Continuity Type Prior Application Number (YYYY-8MM-DD)
Prior Application Status | Expired
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

16528958

/B0

2018-02.01

Prior Application Siatus | Expired ;
Filing or 371{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Prior Application Status | Expired ‘
‘ Filing or 371{c) Date
Application Number Continuity Type Prior Apphication Number {(YYYY-MM-DD)
1528958 - G2/B02718 2018-03-08
Prior Application Status § Exgired
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)

—

- G2/800850

2018-02-14

Prior Application Status

Expired :
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Prior Application Status § Expired
F—'ili’hg}- or 371(c) Date
Application Mumber Continuity Type Pror Application Number {YYYY-MM-DD)

Frior Application Status | Expired ‘
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (¥YYYY-MM-DD)

Prior Application Status | Expired »
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

16528958

- GB20R05

20180319

EFS Webh 2.2.13
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PTHANI4 [D2-18)

Appraved for use thyoughy 1 932020, OMB 0851-0032

1.8 Patent and Trademark Office; U8, DEPARTRENT OF COMMERCE

Ukser the Pagrenwork Reducon Aot ol 18985, no persons are reguired i respond o 3 coflection of &6 o ardess oo 2 i £ control ssitise

Attormey Docket Number § 309-0015&;50153 D2

Application Data Sheet 37 CFR 1.76
19/036.506

Application Mumber

Titie of Invention | MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Prior Application Stalus | Expired
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Prior Application Status | Expired
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (¥YYYY-MM-DD)

16528958

i Gm41798

2018-05-01

Prior Application Status { Expired :
Filing or 37 1{c) Date
Applination Nurmrber Continuity Type Prior Application Number (YYYY-MM-DD)
1S 28G58 '  Claims benefit of provisional - B2/843006 2018-05-03
Prior Application Status | Expired ‘
Filing or 371{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
16528958 Claims benefil of provisional ‘ B2/846554 2018-05-10
Prior Application Status | Expired

Application Number

Continuity Type

Prior Application Number

Filing or 371{c) Date
(YYYY-MM-DD)

16/528058

Claims benefit of provisional

. B2/B5380

2018-05-28

Prior Application Status §  Expired amuve
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
15280958 aims 3fit of provision B2/860115 2018-08-11
Prior Application Siatus § Expired
Filing or 37 t{c) Date
Application Number Continuity Type Prior Application Number {YYYY-MM-DD)
lai tof sinnal RIBEA T 2018.06.18
Prior Application Status | Expired ‘
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

1G/528858 82/863852 201
Prior Application Status i Expired
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number {¥YYY-MM-DD)
15280958 Claims benefit of provisionat . §2/867186 2019-06-26

EFS Webh 2.2.13
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PTHAIRIG ({D2-18)

Approved for use through 11302020, OMB 08%1-0032

A8, Patent and Trademark Offios; 1.8, DEPARTMENT OF COMMERCE

Urwler the Papenork Reduction St of 1985, nopersons are reguired o respond to & noliection of #fonmaston unisss i sontans a valid OMB control susties.

Attorney Docket Number | 3pg-no1susciPDIVE

Application Data Sheet 37 CFR 1.76 19/036 506

Application Mumber

Titte of Invention | MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Prior Application Status |

Expired

Application Number

Continuity Type

Prior Application Number

Filing or 37 1{c) Date
{(YYYY-MM-DD)

Prior Application Status | Expied
' Filing or 37 1{c) Date
Application RNumber Continuity Type Prior Application Number {(YYYY-MM-DD)

16528058

| gpmIns

Prior Application Status | Expired :
Filing or 37 1{c) Date
Apptication Number Continuity Type Prior Application Number (YYYY-MM-DD)
/52885 | Claims be - 62873891 07
Prior Application Status | Expired ‘
Filing or 371{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
52885 821874418 SiTE
Prior Application Siatus | Patented
Application L Prior Application Filing Date issue Date
Numbes Conlinuity Type Number (YYVY-MM-DD) Patent Number (FYYY-MM-DO)
Prior Application Status | Patented ‘ :
Application . Prior Application Filing Date issue Date
Nurnber Continuity Type Number (YYYY-MM-DD) Patent Number | (YYYY-MM-D0)
Prior Application Status { Patented
Application . Prior Application Filing Date issue Date
Number Continuity Type Number (rvvymno) | PAERtNuMBEr | ivyyyamg0p)
15707821 15/308932 2016-11-09 | 2818840 | 2017-10-25
Prior Application Status i Abandoned
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Mumber (YYYY-MM-DD)
Prior Application Status | Expired
Filing or 37 1(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
15779781 slaims benefit of provisions - B3/4B5734 2017-02-0%
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PYCHAIS [02-18]

Appssoved o use through Y3020, OMEB 0B31-0032

8. Patent and Yradamark Office; 1.8, BEPARTMENT OF COMMERCE

Uidder the Paprenwark Reduction Aot of 18988, no persons arg reguired o respond to & soffection sf #formation unless | contains 2 walid O88 condsal susstier

Attorney Docket Number § 308-001 spscapmw

Application Data Sheet 37 CFR 1.76 197036 506

Application Mumber

Title of Invention | MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Prior Application Status § Expired
Filing or 37 1{c) Date
Application Numbey Continuity Type Prior Application Number (YYYY-MM-DD)
Prior Application Status § Expired
' Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

15/707821

82484474

2017-04-12

Prior Application Status | Expired :
Filing or 37 1{c) Date
Applination Number Continuity Type Prior Application Number (YYYY-MM-DD)
18707821 ' - Claims benefil of provisions | B2/487608 2017-04-20
Prior Application Status { Expired
Filing or 371{c) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)
18797821 Claims benefit of provisional 62488008 2017-04-24
Prior Application Status§ Expired
‘ Filing or 371{c) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)

pP—

5 1

Prior Application Siatus

Filingor 37 1{c) Date
Application Nurmber Continuity Type Prior Application Number {YYYY-MM-DD)
15/787821 faims benelit of provikio - G2S08074 2017-056-14
Prior Appilication Status | Expired
Filing or 37 1{c) Date
Application Nurmber Continuity Type Prior Application Number (YYYY-MM-DD)
Prior Application Status | Expired ‘
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Mumber (YYYY-MM-DD)

18797821

Ty

2017-05-23

Prior Application Status

Application Number

Prior Application Number

Filing or 37 1{c) Date
{(¥YYY-MM-DD)

15/797821

821514888

2017-06-04
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PYCHAIS [02-18]

Appssoved o use through Y3020, OMEB 0B31-0032

8. Patent and Yradamark Office; 1.8, BEPARTMENT OF COMMERCE

Uidder the Paprenwark Reduction ot of 18988, no persons arg reguired o respond to & soffection of Sformation unless | contains 2 walid £088 condsal susstier

3R8-0O1BUSCIPDVR
19/036.506

§ At Docket Numb
Application Data Sheet 37 CFR 1.76 -

Application Mumber

RMICROSTRUCTURE ERNHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Titie of invention

Prior Application Status

Expired

Application Number

Continuity Type

Prior Application Number

Filing or 371{c) Date
{(YYYY-MM-DD)

Prior Application Status § Expired
‘ Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

18/ 21

- §522160

2017-06-2

Prior Application Status { Expired
Filing or 37 1{c) Date
Applivation Number Continuity Type Prior Application Number (YYYY-MM-DD)
18£¥O7E21 ' . Claims benefit of provisionat | 2527062 3 207-08-30
Prior Application Status Expireg ‘
Filing or 37 1{c) Date
Application Number Continuity Type Frior Apphcation Number {(YYYY-MM-DD)
15787821 ims benefil ision B21530281 2017-07-08
Prior Application Status § Exgired
‘ Filing or 371{c) Date
Application Number Continuity Type Prior Application Mumber {(YYYY-MM-DD)
j 5787821 aims Benef] bv’ iona B2/533078 2017-07-18
Prior Application Status } Expired Remius
Filing or 37 1{c) Date
Application Number Caontinoity Type Prior Application Mumber {YYYY-MM-DD)
151287821 Bims ' rovisigna - B2/S33603 2017-07-17
Prior Application Status i Expired
Filing or 371{c) Date
Apphication Mumber Continuity Type Prior Application Number {YYYY-MM-DD)
Frior Application Status | Expired ‘
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

16752821

Claims benefit of provisional

2154052

2017-08- 02

Prior Application Status

Expired

Application Number

Continuity Type

Prior Application Number

Filing or 371{c) Date
{(¥YYYY-MM-DD)

5797

Claims Benefit of provisionat

1542243

17-08-

EFS $ebh 2.2.13
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PYCHAIS [02-18]

Appssoved o use through Y3020, OMEB 0B31-0032

8. Patent and Yradamark Office; 1.8, BEPARTMENT OF COMMERCE

Uidder the Paprenwark Reduction ot of 1888, no persons arg reguired o respond to & soffection of #formation unless § contains 2 walid £088 condsal susstier

08001 LBCIPBVE
19/036.506

Attorney Docket Number

Application Data Sheet 37 CFR 1.76 |

Application Mumber

Title of Invention | MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSEMSITIVE DEVICES

Prior Application Sialus |

Expired

Application Number

Continuity Type

Prior Application Number

Filing or 37 1{c) Date
{(YYYY-MM-DD)

Prior Application Status | Expired
‘ Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
154 1 img it FOViSIONE §2/5653844 2047-08.02
Prior Application Status | Expired :
Filing or 371{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
1579781 _ : Claims benefit of provigionat - §2/556428 § 20170810
Prior Application Status | Expired ‘
Filing or 371{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
157897821 laims benefit of provisional . G2/501860 2017-08-22
Prior Application Status | Expired
‘ Filing or 37 1{z) Date
Apptication Mumber Continuity Type Prior Application Number (YYYY-MM-DD)

PCTAIR18/43280

‘ Claims benefit of provisional

- 62/542243

2017-08-07

Prior Appilication Status

Expired

Application Number

Cantinuity Type

Prior Application Number

Filing or 37 1{c) Date
(YYYY-MM-DD)

PCTAIS 1843288 Iz afit of provigional §21535801 2047-07-21
Prior Application Status § Expired
Filing or 37 1{c) Date
Apphication Mumber Continuity Type Prior Application Number (YYYY-MM-DD)

Prior Application Status | Expired ‘
Filing or 371{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
POTAIS18/43288 {ai enefi vigionat . §2830472
Prior Application Status Expirad
Filing or 371{c) Date
Application Number Continuity Type Prior Application Number {¥YYY-MM-DD)

BCTY 43288

Claims benefit of provisionat

2828764

2018-02-08

EFS Web 2.2.13
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PYCHAIS [02-18]

Appssoved o use through Y3020, OMEB 0B31-0032

8. Patent and Yradamark Office; 1.8, BEPARTMENT OF COMMERCE

Uidder the Paprenwark Reduction ot of 18988, no persons arg reguired o respond to & soffection of Sformation unless § contains 2 walid O088 condsal susstier

Atmmey_t‘mcket Mumber » 309—001ﬁUSC|PDiV2

Application Data Sheet 37 CFR 1.76
19/036,506

Application Number

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Title of Invention

Prior Application St8tus { Expired
Filing or 37 t{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Prior Apptication Status | Expired
' ‘ Filing or 37 1{c) Data
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

CTAIS18/432,

§ GR40532

2018-03-08

Prior Application Number

Prior Application Status § Expired
Filing or 37 1{c) Date
Appication Mumber Continuity Type Prior Application Number (YYYY-MM-DD)
| PCTAUS18/43269 | 62/599248 | 20171215
Prior Application Status i Explred
‘ Filing or 371{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
POTAIS18/43289 Claims henefit of provisionat G2/645810 2018-03-21
Prior Application Siatus | Expired
‘ Filing or 37 1{c) Date
Application Number Continuity Type (YYYY-MM-DD)

 POTAIS1AI43ZEY

| G2/566005

Prior Application Status

 2018-05-02

Application Number

Continuity Type

Prior Application Number

Filing or 37 H{c) Date
(YYYY-MM-DD)

POTAIS18/43288

Claims benefit of provisionat

§2/556428

17-08-

Prior Application Status

Expired

Application Mumber

Continuity Type

Prior Application Number

Filing or 37 #{c) Date
(YYYY-MM-DD)

PLTAIS18/4328G

B2/607860
Prior Application Status § Expired
Filing or 37 H{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

POTAIS18/43280

Claims benefit of provisionat

82/831630

2048.02-17

Prior Application Status

Expired

Sy

Application Number

Continuity Type

Prior Application Number

Filing or 37 1{c) Date
(YYYY-MM-DD)

BCTAIS18/43288

- G677609

2018-05-29
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PYCHAIS [02-18]

Appssoved o use through Y3020, OMEB 0B31-0032

8. Patent and Yradamark Office; 1.8, BEPARTMENT OF COMMERCE

Uidder the Paprenwark Reduction ot of 18988, no persons arg reguired o respond to & soffection of Sformation unless § contains 2 walid £88 condsal susstier

Attomey Docket Number | 308-0015USCIPERYR

Application Data Sheet 37 CFR 1.76

Application Mumber

19/036.506

Titie of Invention

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOBENSITIVE DEVICES

Prior Application Siatus | Expired
Filing or 37 1{c) Date
Application Numbsey Continuity Type Prior Application Number (YYYY-RM-DD)
PLTAIS18/43280 - B2634602 2018-02-23
Prior Application Status § Expired
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
PCT/US18/43288 aims benefil of v ISION A | G2M52830 £018-04-04
Prior Application Status § Expired ;
Filing or 37 1{c) Date
Application Mumber Continuity Type Prior Application Number (YYYY-RM-DD)
POTAIS 1843788 Claims benefit of provisional ] 62:561072 2017-11-27
Prior Application Status Explrad ‘
‘ Filing or 371{c) Date
Apptlication Number Continuity Type Frior Applicalion Number {(YYYY-MM-DD)
POTAIRIB/43288 Claims benefil of grovisional ‘ 82/639356 2018-03-08
Prior Application Status § Exgired
Filing or 371{g) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)

PCTAJS18/43965 ‘ - f2B1531 1801
. Prior Application Status | Expired Semave.
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)
POTAIS 18/43288 Chaims benefit of provisional . B2/823871 2018-04-30
Prior Application Status § Expired

Apphication Number

Continuity Type

Prior Application Number

Filing or 37 1{c) Date
{(YYYY-MM-DD)

Prior Application Status | Expired ‘
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (¥YYYY-MM-DD)
PCTIIS 184 i) Claims benefi royigional §2/8378458
Prior Application Status ;. Expired
Filing or 37 1(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

PCTAIS18/43288

620851053

2018-03-30

EFS Web 2.2.13
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Application Data Sheet 37 CFR 1.76 |

Attorney Docket Number

308-0015USCIPDIV2

Application Mumber

19/036.506

Titte of Invention

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Prior Application Status | Expired
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Frior Application Status § Explred
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (¥YYY-MM-DD)

LIS 18/4

2582008

2018-06-U9

Prior Applisation Status § Expired :
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
| PCTAIS 18/ enefit of provisiona - E2550072 | 2018-04-17
 Prior Applivation Status § Explred ‘
‘ Filing or 371{c) Dale
Application Number Continuity Type Prior Apptication Number (YYYY-MM-DD)
PLTUS 18/4 3288 laims benefil of isional B2/850067 20180417
Prior Application Status § Expired
Filing or 37 1{c) Date
Application Number Continuity Type (YYYY-MM-DD)

Prior Application Number

POTIUR1RM

; Claims benefit of provisional

/669104

Prior Application Status

Expire

Filing or 37 1{c) Date

Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)
POTAIS 1R43280 . BRB75130 2018-05 22
Prior Application Status { Expired
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)

POTAIS 18/43289 BASATI2B 2017-08-18
Prior Application Status | Expired ‘
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
PCTIUS 18/43288 Claims benefit of provisional §2/651087 18-
Pripr Application 8iatus i Expired
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number {¥YYY-MM-DD)
PCTIS 18243280 enefit of provisions . §2/846871 2018-03-22
EFS Wep 2.2.13
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Application Data Sheet 37 CFR 1.76

Attorney Docket Number

308-0015U8CIP DIV2

Application Mumber

19/036.506

Titie of Invention

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Prior Application Status § Expired :
Filing or 37 1{c) Date
Application Numbeyr Continuity Type Prior Application Mumber (YYYY-MM-DD)
PCTAIS 1843288 Claims benefit of provisionat . B2BE2217 2018-004-24
Prior Application Status § Bxpired :
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number {(¥YYYY-MM-DD)
PCTAIS 1843288 Claims benefit of grovisional v - §2/6308 2018-03-07
Prior Application Status{ Expired ;
Filing or 371{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
» PCTAIS 1843280 Claims benefit of provisional | G2/633514 2018-02-21
Prior Application Status | Patented f :
Application | R Prior Application Filing Date issue Date
Number Cantinuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
1RIPOEES Continsiation of 154797821 2017-10-30 i 10446700 2018-10-15 '
Frior Application Btatus { Palented ‘ : e
Application i Prior Application Filing Date . lssue Date
Nurmber Continuity Type Number (YYYY-MM-DD) Patent Number | (Yyyv-umon)
16042535 Continuation in pant of 15797821 2017-10-30 10448700 2018-10-18
Prior Application Status §  Expired i
Filing or 37 t{c) Date
Application Number Continuity Type Prior Apptication Number (YYYY-MM-DD)
160426385 . B2/535801 2017-07-21
Price Application Status | Expired 5
Filing or 37 1{c) Date
Application Numbsr Continuity Type Prior Application Number (YYYY-MM-DD)
164342538 » Claims benefit of provisional | BAS40524 201¥-08-02
Prior Application Status | Expired ]
Filing or 371{c) Date
Apphication Number Continuity Type Prior Application Number {(YYYY-MM-DD)
16042635 Claims benefit of provisional B2542243 2017-08.07
Prior Application $ﬁa&us Expired
Filing or 37 t{c) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)

- 16/042535

Claims benefit of provisional

. B2/547728

2017-08-18
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Attorney Docket Number | 308-bp1auscp PDIV2

Application Data Sheet 37 CFR 1.76 197036 506

Application Mumber

Titie of Invention | MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Prior Application Status | Expired
Filing or 37 1{g) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Prior Application Status | Expirsg
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application NMumber (YYYY-MM-DD)
1 535 Claims benefil of provisional - B2/556428 2017-08-10
Prior Application Status | Expired
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
» 16340 5 Claims benefil of provigionat | B2/581868 i 2017-08-22
Prior Application Status { Expired :
Filing or 371Hc) Dale
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)
16042535 Claims benefit of provisional B2/581073 2017-11-27
Prior Application Status | Expired
: Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

16/042535

Claims Benehit of provisional

62508246

Prior Application Siatus

Expired

2017-12-15

Filing or 37 1{c) Date

Application Number Caontinuity Type Prior Apptication Number {(YYYY-MM-DD)
18042535 Cigims it of provisional B2BOTRAT 2017-12-18
Prior Application Status | Expired

Application Nurnber

Continuity Type

Prior Applivation Number

Filing or 37 1{c) Date
(YYYY-MM-DD)

16842535

B2/815314

18-
Prior Application Status | Expired
Filing or 37 H{g) Date
Application Number Continuity Type Prior Application Mumber (YYYY-MM-DD)
164 5 Clgi enefit o vigionat §2/823071 2018-01-30
Prior Application Status § Expired
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
16042535 - 52628764 2018-02-08
EFS $eb 2243
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apa-ontsuscie BVE
19/036.506

At Dioeket Numb
Application Data Sheet 37 CFR 1.76 b

Application Mumber

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Titie of Invention

Prior Application Sislus § Expired
Filing or 37 t1{c) Date
Application Rumbser Continuity Type Prior Application Number (YYYY-MM-DD)
Prior Application Status | Expired ‘
‘ Filing or 37 1{c) Date
Application Number Continuity Type Prior Application NMumber (YYYY-MM-DD)

| 16/042535

GE33514

2018-02-2

Prior Application Status | Expired :
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
» 18£8 2638 Claims benefit of provisional - G2/534602 2018-02-23
Prior Application Status § Expired
Filing or 371{c) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)

16/042535

Claims benefit of provisional

8637045

2018-03-02

Prior Application Status

Application Number

Expire

Continuity Type

Prior Application Number

Filing or 3T 1{c) Date
(YYYY-pMM-DD)

| 16/042535

. Claims benefit of provisional

 a2638350

2018-03-08

Prior Application Status

Expired

Application Number

Continuity Type

Prior Application Number

Filing or 37 1{c) Date
(YYYY-MM-DD)

16042535 - §2/630477 18-03-06
Prior Application Status | Expired
Filing or 37 t{c) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)
Prior Application Status | Expired :
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Mumber (¥YYYY-MM-DD)

16042535 62 22
Prior Application Status | Expired
Filing or 371{cy Date
Application Number Continuity Type Prior Application Number {¥YYY-MM-DD)

16/042535

621643010

£018-03-14

EFS $eb 2.213
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Attorney Docket Number | 308-0015USCIP DIV2

Application Data Sheet 37 CFR 1.76

Application Mumber

19/036.506

Title of invention

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Prior Application Stslus { Expired
Filing or 37 t{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Prior Application Sstus § Expired
‘ Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

684 2535

g28408 71

280323

Prior Application.Status §  Expired :
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
164042535 : Claims benefit of provisional BAE51053 2018-03-30
Prior Application Status | Expired
' Filing or 371{g) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

423535

165

Frior Application Status

Application Number

Continuity Type

Prior Application Number

Filing or 37 1(c) Date
(YYYY-MM-DD)

161043535 - Clgims benefit of provisional | 621652830 20150404
Prior Application Status | Expired Remous
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)
16042535 aims benelit of provisional B2IG53067 18-04-17
Prior Application Status § Expired
Filing or 37 H{c) Date
Apphication Mumber Continuity Type Prior Application Number {(¥YYYY-MM-DD)

16042535 | GRSH0I 2018.04.17
- Prior Application Status | Expired ‘
Filing or 37 H{g) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
1 535 fai nefit of provisional § 17 2018-04-24
Prior Application Status i Expired
Filing or 37 1{c) Date
Applivation Number Continuity Type Prior Application Number {(¥YYYY-MM-DD)

16042535

Claims benefit of pravisional

- S/668005

2018-85-02
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Attorney Docket Number » 308-0018USCIPDIV2

Application Data Sheet 37 CFR 1.76 197036 506

Application Mumber

Titie of Invention | MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Prior Application Status |

Euxpirad

Application Mumber

Continuity Type

Prior Application Number

Filing or 37 1(c) Date
{(YYYY-MM-DD}

Prior Application Status | Expired
Filing or 37 1{c] Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

| 16/042535

- G875130

20180529

Prior Application Status § Expired :
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
RI0A2EIE | GB7TE0D | 2018-05-29
Prior Application Status Expired
‘ Filing or 371{c) Date
Application Number Continuity Type Frior Application Number {(YYYY-MM-DD)
Prior Application Status § Exgired
Filing or 371{c) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)

-

- B270577

Prior Application Status

2015-12-31

Filing or 37 1{c) Date

Application Number Continuity Type Prior Appilication Mumber (YYYY-MM-DD)
Prior Application Status § Expired
Filing or 37 1{g) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)

POTAIS 1667977 S2i200391
Prior Application Status | Expired 1
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

PCTAIS18/67977

§2/334934

S016-05-11

Prior Application Status | Expired
Filing or 371{¢) Date
Application Number Continuity Type Prior Application Number {¥YYY-MM-DD)
POTAIS1&/G7877 - G2(338263 2016-05-18

EFS Web 2.2.13
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s i Attorney Docket Number § 302-0015USCIPDIV2
Application Data Sheet 37 CFR 1.76 | — ’
Application Mumber 19/036.506

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Titie of Invention

Prior Application Sistus

Expirad

Application Number

Continuity Type

Prior Application Rumber

Flling or 37 1{c) Date
(YYYY-MM-DD)

PCTAIS18/6777

Application Number

Prior Application Number

Filing or 37 t{c) Date
{(YYYY-A04-D0)

| BCTIUS16/679TT

 G360348

2016-07-07

Prior Application Status | Expired :
Filing or 37 1{c) Date
Applination Nurrber Continuity Type Prior Application Number (YYYY-8M-DD)
» PCTAIS 1667977 - Claims benefit of provision: 52366188 3 2NE&-07-25
Prior Application Status § Expired
Filing or 371{c) Date
Application Number Continuity Type Frior Apphication Number (YYYY-MM-DD)

PCTAIRIG/GIR77

Claims benefit of provisionat

§2/368409

2016-07-28

Expired

Frior Application Status

Application Mumber

Continuity Type

Prior Application Number

Filing or 37 1{c) Date
(YYYY-MM-DD)

| PCTAISIG/67977

Prior Application Status

Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)
PLTAISIGHEINNZ ims benefit o isional G2/376B59 2046-08-18
Prior Application Status § Expired
Filing or 37 H{o) Date
Apphication Number Continuity Type Prior Application Number (YYYY-MM-DD)
Prior Application Status § Expired :
Filing or 37 Ho) Date
Apptication Number Continuity Type Prior Application Number (YYYY-MM-DD)

PLTAIS16/6TA7Y

Claims henefit of provisionat

§2/383301

Prior Application Status

 Expired

Application Number

Continuity Type

Prior Application Number

Filing or 371{c) Date
{(¥YYYY-MM-DD)

PCTAIS16/874977

- g/383470

2016-09-04

EFS Webh 2.2.13
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308-0015USCIP DIVE
19/036.506

Attorney Docket Number

Application Data Sheet 37 CFR 1.76 |

Application Mumber

Title of Invention

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Prior Application Status | Eupired ' :
Fiing or 37 1{c) Date
Application Number Continuity Type Prior Application Mumber {(YYYY-MM-DD)
BCT/IS16/87977 - 621394202 2016-09-14
Prior Application Status | Expire :
i Filing or 37 1{c) Dale
Application Number Continuity Type Prior Application Number {YYYY-MM-DD)
PCTAISBBTOTS faims benefit o iston . §2/388807 2016-09.23
Prior Application Status | Expired ‘
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number {YYYY-MM-DD)

| PCTAISABBIONT

' Claims benefil of provisionat

2016-08-28

62401128

Prior Application Status§ Expired
‘ Filing or 371{c) Dale
Application Number Continuity Type Frior Application Number {(YYYY-MM-DD)
PLTAISIHGIEI? Clgims benefit of provisional | 62/406009 2016-10-12
Prior Application Status ired :
Filing or 371{(¢) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
PCTILS16/67977  Cinims benefit of provisional | 620414671 ' 2016-10-29
Prior Application Status | Expired :
Filing or 37 t{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

PCTAIB1G/S7E77

Claims benefit of provisional

62/415338

2018-10-31

Prior Application Status

Abandoned

Filing or 37 {{c) Date
Application Number Continuity Type Prior Application Number {YYYY-MM-DD)
154309622 | ECTAIS1/61120 A1
Prior Appiication Status { Patented 1
Appication o Prior Application Filing Date i  lssueDate
Number Continuily Type Number (YY¥Y-MM-DD) Patent Numbear (YYYY-MM-DD)
15/308902 Continuation of 14/843808 2015-11-17 | 8530905 2018-12-37
Prior Application Status { Patented :
Application o Prior Application Filing Date issue Date
Number Continuity Type Number CYYY-MM-DD) Patent Number | (YYYY-MM-DD)
154308922 Continuation of - 14/845003 2015-11-18 | 9525084 - 2018-12-20

EFS Web 2213
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Approved fue use through 14302020, OMB 0851-0032

A8, Patent and Trademark Offios; 4.8, DEPARTMENT OF COMMERCE

Urler the Papeavork Reduction Act of 1885, ao persons are reguired (o respond to a eolfection of #fonmston sniess i conteing a vakd CGMB contrel swsrlier.

Attorney Docket Number | 308-0015USCIP DIV2

Application Data Sheet 37 CFR 1.76 s
Application Mumber 19/036.,506

Title of Invention | MICROSTRUCTURE ENHANCED ARSORPTION PHOTOSENSITIVE DEVICES

Prior Application Status | Expired

Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number {YYYY-MM-DD)

14/845003

Prior Application Status | Expired

Filing or 37 1{c) Date
Application Number Continuity Type - Prior Application Number (YYYY-MM-DD)

| 14/945003 621313556 2015-09.02

Prior Application Status | Expired

‘ Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

144345

Prior Application Status | Expired

Filing or 371{c) Dale

Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
144945003 820206717 201508-15

Prior Application Siatus | Expired
: Filing or 37 1{c) Date

Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)
147045003 | 31198607 | 20150731
Prior Application Status ire Romous
Filing or 37 1{g) Date
Application Number Continuity Type - Prior Application Number {(YYYY-MM-DD)
141945003 Claims benefit of provisional 1071 2015-07-27

Prior Application Status § Expired

Filing or a7 1{c) Date
Apphication Number Continuity Type - Prior Application Number {(YYYY-MM-DD)

141945003

- B21BBRTE 2015-07-08

Prior Application Status | Expired

Filing or 37 1{c) Date

Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
14/845003 Claims benefit of provisional 62/182602 2015-06-21

Prior Application Siatus | Expired

Filing or 37 1{c) Date

Application Number Cortinuity Type . Prior Application Number {YYYY-MM-DD)
14/845003 | §2/175855 201506-15

EFS Web 2.2.43
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308-0015UsCIPDIV2
19/036,506

§ Aft Docket Mumb
Application Data Sheet 37 CFR 1.76 {7

Application Mumber

Title of Invention | MICROSTRUCTURE ENHANCED ARSORPTION PHOTOSENSITIVE DEVICES

Prior Application Siatus | Expired
Filing or 37 1{c) Date
Application Numbey Continuity Type Prior Application Number {(YYYY-MM-DD)
14/945003 Claims be 620174498 2015-06-11
Prior Application Status § Expired
‘ Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

| 14/945003

H 821171815

Prior Application Number

Prior Application Status | Expired :
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (Y YYY-MM-DD)
141945003 | Claims er 621157876 2015-05-08
Prior Application Status | Expired ‘
‘ Filing or 371{c) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)
14945003 laims benefil of provisional ‘ B2154875 2015-04-28
Prior Application Status | Expired
Filing or 371{c) Date
Application Number Continuity Type (YYYY-MM-DD)

14945003

Claims benefll of provisionat

Prior Application Siatus

Expired

| 624153443

2015-04-37

Filing or 37 1{c) Date

Application Number Continuity Type Prior Appilication Mumber {(YYYY-MM-DD)
141945003 iaims fit of provisional B21138511 2015.03-27
Prior Application Siatus | Expired

Application Number

Peior Application Number

Filing or 37 1{c) Date
(YYYY-MM-DD)

141945003 2111582
Prior Application Status | Expired ‘
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD}

14/845003

Claims benefit of provisional

§20100025

Prior Application Status

Expired

Filing or 37 1{c) Date

Application Number Continuity Type Prior Application Number {¥YYYY-MM-DD)
14/845003 enefit of provisional . §2M000870 2014-12-11
EFS $¥ab 22143
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Attormey Docket Number | sng-notsuscirDIV2

Application Data Sheet 37 CFR 1.76 |
19/036,506

Application Mumber

Title of Invention | MICROSTRUCTURE ENHANCED ARSORPTION PHOTOSENSITIVE DEVICES

Prior Application Sislus | Expired
‘ Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Prior Application Stalus | Expied
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

REL R

§ G20239718

Prior Application Status { Expired :
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Prior Application Status | Expired
Filing or 371{c) Date
Agpplication Number Continuity Type Prior Application Number {(YYYY-MM-DD)
Frior Application Status | Expired
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

141943808

- B2/205717

20150815

Prior Application Status

Filing or 37 1{c) Date

Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)
Prior Application Status | Expired
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number {YYYY-MM-DD)
Prior Application Siatus i Expired :
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

14/B43RGR

§2/18R478

'EB ] ;-"D-Z _uﬁ

Prior Application Siatus | Expired P
Filing or 37 1(c) Date
Application Number Continuity Type Prior Application Number {(¥YYYY-MM-DD)
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PTANIG [D-18)
Appraved for use thyoughy | WN202G. OMB G851-0032
1.8 Patent and Trademark Office; U8, DEPARTRENT OF COMMERCE

Ukser the Pagrenwork Reducton Aot of 1885, no persons are reguired i respond o 3 coflection of &6 o ardess o 2 i CIAE control ssitise
sy { Attomey Docket Number | 308-0015uscie DIVZ
Application Data Sheet 37 CFR 1.76 —
Application Mumber 19/036.506

MICROSTRUCTURE ENHANCED ABRSORPTION PHOTOSENSITIVE DEVICES

Titte of invention

Prior Application Status | Expired
Filing or 37 1{c) Date
Application Numbey Continuity Type Prior Application Number (YYYY-MM-DD)
Prior Application Status § Expired
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

14/94 3808

1744

1 -1

Prior Application Status | Expired ,
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-8M-DD)
| 141943808 | Claims ber 621171915 | 2015.06-08
Prior Application Status § Expired
‘ Filing or 371{c) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)
14£943808 faims benefi visionat ‘ 821157876 1505
Prior Application Status | Expired
Filing or 371{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

141943808

Claims benefit of provisional

5467

Prior Application Status

Expired

' 2015.04-20

Filing or 37 1{c) Date

Application Number Continuity Type Prior Appilication Mumber {(YYYY-MM-DD)
141943808 Claims i isional 627153443 15-04-27
Prior Application Status § Expired
Filing or 37 1{c) Date
Apphication Mumber Continuity Type Prior Application Number {(YYYY-MM-DD)
141843898 £2/138511 2015-03-27
Prior Application Status | Expired :
Filing or 37 H{c) Date
Application Rumber Continuity Type Prior Application Number (YYYY-RM-DD)

14843808

S2/111582

Prior Application Status

Application MNumber

Prior Application Number

Fiiing or 37 1(c) Date
(YYYY-MM-DD)

14/94 3808

82100005

20150105
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PYCHAINS [OR-18]

Appssoved o use through Y3020, OMEB 0B31-0032

8. Patent and Yradamark Office; 1.8, DESARTRMENT OF COMMERCE

Uidder the Paprenwark Regduction Aot of 18988, no persons arg reguired @0 respond to & soflection of Sformaton unless | contans 2 walid 88 condral susstier

ang-gosuscie DIV2
19/036.506

Adt Docket Numb
Application Data Sheet 37 CFR 1.76 b o

Application Mumber

MICROSTRUCTURE ENHANCED ABSORPTION PHOTOBENSITIVE DEVICES

Titie of Invention

Prior Application Ststus § Expired
Filing or 37 1{c) Date
Appliation Numbey Continuity Type Prior Apptication Number (YYYY-MM-DD)
Prior Application Status | Expired
‘ Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Mumber (YYYY-MM-DD)

14843808

§ G2/081538

2014-11-18

Prior Application Status | Expired
Filing or 371{c) Date
Application Number Continuity Type Prior Application Number (YYYY-RM-DD)
- Prior Apphication Status { Expired
‘ Filing or 371{c) Date
Application Number Continuity Type Frior Application Number {(YYYY-MM-DD)
: — - -
Prior Application Status § Expired
Filing or 371{c) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)

. :

Prior Application Status

2015-08-24

Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)
Prior Application Status | Expired
Filing or 37 1{c) Date
Apphication Mumber Continuity Type Prior Application Number {¥YYYY-MM-DD)
POTAIS1S61120 - 600180607 20150731
Prior Application Status | Expired ‘
Filing or 37 H{c) Date
Application Number Continuity Type Prior Application Number (¥YYY-MM-DD}

BCTAUS 1561120

2015-07-27

Frior Application Status

Application Number

Prior Application Number

Fihng or 371(c) Date
{(¥YYY-MM-DD)

BOTAISYS/G1430

- §2/188878

2015.07-08
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PYCHAIS [02-18]

Appssoved o use through  Y3MZ0I0. OMEB 0B31-0032

8. Patent and Yradamark Office; 1.8, BEPARTMENT OF COMMERCE

Uidder the Paprenwark Reduction Aot of 1888, no persons arg reguired o respond to & soffection of #formation unless § contains 2 walid £88 condsal susstier

Attorney Dockst Number 309—0015&18(‘:!}305\!”2

Application Data Sheet 37 CFR 1.76
19/036.506

Application Mumber

MICROSTRUCTURE ENHANCED ABRSORPTION PHOTOSENSITIVE DEVICES

Titie of invention

Prior Application Ststus § Expired
Filing or 37 1{c) Date
Application Numbey Continuity Type Prior Application Number {YYYY-MM-DD)
Prior Application Status | Expired
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application RMumber (YYYY-MM-DD)

POTAIS15/81120

i s2175855

20150615

Prior Application Status | Expired
Filing or 371{c) Date
Applcation Number Continuity Type Prior Application Number {(YYYY-MM-DD)
 CIMS1561120  Llaims ber - 621174498 20150611
Frior Application Status Expired ‘
‘ Filing or 371{c) Date
Apptlication Number Continuity Type Prior Application Number {(YYYY-MM-DD)
POTAIS5/61120 8211748915 2015-06-08
Prior Application Status { Expired
Filing or 371{c) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)

- 62/157878

Prior Application Status

Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number {YYYY-MM-DD)
PCTHIS 1561120 G3/154875 2015-04-29
Prior Application Status | Expired
Filing or 37 1{g) Date
Application Murmnber Continuity Type Pror Application Number {(YYYY-MM-DD)

PCTAIS 1561120 - H2/153443 2015-04-27
Prior Application Status | Expired ‘
Filing or 37 H{g) Date
Application Number Continuity Type Prior Application Mumber {(YYYY-MM-DD)

Prior Application Stalus § Expired
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number {¥YYYY-MM-DD)

PCTAIS16/61120

- 620111582

2015-02-03
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PYCHAIS [02-18]

Appssoved o use through  Y3MZ0I0. OMEB 0B31-0032

8. Patent and Yradamark Office; 1.8, BEPARTMENT OF COMMERCE

Uidder the Paprenwark Reduction ot of 1888, no persons arg reguired o respond to & sofection sf #fonamation unless | contains 2 walid £88 condsal susstier

Attorney Docket Number ;| 308-D018UBCIPDIV2

Application Data Sheet 37 CFR1.76 oy
Application Mumber 19/036,508

Titie of Invention | MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITWVE DEVICES

Prior Application Sistus § Expired
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Mumber {YYYY-MM-DD)
Prior Application Sstus | Expired
‘ Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

JS15/841

S2/080878

12-1

Prior Application Status { Expired :
Filing or 37 1{c) Date
Applination Number Continuity Type Prior Application Number (YYYY-MM-DD)
POTAIS15/61120 . 521081538 4-3
Prior Application Status | Abandoned
Filing or 371{c) Date
Application Number Continuity Type Frior Apphcation Number {(YYYY-MM-DD)
14847718 ntinuation POTHIS 14438208 2014-{15-22
Prior Application Status | Expired
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)

POTAIR14/

Claims beneflt of provisionat

1/82644

Prior Application Status

Expired

2013-05.22

Application Number

Continuity Type

Prior Application Number

Filing or 37 1{c) Date
{(YYYY-MM-DD)

LIS 144

Claims benefit of provisionat

51/843021

2013-07-04

Prior Application Status

Expirad

Filing or 37 1{c) Date
Apphication Number Continuity Type Prior Application Number {(YYYY-MM-DD)
Prior Application Status | Expired 1
Filing or 37 1{c) Date
Application Number Continuity Type Prior Application Number {YYYY-MM-DD)

PCTIIS 1430208

Claims benefit of provisionat

il 7

Prior Apptication Status

Abandoned

Filing or 37 1(c) Date

Applivation Number Continuity Type Prior Application Number {(YYYY-MM-DD)
14/892821 71 of infernation | PCTAIS14/39208 2014-05-2
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PTANG 18]
Appraved for use thyoughy | W3N2020. OMB G851-0032

1.8 Patent and Trademark Office; 1.8, DEPARTRENT OF COMMERCE
Ukser the Pagrenwork Reducton Aot ol 1885, no persons ars reguired o respond o & sollection of o6 Bon udess i contais 2 wald GMB contral sussitiss,

{ Attorney Docket Number | 308-0015uscip DIVZ
Application Data Sheet 37 CFR 1.76 - y_ ’
Application Number 19/036.506

Title of Invention

MICROSTRUCTURE ERNHANCED ABSORPTION PHOTOSENSITIVE DEVICES

This application (1) claims priority 1o or the banefit of an application filed before March 18, 2013 and (2) also

contains, or containgd at any Hms, a claim o g claimed invention that has an effective filing date on or after March
1 18, 2013.

NOTE: By providing this staterment under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inveniar o file provisions of the AlA,
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PTCASIG [N2-18)

Approved fue use through T Y3020, OMEB G851-0032

U8 Patent and Trademark Office; LU.E. DEPARYMENT OF COMMERDE

Ureder the Pagrenwork Reduclinn Aol of 1885, no persons arg required o respond 1o & solfectinn of sdonmaton unless # contaie 2 valid OG0B control sustier,

Attorney Docket Number | 3ng-onisuscirDiV2

Application Data Sheet 37 CFR 1.76

Application Mumber 19/036.506

Title of Invention | MICROSTRUCTURE ENHANCED ABRSORPTION PHOTOSENSITIVE DEVICES

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a partigipating foreign inteliectual property (IP) office access 1 the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPQO) aceess o any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not 1o provide an authorization identified in subsection 1 below, applicant must optout of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Shest is ONLY reviewad and processed with the IRITIAL filing of an
appiication. After the initial filing of an application, an Application Data Sheet cannot be usad o provide or rescind
authorization for access by a foraign IP office(s). Instead, Form PTOISBI3S or PTOMSEIGY must be used as appropriate.

1. Awuthorization to Permit Access by a Foreign Intellectual Property Office(s)

A Priority Docy -~ Unlass box A in subsection 2 {(opt-out of authorization) is checksd, the
undarsagnad hereby [ty o previde the Eurepean Patent Office (EPQ), the Japan Patent Office
(JPOQ), the Korean Intellectual Property Office (KEPD} the State inteliectual Property Office of the Peopie’s Republic of
China (8IPQ), the World Intellectusi Property Organization {(WIPO), and any other foreign intellectusl property office
participating with the USPTO in a bilateral or multiiateral prionity document exchange agreement in which a foreign
application claiming pricrity 1o the instant patent application is filed, access ; (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or bensfit is claimed by the
instant application and its related bibliographic data, and {3} the date of filing of this Authorization. See 37 CFR 1.14{h}

{1).

Search Results from to EPO - Unless box B in subsection 2 {opt-out of authorization) is checked,
tha undafsagned heraby g ity to provide the EPO acpess {o the bibliographic data and search
resuits from the instant patent application when a European patent application claiming priority to the instant patent
application s filed. See 37 CFR 1.14(h)(2).

The applicant is remindsd that the ERPQO’s Rule 141{1) ERC (European Patent Convention) requires applicants o submit aj
copy of search results from the instant application without delay in a Europear patent application that elaims priosity to
ithe instant appheation.

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

A, Applicant DRESDS NOT authorize the USPTO to permit a participating foreign 1P office access {0 the instant
] application-as-filed. if this box is checked, the USPTO will not be providing a participating forgign 1P office with
any documants and information identified in subsection 1A above.

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

NOTE: Onece the application has published or is otherwise publicly availabie, the USPTO may provids access (o the
application in accordance with 37 CFR 1.14.
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PYCHAINS [OR-18]

Appssoved o use through Y3020, OMEB 0B31-0032

8. Patent and Yradamark Office; 1.8, DESARTRMENT OF COMMERCE

Uidder the Paprenwark Regduction Aot of 18988, no persons arg reguired @0 respond to & soflection of Sformaton unless § contans 2 walid 88 condral susstier

Attorney Docket Number | 30g-0015usCiP DIV
Application Mumber 19/036.5086

Application Data Sheet 37 CFR 1.76

Titie of Invention | MICROBTRUCTURE ENHANCED ARSORPTION PHOTOBENSITIVE DEVICES

Applicant Information:

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

Applicant 1

If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.458), 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; aor the name and address of the assignees, person to whomt the inventor is under an obligation to assign the invention, or persan
who otherwise shows sufficient proprietary inlerest in the matter who is the applicant under 37 CFR 1.48. If the applicant is an
applicant under 37 CFR 1 .46 {assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
propriefary 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 (0 Legei Representative under 35 US.C. 117 (O Joint inventor

{7} Person to whom the inventor is obligated 1o assign, {7y Person who shows sufficient proprietary interest

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

Name of the Deceased or Legally Incapacitated Inventor:

if the Applicant is an Organization check here.

Organization Name

WaWSens Devices, Ing.

Mailing Address Information For Applicant:

Address 1 1 38 Third Strest, Sulte 307
Address 2

| City Los Alos State/Province CA
Country | US Postat Code 84022
Phone Number Fax Number
Ema.a Addmss e

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

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for complisnee with any requirement of part 3 of Title
37 of CFRto have an assignment recorded by the Office.
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STCHRIAIS (2-18]
Sppsoved for use through § WAK/2030. OMB 06510032

8. Patent and Yradamark Office; 1.8, DEPARTMENT OF COMMERCE
Uidder the Paprenwark Reduction ot of 18988, no persons arg reguired i respond to & soffection sf sformation unless § contans 2 walid (88 conral susstier

Attorney _U@ckei Mumber § 308-0015USCIPDIVZ
Application Number 19/036,506

Application Data Sheet 37 CFR 1.76

Title of Invention | MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVWICES

Assignee 1

Complete this section if assignes information, including non-applicant assignes 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

jpublication as an applicant. For an assignes-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 Qrganization check here, K|
<3 £ %
Prefix Given Name Middie Name Family Name Suffix

Mailing Address information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City  State/Pravince
Country| Postal Code
Phone Number Fax Number

Email Address

Additional Assignee or Non-Apglicant Assignee Data may be generated within this form by
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

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 [Jata Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
jentity (e.g.. corporation or assogiation]. if the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, gl joint inventors who are the applicant, e one or more joint inventor-applicants who have been given
power of attorney (2.g., see USPTO Form PTO/AIA/ST) on behalf of gl joint invertor-applicants.

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

 2025-11-14
Signature }ivanS Kaveukow Gerard M. Wissing Date (YYYY-MM-DD){: 2025-01-24
First Name | wan8. Gerard Last Name | Kavrukov Wissing Registration Number | 25461 36,300

Additionai Signature may be generated within this form by selecling the Add button.
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PERARAS {0318}

Approved for use through 193072020, OME DB51-0032

] LB Wikent dng Trademark Offies: U8 DERPARTRENTY OF COMMEREE

e the Paparsoit Regduction Aot 0 1885, no persdng ars reguired 10 Faspoidt to o solsction of infarmation srless it serkalns 2 valic VB st sumber

Attorney Dockel Nurmber 30801 AUSCIPDIVEZ
Application Numper | 19/036,506

Application Data Sheet 37 CFR 1.76

Title of Inwention:  MICROSTRUCTURE ENHANCED ABSORFTION PHOTOSENSITIVE DEMIGES:

This collection ofinformation s requined by 37 CFR 1.78. The information & reguired 16 obtain & rélain'a betefit by the publis whick
i5 10 file (and by the USPTO to progess) an application. Confidentiality is governed by 38 U.S.C. 122 and 37 CFR 1.14. Thia
coliection is estimated 1o take 23 minutes fo complete, incduding gathering, preparing, and submitling the completed application data
‘sheet form to the USPTO: Time will vary depending upon the individual case. Any comments-on the amaouint of time you reguire to
eomplete $is form andior suggestions for reducing this burden, should be sert to the Chisf Information Qfficer, U.S. Patent and
Trademark Office, U.8, Bepartment of Commarce, P.O. Box 1450 Alexandria, VA 223131450, DO NOT SEND FEEB 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 Bt of 1974 (P 1. 93-579) requires that you be given certain informatien in connection with your submission of the attached form related toa patent
application or patent. Accordingly, pursuant 1o the requirements of the A, please be advised that: {1} the general authority for the collection of this information
is 35 U5 26M2) {2 furnishing of the information selicited is volumtary, and {3} the pringipal purpose for which the information is used by the UL.5.Patent and
Trademark Office is to process andfor examine yowr submission related (o a patént application or patent. ifyou do not furnish the requested information, theil &
Parent aret Trademark Office may not be able to process andéor examine your subnvission, which may resdt in termdnation of procesdings or absndonment of
the application o expiration of the patent.

The information provided by you in this form will be subject 1o the following routine uses:

1 The information on this form will be treated confidentially 1o the axtent sliowed under the Freedom of Information &ct {5 LLEL. 552} and the Privacy
Bt {5 UL, §522), Revords from this system of records may be disclosed to the Depanment of Justice 1o determine whether the Freedom of
information A requires discosuee of thess records.

3. Bvecord from this system of records may be distlosed, as 3 routing use; in the course of prasenting evidence 1o 3 court, magisteate, of adainistrative
tribunal, including disclosures (o opposing counsel in the course of sexfement negotiations.

3 Avrecord in this system of records may be disclosed, a5 a routine use, 10 2 Member of Congress submitting a reguest invalving an individesa!, to whom
the record pertaing, when the individust has reguested assistance from thefember with respect 1o the subljectmatter of the record.

4. Arecord in this system of records may be disclosed, 25 3 routine use, (8 8 contractor of the Agency having need &y the information in order to perfarm
a contract, Recipiznts of information shall be reguired (o comply with thereguirerents of the Privacy 8t of 1974, a3 amended, pursuant (o 5 B.SL
282almy.

5. Arecord related 14 an international Application filed under the Patent Cooperation Treaty in this syster of records may be distlosed, 85 a routine use,
te the International Bureau of the World intellectuat ¥ roperiy Qrganization, pursuant to the Patent UooperationTreaty.

& Arecord inthis system of records may be disclosed, a5 a routine use, 1o anather federal agency for purposes of Mational Security review {35 U5 181
angd for review pursyant to the Atomic Faergy Aot 142 US.C 2.

7. Avrecord from this systent of records may be disclosed, as a routing use, (o the Administrater, General Services, or bisther designee, during an
inspection of records condurted by G348 as part of that agency's respoasibility to recommend improvements insecords managentent peactices snd
prograns, wider authority of 43U 8.0, 29204 and 2006, Such disclosure shall be made In accordance with the G%8 reguiations governing inspection of
recorcs for this purpose, and anyotherrelevant ff.e, GSA& or Commeroe} directive. Such disclosure shall not be used tomake determinations about
individuals,

8. Avecord from this system of records may be disclosed, as a routine use, 5o the public after either publication of the application pursuant to 33 USL.
12260} or issuance of 3 patent pursuant 1o 35 U S0 181, Further, a record may be disclosed, subject i thelimitations of 37 (FR 1.14, as a routine use,
o the public i the record was filed in an application which became absndoned or in which the proceedings were terminasted and which application is
referenced by sither 2 published application, an application open 1o prblic inspections or an issued patent.

8. Arecord from this system of records may be disclosed, as a routine use, ko a Federal, State, or loval law enforcement agency, if the USPTO becomes
avsare of a violation or petential victation of lsw or regulation,
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Attorney Docket No.: 309-0015USCIPDIV2 PATENT
Confirmation No.: 4276

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Examiner: Eduardo A. Rodela

Shih-Yuan WANG et al.
Art Unit: 2893
Application No.: 19/036,506

CERTIFICATE OF TRANSMISSION

Filed: January 24, 2025 I hereby certify that this correspondence is being
submitted through the USPTO Electronic Filing Service
Title: MICROSTRUCTURE addressed to the Commissioner for Patents, P.O. Box
ENHANCED ABSORPTION 1450, Alexandria, VA 22313-1450.
PHOTOSENSITIVE DEVICES
/Mary Ellen Finnegan/
Date: Nov. 14, 2025 Name: Mary Ellen Finnegan

Mail Stop Petitions
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

REQUEST FOR CORRECTED FILING RECEIPT

Applicant hereby submits this Request for Corrected Filing Receipt to recognize
Applicant’s Priority Claim set forth in the Corrected Application Data Sheet filed concurrently
herewith.

On November 12, 2025 the Office mailed a Corrected Filing Receipt that did not
recognize one or more benefit claims listed in the Domestic Benefit section of the ADS filed
with the Application on January 24, 2025 (the “Original ADS”). Applicant then reviewed the
benefit claims listed in the Domestic Benefit section of the Original ADS and noticed a
typographical error in one application listed.

To correct the typographical error and restore the original chain of priority, Applicant
hereby submits:

1. A Corrected Application Data Sheet with underlining to correct the priority
claims in the Domestic Benefit section of the Original ADS;
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2. A Petition to Accept an Unintentionally Delayed Priority Claim; and
3. The required Petition Fee.

Applicant respectfully requests the Office issue a Corrected Filing Receipt in accordance
with the Corrected Application Data Sheet submitted herewith.
The Office is hereby authorized to charge any fees that may be required in connection

herewith and to credit any overpayment to our Deposit Account No. 600125.

Respectfully submitted,
/Gerard M. Wissing/

Gerard M. Wissing
Registration No. 36,309
Attorney for Applicant

Date: November 14, 2025

Wissing Miller LLP
Address: (associated with Customer Number: 139982)
Phone: (516) 901-7027
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| UNITED STATES o VA 225X 1490
| PATENT AND TRADEMARK OFFICE AN, e iopto. gy

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #

19/036,506 11/14/2025 04:26:45 PM Z ET 309-0015USCIPDIV2

Title of Invention
MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT # -
under 35 USC 111(a)

CONFIRMATION # 4276 FILED BY  Mary Ellen Finnegan
PATENT CENTER # 73187611 FILING DATE  01/24/2025
CUSTOMER # 139982 FIRST NAMED  Shih-Yuan WANG
INVENTOR
CORRESPONDENCE - AUTHORIZED BY  Gerard Wissing
ADDRESS
Documents TOTAL DOCUMENTS: 3
SIZE
DOCUMENT PAGES DESCRIPTION (KB)
309-
0015USCIPDIV2_Req_Corre 5 Request for Corrected Filing 94 KB
ct_Filing_Rcpt_Filed Receipt
14Nov2025.pdf
309-
0015USCIPDIV2_Petition_C 6 Petition for review by the Office 308 KB
hange_Priority_Claim_Filed_ of Petitions
14Nov2025.pdf
309-
0015USCIPDIV2_Corrected 37 Application Data Sheet 21300 KB

ADS_Filed__14Nov2025.pdf

Warning: This is not a USPTO supplied ADS fillable form. Data in the form cannot be
automatically loaded to other USPTO systems.
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Digest

DOCUMENT MESSAGE DIGEST(SHA-512)

309-
0015USCIPDIV2_Req_Correct
_Filing_Rcpt_Filed
14Nov2025.pdf

55973BCE7FFF0271B550EEBF644DF6E80705CD11D8AE31712
8A6F69130773544008B9466B33429287558FBAF022E1A068CB
ABDB36457158887CCBE09942768DB

309-
0015USCIPDIV2_Petition_Cha
nge_Priority_Claim_Filed_14No

29162D7DE3AA26BB21C479F5052238082058C64F15802C9CD
C7BEO5F46330496DA5A8B48CD4E04BDCF2ESFABO8FC32783
A1C29B7A8C7441ADCGB5FEFA8637091C

v2025.pdf
309- 5021FD35117AE1215BBE4C825EAG319E88D0OCD335750D3F 3B
0015USCIPDIV2_Corrected A 166AAA05B704569271A08B586331307F77E177BBC3E35935BC
DS_Filed__14Nov2025.pdf 4E89D4201F17C884F841E2B3E5DES

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 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/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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| UNITED STATES A9, Box 1450
| PATENT AND TRADEMARK OFFICE AN, e iopto. gy
APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
19/036,506 11/14/2025 04:26:45 PM Z ET 309-0015USCIPDIV2
Title of Invention
MICROSTRUCTURE ENHANCED ABSORPTION PHOTOSENSITIVE DEVICES
Application Information
APPLICATION TYPE  Utility - Nonprovisional Application PATENT # -
under 35 USC 111(a)
CONFIRMATION # 4276 FILED BY  Mary Ellen Finnegan
PATENT CENTER # 73187611 AUTHORIZED BY  Gerard Wissing
CUSTOMER # 139982 FILING DATE 01/24/2025
CORRESPONDENCE - FIRST NAMED  Shih-Yuan WANG
ADDRESS INVENTOR
Payment Information
PAYMENT METHOD PAYMENT TRANSACTION ID PAYMENT AUTHORIZED BY
CARD / 8026 E2025ADG27486067 Mary Ellen Finnegan
PRE-AUTHORIZED ACCOUNT PRE-AUTHORIZED CATEGORY
600125 37 CFR 1.21 (Miscellaneous fees and charges)
FEE CODE DESCRIPTION ITEM PRICE($) QUANTITY ITEM TOTAL($)

PETITION FOR THE DELAYED
SUBMISSION OF A PRIORITY OR
2454 BENEFIT CLAIM, OR TO 904.00 1 904.00
RESTORE THE RIGHT OF
PRIORITY OR BENEFIT

TOTAL

AMOUNT: $904.00

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 filing date (see 37 CFR 1.53(b)-(d)
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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/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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UNITED STATES PATENT AND TRADEMARK OFFICE

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.Zov

l APPLICATION NO. l FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. J
19/036,506 01/24/2025 Shih-Yuan WANG 309-0015USCIPDIV2 4276
139982 70 1112172025 | EXANINER I
Wissing Miller LLP
Industrious at Hudson Yards RODELA, EDUARDO A
31 Hudson Yards, 11th Floor
New York. NY 10001 I ART UNIT | paperNUMBER |
2893
I NOTIFICATION DATE I DELIVERY MODE j
11/21/2025 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):

WMDocket@wissingmiller.com

PTOL-90A (Rev. 04/07)
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

Application No. : 19036506
Applicant : Wang
Filing Date : 01/24/2025
Date Mailed : 11/21/2025

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Notice of Allowance Mailed

This application has been accorded an Allowance Date and is being prepared for issuance. The
application, however, is incomplete for the reasons below.

Applicant is given two (2) months from the mail date of this Notice within which to respond. This
time period for reply is extendable under 37 CFR 1.136(a) for only TWO additional MONTHS.

The informalities requiring correction are indicated in the attachment(s). If the informality pertains to the
abstract, specification (including claims) or drawings, the informality must be corrected with an
amendment in compliance with 37 CFR 1.121 (or, if the application is a reissue application, 37 CFR
1.173). Such an amendment may be filed after payment of the issue fee if limited to correction of
informalities noted herein. See Waiver of 37 CFR 1.312 for Documents Required by the Office of Patent
Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004). In addition, if the informality is not
corrected until after payment of the issue fee, for purposes of 35 U.S.C. 154(b)(1)(iv), “all outstanding
requirements” will be considered to have been satisfied when the informality has been corrected. A
failure to respond within the above-identified time period will result in the application being
ABANDONED.

See attachment(s).

A copy of this notice MUST be returned with the reply. Please address response to
“Mail Stop Issue Fee, Commissioner for Patents,
P.O. Box 1450, Alexandria, VA 22313-1450".

/Chris Harmon/
Publication Branch

Office of Data Management
(571) 272-4200
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Application No. 19036506 Drawings filed: 01/24/2025
IDENTIFICATION OF DRAWING DEFICIENCIES

There is a hole or the image thereof within the illustration. FIG(s)

The illustration is penetrated or traversed by a solid or broken line that is not intended to be part of the
drawing, such as a dark line caused by a flaw in the copying process. FIG(s)

An ink stamp or the image thereof obscures part of the illustration. FIG(s)

The drawing is marred by black smudges, obliterations, or fax/copier marks (for example, speckles or dots
in a substantial portion of the drawing). FIG(s)

Figure numbers are duplicated or missing. FIG(s)
Drawing sheet or figure is missing. FIG(s)

Numbers, letters, or reference characters in the drawing have been crossed out or are illegibly handwritten.
FIG(s)

The character of the lines, numbers, and letters is poor. FIG(s)

The drawing's background shows that the original drawing was made on graph paper or other paper with a
pattern or decoration. FIG(s)

The FIG. number label is placed in a location that causes the drawing to be read upside down. FIG(s)

WO OO oot o Oog

Data, a reference number, or part of the drawing is truncated or missing, or a lead line has no reference
number. FIG(s) 40,45

The drawing and/or the FIG. label contain(s) foreign language. FIG(s)

This utility application contains a photograph of a view that is capable of being illustrated as a line drawing.
FIG(s)

A petition under 37 CFR 1.84(a)(2) to accept color drawings has been granted, but the brief description of
the drawings in the specification does not contain (or has not been amended to contain) the paragraph
required by 37 CFR 1.84(a)(2)(iii).

This reissue application contains added and/or amended drawings that are not labeled as “New” or
“Amended” or “Canceled” as required by 37 CFR 1.173(b)(3). FIG(s)

This Design reissue application contains a drawing that is labeled as “Canceled” but is not surrounded by
brackets, or a drawing that is surrounded by brackets but is not labeled as “Canceled.” See 37 CFR
1.173(b)(3). FIG(s)

OTHER:

0o ol

COMMENTS:
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