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PIXEL ISOLATION ELEMENTS, DEVICES, AND 

ASSOCIATED METHODS 

PRIORITY DATA 

5 This application claims the benefit of U.S. Provisional Patent Application Serial 

No. 61/614,275, filed on March 22, 2012, which is incorporated herein by reference. 

BACKGROUND 

Image sensors are typically formed on various forms of semiconductor materials 

10 such as, for example, silicon. Imagers can be incorporated into a variety of devices, 

including digital cameras, camcorders, computers, cell phones, etc. Due to the ever 

decreasing size ( foot print) of these devices, image sensors have correspondingly seen a 

decrease in size. Backside illuminated (BSI) image sensors have increased in importance 

due to the small size of these imagers as compared to front side illuminated (FSI) image 

15 sensors. However, pixel size reduction can lead to a significant sacrifice in image 

quality. As pixel sizes continue to decrease, image signal to noise tends to decrease 

while electrical and optical cross-talk between adjacent sensor pixels tends to increase. 

Traditional attempts to reduce the impact of these effects have included adding 

microlenses above each image sensor in front side pixel sensors to focus the light on the 

20 active detector regions, thereby increasing efficiency and reducing cross-talk. Backside 

illuminated pixel sensors can present different design considerations. For example, 

significant cross-talk can be generated due to reflection off the often planar back surface 

of the device. 

25 SUMMARY 

The present disclosure provides for light trapping pixels, devices incorporating 

such pixels, photovoltaic solar cells, and other optoelectronic devices, including various 

associated methods. In one aspect, for example, a light trapping device can include at 

least one light sensitive pixel having a light incident surface, a backside surface opposite 

30 the light incident surface, and a peripheral sidewall disposed into at least a portion of the 

pixel and extending at least substantially around the pixel periphery. The pixel can also 
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include a backside light trapping material substantially covering the backside surface and 

a peripheral light trapping material substantially covering the peripheral sidewall. The 

light contacting the backside light trapping material or the peripheral light trapping 

material is thus reflected back toward the pixel. In another aspect, the present disclosure 

5 additionally provides an array of light trapping pixels. 

A variety of light trapping materials can be utilized and are contemplated, and any 

such material capable of being used to trap light in a pixel is considered to be within the 

present scope. In one aspect, at least one of the backside light trapping material and the 

peripheral light trapping material can include a high refractive index material sandwiched 

1 o between two low refractive index materials. In another aspect, the backside light 

trapping material and the peripheral light trapping material includes a high refractive 

index material sandwiched between two low refractive index materials. It is 

contemplated that the two low refractive index materials have a refractive index of less 

than about 2.1. Non-limiting examples oflow refractive index material can include 

15 nitrides, oxynitrides, gasses, at least a partial vacuum, and the like, including appropriate 

combinations thereof Other non-limiting examples oflow refractive index materials can 

include silicon oxide, silicon nitride, silicon dioxide, and the like. Furthermore, in 

another aspect a light trapping material can include a higher refractive index material 

sandwiched between two materials having a refractive index that is at least 0.2 lower as 

20 compared to the higher refractive index material. In this case, the materials are not 

limited by the definition of low vs. high refractive index outlined above, but are rather 

defined by the relative difference in refractive index. 

Furthermore, it is contemplated that high refractive index materials have a 

refractive index of greater than or equal to about 2.1. Non-limiting examples of high 

25 refractive index material can include polycrystalline silicon, amorphous silicon, single 

crystal silicon, multicrystalline silicon, nanocrystalline silicon, germanium, and the like, 

including appropriate combinations thereof 

In one aspect, the peripheral sidewall can extend completely around the pixel 

periphery. In another aspect, the peripheral sidewall can extend from the light incident 

30 surface towards the backside surface. 
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In some aspects it is also contemplated that the light incident surface can include a 

frontside light trapping material at least partially covering the surface thereof In one 

aspect, the frontside light trapping material can be an antireflective layer coating. In 

another aspect, the frontside light trapping material can be a reflective layer having an 

5 aperture to allow entry of light into the pixel, wherein the reflective layer is operable to 

reflect light impinging thereupon from inside the pixel back into the pixel. In some 

aspects it can be beneficial to include a lens functionally coupled to the aperture and 

operable to focus incident light through the aperture and into the pixel. 

In another aspect the present disclosure additionally provides a substantially light 

1 o trapping pixel device including a light sensitive pixel having a light incident surface, a 

backside surface opposite the light incident surface, and a peripheral sidewall extending 

from the light incident surface to the backside surface and extending around the pixel 

periphery. The pixel additionally includes a backside light trapping material substantially 

covering the backside surface, and a peripheral light trapping material substantially 

15 covering the peripheral sidewall. Furthermore, an internally reflective frontside light 

trapping material can cover at least a portion of the light incident surface that is operable 

to allow entrance oflight into the pixel and is operable to reflect light impinging 

thereupon from inside the pixel back into the pixel, and the light contacting the backside 

light trapping material or the peripheral light trapping material is reflected back toward 

20 the pixel. 

In yet another aspect, the present disclosure provides a method of making a light 

trapping device, including forming at least one pixel by forming a backside light trapping 

material on a semiconductor layer, the backside light trapping material including a high 

refractive index material sandwiched between two low refractive index materials, and 

25 forming a pixel device layer on the semiconductor layer opposite the light trapping 

material. The method can additionally include etching a trench circumscribing the pixel 

device layer and filling the trench with a light trapping material. In some aspects, the 

trench can be etched to a depth that contacts at least the frrst low refractive index 

material. In some aspects, an incident light trapping material can be applied to the pixel 

30 device layer. It is also noted that the light trapping material can be located anywhere in 
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the backside region of the device, and that the current scope is not limited to the location 

of materials or the manufacturing method described above. 

In another aspect, filling the trench with the light trapping material can further 

include depositing a low refractive index material into the trench to fill a portion of the 

5 trench from the trench walls inward, ceasing deposition of the low refractive index 

material to leave an internal space within the trench, and depositing a high refractive 

index material into the trench to fill the internal space. 

In another aspect, the method can include forming a textured region on at least a 

portion of the semiconductor layer between the semiconductor layer and the first low 

1 o refractive index prior to depositing the first low refractive index material onto the 

semiconductor layer. Non-limiting examples of techniques for forming the textured 

region include plasma etching, reactive ion etching, porous silicon etching, lasing, 

chemical etching, nanoimprinting, material deposition, selective epitaxial growth, the 

like, including appropriate combinations thereof. In one specific aspect, forming the 

15 textured region includes laser texturing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a further understanding of the nature and advantage of the present disclosure, 

reference is being made to the following detailed description of embodiments and in 

20 connection with the accompanying drawings, in which: 

25 

FIG. 1 is a cross-sectional view of multiple image sensor pixels in accordance 

with an embodiment of the present disclosure; 

FIG. 2 is a cross-sectional view of multiple image sensor pixels in accordance 

with another embodiment of the present disclosure; 

FIG. 3 is a cross-sectional view of multiple image sensor pixels in accordance 

with another embodiment of the present disclosure; 

FIG. 4 is a cross-sectional view of a light trapping pixel in accordance with 

another embodiment of the present disclosure; 

FIG. 5 is a cross-sectional view of a light trapping pixel in accordance with 

30 another embodiment of the present disclosure; 
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FIG. 6 is a cross-sectional view of a light trapping pixel in accordance with 

another embodiment of the present disclosure; and 

FIG. 7 is a depiction of a method of making a light trapping pixel in accordance 

with yet another aspect of the present disclosure. 

DETAILED DESCRIPTION 

Before the present disclosure is described herein, it is to be understood that this 

disclosure is not limited to the particular structures, process steps, or materials disclosed 

herein, but is extended to equivalents thereof as would be recognized by those ordinarily 

10 skilled in the relevant arts. It should also be understood that terminology employed 

herein is used for the purpose of describing particular embodiments only and is not 

intended to be limiting. 

Definitions 

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

15 forth below. 

20 

It should be noted that, as used in this specification and the appended claims, the 

singular forms "a," and, "the" include plural referents unless the context clearly dictates 

otherwise. Thus, for example, reference to "a dopant" includes one or more of such 

dopants and reference to "the layer" includes reference to one or more of such layers. 

As used herein, the terms "light" and "electromagnetic radiation" can be used 

interchangeably and can refer to electromagnetic radiation in the ultraviolet, visible, near 

infrared and infrared spectra. The terms can further more broadly include 

electromagnetic radiation such as radio waves, microwaves, x-rays, and gamma rays. 

Thus, the term "light" is not limited to electromagnetic radiation in the visible spectrum. 

25 Many examples of light described herein refer specifically to electromagnetic radiation in 

the visible and infrared ( and/or near infrared) spectra. For purposes of this disclosure, 

visible range wavelengths are considered to be from approximately 350 nm to 800 nm 

and non-visible wavelengths are considered to be longer than about 800 nm or shorter 

than about 350 nm. Furthermore, the infrared spectrum is considered to include a near 

30 infrared portion of the spectrum including wavelengths of approximately 800 to 1100 nm, 

a short wave infrared portion of the spectrum including wavelengths of approximately 
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1100 nm to 3 micrometers, and a mid-to-long wavelength infrared ( or thermal infrared) 

portion of the spectrum including wavelengths greater than about 3 micrometers up to 

about 30 micrometers. These are generally and collectively referred to herein as 

"infrared" portions of the electromagnetic spectrum unless otherwise noted. 

As used herein, "quantum efficiency" (QE) is typically referring to "external 

quantum efficiency" (EQE) which is defined as the ratio of electrons collected per 

photons incident on an optoelectronic device. "Internal quantum efficiency" is defined as 

the ratio of electrons collected per photons absorbed by an optoelectronic device .. 

As used herein, the terms "3D" and "three dimensional" can be used 

10 interchangeably, and refer to obtaining distance information using electromagnetic 

radiation. 

As used herein, the terms "disordered surface" and "textured surface" can be used 

interchangeably, and refer to a surface having a topology with nano- to micron-sized 

surface variations. Such a surface topology can be formed by the irradiation of a laser 

15 pulse or laser pulses, chemical etching, wet or dry etching including masked or maskless 

etching, lithographic patterning, interference of multiple simultaneous laser pulses, 

reactive ion etching, plasma etching or any other technique that can be used to form such 

a topology. While the characteristics of such a surface can be variable depending on the 

materials and techniques employed, in one aspect such a surface can be several hundred 

20 nanometers thick and made up of nanocrystallites ( e.g. from about 10 to about 50 

nanometers), nanopores, and the like. In another aspect, such a surface can include 

micron-sized structures ( e.g. about 1 µm to about 60 µm). In yet another aspect, the 

surface can include nano-sized and/or micron-sized structures from about 5 nm and about 

500 µm. A variety of criteria can be utilized to measure the size of such structures. For 

25 example, for cone-like structures the above ranges are intended to be measured from the 

peak of a structure to the valley formed between that structure and an adjacent 

neighboring structure. For structures such as nanopores, the above ranges are intended to 

be approximate diameters. Additionally, the surface structures can be spaced at various 

average distances from one another. In one aspect, neighboring structures can be spaced 

30 at a distance of from about 50nm to about 50 µm. In another aspect, neighboring 

structures can be spaced at a distance of from about 50nm to about 2 µm. Such spacing is 
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intended to be from a center point of one structure to the center point of a neighboring 

structure. 

As used herein, the term "fluence" refers to the amount of energy from a single 

pulse of laser radiation that passes through a unit area. In other words, "fluence" can be 

5 described as the energy density of one laser pulse. 

As used herein, the term "target region" refers to an area of a semiconductor 

material that is intended to be doped or surface modified. The target region of a 

semiconductor material can vary as the surface modifying process progresses. For 

example, after a first target region is doped or surface modified, a second target region 

1 o may be selected on the same semiconductor material. 

As used herein, the term "absorptance" refers to the fraction of incident 

electromagnetic radiation absorbed by a material or device. 

As used herein, the term "monolithic" refers to an electronic device in which 

electronic components are formed on the same substrate. For example, two monolithic 

15 pixel elements are pixel elements that are formed on the same semiconductor substrate. 

As used herein, the term "substantially" refers to the complete or nearly 

complete extent or degree of an action, characteristic, property, state, structure, item, or 

result. For example, an object that is "substantially" enclosed would mean that the object 

is either completely enclosed or nearly completely enclosed. The exact allowable degree 

20 of deviation from absolute completeness may in some cases depend on the specific 

context. However, generally speaking the nearness of completion will be so as to have 

the same overall result as if absolute and total completion were obtained. The use 

of "substantially" is equally applicable when used in a negative connotation to refer to 

the complete or near complete lack of an action, characteristic, property, state, structure, 

25 item, or result. For example, a composition that is "substantially free of' particles would 

either completely lack particles, or so nearly completely lack particles that the effect 

would be the same as if it completely lacked particles. In other words, a composition that 

is "substantially free of' an ingredient or element may still actually contain such item as 

long as there is no measurable effect thereof 
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As used herein, the term "about" is used to provide flexibility to a numerical 

range endpoint by providing that a given value may be "a little above" or "a little below" 

the endpoint. 

As used herein, a plurality of items, structural elements, compositional elements, 

5 and/or materials may be presented in a common list for convenience. However, these 

lists should be construed as though each member of the list is individually identified as a 

separate and unique member. Thus, no individual member of such list should be 

construed as a de facto equivalent of any other member of the same list solely based on 

their presentation in a common group without indications to the contrary. 

10 Concentrations, amounts, and other numerical data may be expressed or presented 

herein in a range format. It is to be understood that such a range format is used merely 

for convenience and brevity and thus should be interpreted flexibly to include not only 

the numerical values explicitly recited as the limits of the range, but also to include all the 

individual numerical values or sub-ranges encompassed within that range as if each 

15 numerical value and sub-range is explicitly recited. As an illustration, a numerical range 

of "about 1 to about 5" should be interpreted to include not only the explicitly recited 

values of about 1 to about 5, but also include individual values and sub-ranges within the 

indicated range. Thus, included in this numerical range are individual values such as 2, 

3, and 4 and sub-ranges such as from 1-3, from 2-4, and from 3-5, etc., as well as 1, 2, 3, 

20 4, and 5, individually. 

25 

This same principle applies to ranges reciting only one numerical value as a 

minimum or a maximum. Furthermore, such an interpretation should apply regardless of 

the breadth of the range or the characteristics being described. 

The Disclosure 

The present disclosure provides semiconductor devices and associated methods 

that can exhibit various enhanced properties, such as, for example, enhanced light 

detection properties. More specifically, in one aspect the disclosure relates to image 

sensor pixels and elements for trapping light within such pixels. In other aspects, various 

30 light trapping elements can additionally isolate neighboring pixels in an image sensor. 

Isolation elements can be configured to optically and/or electrically isolate neighboring 

- 8 -

IPR2025-00811 
Apple-Sony EX1002 Page 8



Thorpe North & Western, LLP 
Attornev Docket No. 3035-052.NP 

pixels from one another in addition to trapping light with in the pixel. It is additionally 

contemplated that the present disclosure is applicable to other optoelectronic devices such 

as solar cells, and that all such should be included in the present scope. 

In various aspects, image sensors can be front side or backside illuminated, 3D 

5 sensors, or any other device or system that incorporate a unique isolation element 

configured to reduce cross-talk between pixel elements. For example, in one aspect an 

image sensor can be capable of detecting visible and infrared light, whereas an isolation 

element associated with such an imager can be designed and configured to reduce and in 

some cases eliminate electrical and/or optical cross-talk between neighboring pixels from 

1 o straying visible and infrared light. In some cases, isolation elements can be doped with a 

dopant that enables the repelling of electrical carriers from the isolation elements or in 

other words from the side walls of the device. In other cases, isolation elements can 

include light trapping or reflective materials to optically isolate neighboring pixels. It is 

additionally contemplated that isolation elements can include both a dopant and a light 

15 trapping or reflective material to both electrically and optically isolate the pixels. 

Moreover, isolation elements can also include surface features formed thereon or 

associated therewith. Additionally, in some cases a pixel can include a textured region to 

enhance the detection of infrared light among other things. 

In one aspect, a variety of optoelectronic devices are provided such as, without 

20 limitation, photosensitive diodes, pixels, and imagers capable of detecting visible and 

infrared light while exhibiting reduced optical and electrical cross-talk between 

neighboring pixels or diodes. It is also contemplated that the present scope include 

methods associated with such devices, including methods of making and using. The 

present devices can additionally exhibit enhanced absorption and quantum efficiencies. 

25 Such devices can also include a plurality of photodiodes or pixels. In some cases, the 

present devices can achieve a quantum efficiency of 10% for wavelengths at 1064nm and 

having a thickness of less than 10 microns. In another embodiment, the present device 

can achieve a quantum efficiency of about 20% for wavelengths at 940nm and a 

30 

thickness of less than 10 microns. 

In one aspect, a device can include at least a semiconductor substrate having a 

first side for receiving incident light and a second side opposite the first side. Either or 
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both the first or second sides can include at least one doped region. Furthermore, the 

image sensor can include at least one isolation element or feature for at least partially 

separating and isolating neighboring pixels. FIG. 1 illustrates a simplified drawing of an 

imager having a first pixel 102 and a second pixel 104, that are formed monolithically on 

5 a common semiconductor substrate 106 and are isolated from one another by an isolation 

element 114. Doped regions 108 and 110 can be disposed on either the first side 120 or 

second side 122 of the semiconductor substrate, or in some cases on opposite sides of the 

device. In the present figure, the device is configured such that the first side is capable of 

receiving incident light. A textured region 112 having surface features is shown on the 

10 second side 122 of the semiconductor substrate 106. This architecture having the texture 

region 112 on the back side 122 can enable enhanced detection and absorption of 

electromagnetic radiation having wavelengths in the range of about 600 nm to about 1200 

nm. It should be noted that this architecture can be used in either a FSI or BSI image 

sensor architecture. Furthermore, the textured region can be located on the first side 120, 

15 the second side 122, or both the first and second sides. 

In a typical FSI imager, incident light enters the semiconductor device by first 

passing by transistors and metal circuitry. The light, however, scatters off of the 

transistors and circuitry prior to entering the light sensing portion of the imager, thus 

causing optical loss and noise. A lens can be disposed on the topside of a FSI pixel to 

20 direct and focus the incident light to the light sensing active region of the device, thus 

partially avoiding the circuitry. BSI imagers, one the other hand, are configured to have 

the light sensing portion of the device opposite the circuitry. Incident light enters the 

device via the light sensing portion and is at least partially absorbed by the device prior to 

reaching the circuitry. BSI designs allow for smaller pixel architecture and a high fill 

25 factor for the imager. As mentioned, the devices according to aspects of the present 

disclosure can be adapted for either configuration. It should also be understood that 

devices according to aspects of the present disclosure can be incorporated into 

complimentary metal-oxide-semiconductor (CMOS) imager architectures or charge­

coupled device (CCD) imager architectures, as well as other optoelectronic devices. 

30 Regarding isolation elements, also referred to herein as trench isolation features or 

sidewalls, various processes can be employed to form the isolation elements. It is 
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contemplated that the isolation features can extend from either the frrst surface or the 

second surface into the semiconductor material and depending on the depth of the trench 

can be considered either deep trench isolation or shallow trench isolation. The 

dimensions of the trench can vary, depending on the application. For example, trenches 

5 can have parallel walls, or they can have sloping walls, bottle neck architecture, or any 

other useful configuration. The depth of the trench isolation feature can be in the range of 

from about 100 nm to about 50 µm depending on the design of the device. The width can 

be in the range of from about 100 nm to about 10 µm. For simplicity, the figures in this 

disclosure show deep trench isolation but it should be understood that shallow trench 

10 isolation architectures can be utilized, and that deep trench isolation need not completely 

extend from one side to the other. The processes contemplated for forming trenches or 

other isolation features can include, reactive ion etch, isotropic plasma etch, wet chemical 

etch, laser irradiation, or any other known etch technique. 

A variety of reflective materials can be utilized in constructing the isolation 

15 features in order to provide optical isolation, light trapping, and/or electrical isolation, 

and any such material capable of incorporation into a photosensitive device is considered 

to be within the present scope. Non-limiting examples of such materials include a Bragg 

reflector, a metal reflector, a metal reflector over a dielectric material, a transparent 

conductive oxide such as zinc oxide, indium oxide, or tin oxide, and the like, including 

20 combinations thereof Non-limiting examples of metal reflector materials can include 

silver, aluminum, gold, platinum, reflective metal nitrides, reflective metal oxides, and 

the like, including combinations thereof In one specific aspect, the dielectric layer can 

include an oxide layer and the reflecting region can include a metal layer. The surface of 

the metal layer on an oxide acts as a mirror-like reflector for the incident electromagnetic 

25 radiation. In addition, in some aspects trench isolation features can be doped to further 

affect the properties of the material with respect to electrical isolation. 

In one specific aspect, a reflective region can include a transparent conductive 

oxide, an oxide, and a metal layer. The transparent oxide can be textured and a metal 

reflector deposited thereupon. The textured surface of the metal on a roughened 

30 transparent conductive oxide can act as a diffusive scattering site for the incident 

electromagnetic radiation. 
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In some cases, materials having disparate properties can be utilized in the trench 

isolation features in order to derive a useful combined interaction. As is shown in FIG. 2, 

for example, an imager having at least two pixels or photodiodes (202 and 204) and at 

least one isolation element 214. The pixels are shown formed monolithically on a 

5 common semiconductor substrate 206. Doped regions 208 and 210 can be disposed on 

either the first side 220 or second side 222 of the semiconductor substrate. A textured 

region 212 having surface features is created on the second side 222 of the semiconductor 

substrate 206. 

In some aspects, the isolation element 214 can be designed to function as a Bragg 

10 reflector. In such cases, the isolation element 214 includes at least two layers 216 

comprised of material having a lower refractive index (n) as compared to the material of 

the third layer 218 disposed or sandwiched therebetween. In other words, the isolation 

element includes a high refractive index material sandwiched between two low refractive 

index materials, and such a configuration forms a Bragg reflector. Additionally, in some 

15 aspects the low reflective index materials can be chosen to have a lower refractive index 

as compared to the semiconductor substrate 206. 

Furthermore, in another aspect an isolation element or light trapping material can 

include a higher refractive index material sandwiched between two materials having a 

refractive index that is at least 0 .2 lower as compared to the higher refractive index 

20 material. In this case, the materials are not limited by the definition of low vs. high 

refractive index outlined below, but are rather defined by the relative difference in 

refractive index. For example, in one aspect a light trapping material can include silicon 

dioxide/silicon nitride/silicon dioxide, each material of which would be considered to be 

a low refractive index material. There is, however, a greater than 0.2 difference in the 

25 refractive indexes between silicon dioxide and silicon nitride, and thus such an isolation 

element would be included within the present scope. It is also noted that the light 

trapping material can have greater than three layers. As one non-limiting example, a 

material can have silicon dioxide/silicon nitride/polysilicon/silicon nitride/silicon dioxide. 

As has been described, in some aspects a Bragg reflector can be utilized as an 

30 isolation element to trap electromagnetic radiation within the pixel. A Bragg reflector is 

a structure formed from multiple layers of alternating materials with varying refractive 
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indexes, or by a periodic variation of some characteristic ( e.g. height) of a dielectric 

waveguide, resulting in periodic variation in the effective refractive index in the guide. 

Each layer boundary causes a partial reflection of an optical wave. For waves whose 

wavelength is close to four times the optical thickness of the layers, the many reflections 

5 combine with constructive interference, and the layers act as a high-quality reflector. 

Thus the coherent super-positioning of reflected and transmitted light from multiple 

interfaces in the structure interfere so as to provide the desired reflective, transmissive, 

and absorptive behavior. In one aspect, a Bragg reflector can be made as in FIG. 2, 

whereby a high refractive index material sandwiched between two low refractive index 

10 materials. In one specific aspect, for example, the Bragg reflector can be constructed of a 

layer of polysilicon sandwiched between two layers of silicon dioxide. Because of the 

high refractive index difference between silicon and silicon dioxide, and the thickness of 

these layers, this structure can be fairly low loss even in regions where bulk silicon 

absorbs appreciably. Additionally, because of the large refractive index difference, the 

15 optical thickness of the entire layer set can be thinner, resulting in a broader-band 

behavior and fewer fabrications steps. 

In terms of optical isolation from pixel to pixel, the large index of refraction 

mismatch can result in total reflection at the trench side walls. To prevent excessive dark 

current in the pixels, a passivation layer may be disposed on the side walls of the trench 

20 to prevent the generation of carriers and leakage current. Silicon nitride deposited over a 

thin grown oxide layer is also commonly used, in this case the oxide may be a low 

temperature grown plasma oxide. 

It can be shown through calculations that a low recombination velocity of silicon 

oxide and silicon nitride is the result of moderately high positive oxide charge (5x10 11 to 

25 lx10 12 cm-2) and relatively low midgap interface state density (lx10 10 to 4x10 10 cm-2 ev-
1
). The addition of silicon oxide or nitride can reduce surface recombination and surface 

generation. Reducing the surface recombination can increase quantum efficiency of 

photon collection and surface generation can cause excessive dark current in the imagers 

thereby reducing the quality of the image. 

30 Since the positive oxide charge of silicon nitride or silicon oxynitride is relatively 

low on silicon on insulator imagers a p-type layer can be adjacent the silicon oxide, 
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silicon oxynitride and/or silicon nitride layers as an alternative embodiment. In this case 

the p-type layer will accumulate the surface or the backside of the p-type silicon layer 

and p-type sidewalls. 

Other possible passivation techniques include a hot steam anneal of hydrogenated 

5 silicon nitride or the use of amorphous silicon. 

Aluminum oxide can also be deposited in the trench to form an isolating barrier. 

Aluminum oxide can have low stress, a negative fixed charge and higher index of 

refraction than silicon oxide or low stress silicon oxynitride nitride. Low surface 

recombination velocities, as low as 10 cm/s can be obtained through various deposition 

10 processes of AhO 3 layers on the silicon substrate. Low surface recombination can be 

achieved by field induced surface passivation due to a high density of negative charges 

stored at the interface. PECVD aluminum oxide is described here for the backside 

passivation of the backside and backside trenches in backside illuminated image sensors. 

The index of refraction of the aluminum oxide can be increased slightly as 

15 required by the addition of other metallic elements to make ternary insulators like 

Aluminum Oxynitride (AlON), Hafnium Aluminum Oxide (HfAlO), Zirconium 

Aluminum Oxide (ZrAlO), Lanthanum Aluminum Oxide (LaAlO), Titanium Aluminum 

Oxide (TiAlO) or quaternary dielectrics like Hafnium Aluminum Oxynitride (HfAlON), 

Tantalum Aluminum Oxynitride (TaAlON), Lanthanum Aluminum Oxynitride 

20 (LaAlON). 

Low temperature PECVD deposition processes are contemplated for the backside 

passivation of the backside and backside trenches in backside illuminated image sensors. 

As previously mentioned the large index of refraction mismatch between silicon and the 

insulators in the trenches results in reflection of the incident light and provides optical 

25 isolation. The trenches also provide electrical isolation. Additionally, it can also be 

beneficial to dope the sidewalls to create a surface field that will improve electrical 

isolation between the pixels. In one aspect, it can also be beneficial to dope the low 

refractive index material of the Bragg-type reflectors to increase such electrical isolation. 

Returning to FIG. 2, layers the silicon oxide and polysilicon can optically and 

30 electrically isolate the adjacent pixels, as well as function to trap light within the pixel. 

While any thicknesses capable of forming such a reflector are considered to be within the 
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present scope, layer 216 can have a thickness in the range of from about 5 0 nm to about 

500 nm. Layer 118 can have a thickness in the range of from about 5 nm to about 100 

nm. Thus, the difference in refractive indexes and thickness can determine the intensity 

of the internal reflection of electromagnetic radiation. Notably, other materials such as 

5 metals, as well as other material not listed herein can be used to increase internal 

reflection of the light. 

It is noted that, for the purposes of the present disclosure, in one aspect a low 

refractive index material can have a refractive index of less than about 2.1. In the case of 

the sandwiched materials, the two low refractive index materials can be the same or 

10 different materials having a refractive index ofless than about 2.1. Non-limiting 

examples of low refractive index materials can include oxides, nitrides, oxynitrides, 

gasses, at least a partial vacuums, and the like, including appropriate combinations 

thereof Non-limiting specific examples of such materials can include silicon oxide, 

silicon nitride, silicon oxynitride, and the like, including combinations thereof 

15 Additionally, a high K dielectric material can also make a suitable low reflective index 

material due to their low refractive index properties and good dielectric properties, and as 

such, are considered to be within the present scope. One example is Hafnium oxide, 

which has a refractive index of about 1. 9. Other examples of high K dielectrics include 

hafnium silicate, zirconium silicate, zirconium dioxide, and the like. 

20 Additionally, in another aspect a high refractive index material can include a 

material having a refractive index of greater than or equal to about 2.1. Thus, in the case 

of the sandwiched materials, the high refractive index material disposed between the low 

refractive index materials has a refractive index of about 2.1 or greater. Non-limiting 

examples of high refractive index materials can include polycrystalline silicon, 

25 amorphous silicon, single crystal silicon, multicrystalline silicon, nanocrystalline silicon, 

germanium, and the like, including appropriate combinations thereof 

In still another aspect of the present disclosure, a photosensitive imager having at 

least two pixels (302 and 304) and at least one trench isolation region 314 is shown in 

FIG. 3. The pixels can include a semiconductor substrate 306, having a first and second 

30 surface, 320 and 322 respectively; at least two doped regions 308 and 310, and a textured 

region 312 formed at least on the opposite side of the light incident surface (i.e. the 
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second side 322). The textured region 312 can have surface features configured to reflect 

and disperse light. Further, the sidewalls can include a texture region 312 to increase the 

internal reflections of light. Regarding the isolation element 314 in FIG. 3, the isolation 

element can include several layers of materials that can passivate the sidewalls and each 

5 have a different index ofrefraction, as was described in FIG. 2. Further, a textured 

region 312 can be formed on the side walls of the isolation element(s) 314. 

The present disclosure additionally provides pixels and imager devices, including 

imager arrays, which trap light therewithin. In one aspect as is shown in FIG. 4, for 

example, a light trapping pixel device can include a light sensitive pixel or device 402 

10 having a light incident surface 420, a backside surface 422 opposite the light incident 

surface 420, and a peripheral sidewall 424 disposed into at least a portion of the pixel 402 

and extending at least substantially around the pixel periphery. It is noted that the pixel 

sidewall is also known as a trench. The pixel can also include a backside light trapping 

material 426 substantially covering, partially covering, or completely covering the 

15 backside surface 422. A peripheral light trapping material 428 can be substantially 

covering, partially covering, or completely covering the peripheral sidewall 424. As 

such, light contacting the backside light trapping material 426 or the peripheral light 

trapping material 428 is reflected back toward the pixel 402. Also shown in FIG. 4 are at 

least two doped regions 408 and 410 and an optional textured region 412. It is noted that, 

20 in addition to a single pixel as shown, pixel arrays are also contemplated and are to be 

included in the present scope. 

The light trapping materials of FIG. 4 can be as described above, either single or 

multiple layer structures. In one aspect, for example, at least one of the backside light 

trapping material 426 and the peripheral light trapping material 428 includes a high 

25 refractive index material sandwiched between two low refractive index materials. In 

another aspect, the backside light trapping material 426 and the peripheral light trapping 

material 428 includes a high refractive index material sandwiched between two low 

refractive index materials. It is noted that these light trapping materials are shown in 

FIG. 4 as a single layer for clarity, and that multiple layers are contemplated. 

30 Furthermore, the peripheral sidewall can extend for a portion, a substantial portion, or 

completely around the pixel periphery. Additionally, as has been described herein, the 
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peripheral sidewall can extend partially into the pixel, substantially through the pixel, or 

completely through the pixel to the backside surface. Thus, both deep and shallow 

trenches are contemplated. 

In another aspect, as is shown in FIG. 5, a pixel 502 can include a frontside light 

5 trapping material 530 that at least partially covers, substantially covers, or completely 

covers the light incident surface 520. The frontside light trapping material 530 can be 

multiple layer of materials have a variety of properties and uses, including passivation, 

antireflection, light trapping, and the like, including combinations thereof Note that 

numerical indicators in FIG. 5 from previous figures are intended to reflect the previous 

10 descriptions for those elements, and as such, reference is made to FIG. 4. 

In another aspect, as is shown in FIG. 6, a pixel 602 can include a frontside light 

trapping material 632 associated with the light incident surface 620 that is an internal 

reflective layer having an aperture 634 to allow entry of light 690 into the pixel 602. The 

frontside light trapping material 632 is thus operable to reflect light impinging thereupon 

15 from inside the pixel 602 back into the pixel. Additionally, in some aspects a lens 636 

can be functionally coupled to the aperture 634 to focus incident light 690 through the 

aperture 634 and into the pixel 602. The effective surface area of the aperture compared 

to the frontside surface area of the pixel can vary depending on the design of the device 

and the presence, absence, or particular properties of a lens. In one aspect, however, the 

20 aperture can be large enough to accept and trap incoming light to a degree that increases 

the efficiency of the pixel. In one specific aspect, the aperture has an effective surface 

area of less than about 90% of the incident light surface total surface area. It is noted that 

various elements such as the doped regions and the optional textured layer are not shown 

in FIG. 6 for clarity. Furthermore, numerical indicators in FIG. 6 from previous figures 

25 are intended to reflect the previous descriptions for those elements, and as such, reference 

is made to FIG. 4. 

The frontside light trapping material can be made of a variety of materials 

including metals as have been described herein with respect to other light trapping 

materials. As such, any material that can be applied to the light incident surface and that 

30 is internally reflective toward the inside of the pixel is considered to be within the present 

scope. Thus, the aforementioned pixel is reflective on 6 internal sides, and as such, light 
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entering the pixel that is not absorbed will interact with and be reflected internally be 

either the backside, peripheral sidewall, or frontside light trapping materials. Light is 

thus effectively maintained inside the pixel until it is absorbed. 

In another aspect of the present disclosure, a method of making a light trapping 

5 pixel device is provided. Such a method can include, as is shown in FIG. 7, 702 forming 

a pixel by: 704 forming a backside light trapping material on a semiconductor layer, the 

backside light trapping material including a high refractive index material sandwiched 

between two low refractive index materials, and 706 forming a pixel device layer on the 

semiconductor layer opposite the light trapping material. The method can additionally 

10 include 708 etching a trench circumscribing the pixel device layer and 710 filling the 

trench with a light trapping material. Further details regarding the wafer bonding and 

wafer-bonded structures described can be found in copending US Application Serial No. 

13/069,135, filed on March 22, 2011, which is incorporated herein by reference. 

The formation of the backside light trapping material can be accomplished by a 

15 variety of techniques, all of which are considered to be within the present scope. In one 

aspect, for example, depositing a first low refractive index material onto the 

semiconductor layer, bonding the first low refractive index material to a high refractive 

index material having a second low refractive index material coupled thereto such that 

the high refractive index material is sandwiched in between the first and second low 

20 refractive index materials. In some cases the second low refractive index material can be 

coupled to a carrier wafer. In another aspect, the first low refractive index can be 

deposited onto the semiconductor layer followed by deposition of the high refractive 

index material and then the second low refractive index material. In another aspect, the 

layered structure can be formed on a carrier wafer, and the outermost low refractive index 

25 material can then be bonded to the semiconductor layer. The carrier wafer can then be 

optionally removed. In yet another aspect, the first refractive index material can be 

deposited onto the semiconductor layer, the second refractive index material can be 

deposited onto a carrier wafer, and the high refractive index material can be deposited 

onto either the first or second refractive index material, followed by bonding of the 

30 structure together. 
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As has been described, the trench can be a shallow trench or a deep trench. In one 

aspect, however, etching the trench circumscribing the pixel device layer can further 

include etching the trench to a depth that contacts at least the frrst low refractive index 

material. Furthermore, the method can also include applying an incident light trapping 

5 material to the pixel device layer. 

In some aspects the various trenches can be filled with a material, or they can be 

gas filled or have a partial vacuum applied thereto. For those aspects whereby the 

trenches will be filled in with a non-gas material, a variety of deposition techniques are 

contemplated and all are considered to be within the present scope. In one aspect, 

10 however, the trench can be filled with a high refractive index material and a low 

refractive index material in a sandwich structure as has been described. In one exemplary 

technique, the filling of the trench with such light trapping material can include 

depositing a low refractive index material into the trench to fill a portion of the trench 

from the trench walls inward, ceasing deposition of the low refractive index material to 

15 leave an internal space within the trench, and depositing a high refractive index material 

into the trench to fill the internal space. As such, the sandwiched layer of low-high-low 

refractive index materials is thus created in the trench. 

In another aspect, the method can also include forming a textured region on at 

least a portion of the semiconductor layer between the semiconductor layer and the first 

20 low refractive index prior to depositing the first low refractive index material onto the 

semiconductor layer. Non-limiting examples of texture formation techniques can include 

plasma etching, reactive ion etching, porous silicon etching, lasing, chemical etching, 

nanoimprinting, material deposition, selective epitaxial growth, and combinations 

25 

thereof In one specific aspect, the textured region includes laser texturing. 

A device design having a textured region located on, for example, the back 

surface of a photodetector, provides significant performance benefits. The textured 

region can have surface features that can lead to higher recombination of photocarriers 

for short wavelengths ( e.g. in the blue green part of the spectrum) due to the very shallow 

penetration of those wavelengths into the detecting volume of the device. By physically 

30 locating the textured on the back surface of the device, a pristine surface is provided for 

the collection of short wavelengths on the top surface (i.e. the light incident surface), and 
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the longer wavelengths that penetrate deep into or through the detecting region of the 

semiconductor material are collected by or with the help of the textured region opposite 

the light incident surface. 

The textured region can be of various thicknesses, depending on the desired use of 

5 the material. In one aspect, for example, the textured region has a thickness of from 

about 500 nm to about 100 µm. In another aspect, the textured region has a thickness of 

from about 500 nm to about 15 µm. In yet another aspect, the textured region has a 

thickness of from about 500 nm to about 2 µm. In a further aspect, the textured region 

has a thickness of from about 500 nm to about 1 µm. In another aspect, the textured 

10 region has a thickness of from about 200 nm to about 2 µm. 

The textured region can function to diffuse electromagnetic radiation, to redirect 

electromagnetic radiation, and/or to absorb electromagnetic radiation, thus increasing the 

quantum efficiency of the device. The textured region can include surface features to 

further increase the effective absorption length of the device. Non-limiting examples of 

15 shapes and configurations of surface features include cones, pillars, pyramids, 

micolenses, quantum dots, inverted features, gratings, protrusions, sphere-like structures, 

and the like, including combinations thereof Additionally, surface features can be 

micron-sized, nano-sized, or a combination thereof For example, cones, pyramids, 

protrusions, and the like can have an average height within this range. In one aspect, the 

20 average height would be from the base of the feature to the distal tip of the feature. In 

another aspect, the average height would be from the surface plane upon which the 

feature was created to the distal tips of the feature. In one specific aspect, a feature ( e.g. a 

cone) can have a height of from about 50 nm to about 2 µm. As another example, 

quantum dots, microlenses, and the like can have an average diameter within the micron-

25 sized and/or nano-sized range. 

In addition to or instead of surface features, the textured region can include a 

textured film layer. In one aspect, for example, the textured region can include a 

substantially conformal textured film layer. Such a textured film layer can have an 

average thickness of from about 1 nm to about 20 µm. In those aspects where the 

30 textured region includes surface features, the conformal textured film layer can have a 

varying thickness relative to the location on the surface features upon which is deposited. 
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In the case of cones, for example, the conformal textured film layer can become thinner 

toward the tips of the cones. Such a conformal film layer can include various materials, 

including, without limitation, SiO2, ShN 4, amorphous silicon, polysilicon, a metal or 

metals, and the like, including combinations thereof The conformal textured film layer 

5 can also be one or more layers of the same or different materials, and can be formed 

during the creation of surface features or in a separate process. 

Textured regions according to aspects of the present disclosure can allow a 

photosensitive device to experience multiple passes of incident electromagnetic radiation 

within the device, particularly at longer wavelengths (i.e. infrared). Such internal 

1 o reflection increases the effective absorption length to be greater than the thickness of the 

semiconductor layer. This increase in absorption length increases the quantum efficiency 

of the device, leading to an improved signal to noise ratio. 

The texturing process can texture the entire substrate to be processed or only a 

portion of the substrate. In one aspect, for example, a substrate such as the 

15 semiconductor layer can be textured and patterned by an appropriate technique over an 

entire surface to form the texture region. In another aspect, a substrate such as the 

semiconductor layer can be textured and patterned across only a portion of a surface by 

using a selective etching technique, such as a mask, photolithography, and an etch or a 

laser process to define a specific structure or pattern. 

20 In addition to surface features, the textured region can have a surface morphology 

that is designed to focus or otherwise direct electromagnetic radiation. For example, in 

one aspect the textured region has a surface morphology operable to direct 

electromagnetic radiation into the semiconductor layer. Non-limiting examples of 

various surface morphologies include sloping, pyramidal, inverted pyramidal, spherical, 

25 square, rectangular, parabolic, asymmetric, symmetric, and the like, including 

combinations thereof 

The textured region, including surface features as well as surface morphologies, 

can be formed by various techniques, including plasma etching, reactive ion etching, 

porous silicon etching, lasing, chemical etching ( e.g. anisotropic etching, isotropic 

30 etching), nanoimprinting, material deposition, selective epitaxial growth, and the like. 
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One effective method of producing a textured region is through laser processing. 

Such laser processing allows discrete target areas of a substrate to be textured, as well as 

entire surfaces. A variety of techniques of laser processing to form a textured region are 

contemplated, and any technique capable of forming such a region should be considered 

5 to be within the present scope. Laser treatment or processing can allow, among other 

things, enhanced absorption properties and thus increased electromagnetic radiation 

focusing and detection. 

In one aspect, for example, a target region of the substrate to be textured can be 

irradiated with laser radiation to form a textured region. Examples of such processing 

10 have been described in further detail in U.S. Patents 7,057,256, 7,354,792 and 7,442,629, 

which are incorporated herein by reference in their entireties. Briefly, a surface of a 

substrate material is irradiated with laser radiation to form a textured or surface modified 

region. Such laser processing can occur with or without a dopant material. In those 

aspects whereby a dopant is used, the laser can passed through a dopant carrier and onto 

15 the substrate surface. In this way, dopant from the dopant carrier is introduced into the 

target region of the substrate material. Such a region incorporated into a substrate 

material can have various benefits in accordance with aspects of the present disclosure. 

For example, the textured region typically has a textured surface that increases the 

surface area and increases the probability of radiation absorption. In one aspect, such a 

20 textured region is a substantially textured surface including micron-sized and/or nano­

sized surface features that have been generated by the laser texturing. In another aspect, 

irradiating the surface of a substrate material includes exposing the laser radiation to a 

dopant such that irradiation incorporates the dopant into the substrate. Various dopant 

materials are known in the art, and are discussed in more detail herein. 

25 Thus the surface of the substrate at the target region is thus chemically and/or 

structurally altered by the laser treatment, which may, in some aspects, result in the 

formation of surface features appearing as structures or patterned areas on the surface 

and, if a dopant is used, the incorporation of such dopants into the substrate material. In 

some aspects, the features or structures can be on the order of 50 nm to 20 µmin size and 

30 can assist in the absorption of electromagnetic radiation. In other words, the textured 

surface can increase the probability of incident radiation being absorbed. 
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A variety of semiconductor materials are contemplated for use with the pixel 

devices and methods according to aspects of the present disclosure. Such materials can 

be utilized as the semiconductor layer and/or the semiconductor substrate, as well as for 

the secondary semiconductor layer and the epitaxially grown semiconductor layer. Non-

5 limiting examples of such semiconductor materials can include group IV materials, 

compounds and alloys comprised of materials from groups II and VI, compounds and 

alloys comprised of materials from groups III and V, and combinations thereof More 

specifically, exemplary group IV materials can include silicon, carbon ( e.g. diamond), 

germanium, and combinations thereof Various exemplary combinations of group IV 

10 materials can include silicon carbide (SiC) and silicon germanium (Si Ge). In one specific 

aspect, the semiconductor material can be or include silicon. Exemplary silicon materials 

can include amorphous silicon (a-Si), microcrystalline silicon, multicrystalline silicon, 

and monocrystalline silicon, as well as other crystal types. In another aspect, the 

semiconductor material can include at least one of silicon, carbon, germanium, aluminum 

15 nitride, gallium nitride, indium gallium arsenide, aluminum gallium arsenide, and 

combinations thereof 

Exemplary combinations of group II-VI materials can include cadmium selenide 

(CdSe), cadmium sulfide (CdS), cadmium telluride (CdTe), zinc oxide (ZnO), zinc 

selenide (ZnSe), zinc sulfide (ZnS), zinc telluride (ZnTe), cadmium zinc telluride 

20 (CdZnTe, CZT), mercury cadmium telluride (HgCdTe), mercury zinc telluride 

(HgZnTe ), mercury zinc selenide (HgZnSe ), and combinations thereof 

Exemplary combinations of group III-V materials can include aluminum 

antimonide (AlSb), aluminum arsenide (AlAs), aluminum nitride (AlN), aluminum 

phosphide (AIP), boron nitride (BN), boron phosphide (BP), boron arsenide (BAs), 

25 gallium antimonide (GaSb), gallium arsenide (GaAs), gallium nitride (GaN), gallium 

phosphide (GaP), indium antimonide (InSb), indium arsenide (InAs), indium nitride 

(InN), indium phosphide (InP), aluminum gallium arsenide (AlGaAs, AlxGa1_xAs), 

indium gallium arsenide (InGaAs, InxGa1_xAs), indium gallium phosphide (InGaP), 

aluminum indium arsenide (AlinAs), aluminum indium antimonide (AlinSb), gallium 

30 arsenide nitride (GaAsN), gallium arsenide phosphide (GaAsP), aluminum gallium 

nitride (AlGaN), aluminum gallium phosphide (AlGaP), indium gallium nitride (InGaN), 
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indium arsenide antimonide (InAsSb ), indium gallium antimonide (InGaSb ), aluminum 

gallium indium phosphide (AlGainP), aluminum gallium arsenide phosphide (AlGaAsP), 

indium gallium arsenide phosphide (InGaAsP), aluminum indium arsenide phosphide 

(AllnAsP), aluminum gallium arsenide nitride (AlGaAsN), indium gallium arsenide 

5 nitride (InGaAsN), indium aluminum arsenide nitride (InAlAsN), gallium arsenide 

antimonide nitride (GaAsSbN), gallium indium nitride arsenide antimonide 

(GainNAsSb), gallium indium arsenide antimonide phosphide (GainAsSbP), and 

combinations thereof 

The semiconductor material can be of any thickness that allows the desired 

10 property or functionality of the semiconductor device, and thus any such thickness of 

semiconductor material is considered to be within the present scope. The textured region 

can increase the efficiency of the device such that, in some aspects, the semiconductor 

material can be thinner than has previously been possible. Decreasing the thickness 

reduces the amount of semiconductor material used to make such a device. In one aspect, 

15 for example, a semiconductor material such as the semiconductor layer has a thickness of 

from about 500 nm to about 50 µm. In another aspect, the semiconductor material has a 

thickness of less than or equal to about 500 µm. In yet another aspect, the semiconductor 

material has a thickness of from about 1 µm to about 10 µm. In a further aspect, the 

semiconductor material can have a thickness of from about 5 µm to about 7 50 µm. In yet 

20 a further aspect, the semiconductor material can have a thickness of from about 5 µm to 

about 100 µm. 

Additionally, various configurations of semiconductor materials are 

contemplated, and any such material configuration that can be incorporated into a 

semiconductor device is considered to be within the present scope. In one aspect, for 

25 example, the semiconductor material can include monocrystalline materials. In another 

aspect, the semiconductor material can include multicrystalline materials. In yet another 

aspect, the semiconductor material can include microcrystalline materials. It is also 

contemplated that the semiconductor material can include amorphous materials. 

As has been described, the semiconductor substrate can be of any size, shape, and 

30 material capable of supporting the semiconductor layer and associated components 

during manufacture and/or use. The semiconductor substrate can be made from various 
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materials, including the semiconductor materials described above, as well as non­

semiconductor materials. Non-limiting examples of such materials can include metals, 

polymeric materials, ceramics, glass, and the like. In some aspects, the semiconductor 

substrate and the semiconductor layer have the same or substantially the same thermal 

5 expansion properties. 

Furthermore, the semiconductor material according to aspects of the present 

disclosure can comprise multiple layers. In some aspects, layers can vary in majority 

carrier polarity (i.e. donor or acceptor impurities). The donor or acceptor impurities are 

typically determined by the type of dopant/impurities introduced into the device either 

1 o through a growth process, deposition process, epitaxial process, implant process, lasing 

process or other known process to those skilled in the art. In some aspects such 

semiconductor materials can include an n-type layer, an intrinsic (i-type) layer, and a p­

type layer, thus forming a p-i-n semiconductor material stack that creates a junction 

and/or depletion region. A semiconductor material devoid of an i-type layer is also 

15 contemplated in accordance with the present disclosure. In other aspects the 

semiconductor material may include multiple junctions. Additionally, in some aspects, 

variations of n(--), n(-), n( + ), n( ++ ), p(--), p(-), p( + ), or p( ++) type semiconductor layers 

can be used. The minus and positive signs are indicators of the relative magnitude of the 

doping of the semiconductor material. 

20 

25 

30 

A variety of dopant materials are contemplated for both the formation of doped 

regions in the semiconductor layer and for doping of the textured region, and any dopant 

that can be used in such processes to modify a material is considered to be within the 

present scope. It should be noted that the particular dopant utilized can vary depending 

on the material being doped, as well as the intended use of the resulting material. 

A dopant can be either a charge donating or a charge accepting dopant species. 

More specifically, an electron donating or a hole donating species can cause a region to 

become more positive or negative in polarity as compared to the substrate upon which the 

rests. In one aspect, for example, the doped region can be p-doped. In another aspect the 

doped region can be n-doped. 

In one aspect, non-limiting examples of dopant materials can include S, F, B, P, 

N, As, Se, Te, Ge, Ar, Ga, In, Sb, and combinations thereof It should be noted that the 
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scope of dopant materials should include, not only the dopant materials themselves, but 

also materials in forms that deliver such dopants (i.e. dopant carriers). For example, S 

dopant materials includes not only S, but also any material capable being used to dope S 

into the target region, such as, for example, H2S, SF6, SO2, and the like, including 

5 combinations thereof In one specific aspect, the dopant can be S. Sulfur can be present 

at an ion dosage level of from about 5 x 1014 to about 3 x 1020 ions/cm2. Non-limiting 

examples of fluorine-containing compounds can include ClF3, PFs, F2 SF6, BF3, GeF4, 

WF6, SiF4, HF, CF4, CHF3, CH2F2, CH3F, C2F6, C2HFs, C3Fs, C4Fs, NF3, and the like, 

including combinations thereof Non-limiting examples of boron-containing compounds 

10 can include B(CH3)3, BF3, BCh, BN, C2B10H12, borosilica, B2H6, and the like, including 

combinations thereof Non-limiting examples of phosphorous-containing compounds can 

include PF5, PH3, POCh, P2O5, and the like, including combinations thereof Non­

limiting examples of chlorine-containing compounds can include Ch, SiH2Ch, HCl, 

SiC14, and the like, including combinations thereof. Dopants can also include arsenic-

15 containing compounds such as AsH3 and the like, as well as antimony-containing 

compounds. Additionally, dopant materials can include mixtures or combinations across 

dopant groups, i.e. a sulfur-containing compound mixed with a chlorine-containing 

compound. In one aspect, the dopant material can have a density that is greater than air. 

In one specific aspect, the dopant material can include Se, H2S, SF6, or mixtures thereof 

20 In yet another specific aspect, the dopant can be SF6 and can have a predetermined 

concentration range of about 5.0 x 10-8 mol/cm3 to about 5.0 x 10-4 mol/cm3. As one non­

limiting example, SF6 gas is a good carrier for the incorporation of sulfur into a substrate 

via a laser process without significant adverse effects on the material. Additionally, it is 

noted that dopants can also be liquid solutions of n-type or p-type dopant materials 

25 dissolved in a solution such as water, alcohol, or an acid or basic solution. Dopants can 

also be solid materials applied as a powder or as a suspension dried onto the wafer. 

In another aspect, the band structure optimization can be realized by forming a 

heterojunction along a modified semiconductor interface. For example, a layer of 

amorphous silicon can be deposited on the textured region interface, thus forming a 

30 heterojunction that bends the minority carrier band towards the desired energy direction. 
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5 1. A light trapping device, comprising: 

10 

at least one light sensitive pixel having a light incident surface, a backside surface 

opposite the light incident surface, and a peripheral sidewall disposed into at least a 

portion of the pixel and extending at least substantially around the pixel periphery; 

a backside light trapping material substantially covering the backside surface; and 

a peripheral light trapping material substantially covering the peripheral sidewall; 

wherein light contacting the backside light trapping material or the peripheral 

light trapping material is reflected back toward the pixel. 

2. The device of claim 1, wherein at least one of the backside light trapping material and 

15 the peripheral light trapping material includes a high refractive index material 

sandwiched between two low refractive index materials. 

3. The device of claim 1, wherein the backside light trapping material and the peripheral 

light trapping material includes a high refractive index material sandwiched between two 

20 low refractive index materials. 

4. The device of claim 3, wherein the two low refractive index materials have a 

refractive index ofless than about 2.1. 

25 5. The device of claim 4, wherein at least one of the two low refractive index material 

includes a member selected from the group consisting of an oxide, a nitride, oxynitrides, 

a gas, at least a partial vacuum, and combinations thereof 

6. The device of claim 4, wherein the at least one of the two low refractive index 

30 materials includes a member selected from the group consisting of silicon oxide, silicon 

nitride, silicon dioxide, and combinations thereof 
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7. The device of claim 3, wherein the high refractive index material includes a material 

having a refractive index of greater than or equal to about 2.1. 

5 8. The device of claim 7, wherein the high refractive index material includes a member 

selected from the group consisting of polycrystalline silicon, amorphous silicon, single 

crystal silicon, multicrystalline silicon, nanocrystalline silicon, germanium, and 

combinations thereof 

1 o 9. The device of claim 2, wherein at least one of the two low refractive index materials is 

doped with a dopant to create a surface field. 

10. The device of claim 9, wherein the dopant is boron or antimony. 

15 11. The device of claim 1, wherein at least one of the backside light trapping material 

20 

and the peripheral light trapping material includes a first material sandwiched between 

two second materials, wherein the first material has a higher refractive index as compared 

to the two second materials, and wherein the difference in refractive index between the 

first material and the two second materials is at least 0.2. 

12. The device of claim 1, wherein the peripheral sidewall extends completely around 

the pixel periphery. 

13. The device of claim 1, wherein the peripheral sidewall extends from the light 

25 incident surface to the backside surface. 

14. The device of claim 1, further comprising a frontside light trapping material at least 

partially covering the light incident surface. 

30 15. The device of claim 14, wherein the frontside light trapping material is an 

antireflective layer coating. 
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16. The device of claim 14, wherein the frontside light trapping material is a reflective 

layer having an aperture to allow entry of light into the pixel, wherein the reflective layer 

is operable to reflect light impinging thereupon from inside the pixel back into the pixel. 

17. The device of claim 16, further comprising a lens functionally coupled to the 

aperture and operable to focus incident light through the aperture and into the pixel. 

18. The device of claim 16, wherein the aperture has an effective surface area of ---

1 o % of the incident light surface total surface area. 

19. The device of claim 1, wherein at least one of the backside light trapping material 

and the peripheral light trapping material is a metal layer. 

15 20. The device of claim 1, wherein at least one of the backside light trapping material 

and the peripheral light trapping material has a sloped surface at the pixel device 

interface. 

21. The device of claim 1, further comprising a textured layer positioned to interact with 

20 light proximal to the backside surface. 

22. The device of claim 21, wherein the textured layer is located between the backside 

surface and the backside light trapping material. 

25 23. An array of light trapping pixel devices of claim 1. 

24. A substantially light trapping device, comprising: 

at least one light sensitive pixel having a light incident surface, a backside surface 

opposite the light incident surface, and a peripheral sidewall extending from the light 

30 incident surface to the backside surface and extending around the pixel periphery; 

a backside light trapping material substantially covering the backside surface; 
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a peripheral light trapping material substantially covering the peripheral sidewall; 

and 

an internally reflective frontside light trapping material covering at least a portion 

of the light incident surface operable allow entrance of light into the pixel and operable to 

5 reflect light impinging thereupon from inside the pixel back into the pixel, and wherein 

light contacting the backside light trapping material or the peripheral light trapping 

material is reflected back toward the pixel. 

25. The device of claim 24, wherein the internally reflective frontside light trapping 

1 o material includes an aperture to allow entry of light into the pixel. 

26. The device of claim 25, further comprising a lens functionally coupled to the 

aperture and operable to focus incident light through the aperture and into the pixel. 

15 27. A method of making a light trapping device, comprising: 

20 

forming a pixel by: 

forming a backside light trapping material on a semiconductor 

layer, the backside light trapping material including a high refractive index 

material sandwiched between two low refractive index materials; and 

forming a pixel device layer on the semiconductor layer opposite 

the light trapping material; 

etching a trench circumscribing the pixel device layer; and 

filling the trench with a peripheral light trapping material. 

25 28. The method of claim 27, wherein etching the trench circumscribing the pixel device 

layer can further include etching the trench to a depth that contacts at least the backside 

light trapping material. 

29. The method of claim 27, further comprising applying an incident light trapping 

30 material to the pixel device layer. 
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30. The method of claim 27, wherein filling the trench with the peripheral light trapping 

material further includes: 

depositing a low refractive index material into the trench to fill a portion of the 

trench from the trench walls inward; 

ceasing deposition of the low refractive index material to leave an internal space 

within the trench; and 

depositing a high refractive index material into the trench to fill the internal space. 

31. The method of claim 27, further comprising forming a textured region on at least a 

10 portion of the semiconductor layer between the semiconductor layer and the backside 

light trapping material. 

32. The method of claim 31, wherein forming the textured region includes a technique 

selected from the group consisting of plasma etching, reactive ion etching, porous silicon 

15 etching, lasing, chemical etching, nanoimprinting, material deposition, selective epitaxial 

growth, and combinations thereof 

20 

25 

33. The method of claim 32, wherein forming the textured region includes laser 

texturing. 
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ABSTRACT OF THE DISCLOSURE 

Thorpe North & Western, LLP 
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Light trapping pixels, devices incorporating such pixels, and various associated 

methods are provided. In one aspect, for example, a light trapping pixel device can 

include a light sensitive pixel having a light incident surface, a backside surface opposite 

5 the light incident surface, and a peripheral sidewall disposed into at least a portion of the 

pixel and extending at least substantially around the pixel periphery. The pixel can also 

include a backside light trapping material substantially covering the backside surface and 

a peripheral light trapping material substantially covering the peripheral sidewall. The 

light contacting the backside light trapping material or the peripheral light trapping 

1 o material is thus reflected back toward the pixel. 
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due. 

• A surcharge (for late submission of the basic filing fee, search fee, examination fee or inventor's oath or 
declaration) as set forth in 37 CFR 1.16(f) of$ 70 for a small entity in compliance with 37 CFR 1.27, must be 
submitted. 

SUMMARY OF FEES DUE: 

Total fee(s) required within TWO MONTHS from the date of this Notice is$ 1320 for a small entity 
• $ 70 Statutory basic filing fee. 
• $ 70 Surcharge. 
• The application search fee has not been paid. Applicant must submit$ 300 to complete the search fee. 
• The application examination fee has not been paid. Applicant must submit$ 360 to complete the examination 
fee for a small entity in compliance with 37 CFR 1.27. 

• Total additional claim fee(s) for this application is$ 520 
• $ 520 for 13 total claims over 20. 

Items Required To Avoid Processing Delays: 
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Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f). 

• A properly executed inventor's oath or declaration has not been received for the following inventor(s): 
ALL 
Applicant may submit the inventor's oath or declaration at any time before the Notice of Allowance and Fee(s) 
Due, PTOL-85, is mailed. 

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing 
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more 
information and a suggested format, see Form PTO/SB/92 and MPEP 512. 

Replies should be mailed to: 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313-1450 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web. 
https ://sportal. uspto .gov/authenticate/ AuthenticateUserLocal EP F. htm I 

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or 
visit our website at http://www.uspto.gov/ebc. 

If you are not using EFS-Web to submit your reply, you must include a copy of this notice. 

/bcao/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 13/841, 120 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A 70 N/A (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A 300 N/A (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A 360 N/A (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 33 minus 20= 13 (37 CFR 1.16(i)) 
X 40 = 520 OR 

INDEPENDENT CLAIMS 3 minus 3 = X 210 = 0.00 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 0 ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 1250 TOTAL 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR 
~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

13/841,120 

20551 

FILING or 
37l(c)DATE 

03/15/2013 

GRPART 

UNIT 

2883 

THORPE NORTH & WESTERN, LLP. 
P.O. Box 1219 
SANDY, UT 84091-1219 

FIL FEE REC'D 

0.00 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

3035-052.NP 33 3 
CONFIRMATION NO. 5133 

FILING RECEIPT 

11111111111111111 lllll ll]~!l]!~l!~l!~IUIHH!~ll 11111111111111111111111 

Date Mailed: 05/28/2013 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

lnventor(s) 
Martin U. Pralle, Wayland, MA; 

Applicant( s) 
SIONYX, INC., Beverly, MA 

Assignment For Published Patent Application 
SIONYX, INC., Beverly, MA 

Power of Attorney: None 

Domestic Priority data as claimed by applicant 
This appln claims benefit of 61/614,275 03/22/2012 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

If Required, Foreign Filing License Granted: 05/17/2013 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 13/841,120 

Projected Publication Date: To Be Determined - pending completion of Missing Parts 

Non-Publication Request: No 

Early Publication Request: No 
** SMALL ENTITY ** 
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Title 

PIXEL ISOLATION ELEMENTS, DEVICES, AND ASSOCIATED METHODS 

Preliminary Class 

385 

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

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4158). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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

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

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

NOT GRANTED 

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

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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Electronic Patent Application Fee Transmittal 

Application Number: 13841120 

Filing Date: 15-Mar-2013 

Title of Invention: PIXEL ISOLATION ELEMENTS, DEVICES, AND ASSOCIATED METHODS 

First Named Inventor/Applicant Name: Martin U. Pralle 

Filer: Todd Brent Alder/Nicole Solomon 

Attorney Docket Number: 3035-052.NP 

Filed as Small Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Utility filing Fee (Electronic filing) 4011 1 70 70 

Utility Search Fee 2111 1 300 300 

Utility Examination Fee 2311 1 360 360 

Pages: 

Claims: 

Claims in excess of 20 2202 13 40 520 

Miscellaneous-Filing: 

Late Filing Fee for Oath or Declaration 2051 1 70 70 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USD ($) 1320 
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Electronic Acknowledgement Receipt 

EFSID: 16447487 

Application Number: 13841120 

International Application Number: 

Confirmation Number: 5133 

Title of Invention: PIXEL ISOLATION ELEMENTS, DEVICES, AND ASSOCIATED METHODS 

First Named Inventor/Applicant Name: Martin U. Pralle 

Customer Number: 20551 

Filer: Todd Brent Alder/Nicole Solomon 

Filer Authorized By: Todd Brent Alder 

Attorney Docket Number: 3035-052.NP 

Receipt Date: 29-JUL-2013 

Filing Date: 15-MAR-2013 

Time Stamp: 20:05:05 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $1320 

RAM confirmation Number 7530 

Deposit Account 

Authorized User 

File Listing: 

Document I Document Description 
I 

File Name 
I 

File Size(Bytes)/ I Multi I Pages 
Number Message Digest Part /.zip (if appl.) 
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38016 

1 Fee Worksheet (5B06) fee-info.pdf no 2 
e3e46e61177ba07b95c263a427f1569d453 

f38cf 

Warnings: 

Information: 

Total Files Size (in bytes) 38016 

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 A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication 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 A~~lication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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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PTO/SB/08B (08-03) 
Approved for use through 07/31/2006. 0MB 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 0MB control number. 

Substitute for form 1449/PTO 
Complete if Known 

Application Number 13/841,120 

INFORMATION DISCLOSURE Filing Date 3/15/2013 

STATEMENT BY APPLICANT First Named Inventor Martin U. Pralle 
(Use as many sheets as necessary) 

Art Unit 2883 

Examiner Name 

Sheet I I of I 
Attorney Docket Number 3035-052.NP 

NON PATENT LITERATURE DOCUMENTS 
Examiner Cite Include name of author (in CAP IT AL LETTERS), title of the article (when appropriate), title of the item (book, 
Initials* No.1 magazine, j oumal, serial, symposium, catalog, etc.), date, page(s ), volume-issue number(s ), publisher, city and/ or T2 

country where published. 

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

BODEN, S.A. et al.; Nanoimprinting for Antireflective Moth-Eye Surfaces; 4 pages; 2008 

Carey et al., "Femtosecond-Laser-Assisted Microstructuring of Silicon Surfaces", Optics and Photonics 
News, 2003. 14, 32-36. 

Carey, et al. "Femtosecond Laser-Assisted Microstructuring of Silicon for Novel Detector, Sensing and 
Display Technologies", LEOS 2003, 481-482, Tuscon, AR. 

Carey, et al. "Femtosecond Laser-Assisted Microstructuring of Silicon for Novel Detector, Sensing and 
Display Technologies", LEOS; 2002, 97-98, Glasgos, Scotland, 2002. 

Carey, et al., "Fabrication of Micrometer-Sized Conical Field Emitters Using Femtosecond Laser-
Assisted Etching of Silicon," Proc. IVMC 2001, 75-76, UC Davis, Davis, CA. 

Carey, et al., "Field Emission from Silicon. Microstructures Formed by Femtosecond Laser Assisted 
Etching," Proc. CLEO 2001 (Baltimore, MD 2001) 555-557. 

Carey, et al., "High Sensitivity Silicon-Based VIS/NIR Photodetectors", Optical Society of America 
(2003) 1-2. 

CAREY, III; "Femtosecond-laser Microstructuring of Silicon for Novel Optoelectronic Devices"; 

Harvard University, July 2004; (Thesis) 

CHEN, Q. et al.; Broadband moth-eye antireflection coatings fabricated by low-cost nanoimprinting; 
Applied Physics Letters 94; pgs. 263118-1 - 263118-3; 2009; American Institute of Physics 

Chien et al, "Pulse Width Effect in Ultrafast Laser Processing of Materials," Applied Physics A, 2005, 
1257-1263, 81, Springer Berlin, Heidelberg, Germany. 
Crouch et al., "Comparison of Structure and Properties ofFemtosecond and Nanosecond Laser-
Structured Silicon" Appl. Phys. Lett., 2004, 84,1850-1852. 
Crouch et al., "Infrared Absorption by Sulfur-Doped Silicon Formed by Femtosecond Laser 
Irradiation", Appl. Phys. A, 2004, 79, 1635-1641. 
DEW AN, Rahul et al.; Light Trapping in Thin-Film Silicon Solar Cells with Submicron Surface 
Texture; Optics Express; Vol. 17, No. 25; December 7, 2009; Optical Society of America 
DOBRZANSKI, L.A. et al.; Laser Surface Treatment ofMulticrystalline Silicon for Enhancing Optical 
Properties; Journal of Materials Processing Technology; page 291 - 296; 2007; Elsevier B.V. 

FORBES; "Texturing, reflectivity, diffuse scattering and light trapping in silicon solar cells"; 2012 
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Substitute for form 1449/PTO 
Complete if Known 

Application Number 13/841,120 

INFORMATION DISCLOSURE Filing Date 3/15/2013 

STATEMENT BY APPLICANT First Named Inventor Martin U. Pralle 
(Use as many sheets as necessary) 

Art Unit 2883 

Examiner Name 

Sheet I I of I Attorney Docket Number 3035-052.NP 

HAUG, et al.; "Light Trapping effects in thin film silicon solar cells"; 2009 

Her et al., "Microstructuring of Silicon with Femtosecond Laser Pulses," Applied Physics Letters, 1998, 
1673-1675, vol. 73, No. 12, American Institute of Physics. 
Her et al., "Novel Conical Microstructures Created in Silicon With Femtosecond Laser Pulses", CLEO 
1998, 511-512, San Francisco, CA. 
Her, et al., "Femtosecond laser-induced formation of spikes on silicon," Applied Physics A, 2000, 70, 
383-385. 

HERMANN, S. et al.; Impact of Surface Topography and Laser Pulse Duration for Laser Ablation of 
Solar Cell Front Side Passivating SiNx Layers; Journal of Applied Physics; Vol. 108, No. 11; pages 
114514-1 - 114514-8; 2010; American Institute of Physics 
HUANG, et al.; "Microstructured silicon photodetector"; Applied Physics Letters 89, 033506; 2006 
American Institute of Physics; 2000 
HUPKES, J. et al.; Light Scattering and Trapping in Different Thin Film Photovoltaic Devices; 241

n 

European Photovoltaic Solar Energy Conference, Hamburg, Germany (Sept. 21-25, 2009); pgs. 2766-
2769 
KIM et al.; "Strong Sub-Band-Gap Infrared Absorption in Silicon Supersaturated with Sulfur"; 2006 
Appl. Phys. Lett. 88, 241902-1 - 241902-3 
MADZHAOV, et al.; "Light trapping in thin-firm silicon solar cells for superstrate and substrate 
configuration" Abstract #1614, 218th ECS Meeting ©2010 the Electrochemical Society 
MOLONEY, A.M. et al.; Novel Black Silicon PIN Photodiodes; 8 pages; January 25, 2006; SPIE 

NAY AK, B.K. et al.; Ultrafast Laser Textured Silicon Solar Cells; Mater. Res. Soc. Symp. Proc.; Vol. 
1123; 6 pages; 2009; Materials Research Society 

NA YAK, et al.; "Efficient light trapping in silicon solar cells by ultrafast-laser-induced self-assembled 
micro/nano structures"; Progress in Photovoltaics: Research and Applications; 2011 
Pain, Bedabrata; "A Back-Illuminated Megapixel CMOS Image Sensor"; 
httrr//hdl.handle.net/2014/39312; May 1, 2005 

Pedraza et al., "Surface Nanostructuring of Silicon", Appl. Phys. A, 2003, 77, 277-284. 

RUSSELL, et al.; "Nanosecond Eximer Laser Processing for Novel Microelectronic Fabrication"; 
Nanosecond Excimer Laser Processing; 6 pages; 1989 
Samet et al.; "Femtosecond laser for black silicon and photovoltaic cells"; February 21, 2008, Proc. Of 
SPIE; Vol. 6881; pags 1-15 
Shen et al., "Formation of Regular Arrays of Silicon Micorspikes by F emotsecond Laser Irradiation 
Through A Mask", Appl. Phys. Lett., 82, 1715-1717 (2003). 
T ABBAL et al., "Formation of Single Crystal Sulfur Supersaturated Silicon Based Junctions by Pulsed 
Laser Melting". 2007, J. Vac. Sci. Technol. B25(6), 1847-1852 
TULL; "Femtosecond Laser Ablation of Silicon: Nanoparticles, Doping and Photovotaics"; Harvard 
University, June 2007 (Thesis) 

Wu et al., "Black Silicon: A New Light Absorber," APS Centennial Meeting (Mar. 23, 1999). 

Wu et al., "Femtosecond laser-gas-solid interactions," Thesis presented to the Department of Physics at 
Harvard University, pp. 1-113, 126-136, Aug. 2000. 
Wu et al., "Visible Luminescence From Silicon Surfaces Microstructured in Air". Appl. Phys. Lett., 
vol. 81, No. 11, 1999-2001 (2002). 
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Signature 
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Wu, et al, "Near-Unity Below-Band-Gap Absorption by Microstructured Silicon," 2001, Applied 

Physics Letters, 1850-1852, vol. 78, No. 13, American Institute of Physics. 

YAMAMOTO, K. et al.; NIR Sensitivity Enhancement by Laser Treatment for Si Detectors; Nuclear 
Instruments and Methods in Physics Research A; pages 520 - 523; March 31, 2010; Elsevier 
Younkin et al., "Infrared Absorption by Conical Silicon Microstructures Made in a Variety of 
Background Gases Using Femtosecond-Laser Pulses", J. Appl. Phys., 93, 2626-2629 (2003). 
Younkin, "Surface Studies and Microstructure Fabrication Using Femtosecond Laser Pulses," Thesis 
presented to the Division of Engineering & Applied sciences at Harvard University (Aug. 2001 ). 
YUAN, et al.; "Efficient black silicon solar cell with a density-graded nanoporous surface: Optical 
properties, performance limitations, and design rules"; American Institute of Physics; Applied Physics 
Letters 95. 1230501 (2009) 3 pages 

PCT/US2013/033554; filed 03/22/2013; Sionyx, Inc., international search report dated 07/24/2013 

Date 
Considered 

*Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not 
considered. Include copy of this form with next communication to applicant. 
1 Applicant's unique citation designation number ( optional). 2 Applicant is to place a check mark here if English language Translation is attached. This collection of 
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1. a aetbod of manufacturing solar cells, said method 
comprising the steps of scribing a pattern of grooves or 
holes in a surface of semiconductor substrate with a laser 
scriber and subsequently forming a rectifying junction on 
said surface, said junction extending into said holes or 
grooves. 

3. Tbe aetbod of claims l or 2 wherein after said scribing 
step and before forming the rectifying junction, an etching 
step is performed, said etching step comprising etching said 
grooves or boles with a chemical etchant, the etching step 
being used to control the shape of the grooves or holes in 
tbe final cell. 
4. Tbe method of claim 3 wherein the chemical etchant is 
selected to etch the base region of the grooves or holes more 
slowly than the ~op region to convert the grooves into 
V-shaped troughs and to convert the holes to shapes 
approximating inverted pyramids, and said junction extending 
into aald troughs or inverted pyramids. 

04 AU 33 1 
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The present invention relates to improvements in the 
fabrication of solar cells whereby the structure of the cell 
facilitates collection of photon generated minority carriers 
from deep within the wafer substr.ate. 

5 Long wavelength light striking a photocell will 

10 

15 

20 

2S 

penetrate much further into the cell than shorter wavelength 
light, on average, before being absorbed and therefore 
minority carriers generated by photons of long wavelength 
energy must travel much further before being collected by the 
rectifying junction of the cell. As a result, the chances of 
a minority carrier resulting from a long wavelength photon, 
being collected before recombination occurs are greatly 
reduced over those of a minority carrier resulting from a 
shorter wavelength photon. This effect is even more 
pronounced in solar cells used in space, due to the radiation 
damage which is caused to a solar cell in this environment, 
and which results in a reduction in minority carrier life 
times. 

In an attempt to overcome the effects of reduced 
minority carrier life time in the space environment, prior 
art solar cells have been produced wherein a plurality of 
grooves were chemically etched into the surface of the 
substrate prior to the formulation of the rectifying junction 
of the cell, such that the junction provided within the 
grooves penetrates deep into the bulk of the substrate to aid 
in the collection of minority carriers formed in the bulk 
regions • 

However, while the formation of grooves in the substrate 
provides an improvement in short circuit current densities, 

JO complications associated with the chemical etching step make 
this solution too expensive to be of practical use, 
particularly in the case of mass produced cells for 
terrestrial use. 

A laser scriber has previously been used to separate 
35 cells formed on a common wafer, by scribing a groove between 
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a pair of adjacent cells and then breaking the wafer along 
the scribe line in a similar manner to that used when cutting 
glass or ceramic tiles. Lasers have also been used to 
isolate doped regions of a substrate by cutting or drilling 

5 an opening between the two adjacent regions to be isolated, 
however, it has not previously been considered feasible to 
use lasers in the processing of the active regions of 
semiconductor devices, due to the damage to the crystal 
structure caused by the laser. 

10 

15 

20 

25 

A first aspect of the present invention relies upon the 
unexpected result that grooves scribed in the surface of a 
substrate by way of a laser scriber do not cause a 
significant deleterious effect upon the solar ce\l 
bUbsequently formed on the substrate, due to crystal damage 
caused by the laser, but to the contrary the crystal damage 
provides getterring sites to which impurities in the 
substrate migrate during subsequent high temperature 
processing, thereby enhancing the performance of the solar 
cell by increasing the life time of minority carriers in the 
bulk of the substrate. 

It has also been found that grooving of the surface of 
the cell enhances the anti-~eflective properties of the cell, 
as light falling within the grooved area, if it is not 
initially absorbed by the cell, will be reflected onto 
another surface of the groove, thereby increasing the 
possibility of absorption. In order to escape from the 
grooved area, a photon will need to be reflected several 
times within the groove, and therefore the probability of 
escape is low. 

30 The provision of grooves in the substrate also increases 
greatly the area of the cell junction and additionally 
provides the possibility of having differing sheet 
resistivities in the top layer of the cell, with a high 
resistivity in the re~ion between the grooves to enhance the 

35 photovoltaic effect and a lower resistivity within the 
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grooves to decrease tbe aeries resistance of the cell and to 
allow the wider spacing of the contact fingers used to 
conduct current from tbe top layer. 

According to a first aspect, the present invention 
5 consists in a method of manufacturing solar cells, said 

method comprising the steps of scribing a pattern of holes or 
grooves in a surface of a semiconductor substrate with a 
laser scriber and subsequently forming a rectifying junction 
on said surface, said junction extending into said holes or 

10 grooves • 
Preferably embodiments of the invention achieve a 

plurality of parallel grooves or a regular pattern of holes 
by scribing the surface of the substrate using a laser 
scriber adapted to simultaneously scribe a repeating pattern 

15 of grooves or holes. 
In a preferred embodiment of the invention, a chemical 

etching step is employed between the step of laser scribing 
and the step of forming the rectifying junction, such that 
precise control of the shape of boles and grooves is achieved • 

20 Some embodiments of the invention will also make use of 
holes bored through the substrate during the laser etching 
step to allow contact to be made with the surface layer of 
the cell from the rear of the substrate . 

Embodiments of the invention may also employ grooving of 
25 the rear surface of the substrate to form thin strong cell 

structures which have high efficiency and are radiation 
• :•••: resistant. 

In further embodiments of the present invention a solar 
cell is produced having a substrate, one surface of which has 

30 a plurality of grooves or hollows formed therein, and a 
rectifying junction formed on said surface and extending into 
said grooves, a top layer of said junction having a sheet 
resistivity which is greater in the region between the 

. ...... grooves than in the region within the grooves. 
~ . . .. . 

_.~-• ~, ~\ In yet further embodiments of the present invention 
'•.J \-i , .. ,, ~ 

-: ;:: _! 
• . ."- i 

'· .",/ o/ 
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·~ Pl"~\J,ecl ""'°""··"'~ aenaia,a IA a solar cell compriaiR9la substrate, opposite 
surfacea of which each have a plurality of grooves or hollows 
formed therein, a rectifying junction being formed on one of 
said surfaces and extending into the grooves or hollows of 

5 that surface. 
Embodiments of the invention will now be described, by 

way of example, with refarence to the accompanying drawings 
wherein: 

Figure 1 schematically illustrates a sectional view of a 
10 solar cell manufactured in accordance with a first embodiment 

of the present invention; 

15 

20 

25 

Figure 2 schematically illustrates the solar cell of 
Figure l when viewed from the top, 
Figure 3 schematically illustrates a sectional view of a 
solar cell manufactured in accordance with a second 
embodiment of the present invention; 

Pig. 4 schematically illustrates a sectional view of a 
fully etched substrate according to an embodiment of the 
invention; 

Pig. 5 schematically illustrates (a) a plan view of a 
laser scribing pattern; (b) a plan view of a fully etched 
substrate and (c) a perspective view of a fully etched 
substrate for a fourth embodiment of the invention; 

Pig. 6 schematically illustrates (a) a plan view of a 
laser scribing pattern: (b) a plan view of a fully etched 
substrate and (c) a perspective view of a fully etched 
substrate for a fifth embodiment of the present invention; 

Pigs. 7, 8 and 9 schematically illustrate (a) a plan 
view of a laser scribing pattern and (b) a perspective view 

30 of a fully etched substrate for sixth, seventh and eighth 
embodiments respectively, of the present inventio~; and 

Pig. 10 schematically ill~strates an improved method of 
connecting electrodes to the embodiment of Pig. 8. 

Referring to Figure 1. a substrate 10 is provided with a 
back contact 11 and a rectifying junction 12 on opposite 
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surfaces, the junction being formed between the substrate 10, 
which may be of either p-type or n-type semiconductor 
material, but in this embodiment is p-type material, and a 
top layer 13 extending over the top surface of the substrate 

5 and which is formed of a semiconductor material of opposite 
impurity type to the substrate 10. Grooves 14 scribed in the 
top surface of the substrate by a laser scriber, prior to 
formation of t,,e junction 12, greatly increase the junction 
area and at the same time facilitate the collection of 

10 minority carriers 15 generated deep within the bulk of the 
substrate, by placing sections of the junction in closer 
proximity to the region in which these carriers are generated . 

Grooves 14 in the cell surface also improve the 
anti-reflection properties of the cell by acting as light 

15 traps. Light 16a striking the surfaces of the cell between 
the grooves, and which is not absorbed by the cell, will be 
reflected by the surface and wasted, however, light 16b 
striking a surface of one of the grooves 14, and which is not 

20 

25 

absorbed, will generally be reflected onto another surface of 
tbe groove, depending upon the angle of incidence of the 
light and the shape of the grooves. For light 16b falling 
norma1 to the top surface of the cell, the number of 
reflections within the groove 14 will be large, thereby 
reducing the percentage of light which is reflected out of 
the grooves. 

A further improvement in the anti-reflective properties 
of the cell may be achieved by filling the grooves with a 
transparent mat~rial such as silicon oxide, and the slope of 
the groove walls can be optimized after scribing by an 

30 unmasked etch of the entire substrate surface. 
As well as the improvement in current density due to the 

physical positioning of the junction within the groove and 
the increased area of the junctio~, a further improvement can 
be attributed to the production of getterring sites during 

35 the laser scribing of the surface of the substrate, thereby 
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allowing an increased degree of getterring during subsequent 
high temperature processing. 

Getterring is:the process by which impurities are 
attracted to certain areas of the substrate during high 

5 temperature processing, and typical getterring sites are 
regions of stress causd by diffusion processes and areas of 
crystal structure damage as caused by laser scribing. The 
laser scribing process, being a particularly robust process, 
creates a significant amount of damage to the crystal 

10 structure and accordingly a large number of getterring sites 
will be produced by this process. 

15 

20 

25 

30 

35 

The reduction in the number of impurities in the bulk of 
the substrate, as a result of gettarring, has the effect of 
increasin~ the minority carrier life time and accordingly 
increasing the probability of a minority carrier being 
collected at the rectifying junction 12 before recombination 
occurs • 

The series resistance of the grooved solar cell can also 
be decreased by selecting a lower sheet resistivity for the 
portion of the top layer 13 formed in the grooves 14 than for 
that used in the portion of the top layer between the 
grooves. In a non-grooved solar cell, manufactured for 
terrestrial use, the metal contact grid applied to th~ top 
layer is often applied by screen printing in order to keep 
cost to a minimum, however, screen printing imposes 
restrictions upon the minimum dimensions achievable, these 
being a minimum contact width of typically 150pm and a 
mimimum spacing of at least 3mm. With these contact 
dimensions, it is necessary to provide a top layer sheet 
resistivity in the order of 25 .tL /c to 50 Jl. /0 to 
minimize lateral resistance, however, such low values of 
sheet resistivity degrade the photovoltaic properties of the 
cell. This problem is less pronounced in cells produced for 
use in space, as in these cells a more sophisticated method 
of contact formation is used which allows the use of thinner 
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contacts having a closer spacing, such that higher sheet 
resistivities can be used without degrading the series 
resistance of the cell. However, the method of contact 
formation used in space cells adds considerably to their 

5 manufacturing costs. 

10 

15 

20 

25 

In the case of grooved cells made according to the 
present invention, sheet resistivities in the order of 25..n./~ 

to 50 ..n. /CJ can be provided for that portion of the top 
layer 13 within the grooves 14, while sheet resistivities in 
the order of 100-200 .n. /r:J can be achieved in the top layer 
portions betwee~ the grooves. Typically the groove would be 
in the order of S0pm wide and the space between the grooves 
would be l00pm, the metal contact fingers 17 (see Fig. 2) 
running in the direction normal to the grooves and having the 
dimensions previously stated for screen printed contacts. 

A lower sheet resistivity can be achieved in the grooved 
regions in numerous ways, some examples of which are: 

(a) Diffuse the entire surface, oxidise and/or deposit 
nitride, form laser grooves through the oxide and/or nitride 
and first diffusion, chemically clean the grooves, complete a 
second heavy diffusion. This second diffusion will be 
localized to the grooved areas due to the blocking action of 
oxide and/or nitride . 

(b) Oxidise wafer. as a thinner oxide than in (a) 
above results, form laser grooves through the oxide, 
chemically clean the grooves, and diffuse heavily. Oxide 
will partly block the diffusion in non-grooved areas 
resulting in a lighter diffusion in these areas . 

(c) Dilute commercially available 'spin on• dopant 
30 source and apply to grooved surface. The source will coat 

non-grooved areas to a thickness determined by source 
viscosity and spin speed, but can completely fill grooves. 
This will result in a larger volume of source per unit 
surface area in grooved as opposed to non-grooved areas. 

35 Consequently more dopants will enter the surface in grooved 
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areas in subsequent high temperature treatments than 
non-grooved areas. 

(d) Diffuse entire grooved wafer surface heavily. Use 
dilute chemical etch to etch back diffused areas. The etch 

5 will have less opportunity for replenishment in grooved areas 
and will quickly become depleted and ineffective in these 
regions. Bence, diffused material will be selectively 
removed from non-grooved areas. A similar technique which 
makes use of plasma etching is also possible. 

10 

15 

20 

(e) Use a laser to locally heat the silicon in grooved 
regions subsequent to the application of a diffusion source . 

The low sheet resistivity of the top layer in the 
grooved regions will have a detrimental effect on the 
response of the cell to short wavelength (blue) light due to 
the increased top layer thickness and therefore the sheet 
resistivity chosen will be a compromise between a value which 
gives low series resistance and a value which does not 
seriously degrade the response to blue light. It will be 
recognised, however, that while low sheet resistivity will 
degrade the response to blue light, the beneficial eff~cts of 
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lov aeries resistance and improved current density due to 
increased junction area and the provision of a portion of the 
junction deep within the bulk of the substrate, will more 
than make up for this degradation. Further, the low sheet 

5 resistivity in the grooves will not seriously affect the 
response of the cell to long wavelength (red) light. 

'l'he use of a low sheet resistivity top layer in the 
grooved regions of space cells will also allow the contact 
fingers in these cells to be spaced more widely, thereby, 

10 allowing the use of less costly formation process and 
accordingly reducing the manufacturing costs of the cell. 

15 

20 

25 

30 

35 

Referring now to Figure 3 the metal contact fingers 17 
in Figure 2 may be replaced by Conductor-Insulator-Silicon 
(CIS) contacts wherein the top layer 13 is a lightly doped 
region, tbe rectifying effect of the junction 12 being 
reinforced by the MIS contact comprising a thin layer of 
insulation 18 over the top layer and a metal, or a highly 
doped polycrystalline, contact finger 19 formed over the 
insulation layer 18. !be fingers 19 will be arranged in a 
similar configuration to the metal fingers 17 shown in Figure 
2, however, the insulation layer may either be formed over 
the entire surface of the cell, by using a transparent 
insulation layer such as a silicon oxide, or alternatively 
the insulation layer may be only formed in the region of the 
conductor finger 19. 

Referring to Pig. 4 of the drawings, reflection 
properties of the laser groove cell can be optimised by 
arranging the grooving so that the sloping groove walls 
intersect with one another, thereby substantially eliminating 
the flat intergroove regions illustrated in Figs. 1, 2 and 
3. With the structure of Fig. 4, the only ungrooved regions 
required are flat paths 21 (refer to Fig. 5) provided for the 
top contact metallisation . 

As illustrated in Fig. 4, very precise control can be 
obtained of such structures in single crystal material by 
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using chemical etches with anisotropic properties, combined 
with laser grooving. Por example, dilute caustic soda 
solutions etch silicon very slowly in the (111) crystal 
direction but etch very rapidly in other directions. 

5 'lberefore, if the surface 22 of a wafer has (100) orientation 
and is grooved by a laser to form grooves 23 and then 
subsequently etched in dilute caustic soda solutions, the 
silicon is very quickly etched away until the (111) crystal 
planes are exposed to form the grooved surface 24 of Fig. 4. 

10 Once the (111) crystal planes, coinciding with the faces of 
the surface 24, are exposed, the rate of etching slows 
markedly, allowing precise control of the final etched 
surface shape, thereby allowing the resulting surface 
geometry of the device to be precisely defined by the depth 

15 and spacing of the original grooves 23. 
Regardless of the method used to control the slope of 

the groove walls, interesting and useful structures can be 
obtained by the use of intermittent grooving of the cell 
surface and several such structures will now be described 

20 with reference to Pigs. s, 6, 7, 8 and 9 . 

25 

30 

35 

Referring to Pig. s, a •slat• structure is illustrated 
wherein the laser grooving 23 is intermittently broken by 
gaps 25 in order to provide strengthening ribs or struts 26 
in the final etched substrate of Fig. S(c). In addition, a 
larger gap 27 in the laser grooving pattern results in the 
flat path 21 in the final etched substrate which provides a 
location for top contact metallisation in the completed cell . 

Turning to Pig. 6, the laser grooves 23 of Fig. 5 are 
replaced by holes 33 which are bored by the laser scriber in 
the square pattern illustrated in Fig. 6a, such that after 
etching, an inverted pyramid structure as illustrated in Fig . 
6b and Fig. 6c is produced with the top surface 34 of the 
inverted pyramid structure again corresponding to the (111] 
crystal planes of the substrate. 

combined grooving of the front and rear surfaces of the 
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wafer and subsequent etching gives rise to a further class of 
cells wbich have been termed •crinkle cut• cells. Referring 
to Pig. 7, if a grooving pattern 43, similar to the pattern 
23 of Pig. Sa is provided in a top surface of the wafer and a 

5 second grooving pattern 53, again similar to the pattern 23 
of Pig. sa, i& provided in the bottom surface of the wafer 
and the wafer is subsequently etched, a structure of the form 
illustrated in Pig. 7b will be produced, wherein parallel 
grooves run alonq both sides of the wafer, the grooves in one 

10 side correspon:i,i: with the peaks iff the other side of the 
wafer to provide a 1ated structure having strengthening 
struts or ribs 46 anl (ribs 56 not shown) and the surfaces 
44 and 54 each corresponding to (1111 crystal planes of the 
substrate. 

15 Pigs. 8 and 9 illustrate additional •crinkle cut• 
structures, the structure of Pig. 8 comprising inverted 
pyramids similar to those of Pig. 6 on each side of the 
wafer, with the pyramids ~none side of the wafer being 
offset from those on the other side, while the structure of 

20 Pig. 9 bas inverted pryamids en the top surface a~d a crossed 
groove structure on the bottom surface to provide an etched 
wafer structure having a substantially constant thickness as 
is the case with the structure of Pig. 7. The structures of 
Fig. 7 and Pig. 9 allow very thin strong cells having good 

25 reflection properties to be fabricated and these structures 
will assist in the production of very high efficiency cells 
with good radiation resistance. The structure of Fig. 8 on 
the other hand will produce cells having good reflection 
properties with moderate thickness but great strength. 

30 The laser grooving technique can also be used to produce 
structures which have holes extending right through the cell 
from one side to the other. 'l'he structures illustrated in 
Pigs. 6, 8 and 9 are particularly suited to this technique. 
'l'he advantage of a structure which employs holes passing 

35 completely through the cell is that it is then possible to 
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have botb contacts to the cell made on the rear surface of 
the cell, thereby avoiding the losses associated with top 
contact shading. Por example, a section of a structure 
similar to that of Pig. 6 is illustrated in Pi9. 10, wherein 

5 the grooving la mucb greater than that previously illustrated 
such tbat the apex 35 of inverted pyramids extends to the 
back surface of the wafer. With this structure, once the top 
layer 13 has been formed, metallised top contacts 36 can be 
provided from the back of the cell at each apex point. This 

10 technique allows an improvement in overall cell efficiency by 
removing the problem of top contract shading which would 
otherwise occur, while at tbe same time allowing connections 
to the t~p contacts to be of greater current carrying 
capacity, as the trade off between current carrying capacity 

15 and degree of shading is no longer necessary. 
'Iha laser used to produce any of the previous laser 

groove structures can be programmed very simply to punch 
holes through the cell in any prescribed location so that a 
variety of such punch through structures are possible with 

20 this approach and clearly the punch through technique can be 
used with any of the structures previously described. 

25 

30 

35 

A preferred method of manufacturing laser groove cells 
requires starting with a silcon wafer of desired surface 
orientation (for examp1e (lOO))and then grooving one or both 
sides of the cell in the desired pattern using a laser. The 
wafer is then etched in an appropriate chemical solution to 
define the shape of the walls of the groove. Thereafter, 
cell processing proceeds as it would with prior art devices . 
The top junction is formed by the diffusion of an appropriate 
dopant and, if desired, a back surface field region is formed 
at the rear of the cell. Top and rear contact metallization 
can then be formed by any chosen sequence, e.g. vacuum 
deposition, screen printing or electroplating, as can the 
antireflection coating. 

It will be recognised by persons skilled in the art that 
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nW11erous variations and modifications may be made to the 
invention as described above without departing from the 
spirit or scope of the invention as broadly described • 
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TBB CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-
1. A method of manufacturing solar cells, said method 
comprising the steps of scribing a pattern of grooves or 
holes in a surface of semiconductor substrate with a laser 
scriber and subsequently forming a rectifying junction on 
said surface, said junction extending into said holes or 
grooves. 
2. The method of claim 1 wherein said laser scriber is 
adapted to simultaneously scribe a plurality of grooves or 
holes in said substrate . 
3. The method of claims 1 or 2 wherein after said scribing 
step and before forming the rectifying junction, an etching 
step is performed, said etching step comprising etching said 
grooves or holes with a chemical etchant, the etching step 
being used to control the shape of the grooves or holes in 
the final cell • 
4. The method of claim 3 wherein the chemical etchant is 
selected to etch the base region of the grooves or holes more 
slowly than the top region to convert the grooves into 
v-shaped troughs and to convert the holes to shapes 
approximating inverted pyramids, and said junction extending 
into said troughs or inverted pyramids. 
s. The method of claims 1, 2, 3 or 4 ~herein the laser 
scriber is used to bore holes through the substrate during 
the laser scribing step and the junction extends through said 

•• holes to cover a portion of the rear surface thereof such 
.: that contact can be made with the top layer of the cell from 
• 

... .. 
: ' ;. ; .. • ·"/ •. 

the rear of the substrate. 
6. The method of any one of the preceding clQims, wherein 
grooving of the rear surface of the substrate is employed to 
reduce the thickness of the cell structure, grooves in the 
rear surface being located between grooves in the top surface 
of .the substrate. 
7. A solar cell manufactured using the method as claimed in 
any one of the preceding claims wherein said rectifying 
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junction has a top layer with a sheet resistivity which is 
greater in the region between the grooves than in the region 
within the grooves. 
8. A solar cell as claimed in claim 7, wherein the sheet 
resistivity of the top layer within the grooves is in the 
order of 25-50.A./p while sheet resistivity of the top layer 
between the grooves is in the order of 100-200 .n./r:,. 
9. A solar cell as claimed in any one of claims 7 or 8 

wherein holes are provided through the substrate, the top 
layer of the rectifying junction extending into the through 
holes and metalized top contacts being provided on the bac~ 
of the substrate at each of said holes to make an electrical 
connection with the top layer of the junction. 
10. A solar cell, made in accordance with the method of 
claim 1 • 
11. A method of manufacturing a solar cell as claimed in 
claim 1, substantially as hereinbefore described . 
12. A solar cell substantially as hereinbefore described 
witb reference to the accompanying drawings . 

DATED this 7th day of July 1987 

UNISEARCB LIMITED 

Patent Attorneys for the 
Applicant: 

F.B. RICE & CO . 
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(54) Laser treatment of semicon­
ductor material 

(57) A layer or layers of amorphous 
material deposited on a non-crystal­
line amorphous substrate are sub­
jected to treatment by exposure to a 
laser beam. The treatment may ei­
ther recrystallise or anneal the 
amorphous material depending on 
the laser power and improves its 
suitability for such devices as solar 
cells by improving the life times 
and diffusion lengths within the ma­
terial as compared to the untreated 
material. 

The use of P type SiC or poly­
crystalline silicon on superposed i 
and n type amorphous silicon layers 
to improve the transmissivity of the 
outer layers of solar cells, and the 
use of varying composition SiC lay­
ers for visible light emission devices 
are also disclosed. 

The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy. 
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5 

SPECIFICATION 

Improvements in or relating to solar cells 
and other devices. 

The present invention relates to method of 
treatment of amorphous material layers to 
make them more suitable for the production 
of solar cells and other similar devices and to 

1 0 the solar cells and or other devices produced 
using the treated materials. 

The possible use of thin film amorphous 
materials for solar cells, (or other devices such 
as p-n junctions, Schottky diodes, zener di-

1 5 odes) integrated into large area systems such 
as displays is extremely attractive due to the 
relatively low cost in terms of materials and 
energy. A disadvantage however, is that de­
vice performance has previously been severely 

20 limited by the short life times and diffusion 
lengths typical of amorphous materials. For 
example, the present state of the art A.M.I. 
efficiencies for polycrystalline silicon solar 
cells is about 1 0% which is a factor of 2 

25 higher than the best cell produced with amo­
rophous material. 

It is an object of the present invention to 
produce a treated layer of amorphous material 
which is substantially superior to that known 

30 at present and thus to be able to combine the 
advantages in terms of the low cost and large 
area capability of amorphous thin film with 
the superior device performance of the poly­
crystalline material. 

35 According to the present invention there is 
provided a method of treating one or more 
layers of amorphous material deposited on a 
non-crystalline substrate, to improve the 
suitability of the material for use in solar cells 

40 or similar devices as hereinbefore defined, by 
subjecting the layer of amorphous material to 
exposure by a laser. 

The present invention also provides an 
amorphous silicon solar cell comprising an 

45 upper layer of p type Si,C1 -• an intermediate 
layer of i.-Si and a lower layer of n Si on a 
suitable substrate. 

The invention also provides an amorphous 
silicon solar cell comprising an upper layer of 

50 p type polycrystalline silicon an intermediate 
layer of i -Si and a lower layer of n Si on a 
suitable substrate. 

In a preferred embodiment the amorphous 
material is silicon. 

55 Embodiments of the present invention will 
now be described, by way of example with 
reference to the accompanying drawings, in 
which: 

Figure 1 shows a conventional schottky 
60 barrier cell, 

Figure 2 shows a conventional P-i-n bar­
rier cell, 

Figure 3 shows a first solar cell heterostruc­
ture according to the present invention and, 

65 Figure 4 shows a second solar cell structure 

GB 2 030 766A 1 

according to the present invention. 
An amorphous silicon layer or multi-layer 

amorphous structure of 6,oooA was grown 
on an amorphous non-crystalline substrate 

70 e.g. glass, metallised glass or stainless steel 
by known methods, for example the glow 
discharge decomposition of SiH 4 or by sput­
tering. The amorphous layer or layers are then 
subjected to exposure by a suitable laser. The 

75 effect of the exposure to the laser is either to 
crystallise a controlled thickness of the amor­
phous structure when a high power is used to 
anneal the amorphous layer when a lower 
power is used. 

80 The recrystallised layer possesses optical 
and electronic properties which make it more 
suitable as part of a solar cell, p-n junction or 
other devices. 

In the case of the annealed, non-recystal-
85 lised layer the properties will tend to reduce 

the density of the defect states in the gap. 
Referring now to the drawings current prac­

tise when using amorphous-silicon (a- Si) for 
solar cells is to use p-i-n or Schottky barrier 

90 - i - n structures, as shown in Figs. 1 and 
2. These approaches limit the attainable solar 
conversion efficiency, for any quality i-Si, 
because of the p layer or metal Schottky 
barrier prevents a large proportion of the 

95 incident light from reaching the depleted i 
region. If these surface layers could be re­
placed by a relatively optically transparent 
material, which still forms an electrically ac­
tive junction, then the device efficiency would 

100 be improved. 
This invention replaces the pa -Si or metal 

Schottky barrier with an amorphous layer of 
'p' type Si.C 1 -x in which OX 1 as shown in 
Fig. 3. Amorphous S1,.C, -x forms a continu-

105 ous series of solid solutions with a bandgap 
that increases as x decreases, thus a larger 
fraction of the incident light reaches the junc­
tion depletion than with conventional struc­
tures. This application therfore provides a het-

110 erojunction a-SiC/Si structure. 
Further uses of this concept includes 

Si,C 1 _JSiyC 1 -y/SixC, _Jglass/metal 

11 5 or plastic substrate structures for visible light 
emission which would have applications for 
flat panel displays. 

Referring now to Fig. 4 a second preferred 
solar cell according to the present invention is 

1 20 shown. Current amorphous silicon solar cells 
are limited in efficiency because of absorption 
or reflection of light by the top pa-Si or metal 
Schottky barrier layer. The solar cell shown in 
Fig. 4 reduces the wastage of input photons 

125 by forming a p-n junction between p-type 
polycrystalline silicon and the conventional 
i-na-Si layers as shown in Figs. 1 and 2. The 
cell is therefore more efficient than previously 
known solar cells. 

130 In the above shown solar cells suitable front 
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2 

and rear contact metallisations are applied to 
realise a working structure. 

CLAIMS 
5 1 . A method of treating one or more lay-

ers of amorphous material deposited on a 
non-crystalline substrate, to improve the 
suitability of the material for use in solar cells 
or similar devices as hereinbefore defined by 

1 O subjecting the layer of amorphous material to 
exposure by a laser. 

2. A method of treating one or more lay­
ers of amorphous material as claimed in claim 
1 in which the amorphous material is silicon, 

15 or hydrogenated amorphous silicon or silicon 
carbide or gallium arsenide or gallium phos­
phide. 

3. A method of treating one or more lay­
ers of amorphous material as claimed in claim 

20 2 in which the amorphous silicon or hydro­
genated amorphous silicon is deposited on the 
amorphous substrate using the glow discharge 
decomposition of SiH4 . 

4. A method of treating one or more lay-
25 ers of amorphous material as claimed in any 

one of the preceding claims in which the 
exposure is at a low enough level so that the 
material is not recrystallised but is annealed 
so as to reduce the number of defect states in 

30 the gap with a consequent improvement in 
lifetime and diffusion lengths. 

5. A method of treating one or more lay­
ers of amorphous material as claimed in any 
one of the preceding claims in which the 

35 exposure is at a level high enough to recrys­
tallise at least one layer of the amorphous 
material. 

6. A method of treating one or more lay­
ers of amorphous material substantially as 

40 described. 
7. An amorphous silicon solar cell com­

prising an upper layer of p type SixC, -•• and 
intermediate layer of ia-Si and a lower layer 
of naSi mounted on a suitable substrate. 

45 8. An amorphous silicon solar cell com-
prising an upper layer of p type polycrystalline 
silicon an intermediate layer of ia-Si and a 
lower layer of naSi mounted on a suitable 
substrate. 

50 9. An amorphous silicon solar cell sub-
stantially as described with reference to Fig. 3 
or 4 of the accompanying drawings. 

Printed for Her Majesty"s Stationery Office 
by Burgess & Son (Abingdon) Ltd.-198O. 
Published at The Patent Office, 25 Southampton Buildings, 
London, WC2A 1AY. from which copies may be obtained. 
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t 0rai0~111J'!ii~~ tif!::i {>. :!tJl*~ h{> J: l'J t ~ffti.J>·flh ).:. c !±, .:. 0_;_-1-~ t,~c)1') 
0t~clb0~1.i'.L~'!ii~~i.J'7f+'.5J'-t·it'>{>.:. cil', .f0---:>0JJl~t·it'>{> t~ x_ th{>. lt~ 
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7J>->"C., :1:-=f r "/ }--:/W:~MH!t9illiffO)~&tJPJ..lT it~<l'l:>t::!;;L G aA s i:pF~J!J ¥) bl\ 
>' rifwiO)::k~ 'd:'tff-L 171JiJ;f A 1 Ga As i:pFai!!t ffii., 1i.:. c 7'.f1fJ}FC--ibi t~ :t t:>:hi 

[0007] 
l7'.1' l'd:'7J' G, .:. O)J -3 'd:'ffiJi!kt::-t i.:. c t::J-> --C.lii7'.l't::iik#:s"Jt::tl:~Jt7'.l>JPJ..l't i 0) 

t·.t i 7'.i', Fa~ffltttO)J i., 11t~mfi~t·O)~JJc:c.5[~7'.i'fflxta"J t::%1t-t i .:. t 7'.i'frJaJJ l 

[0008] 

i;RJ 1 OU.i.-=f r "/ }--=/W~j~~t9illiffO)J}J{1=~EEt~:tt~ t ~O)~&c lli~ffttcO)~{it 
m:i\a"Jt::~ L,t~l;R]t·.t i o l;Rli:p, iIJl7'.l>i:pFai!! c L, --C. Ga As t ffii., 1tdlrfr, ~*17'.l>i:pFai 
]! c L, --C. A 1 Ga Ast ffii., 1t~:J:J}g-t·.t {> o 

[0009] 
i:pFai!! c L, --C. Ga As J ¥) bl\1/ fl/iiO)::k~'d:" A 1 Ga Ast ffi\, 1tdi'fr, Ga As i:p 

Fsi!!t ffii., 1t~tN,-fr0)1tttt l§J~O)ffl~ t1f-t i¾ 1!1 ( i;RJi:p, liJJl*lt·~-t) 7'.l>JJHf~:hi o 

l7'.l'l'd:'7'.i'G, ~~t::{t~lt~~-=fttL ~~t·~-t J -3 t::, ft~mfiJl~t::;Bi.,1-r.:fflxta"J 
t::~-&7J'1lrl "( L,;i 'JO ~;,~~~llintL !l\,i{g-%~iHJ-1ttttt~it~<l'l:>t::, .:_O)J '3 'd:' 
{ti., 1~miJi~t ffl i., 1 i.:. c ;,j,J,i., 1t~<l'I:>, .:. O)iJi~t·O)~JJc'.O)fflxts"J'd:"~T!i:ffi:::k'd:"Foi,m-c· 
if){> 0 

[0010] 

4'J'eBJJO) El a"Ju, ~;,~~wmHN::.i. -=r r "/ r-t mi., 1t~:1:-1-r "/ t-:/W~;r~~~wnt::~ 1__, 

, {l~mflJi~t::;B it i9{lr 7J>/_y''d:' < ~lt¾ 1!10) !l:kt'd:'~;,~*l~lliff tf,'HJ-t i.:. ct:: 
if>{>o 

[~11]tft¥~-t i t~<l'l:>0)-'f-fl] 
[0011] 

4'J'eBJJO)-fl,g ,:: ct :n.t:f, ¥-~#:~~..1 t::'}f:;rot ~ nt~ffi 1 0) :1 ::,,, 11 r-JI t , rruicffi 1 
0):1 >'-!l '1 r-1!..lt::'}f:;rot~n, ~cffi 10)¥-~#:ttf-l-J ry 'd:'itnxO)i:prfflJ! t, rruicffi 1 
0)¥-~#:ttf-1-J YJ ti"::,, rifwiO)fJ~i., iffi 2 0)¥-~~fiJ ry 'd:' imix0):1:-=f r "/ r-t 7J'5f.Ii 
t::~ YJ ~ l -r.ffl!! ~n -r.'d:' i :1:-1-r "/ r-1! t, rruic.i.-=r r "/ r-1!..lt::'}f:;rot~ nt~ffi 2 0) :1 
>'-!l '1 l--1! t tff L m~O)rrufci:pFaiJ!O) '31;) rruicffi 1 O):J >'-!l '1 l--J!t::f~T irrufci:pFai 
J!,;;J:, rruicffi 1 0) :J >'-!l '1 l--1! t O)FsiO).W-ffiiJIJJt::N:/W::f~~@7J'~A~:ht~::f*il!!IW~Afi~ 
tff't i~;,~*l~llin7'.i'fif*~:hi o 

[ J'eB}]O)~:m] 
[0012] 

4'J'eBJJt::J:nt:;L ~m~w~IH:,'-t:::1:-1-r "/ r-t mi., 1t~:1:-1-r "/ r-:/W~;r~*l~wfft:::Bi., 1 
"(' :1:-=f r "/ l--ti:.f<l'l:>ibui:prai!!t~f.l!J!cO)rsit::, ~~J!{JIJj;,j>C:>O)~-=fO)ff.At{i~ L, 
, ~-1-7'.l'f' {i~#:l2/J~O){i!."1fl!H::itt\liL ~ ni O)tif!HlilJ't i t~<l'l:>O)::f*il!f@~.AJ!t'}f:;fflt-t i 
O)"(', i:pFai!!t l, "( A 1 Ga A sO)J -3 'd:'l\1/ r~MO)JA\,i;f;tf-1-t ffl\,i"(_i_-=fj,fjtJb<l'l:>JJJ:m 
tJPJ..l lt~:tN;-g-t:: b, {l~miJi~t::;Btt i:fflxtS"J'd:"~JtO)~rtfrlJllifJ-t {>.:. C ;,j>t·~ {> 0 

.:.nt::J ¥), ~;,~*lt9illiffO)~JJc:*t11t&~-t i.:. t 7'.l>t·~ i o 

[ J'eBJl t ~:/imT {> t~ ,l'/)0):ft!l O)'}f:;:iiJ] 
[0013] 

4'J'eEIJJO)-~:/im'}f:;:iiJt:: ct i ~;,~~~mn&v·-f O)~Ji!k:1J$t::---::> \, 1 --c. 1;RJ 1 J:J~l;RJ 9 t m \, 1 
"(f5tBJl-t {> o 

[0014] 

i;RJ 1 U4'~:/im'}f:;~t::J i~;,~~t9illinO)ffiJi!kt~-tffleliWfffil;RJ, i;RJ 2 !;;l:A 1 Ga Ast:: 
:Btt {> Pllt7J'l?O)I.:,r,Jv:¥·-~~ &V'G a As t::xt-t {> ~filJf~~~O)A 1 ~t::xt-t {> 

{~1'¥ttt~-t-1··3 7, i;RJ3!;;l:i:prfflJ!c l--CG aA s )(UA UllffltO){l\,1A 1 G aA s tffl 
i., 1t~~;,~~t9illiffO)JJJ{1=1x~tm:i\a"Jt::~-tx.:t,Jv:¥·-1"::,,, H:RI, i;RJ4 !ii:pFaiJ!7'.l'~&c.5[ 
~t::&:,~'d:'t.:U0)~\, 1A 1 *JlffltO)A 1 G aA st ffii., 1t~~;,~*l~lliffO)JJJfF1x,l;tm:i\a"J 
t::~-tx.:t,1v:¥·-1"::,,, rl;RJ, 1;RJ 5 !i4'~:lim'}f:;~t::J i~;,~~~lliffO)mtf.!l!t~-tx.:t,1v=¥· 
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-)\1/ H:RL !:RI 6 l±T-~tm~.AJiO)ji~-ftO)ts:cY:>0)~~1t:J:lh ,t.:x.:t,Jv~·-1\1/ ffilJ~O) 
1-:T"lv~~-tl:RI, l:Rl71±*~1i&%~t:J 6jjF5H!~t1:rnlO)~{illi~~~~-t:1··77, l:RIS& 
'lll:RI 9 ti*~1i&%1i£t;: J 6 jjFj~~~/:1:lff O)~~:n~ ~~TI1'¥1ffiffil:Rlt·ir) 6 ◊ 
[ 0015 J 
I± tcY:>t:, *~»W~t:J 6jjFj~~~/:l:ln0):1'1iJ~t:"Jt ,-cl;RI 1 Pi~l:Rl7 ~ fflt ,-cmaJJ-t 

◊o 

[ 0016 J 
Ga As J IJ ,j:-6¥-~#:£tlx 1 0 JJ:1±, fJIJ:z.!:f!DtJ¥ 1 0 0 n mO)G a A s JI J IJ ,j:-6 

tiffiJI 1 2:ii%Jvt~:n ·n ,i o tiffiJI 1 2J:.t:I±, {JIJ:z.!:f,11)¥ 5 0 0 n mO)G a As JI J 
IJ,j:-6""f$::JY7':1 Hil 4 (ffil0)::JY7':1 l--JI) :ii%Jvt~:h.'(t,6o 
[0017) 
""f$::J 1/7' ::7 !--JI 1 4 J:J;:l:;l:, {JIJ;tl;f,11)¥ 1 0 n mO)A 1 Ga As JI J 1J ,j:-6T,~tm~ 

JJil 6 (T-*il!tm~J...ffi~) 7'.J>%Jvt~:h.'(t\6o T-~tm~J...Jll 6t:I±, N~O)~~~~ 
~TT-*il!tmil'~A ~:h. '( t ,i o T-*il!!fwc l '({JIJ:z.l:f 1/ l) ::1 Ya-fflt ,it~, I I I~jj:;~O) 
-1}"1 H;:yl)::JYi,)>}...6.:ct·, N~c,j:-6◊ T-*il!tm~J...Jll 6J:J;:!±, fJIJ:z.1:fJIJ¥4 O 
n mO)A 1 Ga As JIJ 1J ,j:-6 ""ft-l!!JI 1 87'.J>%Jvt~:h. '(t ,i o ,j:-:;13, *~»&%~"'CU, -/J! 
'.§'.J:., T-*il!!tw~ J...JI 1 6 c ""f t-l!!JI 1 8 c ~ IB:JJIJ l -C t , 6 il', T-~!fw~ }...JI 1 61±, ""f t-l!!JI 
1 80)-$-frO), Z-*il!tmil'~J...~nt.:ffi~c~ :ti.: c iJ,·r:-t i 0 

[0018) 
""f ffi!JI 1 8_U:!±, £ T f 'Y J--fflJI#: 2 4 7'.)>%Jvt~:h. -C P6 ◊ £ T f '1/ 1--fflJI#: 2 4 ( 

_;_-=f f 'Y 1--JI) I±, I nA s J IJ,j:-6_;_-=f f ,y 1--2 0 c, fJIJ:z.1:fJIJ¥5 0 n mO)A 1 Ga 
A s J IJ ,j:-6 r:pFellJI 2 2 c a-~ IJ 5s l ( fJIJ ;t 1:f 1 O @I ) fflJIT 6 .: c t: J IJ filJJvt ~ :h. -C t \ 
6 o ,j:-:;13, *~fi&]fgJi£tU, fil!fi, ""f ffi!JI 1 8 c :m.-=r-f 'Y 1--fflJI#: 2 4 c ~ IRJJIJ l -Ct\ 
67'.J'>, ""ft-l!!JI 1 8 !±r:j:lrsiJI 2 2 c IA] t < £T f 'Y 1--2 0 ~:lll[cY:>ib7J.~f:~JI c l -C~~T 6 
'hO)t·ir) IJ, tiH~a'-Jt:1±, r:pFaiJIO)-$?J'-, 't,j:-;;b1:J_;_-=f f ·11--fflJl#:2 4 O)-$?J'-t·'h 
ir) 6 o 7'.J>7'.J>6il~7'.J>h, *fJIEIJJ~~tU, T-*il!!fw~J...Jl 1 6 JSUf"""ft-l!!JI 1 8 ~, r:pFaiJI c 
11¥ J::.: c 'h ir) 6 o 

[0019) 
;.-=r-f •y 1--fflJl#:2 4_H:I±, {JIJ;tl;f,11)¥ 1 5 0 n mO)G a As JIJ IJ ,j:-6_l$::1 Y7' 

::7 1--JI 2 6 ( ffi 20)::11/7' :11--JI) 7'.J>%Jvt~:h -Ct\ 6 o ""f$::J Y 7' ::7 1--JI 1 4 0)-$0)'pji 
:l.@U:.1±, _l$::1 Y 7' ::7 J--JI 2 6, .1.-=f f 'Y 1--fflJI#: 2 4, ""f!-l!!JI 1 8&VCf~!fw~}...JI 1 
6 il'~* ~ :h. -C :;13 IJ , .: O)ffi~O)""f$::J 1/ 7' ::7 1--JI 1 4 J:.t;:, ""f$~;j;,jJI 2 8 7'.J>%Jvt ~ :h 
'(ti6 0 _l$::J1/7'J l--Jl2 6_lt;:!:;l:, _l$~;j;,)!Jl3 OiJ>%Jvt~:h,'(t\◊ 0 
[0020) 
.:O)J -3 t:, *~1i&%1i£t;:J 6jjFj~~~tl:lnl±, :i:-=f f •y 1--7'.J> I n As t:J IJfilJJvt~:h. 

, :i.-=f f •y 1--~:lll[cY:>~trr:pFaiJlil>A 1 G aA s t:J IJ~Jvt~:h.t.::1:-=f f •y Hf{jjFj~t!~tl:l 
nt::;f3t\'(, ""f$::JY7'::7 l--Jll 4c""ft-i!!Jll 8c0)Fsit:, Z-*Mm~J...Jll 67'.J>%Jvt~:h 
-Ct\ 6 .: c t:±.t.: 6 ltilil'ir) 6 o 

[0021] 
tl""ft:, ""f$::J Y7'::7 l--JI 14 c""ftt!!JI 1 8 cO)Fsil:T-~tm~JJi 1 6 a-%Jvt't6f!!El3 

_&lj::,l}J~!:"Jt \'(~JlEIJJT 6 0 

[0022) 
J:.~O)J -31:, £ T f 'Y 1--cl -C I n As~ fflt \f~jjF)'~t!~tl:lnt::;!3t \'(, r:pFaiJI~ G 

aA s 7'.J>hA 1 Ga As t:~]J!'t6 c, fi~viiiJi:t.@H:t3/t6~&il"fflxtakJt:fi""f-t 6 ◊ * 
JJi1eEIJJ:1fi,)>jjt~~~sj-~fi--:> t~~~- ~Jj'.7'.)>fi""f-t 6 }](~!±, r:pFaiJIO)t,f;fq~]J!l:ff-3 *'ff 
a{J,j:-fJl~t·ir) 6.: c a-~t 1r.cY:>t~ o 

[0023) 
-~akJ,j:-¥-~#:-r1"1 ;7...-z:·1±, ~~-t i~-=r-O)x.:::r,1v~·-il>.l:t~a'-Jfit \t~cY:>, ¥-~#:r:p 

O)fi~* C l -C, ~~lit \;;bl{).)i rfi~* ( r11t) 0);7)-~~ :z. i O liJ> l,j:-7'.)> I?, ~~!: 
1±, J 1Jx.:t,,1,,~·-akJt:~t ,iJi~t:, L11t~x11tc n¥1:f:h.6fi~11fil>:f¥:(£-t i 0 
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[0024] 

~ 2 tL X-fft&tf'Ult0, 1-fftil>t,,C?)x.::t-Jv~·-it~ &tf'G a As t:xtt- i ~{llllfl1£it 
N:--?v\'(C7), A 1 G aA s i:f:t0A 1*-llJvtt:xtt-i~:f¥tl:a-jf-Tf77"c'i6i o 7£:B, ft 
~t:ffi v ,t.::.~tl:5:i:'.~tL 7'1:t'-'r~f)twiK 2 t:~ctlt~ nt.::. b 0 a-Jfh \f.::. o Ga A s t:xtt- i llfl1£ 
itN::L 1,1/r$;0~t:xtl -CfifflIDl0~..!j.7'.l>-f06 O%t·ibi t l-cv,io it::., * 
-=fiilli.J.ttL 7 7 K a--/RJE'. lt.::. o 
[0025] 

~ 2 ;,j> t_,!j:1Ji J: -3 t:' A 1 Ga A s g:tlfflJil-C'C7)A 1 ffllvt a-~110~ it i.:: C t: J: I) ' r * 
't''Jf3Jvt~ni Ga As t:xtt-i ~u'lllfl1£it~tl:~Dt" iii', 1-fftil>hh-t.::.X-fft&tf'L,ffte?) 
I.i,Jv~·-it~Ll:~j,' l -Cv ,i o .::.0t.::.IO, A 1*.llJvtil>itv ,A 1 Ga As i:f:trailila-ffiv ,i 
fj-@., X-fft&tf'L-fft0~b ~tJlt·t '£ < 7£ i o 
[0026] 

~ 3 &rf'~4 tL .::0J: -3 '£~0*-=fl1Jfl=t:--?v ,-cm:i:tfl';Jt:~ lt.::.x..t,,v=f-1,1/ r 
~1:"'26 i o ~ 3 !;:l:i:f:traiJilil>G a As )(!;:l:A 1 *!l.lvt0{l\;v \A 1 Ga As C7);tj-@.t·ib I), ~ 4 
!:l:i:f:traiJilil>~J.ti!5(fft:£~'£ts::U0itv 1A 1 ffllvt0A 1 Ga As C7):t~t·ib i o 
[0027] 

7£:B, ~3&tf'~4 't'U, _;_-=fr "I 1'$'.h'--C'0X-fft&tf'L,fftt, i:f:trailil$'.h'-t·0x11t& 
tf'L,fftt 0rait:Jsft ix.i,Jv~·-0~~a-~~ l -C v ,i o .::n!;l:, -f b-'c t.:1:-=f r "I 1'5JF 
j~tl~l±lSt l-C C7)fiffC7)~{lL'.h'-::{1H;J:, r,ffta-~~c l-C~~ffil>'J:'~ni b0"c'i6 I), 

X-fft&Z/L,fftt:i:3 V \'(~-=f;,j> c'C7)J: -3 t:{i~ lJ: -3 C b' r,fftt:~-=fil>m--::> l.:: 'J:'v ,13N I) 

, .:: .:: t·0~~t:!;J:*~8'-Jt·!:J:'J:'v 1.:: c t:J: i o 
[0028] 

~ 3 t:jf-t" J: -3 t:, i:f:traiJilil>G a As X!:l:1:t~fl';JfS;v ,A 1 *!l.lvt0A 1 Ga As C7)~-@., 
r11tt:xt l -c X-fftwtv ,i:J: L-fft0:>fiff!;J:x.;;t,,1,,~·-a9t:+'.h"t:itv 1{1ilft:ib it.::.10, ~t,,l 
JI (~ffiL li:l!ltl) 7J'hffA~ nt.::.~-=f!;l:, tltlr,fftt:t t'i--::> -C*-=fp;Ja-fi~l -Cv ·< t.::. 
10, .:1:-=f r "/ }-Jilpgt:fm~~n~t"v•o 
[0029] 

.::nt:xtl, i:f:iraiJilil>, ~J.ti!5(fft:£,~'J:'t5t0itv•A 1 *!l.lvt0A 1 Ga As C7);tj-@., 
~4 t:jf-t- J: -3 t:, x,m;xi:J: L11t0fi~-fftil>x.;;t,,1,,~·-a9t: r11tt:lli:":5' < t.::.10, ~t-ilil ( 
~ffiL li:fflJJ) il>t:ii±A~nt.::.~-=f0-5E$1h'J>, X-fftXl:l:L-fft0fi~-fftt:ffl(15L~ni o l 
t.::.il'--::> -c, .±.t: r11tt·~~ft~n -cv ,i.&-=r r •1 t-$'.h"t:fm~~nt: < < 7£ I), ~J.til1fir 
Tio 
[0030] 

J!t:, i:f:irailila-A 1 Ga As 0J: -3 '£~fl1£0ith;J;;ff-1-t ltdi-@., ~:fiJilil>h~-=fil 1ti: 
A~nit.::.10t:i:i:J: l')itv,x.i,,v~-a-!0~tt-i O -z-0t-s*, [A]tHi~mHltJt~lt.::. 
:t~, i:f:iraiJ1a-1,1/HJii0*t'J:'ftf-1-t lt.::.*-=ft•i:J:, J: l')itv,~EEa-E:P:1Jnt-i£,~il':i. 
ti O .:: 0.:: t !:l:, ~-=f7'.l>X-fft)(!;l:L,fftt:ffl(15L~ni0t:£,~'J:'I.i,Jv~·-a-1ti.:: Ca-
J!t:f)E~ l' ljv \'( !:l:~J.tC7)fflX'f8'-J'J:'f!.tr~f,@~ l -Cl i J 0 

[0031] 

t.::. 6 t·, -f b-'c bl'\1/ Hi0*t 'J:'i:f:irailila-~AT i §8'-J!;l:, ;.-=r r "/ H:Jstt 6:1: 
-=rm tQ:,101»*0~iwijt:J:--::> -c~J.ta-~110~-tt i.:: t t:ib i O lt.::.7'.11--::> -c, a0~J.tg;-
1t0r,,,1m:i:, i:f:iraiJ10~flL~fl1£a-itv •ii~ l--?--?, ~:fill t i:f:irailil t 0rait:Jstt 6 ~ 
-=f0i±A a-{JE~t" 6 .:: t t·, Mi:kt" 6 .:: t il1t· t 6 o 
[0032] 

-z-.:: "(', *~:lif!!~1rnt:J: 65JF:9~tl~1±1s-c•1:J:, r$:J 1/::$711' JI 1 4 c rtU 1 8 c C7) 

rait:, A 1 GaAs:if'Mif~~AJill 6a-~!t-Cv•6o GaAsr$:J1/::$711'Jill 4cr 
W!Ji 1 8 c 0rai0m5EiJi~t:i'JrJE'.~0:if'Mi~~AJil 1 6 a-~ft 6.:: t t:J: I), :if'Mi~~ 
All 1 6 7'.l>~Jvt~nt.::.iJi~t·0~u'l'.h'-::fffa-~1tt" 6.:: t ;,j>"('t, r$:J 1/::$711--Jil 1 4 ff!JI 

7'.l>h0~-=f0ti:A a-{JE~t" i.:: t il1t·t 6 o 
[0033] 
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i:pFJJJltUJI ( :1 >--:511 r-JI) t::J:t~L "C 1,>--HiiO)*~ ~;t,tf.-U:: Ltd~, J:f:!FaiJI 
O)~;j.JiJI t::ti Lt.: lli:{9JO)iJi~t::::f$lli~ t ~ J... -ti c , 1 :t >---ft Lt.: -f O)::f$lli~ t:: l i @Fai 
~flift:: l-:i "(~uH:i"1f.i7'.)';!l:llh{i O f71J;Uf~ 1 t::~-t 1-3 t::, r$:J >"?' 1 t-JI 1 4 C r!i!! 
JI 1 8 cO)Fait::N~::f$llilmh<:~J...t:ht.:::f$lli~~J...JI 1 6 tf§Ht i c, ::f$llilm~J...JI 1 6 
J:f:10)1 :t >---ft Lt.:::f$llitmt::1 i~fffl~flift::1 IJ, ::f$lli~~J....Jil 1 6 r-JO)fi~11f0).:r.,t,,1,,~· 
-:iif~x..:t,1v~·-001i:: 1/ 7 t--ti ( ~ 5 ~!ra) • 
[0034] 

.:::ni::11J, ::f$llitm~J...JI 1 6 ii~Jvt t:nt.:iJi~O)~fil:~:!ih{~,.JJa"Jt::~ < ~ 1J, 1-->-­
.:t,,v~With{1:. t-'?-t< ~◊ 0 ,:O)ft*, -JEO)*-=fEP:JJa~EEt·O)~Ff~miii~1JDT ◊ 0 :i 
t.:, r$:J >"?' 1 t-JI 1 4 i!llJiPC:>B:J...t :ht.:~-=f!;:L ::f$llilm~J...JI 1 6 O)~{.iL~f:!iO)J: t 
tu .. i.:: c ~< t- >--.:t, 0 ✓~··i::1 -:i --CWit:hi.:: c iinJ~c ~ IJ, ~-=fiiX11f )Zt±L11tt::f{ 
l/Lt:hitic'O)I.,,f,Jv~·-ttti.:: C tllti.I.1:-t ◊.:: C h>'liJff~c ~ ◊ O 

[0035] 

i.Xt::, .::0)1-3 ~½IJ*t~-t i::f*ili~~J....Jil 1 6 t::tff~~::f$11i!lw'MN d&V'J!it t t:: 
-:,)1,, )"(~t-t i O .:: O)~ftt::&")t.: IJ, ~ 6 t::~-t 1 -3 ~.:r.-t,,1,,~·-1,>--1-q-1~0):=t-r'!vt 
~.t.io ~i:p, U±~~$?J" (:J>":511 r-JI) t::mi:ht.:fc!itl:ffi~O)J!it (*-=f-R) t·&") 
IJ, 1 t±.:i:-=f r --1 r-0) 1 JfflMt::ffl~-t i li'l!~--C·&") i o 
[0036] 

~fflW&N d O)@ra,~fliftfsJ-::}ffi~O)~fil:?J"1f.iVt±, e t~flif*.:i:, e t-fO)ffi~O)~ 
~*c L --c, rfcO)if'°7'/ >--:1rf¥j\t·fc~t:ni. 
[0037] 

d2 V/dx2 =eNd /c: 
*-=ft::EP:JJa-t ◊ ~£Et Vo c Lt.: c ~, r$:J >" :511 t-JI 1 4 c ::f*Mm~J....Jil 1 6 c 0) 

FaiO)~fil:~f:!iO)]Ji,~ ( ~i:p, A,~) 7'.i>C:>h-t.:::f*ili~~J...JI 1 6 O)fJifil$ c O)~{~V 1 ( ~ 

6~!ra) ti, ;t~7 '/ >--1.f:f¥j\ttg¥<.:: U::1 IJ, 
V 1 = (1/2) (eNd/c:) t 2 + (t/L) V 0 

t :1<rh i.:: c 1,1<:t·~ i O ~J:3, .:: .:: tu, v 1 < v o c Lt.:lli:fW. t mi.,)"( i.,, i. 
[0038] 

Lt.:h{-:i "(, .:: O)~{.iL~V 1 1,1<:, f'11t c X1!rc O)X..:t,Jv~--~ ( ~J:f:l, ti. E gx ) &v· 
f'1!rc L11fcO)I.,t,;1,,~·-~ (~r:f:t, l:i. E gL ) 0)'3-f:,-(Jfl,,)1.f ( .:::ntx.-t,Jv~--~E o 
c Ti) 1 IJ f>1J\t tt:ht:C jt'~< c b, ~ 6 O)ARh>C:>tl:J...t:ht.:~-=fh{-fO)i i X11t 
)Zt± L11ft::ff}...t :h "(Li -3 .:: C H!JJililJT ◊.:: C h1-z:··~ ◊ 0 Lt.:h1-:i "(' rfcO)j\ ( 1 ) 
t±, ::f*ilitm~J...JI 1 6 i::~J...-trz~::f*ili~O)MN d &tf'-fO)ffi~$;t O)J:~.tHiit~.z. i 

[0039] 

(1/2) (eNd/c:)t 2 +(t/L)V 0 <E 0 ···(l) 

~J:3, j\ ( 1 ) O)~illffi llJit±, -~~@ra,~flif:flt:imt·0)~1.iL?J"1f.it~-t b O)t·&") IJ , 
x= t t·O)~fil:c ~W= o c v)-3~-W4HH::1 IJ;t~7'/ >--1ff¥Ah>C:>>J<rht:hi f>O)t·&") 
◊o ,:O)~,W.~f1t-h1, J:~O)V 1 <VO c-tilli:tU::f~~-ti. it.:, A ( 1) O)~illffi 
2JJH±, ,:O))!i:{J;,lt::x-t-t ◊till:iEJJit·&") IJ' X = 0 h>C:> X = t t·O)rait·O)J'\-17 ;:J..~fEV 0 

t::l i ~{.iL~-ft?J" ( tl~lli:ftJJ t~Ji: Lt.: b 0)1:'&") i o 
[0040] 

A ( 1 ) tWjt.:'t::f*ili~~J....Jil 1 6 t~tt i.:: c t::1-:i "C, f~~EEt·O)BJi~Witt~iHi L 
-:.)-:.) , r$:i >"?' 1 t-JI 1 4 f~Jlh>C:>iiJ... t:hi ~-=fh1X1!rJZt± L11tt::f{5Lt :h "( Li i., )_:i: 

.:r-r "/ t-~~J~~t9'tilinO)~&t::~~ L~< ~i.:: c tJPffi1J-ti.:: ch''liT~t~i 0 

[0041] 

c.:: 6 t·, jffiW;.:: 0) l -3 ~ .m. -=fr "/ t-~~j~~t9'tilintU, +?J"~ .m. .:r-,JJ.$ttti t.:rh 
t::, tlftO).m. f" r 'Y t-Jlt' r:f:tffflJlt1r L "(ffi}I Lt.::ffi~t ffll,,) ◊.:: C 1,1{§;, i., 

1 o ~ u::~ 
-f;¢-~:/i&~fiJt::1 i~J~tlt9'tilinf>jA}~"(-·&")io ,:O)tiii, *-=fr-1t:::g::(£-f Mi:-=fh<:, * 
-=fr-JO)r-J$~-W,t:: l -:i "C:JJD~t:h, +?J"~x..:t,Jvif-ttti c, -'?t± IJ X1lt-'? L11ft;:ffll:5L 
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~h, J: 1Jrmt0.i.-f-f,y H:::fm~~ht::< <~io 
(0042] 

( 8) ~tlffl2008-187003(P2008-187003A) 

it!i1r:ljJi~a:mthi~r!:L t\;vl{))i1ilahJi~cO)~~t::J: I), .::O)J: -3 ~·T f '1/ Hl 
Ji:ffl~ (Ir f ,y l--ffiJiiif;;2 4) (7) 1 Jffl:JtJlffl~J,::,lJ:O)file~a:, {PI 1:>0)~&'b ~hi"t::{i~ 
-ti.:: cJi~i..ftPo L,tdi-?"C, ~-f-ii.1.-1-f ,y l--ffiJiiif;;2 4 (7) 1 JfflJ,,ij71'-0)~lfl l a:mt 
nirsit::f~ix.;;t,11,~·-0):&*iii)", ~!i l)x..i,Jv~·-~E o a:)FiLz..~t \J -3 t::*rf9~ 
{ll71'-::flia:~lit-th!;L *~llJIO)~~!iJ: 1J+71'-t::~~-z:-~ i o 
(0043] 
:;:flMw~JJi 1 6 t::J: IJ, ~MV 1 71'-0)~-ffi:J}J~i){~I:=_ ti o lt.::7'.)""? --C, :fiifi!tw~J.. 

Ji 1 6!i, *rf9$t·O)~JH:~-ffi:~V 1 ffl~71'-t-::·1t1~~-tiJJJ~'b~"?o .::O)c: ~, ~ 
-f-7'.)"I-f-r '1/ HIJiPJ;;2 4 (7) 1 Jffl:Mffl~O)file~t1Jait~ni.:: t t::J: "? --ct~ix..::r,,1,~-

0:&*iiv 2 !i, 
V2= ( (V 0 -V 1 )/(L-t)) Xl 

··r:&)i7J'I:>, 
V O - ( ( L - t ) / l ) E O < ( 1 / 2 ) ( e Na / e ) t 2 + ( t /L) V 0 

... ( 2 ) 

tmt.::-t.:: c: 7'.)'>, J: I) ~i L, t \o _rJc:i:\ ( 2 ) !i, A l Ga As :f*i!i!f"w~J..Ji 1 6 t::~}.. 
'ti'(~ :fiifi!J"wO)~Jl'.N d JSHJ'f-O)ffi~~ t O)_c~l-@:a:lj-i.. i O 

(0044] 
~i:3, (Vo - V 1 ) / ( L- t ) !i, :f*ifi!f"w@J..$71'-J,::(7~0) c:.:: 0 t·O)~fEV o t:: J: 

i~-W- (-~~-W-bli:fJ:J.) t·&) IJ, f-(7)~-W,q:rt·O)U l lflht.:: 2,~FsiO)~M ( V 2 ) 

7'.)'>, ~-W,xfile~= (VO -V 1 ) / (L-t) X 1 t·&)i.::c:a:*L,'{t\io 
(0045] 
1,:11:0)*e~i),t, :fiifitw@J..li 1 6 (7):f*ifi!tw•N a &V'l!f.~ t ti, *-1-t::EP1Ja-t i ~ 

fE!-Vo, ~;Ji$71'-t::~ihtdc!ifl:ffi~O)J!/.~!-L, $FsiJi(7)J!/.~(7):JNIN@:a: 1, $Fsili 
t::i:3 it i r ii~#; t r 1i~PJ;;PJ7~0)1i~* t O).I.;;r, 11,~·-~0) -3 1?0):&1Ni !- E o , ~m 
*It e, $F~Ji(7)f~~-¥a: et L, --c, rlic2:i:\(7) -31?:'J,'~< t 'b-1fO)lffl{*a:ij{eyt.::-t J: 
-3 t::, ii1i'.~Ji:'.-t i .:: c: 7'.)"~ i U \ o 
(0046] 

(1/2) (eNa/e)t 2 +(t/L)V 0 <E 0 

V O - ( ( L - t ) / l ) E O < ( 1 / 2 ) ( e Na / e ) t 2 + ( t /L) V 0 

*~:lif!iW:lfJt:: J: i ~7~tl~llintU, *T* L 7'.)'> 5 O O nm, .I. -1-f 'Y l--2 0 (7) 1 Jffl:IIJI 
ffl~0file~ ( $Fsili 2 2 O)J!/.~) 7'.)" 5 o nm, :f*ifitw~J..Ji 1 6 O)J!/.~ t 7'.)'>1 on m, :f 
*ifi!f"w@J..Ji l 6 0:fiifi!f"w~Jl'.N a 7'.)'>8. 5 X 1 0 1 7 cm- 3 , A l Ga As }iO)A l *.Ii 
Jl,lti){t 5%t•!i, $Fsili2 2(7).ftf~~-¥7'.)q 2. 7, rfi~iltc: Xii@iltX!iLfi~iltc: 
0Fsi0.x.;;r,Jv~·-~E o 7'.); 1 6 3 m Vt·&) it.::'¥>, *rt::EP1JllT ◊ ~fEV o a: 1 V c: Ti 
t, 

V 1 =(1/2) (eNa/e)t 2 +(t/L)V 0 =78. 8mV 

t ~ 1J , J:lic:i:\ < 1 > O)lfflf* !-ij(eyt.:: 1_, --c t \ i O t t.:: , 
V2=V 0 -((L-t)/l)XE 0 =-628mV 

t ~ 1J , J:lic:i:\ < 2 > O)lfflf* i mt.:: 1_, --c t \ i 0 

( 0047] 
~7 i::, *~:lif!iW~t::J: i~J~tl~llint~~t::1t~ 1_, --c~ftffi lt.::ie~!-~-t O ~q:r, 

OEP!i:f*ifitW®AJi 1 6 a:WJJJtL, '{t\~~\:fJE*:ffl~O)~f-L eEP!i:fiifitw®JJi 1 6 !-W 
Ji,ltL,t.::*~llJjO)~f-tt·&)◊o ~i:3, ~7~t!~/:J::ln(7)*-f"-!;1AU50 O,um'1t L,, $!Ji:'. 
iU!i 8 0 Kc: L,t.::o 
(0048] 
~7 q:rt::,~*lO)QEpt·~ lt.::;)Jf'!=,~!i, V O = 2. 2 Vt·&)◊ o .::_(7)~-g,, ~-ffi:~V 1 

, V 2 !i, f-h·f'h, 
V 1 =(1/2) (eNa/e)t 2 +(t/L)V 0 =105mV 
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( 9 ) ftlffl2008-187003(P2008-187003A) 

V2=V 0 -((L-t)/l)XE 0 =572mV 
t ~ 1J, J,\ < 1 ) Cl)~~i±mt-:-til{, J,\ < 2 ) Cl)~f*i±mt-: 1_, --c P~~ ,0 lil' l~il{ t, 
~ 7 ii' 1::,aJJ 1::>il'~ J: -3 i::, ~~~~J,.Jii 1 6 t%Jvt lt-:::,js;JeaJJCl)~:fi-ZU, ~~~~J..Jii 
1 6 t%Jvt 1_,~~ ,f1E*:f'1iiICl)~f-ft.ltil!Se 1_, --c, flf~vfl~~-z·Cl):.ffix-J-a'-J~~Ji:Cl)fJ£Ttf!llililJ 
-z· e-"( v , i .:: c il{i=1J i o 
[0049] 
J::.fcj,\ ( 1 ) Cl) 001*&V'J-\ ( 2 ) Cl)00f*!;l:, ,e,-r lb "J.J.1i t b i::mt-:-t ,e,~!;l:~ < , :1,, 

~< t ii-1fCl)fJ~H*tiijt-:-t J: -3 t;:~~~~}...}ii 1 6 tf~Jt-ti.:: ti;:J: IJ, ::,j_<;;JeaJJCl)~ 
:mt{~i.:: c ii{'(·~ i o 

[0050] 
o:.t::, *~1iffi%l'iJt;:J: iw-J~*l~tf:l~Cl)~JiI1i$t::---.>v ,--c~ 8 &v·~ 9 t fflv ,--cIDGaJl-t 

io 
[0051] 
ii", G a A s £:f!x 1 OJ::. t;:, .mJ~Cl)Ma"Lnlt-!H~f,f.j, {JIJ x.. !:f?J"-r*l.:r. t." -5' ~ y-$t;: J: 

I), Ga As ~:fl.Iii 1 2 t nlt*T i o Ga As ~:fl.Iii 1 2 Cl)jt)!J:!;l:, ~-=f-;f,1Jiif~fH;:J:--:> 
tR~i~,Mx..~l00nmc-tio 
[0052] 
{_xv,-z·, Ga A s~ffi.lii 1 2J::.t;:, WJ~Cl)Ma13anlt*W~, (JJJx..!:f?J'--r~.:r.t."-5'~y-$ 

t;:J:IJ, GaAsT$:11/-5':7t-Jii14tnlt*-ti (~8 (a)) o GaAsT$:1::.,-5' 
:7 t-Jii 14Cl)M!±, ~-=f-;f-1iirf~ttt::J:--:>"CR~iil{, (JJJx..!:f5 0 0 nmt-tio Ga A 
s T$:1 ::.,-51 :7 t-Jii 1 41\,.Cl) r- t:::-,:1··1±, ~*M@t 1_, --c f7iJx..i:r s i t m~,, "tf7iJ x.. 
!:f 1 X 1 0 1 8 c m - 3 c Ti o 
[0053] 
<Xv)'(', Ga A s T$:1 ::.,-51 :7 t-Jii 1 4 J::.t;:, WJ~Cl)Mfanlt*ttffi, (JJJi.. !:f?J"-r*l.:r. t." 

-5'~Y-$t;:J: IJ, (JJJi..!:f 5 8 0°CCl)£~iU-z·, A 1 G aA s ~Mi~~J.,.Jii 1 6 tnlt* 
-ti ( ~8 ( b) ) o A 1 G aA s~~~~J.,.Jii 1 6Cl)jtJ¥1:;L §a'-Jt-tilt-r r •:, t-~ 
w-J~*l~tf:lffCl)ftit~H;: J: --:> "C ·~iii{, {JIJ i.. !;0 0 nm c Ti . its:, A 1 G a A s ~*ill 
~~A.Iii 1 61\,.Cl) r-t:::.,:1·u, Ela'-Jt-t i;.-=r- r •1 t-~w-J~*lttitf:lffCl)~ttt::J:--:>t • 
~iii{, ~~~@c l_,"({Jijj_!:fS i tfflv\, illi:t(JJJj_!;f8. 5X 1 Ql 7 cm- 3 t-ti 
o its:, A 1 GaAs~~~@~}...}iil 6Cl)tII.Jvt!;l:, §a'-Jt-tilt-rr•:, t-~w-J~*l~tf:l~ 
Cl)~ff:t;:J:--:>t•~iil{, A 1 iII.Jvtt(JJJi..!:f 1 5% t-ti. 
[0054] 
{.Xv\'(', A 1 GaAs~*ili~~}...}iil 6J::.t;:, Wj~Cl)*alanlt*ttf,f,i-, (JJJi..!:f?J'--r~.:r.t." 

-5'~y-$!;:J: I), (JJJi..!:f 5 8 0°CCl)£~i!ftJi:-Z·, A 1 G aA s T!U 1 8 tnlt*T i. 
A 1 G aA sT!1l!Jii 1 8Cl)Jt)!J:!;l:, §a'-Jt-ti:1:-r r •:, t-~w-7~*l~tf:lffCl)¾11'it::J:--:>"C 
-~iii{, (JJJi..!:f 4 0 n mt-ti o its:, A 1 Ga As TtU 1 8Cl)ffl)1Jt!;J:, §a'-Jt-t i 
lt-r r "I t-~w-7~*lttitf:lffCl)¾'tit::J--:> "C -~iii{, A 1 fflnltt(JJJi..!:fl 5 % c Ti. 
[0055 J 
{.Xv ,--c··, A 1 Ga As T!1l!Jii 1 8J::.t;:, WJ~Cl)iMilanlt*ttt,IL (JJJi..tf?J'--rit.:r. t."-5'~ Y 

-$t fflv ,t_: El cfflilHtnlt*t;:J IJ, I n As :g-=f-r •:, t- 2 0 t nlt*T i. I n As _,i_ -r 
r •:, t- 2 oi±, f7iJi..!:f4 7 0°CCl)ffi!ftli:t::--c, *i~~ltil{f7iJi..t:f2. 3?J'--=f-Ji:fft13Cl)JJR 
:fit, (JJJi..!:f0. 2?J'--r.lii4Jff'jCl)~-Z·f~~-ti.::tt;:JIJ, Jvt*-tio .::_Cl)~fl-Z'nlt* 
lt-: I nA slt-r r •:, t- 2 0 Cl)jf3~:Jc!;l:, IA.I tnlt~#-Cl)~:fit~ftllilt-:c.:: ~- ~~ilq 
. 4 nm, tHiilq 6 n m-Z·,:0--:>ts:o 
[ 0056 J 
{.Xv ,-z·, I n A 1 lt-r r ·:, t- 2 0 il{lfJJvt~:ht-:A 1 Ga As T!U 1 8J::.t;:, Wj~Cl)~,a 

~nlt*ttf,f.j, {JIJ i.. !:f?J'--rlt.:r. t." -5' ~ y-$t;: J IJ , {JIJ i.. !:f 5 8 0 °CCl)£~iMiJi:-Z·, A 1 G 
aAsi:f:rFsi.lii22tnlt*Ti (~8 (c)) o AlGaAsi:f:rFsi.lii22Cl)jt)!J:!;l:, §a'-Jc 
-ti.Irr•:, t-~w-J~~~ill~Cl)ftttt::J--:>"CR~iil{, f7iJx..!:f 5 o nmt-ti. its:, 
A 1 Ga As i:f:rFai,'ii 2 2 Cl)ffl)JJt!;l:, Ela'-Jc-t iI-r r •:, t-~w-7~~ttitf:l~Cl)ftttt;:J--:> "( 
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fi~t#.AlfflJJxi-Mi~15%tTt. 
(0057) 

( 1 0) ~~lffi2008-187003(P2008-187003A) 

:;_x~ Y'(\ A 1 G a A s 9"F,,Mli/ 2 2 _H:. J::.fcO)-=J:-)iifi t ll"tJt~H: l "'C. I n A s :1:-=fl~ 'Y l--
2 0 t A 1 Ga As 9"FeiP.lii2 2 ti-. jiJjJ~O)@Jfj(, fJ!Ji!;fl O@l~IJ}Sl "'CJJx* l. I n 
A s:1:-=f r •y l--2 0 t A I G aA s 9"FaiP.lii 2 2 b'itilJJSl:ffi:P.lii~tL t~t;_-=f r •y l--:ffi: 
P.li/#:24i-%JJxTbo 
(0058) 
<X~•t··. :1:-=f r •y l--:ffi:P.li/#:24J::.i:. mJ~O)*sa'liPX*~ffi. fJIU.!;f5J'--=f~It:'.9~1/­

$i:J: IJ. GaAsJ::.$:JY'.9::7l--P.li/26i'JJx*Tt (~9 (a)). GaAsJ::.$:JY 
'.9 ::7 l--P.li/ 2 6 O)~J!Jli. *-=f mii'rf~fH: J:-:> t ~~ t ii. fJIJ i !:l 1 5 O nm t T t. G a 
AsJ::.$:JY'.9::7 l--P.li/2 6-"'.0)f-t:Y:7'll:. ~~~mt ltfJ!JikfS i i-ffi~•. ~i-fJIJ 
ikf1X1O 18 cm- 3 tTt. 

(0059) 
:;_x~, t·. 7 :;j" t- lJ v :1·· 3 7 ,, &1.f-r 3 -1 x. .,, 1-Y :1·· i: J: IJ . rtmijt:~0)%JJx-f'5:i:'.iJt~O) 

G aA s J::.$:1 Y'.9 ::7 l--P.li/2 6 . .,i_-=f r •y l--:ffi:P.lii#:2 4. A 1 G aA s Tl:1!!P.lii 1 8J]!J.f A 
IGaAs~~~~AP.liil6i'~l.GaAsr$:1Yf::7l--~140)*ffii-~iliTt 

(0060 J 
<.X~, t·. fJIJ i !;!:}!~$-'\'> ;J..1, •y '.9$~i: J: IJ. ~ili lt..: Ga A s r$:J Y ?7 ::7 l--P.lii 1 4 

~&1.f'G a As J::.$:J Y'.9 ::7 l--P.li/ 2 6J::.i:. ,ftl-f'tl r$~:j;i)!P.li/ 2 8&tf J::.$~:j;i)!P.li/ 3 0 
i-%JJx l. *~:lim%J'iJi:J: bd.M1~*if9!ili~i'51:iJJxT t (~9 ( b) ) • 
(0061) 

;: 0) J: -3 i:. *~1im%1i1H: J: tL!:f. rtm :1 Y '.9 ::7 l--P.lii 1 4 tr !U ( $FaiP.lii) 1 8 t 0) 

Faii:. rtm:1 Yf ::7 l--~ 14f!l.lJil>GO)~-=fO)f.±Ai-1.IE~l. ~-=fil>r{i~#:.1,J)'~O)fi~* 
i:ffti!iL~tlbO)i-JIJllilJTtt..:lrbO)~~~~AP.lii 1 6 i-%JJxTtO)t·. 9"FaiP.liit l t A I G 
a As O)J: -3 ~J\Y MiO)f.t~ ,ttf-ff ffi~ •t:1:-=f~ t-Q:lrb~:mt fl'i.lJ::. lt..:tJ-g-i: t. flt~ 
ffii:iJ!:t~JH::B!t bt1lx-ta{J~~B{O){ltri-Jlllli!JT t;: t i}>t't3 b. :: ni:J: 1J. $7~*if9!ili~ 
O)~&~tl: i' i!~ffT b ;: t iit•t3 b . 
(0062) 

c ~w~»mWJ'iJ J 
*:?£BJJUJ::.fc~:lim%1i1H:~j G ffl 1< 0)~'%7'.lntrff~t·«.> t O 

(0063 J 
,1 ;U:f. J::.fc~:limW~tt:J:. $7~~f9! ili~O)Jttii'r i: 5:i"-=r~x. e Y ~ 1/-$ t m ~ ,t..:tliir 

i-fJIH: l "'C~JlBJJ l t..:il>. $7~*if9!ili~O)Jtti1'ri:u:1:-=r r •y l--0)%JJxb11tJ~~{1/!0)~d1iPX* 
$i'ffl~•b.: t t "iiTff~t·;bt" ;:O)J: -3 ~~a'1iJJx*$t l "'CU. fJ!Ji!:f"{j"~~~)l'{.ffiJJx* 
$il>2fi!f Gilt" 
(0064 J 
it..:. J::.~c~:lim%J'iJtti. I n As J: IJ ~t:1:-=f r •y l--t A 1 Ga As J: IJ ~t:1:-=f r 

•y Hllrbil:h-P.li/ c O)fflhirh-iti:J: IJ mJJx lt..::1:-=f r •y Hfl$7~*if9!ili~i-~ lt..:b>. ;_ 
-=r r .,, 1--0)1>f;jq t :m:-=r r .,, J--fllrbil:h-P.li/O)tt;Jq t O)fflhirh-iti±. J::.ic~:limfJIH:~J5:i:'.~ n 
tbO)t'!;;I:~~•" fJ!Ji!:f. :1:-=fr•y l--t lt!;;l:. I nAs. I nGaAs. GaN. In 
N. G a A s ~0)1>f;jqi-Jl!iffiT t;: t il>t·t3 . ;.-=:r r •y l--fllrbil:h-P.lii t l "'C tl:. A 1 G a 
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Espacenet - Bibliographic data Page 2 of2 

PROBLEM TO BE SOLVED: To provide a solid-state image pickup element reducing a 
noise generation by reflection light and improving a light utilization efficiency when 
constituting the solid-state image pickup element configured to cause a photoelectric 
conversion part to reflect an incident light passing through a substrate. ; SOLUTION: The 
solid-state image pickup element includes the optical conversion part formed inside the 
substrate with respect to each pixel, and a light condensing part provided on a side of the 
substrate that the incident light enters and condensing the incident light to the optical 
conversion part, wherein the solid-state image pickup element includes a reflector 
provided on a side opposite to the light condensing part and having a recessed shape 
toward the substrate, and the reflector has a configuration to orient a same-size imaging 
position of the reflector to a condensing position of the light condensing part. ; 
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MANUFACTURE OF SEMICONDUCTOR DEVICE 

Publication number: JP2152226 (A) 

Publication date: 1990-06-12 
Inventor(s): 

Applicant(s): 

Classification: 

SUGITA YOSHIHIRO + 

FUJITSU LTD + 

- international: H01L21/22; H01L21/26; H01L21/265; H01L21/316; H01L21/02; (IPC1-
7): H01L21/22; H01L21/26; H01L21/265; H01L21/316 

- European: 

Application number: JP19880306346 19881202 
Priority number(s): JP19880306346 19881202 

Abstract of JP 2152226 (A) 
PURPOSE:To heat the extreme surface of an 
element formation region and to activate this region 
by a method wherein the element formation region 
of a semiconductor is irradiated with a non-coherent 
radiated beam having a continuous spectrum of a 
soft X-ray region from an extreme vacuum 
ultraviolet- ray region. CONSTITUTION:A mask 5 is 
formed on a p-type region 2 formed on a 
semiconductor substrate 1; n-type impurity ions, 
e.g. phosphorus ions {P<+>), are implanted very 
shallowly, e.g. down to a depth of about 50nm, from 
the upper part; a high-ion region 3 is formed. The 
high-ion region 3 is irradiated with a synchrotron 
radiation having a continuous spectrum of a soft X­
ray region from an extreme vacuum ultraviolet-ray 
region. The high-ion region 3 is heated and 
activated; an n-type region 4 is formed; the mask 5 
is removed. 
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MANUFACTURE OF SEMICONDUCTOR DEVICE 

Publication number: JP63116421 (A) 
Publication date: 1988-05-20 
Inventor(s): OSAWA MASARU + 
Applicant(s): MITSUBISHI ELECTRIC CORP + 
Classification: 
- international: H01L21/265; H01L21I324; H01L21/02; (IPC1-7): H01L21/265; H01L21/324 
- European: 
Application number: JP19860263160 19861105 
Priority number(s): JP19860263160 19861105 

Abstract of JP 63116421 (A) 
PURPOSE:To prevent As from oozing from a GaAs 
substrate thereby to obtain a semiconductor device 
having good characteristics by depositing an 
amorphous As layer on an ion implanted surface as 
is after implanting, continuously depositing an 
insulating layer on the surface of the amorphous As 
layer, and then annealing it. CONSTITUTION:An 
active layer forming photoresist pattern 2 is formed 
by photocomposing technique on a GaAs substrate 
1. Si<+29> ions 3 are implanted to form an ion 
implanted region 4. II is dipped in acetone to 
remove the pattern 2, and an a-As layer 6 and an 
insulating layer 7 are continuously deposited by a 
CVD method on the ion 3 implanted surface. It is 
heat treated at 800 deg.C for 40 min in a reducing 
atmosphere to obtain a highly activated active layer 
5. It is dipped in a fluoric acid to remove the 
insulating layer, and dipped in a hydrochloric acid to 
remove the layer 6 to thereby expose the surface of 
the substrate 1. Thus, it can prevent As from oozing 
from the substrate 1 to obtain a semiconductor 
device having good characteristics. 

! r 
r722:;.l-~--~+-c::::i2~4'·~ 
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PHOTO DETECTOR AND MANUFACTURE THEREOF 

Publication number: JP9298308 (A) 
Publication date: 1997-11-18 
Inventor(s): 

Applicant(s): 

Classification: 

- international: 

- European: 

FUKUNAGA NAOKI; KUBO MASARU + 

SHARPKK+ 

H01L21/265; H01L31/10; H01L21/02; H01L31/10; (IPC1-
7): H01L21/265; H01L31/10 

Application number: JP19960109765 19960430 
Priority number(s): JP19960109765 19960430 

Abstract of JP 9298308 (A) 

Also published as: 

[£) JP3516552 (B2) 

PROBLEM TO BE SOLVED: To reduce the 
proportion of those carriers recombined to 
disappear on a semiconductor structure among 
carriers caused by a light incidence by distributing 
impurity in a diffused layer forming a photo 

6 " 

8 1._la:.~ __ .._,.__. 7 

detecting part of a semiconductor layer so that its 
concn. increases toward the surface of the 
semiconductor layer. SOLUTION: The surface 6 of 
an epitaxially grown layer 2 exposed in openings 5 
of a first insulation film 4a is oxidized to form a first 
thermal oxide layer 4b, and a p-type impurity is 
implanted into the grown layer 2 under the condition 
of an implanting incident range less than the 
thickness of the second oxide layer 4b. This 
condition is to locate peaks of an impurity profile just 
after the ion implanting, not in the interior of the 
epitaxially grown layer 2 but in that of the second 
oxide film 4b.; For activating the impurity, it is heat 
treated in a nonoxidative atmosphere to activate 

r-2 
------~---i ,,.. , 

and diffuse the impurity to form impurity diffused 
regions 3. 
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Abstract of KR20010061058 (A) 

PURPOSE: A method for manufacturing an image sensor is provided to improve 
quantum efficiency and sensitivity, by additionally depositing a dielectric layer of a low 
absorption rate between a photodiode and an initial interlayer dielectric to improve 
illuminance of incident light. CONSTITUTION: A photodiode region and a peripheral 
device are formed on a substrate( 41 ). The first insulating layer in which an index of 
refraction, Nx is a square root of NON and a thickness, Tx is (2n-1 )lambda/4Nx 
(n=0,1,2,3, ... ), is formed on the photodiode region. The first insulating layer is eliminated 
to be left only on the photodiode region. The second insulating layer is formed on the 
resultant structure. 
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rce Follower Buffer Amplifier) Q.;jt{~ ol-::: s21-011::1gic!J:x:l:6.E-!(Dx). A_!jl-l~(Switching)Q.:J~£ o-j.Scll~(Addr 

essing)~ ~ * 21£~ ii-::: {"!!~ee~;i;:IAE-!(Sx}.£ ,1~.!acl-. 

£ 2 Oil £1'1@ 1:11-£1-~0I, ~2H7l~.2.I CMOS 0IDIXl~A-i.Q.J 8-.!il-lsl-~:::. P~ 'l!-S:.i1171~(11)0il ~¥~ 0 £ P~ 1il!(1 

2) ~ ~~IT c1-;;;, 8-~£1-~l!-.9.I !eel~ .!il-lB ~C:~<z19.t( 13) ~ ~{:JE.f-CI-. 010-1 ~71 p~ ~.s:.i➔l7I~( 11) LH¥011 P­

N~ru-@ ( 17a,17b) ~ ~~ol-0~ .£§.Ci-Ol.2.S( PD)~ 0l1F.TI, ~71 ~£;j;:-Jl711:.I-( 11) Oil ~71 .£.5§.Ci-Ol.2.S( PD)£¥Ef 

~{:!~ ~ol-~ ~igtgoj- x-Jg-ot::: ~£~~gJ-@(18a) ~ ~~BCL 

010-1 ~71 .£.s§.c!-0l.2.S(PD}iE.¥E-! ~iE.~H;Jgr@( 18a) OiE. ~Pl N~ol-~ ~lga-!-7I ~B e~Arr-jEie!!XIAEf(Tx}.2.I 

7-II0IE~c:½~ ~{:lol-0:I, ~71 ~£.~~gr@ (18a) ~ 21~1'I7'171.!il-lB 2l~Eie!!XIAE-!(Rx).2.l 7·II0IE~c:½~ ~~EJ-cl-
. ojo-j ~71 ~iE.~~gr@(18a)011 ~71~ 0 £. ~4r~ 7il0IE~c:½~ ?J::: c:21-011::1eic!l:x:l:6.E-! (Dx).21- o-jc:21I~~ ~E!­

t.!.£.~ Xl-t.!.Q.J 7-JI0l.§.~c:½0 £ 12.171-'&::: ~~EE~:X:l:6.Ef (Sx)~ ~{:!BC!-. 0I IIH, ~7l 2l~.§.ic!!Xl:6.Ef(Rx)2.f- c: 

21-011:::1 E ic!!Xl:6.E-l( Ox)::: ~~~g:j"~( 18b) ~ 71-XID=I, ~71 ~~~gr@( 18b}:: ~71 ~S:.i-1I711:.I-( 11} .ill- P~ ~( 12) .9.I 

~J:1I011 ~{:!~cl-. 0I0-! ~71 ~S~2.:!'2t(13).9.I ~~Oil {"!!~E E~7'!:6.E-l (Sx).9.l 7-II0IE~c:½~ ~{:lol-09, ~71 c:21-

0IE!..§.~:X:IAEf(Dx).21- {"!!~gg~:X:l:6.Ef (Sx)::: LDD(Lightly Doped Drain),135..Q.j ~e~~tJ-@(19} 01 ~~~Cr 

. o47IA-l 71101e~;;;i.g 71I0l.§.H£1-Qf(14), ~2l~cl~(15).ill- ~A'E!J~clA~ols(16)£ 011Fo1:i.:ID=1, 71I0l.§.~c:½.2.l ~ 
!a:1011::: :!:, ia:1Arr1!0IA-I( 20)71- ~~~Cr . 

.::I.21.TI ~7l 47H.Q.J =ic!!J.:l:6.Ef(Tx,Rx,Dx,Sx) ~¥011 ~~:ill-~ .!?-IE.I-Xil1@V~<z19f(21,22}Ill- Xil2~l!-~<21'2t{23,2 

4,25) ~ ~~-a-1-.TI, ~71 Xil1,2~l!-~2.:!Qf~ {21,22,23,24,25) ~ {::!Efil!~0 £ ~zti~o~ ~71 .§.ic!!Xl:6.Ef~(Tx,Rx,D 
x,Sx) ~ .2.l¥~Xr2.f- <2:!~o~71 J?-liH EIEl-{s/~1F □ l{s/EIEl-{sLI-0l.§.2r0IS{26,27,28) .Q.j ~~QJ-0 £ 01~01~ X-ll1,2a 

4rl:IH{::!~ ~{:!El-CL 5:.B ~71 Xil2a~l:IH{::! ~¥011 G7I S:.::: A.3_2Hxl(Scratch)£¥Ef -1:_J;~~ .!:r.~a-1-71.!il-la-H H£rQf 

(29) ~ ~s~'2t(30) 0 £ 011Fo-l~ ~x1-~~12t~ ~{:la-1-09, ~71 .1:xr~.£.12t ~¥011 ~2101 □ 1x1 .:;:i~~ ~a-HA-I ~71.2.1 

8-~~~~ l:IH~.!il-l011 ;s:J6!f, ~~~ ~ ~6!j 5:.:: ~6!!. XI-~~. ~~~ 0 £ =?-{:lt! ~21~E-!( 31} .2.I l:lH~( Color Filter 

Array; CFA) a-~~ ~~E)-cl-. 0jo-j ~71 ~2.+~Ef(31).Q.l l:IH~ ~¥011 ~E!-@(32) ~ ~~Er cj-;;;, ~71 ~E!-~(32 

} ~¥0➔1 ~C.i~Ei( 31} l:IH~o➔1 cH~a-r::: □ ~Ol3.££!!A(33) ~ ~~El-CL 

012-1-~:: ~~ol £¥ ~.sl.@ ~ ~f:t:x:1~<2:1121 .£!¥.c1-0I.2.c ~¥011::: ~~.ill-~ ~B x1I1,2g.V~2.'.!12t(21,22,23,24 

,25), ~xl-~.£.12f(29,30), ~2-l~Ef(31) ~ □1-0I.=1.iE.£!lA(33)@0I ~xlor7il @cL 

-3-

IPR2025-00811 
Apple-Sony EX1002 Page 147



~~fl- 1:1t21-~01, ~2.H7I~011A-I::: _g_p,a<yAt.R.~ ~ -m-YS:..2.1 ~~~ t"~Al:117I.!fliH 8.!flgt±DtCr □tOl3.£t:iJ:A(33 
) ~ ~~f>to~ ruN-m-~ ~4rAl:1I.J1 £1.2.LL □ tOl3.£~.2S.(33)£ ~4r@ ruAt-m-::: □ tOl3.£~A(33).2.I 8~¥.2.t ~it! 
¥QI ruN2,'-5:.7r ~2t;;i;:IE!.£ ~::: "?QI -m-r@'(Photon flux) OI ~4r£1~1C!-f>rC-l2r5:. 8~1sr±QI 8~¥.2.r ~it!¥£ ru 
Ar£!::: -m-At{ Photon) QI ±5:.::: ~2rXl7JI @ct. 

~ 8-~lsr±.2.18~(0 ="0c="0).2.£" ruN£1::: -m-}:rQI ±5:.~ ic2r it'2:!, 8-~l§r±.2.I ~le!££ ruAt2,'-5:. 0 ="0 E£ 
~.At.5:.1::: -m-}:rQI ±5:. iE::: icx cos4 8 OJI 1:1l241%r0 £ cos4 0 £!jg Y±it7-ll @ct. [tl-2tA-I 8.!flst±£ ~.At.5:.1::: -m-}:rQI 
~.Ar2,'-5:.~ ~o~~o-to~£1j-fl-ct. 

0I2.-lf.l-Ol □ l;;i;:l~A-fQI ~~~ t"~Al:1171 ~1"6H \:!..l-5:.xil71&(11)::: ~~fl- 7tAl-m--t::i~Q:IOilA-f 4.72~ 3.48.2.l ~~~(N s 
> ~ 1tx1 □t 8.!flst±QI &£ctoI.2.c(PD) ~~~fl-* &£croI.2.c(PD) J£'2:!oil !El~£ s~E=~::: ~<2:hs(PM0)(2 
1,22);:: ~~~££ 7rAl~-t::!~Q:!CH(450~635nm)011A-I 1.48~ 1.46.2.I ~~~(N o) ~ st:::ct. .:::1.2I.Jl □tOl3.££!!A( 

33)::: ~OI 7.Sµm, ~Ol7r 2.6µm£ ~~-E!ct. 

0121-~e ±t:JQI 8~1*±£ ~At.5:.1::: ~At~QJ !El~ ~N:z.,i-e 0( degree) 01x1£1J-, □tOl3.£~A( 33) OJI ¥~-a-I::: el.!-
~.Ar~QI ~At:z,i-e -s7lo-JIA-f □tOl3.£~A£(33)QI □H~;i;:r.2.t □ tOl.3.£~7':(33)2.I ~~Oil Ql%to~ lc!%t7-ll @ct.~. 
~I~ -s71%01IA-I ~Ar2,'-0I O(degree)«2.! ~Ar~OI □ tOl.3.£~7':(33)2.I %~¥£ ~At~ [[jfQI ~N:z,i-e O(degree)OI 
.5:.1.Jl □tOl3.1££!!A'.(33)QI 7t~At21 ¥~ 0 £ ~At~ [[jf.Q.I ~Ar2,'-::: 33.5(degree)7t -§ct. Ol~7-ll 8¥!2t±.Q.1 &£Cr 
0I.2.c(PD) ¥~ 0 £ ~At~o1 ~n:r£I0-1 ~At£1D=l, ~1~ &£ctoI.2.c(PD)£ ~At£1::: ~At~QI ~At:z,i-S:.1t ~£ct 
Ol.2.£( PD) OJl1£QI ruAt~ ±5:. ~ ~~f>r7-ll @ct. 

ITl-2.rA-f, Ol □ IAl~A-jOilA-1 &.!E.CrOl.2.£(PD)£ !El~ ruAt£1::: ru;..t:z,i-5:.::: 37 (degree)7t @CL .:::1.2-lE!.£ 8~1§r±QI 
~.!E.CrOl.2.£(PD)7t ~ot~~ * v::: 31:JcHl::ll -9-it!QI ~CH ±5:.~e cos4 (37)="0.488" 01 -§ct. ctAl~-a-t'r.:!, ~£ 
ctoI.2.c(PD) fs~OilA-JQI ±5:.7r 100%01'2:! □tOl3.£i1::!JA(33)QI 7r~Arc:IOilA-I ~Att:! ~.At~ol ~£CtoI.2.c(PD) 
£ ~Ar~ [[jfQI ±5:.::: 48,8% £, ~.!E.ctoJ.2.c(PD)QI -9-'t!¥DilA-I::: QJ' 51.2%2.I ,m-~ol ~i!£1::: @Ail~OI £let. 

~ ~~e ~7IQI @Ail~~ "6H~it7I ~l5H ei-~f.1-~ 0 1£A-I, &.!E.crol.2.£21-!El~ ~l.!-~<2:!~ Ato101I ;;;*~01 ~::: ff 
~g~ z;;.7t£ s-~-a-rE!.i!E.H,J ruAt~.2.1 ±5:.~ t"~Al7'~ <yAt.R.~ gJ ,m-y5:.~ 7H-t::!%t:::c-H ~ttf.1- Ol □ l::i::l~A-1.9.I Xii± 
'b'" ig;;J ~ Xil-s ru-oil .:::i. ~ ~ o I £1 ct. 

~7IQI ~~~ ~~"5\-71 ~If.I-E- ~~QI ~~AIOIIOJI [EH: Ol □ lxl~A-1 Xii±~~::: 7l&OJI &.!E.cto1.2.c~Q:1 ~ ~it!± 
xt~ ~~'B'r::: Xii 1 87:11, ~71 &.!E.Cro1.2.c~Q:j ~¥011 ~~~ ,Vx=v N,N_ OI.Jl J¥-7}lj,·.,-<2n-l);/,,i: fn~o.1.2. 3 .... 1 <2J x11 
1 ~<c!g~ ~~o~::: x112 87~1. ~71 £..!E.C~Ol.2.£.~Q:l.9.I ~¥0-tle.!-'a5:.~ ~71 A-111 ~<2:!g~ xil7-l%t::: xii 3 87~1. ~ 
71 ~Jll-~ ~OJI :i:.:-112~<2:!~~ ~~ot::: Xii 4 EP~I~ &!l°f>~o~ 01~0-j~~ ~~o~ f_l-c~. 

01"5\-, e ~~01 4ror-E 7l~~oto-llA-I ~~.9.I ::i::1-6,.f ~ 7~~ Xt7~ e ~~QI 71~~ A~~~ -§Ol%t7-ll i!Alif * £1~ ~5:. 
£ ~A-JI-a-I ~~"5\-71 ~-a-tol E- ~~QI 7r~ 1:1tW<Q~ i!,q0:1I~ ~¥ 5:.'2:!~ ~±%to~ ~~-a-~7l!E. f.1-cL 

~¥5:.'2:! 5:. 3a LHxl 5:. 3f::: E- ~~.9.I ~AIOII0-11 rrt::: Ol □ IXl~A-IQI 8~I2t± Xii± ~ig;j~ LrE~'d! -s~8'2:!£A-I, E­
~~.9.I Ol □ IAl~A-fQI 8-~ls~±:: ~~QI 8~I2r±2~ ~~~ .::;i±~ st:::ct. 
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5:. 3ao-ll 5:.AI~ l:ll-21-~OI, ~21~71~( 41) o-11 ~ ~H:!~ ~el- □I-A.3.a~~ ½,lAlil-.:il. ~eo1g~ ?~el- Cl-~. ~'5~ 
~ ½,lAlij-o:j ~12:!~H(Lateral diffusion)o-119.le!" P~ ~(42} ~ ~~el-Cl-. O=l7IA-l ~71 P~ ~(42) :::'. {l!!~.§..§.~:X:IA 

E1(Sx)2l- s21-011::1E~:X:IAE-J(Dx)71-~~.s:.I:= ~<2:IOICI-. 

010➔ H~~l.±l!-9.I ie21iat ~S~'2:liat(43) ~~~el-~ 71IOIEH21-iat(44) ~ ~~tl-.:il. ~71 71IOIEt_!-21-l:!t(44) ~¥011 
H~~I-.± LH E~:x:IAEt!~.Q.I 7ilOIE~-=½~ ~~tl-71 ~1"5H ~21½J21e(45)1!.I- '8.,:'.:&~!½J21A1-01siat(46) ~ <214r;s.:i.2.£ 

~~"51-.:il. □ I-A.3. ~ 6-lzt '5~~ ~"5H Cl-"?£17-llOIE~~~ ~~el-Cl-. 0=!7IA-J ~71 Cl-"?2l 7ilOIE~-=}~:::'. z.tzt Eic!! 
.6.JI1 e ic!!XIAE-J(Tx), 21~ E £!!:X:IAE-1( Rx). c: 21-0I 1::1 e ic!!XIAE-J( Dx). ~~ e e £!!:X:JAE-1( Sx) 21 7-IIOI e~~ 0 £ Ol§­

~tl-. 

OIO-! ~71 ~1!1-~ ~¥Oil .¥.£C!-Ol.2.c:(PD) ~ ~~fil-71 ~le.I- □ l-6.3. a~~ ½JAltl-.:il. N- £~~<2:11!1-pl 5:.~~<2:f ~ 
~~tl-71 ~el- N- 01g4-~:i!I- pl 01g4-~~ .§.~.6.Ir1.§.~:X:IAE-l(Tx) £1 71101.§.~~ ~~'2:!01IA-l Xl-7l~~fil-£~ ½JAi 

e!-tL OI IIH ~71 P~ 71~(41), N- £~~<2:f(47a) ~ P0 £~~<2:f(47b):::'. PNP,1-~.Q.l .¥.£tl-Ol.2.c:(47)~ ~~el-ti-

0101 C: 21-01 l:::l E£!!:X:IAE1( Dx) 21-~~ E E£!!:X:IAE1(Sx) 21 N~ LDD(Lightly Doped Drain) 01g4-~~ ~el- mA.3. 

lil!El~ ~~fil-.:il. .!:cl.eOlg~ ?~"51-0=I LDD~<2:f ( 49a) ~ ~~el-cl-. 

0101 Eic!!Xl.6.E-l~21 ~2.6/C:cll'2.l ~Q:j~ ~~tl-71 ~liH X1~21-~:s.:j71~'8~~(Low Pressure Chemical Vapor D 

eposition; LPCVD) ~ Ol§-fil-O=l li:-j~t_!-2!-Qf(LP- Oxide)~ §~fil-.:il. ~'2:!6.JZJ-%1-0=l 7·IIOIE~~£1 ~!;!:Jo-II i;Jt!-:= t_!-21-
Q,l"AIIilOIA-!(50) ~ ~~e.1- ~ . .I!.a-£ N~ ~e~ 01.g~ ~le!- □ I-A.3.nHE!~ ~~%1-0=1 N~ ~e~ 01g4-~~ ½JAl%l­

o=t ~e~U~t@~(49b) ~ ~~e!-tL 

OI [I! 1::1fu:1fH:!@( 51) :::'. 71-Al.:gti:1~<2:1'2.l 450~ 635nm ~~o-11 C!l"5!-0=I 2.25~ 2.6521 ~~~~ So!":= ff~@, 425~ 21 

13A 2l ¥7Jll~ So!":= ff~@ EE:= 7l-Al.:gt21 ~"?71- 'i41:= ~~ ~I~ ~~. ½J2leOI Cl-"? Wff@ t!"~iat(Silicon- rich 
Oxide}, ~AILI-OIE21-0IC:(Oxynitride) EE:= ½J2l~LI-Ol.§.21-0IC:(Silicon nitride)~ .¥.Ntl-:= ff~@-% tl-L-1-~ OI 

§-el-Cl-. ~71211:l-!II-lff~@-(51):: ~71.¥.£tl-Ol.2.C:(PD)£ ~Al-£1:= ~Al-.:gt21 ~£~ -871-Al{Jtl-. 

0101 ~71 l:l1II-lif~@(51) ~¥o-11 ~~iat~ £.¥.fil-i!. x.~ ~ ~~0£ nHE-J'ae!-ti-~. ~71 nHE-l'a~ ~~iat~ □ I-A 

.3.£ aJo:J ~71 .¥..IE.t!-012.s~Q:f~ ;.:11.2.1e_1-¥~£1 H-!n-Jff~@( 51) ~ G6.l EE:= ?:!6.16.lz.teJ-cl-. 

5:. 3cOil £Al~ l:l~2j-Yol, ~71 ~:ill-~ ~¥Oil ;,;:-j~21-~:s.:j7l~S~'E;l ( LPCVD).2.£ 7'1l1TEOS(TetraEthylOrthoSi 
licate) QJ-( 52a) ~ S~e!- ~. {l-71 7'111TEOSl2J"( 52a) ~011 ~gJ-2t~:s.:j7j~e~~(Atmospheric Pressure CVD; AP 
CVD) g Ol§-ito9 BPSGiaJ"( 52b) ~ §~e_l-cL OIOi ~~-l21~ ½,l.Ala-to~ ~71 BPSGl1f( 52b) ~ c.l~£~Al~cL 097IA-l 
~71 7'il1T EOS9.f"( 52a) ~ BPSGQJ-( 52b) ~ PMD( Premetal Dielectric Layer) ( 53) 21-e)-ct. 

010-1 ~71 PMD(53) ~011 □ tA.3.a~~ 71x~ ~8H£1-iat6.J:zt§-~(BOE) ~ Ol§-tto9 gig~6.J:zt~ fil-.:il. ~21-A □ t6.lz.t 
.::i:!.7'1.'!2. O1.a5~ l:ll-'=-l::ll-A-IAl71-.'!2. ,C]5H-o-LO.I A•71 7'-lt!rl-~£=.(49b) 01 :n:i;:i,toJI 3:!EH3t.'!2. t!r~A-1"6~tl 010J Al-71 3iEH3t2 rrt!rl-a-~ ooa 01,....: 0001JaL..;of1o ~-=~= --LLL..:lL-1a200L..:r. lo 1--iaa.;;;i;;.,::::;iL..: 

~'2:!D-11 EIEta-1~~ □ 11s1EIEHsLto1E21-01scTuA11TiN)(s4,ss,s6} ~ e"1cH£ e~eJ-ct;; □ tA.3.a~1!1- 6.1:zta~ 

~ a-to9 Xil1 i34rl:lHi:1( 57) ~ ~~el-ti-. 

£ 3d0il £Al~ l:lt21-Yol, ~71 7'111 a4rl:lHi:1 ~¥011 ~21-A □ t2~~:s.:j71Me~~( Plasma Enhanced CVD; PECVD) ~ 
Ol§-a-~o:j 7'112TEOSt!-2~1:!t(58) ~ §~el- ctg, SOG(Spin On Glass)t!S?l-iat(59) ~ Er-'t! £~a-~09 ~~a-1-.:il. ~~-121 
~ ~2,j-A □t~ Ol§-e!- ~'2:!6.JZJ-0 £ ~'e!-21-e!-tl-. 010-1 ~71 ~'e!-2t@ SOGt!-2tiat( 59) M¥011 ~2l-7C □ l-2t~:s.:j7l~e 

~(PECVD}~~ Ol§-fil-O=l g{l-~'2:ll:!t(60) ~ .g~e_l-cl-. 
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~2tA □t~ ol§E!- 1:11~~~~zt;;; =tl~oto~ Ail2a4ft:iH~;;; ~El- ~Fal~;;; ~~El-ct. 010-1 M71 ~~~;;; .¥.~El-~:ill­
~ M¥oil EIEHs-/~~□ lis/EIEHsLtOl§.2tOl£(54a,55a,56a) ~ e-A-ICH£ a~E!- Ct;;, Dt~.3.t5"~:ill-~ztt5"~~ ot 
o~ x➔I2a4fl:lH~(61) ~ ~~E!-cL 010-1M717'il2s4:rl:lH~(61) M¥011 ~2tA □t~t~~7IMs~tg:J(PEcvo) ~ ol§troi 
.:1::7't ~~ Qf( 63) .2.£A1 H~tt;lf( 62a) ~ ~~tt;lf( 62b);;; %~El-Ct. 

.5:. 3f011 .5:.AI@ tlt.2t ~01, lIH c .2.-e( Pad open);;; 5?-l5H M71 ~2rt;lf( 62b) ~ H*Qf( 62a);;; ~~~ 0 £ Xil7-lot0~ M 
71 Ail2s4fl:lH~(61)Q.I .:1::~ 1E'2J;;; .:c:~Alt'..!Ct. 010-1 M7l :U:HC:.2.~7'I<2:1:ill-8~*.:1:: M¥011 ~2-l~~(Dyed photore 
sistor;Ol'8't ~2-lf:t~Qf);;; 5:..¥.ot.:il 't!Mt5"~ 0 £ ~2-l~E-1(64) ~ ~~El-Ct. 010-1 M71 ~2f~E-l(64) M¥011 DtOl.3. 
£E'JAQ.I -2-~E!-~~;;; .!?-loro~ □rol.3.£~A~E!-g( 65);;; ~~El- ~ M7I □rol.3.£E'.l.ZS.~E!-e( 65) M¥0➔1 □ tOl.3.£ 

E'J.ZS.( 66) ~ ~~El-Ct. 

0l.21-~ol ~ 1gJ-~01IA-lt: PMD ~~ ~ .¥.!ECt0l2£(PD) M¥oil 2.25~ 2.65.9.I ~~~;;; 7t:X:ID=l 425~ 2113A .9.I ¥ 
7Jll~ $;/"t: ff~e;;; ~~ttoi .¥..2cto1.2.s.s:t ~At£1t: ~Ar~.Q.J ±£~ s7rAI~ * ~cL ~ ~Ar~.9.1 ±.S:.t: ff~s 
.9.I ~~~:ill- ¥ 7Jll o➔ 1 .9.I e El-cL 

0ICt. 0I [[ff M7I N0 t: ~4:rt5"~0ilA-I ~~£It: PMD.9.I ~~~(="1.48~ 1.46)0I.TI," N 5 t: 7lf:.1'(41).9.I ~~~(="4 
.72~ 3.48) 0ICt. 

0121-~01 ~*~01 ~e 1:1-ln:-lff~e~ .z;;.7r£ s~tr'2J ~N~.9.1 7tAl~~~<2:1cH01IA-l .¥..2ctoI.2.s.9.I %~¥ cHl:ll-? 
't:!¥.9.I McH ±£~;;; Qj= 50% ~Mil.I~* ~Ct. Oil~ ~12:! J... = "635nm," Nx="2.261," Tx="700A" ±?::l.2.£ 8~ 
@ 1:1fiI-lff~e e %~ cH l:ll -?ir:!.9.I ~Cf! ±£ ~01 71.9%.s:t ~Ar~ .9.1 ±£ ~ 't!:A-1'8-I ~M Al~ * £lcr. 

~ ~~.Q.I 71~ NMe ~71 l:lt~~E!- ~AIOilOil [[i-2t ;i.~-11~0 .s:t 71~£1~~0 Lt, M7IE!" ~AIOiit: :I~~;;; 5?-IE!-~OI 
D=l :i :Afe,1-;;; .!?-le.I' ~01 Or'a;;; -?.9.loto~o~ e.,1-cr. =Eel',~ ~~QI 71~ ~o~.Q.I ~MQ.I ~~7t2t'2:! ~ ~~.9.I 71~ AtM 
.9.I ~.!?-I LHOilA-1 Ct~e..l' ~AIO~l7t 7t:;-ru-~ Ol'8'H~ '9' S?l~ ~OICt. 

M~e..1-~ ~~e ~M.9.I CMOS ~ cco 0I □ 1:x:1~A1.9.I 7'il±t5"~;;; ~§'8't11 .¥.!E.croI2s M¥o➔I 1:Jfrr-lff~s;;; ~~ 
'5tO~ ~Ar~01I cHe..1-.¥.!E.CtOl.2.£.9.I %~¥ cHl:ll -?'t:!¥.9.I McH ±£@';;; S7tAl7I □ I[M-j Ol □ l7:li'!JA-l.9.I ~At.fi~ ~ 
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PURPOSE: A method for manufacturing a buried contact solar cell is provided to simplify 
solar cell manufacturing processes by forming a selective emitter layer through one 
doping process. CONSTITUTION: A mask layer(110) is formed on a semiconductor 
substrate(100). A part of the mask layer is eliminated. A groove(G) for forming an 
electrode is formed on a semiconductor substrate to correspond to the eliminated part of 
the mask layer. An emitter layer(120) is formed by doping dopants in the mask layer and 
the groove. An anti-reflection layer(130) is formed on the upper side of the emitter layer. 
A front electrode(142) is formed in the groove of the semiconductor substrate. 
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(43) if7U~At 20101;:[111108~ 

(71) ½'tl'(! 

9--?,j :gj J-} ~:'a 
-"i-&~1l/,] P}~T .:g.i;:g% 4501ti;<.] 

(72) '&qjA} 

111rir 
7a7]S:. 'tl 0JA] %'<l7'-§.i!l]% 976 9.:g.o}Jl}.§_ 21 
3% 105§. 
{:17]1 

7a 7] S:. '<l0JA] ~'<lT '<l0c:l=6% 435-9 ,\11 °c:l=7a P}'f-
210§. 

OJ-1} ~ 

-"i%~1H ¾Jl)-7'-%'it% i:Jl0 } 0 }Jl}.§_ 602§. 
(74) tjji:'j'(! 

~°3']1tl~·H:l 

~ '&qj,& ~%1~1 Ell0c:J:1;,.]9] A1l~BJ-1'MoJ] tl-~ J-!0 ]t:J-. ~ '&qjoJ]-"i-E ~Ai licl).6~~B ~i:'j~ 7]JR(102)9] 
,,_J-.lj!-1;%11 1ii~oi1 1"'aB P}.63. %c110)8l ~.lj!--lE-% *4"8'}oj llJJEi'.lB P}.63. %c110· )% 1"'a~t:J-. .::i'ii t:J-% 
licl).67,1~B ~i:'1~ 1Jo&(lo2) ,,_J-oJl 11i!1~% ¾CG)% 1"'J"8'}7] ~1 -6Jz.j-.:g.;a:J% 4-8]~t:J-. 0 11!Jl liclJ.67-FdB ~ 
~~ 7]JR(102)9] ~.lj!-(112)oJ] tjj~J-i~ -614°] 0 ].iy-Oi;,.].Jl, -"J-7] ll]]Ei'.JB P}.63. %(110' )31} {"Ji>}-E .lj!--lE-oJ] i:Jl 
'8}]"'i-e -614°1 ~;,.] t'c§-et:J-. -"J-7] -6Jz.j-.:g.;~M u:J-4 11ii1~% ¾(G)0 l 1"'aB t:J-%oJl-e .1x:.1.:g.;a:J% 4-8]~t:J-. 
0 ]1!Jl -"J-7] .1x:.1.:g.1 A] -"J-7] 1"'aB ¾(G)9] "r~-E .Jl-'6'5:.£ S:.1~.Jl, -"J-7] llJlENB P}.63. %(110' )31} {"j"8'} 
-E .lj!--lE--& Al'~S:.£ S:.1Bt:J-. ~. ~ JtigJ .1x:.1.:g.1..Q..£ ~'€!l~ oJ]D]EHselective emitter) %(120)0 1 1"'a~-E 
5!0 ]t:J-. .::l~.Jl ,,_J-7] llJlEJ'aB P}.63. %(110' )% A1l7Ji>}.Jl, -"J-7] 1"'aB ~'€!l~ oJ]u]Ei %(120) ,>.J-.lj!-o]j 1&.A}BJ­
;,.]~(130)% 1"'a~t:J-. .::I'li t:J-% ,,_J-7] liclj.67-1~B ~~~ 7]JR(102)9] 11i!oJ1 1"'aB ¾(GMt: 11i!1~(142) 
% 11-Ji>}TI ~1i! 1;%11 1i!~oJl-e ~1i!1~Cl44)% 1"'a~t:J-. 0 l.2J-?J-& ~ i&qJoJJ 9J"8'}1i!, ~1&~'(! -6JzJ-.:g.;,:JoJ1 
91~ 11i!1~% ¾% 11-Jw 4- ~.ll, ~'€!l~ oJ]u]Ei %% ~ 1ti91 .:g-1..Q..£ 1"'aW 4- ~Ci 1;%1] .:g-1% {}± 
:§'J-w 4- ~t: ol{-jo] ~t:J-. 

1:,f .!£ S: - S:.3 
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,,_J-7] ;(jj.7]-{)_ u}c.3. ¾.91 ~-¥-¾:iii-i:J1%"8"}~ ,,_J-7] 1il-£::.1] 7]-'&01] ~-=j-•&~FH-¾(Groove)% t~j,>.j-8"}~ ¾ f/ijl-jli± 

;J]; 

,,,J-7] 1il-£jjl 7].JH-611 f/iJl-a-'8. ¾611~ ~1i'!~'=l-% f/iJl-j-8"}.TI ~~.91 ~::all 1i1!~61l~ ~1i'!~'=l-% f/iJl-j-8"}~ ~~ f/iJl-a 
1r:!-7ll; .::1cl.TI 

,,,J-71 f/iJl-a-'8. ~~~'=l- ~ ~1i'!~-=l-ol ,,,J-71 1il-£::.1l 7].JH-611 ~7]~.2..£ ~~~£~ ~~cl-8"}~ ~~c11i17ll ;~ "!1.. 

%-8"}~ 3l% ~1.2..£ "8"}~ %%~-=j-f/ij EJ10J:~Al.9J ;(jl~llJ-i. 

;(jl 1 i'iJ-61] 9) op.-j , 

,,_J-7] 1il-£::.1] 7] JH-% liel)c.;;tfc,l(Textur ing)-8"}-c-liel)c.;;t-j ~ -t?-11i17l]7} ,,.J-7] u}c.3. ¾ f/;Jl-jli±;J] 0] ~ 61] ?8]~~ 

3l% ~1.2..£ "8"}~ %%~-=j-f/ij EJ10J:~;7;l.9] ;(jl~llJ-1, 

:§:J-~'5'~(Chemical Vapor Deposition: CVD), '5'f/-(evaporation), c.n]E-j~(sputtering), c.Jt]_ .'iIEd(Spin 

Coating), 0d3.-'J!(Inkj et), 6.3. iB ~ iB Ed, ~ ~:§:}( thermal oxidation) llJ-1 '5' o-j .':::. "8"}461] .9] %\I ~J-1 ~~ 

3l% ~1.2..£ "8"}~ %%~-=j-"@ EJ10J:~;7;l.9] ;(jl~llJ-i, 

;(11 li'iJ-61] ~o-jJ..-j, ,>.J-7] u}.6.3. ¾ ll]]Ei¾J1i17ll"1JJ..i, 

1-J-7] u}.6.3. ¾-£:-, 3/t~4(Photo-lithography) llJ-1, ~4 l1J]0 lc.§.(Etching Paste)~ 01%~ 0d3.-'J!(Inkjet) 

EE~ c.3.iB ~iBEd llJ-1, l1]01;,;i~ 0 1%~ ll]]Ei¾J(Laser ablation) llJ-1 ¾ o-j.':::. "8"}1+61] .9]%\j ll]]Ei¾J~~ 3l% 

~1.2..£ "8"}~ %%~-=j-f/il EJ1°J:~;7;l.9] ;(llcPJ-i. 

;(11 1 i'iJ-61] 9) o-J J..-j , l-J-7] u}c.3. ¾ llJl E-J¾l 1i±7ll~, 

,>.J-7] liel)c.~~-'8. 1il-£::.1l 7].JH-.9] -"J--¥-61] l-J-7] u}c.3. ¾% ujf/ijl-j~ ,,_J-EJ161]J..-1, ~1 .2.0J.2..£ ll]]Ei¾J-'8. u}.6.3. 

¾% ,>.J-7] 1il-£jjl 7].JH-,>.J--¥-611 -3nJ f/ijl-j-8"}.:il, 

1-J-7] ll]]Ei¾J-'8. 0 }.6.3. ¾-£:-0d.::J.-'J!(Inkjet) llJ-1 EE~ 6.3.iB ~iBEd llJ-1 ¾ O,.':::. "8"}Lf~ 01%"8"}0:j f/;Jl-j{J% 

~1.2..£ "8"}~ %%~-=j-f/ij EJ10J:~;7;l.9] ;(jl~llJ-~. 

;(j] 4 i'iJ-61] 9) o-j J..-j , 

-"J-7] u}c.3. ¾-£:-, c.Hf-~ llMo-J(Diffusion Barrier)£ J..}%7}~~ Oxide ;J]~ EE~ Nitride 7ll~.9] %~::all % 

{/, l1J]0]c.§.(Paste), %7]% ¾ O,.':::. -cr}Lf.91 %~£ ~1-j~~ 3~% ~1.2..£ "8"}~ %%~-=l-~ EJ1°J:~;7;j~ ;(11~ 

llJ-1. 
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l;l}%,,_a 0 1-& 6lz.J-(Reactive Ion Etching: RIE), ¾cJ-z-:u} 6lz.J-(Plasma Etching), i'.r-6l6lz.J-(Wet Etching) BJ-1 

% oJ-=--8"}1-J-oJl 91~ ,,_J-11 l;l}£jjJ 1J.i&oJl~ {ilaJ~.2..s!.. 6lz.J-.:g-1°1 11,,_l~r -3!% ~1!.2..s!.. "8"}r %%1~~ 

f]jOJ1;;z]91 ;;,;1]::~:BJ-1. 

AJ-7] 1;l}:%Aa 0 1-& 6jzj-(Reactive Ion Etching: RIE) :9:r ¾cJ-Z:u} 6lz.J-(Plasma Etching) llHJ0 1 1IA]5:Jr 7a 
~. F 711~ :9:r Cl ::il]~sj l;l}% 7}c½ 0 ]%"8"}r -3!% ~1!.2..£ "8"}r %%1~~ f]J0J1;;z]91 ;;,;j]:l':_BJ-1. 

;.J-7] i'.r-6l6lz.J-BJ-io] 1IA]~r 7a~oJ]r {!(Acid) ;J]~91 :§:}~%~ :9:r ~:7'}cj-'t}(Alkaline) ::il]~91 :§:}~%~ 

% o]-§-"8°}r -3!% ~1!.2..£ "8°}r %%1~~ fll0J1;;z]91 ;;,;jj:l':_BJ-1, 

J.J-7] ~-lj!-¾o] ;;,;j].7JB u}c3. %-& cJ-lf1 llRt!loJs!.. oj-§-~oj J.J7] ~-¥-¾o] ;;,;j].7JB u}c3. %,:i!} 1j-8"}r l;l}S:.. 

jjJ 1J-1t1--i?:-A-J"ti-££ s:..~~.11., J.J1J l;l}s:..jjJ 1J.i&oJl ~J.aB * ?-'t1r J.Ji:11~.2..s!.. .11.*s:..s!.. s:..~~r -3!% ~11 

.2..£ "8°}r %%1~~ fll0J1;;z]91 ;;,;jj:l':_BJ-1. 

J.J7] oJ]u]Ej % ~Aai:;1::il]r, :it.Ji :!!JL-]c(tube furnace)½ 0 ]%~ cJ-lf1(Diffusion) BJ-1 :9:r 'lll,§. 

:!!JL-]c(belt furnace)½ 0 ]%~ cJ-lf1(Diffusion), c~c1] 0 ](Spray), SOD(Spin On Dopant), ½cJ-Z:u} 

£~(Plasma Doping) llJ-1 % oj.:':::. -8"}1-j-oJ] 91~ 1IA]~r -3!% ~11.2..s!.. "8"}r %%1~~ f]J0J1;;z]91 

;;,;j]:l':_llJ-1. 

[0001) ~ ~ti:J-i?:-f]J0J1;;zloJl tr~ ,3!.2..s!.., ~-8"] l;l}S:..jj] 7].i& JE1i!oJ] ¾(Groove)% i.B.11. ¾ '?.1-oJ] 1~% ~Aj-8°}r % 

%1~~ fll0J1;;z]91 ;;,;j]:l':_llJ-ioJ] tr~ '3!0 14. 

[0002] al-2- -?,:j%t-J--?,:ji,1:i!} if'i?:-7]'E- oJ]J.;j;;zj ;;,;}~91 .11.~0

] oJ]~~1i'!-"i 0 ]½% i:J1jj]W i:J1jj] oJ]J.;j;;z]oJ] i:H~ tr{l0

] ~ 

6 };;z]Jl. 9}4. :1 %oJ]-"7£ fll0J1;;z]r oJ]1..-7;;z] ;;,;}~o] ,%-lj!-"8"}.11. ~785'..~oJ] I11~ -lE-;;,;1]1l0 ] ~oj ~-8"] ?~~TI 

9}4. f]J0J1;;zloJlr f]J0J~% 0 ]%"8"}o:j EH!% §j1A]7']rell ~..8..~ ¾71½ ~A&Al7'lr f]J0J~ 1;;z]9J-, l;l}S:..jj] 

91 AH!% 0 ]%"8"}o:j f]J0J~(photons)% 17]oJ]J.;j;;z]£ ~~J.]7']r f]J0J% 1.A]7} 9).2..u:j' f]J0J1;;z]cl-Jl. "8"}1i! ~ 

1;l}_.~_2_.5'.. fll0J.3/f 1;;z](o]-8°} 'fll 0J1;;z]'cj- %)½ ~~r4. 

[0003] J.J-7] f]J0J1;;z]r l;l}S:..jj]gJ % 7]1~ .IT.:i!}½ 0 1%~ ,3!.2..£-"7, p~ l;l}_-c;:_jj]9j-n~ l;l}S:..jj]½ :l':iMo:J ~-E4. 

p~ l;l}5:.-'<1]9J-n~ l;l}£jj]7} 11~ -¥-¾(pn 1lif-¥-)oJ] ~ 0 1 ½oJ-2..1i'!, ~ oJ]1..-7;;z]oJ] 9.]"8"}o:j l;l}S:..jj] LJ1-¥-oJ]-"i u}o] 

J.;jc9.J 1'5H 1;;,;} )91- ¾2'Jc91 1'5H 78 .:g-)1} ~Ag~4. J.J7J ~ oJJJ.;j;;zJ oJl 91~ ~A&B 1;;,;}9J-.7a.:g-.g. i.B-¥-9.J 
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~;ifloj] 91-g-}o.-j zJ-Zj-ni@ !fr£~1~3l]-pi@ !fr£~]~.Q.5'.. 0 ]%-g-}o.-j 0J:~91 ~~ 1Hl .£ 0 }{14. 0]2.-]~ T 1H91 ~ 

~% £{1.Q.5'.. '?'!Zft}1i! ~-W-1} ~.s.."il 91-¥-oJJJ..-1 ~?;J.Q.5'.. 0l%W 4- 9)711 !84. 

[0004] 0 ]2.-]~ E]J0J~7.]-1:;-~~91 i@E]joj] a:J-4 c.3.'1:! E.'1:!EJi@ E]J0J~;,.](Screen Printing Solar Cell: a]-8} 'SPSC'i:t 

QJc1%).9J-%%~~i@ E]J0J~;,;](Buried Contact Solar Cell: 0 ]t} 'BCSC'i:t QJc1%)5'.. -=r¾w 4- 9)4. 

[0005] .AJ-7] 'SPSC'-1::-~Jfr~.Q.5'.. ;11]±'6"}7]7} --§-oJ-g-};,.j~ ojjt;j;,;] ~:@- ir.¾a] ~-€:-J!1o]tj-_ a]-1:;-B"J;,-~~oJJJ..-191 !fr 

A}, ~1i! ~¾ ~~oj]J..-1 7]~!8 ;(-1-B"J-~ ~Jfr~.Q.5'.. ~7ll £l~"1 ~-1::-oJ]n]Ei ~~oJJJ..-191 :i'H'2-]0j%91 3i"-€:­

;1flzHJ-~ rrJ1~0]tj-_ 5':.~ .AJ-7].9} ~-€:- 0 1-li-5'.. 'SPSC'oJJJ..i-1::-ia~:§:15'..~¾~£.9} ~'f--9-cjc~c(blue 

response) .:1,p.3a] ¾"8'i>}4. 

[0006] !fr1i!, .AJ-7] 'BCSC'-1::-.AJ-7] 'SPSC'oJ] ll]-8Jl ;11]± ~7}7} ll]-1/.}."il i'-7-aa] -!,\-{}~ 1i1{la] 9).Q.y-, ~% ir.¾% ~7] 

~.Q.5'.. -~vJ-1-rn 4- '.V.-1::-~{l.Q.5'.. '?.1-8ll ctl-2-oJl-1::-'BCSC'oJl i:H~ ~-€:- '?'J.-,1-7} 01-¥-"17.]."il 9)9-. 

[00071 £ 1 oi1-1::-~!fr~~ 'BCSC' ~1 ;11J±-t17.a£1t £Al ~oi ~tj-. {I "ll91 1!191 .AJ-'BcsC' 91 ;11J± AH.li ~ !fr£~l 1J.i&.Q. 

5'..J..-1, Z;l_;,.a~ {lcj~(Si) 7].JH-% oJ]s'.. %"1 {it'lJ~4-

[0008] £ 1% {I"§i>}1i!, ~"-1 {l_cj~ 7].JH-% ~..8..~ 3.7]5'.. 7.}-e $1 ~1i:rA] ~,.1]~ {l_cj~ 7].JH-91 li1i! Z;l_tj-ojy--E 
.AJ--¥-¾% ,11]7jii}-1::-~-g. ~ oJ]1(Saw damage etching) i'-7.aa] "r8]!84(S10). 

[0009] .AJ-7] oJ]1i'-1% n}-t! {lcj~ 7].JH-oj] i:J1-8Jl !fr%J.a a],?:--6]Zj-(Reactive Ion Etching:RIE) BJ-1 5':.-c i;r-6] 

-6]Zj-(Wet Etching) BJ-~% 0]%i>}o.-j liJjc7'11:l(Texturing) i'-1% "r8]~tj-(Sl2) . .AJ-7] liJJc?<11:l i'-7.aa] 4-8]~ 

1i1 .AJ-11 {l.21~ 1J.i&91 ~1i!-s?:-q;i1-t~-1::-~91 lfr-"'t½ 7rJ-:::tAl:i'l-c -=r±s'.. i@.AaB9-. 

[0010] .AJ-7] liJJc?<11:l i'-7.aB {l_cj~ 7].JH-Jl]-4-e E}q;j91 ¾'ii:-%(£5tl:§.)% £l'6"}o.-j Altf-£ oj]n]E-1¾% i@-"a'6"}-c ;11] 

1£li'-7-a 01 "r 8]!8tj-(S14). o.-j7]J..i, ~Qjc -"J-7] oj]n]E-1¾01 ."il-'5-£5'.. £l~"1 i@J.a~-c 1-9-, li1i!oJl ~AHi>} 

"C .Jl-'6-£91 5:_5tl_:§.%a] {l_cj~ 7].JH-1..jjoj] Jlj-Oc).Q_i;'_ ~;;sfltj-.Q.i;'_~ %1)%0] i@J.,3~.Jl, ojs'._ ~-8jj ~i,}91 "r"§ 

oj 7rf5:~0j EJl0J:~7.]91 -3f%ir.¾0] ;(ii>HJ. 'T 9)4 . .:::I~7] rrfl~oj] Ai-'5-£91 oj]n]Ei%% i@-".3ii"}-c jo]tj-. 

[0011] .AJ-7] A-1-'6-£ oj]n]Ei¾o] i@.AaB tj-%oJ]-1::-.AJ-7] A-1-'6-£ oj]n]Ei¾ i@J.aA] ~,.\]ii"}-\:: -¥-%%% ;11]7jii"}-\:: ;11]1-¥-%% 

;11]71 i'-1 ° l 4-8J B tj-(S16). .AJ-7] -¥-%%f, pi@ 7] .i&oJl n i@ £5tl:§. ½ :gj-%-"l 7']-1::-1-9-,.\]J.a ~ -1::­

PSG(Phosphor-Si l icate Glass) 5':.-c n<'§ 7]¥1-oJl pf§ £5tl:§.½ :gj-{1-J.]7']-c 1-9-J.]-"a~-c BSG(Boro-Silicate 

Glass)½ W~4- .AJ-7] PSG ::E-1::-BSG-1::-~;,.191 ~¾½ ~}:;;J]J.]7'1-1::-~W% ii"}7] rrJ1~oJl ~;,;]ir.¾% 3i"0]7] ~-8ll 

J..-1 -6]Zj-%Q!j %% oj--§-ii"}o.-j lfrE.J.j ;11]7j-8jj 'T'◊jOf ~9-. 

[0012] .AJ-7] 1f-{}%o] ;11]7j~1i!, .AJ-7] oj]n]E-1% .AJ-..!jl-ojj E]j0J% !fr.A}½ 1ef7] ~~ JfrJ.}lcl,J-7.11ef% <'§-".3J.]7']-c i'-1°] 'r 
8J!8tj-(S18) . .AJ-7] lfrA}BJ-;,.]1ef-€:-{lcj~ 7].JH-91 li1i! ~~1ef(Passivation) ~W£ ~4-

[0013] .AJ-7] lfrA}BJ-;,.]1efal <'§-"aB 4%oJl-c {l_cj~ 7].JH-91 ~1i! 1..fl-¥-JJ}7.l ¾(Groove)½ i@-"aJ.]7']-1::-i'-7.aa] 

4-8J!8tj-(S20) . .AJ-7] ¾-€:-, %%~~(Buried Contact)a] i@-"a~ i'-Zl.Q.5'.., i1Jo];(i(Laser) 5':.-c ~1i:r*(Dicing 

Saw)% 0]%"8'J-o.-J f@.Aa!84. 

[0014] .AJ-7] -to] i@-"a~1i! .AJ-7] tj-%~~31J-91 {l~;(i.,,-J-% ~0]7] ~-8jj ¾ li1i!oJ] {l_cj~ 7].JH-Jl]-4-e f}q;)91 ¾'ii:-% 

% £li>}o.-j ."il-'6-£ oj]n]E-1¾% <'§J.aii"}-\:: ;11]2£li'-7.a% 4-8f~}tj-(S22). 0].9J-~ 01, -"J-7] ;11]1£li'-131J-;11]2£ 

l i'-1% *-8Jl J..-15'.. 9--e * £½ 7}7.]-1:;-oj] n]E-1¾% <'§-"aii"}-1:;--31% {'!ell~ oj]u] Ei(select ive emitter )5'.. 1 ii} 

."il '.V. tj-. 

[0015] .AJ-7] ."il-'6-£ oj]n]Ei¾0] f§.AaB 4%oJ]-1::-.AJ-7] ."il-'6-£ oj]n]Ei¾ <'§1,H ~,.\]ii"}-\:: -¥-%%% ;11]7lii"}-E ;11]2-¥-%% 

;11]7ji'-7.a01 4-8]!8tj-(S24) . .AJ-7] -¥-%%-€:-.AJ--&-i>}~x-01. PSG ::E-1::-BSG½ W~4. 

[0016] aJoi1--1, .AJ-1] {lcl~ 1J.i&91 ~1i!oJl 1-"aB ¾ 1-fl-¥-~ ~1i191 .2.-e -¥-¾oJJ B"4r liJJoJc:§.½ J..}%ii"}o.-J ~~% 

i@-"aiir-1::-i'-7.Jo] 4-8]!8tj-(S26) . .AJ-1] B"J;,-liJ]o]c:§.-1::--€:-(Ag), ~-¥-u]1r(Al) %al o]%~ 4- 9)4. o]rrJ1oJl-1::­

c3.'1:! E.'1:!EJ 7]~ %al ~%!84 . .AJ-7] ~1i!oJl '(!VaB ~~-€:- Ell0J% %"rs'.. ,.\]-"aB ~7.}½ "r1Jii"}-1:;-~w% 

iir."il, ~1i!oJl 1),aB ~~-€:- {l.21~ 11.i& ~1i!oJJJ--191 % !frA}½ 1tal.J1 ~;,;}91 1HZ;l_iJ-% 1aJ-;,.J-fit-1::-~w-& 

~4-

[0017] .AJ-1] ~ • ~1i!oJ] i@-"aB ~~a] {lcj~ 11¥1-oJl ~7]~.Q.5'.. '?'J.Z;J_~£~ 'ili7'1c1 i'-1% 4-8]~4(S28). a]rrJ1, .AJ-

7] {lcl~ 1J.i&91 ~1i!<>ll-1::--"J-1] B"J;o-liJJa]c:§.1} .AJ-1] 'ili~M i'-7-aoJl .9J-8Jl :::t~Q.J f-JJJ1~% .gj-{1-~oj ~1i! ~ 

7l]¾(Back Surface Field: BSF)% f@J.,;)~4-.AJ-7] 'BSF'-c ~711½ <'§1sii"}o.-j %o.-J7]!8 ~;,;}1} {lcj~ 7].JH-9.J ~ 
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[0018] ~.JB, ,,.J-7] 1,,.a-'B. 1i1i'J. 1i~,?:- .:i .A}il]_g_ 1i1i'J. 1i~ 7]~% <rtJ~ '?£ 9J;z]~, A]E..%(seed layer)E-££ 

A}%~ "r 9Jc}. o] 1Jr- ,.>.J-7] 1,.>.j,'fl 1i1i'J. 1i~ ,.>.J-oj] £"S"%% 1,.>.ji;}r i'".7.c3o] ~7}£ 11Arn "r 9Jtj-(S3Q). 

o]r ,.>.J-7] 1i1i'! 1i~91 AH}% 7.}±A]7']:U. .<~}Aj,'fl 'BCSC' 7].JH-91 ¾§Jl:I]½ 'S'r~ "r 9)9-. 

[0020] 1il_;si, ?-]]0 ]:*Laser) :Er ~"\1-¾(Dicing Saw)% 0 ]-§-i;}C:j %% 1J-ji;}r 1Jr-oJ]r 1li:J~ 7].JH-oJ] %i:J3l'tl ~ 

,,.J-% ¾~Arn <r 9,J_tj-_ ~i;] cl]0 J;si(Laser)½ 0 ]-§-i;}C:j -f% 1.1-ai;}r 1Jr-oJlr 'S'f,?:--.g..:i;,__g_ 'tl"8Jl 7].JH-li1i'! 

3lj-1lPHl :.f?,Pa ~VJ-0 1 ~J.]~tj-. 0 ]r ~% -%"r"5}0:j J.]l-j.'B_ 1i.A}½ :.H:ZfiJ-A]7'lr .R.'t}0 ] .5:]oj li1i'l. :.fji)-

4;'-£½ %7}A]7']:U. ~.A}91 e-j-o]E_ Et~(! ife time)% 7.}±A]7'lr ~;s11{:Jo] 9).tj-. 

[0021] tj-%E..£, ,.>.J-7] -;::l_e!J3j oJ]o]Ei%% 1J-ji;}7] ~"61]-"ir ;si]l 1}l ;s1]2£1i'".7.c3% 1il-.SA] <rtJi;}e:jo]: ~9-. O]r ,;:'l_ 

e!J3j oJ]0 ]Ei%~- &,Va A] i'-.7.ao] ~{l-i,}.Jl, 0 ]oJ] u:J-4 i'-.7.a 1:1]%0 ] %7}"5}r ~;sHJ 0 1 9).tj-_ 

[0022] E:.~, ·'PJ-3JE-£, £1i'-1,?:-- *~%% 1li:J~ 7].JH-oJ] tj-ff~A]7']7] ~"8Jl '?i)_7,1i:Ji'".7.a% <rtJi,}71] .5:Jrell, o] 

cl~ :u.s?:-91 '?iJ.7-1i:Ji'".7.as?:-1li:l~ 1JJH-91 %~% .Aii;}AJ7'lr ~'tlE-£ -3J-%~9--.:iitleJL ,,.J-11 ·ocsc·r, ,,.J'&­
~ 1:1}9} ~ 0 1 Aj]l 1}l A1]2£1i'".7.a% "rt~i,}.Jl 9).oj 1li:J~ 7].JH-91 %~% c-1-&-.Aii;}A]7'lr ~jj]{l 0 1 9,J_tj-_ 

[0023] u:J-4-"i ~ ~191 -&31-s?:-,,.J-71~ ~;s1]{l% "8Jj~i;}7] ~~ '5lE__g_Ai, ;1M<>191 4°1E. E}~(life time)o] 7.)-± 

.5:Jr -51% lclJ-;z]i,}1i'!-"i£ ,;::l_e!J3j oJ]o]Ei91 1J-ji'".7.a% {}j:~i;-}7] ~~ %~1i~1 1'J1°J:~.7.]91 Ai]3::1'lJ-1il% ;sJ]i'" 

i;}r -51 o l q . 

f0024J ,,.J-1]~ 1:1}9]-~.g.. -&31% 1€".,,_ai;-}1] ~~ ~ ~191 ~1M u:}E.1i'!, ~ ~1-s?:- 1il-£j.jJ 1].JH-91 ,,.J-4 ~~l 1i'!3loJl 

o}c3. %% 1J-ji;}r o}c3. % 1,).a"\171]; ,.>.J-7] '~VaB o}c3. %91 ~-'f--lE-% ;s1]7ii;}r o}c3. % llj]Ei'cl"\171]; 

.1-J-1] ;s1]7i-'fl 0 }c3. %91 ~-'f--lE-31J-i:J1%i;}r ,,.J-1] 1il-£~] 7].JH-oJ] ~~1.1-a% %(Groove)% 1J-ji;}r ¾ t/J.1-a"\1 
71]; ,,.J-7] 0 }c3. % 1}l -foJ] *~%% £1i;}C:j oJ]o]Ei %% 1,.>.ji;}r oJ]o]Ei % 1.1-j"\171]; ,,.J-7] oJ]o]Ei %0 ] 

1l-a.5:J1i'!, ,.>.J-7] o}c3. %91 y-nJ;z] -'f--lE-31J--'f-~%% %AloJ] ;s1]7ii;}r o}c3. % ;s1]7i"\171]; ,.>.J-7] 1.1-aB oJ]o]Ei 

% ..>,J-4011 1il-A}lclJ-;zJi;q-% 1.-',ai;}r 1il-A}lclJ-;zl i;q-1J.a "\1711; ..>,J-11 1il-:ir.~1 1JJH-oJl 1.1-aB t-oilr ~1i'! ~~% 1-"a i;} 

:u. -f1i'l.9J ~~l 1i'!3loJlr -f1i'l.~~% 1J.ji;}r ~~ 1J.a"\171l; .:iiQ.il. .),J-11 ~J.aB ~1i'!~~ '3cl -f1i'l.~~ol ..>,J-

1] 1il-£~1 1].JH-oJl ~1J3JE-_g_ ~~.5:J:ir.~ '?il_;;;.1i:Ji;}r '?il.~i:J"\171];½ .¥.%~9-. 

[0026] AJ-71 °}c3. % 1,,.a"\171lr, ~~%~(Chemical Vapor Deposition: CVD), %-'i"i-(evaporation), c:I!lEfcJ 

(sputtering), cJc! :TI.°EJ(Spin Coating), 0J3.-'J!(Inkjet), c3.1 E.1EJ, '?il. ~~(thermal oxidation) lclJ-1il 

% ◊i-'=- i;}y-oJ] 91~ 11Al-'fl9-. 

[0027] ..>,J-7] o}c3. % llj]Ei1cJ"\171loJ]-"i, ,,.J-7] o}c3. %-s?:-, -%-6J4(Photo-lithography) 1'lJ-1il, -6J4 liJ]o]c.§.(Etching 

Paste)½ 0 ]%~ 0J3.-'J!(Inkjet) E:.r c3.1 E:.1EJ 1'lJ-1il, ?-]]o];si½ 0 )%~ llj]Ei~(Laser ablation) 1'lJ-1il % 
◊i-'=- i;}y-oJ] 9j"8Jj llj]Ei~-'B.9-. E:.r ,).J-7] eljc?.HsB 1il-£j.j] 7].JH-91 ,).J--'f-oJl ,).J-7] o}c3. %0 1 o]1-"aB ,).J-cl1oJ] 

hi, ~Aa .2..0.]=E..£ rrJ]Ei~B o}c3. %% AJ-7] 1il-£j.j] 7].JH-.),J--'f-oJl -?,]1J 1-"a~ '?£ 9).tj-. e:j7]Ai, ..>,J-7] llj]Ei 

~B 0 }!.:,a %-s?:-0J3.-'J!Onkjet) lclJ-1il :Er c3.1 E.1EJ lclJ-1il % ◊i-'=- i;}L-]-½ 0 ]-§-i;}C:j 1-"a-'B.9-. 

[0028] ,,.J-7] 0 }c3. %-s?:-, 91-t~ llHi:J◊i<Diffusion Barrier)£ -"}%7}~~ Oxide 71l'?il. E:.r Nitride 71l'?il.91 ¾~ill% 

~. lill0 ]c.§.(Paste), %7]% % ◊i-'=- i;}L-]-91 %~£ 1-"a-'B.9-. 

[0029] ..>,J-7] % 1-"a"\171]r, 1il-%-"a 0 1,?:---6J4(Reactive Ion Etching: RIE), ¾e-J-Z:.o} -6J4(Plasma Etching), i;r-c,J-c,J 

4(Wet Etching) lclJ-1il % ◊i-'=- i;}y-oJ] 91"8ll ,,.J-7] 1il-£~] 7].JH-oJ]~ ,;::l_elj3JE..£ -6l4i'-1°1 11Al-'fl9-. 

[0030] ,,.J-7] 1il-%-"j 0 ],?:--c,JZj-(Reactive Ion Etching: RIE) :Er ¾e-J-Z:.o} -6J4(Plasma Etching) lclJ-1°1 1IA].5:Jr 1 

Jr-, F 71l'?il. :Er Cl 71l'?il.91 1il-% 7}c½ 0 1%~9-. 
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[0031] AJ-7] ~-61-61.zt l'IJ-1°] 1!A]~-e- 7a.q.-61]-e-{}(Acid) ll]~sj :§:!-~%{/ .9::-e-~7'}i!-'Zl(Alkal ine) ll]~sj :§:!-~%{/ 

% o].§-~tj-. 

[0032] AJ-7] 61]D]Ei % 1~FaBllMAi, AJ-7] ~-lj!-¾o] .Ai]ll-B u}c3 %-€:-qif~ llflc]o-]£ o]%~o-J AJ-7] ~-lj!-¾o] .Ai] 

7JB u}c3 %:i!J-1)"8"}-e-~5:.;i;J] 7]JH--€:-;<-j.!g.'r.£ 5:.~~::il., AJ-7] ~5:.;i;J] 7)JH-61] "8JAj!8_ % 9-~-e- AJ-i:J1:3j.2..£ 

TI.!g 5:.£ 5:.~Bq. 

[0033] AJ-7] 61]u]ci % "8JAat:!.-lll-e-, -W-1=! njL-]c(tube furnace)¾ 0]%~ qif~(Diffusion) BJ-1 .9::-e-~:§. njL-]c 

(belt furnace)¾ 0]%~ r:1-ff-~(Diffusion), c~i1] 0l(Spray), SOD(Spin On Dopant), ¾tj-~u} £~(Plasma 

Doping) l'IJ-1 ¾ o-j.':::: "8"}461] 9]~ 1!A],Btj-_ 

[0034] 0]9t ~_g. =fAa% ~"E ~ ~l:§sj W%~-=l-"8J fJ1°J~;,.jsj .Ai]~BJ-161] n:}.s1i'l_, 1!e-J~ 7]JH-sj ~1i'l_61]-e-, u}c3 

%(Mask Layer)% °8JAj"8"}::il. ll]JEita~ "9-% AJ-7] llJlcitaB u}c3. %61] ~~:3J'<l -614i'-1% 0]%"8"}0:j 

%(Groove)% "8JAa W .2..£~, l]]o];<-j (Laser)¾ 0]%"8"}0:j %% "8JAj ~% trJl ~J.J"8"}-e-7H clo-J 9j tj-0]~ 1:-}~(l i fe 

time) 7crd:: ~AJ-% BJ-;,.] "8"}-e-ii:.:i!J-7} 1)"9-. 

[0035] .9:: AJ-7] ll]jE,taB u}c3. %% qif~ llMo-J(Diffusion Barrier)£ 0]%"8"}0:j ~ 1ti9] 5:.~i'-1% ¾~ ~lfilj:3j 

61]n]Ei(selective emitter) %% "8JAj"8"}-e-1:l}, f!1°J~;,.] .Ai]~i'-,Aa% Z!-d:::§:1-W 9 '.U"9-. .:::z.lflA-j i'°Aa ll]%% 1l 
7cf.A]5']::il., ~~ AJ{l-t:!.-7}¾ ';;!4--e-ii:.:i!J-¾ 7)i:J1W 9 1)"9-. 

[0036] 0]"8"}, ~ ~161] .91~ %%~-=l--sJ fl1°J~;,.jsj .Ai]~l'IJ-1% ~-lj!-,B 5:.1i'l_61] 5:.A]B ll}W:3J~ 1!.A] oJl¾ {}::il."8"}0:j 

AJ-Ai]"8"}711 ~l:§~tj-. ~ ~l:§9] 1!.A] oJ]61H-e-El1°J~;,.].9j .Ai]~ ilHE..£ ~5:.;i;J] 7]JH-.2..£A7' ~1{1 1!cl~(Si) 

7]JH-% oJ]£ ~l:§"8"}7]£ ~tj-. 

[oo37J .1r. 2611-1::-~ ~1.91 1:lrn:3J~ 1!Al oiM n:J-,e-w%~-=l--sJ EH0J~;,.J.9J ;(11~i'-;,.a.1r.7t _'r.J.J~o-J 1JJ1., .1r. 361J-e­

.1r. 29] %%~-=l--sJ fl1°J~;,.]sj .Ai]~l'IJ-19] i'-15:.7} B1i'l.5:.£ _'r.A]~o-J 9)"9-. 

roo3sJ .1r. 2¾ ~1"8"t1i'l., 'i'J.;<-J 1lcl~ 7JJH-% ~..fl._~ 37]£ ;<}.s::il. K1i'l.sJ ~w ~ eAJ-% .A1Jll"8"t-e-1lB ~ 
61],:;g(Saw damage etching) i'-;,.ao] 9t]'8tj-(SlO0). 

[0039] AJ-7] oJ);;gB 1!cl~ 7]¥1-61] i:11~ ~%J.a 0]-€:--614(Reactive Ion Etching:RIE) BJ-1 .9::-e-~-61 -614(Wet 

Etching) l'IJ-1% 0] %"8"}0:j eljc:;i.-j ~(Texturing) i'-1 % 9t]~tj-(S102). AJ-7] eljc:;i.M i'°Aa O l 9t] ~ 1i'l. AJ-7] 

1!cl~ 7]JH--€:-li1i'l.oJ] i)A}~-e- ~.91 ~A}¾ 7cfd::A]7']-e-T~£ "8JAj!8_tj-. 

[0040] AJ-7] el]c7--J2cs i'-1-B 1!cl~ 7]JH-.9J ~1i'l. AJ--lj!-oJ] u}.:'.'.::3 %(Mask Layer)% -sJAjJ.]5']-e-i'-;,.ao] 

9t],Btj-(Sl04). AJ-7] u}c3 %-€:-, AJ-7] 1!cl~ 7]JH-:il}.9J -614 ~'@jll](Etching Selectivity)7} 3f.2..1i'J.A-j.£ 0} 

lfl61Jl-i ~l:§"8"}-e-5:.~i'-,Aa61JA-l qif~ llflc]o-j(Diffusion Barrier)£ A}%7}-'cf"8"}711 "8JAa~o-J0 ]: ~"9-. .:::Z.~7] trJl 

Ti0 2 Al 20 3 
, %9] Oxide ll]~ .9::-e-Nitride lll~.91 

%~:;;J] %{1¥-1?.l-0 }L-14, r:1-ff-~ llfle-jo-j(Diffusion Barrier)£ A}%7}-'cf~ JJJ]o]c:§.(Paste)9J-, %7]% %0] A} 

%~-e- ~o] ~tj-. AJ-7] -614 ~'@jll]-1::--61.zt 3)-'iJA] f %{/o] -614~-e- -61.zti-sJ ll]¾ ~~tj-. ~~. AJ-7] u} 

63 %-€:-:§:l-~%3]-(Chemical Vapor Deposition: CVD), %*(evaporation), cnjEi~(sputtering), 6~ 

51"d (spin coating), 0J31} (Inkjet), .:'.'.::3. iH. ~'(]_"cl, ~ {1-:§:j-( thermal oxidation) %9] BJ-161] 9] ~ 

"8JAj!8_tj-. 

[0041] AJ-7] u}63 %0] "8JAa~1i'l.. AJ-7] 1!c1~ 7]JH-9J ~~ % %(Groove)o] "8JAJ~. 1f-¾61l ~ig-3"}-e-u}.:'.'.::3 %9] 

~4¾% .Ai]lJii}-e-JJl]E,ta(Patterning)i'-;,.ao] 9tJ,Btj-(Sl06). AJ-7) ll]Jcitai'-;,.a-€:-, -%-614(Photo-lithography) 

BJ-1, -614 i;J]0 ]c:§.(Etching Paste)¾ o]%~ 0J31}(Inkjet) .9::-e-.:'.'.::31(]_ ~t!"d l'IJ-1, i]]o];<-j¾ 0 ]%~ ll]j 

Eita (Laser ablation) l'IJ-1 %61] 9l "5H ~zt,Btj-. 

[0042] a:j7]A7, AJ-7] ll]jci1cJ!8_ u}c3 %% "8JAjii}-E i'°Aa61] '.Uo-J, AJ-~~ 1:l}9j-~oj AJ-7) 1!cl~ 7]Jlr ~1i'l_sj _2_~ 

q,j'2'j61] u}c3. %% °8JAj~ AJ-fl161]A7 ll]jE,tai'-1% 9t]W 95:. ~;,.]~, 0J31}(Inkjet) .9::-e-.:'.'.::31(]_ ~'(]_"cl 

l'IJ-1% 0]%W4 ~5:..9] ll]Jcitai'-1 \rt0] ~ ~M ll]JE,ta,B u}c3 %% -sJAjAH)_ 95:. '.U"9-. 
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[0043] "'J-7] ll]]E11iB P}c3. %% o]-@-"8"}oj 1lc1~ 7].i&oJ] ¾% i@"'j-8"}7] 'f1~ {jelj:3:j ~4i1-,Aao] ?8].!el_tj-(Sl08). 

"'J-7] {jelj:3:j ~4i1-Aa-£_-"'J-7] ll]]E71iB P}-63. %oJ] 91%Jl "'J-7] 1lc1~ 7].lH-91 {11?1 ¾ .:g:o] i@"'a~-e lj!--lE-~% 

~4"8"}.5:.~ ? 8].!el.t:J-. 0]uJloJ]-e lfl-%"'a 0]i?:-~4(Reactive Ion Etching: RIE), ¾c}Z:P} ~4(Plasma 

Etching) 1}l i;i'-~~4(Acid Wet Etching, Alkaline Wet Etching) %91 llJ-1iJ0] 0]%~°7 {jelj:3:j ~4i1-,Aa0] ? 

8].!eJ.t:J-. o] ¾oJJJ-•i, "'J-7] lfl-%"'a oJ.g. ~4:i!J- ¾r}Z:P} ~4 llJ-1iJ% o]-@-"8"]--e 7cH-, ~4 7]-c(Gas):e F ;,fl~ 

.!E-e Cl lll~ %91 it!-% 7]-c½ 0]%~t:J-. .::12.-]1..-]-, "'J-7] ~4 7)-c-e o]oJ] ~,Aa~-e -3li?:-o}i.:J:il, "'J-7] P}-63. 

%4 1lc1~ 7]-1& TI-91 ~4 {Jeljl:1]7]-~.g. 7}co]1?1 o]-@-7)-'c,'-"8"]-t:j-. .!E "'J-7] i;i'-~~4 llJ-1iJ% oj-@-"8"]--e 1-9-oJ] 

-e {!(Acid) lll~91 ~~%~ .!E-e ~9]-c}<"?J(Alkal ine) 1ll'€!.91 ~~%~% 0]%~t:J-. "'J-7] {1- 1l]~91 ~~%~ 

t:J-. .:::t2'.1.:i1, ,,_J-7l ~ 91-4'(! 1ll'€!.91 ~~%~i?:- KOH, NaOH, IPA .!E-e ,,_J-7l ~ 91-c1-<'?J 1ll'€!.91 

~~%~91 ~W% 0l 01%.!e!t:J-. .::12:]1..-J-, "'J-7] {1- 1ll'€!.91 ~~%~4 ~9]-r}'(! 1ll'€!.91 ~~%~i?:- 0JoJl ~78~ 

-e ,3l-& o}y:il, "'J-7] P}c3. %4 {l.2'.j~ 7].lH-TI-91 ~4 {jeljl:1]7]-~-& ~~%~0]1?1 o]-@-7)-'c,'-"8"]-t:j-. 

[0044J "'J-7] {ielJ3:/ ~4i1-1oJl 91"8Jl 1lc1~ 7].i&oJl ¾01 i@"'a~1?1, "'J-7] 1lc1~ 1]-1&4 t:J--e El-~91 ¾'ir:"%(.5:.'tl..§.) 

% £1"8"]-oj {jelj3:j oJ]u]El(selective emitter) %% i@"'j-8"]--e £1i1-,Aa0] ? 8].!eJ.tj-(SllO). ~. "'J-7] £1i1-,Aa 

oj ?8]~1?1, "'J-7] P}c3. %0] ;sj]J,B ~q:J, ~ ¾ 2?-'f1-e AJ-7] .5:.'tl_.§.7]--<>)1 {l.2'.j~ 7].lH--2-£ :gj-{1-~°7 .:i1 

*.5:.£ £1~:il, lfl-1?1 AJ-7] P}-63. %0] ~1R"8"]-:e ~q:J-& AJ-7] .5:.'tl..§.7]-AJ-7] P}c3. %oJl :gJ-{1-B t:J-% 1lc1 

~ 7].lH--2-£ :gj-{l-~°7°]: "8"]-7] tt]HHl, .g}{l-4;-.5:.7]-.:::.;:i;j;;(:j AJ-tll3:/-2-£ -A7*££ £1~7l] ~i::" ,3l0]t:J-. ~. AJ-

7] ll]]E11iB P}c3. %-& i::1--rf-{1 llTicl°lCDiffusion Barrier)£-"i91 q:Jw% ?8]"8"]-;,J] ~-e ,3l0]t:J-. o]ttJl, AJ-7] 

:il*.5:. £1-& 90 ohm/squar 0]AJ-91 1?1 -A78J-% 7}A].5:.~ £1~:il, AJ-7] -Ai*£ £1-& 40 ohm/squar 0]"8"]-91 

1?1 -A78J-% 7)-;,;.].5:.~ .5:.~~lll "8"]--e ,3l0] wt:J-. .!E AJ-7] {jelj:3:j oJ]P]E7 %-&, i'i-.!!. l>]i.:jc(tube furnace)½ 0] 

%~ i::1-lf{l(Diffusion), 'lll_.§. l>]yc(belt furnace)½ 0]%~ 9-lf:zl., cE.c1]01(Spray), SOD(Spin On 

Dopant), ¾c}Z:P} £1 (Plasma Doping) %91 ll.}1iJ oj] 91 %fl <'.§"'a Bt:J-. 0]9} ~ 01, ~ 1S91 £1 i1-,Aa-2-£ {i ell :3:J 

oj]u]E7 %% <'.§"'aw? ~7] ttJl~oJ] %%{1-=l-i@ EJ1°J::zl_;,;.]½ 71]3=. Al :zl_:;;.J]i1-,Aa% n:±:~w? ~):il, 0]oJ] n:]-c} 

i1-,Aa llJ %% 1l. 7tJ-w ? ~J t:J-. 

[0045] AJ-7] {jelj3i oj]u]E7 %0] ,AaAJ-3i-2-£ 1'.§"'a~1?1, A.}7] P}c3. %4, AJ-7] {jelj3:j oj]P]E7 % 1'.§Aa-"l ~,1]"8"]--e lj!­

t.1--%% ;s1]7,"8"]--e i1-78°] ? 8]Bt:J-(Sll2). AJ-7] P}c3. %4 lj!-{1-%-& ~.g. 1l]'€!.(Oxide)91 %:zl.:;;.J] %~o].E£, 

%~~ ~4%~% o]-@-"8°)-oj ,;sj]J,~ "T" ~t:J-. AJ-7] lj!-{l-%i?:-, pi'.§ 7]JH-oj] n<'.§ 5:.'tl_.§.½ _g}{]_-J.]1']i::" 1-9- ,IJ}.j 

~-e PSG(Phosphor-Si l icate Glass) .!E-e ni@ 7].J?:roJ] pi@ .5:.'tl_.§.½ _g}{l-J.]1']-e 1-9- ,1J"'a~-e 

BSG(Boro-Silicate Glass) %% ~~t:J-. AJ-7] PSG .!E-e BSG-e {1;,;.]91 {!'fl-½ ~]-Jf;J]-"]1']-e q:Jw% "8")-7] tt]j~oJ] 

{I;,;.]~%% ~0]7] 'f1%Jl-"i it[-EJ] 71]7]%Jl '9'-°70]: ~t:J-. 

%4 ~o] 1.1 - 2.5 J.}0]91 ~1!.%% 7)-;,;.J:e %:zl.:;;.J] %~£ i@"'j-8"]-:il, o]-e ~~¾3)-(CVD), 

cl>] E7 "i:l (sputtering), '€!. {!~( thermal oxidation), cE.c1]0] %91 ll.}1iJ oJ] 91%fl i@J.j Bt:J-. o] 2.7 ~ lfl-J.}llJ-;,;.] "Bj­

.g. {l.2'.j~ 7].lH-91 Jf.1?1 .Jt§"Bj-(Passivation) q:Jw.5:. ~t:J-. 

[0047] 0]°7l,7, J._}7] {l.2'.j~ 7]-1&91 {11?1oJ] i@J.j.!el_ ¾ t.J1-lj!-1}l f.1?191 .2.E lj!--lE-oJ] i/-4;-IiJ]o]-6.§.½ l-}-@-"8"]-0:j {i-=l-% 

i@J.j-8"]--e i1-7ao] "r8].!el_tj-(Sll6). J..}7] ii-4;- IiJ]o]c.§.-e y7€l_(Ni), -&(Ag), .::L£%(Cr), ~1f-u]"i3-(Al) %0] o] 

%~ 'r ~t:J-. 0] ttJloJ]-e c3. 't1 E.'tl Fs, c ~{)_(Stencil), 0cl3.1l0nkjet), oJ]°l £½ 1,!(Aerosol Jet), cl>] E7 

"i:l(Sputturing), ¾3l-i(evaporation) %ii llJ-~o] 3:/%~ 'r ~t:J-. A.}7] {11?191 ¾oJ] 1'.§Aj.!el_ :zl.-=l-(o]-8"} ":zl.1?1 

:zl.-=l°"o]c1-%.)-& EJlOJ:31}-~'r£ }.JJ.j.!el_ {!7-)-½ 'r-'§J"8°}i::" q:Jw% "8°}:il, f.1?1oJ] 1'.§J.j.!el_ :zl_-=l-(o]-8")-"f-1?1:zl_-=l°"o] 

rt%.).£:- 112'.j~ 7]JH-f.1?ioJ]l,791 3ir lfl--"}½ ~o]_:i1 {!7-)-91 7f~.~% llJ-;,;.]"8°}i::" q:Jw% ~t:J-. 

[0048] .::12'.j .ll AJ-7] 111?111-=l° 1}l f.1?111-=l°o] 112'.j~ 7] JH-oj] 117] 3:/-2-£ 'ij ~~£~ 700£ oVJ-91 :ili?:-oJ]l.7 '€!_~ 2'.j i1° 
,Aao] ?8].!eJ.tj-(S118) . .::12.-]1?1, 111?111-=l-t.1191 i/-4;-~7-]-7]-lfl--"}llJ-;,;.]"Bj--2-£ {l~-8"}0:j ~-5;-AJ-7] lfl-J-}llJ-;,;.j"Bj-o] 11 

1?111-=l-~ ~lll Bt:J-. n:J-rt-"i, 111?111-=l--& 1lc1~ 7].i&oJl 1J~"i5"}7ll ~°7 -A-j8J- 11-=l-(Ohmic Contact) i@EJ1£ i@J.a 

~i::" 3)o]t:J-. .:::tc1.:i1 AJ-7] f.1?111~i?:-AJ-7] f.1?1:zl.-=l-91 i/-4;- Iil]0]-6.§.7]-:±:7891 -¥-7JJ]~% AJ-7] 112'.1~ 7].lH-oJ] 
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.gj-{1-~oj +1i'l. ~ill%(Back Surface Field: BSF)¾ 1-'f~tj-. AJ-7] +1i'l. ~ill%.?:- ~ill~ 1}.a"8"}o'j if°l7]-'8_ 

~.A}7} -1,lcj~ 7]:;&91 +1i'l.~.£ 0l%"8"}r -3:1% llJz]"8"}r ~w¾ %tj-. 

[0049] %~. AJ-7] A-j15J ~-=l-(0hrnic Contact)¾ 1}.a% ~1i'l.~-=l-.?:-:i :xt;;:Jl£ ~1i'l. ~-=l-91 7]¾,% '7"-8]W '7"-5:. 

'.Uzl~. J.]E.%(seed layer)~.££,>.}%~ "r '.U9-. 0] 7<H-,,_J-7] ~1i'l.~-=l-91 A-j15J-% ~~:;i ¾&Jll]~ 1t0l7] 

~Mo'! ,>.J-7] 1}.a-B ~'i'!~-=l- }.J-01] £if%% 1}.a"8"}r 5:.ifi1-Aa0l ~7}3:j~.£. '7"-8]~ 'r '.Utj-(S120). 0]ujJ }.J-

7] £if%.?:-~+ 1H£ 1,,_aw '7"-£ '.Utj-. ,,_J-7] £if%.?:-, -=rcl(Cu), ?<>'!(Sn), 3..£iHCr), .?:-(Ag), 

i...J1.(Ni) %91 £if%~ !'Er ,,_J-7] £if %~91 ~W% 0] J.}%~ "r 9)9-. 

[0050] 9-%, 5:. 3% %~"8"}o'j 5:. 201]J.i ~!§% i1-1% tj-J.] ~:lf;jli!.7].£ %tj-. 

[0051] 1i'l.A1, 5:. 3(a)r ~1i1-13') 01]7c](Saw damage etching) i1-;,;aol '7"-8]-'8_ -1,lcj~ 7]:!&(l00)o]tj-. ,,_J-7) -1,lcj~ 

7]:!&(100)01] cll"811 ii'--61 -614(Wet Etching) llJ-1% 0l%"8"}o'j liclj:::::.~eJ(Texturing) "8"}'i'!, 5:. 3(b)~ :Q0] ,,_J-7] 

-1slc1~ 1]:!&(100)91 ~'i'!.?:-K'i'!3:J0l ¾1t-B T~£ 1,,_a-'8.9-. 

roo52J ,,_J-11 liclJ:::::.J.-leJ-B -1slc1~ 11o&oo2)91 ~'i'! ,,_J--¥-01lr 9-lf~ llflclo-J.£ J.t%1t'o-% Pt:::::..::1. %<110)% ~,,_a%9-. 
0lr £ 3(c)01l £J.l~o-J 9)9-. 

[0053] }.J-7] P}:63. %(110)o] ~}.a~'i'!. £ 3(d)01] 5:.J.l-'8_ ll}~ :Qol }.J-7] liclj:::::.~eJ-B {le-1~ 7]:!&(102)91 ~'i'! ¾ 

%(Groove)0l ~}.a~ -¥-~01] "8]1'i}"8"}r P}:63. %(110)91 ~-¥-~ A1]7J"8"}o'j ll]jEita(Patterning)-'8_ P}:63. 

%<110· )¾ 1,,_a%9-. 

[0054] :i,S tj-% }.J-7] liclj:::::.J.-leJ-B {le-1~ 7]:;&(102)01] %(G)% 1}.a"8"}7) -$JtH 5:. 3(e)J.Hl ~elj:&j~.£ -614i1-AJ¾ 'r 
8]%tj-. ~. ,,_J-1] liclj:::::.J.-leJ-B -1,lc.1~ 1]:;&(102)~0] -614~ '7"-'.U£~ _,_J-1) llJlEita-B P}c.:1. %(110' ).:i!J-liclj:::::. 

J.-jeJ-B -1,lcl~ 7]:!&(102) :tl-91 -614 ~eljll]7} 1t.?:--614%QJJ¾ 0l%"8"}o'j -614i1-Aa¾ '7"-8]"5tr -3:1°19-. :i2']'i'!, 

AJ-7) liclj:::::.J.-leJ-B {le-1~ 7]"tl-(102)01]J.i ,>.J-7) ll]jEi\3-B P}:63. %(110' ).:i!J-1"5tr -¥-~.?:--614~zl \'i:il., AJ-7] 

ll]jEi ta-B P}:63. %( 110 I) .:i!J-1l "5}Zl i'ir -¥-~( 112) 01] qJ tflJ.i ~ ~ ell 3:j ~£ -614° l O ].lr-o-J z] ;,J] -'8.tj-. 

[0055] 0121% AJ-l:J101]J.i' AJ-7] liclj:::::.J.-leJ-B -1,lc.1~ 7]:!&(102).:i!]-9--e tl-'1191 ~ir'%(£ltl.:§.)% £l"5};,j] ~1i'l.. ~elj:&j 

01]P]Ei(se]ective emitter) %(120)o] 1,>.j-'8_tj-. _,_J-7] ~elj:&j 01]P]E-j %(120)-£:-, 5:. 3(£)01] 5:.J.]-'8_ ll}~ :Qol, 

_,_J-7] licljc~eJ-'8_ {le-1~ 7]:;&(102)01]11 ,AJ-7) ll]jE-j\3-'8_ P}:63. %(110').:i!j-1J"5}r ~~-£:- _,_J-7] ll]jE-j\3-'8_ P}:63. 

%(110') 01 9-lf~ llflcjoj(Diffusion Barrier)£ .3)-%%01] n:J-cJ-Afg-£91 01]P]Ei %(122)0] ~}.a~:il., Jil-'i'! AJ-

7] liclj:::::.J.-leJ-B {le-1~ 7]:;&(102)01] 1}.a-B %(G) ?-$Jr AJ-i:Jl3:j~.£ :il.-'6-£91 01]0 ]Ei %(124)01 1J.a~lll ~r 

31°19-. 01~ :Q0l, % ~91 £li1-AJ~£ ~~3:j 01]0 ]Ei %(120)% 1}.aw 'r ~tj-. 

[0056] AJ-7] ~~3:j 01]n]Ei %(120)o] 1}.a~1i'l.. £ 3(g).:i!J-:Qol AJ-7] ll]jEi\3-B P}:63. %(110).:i!J-AJ-7] ~~3:j 01]P]Ei 

%(120) 1}.aJ.l ~A]"5}r .lj!-{1-%(PSG !'Er BSG)¾ A1]7l% 9-%, 5:. 3(h).:i!J-:Q0l AJ-7) ~~3:j 01]n]Ei %(120) 

AJ--¥-011 1:J1°J% !il-J.t~ "QJ-7] -$1% Jil-J.}llJzl"QJ-(130)% 1}.a%tj-. 

[0057] ojojJ.i, 5:. 3(i)01] 5:.J.)-'8_ ll}~ :Qo], AJ-7] liclj:::::.J.-leJ-B {le-1~ 7]:;&(102)01] ~}.a-B %(G)01]r ~1i'l.~-=l-(142)% 

~,,_a"8"t:;i +1i'l.91 ~;;:ii 'i'!3:J01lr +1i'l.~-=l-O44)% 1,,_a%9-. 

[0058] :J.e-1:il. ,AJ-7] ~'i'!~-=l-(142) 13') +1i'l.~-=l-(144)0] ,AJ-7) eljcJ.-jeJ-'8_ {lcj~ 7]:!&(102)01] ~7]3:j~.£ <j_~~.£~ 

~~e-1 i1-1% '7"-8]%tj-. :i2.-J1i'l., 5:. 3(j).:i!J-:Q0l, ~1i'l.~-=l-11191 if4i'-~A}7} Jil-J.}llJz]s!J-~£ {]1f-"5}oj _,_J-7] 

Jil-J.}llJ-zls!J-o] ~1i'l.~-=l-~ ~;,J] -'8_tj-. o]~;,J] 1,._a-B ~'i'!~-=l-.?:-~-S::--1,lcj~ 7]:;&01] 1JW"5};,Jl ~oj A-j1l"J­

~-=l-(0hmic Contact) 11:J1.£ 1}.a-Btj-. :J.e-1:il., AJ-7] +1i'l.~-=l-(144).?:-;5:AJ91 -¥-~M% AJ-7] laj:::::.J.-leJ-B {le-1 

~ 71:;&(102)~£ .gj-{1-~oj +1i'l. ~il]%(Back Surface Field: BSF)(146)% 1,._a%tj-. 

[0059] %38, AJ-7] lajc~eJ-B -1slc1~ 7]:;&(102)91 ~'i'!01] t~Va-B ~'i'!~-=l-(142).?:-:i .At;;:Jl£ ~-=:-7]¾,% '7"-8]W 'r 
.5:. '.Uzl1i!, J.]E.%(seed layer)~.££ J.}%~ "r '.U9-. 01 7a-9-.5:. 3(k)~ :Qo], _,_J7] ~1i'l.~-=l-(142) _,_J-01] 5:. 

if %(148)% 1}.a%tj-. ~ {IJ.j 01]01]1-ir "5}491 £if %(148)01 1,>,J-'8_ 31~£ ~1'§"5}:il. 9Jzl1il-, Jil-E.J.] :i 

2']% 31.?:-0ti...J:;i -¥-1H 0n91 £if %% ~,.,aw '7"-5:. 9)9-. 0]2']% £if %(148).?:-AJ-7] ~'i'!~-=l-(142)91 Al 

15J% ~2F-:il. ¾&Jll]~ ~0]7] -$J%o]tj-. 

[0060] 01~ :Q0] AJ-7] {IJ.j 011011 ~1:§~:;l 9)r ~ ~1:§.?:-{le-1~ 7]:;& AJ--¥-011 ~,>,j-'8_ P}:63. %% 0]%"5}oj % 1891 

5:.l i1-Aa01l 91 "8J1 ~ ~ 3:J 01] n] Ei %% ~AjJ.n)_ ? 9) oJ, i1-AJ oj {l-5:~~ ? '.U:il. oj 01] n:J-cJ-i1-Aa ll]-§-o] ~7,J­

~r op~o] 9)9-. 
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[0061] oVJ-3!]--Qol ~ ~"§91 .5:.Al-tJ. 1l_Al oJ]½ %.Jl-f5}oj ~!§-f5}.Jl ~J.'?..t..J-, ol~ oj]A]3j'r} -3l%oJ] ~3lj--f5}Pj, ~ ~'13 
91 4;--f5}~ 1]~~ 01=91 %,,_J-;,;]~% 1}zj -A}c};'! ~ ~'il 91 Jl.;,;J W ~SfM 13!°1 t..J-;,;l \'€.<?..;'J.l-i£ i::l-°,:J:~ ~ ~, 

~~ w n-%~ El-1l_Al oJ]%0 l 7}~-f5}tj-~ -31% !§~-f5}7Jl ~ 'T" ~% -3l0 lt:J-. u:}c}l-7 ~ ~"§91 zj;>;j~ 7]~31 

li.§. ~-'fl~ ~-¥--tl. 78-=?-~-\1191 7]~3j'r} 1-}J-J-oJ] 91i;Jl 78i;]jA'jo]: ~ -3lo]t:J-. 

[0066] 

[0067] 

[0068] 

[0069] 

[0070] 

[0071] 

110 : u}~3. %(Mask Layer) 

G : ¾(Groove) 

[0072] 148 : .5:.i:T% 

146 : .:};'! ~i!l]%(BSF) 
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~8 ~ onmrn S10 

§1::'.::xrn ~~ S12 

X~§5: OIIDIEl ~ gj{g irnl 
S14 u,11 _i:;::_gJ ~~l 

PSG ~e BSG X,IJ-l ~~ 
(Xil1 ¥H~ A11J1 ~~) S16 

i=!_f Af~XI QJ-gj {,j ~~ SIB 

§'(Groove) gj{g ~rn S20 

~ He!OII ::il§5: OIIDIE:I § gi{g ~~ 
(Xil2 5:~ ~~) S22 

PSG ~ BSG Xii J1 ~•rn 
S24 (J.:-112 ~H~ X1IJi ~rn) 

~e1~~ ~ ~e1~~ g-21 ;g~ S26 

~~cl~~ S28 

S30 
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S100 

S102 

S104 

S106 

S108 

S110 

Df~3 ~ ~ PSG Efl::: BSG XIIJ-l ~~ S112 

S114 

S116 

S118 
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(a) 100 (g) 102 

122 124 122 
'-----y-------1 

120 

(b) 
102 

130 
(h) 102 

122 124 122 
'-----y-------1 

110 120 
(c) 

102 130 

+ 
130 

(i) 102 

112 144 

110' 
(d) 

102 

130 + 

130 

110' {j) 102 
(e) 146 

102 144 

G 

+ + 
110' 

(f) 
130 102 

122 124 122 (k) 102 
'-----y-------1 146 

120 144 
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\0 (57) Abstract: The present invention provides methods of fabricating a radiation-absorbing semiconductor wafer by irradiating at 
Q least one surface location of a silicon substrate, e.g., an n-doped crystalline silicon, by a plurality of temporally short laser pulses, 
0 e.g., femtosecond pulses, while exposing that location to a substance, e.g., SF 6, having an electron-donating constituent so as to gen­
M erate a substantially disordered surface layer (i.e., a microstructure layer) that incorporates a concentration of that electron -donating 
O constituent e.g., sulfur. The substrate is also annealed at an elevated temperature and for a duration selected to enhance the charge 
:;_.. carrier density in the surface layer. For example, the substrate can be annealed at a temperature in a range of about 700 K to about 
;;,-,,- 900K. 
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MANUFACTURE OF SILICON-BASED DEVICES HAVING DISORDERED 

SULFUR-DOPED SURFACE LAYERS 

5 Federally Sponsored Research 

10 

15 

The invention was made with Government support under contract DE-FC36-

0 l 6011051 awarded by Department of Energy (DOE). The Government has certain 

rights in the invention. 

Related Applications 

The present application is a continuation-in-part (CIP) of co-pending patent 

application entitled "Systems and Methods for Light Absorption and Field Emission 

Using Microstructured Silicon," filed on May 24, 2002, and having a Serial No. 

10/155,429, which is herein incorporated by reference in its entirety. 

Background of the Invention 

The present invention relates generally to methods for fabricating radiation­

absorbing semiconductor wafers, and more particularly, to methods for fabricating 

silicon wafers that can absorb radiation and exhibit diodic current-voltage 

20 characteristics. 

Modem semiconductor circuits are predominantly based on silicon, which can be 

readily procured at a lower cost than any other semiconductor and can be easily 

oxidized. Further, a band gap of 1.05 e V renders silicon suitable for detection of visible 

light and conversion of sunlight into electricity. Silicon, however, has several 

25 shortcomings. For example, it is an indirect band-gap material, and hence it is a 

relatively poor light emitter. In addition, silicon is not particularly suitable for use in 

detecting radiation having long wavelengths, such as, infrared radiation employed for 

telecommunications. Although other semiconductor materials are available that can 

detect long wavelength radiation better than silicon, they are generally more costly and 

30 cannot be readily integrated in optoelectronic circuits that are primarily silicon-based. 

Hence, there is a need for silicon-based semiconductor structures and wafers 

with enhanced radiation-absorbing properties, particularly in wavelengths beyond the 

band-gap of crystalline silicon. There is also a need for such wafers that can be utilized 
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in fabricating photodetectors that exhibit enhanced responsivity in detecting radiation 

over a wide wavelength range. Further, there is a need for methods of manufacturing 

such silicon-based wafers. 

Summary of the Invention 

In one aspect, the present invention provides a method of fabricating a radiation­

absorbing semiconductor wafer by irradiating at least one surface location of a silicon 

substrate, e.g., a crystalline silicon, with a plurality of temporally short laser pulses 

10 while exposing that location to a substance having an electron-donating constituent so as 

to generate a substantially disordered surface layer that incorporates a desired 

concentration of the electron-donating constituent, e.g., a concentration in a range of 

about 0.5 atom percent to about 5 atom percent, or from about 0.5 atom percent to about 

l atom percent. The substrate is preferably annealed at an elevated temperature and for 

15 a duration selected to enhance charge carrier density, e.g., electron carrier density, in the 

disordered surface layer. 

In a related aspect, an annealing temperature and duration can be selected to 

cause re-arrangement of atomic bonds in the surface layer so as to increase the 

concentration of :free electrons in the surface layer. Further, the annealing temperature 

20 and duration can be selected to cause the surface layer to form a diode junction, e.g., a p­

n junction, with the underlying silicon substrate. The term "diode junction" is known in 

the art and generally refers to a junction that can exhibit current rectification (e.g., a 

junction that exhibits drastically different conductivities in one bias direction relative to 

the other). Moreover, the annealing temperature and duration can be selected such that 

25 the annealed substrate would exhibit a responsivity in a range of about 1 Ampere/Watt 

(A/W) to about 200 A/W, or preferably in a range of about 10 A/W to about 200 A/W, 

upon exposure of the surface layer to visible radiation having wavelengths in a range of 

about 250 nm to about 1050 nm and application of a reverse bias in a range of about 0.1 

V to about 15 V, or about 0.5 to about 15 V, to the substrate. Further, the annealing 

30 temperature and duration can be selected such that the annealed substrate will exhibit a 

responsivity in a range of about 0.1 Ampere/Watt (A/W) to about 100 A/W upon 

exposure of the surface layer to visible radiation having at least a wavelength in a range 
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of about 1050 run to about 3500 nm and application of a reverse bias in a range of about 

0.1 V to about 15 V to the substrate. 

In a related aspect, the laser pulses irradiating the substrate's surface have pulse 

5 widths in a range of about a few nanoseconds to about 10 femtoseconds, and more 

preferably in a range of about 50 to about 500 femtoseconds. The laser pulse fluences 

can range from about 1 kJ/rn2 to about 30 kJ/m2
, or from about 3 kJ/m 2 to about 15 

kJ/m 2
, or from about 3 to about 8 kJ/m2

. The annealing temperature can be in a range of 

about 500 K to about 1100 K, preferably in a range of about 500 K to about 900 K, and 

10 more preferably in a range of about 700 K to about 900 K, and the annealing duration 

can be from about a few seconds to about a few hours. 

In another aspect, the substance containing an electron-donating constituent can 

be a gas, a fluid or a solid. Some examples of such substances include, without 

limitation, SF6, H2 S, Ch, and N2. For example, when SF6 is utilized, the exposure of the 

15 silicon surface to the laser pulses generates sulfur inclusions in a surface layer of the 

substrate. The silicon substrate is preferably n-doped, but it can also be p-doped. The 

substrate's bulk doping level can be in a range of about 1011 to about 1018 cm·3. 

In another aspect, the present invention provides a method of fabricating a 

radiation-absorbing semiconductor structure that calls for irradiating each of a plurality 

20 of locations on a surface of a silicon substrate with one or more femtosecond laser pulses 

while exposing the surface to a sulfur-containing substance so as to generate a plurality 

of sulfur inclusions in a surface layer of the substrate. The substrate is annealed at a 

temperature in a range of about 500 K to about 1100 K for a time duration in a range of 

about a few seconds to about a few hours. The annealing step can be performed 

25 subsequent to, or simultaneously, with irradiation of the substrate's surface with laser 

pulses. Further, the annealing step can be performed in an inert atmosphere or in 

vacuum (i.e., a low-pressure atmosphere). 

In a related aspect, the light emitted in each laser pulse can have a narrow 

spectrum and a central wavelength in a range of about 200 nm to about 1200 nm (e.g., 

30 800 nm or 1064 nm), fluences in a range of about 1 kJ/m 2 to about 30 kJ/m2
, and more 

preferably in a range of about 1 kJ/m2 to about 10 kJ/m 2 ,and a repetition rate in a range 

of about I kHz to about 50 :MHz, or in a range of about 1 kHz to about 1 MHz. 
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In another aspect, the invention provides a method of fabricating a 

semiconductor wafer by irradiating a plurality oflocations on a surface of a silicon 

substrate with one or more laser pulses having pulse widths in a range of about 50 to 

5 about 500 femtoseconds while exposing the surface to a substance having an electron­

donating constituent so as to generate a microstructured surface comprising inclusions 

that incorporate the electron-donating constituent. The laser pulses can be directed at 

the substrate in a direction forming a selected angle relative to the substrate's surface, 

e.g., nonnal to the surface. The substrate is annealed at an elevated temperature in range 

10 of about 500 K to about 1100 K for a selected time duration, e.g., in a range of about a 

few seconds to about a few hours. In certain applications, the annealing temperature can 

be between about 500 Kand 1000 K, and more preferably between 575 Kand 875 K. 

In another aspect, the invention provides a method of fabricating a 

semiconductor wafer by irradiating at least one location on a surface of a silicon 

15 substrate with temporally short laser pulses, e.g., femtosecond pulses, while exposing 

the surface to a substance having an electron-donating constituent so as to generate a 

microstructured surface layer having inclusions containing the electron-donating 

constituent. The substrate can be annealed, either following the laser irradiation or 

simultaneous therewith, at a temperature and for a duration selected to enhance the 

20 responsivity of the microstructured substrate to electromagnetic radiation having at least 

one wavelength in a range of about 250 nm to about 1100 nm by a factor of about 10, or 

preferably about 20, or more preferably about 100, relative to a similarly rnicrostructed 

substrate but without annealing. The responsivity can be measured upon application of a 

reverse bias voltage in a range of about 0.5 V to about 15 V to the substrate. A suitable 

25 annealing temperature for effecting such enhancement of the wafer's responsivity lies in 

a range of about 600 K to about 900 K, and more preferably in a range of about 700 K to 

about 900 K, and a suitable annealing duration lies in a range of about a few seconds to 

about a few hours. 

In another aspect, the present invention provides a photodetector that includes a 

30 silicon substrate having a surface layer, configured for exposure to external radiation, 

that is doped with sulfur inclusions with an average concentration in a range of about 0.5 

atom percent to about 5 atom percent so as to exhibit a diodic current-voltage 

characteristic. The photodetector further includes a plurality of electric contacts, e.g., in 
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the form of metallic coatings, that are disposed on selected portions of the substrate for 

applying a selected reverse bias voltage, e.g., in a range of about 0.1 to about 15 volts, to 

the surface layer for facilitating generation of an electrical signal, e.g., a photocurrent, in 

5 response to exposure of the surface layer to electromagnetic radiation. The surface layer 

is configured such that an electrical signal in response to an incident radiation having at 

least a wavelength in a range of about 250 nm to about 1050 nm can be generated at a 

responisivity greater than about l A/W. Preferably, the responsivity over the entire 

range of about 250 nm to about 1050 nm is greater than about 1 A/W. For example, the 

10 responsivity to at least one wavelength in this wavelength span, and preferably to all 

wavelengths in this span, can be in a range of about 1 A/W to about 100 A/W, or in a 

range of about 10 A/W to about 100 A/W, or in a range of about 10 A/W to about 200 

A/W. 

In another aspect, the photodetector can exhibit an average responsivity (i.e., 

15 responsivity averaged over a wavelength range) to wavelengths in a range of about 250 

nm to about 105 0 nm that is greater than about 1 A/W, e.g., an average responsivity in a 

range of about 1 A/W to about 100 A/W, or an average responsivity in a range of about 

10 A/W to about 200 A/W. 

In another aspect, the photodetector can exhibit a responsivity greater than about 

20 1 A/W ( e.g., in a range of about 1 A/W to about 100 A/W) for wavelengths in a range of 

about 250 nm to about 600 nm, as well as in a range of about 600 nm to about 1050 nm. 

In a related aspect, the photodetector can exhibit a responsivity greater than about 0.1 

A/W for incident radiation having at least one wavelength in a range of about 1050 nm 

to about 2000 nm, and preferably in a range of about 1050 nm to about 3500 nm. 

25 Preferably, the photodetector's responsivity to all wavelengths in this range (about 1050 

nm to about 3500 nm) is greater than about 0.1 A/W. For example, the detector's 

responsivity in this wavelength span can be in a range of about 0.1 A/W to about 100 

A/W. 

In another aspect, the photodetector can exhibit an average responsivity greater 

30 than about 0.1 A/W (e.g., a responsivity in a range of about 0.1 A/W to about 100 A/W) 

for radiation having wavelengths in a range of about 1050 nm to about 2000 nm, and 

preferably in a range of about 1050 nm to about 3500 nm. 
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Photodetectors according to the teachings of the invention, such as those 

described above, provide a marked improvement over conventional silicon photodiodes 

where responsivities greater than 1 A/W for wavelengths in a range of about 250 nm to 

5 about 1050 nm are unknown. Further, responsivities of conventional silicon 

photodiodes degrade drastically for wavelengths beyond 1050 nm, and are significantly 

less than those that can be achieved by photodetectors of the present invention. 

In another aspect, the surface layer can have a thickness in a range of about 10 

nanometers to about 1 micron, and a microstructured morphology. For example, the 

10 microstructured layer can be formed by a plurality of conical microstructures, each of 

which can be composed of a core silicon portion forming a junction with a surface 

porti?n that is doped with sulfur. A term "conical structure or microstructure" as used 
,, 

herein refers to a generally cone-like or columnar protrusion above the silicon surface 

that can have vertical walls, or slanted walls that taper in the vertical direction. The 

15 microstructures can have a height in a range of about 0.5 micron to about 30 microns 

protruding from a base portion on the surface of the silicon substrate to a tip portion 

having a radius of curvature of about a few hundred nanometers. The gradient of sulfur 

concentration across the junction is substantially abrupt, although in some cases it can be 

gradual with the core portion having some sulfur dopants. The sulfur-doped surface 

20 layer can comprise silicon nanocrystals having diameters in a range of about 10 about 50 

nanometers. 

In another aspect, the invention provides a photodetector that includes a silicon 

substrate having a microstructured layer incorporating inclusions containing an electron­

donating constituent. The microstructured layer is adjacent an underlying bulk silicon 

25 portion and forms a diode junction therewith. The term "diode junction" is known in the 

art and generally refers to a junction that can exhibit current rectification (e.g., a junction 

that exhibits drastically different conductivities in one bias direction relative to the 

other). A well-known example of a diode junction is a p-njunction. An electrical 

contact is disposed on a surface portion of the microstructured layer such that at least 

30 another surface portion of that layer remains available for receiving incident 

electromagnetic radiation. The photodetector can further include another electrical 

contact disposed on a surface of the bulk silicon portion opposed to the microstructured 

layer. The electrical contact layers allow application of a reverse bias voltage to the 
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substrate to facilitate generation of an electrical signal, e.g., a photocurrent, in response 

to exposure of the microstructured layer to incident radiation having wavelengths in 

range of about 250 nm to about 1050 nm at a responsivity in a range of about 1 A/W to 

5 about 200 A/W. 

In a related aspect, the substrate can generate a photocurrent in response to 

irradiation of the microstructured layer with radiation having wavelengths in a range of 

about 1050 run to about 3 500 nm at a responsivity in a range of about O .1 A/W to about 

l00A/W. 

10 In another aspect, the electron-donating constituent can be, for example, sulfur, 

chlorine or nitrogen, and can be present in the microstructured layer at a concentration in 

a range of about 0.5 to about 5 atom percent, or in a range of about 0.5 to about 1.5 atom 

percent, or in a range of about 0.5 to about 1 atom percent. 

In another aspect, the present invention provides a photodetector for use in the 

15 visible and the infrared regions of the electromagnetic spectrum that includes a 

crystalline silicon substrate having a microstructured surface layer characterized by a 

plurality of substantially conical microstructures. The microstructured layer includes a 

doped layer having a plurality of silicon nanocrystals that contain an electron-donating 

dopant, such as sulfur, chlorine or nitrogen, with an average concentration in a range of 

20 about 0.5 to about 1.5 atom percent. The microstructured layer exhibits a diodic current­

voltage curve and is configured to receive an external radiation. A plurality of electrical 

contacts are disposed on selected portions of the substrate for applying a reverse bias 

voltage to the microstructured layer in order to facilitate generation of an electrical 

signal in response to irradiation of at least a portion of that layer. The photodetector 

25 exhibits a responsivity greater that about 1 amperes/watt (A/W) for radiation 

wavelengths in a range of about 250 nm to about 1050 nm and a responsivity greater 

than about 0.1 amperes/watt for radiation wavelengths in a range of about 1050 nm to 

about 3500 nm. 

Further understanding of the invention can be obtained by reference to the 

30 following detailed description in conjunction with the associated drawings, which are 

briefly described below. 

IPR2025-00811 
Apple-Sony EX1002 Page 181



5 

WO 2006/086014 PCT /0S2005/034180 

- 8 -

Brief Description of the Drawings 

FIGURE I is a flow chart depicting various steps in an exemplary embodiment 

for generating a microstructured silicon wafer suitable for absorbing radiation, 

FIGURE 2 is a schematic diagram of an exemplary apparatus for 

microstructuring silicon wafers in accordance with one aspect of the invention, 

FIGURE 3 is a scanning electron micrograph of a silicon surface, obtained at a 

IO 45-degree angle relative to the surface, after irradiation of the surface with I 00 fsec 

pulses having a central wavelength of 800 run and a fluence of about 5 kJ/m2
, 

FIGURE 4 schematically illustrates an experimental set-up for performing 

resistivity and Hall effect measurements on a silicon sample microstructured in 

15 accordance with the teachings of the invention, 

FIGURE 5 presents a plurality of graphs depicting wavelength absorptance of 

prototype microstructured silicon wafers as a function of an average number of I 00 laser 

shots (8 kJ/m 2) per location employed for microstructuring the wafers in the presence of 

20 SF6, 

FIGURE 6 presents a plurality of graphs depicting wavelength dependence of 

absorptance of a plurality of prototype silicon wafers annealed at different temperatures 

subsequent to their microstructuring by a plurality offemtosecond laser pulses (the room 

25 temperature (300 K) data corresponds to a wafer that was not annealed), 

FIGURE 7 presents graphs depicting wavelength dependence of absorptance for 

exemplary femtosecond-laser-formed and nanosecond-laser-formed microstuctured 

silicon wafers, before and after thermal annealing at 875 K for about 30 minutes (the 

30 absorptance of an unstructured silicon substrate as a function of wavelength is also 

shown for comparative purposes), 
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FIGURE 8A presents graphs depicting absorptance as a function of wavelength 

for a plurality of prototype silicon wafers microstructured by exposure to 500 laser shots 

of femtosecond pulses (fluence of 8 kJ/m2
) in the presence of different gases in the 

5 absence of annealing (the graph designated vacuum relates to wafer microstructured in a 

vacuum chamber at a base pressure less than about 10-6 bar), 

FIGURE 8B presents absorptance data as a function of wavelength for a plurality 

of prototype silicon wafers microstructured by exposure to 500 shots of 100 

10 femtosecond laser pulses (fluence of 8 kJ/m2 in the presence of sulfur-bearing and non­

sulfur-bearing gases) indicating the positive effects of sulfur incorporation in enhancing 

below band-gap absorptance, 

FIGURE 9 presents graphs depicting wavelength dependence of absorptance for 

15 a plurality of prototype silicon wafers microstructured by femtosecond laser pulses in 

the presence of SF6 at different partial pressures, 

20 

25 

30 

FIGURE 10 schematically illustrates a p-njunction in thermal equilibrium, 

FIGURE l lA is a perspective view of a photodetector formed in accordance 

with one embodiment of the invention, 

FIGURE 1 lB is a side view of the photodetector depicted in FIGURE I IA, 

FIGURE 12 presents graphs depicting current-voltage characteristics of a 

plurality of exemplary silicon wafer microstructured by exposure to femtosecond laser 

pulses in the absence of annealing as well as in the presence of annealing at different 

annealing temperatures, 
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FIGURE 13 presents graphs depicting responsivity of a plurality of silicon 

wafers microstructured by exposure to femtosecond laser pulses in the presence of SF6 

(with no am1ealing and with annealing at different temperatures) as a function of 

5 wavelength in comparison with that of a commercial photodiode illustrating that a 

significantly enhanced responsivity can be obtained by judicious annealing of wafers 

subjected to laser microstructuring, 

FIGURE 14 present graphs depicting current-voltage characteristics of a plurality 

10 of exemplary prototype silicon wafers microstructured by femtosecond laser pulses at 

different laser fluences and each annealed at 825 K, 

FIGURE ISA presents comparative responsivity measurements for prototype 

silicon wafers microstructured by femtosecond laser pulses at different fluences and 

15 each annealed at 825 K for about 30 minutes, 

20 

25 

FIGURE l SB presents comparative responsivity measurements for prototype 

silicon wafers microstructured by femtosecond laser pulses at different fluences and 

each annealed at 1075 K for about 30 minutes, 

FIGURE 16A presents current-voltage characteristics for n-doped and p-doped 

silicon substrates microstructured by exposure to femtosecond laser pulses at a fluence 

of 6 kJ/m 2 followed by annealing at 825 K for about 30 minutes, 

FIGURE 16B presents current-voltage characteristics for n-doped and p-doped 

silicon substrates microstructured by exposure to femtosecond laser pluses at a fluence 

of 4 kJ/m 2 followed by annealing at 1075 K for about 30 minutes, 

FIGURE 17 A presents responsivity measurements for prototype exemplary n-

30 doped and p-doped silicon substrates microstructured at two different laser fluences (4 

kJ/m2 and 6 kJ/m2
) and annealed at 825 K for about 30 minutes, 
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FIGURE 17B presents responsivity measurements for prototype exemplary n­

doped and p-doped silicon substrates microstructured by femtosecond laser pulses at a 

fluence of 4 kJ/m2 and annealed at 1075 K for about 30 minutes, 

FIGURE 18 presents a graph depicting responsivity as a function of back bias for 

an n-doped silicon substrate microstructured via irradiation by femtosecond laser pulses 

at a fluence of 4 kJ/m 2 and annealed at 825 K for about 30 minutes (the measurement 

was performed by employing a white light source with an approximate power of 50 

10 microwatts), 

15 

20 

FIGURE 19A presents graphs depicting current-voltage characteristics of an n­

doped silicon sample microstructuured by femtosecond laser pulses at a fluence of 4 

kJ/m 2 and annealed at 825 K as a function of operating temperature, 

FIGURE 19B presents a graph depicting the responsivity of a microstructured 

silicon wafer to incident radiation having a wavelength of 1064 nm as a function of 

operating temperature, 

FIGURE 20 illustrates current-voltage characteristics for a high resistivity 

(resistivity greater than 1 Ohm-m) microstructured silicon wafer that can be utilized as a 

solar cell, with and without one sun illumination, 

FIGURE 21 illustrates current-voltage characteristics for a low resistivity (e.g., a 

25 resistivity in a range of about 0.01 to about 0.1 Ohm-m) microstructured silicon wafer 

that can be utilized as solar, with and without one sun illumination, 

FIGURE 22 schematically depicts an exemplary experimental set-up for 

measuring field emission of a silicon substrate microstructured in accordance with the 

30 teachings of the invention, and 
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FIGURE 23 shows a graph depicting field emission current generated by a 

silicon wafer microstructured by exposure to femtosecond laser pulses in the presence of 

SF6 as a function of a potential difference applied thereto. 

Detailed Description 

With reference to a flow chart 10 of FIGURE 1, in one aspect, the present 

invention provides a method of fabricating a radiation-absorbing semiconductor 

structure in which, in an initial step 1 0a, each of a plurality of locations on a surface of a 

10 silicon substrate is irradiated with one or more laser pulses while exposing the surface to 

a substance having an electron-donating constituent so as to generate surface inclusions 

containing a concentration of the electron-donating constituent. The laser pulses can 

have a central wavelength in a range of about 200 nm to about 1200 nm, and a pulse 

width in a range of about tens of femtoseconds to about hundreds of nanometers. 

15 Preferably, the laser pulse widths are in a range of about 50 femtoseconds to about 50 

picoseconds. More preferably, the laser pulse widths are in the range of about 50 to 500 

femtoseconds. The number oflaser pulses irradiating the silicon surface can be in a 

range of about 2 to about 2000, and more preferably, in a range of about 20 to about 500. 

Further, the repetition rate of the pulses can be selected to be in a range of about 1 kHz 

20 to about 50 MHz, or in a range of about 1 kHz to about 1 MHz. Moreover, the fluence 

of each laser pulse can be in a range of about 1 kJ/m 2 to about 12 kJ/m 2
, and more 

preferably in a range of about 3 kJ/m2 to about 8 kJ/m 2
. 

While in some embodiments, the electron donating constituent is a fluid (gas or 

liquid), in other embodiments it can be a solid deposited over the silicon surface exposed 

25 to laser pulses. By way of example, in some embodiments, the silicon surface can be 

exposed to a sulfur-containing gas (e.g., SF6 or H2S) while irradiated with the laser 

pulses. In some other embodiments, C}z or N2 is employed as the electron-donating 

substance with which the silicon surface is in contact during laser irradiation. In yet 

other embodiments, selenium or tellurium can be employed. Without any loss of 

30 generality, in the following discussion, it is assumed that SF6 is employed as the 

substance containing an electron-donating constituent, and that the irradiating pulses 

have femtosecond pulse widths, unless otherwise indicated. However, it should be clear 

to those having ordinary skill in the art that various embodiments of the invention 
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described below can also be practiced with other fluids or solids and laser pulses having 

other pulse widths, such as those listed above. 

In some embodiments, the silicon substrate is p-doped (e.g., doped with Boron) 

5 with a doping level in a range of about 1011 to about 1018
. In other embodiments, the 

silicon substrate is slightly n-doped (e.g., doped with Phosphorus) with a doping level in 

a range of about 1011 to about 1018

, and preferably in a range of about 1012 to about 1015

. 

The substrate thickness is not typically a critical parameter, and can be in a range of 

about 2 microns to about 1000 microns. The substrate can have an electrical resistivity 

10 in a range of about 0.001 ohm-m to about 10 ohm-m. 

FIGURE 2 schematically depicts an exemplary apparatus 12 that can be utilized 

for irradiating a silicon sample with a plurality of femtosecond pulses. The apparatus 12 

includes a sample processing chamber 14 that comprises a stainless steel cube 16 with 

Conflat flange connections on each of its six sides. A three-axis, precision motion 

15 controller 18 is attached to the back side of the cube. This controller contains two 

orthogonal micrometer precision axes driven by computer controlled motors. The third 

axis is hand-controlled with about 1 mil precision. The controller can translate a one­

inch diameter stainless steel rod 20 that supports a 2-inch diameter mounting magnet 22 

in the center of the cube to which a magnetizable sample holder can be mounted. A 

20 two-stage roughing pump 24 is coupled to the cube to evacuate the chamber to a base 

pressure of approximately 10-3 torr. Two pressure gauges 26 and 28 are employed to 

monitor the chamber's pressure. A leak valve 30 and a gas-handling manifold (not 

shown) allow introduction of gases of interest into the chamber. An optical grade, 4.5 

inch quartz window 32 is attached to the front of the chamber for providing laser access. 

25 Further, a quick-access viewport door 34 allows rapid loading and removal of samples 

as well as safe viewing of the sample during microstructuring. 

In this exemplary apparatus, a regeneratively amplified, femtosecond 

Ti:Sapphire laser system (not shown) provides approximately 100 fs laser pulses having 

a central wavelength of 800 nm at a repetition rate of I kHz. The laser pulses are 

30 focused by a anti-reflection coated, plano-convex lens 36 (e.g., having a focal length of 

about 250-nm) through the quartz window onto the sample surface. In this exemplary 

embodiment, the lens is mounted on a single axis linear translation stage and positioned 

such that its focal point is behind the sample. By moving the lens, and hence its focal 
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point, the laser spot size can be varied at the sample surface (e.g., from a diameter of 

about 30 microns to 250 microns). In order to measure the laser spot size, a CCD 

(charge coupled device) camera 38 can be placed at the same distance as the sample 

5 surface from the lens. A flipper mounted mirror 40 can redirect the laser beam onto the 

camera to determine its spot size on the sample surface. A second CCD camera 42 can 

measure reflections of light generated by a white light fiber lamp 44 from the sample 

surface to monitor progress during microstructuring. 

In one exemplary mode of operation, samples attached to a magnetizable sample 

10 holder can be loaded through the access door and attached to the mounting magnet. 

Samples can be then positioned in the center of the magnet to allow for maximum 

translation. The chamber can be evacuated to a base pressure of 10-3 torr and then filled 

to the desired pressure with an ambient gas ( e.g., 0.67 bar of sulfur hexafluoride). The 

sample can then be irradiated with a I-kHz train of 100-femtosecond 800-nm laser 

15 pulses. The fluence of each pulse can be set by selecting a spot size (e.g., 150 microns) 

and employing a waveplate/polarizing cube combination to vary the pulse energy. 

Either a single spot can be irradiated, or more typically the sample can be translated by 

utilizing the motion controller relative to the laser beam. For example, the sample can 

be translated in a raster scan pattern. An average number of pulses irradiating a given 

20 spot on the sample can be controlled by utilizing a shutter and varying the horizontal 

translation speed. 

The irradiation of the silicon surface with the laser pulses in the presence of SF 6 

at a selected partial pressure, for example, a partial pressure in a range of about 0.005 

bar to about I bar, can cause formation of a sulfur-rich layer having a sulfur 

25 concentration in a range of about 0.1 atom percent to about 5 atom percent, and more 

preferably, in a range of about 0.5 atom percent to about 1 atom percent. This sulfur­

rich layer exhibits an undulating surface morphology (topography) with micron-sized 

surface height variations. Such a textured surface obtained by irradiating a silicon 

surface with a plurality of temporally short laser pulses in the presence SF6 (or other 

30 substances having an electron-donating constituent) is herein referred to as a micro­

structured surface. By way of example, FIGURE 3 shows a scanning electron 

micrograph (SEM) of a such a micro-structured silicon surface ( obtained in a direction 

forming a 45 degree angle relative to the surface) after irradiation of the silicon surface 
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with an average of 5 shots offemtosecond laser pluses (100 femtoseconds) at a 

wavelength of800 nm and having a fluence of8 kJ/m2 in 0.67 bar of SF6. 

The sulfur-rich layer can be a substantially disordered layer that is several 

5 hundred nanometers thick and made up of nanocrystallites ( e.g., about 10 - 50 nm in 

diameter) and nanopores. Selected area diffraction (SAD) measurements indicate that 

the surface layer retains a substantial crystalline order with a strong possibility that 

amorphous-like material is present between the nanocrystalline grains. Further, SAD 

measurements performed on silicon substrates exposed to either 10 or 500 pulses per 

IO location indicate that the substrate below the disordered layer comprises substantially 

undisturbed crystalline silicon (when a crystalline silicon substrate is utilized). Further, 

Rutherford backscattering spectroscopy (RBS) and energy dispersive X-ray (EDX) 

emission spectroscopy performed on such exemplary substrates show a large 

concentration of sulfur is present in the disordered layer (about 1 atom percent). 

15 Further, RBS spectra obtained from silicon samples exposed to different femtosecond 

(100 femtoseconds) laser shots per irradiation location show that the concentration of 

sulfur increases with increasing laser pulse numbers up to about 50 pulses. In particular, 

the measured sulfur concentration increases from about 0.2 atom percent for a sample 

exposed to 2 pulses per location to about 0.7 atom percent for a sample exposed to 50 

20 laser pulses per location with the sulfur concentration exhibiting a plateau for laser 

pulses higher than about 50. It should be, however, understood that the above 

experimental results are provided simply for further elucidation of salient features of the 

invention, and not as limiting the scope of the invention. For example, higher sulfur 

concentrations in the disordered layer than those described above can also be obtained, 

25 and higher laser shots per location can be utilized. 

A number of factors can affect the morphology of the microstructured surface. 

For example, samples microstructured by irradiating a portion thereof with laser pulses, 

without moving them relative to the laser beam (i.e., single spot irradiation), exhibit a 

subtle difference in their morphology relative to samples microstructured by irradiating a 

30 plurality of their surface locations via translation relative to the laser beam. With the 

rest of the experimental parameters left the same, there are two visible differences 

between translated and stationary samples. The microstructures in the stationary 

samples have a micrometer-sized sphere at the tip while the translated samples are 
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sharper and lack the spheres. Further, the translated samples have a larger amount of 

nanoscale particles spread across the microstructured surface. 

In addition, the wavelength of the irradiating laser pulses, their fluence, and 

5 pulsewidths can also affect the morphology of the microstructured surface. For 

example, in a number of prototype samples microstructured by femtosecond pulses, with 

increasing the fluence (at constant shot number) the morphology showed a transition 

from laser-induced periodic surface structures, to a coarsened surface, to sharp 

microstructures, such as those depicted in the above FIGURE 3. As the laser pulse 

10 fluence increases, there is typically an increase in both the microstructure height and 

distance between the microstructures. In general, the fluence is preferably selected to be 

above a threshold fluence that would cause melting (e.g., 1.5 kJ/m2). At very high 

fluences (e.g., greater than 12 kJ/m 2
), material removal can become extreme and 

gaussian-shaped holes, rather than conical structures, can be formed in the surface. 

15 Although in many embodiments described herein, femtosecond laser pulses are 

employed, in other embodiments, the microstructuring of the surface can also be 

achieved by employing picosecond or nanosecond pulses. For example, a number of 

silicon samples were microstructured by utilizing a train of248-nm, 30-ns laser pulses 

with a flat-top spatial profile and a fluence of 30 kJ/m 2 generated by a KrF+ excimer 

20 laser in the presence of 1 bar of SF6 (an average of 1500 pulses per spot were 

employed). The nanosecond-laser-formed microstructures showed some similarities and 

some differences relative to the femtosecond-laser-formed microstructures. In both 

cases, the microstructures were roughly conical, but the structures formed with the 

femtosecond laser pulses were smaller and more densely packed. For example, the 

25 femtosecond structures were roughly 8 microns tall and separated by about 4 microns 

while the nanosecond-formed structures were roughly 40 microns tall and separated by 

about 20 microns. Further, the femtosecond-formed structures were covered with 

nanoparticles 10 - 50 nm in diameter while the surface of the nanosecond-formed 

structures were much smoother. 

30 Sample silicon wafers exposed to picosecond pulses ( e.g., 10 picosecond) in the 

presence of SF6 also showed a microstructured surface. The average separation between 

the microstructures exhibited a decrease from about 100 femtosecond pulse widths to 
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about 5 picosecond pulse widths but then showed an increase for pulse widths longer 

than about 5 picoseconds. 

The laser wavelength can also affect the final morphology of the microstructures. 

5 By way of example, a prototype silicon sample microstructured with a train of 400 nm 

pulses exhibited a higher density of microstructures (but smaller) than those generated 

by 800 nm pulses at a similar fluence. 

Other factors that can affect the microstructures' morphology include laser 

polarization and laser propagation direction relative to the irradiated silicon surface. For 

10 example, the direction of microstructure growth is parallel to the direction of incident 

light, and appears to be independent of the substrate's crystallographic planes. The base 

of microstructure can have an elliptical shape with the long axis perpendicular to the 

polarization of the irradiating laser light. Without being limited to any theory, this 

elliptical shape can be understood as being due to a higher absorption of p-polarized 

15 light relative to s-polarized light. For circularly polarized light, there is no preferential 

ablation, and the base of the microstructures can be substantially circular. 

The fluid or solid in contact with the silicon surface during its microstructuring 

can also affect the resultant surface morphology. For example, utilizing SF6 or Ch as 

the ambient gas can lead to sharp-tipped conical structures with a radius of curvature of 

20 about 500 nm. In contrast, structures made in air, N2 or vacuum are much more rounded 

(the radius of curvature of their tips is approximately 2- 3 microns) than those made in 

these halogen-containing gases. In a number of exemplary samples microstructured in 

the presence of different gases, those made in SF6 exhibited the greatest density of 

microstructures followed by those made in Ch. The microstruture densities produced in 

25 the presence of N2 were approximately equal to those made in air, but approximately a 

factor of two less than the densities obtained by employing SF6. 

In some embodiments, the laser microstructuring of a silicon wafer is performed 

in the presence of a mixture of two or more substances. For example, samples 

microstructured in the presence of a mixture of SF 6 and Ch exhibited an increase in the 

30 microstructure density at higher partial pressure of SF 6. 

The sulfur-rich mircrostructured layer has unique optical and electrical 

properties. For example, it can exhibit a sheet charge carrier density in a range of about 

1012 cm-2 to about 1014 cm-2
. By way of example and only for illustrative purposes, the 
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results of some resistivity and Hall effect measurements performed on a number of 

exemplary microstructured samples, each formed in an n-doped silicon substrate in 

accordance with the teachings of the invention, such as those described above, are 

5 presented below. For resistivity and Hall effect measurements, the van der Pauw 

technique, well-known to those having ordinary skill in the art, was employed. Briefly, 

four ohmic electrical contacts were formed on the disordered microstructured layer. The 

electrical contacts were formed by initially dipping a microstructured sample in a 5% HF 

solution for S minutes to remove any native oxide layer. Subsequently, with a mask 

10 covering all but the very corners of a selected microstructured surface area ( e.g., a 10 x 

10 mm2 surface area), chromium/gold (Cr/gold) was evaporated onto the surface to form 

metal contacts at the exposed corners. A dicing saw was then used to cut slivers (e.g., 

0.25 mm slivers) from each side. Cutting the sample edges ensures that the contacts are 

only connected to the surface layer and not the substrate layer. Finally, a wire bonder is 

15 utilized to connect the contacts on the comers of the sample to four Cr/Au contact pads 

evaporated onto a glass slide. It should be understood that this experimental 

arrangement, shown schematically in FIGURE 4, is sensitive primarily to the electronic 

properties of the microstructured layer, and not that of the substrate. 

With continued reference to FIGURE 4, the resistivity measurements can be 

20 performed by applying a small DC current (e.g., 10 microamperers) from comer 2 to 

comer 1 while measuring a voltage from corner 3 to corner 4. Hall effect measurements 

can be performed by placing the sample in a strong magnetic field (e.g., a field of 

several thousand gauss) with the magnetic field perpendicular to the silicon surface. In 

one experiment, a small AC current (about 1-2 microamperes) was then applied from 

25 contact 1 to contact 3 while measuring an induced voltage across contacts 2 and 4. 

30 

Control measurements were also performed on an n-doped (resistivity= 8 - 12 ohm-m) 

unstructured silicon wafer. Table 1 below lists the results of these measurements for 

microstructured layers formed in an n-doped silicon wafer having a resistivity in a range 

of about 8 - 12 ohm-m at a number of different laser pulse fluences. 
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Original Average Doping after Sheet Sheet carrier Hall mobility 

doping fluence structuring resistance Rs density n, µ 

(kJ/m 2) (Ohm) (cm-2) ( cm2Y-1s-1) 

11 unstructured - 31931 l.78Xl0 11 1101 

11 4.0 n 4865 7.37x10 1
" 174 

11 6.0 n 4992 7.}5X10Ll 175 

11 8.0 n 6253 4.52x10Ll 221 

n 10.0 n 4554 8.83x10 1
" 155 

This data shows that microstructured layer exhibits a higher sheet carrier density 

5 than the original substrate, but a lower carrier mobility- presumably as a result of the 

disorder in the microstructured layer. 

Referring again to the flow chart 10 of FIGURE 1, subsequent to irradiation of 

the silicon surface with a plurality oflaser pulses (step 10a), the substrate can annealed 

(step 1 Ob) at a sufficiently elevated temperature for a selected time duration so as to 

10 cause an increase in the charge carrier density in the microstructured layer, e.g., by a 

factor in a range of about 10 percent to about 200 percent. For example, the substrate 

can be annealed at a temperature in a range of about 500 K to about 1100 K, and more 

preferably, in a range of about 500 K to about 900 K, for a selected time duration, e.g., a 

time duration in a range of about a few minutes to about a few hours ( e.g., one-half 

15 hour). 

The annealing step can be performed by employing a variety of different 

techniques. For example, the substrate can be placed in a thermal oven to be exposed to 

an elevated temperature for a selected duration. Alternatively, the substrate can be 

exposed to laser radiation, e.g., radiation having a wavelength in a range of about 200 to 

20 about 1200 nm, to cause its heating to a desired temperature. Further, the annealing step 

can be performed, for example, in an inert atmosphere ( e.g., an argon atmosphere) or in 

a vacuum (a low-pressure environment). Alternatively, the annealing step can be 

applied simultaneously with the irradiation step. That is, the irradiation of the silicon 

substrate with the laser pulses can be performed while the substrate is maintained at an 

25 elevated temperature. 
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Without being limited to any theory, the annealing step is designed to cause a 

rearrangement of the atomic bonds within the metastable microstructured layer to 

enhance the density of charge carriers - electrons - within that layer. The term "charge 

5 carrier density" is known to those having ordinary skill in the art. To the extent that any 

further explanation may be required, it refers to density of those charged particles, e.g., 

electrons, that are primarily responsible for current conduction, e.g., electrons in the 

conduction band states or in shallow impurity states below the conduction band. Such 

charged carriers are also herein referred to as free electrons or holes. 

10 In other words, the annealing temperature and duration are selected to cause 

structural changes in the microstructured layer that result in increasing the carrier 

density in that layer while substantially maintaining responsivity of the layer for 

generating an electrical current when exposed to radiation within a selected wavelength 

range at a given applied back bias voltage, as discussed in more detail below. The 

15 structural changes caused in the microstructured sulfur-rich layer by an annealing step 

according to the teachings of the invention can be appreciated by considering that in 

many embodiments in which a p-doped silicon substrate is exposed to a plurality oflaser 

pulses to generate a microstructured surface layer therein, holes, rather than electrons, 

constitute the dominant charge carriers even after incorporation of about 1 atom percent 

20 sulfur having two possible donor electrons per atom. However, after annealing, 

electrons can constitute the dominant charge carriers in the microstructured layer. 

Without being limited to any particular theory, such observations suggest that sulfur in 

the microstructured layer, before annealing, is incorporated in silicon such that its donor 

electrons do not substantially contribute to conduction (the donor electrons are likely 

25 locked up in a trap, or perhaps the coordination number of the implanted sulfur is larger 

than four). An annealing step according to the teachings of the invention causes atomic 

bond rearrangements in the microstructured layer so as to free up donor electrons for 

contributing to electrical conduction. In fact, in case of p-doped silicon substrates, the 

number of donor electrons released during annealing can be sufficiently large to 

30 eliminate the holes as the dominant charge carriers and turn the microstructured layer 

into an n-doped layer having a sheet carrier concentration on the order of about 1014 cm-
2 
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A microstructured silicon wafer formed in accordance with the teachings of the 

invention exhibits absorption of incident electromagnetic radiation, particularly radiation 

having wavelengths in a range of about 250 nm to about 2500 nm. By way of example, 

5 FIGURE 5 presents absorption data for a microstructured silicon wafer (an n-Si (111) 

wafer having a thickness of about 260 microns and a resistivity in a range of about 8 -

12 ohm-m), each of which was generated by exposing its surface to 100 femtosecond 

laser pulses (2 to 500 shots per location) having a central wavelength of 800 nm and a 

fluence of about 8 kJ/m 2
. This exemplary absorption data was recorded in a manner 

10 known in the art, prior to annealing the wafer, by employing an spectrophotometer 

equipped with an integrating sphere. The absorption data for an unstructured silicon 

wafer is also provided for comparative purposes. 

This exemplary data indicates that the microstructured wafers exhibit an 

enhanced absorption of incident electromagnetic radiation, relative to unstructured 

15 silicon, across the entire recorded wavelength range, and particularly for wavelengths 

above about 1050 nm, which corresponds to the band-gap energy of crystalline silicon 

(1.05 e V). In the unstructured silicon, light photons having wavelengths longer than a 

wavelength corresponding to the band-gap energy do not contain sufficient energy to 

promote an electron from the valence band to the conduction band, leading to a drastic 

20 drop in absorption. 

In contrast, the silicon wafers microstructured in accordance with the teachings 

of the invention exhibit significant absorption not only for wavelengths below the band­

gap but also for those above it. In fact, the exemplary data of FIGURE 5 shows that 

silicon wafers structured by exposure to 20 pulses per location or higher ( e.g., 500 pulses 

25 in this exemplary data set) exhibit near-unity, featureless absorption of wavelengths 

from about 0.4 micron to about 1 micron, a small decrease in absorption for wavelengths 

around about 1.05 micron (a wavelength corresponding to the band edge of unstructured 

silicon), and strong featureless absorption from about 1.05 microns to about 2.5 microns. 

It should be understood that this data is presented only for illustrative purposes, and is 

30 not necessarily intended to present the optimal absorption of a silicon wafer structured in 

accordance with the teachings of the invention. 
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As noted above, in many embodiments of the invention, a microstructured wafer 

is annealed at a temperature and for a duration designed to enhance the charge carrier 

concentration in its microstructured layer. Such annealing can be performed at a variety 

5 of different temperatures. By way of example, FIGURE 6 schematically illustrates 

electromagnetic radiation absorptance data for a plurality of microstructured silicon 

wafers generated by utilizing 500 laser pulses per surface location (100 fs pulses at a 

central wavelength of 800 nm and a fluence of 8 kJ/rn2) in the presence of 0.67 bar of 

SF6 relative to that of unstructured silicon. Each structured wafer was annealed at a 

10 selected temperature in a range of about 575 K to about 875 K for about 30 minutes. 

This exemplary data shows that annealing at temperatures below about 575 K has little 

effect on the observed absorptance. On the other hand, such annealing performed at a 

temperature between about 575 Kand 875 K does not substantially affect absorptance 

above the bandgap, but lowers the below band-gap absoptance - the higher the 

15 annealing temperature, the greater is the reduction in absorptance. It should, however, 

be understood that this data is only exemplary, and different results may be obtained for 

microstructured wafers generated by employing different parameters (e.g., difference 

:fluence or laser shot numbers). 

A microstructured silicon wafer according to the teachings of the invention can 

20 be generated not only by utilizing femtosecond pulses, but also other pulse widths (e.g., 

nanosecond and picosecond pulse widths). By way of example and only for illustrative 

purposes, FIGURE 7 illustrates exemplary absorptance graphs as a function of incident 

radiation wavelength for femtosecond-laser-formed and nanosecond-laser-formed 

microstructured silicon surfaces, before and after annealing at about 875 K for about 30 

25 minutes, as well as that of an unstructured silicon wafer. The femtosecond-formed 

mircrostructures were generated by employing 100 fs laser pulses (500 shots per 

location) having a central wavelength of about 800 nm and a fluence of about 8 kJ/m2
. 

The nanosecond-formed microstructures were generated by ·employing 30 ns laser pulses 

(about 1500 shots per location) having a central wavelength of248 nm and a fluence of 

30 about 30 kJ/m 2
. It should be understood that this data is presented only for illustrative 

purposes and is not intended to necessarily indicate absorptance exhibited by a 

microstructured silicon formed in accordance with the teachings of the invention under 

all circumstances. 
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In some embodiments of the invention, microstructuring of a silicon wafer can be 

accomplished in the presence of a background fluid rather than SF6 . For example, H2 S, 

Ch, N2 or air can be utilized. By way of example, FIGURE 8A and 8B compare 

5 absorptance of some exemplary prototype microstructured silicon wafers generated by 

employing femtosecond laser pulses (100 fs, 800 nm, 8 kJ/m2 and 500 shots per 

location) in the presence of various fluids - without an annealing step - with that of 

unstructured silicon. The vacuum data corresponds to microstructuring the wafer in a 

chamber evacuated to a base pressure that is less than about 1 o-6 bar. While all 

10 microstructured samples exhibit an enhanced absorption relative to unstructured silicon, 

this exemplary data shows the microstructuring in SF6 and H2S brings about the most 

dramatic change in absorptance relative to unstructured silicon. In particular, samples 

structured with SF6 exhibit near-unity, substantially featureless absorptance across the 

entire measured spectrum. 

15 A variety of background fluid pressures can be employed in many embodiments 

of the invention for generating microstructured silicon wafers. By way of example, 

FIGURE 9 shows absorptance data for a number of exemplary prototype 

microstructured silicon wafers generated in SF6 (100 fs pulses, 800 nm, 500 shots per 

location) at different ambient pressures, as well as a wafer rnicrostructured in vacuum 

20 (e.g., a pressure ofless than 10~. The greatest rate of increase is observed at low 

pressures. In this exemplary data set, at pressures above about 27 mbar, the below band­

gap absorptance does not show much variation with wavelength, while at lower 

pressures, it decreases with increasing wavelength. 

The microstructured silicon wafers generated in accordance with the teachings of 

25 the invention, particularly those subjected to an annealing step at an elevated 

temperature in a range of about 500 K to about 900 K, not only exhibit enhanced 

absorption of electromagnetic radiation over a wide range ( e.g., from ultraviolet 

wavelengths to near infrared), but they also exhibit voltage-versus-current profiles that 

are characteristic of diodes. As discussed in more detail below, these properties allow 

30 the use of such microstructured silicon wafers in fabricating photodetectors that exhibit 

enhanced responsivity relative to conventional silicon photodetectors. 
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More specifically, a microstructured silicon layer formed in accordance with the 

teachings of the invention, particularly one formed by exposure of a wafer surface to 

laser pulses followed by, or simultaneous with, an annealing step designed to release 

5 electrons in the layer structured by the pulses, forms a diode junction, e.g., a p-n 

junction, with the underlying silicon substrate. It should be understood that a diode 

junction as used herein can also refer a junction formed between two n-doped portions 

having different free electron densities. As shown schematically in FIGURE I 0, a p-n 

junction can be formed by bringing a semiconductor material having acceptor impurity 

IO atoms (p-doped) into contact with a semiconductor material having donor impurity 

atoms (n-doped). The difference in charge carrier concentration between the p-doped 

and the n-doped portions generates a diffusion potential across the junction - electrons 

and holes begin to diffuse across the junction to portions having a respective lower 

concentration. As they cross to the other side of the junction, they recombine with their 

15 oppositely charged electrical counterparts in a region very close to the junction. This 

migration of charge carries across the junction causes formation of space charges 

(immobile ions) with opposite polarities on the two sides of junction. As the number of 

space charges inc_reases (positively charged for the n-type side and negatively changed 

for the p-type side), a potential difference builds up across the junction, which results in 

20 an electric field in a direction opposite that of the diffusion potential. 

Upon reaching thermal equilibrium, a thin insulating layer is present near the 

junction in which charge carriers have been depleted by recombination (depletion 

region). A strong electric field is present in the depletion region and a large electric 

potential exists across this region. The junction can be reverse-biased by applying an 

25 electric field across it that reinforces this internal electric field. Such a reverse-bias 

voltage expands the insulating depletion region and enhances both the internal electric 

field and the potential difference across the junction. The junction can also be forward­

biased by applying an electric field that is opposite to the internal field across it. Such a 

forward-bias voltage shrinks the depletion region, thereby diminishing the internal 

30 electric field and the potential difference across the junction. When forward-biased, a 

current flows across the junction with electrons injected into the n-doped portion and 

leaving from the p-doped portion. In other words, the p-n junction can act as a rectifier 
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by allowing current flow in only one direction. This behavior gives rise to a current­

voltage (I-V) curve characteristic of a diode. 

As discussed above, a silicon wafer in which a microstructured layer is formed 

5 according to the teachings of the invention can exhibit an I-V curve characteristic of that 

obtained by a diode junction. Without being limited to any theory, such a current­

voltage behavior can be understood by considering that the wafer includes two adjacent, 

yet distinct, layers: a surface layer in which a concentration of an electron-donating 

constituent is incorporated and an underlying substantially undisturbed silicon substrate 

10 layer. These two layers exhibit different crystalline structures, chemical compositions, 

and charge carrier doping concentrations. In addition, the microstructured layer has 

unique optical properties including high absorptance of incident electromagnetic 

radiation from the near ultraviolet into the near-infrared wavelengths. In one aspect, the 

invention employs such microstructured silicon wafers for fabricating photodiodes, as 

15 discussed in more detail below. 

By way of example, FIGURE 11A schematically illustrates a photodetector 46 

according to one embodiment of the invention that includes a microstructured silicon 

wafer 48 having a microstructured surface layer 50 that is formed in a silicon substrate 

51 by irradiating a plurality of locations on a substrate's surface with short laser pulses 

20 ( e.g., pulse widths in a range of about tens of femtoseconds to tens of nanoseconds) 

while exposing the surface to a substance having an electron-donating consitutent (e.g., 

SF6). The laser-irradiated wafer is then annealed under conditions (e.g., at an elevated 

temperature and for a selected duration) designed to enhance concentration of electrons 

in the microstructured surface layer ( e.g., annealing at a temperature in a range of about 

25 500 K to about 900 K for a duration of a few minutes to a few hours). 

The exemplary photodetector 46, functioning as a photodiode, also includes a 

plurality of metallic electrical contacts 52, which have a finger grid geometry, that are 

disposed on the microstructured surface layer. In addition, an electrical contact 54, in 

the form of a metallic coating layer, is disposed on the back surface of the silicon 

30 substrate (i.e., the undisturbed silicon surface opposite the microstructured surface) that 

substantially covers the entire surface. In this exemplary embodiment, a chromium/gold 

alloy (Cr/ Au) is employed for fabricating the electrical contact. However, those having 

IPR2025-00811 
Apple-Sony EX1002 Page 199



WO 2006/086014 PCT /0S2005/034180 

-26-

ordinary skill in the art will appreciate that the contacts can be fo1med of other metals, as 

well. 

The metallic contacts 52 and 54 allow applying a bias voltage, e.g., a reverse bias 

5 voltage, across the wafer by employing, for example, a voltage source 56. The reverse 

bias voltage can reinforce the internal electrical field in the depletion layer of a diode 

junction formed between the microstructured layer 50 and the underlying silicon 

substrate 51. As discussed in detail below, the photodetector 46 can operate with small 

bias voltages, e.g., voltages in a range of about 0.1 V to about 15 V, with a responsivity 

10 (i.e., photocurrent generated per unit of power of incident light (amperes/watts)) that is 

considerably better than that typically exhibited by a conventional silicon photodetector. 

These attributes allow incorporating silicon photodetectors formed according to the 

teachings of the invention, such as the exemplary photodetector 46, into integrated 

silicon photo-electronic circuits as high sensitivity detectors. 

15 In operation, radiation (i.e., photons) incident on the microstructured surface 

layer of the photodiode's silicon wafer is absorbed (when the radiation wavelength is in 

the operating range of the photodetector), e.g., by valence electrons, in the 

microstructured layer. The absorption of the incident radiation causes generation of 

electron-hole pairs. The electric field within the depletion region causes separation of 

20 the generated electron-hole pairs, especially those created at or in proximity of the diode 

junction, which is formed between the microstructured silicon layer and the underlying 

silicon substrate. The separated electron-hole pairs provide a photocurrent that is 

propo1iional to the number of incident photons (those skilled in the art appreciate that 

such a photocurrent is added to a generation current and a recombination current that can 

25 be inherently present in a diode junction). Hence, incident radiation can be detected, and 

quantified, by measuring the induced photocurrent. 

A photodetector formed according to the teachings of the invention not only 

exhibits absorptance across a wide range of wavelengths (the absoptance is generally 

commensurate with that exhibited by the photodetector's microstructured silicon wafer), 

30 but it also exhibits a diodic I-V behavior. By way of example and further elucidation of 

the salient features of a photodetector of the invention, FIGURE 12 illustrates a plurality 

of graphs, each representing current as a function of bias voltage for a plurality of 

microstruchJred silicon samples prepared under different conditions in an n-doped 
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silicon substrate for use as the active component of photodetectors. All samples were 

irradiated with a plurality of femtosecond laser pulses (800 nm, 100 fs, fluence of 4 

kJ/m2
) in the presence of SF 6, but were subjected to different annealing conditions. The 

5 graph A represents the current-voltage curve associated with a microstructured sample 

that was not annealed. This curve is substantially linear, indicating that the junction 

between the microstructured layer and the underlying silicon substrate in this sample is 

not diodic, but is merely resistive. In other words, such a wafer is not optimal for 

fabricating a photodetector. 

10 In contrast, graphs B, C, and D illustrate current-versus-voltage behavior of those 

microstructured silicon samples that were subjected to annealing at different 

temperatures (the annealing duration was about 30 minutes in all cases). This exemplary 

data indicates that with an increase in the annealing temperature, the measured 1-V curve 

approaches one expected from a diode. For example, at an annealing temperature of 

15 about 825 K, the 1-V curve is diodic, characterized by an exponentially increasing 

current for a forward bias and a smaller, less rapidly increasing current for a reverse 

bias. The 1-V curve corresponding to an annealing temperature of about 1075 K is also 

diodic. However, annealing a microstructured silicon wafer for a significant duration at 

a very elevated temperature can lead to a degradation of the below-band gap 

20 absorptance, and hence a degradation in the performance of a photodetector utilizing 

such a microstructured wafer in the near-infrared. In this exemplary data set, the 

substrate annealed at 825 K exhibit an optimal 1-V characteristic. It should, however, be 

understood that such very elevated annealing temperatures may be employed so long as 

the annealing duration is sufficiently short. In general, the annealing of a 

25 microstructured silicon wafer to be employed in a photodetector of the invention should 

be carefully designed (i.e., annealing temperature and duration) to cause release of 

electrons in the microstructured surface layer without significantly degrading the wafer's 

absorptance of and responsivity to incident radiation. 

A photodetector of the invention, such as the above exemplary photodetector 46, 

30 exhibits a responsivity that can be superior across a wavelength range of about 250 nm 

to about 10 microns to that of a conventional silicon photodiode. By way of example 

and only for illustration and corroboration purposes, FIGURE 13 presents experimental 

graphs representing responsivity of exemplary photodetectors formed in accordance with 
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the teachings of the invention, over a selected wavelength range, in comparison with a 

conventional photodiode and those fabricated by employing microstructured silicon, but 

with no annealing or annealing at too high a temperature. In particular, graphs A and B 

5 show that photodetecotors of the invention that employ silicon wafers microstructured 

by femtosecond laser pulses in the presence of SF6 (100 fs, 800 nm central wavelength 

and a fluence of 4 kJ/m 2
) followed by annealing at 825 Kor 725 K, exhibit a 

significantly enhanced responsivity relative to that of a conventional commercially 

available silicon photodiode. In particular, these photodetectors exhibit a responsivity 

10 that is more than an order of magnitude greater that that of the conventional photodiode 

in a wavelength range of about 250 nm to about 1050 nm. Although the responsivity 

shows a decrease for wavelengths longer than the band-gap edge (i.e., wavelengths 

longer than about 105 0 nm), nonetheless, it remains significantly higher than that 

exhibited by a conventional silicon detector. In fact, conventional silicon detectors 

15 typically do not operate at useful levels of responsivity at wavelengths that are longer 

than the band-gap edge. For example, in this exemplary illustration, the responsivity of 

the commercial photodiode drops steeply to about 1 o-6 A/W for wavelengths longer than 

about 1050 nm 

Further, the responsitivy data for wafers formed according to the teachings of the 

20 invention (e.g., graphs A and B) were obtained by applying small bias voltages (e.g., a 

bias voltage of about-0.5 volts in this exemplary embodiment). In contrast, 

conventional silicon photodetectors exhibit much lower responsivities, or require much 

higher bias voltages (e.g., 100 to 1000 volts) and/or have more complex structures. This 

indicates that while photodetectors formed in accordance with the teachings of the 

25 invention can be readily incorporated in integrated silicon circuitry, the focorporation of 

conventional silicon detectors, which require large bias voltages, into integrated silicon 

circuits can be impractical. 

The data depicted in FIGURE 13 also shows that proper annealing of a silicon 

wafer irradiated by a plurality of short laser pulses, as described above, can considerably 

30 enhance the responsivity of a photodetector that employs that wafer. In particular, a 

photodetector fabricated by utilizing a wafer that, though exposed to laser pulses, was 

not annealed, exhibits a much degraded responsivity relative to those that were subjected 

to an annealing step at appropriate temperatures, e.g., at 725 K or 825 K. This 
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exemplary data also shows that a photodetector that incorporates a microstructured 

wafer annealed, subsequent to irradiation by laser pulses, at a temperature of 1075 for 

thirty minutes exhibits a much degraded responsitivy relative to those annealed at 725 K 

5 or 825 K. 

Hence, one aspect of the invention relates to annealing a silicon wafer, 

subsequent to - or simultaneous with - its irradiation by a plurality of short pulses in the 

presence of a substance having an electron-donating constituent, under conditions that 

would release electrons in the microstructured layer while preserving the responsivity of 

10 the wafer for detecting electromagnetic radiation. For example, in some embodiments 

of the invention, the annealing temperature is selected to be in range of about 500 K to 

about 1100 K, and more preferably in a range of about 700 K to about 900 K, and the 

annealing duration is selected to be in a range of about 1 minute to about several hours, 

and more preferably in a range of about 5 minutes to about 30 minutes. Alternatively, 

15 higher annealing temperatures can be employed so long as the annealing duration is 

properly selected to avoid degrading the responsivity of the resultant annealed wafer. 

For example, although the above data indicates that annealing the wafer at temperature 

of about 1075 K for about 30 minutes may not be desirable, this annealing temperature 

with a lower annealing duration can be suitable for practicing the invention in certain 

20 applications. To certain extent, annealing temperature and duration are inter-related. 

For example, sh01ter annealing time at a higher temperature can be employed in certain 

applications. 

In other words, it is not simply annealing at an elevated temperature that is 

required. Rather, the annealing temperature and its duration need to be properly selected 

25 to ensure that a photodetector exhibiting enhanced responsivity over a wide wavelength 

range can be fabricated by utilizing the annealed wafer. It has been discovered that 

annealing a silicon wafer subsequent to, or simultaneous with, its exposure to short laser 

pulses in presence of a substance having an electron-donating constituent at a 

temperature that is too low can lead to noisy photodiode and annealing at too high a 

30 temperature and duration can lower the wafer's response to both visible and infrared 

wavelengths. More specifically, the annealing temperature and duration are preferably 

selected to enhance the concentration of carrier electrons in the microstructured layer -

formed by laser irradiation in presence of a substance having an electron-donating 
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constituent - by a factor in a range of about 10% to about 200% while ensuring that the 

resultant annealed wafer exhibits a responsivity greater than about 20 A/W at least at 

one wavelength, and preferably over the entire span, of a wavelength range of about 250 

5 nm to about 1050 nm, and a responsivity greater than about 0.1 A/Wat least at one 

wavelength, and preferably over the entire span, of a wavelength range of about 1050 

nm to about 3500 nm. By way of example, in some embodiments of the invention, the 

annealing temperature is preferably selected to be in a range of about 700 to about 900 

K. 

The choice of the fluence of laser pulses irradiating a silicon wafer to generate a 

microstructured layer therein can also affect the performance characteristics of a 

photodetector that incorporates the microstructured wafer for detecting radiation. By 

way of example, FIGURE 14 presents exemplary data corresponding to current-voltage 

characteristics of a plurality of silicon wafers irradiated with a plurality of femtosecond 

15 laser pulses (100 fs, 800 nm central wavelength, 200 pulses per location) in the presence 

of SF6 followed by annealing at 825 K for about 30 minutes. The laser pulse :fluences, 

however, differed from one wafer to another. More particularly, the following laser 

fluences were employed: 4 kJ/m2
, 6 kJ/m2

, 8 kJ/m2
, and 10 kJ/m 2

. This exemplary data 

indicates that increasing the fluence decreases the dark current for a given reverse bias 

20 voltage. 

FIGURE 15A illustrates the responsivity of a plurality ofphotodetectors 

incorporating the above silicon wafers that were microstructured with different laser 

pulse flunces (the wafers were annealed at 825 K for 30 minutes). This exemplary 

responsivity data indicates that, in this sample set, the photodetector's responsivity 

25 decreases, and the wavelength of peak response shifts to longer wavelengths, with 

increasing fluence (the sample made with a fluence of 4 kJ/m 2 exhibits the highest 

response). By way of further illustration, FIGURE 15B presents responsivity data for 

photodetectors made with microstructured silicon wafers that were generated through 

irradiation with femtosecond pulses (100 fs, 800 nm central wavelength, 200 pulses per 

30 location) in the presence ofSF 6 followed by annealing at 1075 K for about 30 minutes. 

The laser pulse fluences, however, varied from one sample to the next (4 kJ/m2
, 6 kJ/m2, 

8 kJ/m 2
, and 10 kJ/m2

). A comparison of this data with the data presented in FIGURE 

15A shows that the responsivity exhibited by the samples subjected to the higher 
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annealing temperature of 1075 is much lower that that of the samples annealed at 825 K. 

However, the samples annealed at the higher temperature exhibit much less variation in 

responsivity as a function of fluence. Further, the samples annealed at 1075 K - though 

5 exhibiting a lower responsivity - are less noisy and have a higher quantum efficiency. 

It should be understood that the above data is presented only for illustration 

purposes, and is not intended to necessarily indicate an optimal fluence under all 

conditions. For example, the above exemplary samples were made with an average laser 

shot number of about 200 pulses, and may exhibit improved characteristics with a 

10 greater shot number. In general, in various embodiments of the invention, the laser 

pulse fluence is selected to be greater than about 3 kJ/m 2
. More preferably, the fluence 

is chosen to be in a range of about 3 kJ/m 2 to about 10 kJ/m 2
, or a range of about 3 kJ/m 2 

to about 8 kJ/m 2
. 

In many embodiments of the invention an n-doped silicon substrate is employed 

15 for forming a microstructured wafer, as described above. Alternatively, a p-doped 

silicon wafer can be utilized. By way of example, FIGURE 16A presents graphs 

comparing the diodic characteristics of a microstructured wafer generated according to 

the teachings of the invention, such as those described above, employing a p-doped 

silicon substrate (p-Si(l 00), 350 micron thick, resistivity ( p) greater than 1 ohm-cm) 

20 with one fabricated utilizing an n-doped silicon substrate. In both cases, a laser pulse 

fluence of about 6 kJ/m2
, an annealing temperature of about 825 K, and an annealing 

duration of about 30 minutes were utilized. Similar data is presented in FIGURE 16B 

for p-dopend and n-doped samples annealed at 1075 K for about 30 minutes. 

This exemplary data shows that the p-doped samples annealed at 825 K exhibit a 

25 higher forward bias current than equivalently generated n-doped samples. The dark 

current for back biases also increases more rapidly for p-doped samples. Upon 

annealing at 1075 K, the p-doped samples exhibit very good diodic properties with the 

back bias decreasing to substantially the same level as that in equivalently generated n­

doped samples. Further, the forward bias current increases more rapidly, resulting in 

30 good rectification ratios. As noted above, annealing at higher temperatures can increase 

donor concentration from sulfur doping. Such increase in the donor concentration can 

lead p-doped samples annealed at higher temperature to exhibit better rectification. 
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A silicon substrate's doping can also affect the responsivity of a silicon wafer 

formed by microstructuring that substrate in accordance with the teachings of the 

invention. By way of example, FIGURE 17 A shows measured responsivity data for two 

5 n-doped microstructured wafers and two p-doped microstructured wafers, both of which 

were am1ealed at 825 K for about 30 minutes. This exemplary data indicates that the 

responsivity ofn-doped substrates is higher over the measured spectral range. However, 

FIGURE 17B shows that the responsivities ofmicrosturctured wafers formed in p-doped 

and n-doped substrates, via laser irradiation and annealing at a higher temperature of 

10 about 1075 K, are nearly identical. 

In general, the above illustrative data indicates that microstructured p-doped 

samples have a lower response but exhibit a better quantum efficiency. It should be 

understood that the above data is presented only for illustrative purposes and is not 

intended to limit the scope of the invention. In general, both p-doped and n-doped 

15 substrates can be employed in the practice of the invention, and the resultant diodic 

characteristics and responsivity of microstuctured wafers generated by utilizing such 

substrates can be different than those depicted above based on selection of other 

parameters, such as laser fluence, number of pulses, etc. 

In addition to responsivity, another parameter of interest associated with 

20 performance of a photodetector can be its quantunl efficiency. The term 'quantum 

efficiency' is known in the art, and is generally defined as the number of electron-hole 

pairs generated per incident photon at a zero applied voltage. In some cases, a 

microstructured sample that exhibits a high level ofresponsivity may not show a 

correspondingly high level of quantum efficiency. For example, in the above exemplary 

25 prototype microstructured silicon wafers, samples fabricated by employing n-doped 

substrates, laser pulses having a fluence of 4 kJ/m2
, and an annealing temperature of 

about 825 K exhibit the highest responsivity, but not the highest quantum efficiency. In 

fact, samples fabricated by employing similar conditions but a higher annealing 

temperature of 1075 K show higher quantum efficiencies, though lower responsivities. 

30 Similarly, the measured responsivities of samples made on p-doped substrates and 

annealed at 825 K or 1075 K are lower, but their quantum efficiencies are higher. Such 

variations of responsivity and quantunl efficiency are preferably considered when 

IPR2025-00811 
Apple-Sony EX1002 Page 206



WO 2006/086014 PCT /0S2005/034180 

- 33 -

selecting various parameters in practicing the teachings of the invention for fabricating a 

silicon photodetector. 

The responsivity of a photodetector fabricated in accordance with the teachings 

5 of the invention can also vary as a function of a back bias applied thereto. Typically, the 

responsivity increases as the applied back bias increases. By of example, FIGURE 18 

exhibits the responsivity of a silicon wafer microstructured in accordance with the 

teachings of the invention through irradiation by a plurality offemtosecond pulses at a 

fluence of 4kJ/m 2 followed by annealing at 825 K for about 30 minutes, as a function of 

10 an applied back bias voltage. The sample was illuminated with a white light source with 

an approximate power of 50 microwatts. The responsivity, and hence gain, increases 

quickly up to a bias voltage of-5 volts and more slowly up to-15 volts. At voltages 

beyond -15 volts, the responsivity begins to fall. In some cases, the responsivity of a 

photodetector that exhibits a large gain may not be sufficiently linear for certain 

15 applications. Hence, in selecting a proper back voltage, in addition to responsivity, other 

factors, such as the linearity of the response should be considered. In addition, in 

applications in which the photodetectors are incorporated in an integrated silicon circuit, 

the bias voltage should be compatible with the requirements of that circuit. 

A photodetector formed according to the teachings of the invention can operate 

20 within a wide range of temperatures. In some cases, it may be advantageous to cool the 

photodetector to decrease its average noise level. By way of example, FIGURE 19A 

presents current-voltage curves corresponding to an n-doped microstructured silicon 

sample made with femtosecond pulses at a fluence of about 4 kJ/m2 and annealed at 825 

K at different operating temperatures. The measured current in both the back bias and 

25 forward bias conditions decreases with decreasing the temperature. At very low 

temperatures (below 100 K), conduction becomes very low for both forward and back 

biases. FIGURE 19B shows the responsivity of such a microstructured wafer to incident 

radiation having a wavelength of 1064 nm ( a wavelength close to the band gap of silicon 

at room temperature) at a back bias of-0.5 Vas a function of operating temperature. 

30 The measured responsivity drops with temperature. This behavior may be, however, 

different if the wavelength of the illuminating light is far from the silicon band gap. A 

graph of the dark current at a bias voltage of-0.5 Vas a function of temperature, 

however, shows that the noise decreases much more rapidly that the responsivity. 
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In sum, photodiodes formed according to the teachings of the invention can 

exhibit responsivities in a wide region of the electromagnetic spectrum ( e.g., 

wavelengths in a range of about 250 nm to about 1100 run) that are nearly two orders of 

5 magnitude higher than those exhibited by conventional commercial silicon photodiodes. 

Further, responsivities at longer wavelengths, e.g., as long as 1600 nm, can be nearly 

five orders of magnitude greater than those exhibited by conventional silicon 

photodiodes in this range. In some of the above prototype samples fabricated according 

to the teachings of the invention for illustration purposes, the carrier mobility in the 

10 surface layer was measured to be about 101 cm2v-1s-1
; the response times included a rise 

time of about 10 ns and a fall time of about 30 ns; and a diode capacitance of about 63. 9 

nF at a back bias of-0.5 V was measured. A photodiode of the invention can exhibit a 

large gain at very small applied bias voltages, e.g., a gain greater than 1000 for an 

applied bias voltage of- 0.5 V. 

15 A silicon photodetector according to the teachings of the invention, such as the 

above exemplary photodetector 46 (FIGURE 1 lA), can be fabricated by employing a 

variety of techniques. By way of example, in one exemplary method of fabricating such 

a photodetector, a selected portion of a silicon wafer, e.g., a 5 x 5 mm 2 area, is 

microstructured via exposure to short laser pulses in the presence of a suitable material, 

20 e.g., SF6, in a manner described above. The wafer is then dipped in a solution of HF 

(e.g., a 5% solution) in order to remove any native oxide layer before forming electric 

contacts with the microstructured layer. Subsequently, a mask is deposited over the 

surface of the microstructued layer having exposed portions which correspond to a 

desired pattern of a conductive electrode to be formed on that surface. A selected metal, 

25 e.g., a Cr/Au alloy, is then evaporated over the masked surface, and the mask is removed 

to leave behind a patterned conductive layer, such as the conductive layer 52 shown in 

FIGURE 1 lA, and uncoated portions suitable for receiving radiation. Further, a 

conductive layer can be formed on a back surface of the wafer, an unstructured surface 

opposed to the microstructured layer, such as the layer 54 shown in FIGURE l lA. In 

30 many embodiments, the entire back surface is coated with the metal. The wafer can be 

then be coupled to a voltage source, such as the source 56 shown in FIGURE 1 lA, that 

can apply a bias voltage thereto and optionally other electronic elements, e.g., 
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capacitors, in a manner known in the art. Further, a the wafer and its associated circuitry 

can be placed in an appropriate housing by employing techniques known in the art. 

The applications of microstructured silicon wafers formed according to the 

5 teachings of the invention, such as those discussed above, are not limited to 

photodetectors. For example, such silicon wafers can be employed in fabricating solar 

cells. In some cases, the optimal values of various parameters, such as substrate doping, 

associated with the microstructured wafer utilized in generating solar cells can be 

different than those in fabricating silicon photodetectors. A solar cell can be considered 

10 a p-njunction photodiode with high quantum efficiency. The conversion of photons into 

photocarriers is the physical mechanism by which light is converted in a solar ceil into 

electricity. However, there is a fundamental difference between a photodetector and a 

solar cell. A photodetector is generally operated in a "photoconductive" mode: a back 

bias is applied thereto and a current is measured. In contrast, a solar cell is operated in a 

15 "photovoltaic" mode: it is operated in an open circuit mode or attached to a load without 

application of a bias voltage. 

In one embodiment, a microstructured layer is formed in a p-doped crystalline 

silicon substrate by initially irradiating a plurality of locations on a surface thereof with 

femtosecond ( e.g., I 00 fs, and a central wavelength of 800 nm) laser pulses having a 

20 fluence of about 4 kJ/m 2 followed by annealing at I 075 K for about one hour. The 

wafer can then be utilized in fabricating a solar cell. More specifically, metal contacts, 

e.g., Cr/Au contacts, can be evaporated on the microstructure layer's surface so as to 

coat selected portions thereof while leaving at least a portion of the surface uncovered 

for receiving radiation, e.g., a finger grid metallic pattern can be disposed on the surface. 

25 In addition, the back surface of the substrate, the unstructured surface opposing the 

structured surface, can be coated, e.g., via evaporation, with a metallic coating. A load 

can be attached the wafer via electrical coupling to the metallic layers on the both sides 

of the wafer. 

FIGURE 20 presents data comparing current-voltage (J-V) behavior of such a 

30 wafer, formed in a high resistivity (resistivity greater than about 1 ohm-m) silicon 

substrate, that can be utilized as a solar cell in the presence and in the absence of 

illumination. And FIGURE 21 presents a similar comparative data for a wafer formed in 

low resistivity silicon substrate (resistivity in a range of about 0.01 - 0.1 ohm-m). The 
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solar cell fabricated by employing the high resistivity substrate has an open circuit 

voltage of 0.4 volts and a short circuit current of 13.4 mA while the solar cell fabricated 

by utilizing the low resistivity substrate has an open circuit voltage of 0 .31 volts and a 

5 short circuit current of 13.45 mA. It should be understood that this data is presented 

only for illustration purposes, and to show the possibility of utilizing a wafer 

microstructured in accordance with the teachings of the invention in forming a solar cell. 

However, this data is not intended to indicate optimal performance of a solar cell 

generated in accordance with the teachings of the invention. For example, the 

10 deposition of electrical contacts on the substrate can be optimized to obtain better 

performance than that described above. 

In another application, a silicon wafer microstructured in accordance with the 

teachings of the invention can be utilized as a field emitter. In other words, an electric 

field can be applied to the microstructured surface to cause emission of electrons 

15 therefrom. To show the possibility of utilizing a microstructured wafer for generating 

field emission current, a number of prototype exemplary microstructured wafers were 

fabricated and field emission currents generated by them were measured. The 

experimental step-up for performing these measurements is shown schematically in 

FIGURE 22. A microstructured silicon sample 58 with a gold coating 60 evaporated on 

20 a back surface is mounted to a silicon wafer 62 having a gold coating 64, which 

functions as an anode, and is separated therefrom by a pair of mica spacers 66 and 68. 

The mounted sample is placed in a vacuum chamber, which is evacuated to a pressure of 

about 1 o-6 torr. A potential difference can be applied between the microstructured 

sample 58 and the gold-coated anode. And emission current can be measured at each 

25 applied voltage, e.g., via a picoammeter 70, a resistive elements 72 placed in series with 

the ammeter to protect it from unexpected surges in current. 

FIGURE 23 shows exemplary results of field emission currents measured for 

silicon samples microstructured in SF6 . The typical figures of merit for a field emitting 

surface are turn-on-field, defined as the electric field (bias voltage divided by the tip-to-

30 anode spacing) for which a current density of0.01 microampere/mm 2 is observed, and 

threshold field, defined as the field at which a current density of 0.1 microamperes/mm 2 

is produced. The turn-on field for a plurality of exemplary prototype substrates 

microstructured in SF6 was measured as 1.3 V /micrometer, and the threshold field was 
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measured as 2.15 V /micrometer - excellent values that are on par with those exhibited 

by nanotubes. 

Those having ordinary skill in the art will appreciate that various modifications 

5 can be made to the above embodiments without departing from the scope of the 

invention. It should also be understood that various exemplary data presented above are 

intended only for illustrating salient features of various aspects of the invention, and is 

not intended to limit the scope of the invention. 
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What is claimed is: 

1. A method of fabricating a radiation-absorbing semiconductor structure, 

5 comprising: 

15 

irradiating each of a plurality of locations on a surface of a silicon substrate with 

one or more femtosecond laser pulses while exposing said surface to a sulfur-containing 

substance so as to generate a plurality of sulfur inclusions in a surface layer of said 

substrate, and 

annealing said substrate at a temperature in a range of about 500 K to about 1100 

K for a time duration in a range of about a few seconds to about a few hours. 

2. The method of claim 1, further comprising selecting a duration of each laser 

pulse to be in a range of about 50 femtoseconds to about 500 femtoseconds. 

3. The method of claim 1, further comprising selecting a fluence of each pulse to be 

in a range of about I kJ/m 2 to about 15 kJ/m2
. 

4. The method of claim 1, further comprising selecting a central wavelength of said 

20 laser pulses to be in a range of about 200 nm to about 800 nm. 

25 

5. The method of claim 1, wherein said irradiating step comprises exposing each 

location to a number oflaser pulses ranging from 2 to about 500. 

6. The method of claim 1, further comprising subjecting each of said surface 

locations to successive laser pulses separated from one another by a time interval in a 

range of about 1 microsecond to about 1 millisecond. 

7. The method of claim 1, further comprising performing said annealing step in any 

30 of an inert atmosphere or a low-pressure atmosphere. 

8. The method of claim 1, further comprising selecting said sulfur-containing 

substance to be any ofSF6 and H2S. 
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9. The method of c]aim 1, wherein said semiconductor structure absorbs radiation 

having wavelength components in a range of about 0.25 to about 10 microns. 

5 10. The method of c]aim 1, wherein said semiconductor structure absorbs radiation 

having wavelength components in a range of about 0.35 to about 2.5 microns. 

11. The method of claim I, wherein said semiconductor structure exhibits a 

substantially uniform absorption for wavelength components in a range of about 1.2 to 

IO about 2.5 microns. 

12. A method of fabricating a photodetector, comprising: 

forming a semiconductor structure absorbing radiation in a wavelength range of 

about 0.25 to about 3.5 microns and exhibiting a diodic current-voltage characteristic in 

15 said wavelength range, said forming step comprising: 

irradiating a surface of a silicon substrate at one or more locations thereof with 

one or more laser pulses having short pulse widths while exposing said surface to a 

sulfur-containing gas to generate a micro-structured layer having sulfur inclusions, 

annealing said substrate at a temperature in a range of about 5 00 K to about 1000 

20 K for a time duration in a range of about a few seconds to about a few hours, and 

depositing a plurality of metallic contacts on selected portions of said 

semiconductor structure to allow applying a reverse bias voltage thereto. 

13. The method of claim 12, wherein said pulse widths are selected to be in a range 

25 of about tens of femtoseconds to about tens of nanoseconds. 

14. The method of claim 12, further comprising selecting said sulfur-containing 

substance to be any of SF6 and H2S. 

30 15. The method of claim 12, further comprising performing said annealing step in an 

inert atmosphere. 
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16. The method of claim 12, wherein said depositing step comprises thermally 

evaporating one or more selected metals on said selected portions of the semiconductor 

structure. 

17. The method of claim 12, further comprising selecting a thickness of said metal 

contacts to be in a range of about 5 nm to about 100 nm. 

18. The method of claim 16, wherein said depositing step comprises thermally 

10 evaporating a chromium layer followed by thermally evaporating a gold layer on a 

selected portion of said semiconductor structure to generate at least one of said metal 

contacts. 

19. The method of claim 18, further comprising selecting a thickness of said 

15 chromium layer to be in a range of about 1 nm to about 5 nm. 

20 

25 

20. The method of claim 19, further comprising selecting a thickness of said gold 

layer to be in a range of about 4 nm to about 100 run. 

21. The method of claim 12, further comprising configuring said metal contacts so as 

to ensure that at least a portion of said micro-structured layer remains capable of 

receiving an external radiation. 

22. A method of fabricating a semiconductor structure, comprising 

irradiating a plurality of locations on a surface of a silicon substrate with one or 

more laser pulses having pulse widths in a range of about 50 to about 500 femtoseconds 

while exposing said surface to a substance having an electron-donating constituent so as 

to generate a micro-structured surface layer comprising inclusions incorporating said 

electron-donating constituent, and 

30 annealing said substrate at an elevated temperature in a range of about 500 K to 

about 1100 K for a selected time period. 
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23. The method of claim 22, further comprising selecting said electron-donating 

constituent to be any of chlorine (Ch), nitrogen (N 2) and air. 

5 24. The method of claim 22, wherein said irradiating step further comprises directing 

said laser pulses at said surface along a direction substantially perpendicular to said 

surface. 

25. The method of claim 22, wherein said selected annealing period is in a range of 

10 about a few seconds to about a few hours. 

15 

26. The method of claim 22, wherein said annealing step is performed in an inert 

atmosphere. 

27. A method of fabricating a radiation-absorbing semiconductor wafer, comprising: 

irradiating at least one surface location of a silicon substrate with a plurality of 

temporally short laser pulses while exposing said location to a substance having an 

electron-donating constituent so as to generate a substantially disordered surface layer 

incorporating a concentration of said electron-donating constituent, and 

20 annealing said substrate at an elevated temperature and for a duration selected to 

enhance charge carrier density in said substantially disordered surface layer. 

28. The method of claim 27, wherein said elevated temperature and duration are 

selected to cause re-arrangement of atomic bonds in said surface layer so as to increase 

25 concentration of carrier electrons in surface layer. 

30 

29. The method of claim 27, wherein said elevated temperature and duration are 

selected to enhance electron carrier density in the surface layer by a factor of about 10% 

to about 200% relative to a pre-annealing level. 

30. The method of claim 27, wherein said elevated temperature and duration are 

selected to cause said surface layer to form a diode junction with underlying silicon 

substrate. 
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31. The method of claim 27, wherein said elevated temperature and duration are 

selected such that said annealed substrate exhibits a responsivity in a range of about 1 

A/W to about 200 A/W upon exposure of said surface layer to radiation having 

5 wavelengths in a range of about 25 0 run to about 1100 nm and application of a reverse 

bias in a range of about 0.1 V to about 15 V to said wafer. 

32. The method of claim 27, wherein said elevated temperature is selected to be in a 

range of about 500 K to about 1100 K. 

10 

33. The method of claim 33, wherein said duration is selected to be in a range of 

about a few seconds to about few hours. 

34. The method ofclaim 27, further comprising selecting said short laser pulses to 

15 have pulse widths in a range of about tens of femtoseconds to about tens of 

nanoseconds. 

35. The method of claim 27, further comprising selecting a fluence of said pulses 

and a partial pressure of said substance having an electron-donating constituent such that 

20 the concentration of said electron-donating constituent incorporated in said surface layer 

ranges from about 0.5 to about 5 atom percent. 

36. A method of fabricating a radiation-absorbing semiconductor wafer, comprising 

irradiating at least one surface location of a silicon substrate with temporally 

25 short laser pulses while exposing the substrate to a substance having an electron­

donating constituent so as to generate a microstructured surface layer having inclusions 

containing the electron-donating constituent, and 

annealing the substrate at an elevated temperature and for a duration selected to 

enhance a responsivity of the microstructured substrate to radiation having at least one 

30 wavelength in a range of about 250 run to about 1100 nm incident on the 

microstructured surface layer by at least a factor of about 10. 
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37. The method of claim 37, wherein the annealing temperature lies in a range of 

about 700 K to about 900 K. 
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Related Application 

5 The present application claims priority to provisional application entitled "All 

Silicon Multijunction Photovoltaic (Solar Cell)" filed on February 1, 2008 and having a 

serial number 61/025,499 as well as provisional application entitled "A Multijunction 

Photovoltaic Device" filed on May 14, 2008 and having a serial number 61/053,080. 

Both of these provisional applications are herein incorporated by reference. 

Background 

The present invention relates generally to photovoltaic devices and methods for 

their fabrication. 

Photovoltaic devices produce electric power via conversion of the planet's most 

IS abundant and renewable energy input: sunlight. Crystalline silicon solar cells are among 

the most mature and efficient photovoltaic technologies. Additionally, silicon is the 

second most abundant element in the earth's crust. Although silicon would seem as the 

premier candidate for renewable and environmentally :friendly solar energy conversion, 

high manufacturing costs and a recent shortage of device grade silicon have prevented 

20 such cells from economically competing with the combustion of fossil fuels as a source 

of electricity on a large scale. 

25 

Hence, there is a need for enhanced photovoltaic devices as well as improved 

fabrication techniques, particularly as they relate to enhanced silicon photovoltaic cells. 

Summary 

Photovoltaic devices (e.g., solar cells) are disclosed that include at least three 

radiation absorbing layers, each capable of absorbing radiation over a different 

wavelength range of the solar radiation spectrum. Any two of these three wavelength 

ranges can be partially overlapping, or alternatively they can be distinct from each other. 

30 The layers are disposed relative to one another so as to form two junctions, each of 

which includes a depletion region. In some cases, the radiation absorbing layers can 

collectively absorb radiation over a wavelength range that spans at least about 60%, or 

about 70%, or about 80%, and preferably at least about 90% of the solar radiation 

SlJBSTITUTE SHEET (RULE 26) 
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wavelength spectrum. By way of example, in some embodiments, one layer can exhibit 

significant absorption of solar radiation (e.g., it can absorb at least one radiation 

wavelength at an absorptance greater than about 90%) at wavelengths less than about 0.7 

5 microns while another layer can exhibit significant absorption of the solar radiation at 

wavelengths in a range of about 0. 7 microns to about 1 micron. The third layer can in 

tum exhibit a significant absorption of solar radiation at wavelengths greater than about 

1 micron. 

In a related aspect, the photovoltaic device is configured such that at least a 

10 portion of a surface of one of the layers can be exposed to the solar radiation. In many 

embodiments, the layer that is capable of absorbing high energy photons (shorter 

wavelengths) is the first layer that receives the radiation. A portion of the radiation is 

absorbed by that layer and the remaining radiation passes through the other two layers, 

each of which in tum absorbs a portion of the radiation corresponding to its wavelength 

15 absorption range. The absorption of the solar radiation can generate electron-hole pairs. 

At least some of such electron-hole pairs can be separated under the influence of the 

electric fields present in the depletion regions associated with the junctions between the 

layers so as to generate a voltage across the device. 

In some embodiments, the radiation absorbing layers can collectively absorb at 

20 least about 60%, or at least about 70%, or at least about 80%, or at least about 90%, of 

solar radiation incident on a portion of at least one of the layers that is adapted for 

exposure to solar radiation. 

Two electrically conductive electrodes, one of which is electrically coupled to 

the upper layer and the other to the lower layer, can be employed to apply the voltage 

25 generated across the device, in response to exposure to the solar radiation, to an external 

load. By way of example, in some embodiments, the photovoltaic device includes a 

radiation transparent substrate (e.g., a substrate that allows the passage of at least about 

50% of incident solar radiation) on which the radiation absorbing layers are disposed. 

Although the term substrate is used it should be appreciated that, in a typical 

30 embodiment, the substrate will be the uppermost element of the device, upon which the 

solar radiation impinges. A radiation transparent electrically conductive layer (e.g., a 

layer formed of indium tin oxide or zinc oxide) disposed between the electrically 

conductive transparent layer and the upper layer, which is in electrical contact \Vith at 
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least a portion of the upper layer, forms one of the electrodes. The other electrode can 

be formed by a metallic layer disposed over at least a portion of the lower layer so as to 

form an electrical contact therewith. 

5 As noted above, at least a portion of the electron-hole pairs generated in response 

to the exposure of the radiation absorbing layers to solar radiation can drift in opposite 

directions under the influence of the electric fields in the depletion regions to generate a 

voltage across the electrodes, which can be applied to an external load. 

In a related aspect, the various layers of the above photovoltaic device can be 

10 formed of silicon doped with a suitable dopant. By way of example, in some cases, the 

upper layer includes a p-doped layer of amorphous silicon ( e.g., a layer having a 

thickness in a range of about 10 nanometers (run) to about 500 run) while the 

intermediate layer includes an n-doped layer of crystalline or polycrystalline silicon ( e.g. 

a layer having a thickness in a range of about 5 µm (microns) to about 50 µm). The 

15 lower layer can include a thin layer of highly doped silicon that includes a high 

concentration of an n-type dopant ( e.g., an atomic concentration of at least about 0.1 %, 

e.g., in a range of about 0.1 % to about 2%) that can absorb radiation wavelengths greater 

than about 1 micron ( or 1.1 microns corresponding to the band gap of crystalline silicon) 

with a high absorptance ( e.g., greater than about 50%, and preferably greater than about 

20 90%) to generate electron-hole pairs. 

In another aspect, the invention provides a photovoltaic device (e.g., a solar cell), 

which comprises a first semiconductor layer capable of absorbing radiation at 

wavelengths greater than about 1 micron with an absorptance greater than about 60% for 

at least one of those wavelengths, and a second semiconductor layer capable of 

25 absorbing radiation at one or more wavelengths in a range of about 0. 7 microns to about 

1 micron, where the second layer forms a junction with the first layer. The photovoltaic 

device can further include a third semiconductor layer that is capable of absorbing 

radiation at wavelengths less than about 0. 7 microns, e.g., in a range of about 0.25 

microns to about 0. 7 microns, where the third layer forms a junction with said second 

30 layer. Each junction can comprise a depletion region in which an electric field is 

present. 
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In another aspect, a method of fabricating a photovoltaic device is disclosed that 

includes forming a radiation transparent conductive layer, which can function as an 

electrode, over a surface of a radiation transparent substrate. A layer of amorphous 

5 silicon doped with a p-type dopant can then be formed, e.g., via plasma enhanced 

chemical vapor deposition, over the transparent conductive layer. A layer of crystalline 

or polycrystalline silicon can then be formed over the amorphous layer, e.g., via low 

pressure chemical vapor deposition. A plurality of short laser pulses (e.g., pulses having 

temporal durations in a range of about 100 femtoseconds to about 500 femtoseconds) 

10 can be applied to an exposed surface of the crystalline or polycrystalline layer (that is a 

surface opposed to the one that is in contact with the amorphous layer) while exposing 

the surface to a fluid (e.g., a liquid or gas) having an electron-donating constituent to 

form a thin highly doped surface layer ( e.g., one having a thickness in a range of about 

10 nm to about 1000 nm) that functions as another radiation absorbing layer of the cell. 

15 Subsequently, a metallic layer can be deposited over the disordered layer (e.g., by 

evaporating a metal onto a top surface of the disordered layer) so as to generate another 

electrode. The highly doped layer, which can in some cases be a crystalline or 

polycrystalline layer, can also be formed to have these high doping levels using other 

techniques that yield similar optical properties. These techniques include in-adiating 

20 with a plurality of short laser pulses having longer durations, e.g., as long as 1 

picosecond, or even as long as 1 nanosecond, to about 100 nanoseconds. Other 

techniques to implant large quantities of dopants can also be used. 

Further understanding of the invention can be obtained by reference to the 

following detailed description in conjunction with the associated drawings, which are 

25 discussed briefly below. 

30 

Brief Description of Drawings 

FIGURE 1 schematically depicts a photovoltaic cell in accordance with one 

embodiment of the invention, 

FIGURE 2 shows the spectral in-adiance of solar radiation as a function of 

wavelength at the earth above the atmosphere (solid line) relative to radiation from a 

black body at a temperature of about 5900 K (dashed line), 
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FIGURE 3A schematically depicts an exemplary implementation of the 

photovoltaic cell of FIGURE 1, 

FIGURE 3B schematically depicts the photovoltaic cell of FIGURE 3A attached 

to a load, 

FIGURE 4 depicts absorption of radiation by three layers of a hypothetical solar 

cell according to an embodiment of the invention over different wavelength ranges of 

10 the solar spectrum, 

15 

20 

25 

30 

FIGURE 5 depicts schematically absorption of photons in various layers of a 

solar cell according to an embodiment of the invention, 

FIGURE 6A schematically depicts absorption of photons in a conventional 

homojunction solar cell, 

FIGURE 6B schematically depicts the thermalization energy loss of an electron 

of an electron-hole pair generated in a conventional homojunction solar cell, 

FIGURE 6C schematically depicts that absorption of a photon in conventional 

homojunction solar cell can yield work corresponding to the energy associated with the 

band gap, 

FIGURE 7 schematically depicts depletion regions associated with junctions 

between various layers of a solar cell according to an embodiment of the invention, 

FIGURE 8A shows surface structures generated in a silicon substrate via 

exposure of the substrate to femtosecond laser pulses in presence of SF6, 

FIGURE 8B is a cross-sectional TEM image of one of the spikes shown in 

FIGURE 8A, 
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FIGURE 9 shows radiation absorptance as a function of wavelength exhibited by 

a laser-processed silicon substrate relative to that exhibited by unstructured silicon, 

FIGURE 10 shows rectification exhibited by a junction formed between a 

surface layer formed in silicon substrate by application of short laser pulses in presence 

of SF6 and the underlying silicon substrate, and 

FIGURE 11 shows I-V curve of a prototype solar cell. 

Detailed Description 

The present invention generally provides a multi-junction photovoltaic device 

( e.g., a solar cell) that can include, e.g., a first, a second and a third radiation absorbing 

layer, each capable of absorbing radiation over a different wavelength range within the 

15 solar wavelength spectrum. The first and the second layer can have, respectively, p-type 

and n-type doping (or vice versa) and can contact one another, e.g., along a surface, to 

form a junction characterized by a depletion region. In some cases, the third layer can 

have the same type of doping as that of the second layer (e.g., both the second layer and 

the third layer can have an n-type doping) but at a different ( e.g., higher) concentration 

20 level (e.g., at least about 1 % atomic), or it can have a different type of doping, such that 

a junction it forms with the intermediate layer would also include a depletion region. 

The term "depletion region," also commonly known as "depletion layer" or "depletion 

zone," is known in the art and can be formed across a junction between two 

semiconductors ( e.g., a p-n junction) having different concentrations of electrons or 

25 holes via diffusion of carriers from the semiconductor having a higher concentration to 

the other until an electric field generated across the junction impedes the diffusion, thus 

leading to the formation of a region that is substantially lacking in mobile charge carriers 

and supports an electric field. 

FIGURE 1 schematically depicts a multijunction photovoltaic device 10, e.g., a 

30 solar cell, that includes three radiation absorbing layers (regions) 12, 14, and 16 that are 

disposed relative to one another to form two junctions A and B. For ease of description, 

the layers 12, 14, and 16 are herein referred to in some cases, respectively, as the upper 

(first), intermediate (second) and lower (third) layers. Each layer is formed of a 
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material, e.g., a semiconductor, in which electron-hole pairs can be generated in 

response to the absorption of optical radiation having suitable wavelengths. The layers 

are disposed on a support substrate 18, which can be formed of a suitable radiation 

5 transparent material such as glass. In many embodiments, the substrate 18 can allow the 

passage of at least about 50% of the sun's radiation, and preferably at least about 80% 

and more preferably at least about 90% of the incident sun's radiation. A radiation 

transparent electrically conducting layer 20, which functions as one of two electrodes for 

coupling a voltage generated across the cell in response to solar radiation to an external 

10 load, separates the radiation absorbing layer 12 from the support substrate 18 and forms 

electrical contact with that absorbing layer. 

A metallic layer 22 disposed over the lower layer 16 provides another electrode 

that in combination with the electrode 16 can be utilized to apply a voltage generated 

across the device to an external load (not shown). As discussed in more detail below, 

15 upon exposure of the layers 12, 14 and 16 to solar radiation, electron-hole pairs can be 

generated in those layers. At least a portion of these electron-hole pairs can be separated 

under the influence of the electric fields associated with the junctions A and B to drift in 

opposite directions toward the electrode 20 or 22. In this manner, a voltage can be 

generated across the device. 

20 By way of example, in some implementations of the multijunction solar cell 10, 

each of the radiation absorbing layers 12, 14 and 16 can show a significant absorption, 

e.g., an absorption greater than about 60% (e.g., in a range of about 60% to about 

100%), for radiation in a different wavelength band of the solar radiation spectrum. In 

some cases, such wavelength bands can have overlapping portions and can collectively 

25 cover the wavelengths of the sun's radiation not only in the visible wavelength range but 

also in the infrared range. For example, the layers can be collectively capable of 

absorbing all radiation wavelengths over a span of the sun's radiation spectrum 

extending from about 250 nm to about 2500 nm. 

The sun's radiation spectrum exhibits wavelengths that span a range of about 

30 0.25 microns to about 2.5 microns, with significant decrease in intensity for wavelengths 

beyond this range. Accordingly, the term "solar wavelength spectrum," as used herein 

can refer to a wavelength range extending from about 0.25 microns to about 2.5 microns. 
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The solar spectrum can be approximated by that of a black body radiating at a 

temperature of about 5900 K. The spectral irradiance, M, emitted by a black body in the 

units of wm- 2µm is given by: 

M 
27rhc2 1 

;is he 
exp[· -]-1 

kT;l 

Eq. (1) 

where his Planck's constant, c is the speed oflight, k is the Boltzmann constant, Tis the 

temperature of the black body in units of Kelvin (K) and A is the wavelength in units of 

10 microns ( µ m). 

By way of example, FIGURE 2 shows a solar radiation spectrum indicating solar 

radiation irradiance as a function of the radiation wavelength. In some implementations, 

the layers 12 can exhibit a high absorption of the solar radiation v.rith wavelengths less 

than about 0.7 microns while the region 14 can exhibit a high absorption of the solar 

15 radiation with wavelengths in a range of about 0.7 microns to about 1 micron. The layer 

16 can in turn show a high absorption of the solar radiation with wavelengths greater 

than about 1 micron, e.g., in a range of about 1 micron to about 2.5 microns. The term 

"high absorption" refers to an absorption of radiation with an absorptance greater than 

about 60%, or greater than about 70%, or preferably greater than about 80%, and more 

20 preferably greater than about 90% (e.g., near unity). 

FIGURE 3A shows a multijunction solar cell 24 that corresponds to an 

exemplary implementation of the aforementioned solar cell 10 in which each of the 

layers 10, 12 and 14 is formed primarily of silicon (that is, it is formed of silicon in 

which some dopants are incorporated). More specifically, the solar cell 24 includes a 

25 radiation transparent support substrate 26 that extends from an external surface 26a that 

is adapted for exposure to solar radiation to an internal surface 26b on which a layer of a 

transparent conductor 28 is disposed. In this embodiment, the substrate 26 is formed of 

glass, though in other embodiments it can be formed of other materials such as 

transparent dielectrics (e.g. quartz) or plastics or polymers. The radiation transparent 

30 conductor layer 28 can be formed, for example, of indium tin oxide (ITO) or zinc oxide 

(ZnO). 
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The exemplary multijunction solar cell 24 further includes a radiation-absorbing 

layer 30 formed of p-doped amorphous silicon ( aSi) that is disposed over the transparent 

conductor layer 28. The layer 30 can exhibit a thickness in a range of about 1 mn to 

5 about 1000 nanometers, and preferably in a range of about 10 nm to about 100 

nanometers (e.g., about 50 nm). The doping level ofthc layer 30 can be, e.g., in a range 

of about 1014 cm-3 to about 1019 cm-3
, and preferably in a range of about 1016 cm-3 to 

about 1017 cm-3
. The layer 30 can be doped with a variety of p-type dopants, such as 

boron or aluminum or gallium. 

Another radiation absorbing layer 32 is disposed over the layer 30 to form a 

junction J1 therewith, where the junction includes a depletion region. More specifically, 

in some embodiments the layer 32 can be formed of crystalline silicon ( c-Si) or 

polycrystalline silicon (p-Si) that is appropriately doped. In this exemplary 

implementation, the layer 32 comprises polycrystalline silicon that is doped ,vith an n-

15 type dopant. The doping concentration of the layer 32 can be, for example, in a range of 

about 1012 crn-3 to about 1018 cm-3
, and preferably in a range of about 1014 cm-3 to about 

1016 cm-3
. Further, the thickness of the layer 3 2 can be in a range of about 1 micrometer 

to about 500 micrometers, and preferably in a range of about 5 micrometers to about 50 

micrometers (e.g., about 10 microns). The contact junction J1 formed between the 

20 layers 30 and 32 includes a depletion region. As discussed in more detail below, an 

electric field in the depletion region can facilitate the separation of the electron-hole 

pairs generated in that region or in vicinity thereof by incident solar photons. In some 

implementations, the layer 32 can be a thin layer having a thickness, e.g., in a range of 

about 1 micrometer to about 10 micrometers. In some cases, such a thin layer (e.g., a 

25 thickness in a range of about 1 mircon to about 10 microns) can exhibit an absorptance 

of about 25% or less in response to exposure to radiation wavelengths in a range of 

about 0. 7 microns to about 1 micron. 

In this embodiment, a thin highly-doped disordered layer 34 fom1s another 

junction 12 with the crystalline or polycrystalline layer 32 (in some other embodiments 

30 the heavily doped layer 34 can be crystalline exhibiting in some cases a highly ordered 

structure). Similar to the junction J1, the junction 12 can also include a depletion region 

that can facilitate the separation of electron-hole pairs generated by solar photons. As 

discussed in detail below, in some cases, the layer 34 can be fabricated by applying a 
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plurality of short laser pulses to the top surface of the underlying layer 32 while 

exposing the surface to an electron-donating compound (e.g., SF6). The layer 34 can 

have a thickness in a range of about 10 nm to about 1000 run, and preferably in a range 

5 of about 50 run to about 200 nm. In many implementations, the layer 34 includes a high 

level of n-doping ( e.g., at an atomic concentration of at least about 1 % ) so as to exhibit a 

higher n-type doping concentration level than that of the underlying layer 32. 

As discussed in more detail below, in this embodiment, the highly-doped silicon 

layer 34 can absorb radiation with wavelengths greater than about 1 micron ( e.g., greater 

10 than about 1.1 microns) with an absorptance significantly greater than that exhibited by 

crystalline silicon at those wavelengths. While crystalline silicon exhibits a precipitous 

drop in radiation absorption for wavelengths greater than that corresponding to its 

bandgap (e.g., greater than about 1.1 microns), the highly-doped silicon layer can exhibit 

in some cases near unity absorptance (e.g., an absorptance greater than about 90%) for 

15 those radiation wavelengths. 

The absorption characteristics of the three layers 30, 32 and 34 in the exemplary 

multijunction solar cell 24 can allow the cell to absorb the incident solar photon flux 

over a wide wavelength range. By way of illustration, FIGURE 4 shows a plot 

indicating the absorption of solar photons by different layers 30, 32, and 34 of a 

20 hypothetical implementation of the solar cell 24, illustrating the number of photons 

absorbed by each of those layers (it should be understood that this figure is presented 

only for illustrative purposes and is not intended to necessarily indicate the optimal 

radiation absorption characteristics of a multijunction solar cell in accordance with the 

teachings of the invention). The plot shows the photon flux (number of photons per unit 

25 area) at a given energy in the AMl.5 solar spectrum. The area under the curve 

represents the number of photons in a given energy range. The amorphous silicon layer 

can absorb photons with energies greater than about 1.7 eV, while the polycrystalline or 

crystalline silicon layer can absorb photons with energies greater than about 1.1 e V. The 

highly-doped disordered layer (in some cases the highly-doped layer is not disordered) 

30 can in turn absorb photons with energies greater than about 0.5 eV. In some cases, the 

highly-doped layer can absorb photons with energies greater than about 0.25 eV. 
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Referring again to FIGURE 3A, a thin metallic layer 36 is disposed over the thin 

layer 34. The metallic layer 36 together with the aforementioned radiation transparent 

conductive layer 28 allow extracting a voltage from the solar cell 24 to be applied to an 

5 external load 38, as shown schematically in FIGURE 3B, and discussed in more detail 

below. 

In use, upon exposure of the multijunction solar cell 24 to solar radiation, 

incident solar photons pass through the glass substrate 26 and the transparent conductor 

to be incident on the amorphous silicon layer 30. A portion of these photons are 

10 absorbed by the amorphous silicon layer so as to generate electron-hole pairs. The 

photons absorbed by the amorphous layer 30 are typically high energy photons, e.g., 

photons having energies greater than an energy corresponding to the band gap of 

amorphous silicon (e.g., 1.7 eV). 

The remaining photons, or at least a large portion of them, enter the 

15 polycrystalline (or crystalline) layer 32. These photons have typically lower energy as 

many of the higher energy photons were previously absorbed by the amorphous layer 

30. For example, many of these photons can have energies in a range of about 1.1 eV to 

about 1. 7 e V. The absorption of these photons can also lead to the generation of 

electron-hole pairs. Finally, those photons that were not absorbed by the layers 30 and 

20 32 reach the highly-doped layer 34 and are absorbed by that layer (at least a portion of 

those photons are absorbed by the layer 34) to generate additional electron-hole pairs. 

The energies of many of these photons lie in a range less than about 1.1 e V. In many 

implementations, the layer 34 exhibits micron-sized surface undulations that can help in 

trapping photons. In addition, the metallic layer 36 can reflect photons not absorbed by 

25 the radiation absorbing layers back to those layers. 

Hence, the multijunction solar cell 24 absorbs photons over substantially the 

entire range of the solar radiation spectrum. Such absorption of photons corresponding 

to different wavelength ranges of the solar spectrum is schematically shown in a graph 

in FIGURE 5 for a hypothetical multijunction solar cell according to the teachings of the 

30 invention. The graph schematically indicates each material with its associated band gap 

(for example, in the solar cell shown in FIGURE 5, Material 1 corresponds to 

amorphous silicon, Material 2 corresponds to crystalline or polycrystalline silicon and 

Material 3 corresponds to a highly-doped disordered layer). The graph shows that the 
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band gap of the three material progressively decreases such that the photons having 

higher energies are absorbed primarily in Material 1 to generate electron-hole pairs 

while lower energy photons are absorbed in the Materials 2 and 3 (in cases where a 

5 surface of Material 1 is exposed to solar radiation, high energy photons, which can be 

absorbed near the surface, can suffer less thermalization loss). Many device details, 

such as the bending of the bands at the junctions, are not shown in this figure. 

By way of contrast, FIGURES 6A-6C schematically show the absorption of solar 

photons in a hypothetical homojunction photovoltaic cell ( e.g., a solar cell). FIGURE 

10 6A shows that only those photons having energies that are at least equal to that of the 

band gap can be absorbed. All absorbed photons yield about egap of work, as shown 

schematically in FIGURE 6C. But many low energy photons are not absorbed. Further, 

some energy from high energy photons are lost to lattice thermalization (e.g., FIGURE 

6B schematically shows energy ( E:1h) lost by an electron of an electron-hole pair 

15 generated by a high energy photon to the lattice). By way of example, in a near ideal 

silicon homojunction material, photons representing more than about 20% of the solar 

energy are not absorbed and about 30% of the energy of the absorbed photons is lost to 

heat. 

Referring again to FIGURE 3A, the junctions J1 and J2 include depletion 

20 regions. TI1ese depletion regions are shown schematically in FIGURE 7 as regions DPl 

and DP2. The electron-hole pairs generated in each of the two depletion regions or in 

vicinity thereof are separated by the electric field present in the depletion regions to drift 

towards the upper or the lower conductors 36 and 28. Some of such electrons and holes 

are lost to electron-hole recombination events, while others are lost to non-radiative 

25 recombination at traps, and still others may be lost to Auger recombination. Those that 

reach the respective upper and lower metal electrodes can provide a voltage across the 

cell that can be applied to an external load, such as the light bulb shown in FIGURE 3B. 

In some embodiments, the highly-doped layer exhibits not only a high doping 

concentration level but also good charge carrier mobility so as to minimize electron-hole 

30 recombination events and scattering. By way of example, the electron mobility in the 

highly doped layer 34 can be greater than about 500 cm2/V-s, e.g., in a range of about 

100 cm 2/V-s to about 1000 cm 2/V·s. As discussed in more detail below, in some cases 

the fabrication of the highly-doped layer can include a high-temperature annealing 
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protocol to ensure high electron mobility in that layer. 

A variety of techniques can be employed to fabricate the multijunction solar cell 

24. By way of example, in one such fabrication method, the transparent conductive 

5 electrode can be formed on a surface of glass substrate, e.g., by radio frequency 

sputtering from an indium tin oxide (ITO) target. Subsequently, the amorphous silicon 

layer can be grown on the exposed surface of the transparent metal electrode, in a 

manner known in the art, for example by decomposition of silane gas (SiH4) in plasma 

enhanced chemical vapor deposition. Similarly, the crystalline or polycrystalline layer is 

10 grown on the amorphous layer. By way of example, thin films of amorphous and 

microcrystalline silicon can be produced by plasma-enhanced chemical vapor deposition 

using a mixture of silane (SiH 4) and hydrogen gases. The films can include a substantial 

amount of hydrogen (e.g., 5-20 at.%). Amorphous silicon films can be fabricated by 

utilizing pure silane while crystalline grains can be fabricated via high dilution in 

15 hydrogen. The degree of crystallinity can be varied by varying the concentration of 

silane, e.g., in a range of about 4.5% to about 8%. For example, in some cases, at a 

concentration of about 4.5%, the film can exhibit a high degree of crystallinity with an 

average grain size of, e.g., about 25 microns. Amorphous and microcrystalline silicon 

can be doped with a suitable n-type and p-type dopant, such as phosphorous or boron, 

20 during the deposition process. Polycrystalline films are also commonly grown via low­

pressure chemical vapor deposition, via thermal decomposition of silane gas in a tube 

furnace. 

The highly-doped layer 34 can then be generated by applying short radiation 

pulses to the exposed surface of the crystalline or polycrystalline layer 32 while the 

25 surface is exposed to an electron-donating compound (e.g., sulfur hexafluoride gas), as 

discussed in more detail below. It can also be generated via other techniques for 

implanting impurities beyond the solid solubility limit. Finally, the metallic electrode 

can be fom1ed over the disordered layer 34, e.g., by evaporating a metal over that layer. 

As discussed above, in this exemplary embodiment, the layer 34 is in the form of 

30 a disordered layer formed primarily of silicon in which a large quantity of an electron­

donating dopant, e.g., sulfur, is incorporated. As noted in more detail below, such a 

layer can be formed by irradiating a silicon surface with short radiation pulses (e.g., 

pulses having temporal durations in a range of about 10 femtoseconds (fs) to about a few 
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hundred nanoseconds) while exposing to the surface to an electron-donating constituent 

(e.g., SF6). Such processing of silicon can generate the disordered layer 34 with a 

thickness, e.g., in a range of 10 nanometers to about 1000 nanometers, which exhibits 

5 not only significant absorption in the visible radiation wavelengths but also at 

wavelengths that are larger than that corresponding to the band gap of silicon ( e.g., at 

wavelengths greater than about 1.1 microns). 

By way of example, in some embodiments, the layer 34 can be fabricated by 

applying radiation pulses having temporal durations in a range of about 10 fs to about 

10 500 fs (though longer pulse widths can also be utilized) and having wavelengths in a 

range of about 400 nm to about 800 nm to a surface of a crystalline silicon substrate; 

longer and shorter wavelengths can be used, for example from about 200 nm to 

wavelengths of several microns, e.g., 5 microns. The fluence (energy per unit area) of 

the pulses at the substrate surface can be, e.g., in a range of about 1 kJ/cm 2 to about 40 

15 kJ/cm 2
. In some cases, the substrate is moved relative to the radiation beam ( or vice 

versa) such that different areas of the surface are irradiated with the pulses. The rate of 

movement of the substrate can be selected such that each irradiated area is exposed to a 

plurality of pulses, e.g., in a range of about a few tens to a few thousands ( e.g., 500 

pulses). 

20 In some embodiments, the irradiation of the surface with the pulses is performed 

while the surface is exposed to a dopant chosen, e.g., from heavy chalcogens ( e.g., 

sulfur, selenium, and tellurium). Without being limited to any particular theory, the train 

of the pulses can cause ultrafast melting of the substrate's lattice so as to yield a 

resolidification front that moves very fast, and can trap foreign atoms (e.g., sulfur) in its 

25 vicinity with a surface layer of the substrate at concentration levels that substantially 

exceed the respective solid solubility limit. These foreign atoms can be introduced in a 

variety of ways. For example, the substrate surface can be irradiated with the short (e.g., 

femtosecond) pulses while the surface is exposed to sulfur hexafluoride gas (e.g., the 

irradiation can be done in the presence of 500 torr sulfur hexafluoride gas). As another 

30 example, when doping the substrate with selenium or tellurium, a film of selenium or 

tellurium (e.g., a 100-nm film) can be thermally evaporated onto the substrate surface 

and then the coated surface can be irradiated with the short laser pulses. 
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The resulting substrate surface can exhibit micron-scale or sub-micron scale 

morphologies depending on the conditions utilized. By way of example, FIGURE 8A 

quasi-ordered array of microspikes that are about 1 - 15 microns tall and spaced by 

5 about 1 - 5 microns that were generated in a surface layer of a silicon substrate by 

exposing the surface to 100-fs laser pulses having a central wavelength of 800 nm and a 

fluence of about 8 kJ/m 2
. Each area of the surface was exposed to about 600 pulses. A 

cross-sectional transmission electron microscopy (TEM) image of one of the spikes 

shown in FIGURE 8B reveals a doped, 300-nm thick polycrystalline disordered surface 

10 layer. In particular, the X-ray diffraction pattern shown in the inset of FIGURE 8B 

indicates that the disordered layer is in fact polycrystalline. Further, Rutherford 

backscattering data (not shown) indicates that the polycrystalline layer exhibits about 

1 % atomic doping, and diffraction studies reveal an average grain size of about 30 nm. 

Further details regarding various ways of generating a doped surface layer by 

15 exposing a substrate surface to short laser pulses can be found U.S. Published Patent 

Application No. 2003/0029495 entitled "Systems and Methods for Light Absorption and 

Field Emission Using Microstructured Silicon," U.S. Published Patent Application No. 

2006/0079062 entitled "Ferntosecond Laser-Induced Formation of Submicrometer 

Spikes On a Semiconductor Substrate," U.S. Patent No. 7,057,256 entitled "Silicon-

20 based Visible and Near-infrared Optoelectronic Devices," pending U.S. Patent 

Application No. 12/038209 entitled "Laser-Induced Structuring of Substrate Surfaces," 

each of which is herein incorporated by reference in its entirety. The present application 

also incorporates by reference a thesis entitled "Femtosecond Laser Ablation of Silicon: 

Nanoparticles, Doping and Photovoltaics," which was presented to Harvard University 

25 by Brian Tull in 2007. 

The morphology of the disordered surface layer, e.g., characterized by a 

disordered array of microspikes, can be distinct from doping of the layer. For example, 

adjusting laser parameters (e.g., fluence) as well as the distribution oflaser pulses over 

the surface can be employed to enhance or reduce the sizes of the surface features while 

30 still providing a requisite degree of doping (e.g., I% atomic concentration). In some 

cases, the spikes or similar surface features generated by laser processing of the 

substrate can be used to amplify absorption of solar radiation incident on the surface due 

to multiple reflections. In other cases, it may advantageous to fabricate a highly doped 
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disordered surface layer that exhibits a substantially smooth top surface. By way of 

example, an international (PCT) application entitled "Engineering Flat Surfaces on 

Material Doped Via Femtosecond Laser Irradiation", which is concurrently filed 

5 herewith and is herein incorporated by reference in its entirety, describes a method of 

processing a substrate by irradiating at least a portion of the substrate surface with a 

plurality of short radiation pulses while exposing the surface to a dopant. The pulses are 

selected to have a fluence at the substrate surface that is greater than a melting fluence 

threshold and less than an ablation fluence threshold. In this manner, a quantity of the 

10 dopant can be incorporated into the substrate while ensuring that the roughness of the 

substrate's surface is significantly less than the wavelength of the applied radiation 

pulses. 

Although the above description relates to generating a highly doped layer in 

crystalline silicon, the methods discussed above can be employed to generate such 

15 doping layers in amorphous silicon ( e.g., in thin films of amorphous silicon) or other 

semiconductors by exposing them to short laser pulses in the presence of a dopant. 

The radiation absorbing layer 34 generated by the above methods can exhibit a 

substantially uniform absorption of electromagnetic radiation incident thereon from 

ultraviolet to the near-infrared (e.g., in a range of about 250 nm to about 2500 run). As 

20 such, it can be particularly useful in absorbing the solar radiation at wavelengths greater 

than about 1.1 microns, where crystalline silicon shows very low absorption. By way of 

illustration, FIGURE 9 shows the radiation absorptance as a function of wavelength for 

a highly doped surface layer formed in silicon via application of 100-fs pulses at a 

central wavelength of about 800 nm and a fluence of about 8 kJ/m 2 ( each area was 

25 exposed to about 500 pulses), indicating a near-unity absorptance over a wide range of 

wavelengths. In contrast, as shown in the figure, the absorptance exhibited by a 

crystalline silicon substrate drops precipitously for wavelengths greater than about 1.1 

microns. 

Moreover, the highly-doped layer can form a diode junction with the underlying 

30 substrate that can be characterized by a depletion region. That is, in many cases, the 

dopant atoms are not only optically active but they can also act as electron donors. In 

some embodiments, subsequent to irradiation of substrate with laser pulses in the 

presence of a dopant, the substrate ( and consequently the generated highly doped surface 
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layer) is annealed at an elevated temperature (e.g., at 900 K for about 30 minutes) to 

facilitate the formation of a diode junction between the doped surface layer and the 

underlying substrate. Such an annealing step is further discussed in Published U.S. 

5 Patent Application No. 2008/0044943 entitled "Manufacture of Silicon-based Devices 

Having Disordered Sulfur-doped Surface Layers," which is incorporated herein by 

reference in its entirety. 

By way of illustration, FIGURE 10 shows that a junction between a surface layer 

formed in a silicon substrate by application of 100-fs pulses (800 nm central wavelength 

10 at a fluence of 8 kJ/m 2
) and the underlying substrate demonstrates rectification. 

Additionally, regardless of the original substrate doping, room-temperature Hall 

measurements performed on a number of silicon substrates in which such highly doped 

surface layers are generated demonstrate a negative charge carrier concentration in a 

range of about 1019 to about 1020 cm-3 in that layer. 

15 A multijunction photovoltaic cell according to the teachings of the invention can 

provide a number of advantages relative to conventional multijunction photovoltaic 

cells. For example, a multijunction photovoltaic cell of the invention can utilize a 

significant portion of the solar wavelength spectrum for generating electron-hole pairs. 

In addition, it can be fabricated by utilizing abundant raw materials and known 

20 techniques. In contrast, conventional cells typically include a combination of exotic 

materials that are expensive, both to acquire as raw materials as well as to incorporate 

into a device. 

The following example is provided for illustrative purposes to generally indicate 

the feasibility of utilizing a highly-doped disordered layer, such as the aforementioned 

25 layer 34, as a radiation absorbing layer in a multijunction solar cell. 

Example 

A homojunction prototype solar cell was fabricated by generating a highly doped 

disordered layer as a top surface layer of a p-type silicon substrate (resistivity p = 800 

30 Ohm-cm) by applying a plurality of 100-fs laser pulses having a central wavelength of 

800-nm to a surface of the silicon substrate at a fluence of about 4 kJ/m 2 while exposing 

the surface to SF 6. Cr/ Au electrical contacts were deposited, one on each opposed side 

of the substrate, to allow measuring a voltage generated across the cell in response to 
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exposure to solar radiation. 

FIGURE 11 shows a current versus voltage (I-V) curve measured for the 

prototype homojunction cell. The open circuit voltage (V0 e) refers to a voltage 

5 developed across a solar cell, which is not connected to an external load, as a result of 

the electron-hole pairs generated in response solar radiation. The open circuit voltage 

can be measured, e.g., by determining a voltage needed to be applied to an illuminated 

solar cell to prevent flow of a current. The short circuit current Cf,c) refers to a current 

that flows through an external source having a vanishing resistance that is coupled 

10 across an illuminated cell. By way of example, the Voe and fsc can be determined by 

sweeping a voltage applied across 

A power delivered by a solar cell to an external load connected across the cell 

having a given resistance can be determined by multiplying the current through the load 

by the voltage across the load. A variable used to characterize the quality of a solar cell 

15 is known as the fill factor (FF), which can be defined as follows: 

Eq. (2) 

where lmax and V max correspond to current and voltage associated with a maximum power 

20 delivered by the cell, and V 0 c and lsc represent the open circuit voltage and short circuit 

current, respectively. 

25 

The efficiency of a solar cell, 17 (% ), for converting solar power into electrical 

energy can be defined as: 

17 

where T1 represents the intensity of the light incident on the a surface of the cell exposed 

to the solar radiation, A represents the area exposed to the solar radiation, and I max and 

Vmax correspond to current and voltage associated with a maximum power delivered by 

30 the cell. 
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The efficiency of the aforementioned prototype cell under irradiation of an AM 15 

solar spectrum was measured to be about 2.2% with an open circuit voltage of about 

0.42 V, a short circuit current of 14.4 mA/cm 2
, and a fill factor of about 0.36. 

Those having ordinary skill in the art will appreciate that various changes can be 

made to the above embodiments without departing from the scope of the invention. 
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Claims: 

1. A photovoltaic device, comprising 

a first layer , 

PCT/US2009/032871 

a second layer forming a junction characterized by a depletion region with said 

first layer, and 

a third layer forming a junction characterized by a depletion region with said 

intermediate layer, 

10 each of said layers being adapted to absorb radiation over a different wavelength 

range of the solar spectrum so as to generate electron-hole pairs, 

wherein at least one of said layers is capable of absorbing radiation at 

wavelengths greater than about 1 micron with an absorptance greater than about 60%. 

15 2. The photovoltaic device of claim 1, wherein said wavelength ranges 

corresponding to absorption by the layers collectively span a wavelength range 

extending from 250 nm to about 2500 nm. 

3. The photovoltaic device of claim 1, wherein said at least one layer exhibits an 

20 absorptance greater than about 70% for wavelengths greater than about 1 micron. 

4. The photovoltaic device of claim 1, wherein said at least one layer exhibits an 

absorptance greater than about 80% for wavelengths greater than about 1 micron. 

25 5. The photovoltaic device of claim 1, wherein said at least one layer exhibits an 

absorptance greater than about 90% for wavelengths greater than about 1 micron. 

6. The photovoltaic device of claim 1, wherein one of said layers comprises 

amorphous silicon. 

30 

7. The photovoltaic device of claim 1, wherein one of said layers comprises any of 

crystalline or polycrystalline silicon. 
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8. The photovoltaic device of claim 1, wherein one of said layers comprises a 

silicon layer doped with a dopant at an atomic concentration greater than about 1 %. 

9. A photovoltaic device, comprising 

a first radiation absorbing layer formed of silicon doped with a dopant so as to 

absorb electromagnetic radiation at one or more wavelengths greater than about 1 

micrometers with an absorptance greater than about 70%, 

a second radiation absorbing layer formed of any of doped crystalline or 

10 polycrystalline silicon disposed over said first layer, said second layer forming a 

junction vvith said first layer characterized by a depletion region, and 

15 

20 

a third radiation absorbing layer formed of doped amorphous silicon disposed on 

said second layer so as to form a junction therewith characterized by a depletion region. 

10. The photovoltaic device of claim 9, wherein said first layer comprises a layer 

containing said dopant with an atomic concentration greater than about 1 %. 

11. The photovoltaic device of claim 10, wherein said first layer has a thickness in a 

range of about 10 nm to about 1000 nm. 

12 The photovoltaic device of claim 9, wherein at least a portion of one of said 

layers is configured for exposure to an external source of radiation. 

13. The photovoltaic device of claim 9, further comprising a pair of electrodes each 

25 of which is in electrical coupling with one of said regions so as to facilitate generation of 

an electrical signal in response to exposure of said at least a portion of one of said 

regions to radiation from said source. 

14. The photovoltaic device of claim 13, wherein said electrical signal comprises any 

30 of a voltage or a current. 

15. The photovoltaic device of claim 9, wherein said first layers includes an n-type 

dopant. 
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16. The photovoltaic device of claim 9, wherein said first layer exhibits an electron 

mobility greater than about 100 cm 2 /V-s. 

17. A photovoltaic device, comprising 

a first semiconductor layer capable of absorbing radiation at wavelengths greater 

than about 1.1 microns, said layer exhibiting an absorptance greater than about 25% for 

at least one of said wavelengths, 

a second semiconductor layer capable of absorbing radiation at wavelengths in a 

10 range of about 0. 7 microns to about 1. 1 microns, said second layer forming a junction 

with said first layer, 

15 

20 

25 

a third semiconductor layer capable of absorbing radiation at wavelengths in a 

range of about 0.25 microns to about 0.7 microns, said third layer forming a junction 

with said second layer, 

wherein said of said junctions comprises a depletion region. 

18. The photovoltaic device of claim 1 7, wherein said first layer exhibits an 

absorptance in a range of about 0.25 to about 1.0 at radiation wavelengths in a range of 

about 1 micron to about 2 microns. 

19. The photovoltaic device of claim 17, wherein said second layer exhibits an 

absorptance in a range of about 0.5 to about 1.0 at radiation wavelengths in said range of 

about 0. 7 microns to about 1 micron. 

20. The photovoltaic device of claim 17, wherein said third layer exhibits an 

absorptance in a range of about 0.5 to about 1 at radiation wavelengths in said range of 

about 0.25 microns to about 0.7 microns. 

21. The photovoltaic device of claim 17, wherein each of said layers is formed 

30 primarily of silicon. 
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22. A photovoltaic device, comprising 

an upper layer capable of generating electron-hole pairs in response to exposure 

to radiation having one or more wavelengths within a first wavelength range, 

5 an intermediate layer forming a junction characterized by a depletion region with 

said upper layer, said intermediate layer being capable of generating electron-hole pairs 

in response to radiation having one or more wavelengths within a second wavelength 

range, 

a lower layer forming a junction characterized by a depletion region with said 

10 intermediate layer, said lower layer being capable of generating electron-hole pairs in 

response to radiation having one or more wavelengths within a this wavelength range, 

said wavelength ranges spanning different portions of the solar wavelength 

spectrum, 

wherein at least a portion of one of said layers is configured for exposure to solar 

15 radiation, and wherein said layers are adapted to collectively absorb at least about 70% 

of solar radiation energy incident on said portion configured for exposure to solar 

radiation 

23. The photovoltaic device of claim 22, wherein said layers are adapted to 

20 collectively absorb at least about 80% of solar radiation energy incident on said portion 

configured for exposure to solar radiation. 

24. The photovoltaic device of claim 22, wherein said layers are adapted to 

collectively absorb at least about 90% of solar radiation energy incident on said portion 

25 configured for exposure to solar radiation. 
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25. A method of fabricating a photovoltaic device, comprising 

forming a radiation transparent electrically conductive layer over a surface of a 

radiation transparent substrate, 

5 disposing a first semiconductor radiation absorbing layer over said electrically 

conductive layer, 

disposing a second semiconductor radiation absorbing layer over said first layer 

so as to form a junction with said first layer characterized by a depletion region, 

applying a plurality of short radiation pulses to an uncovered surface of said 

10 second layer while said surface portion is exposed to a compound having an electron 

donating constituent in order to convert a portion of said second layer into a third 

radiation absorbing layer forming a junction characterized by a depletion region with 

said second layer, and 

depositing an electrically conductive layer over said third layer. 

15 
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FIG. 1 

(57) Abstract: Photosensitive devices and associated methods are provided. In one aspect, for example, a photosensitive imager 
device can include a semiconductor substrate having multiple doped regions forming at least one junction, a textured region cou­
pled to the semiconductor substrate and positioned to interact with electromagnetic radiation, and an electrical transfer element 
coupled to the semiconductor substrate and operable to transfer an electrical signal from the at least one junction. In one aspect, 
the textured region is operable to facilitate generation of an electrical signal from the detection of infrared electromagnetic radia­
tion In another aspect, interacting with electromagnetic radiation further includes increasing the semiconductor substrate's eftec­
tive absorption wavelength as compared to a semiconductor substrate lacking a textured region. 
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PHOTOSENSITIVE IMAGING DEVICES AND ASSOCIATED METHODS 

PRIORITY DATA 

This application claims the benefit of U.S. Provisional Patent Application 

5 Serial No. 61/243,434, filed on September 17, 2009, U.S. Provisional Patent 

Application Serial No. 61/311,004 filed on March 5, 2010, and U.S. Provisional 

Patent Application Serial No. 61/311,107, filed on March 5, 2010, each of which is 

incorporated herein by reference. 

10 BACKGROUND 

The interaction of light with semiconductor materials has been a significant 

innovation. Silicon imaging devices are used in various technologies, such as digital 

cameras, optical mice, video cameras, cell phones, and the like. Charge-coupled 

devices (CCDs) were widely used in digital imaging, and were later improved upon 

15 by complementary metal-oxide-semiconductor (CMOS) imagers having increased 

performance. CMOS sensors are typically manufactured from silicon and can covert 

visible incident light into a photocurrent and ultimately into a digital image. Silicon­

based technologies for detecting infrared incident electromagnetic radiation have been 

problematic, however, because silicon is an indirect bandgap semiconductor having a 

20 band gap of about 1.1 e V. Thus the absorption of electromagnetic radiation having 

wavelengths of greater than about 1100 nm is, therefore, very low in silicon. 

SUMMARY 

The present disclosure provides photosensitive devices and associated 

25 methods. In one aspect, for example, a photosensitive imager device can include a 

semiconductor substrate having multiple doped regions forming at least one junction, 

a textured region coupled to the semiconductor substrate and positioned to interact 

with electromagnetic radiation, and an electrical transfer element coupled to the 

semiconductor substrate and operable to transfer an electrical signal from the at least 

30 one junction. In one aspect, the textured region is operable to facilitate generation of 

an electrical signal from the detection of infrared electromagnetic radiation. In 

another aspect, interacting with electromagnetic radiation further includes increasing 

the semiconductor substrate's effective absorption length as compared to a 

semiconductor substrate lacking a textured region. In one specific aspect, the transfer 
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element is selected from the group consisting of a transistor, a sensing node, a transfer 

gate, and combinations thereof. 

The textured region can be positioned in a variety of locations relative to the 

doped regions. In one aspect, for example, the textured region is positioned on a 

5 surface of the semiconductor substrate that is opposite the multiple doped regions. In 

one specific aspect, the textured region has a surface morphology operable to direct 

electromagnetic radiation into or out of the semiconductor substrate. The surface 

morphology of the textured region relative to the semiconductor substrate can include 

a variety of configurations, including, without limitation, sloping, pyramidal, inverted 

10 pyramidal, spherical, parabolic, asymmetric, symmetric, and the like, including 

combinations thereof 

In another aspect, the textured region can be positioned on a surface of the 

semiconductor substrate that is adjacent the multiple doped regions. In a more 

specific aspect, an additional textured region can be positioned on a surface of the 

15 semiconductor substrate that is opposite the multiple doped regions. In this manner, 

textured regions can thus be positioned adjacent to multiple doped regions and 

opposite the multiple doped regions. 

Various aspects of the textured region can vary depending on the desired 

configuration of the device. In one aspect, however, the textured region includes 

20 surface features having a size selected from the group consisting of micron-sized, 

nano-sized, and combinations thereof Numerous surface feature morphologies are 

contemplated, nonlimiting examples of which include cones, pillars, pyramids, 

micolenses, quantum dots, inverted features, and combinations thereof. Additionally, 

the textured region can be formed by a variety of processes. Nonlimiting examples of 

25 such texturing processes can include lazing, chemical etching ( e.g. anisotropic 

etching, isotropic etching), nanoimprinting, material deposition, and combinations 

thereof. 

Additional layers and/or structures can be included in various devices 

according to aspects present disclosure. In one aspect, for example, a reflective layer 

30 can be coupled to the semiconductor substrate and positioned to maintain the 

electromagnetic radiation in the semiconductor substrate. In another aspect, a lens 

can be optically coupled to the semiconductor substrate and positioned to focus 

incident electromagnetic radiation into the semiconductor substrate. 
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In another aspect of the present disclosure, a method of making a 

photosensitive imager device is provided. Such a method can include forming a 

textured region on a semiconductor substrate having multiple doped regions forming a 

least one junction, wherein the textured region is formed in a position to interact with 

5 electromagnetic radiation and coupling an electrical transfer element to the 

semiconductor substrate such that the electrical transfer element is operable to transfer 

an electrical signal from the at least one junction. 

In one aspect, the photosensitive imager device can be tuned to be selected to 

filter out specific electromagnetic radiation wavelengths. In one specific aspect, 

10 tuning includes forming surface features to have dimensions that selectively diffuse or 

selectively absorb a desired wavelength of electromagnetic radiation. In another 

aspect, tuning is accomplished through a factor selected from the group consisting of 

placement of the textured region, material type andior thickness of the textured 

region, dopant type of the textured region, doping profile of the texture region, dopant 

15 profile of the semiconductor substrate, material type and/or thickness of the 

semiconductor substrate, and combinations thereof. 

In another aspect of the present disclosure, a photosensitive imager device is 

provided. Such a device can include a semiconductor substrate having multiple doped 

regions forming a least one junction, a textured region coupled to the semiconductor 

20 substrate and positioned to interact with electromagnetic radiation, and at least 4 

transistors coupled to the semiconductor substrate and with at least one of the 

transistors electrically coupled to the at least one junction. 

BRIEF DESCRIPTION OF THE DRA "VIN GS 

25 FIG. 1 is a schematic view of a photosensitive device in accordance with one 

aspect of the present disclosure; 

FIG. 2 is a schematic view of a photosensitive device in accordance with 

another aspect of the present disclosure; 

FIG. 3 is a schematic view of a photosensitive device in accordance with yet 

30 another aspect of the present disclosure; 

FIG. 4 is a schematic view of a photosensitive device in accordance with a 

further aspect of the present disclosure; 

FIG. 5 is a schematic view of a photosensitive device in accordance with yet a 

further aspect of the present disclosure; 
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FIG. 6 is a schematic view of a photosensitive device in accordance with 

another aspect of the present disclosure; 

FIG. 7 is a schematic view of a photosensitive pixel device in accordance with 

yet another aspect of the present disclosure; 

5 FIG. 8 is a schematic view of a photosensitive pixel device in accordance with 

a further aspect of the present disclosure; 

FIG. 9 is a schematic view of a photosensitive pixel device in accordance with 

yet a further aspect of the present disclosure; 

FIG. 10 is a schematic view of a photosensitive pixel device in accordance 

10 with another aspect of the present disclosure; 

FIG. 11 is a schematic view of a photosensitive pixel device in accordance 

with yet another aspect of the present disclosure; 

FIG. 12 is a schematic view of a photosensitive pixel device in accordance 

with a further aspect of the present disclosure; 

15 FIG. 13 is a schematic view of a photosensitive pixel device in accordance 

with another aspect of the present disclosure; 

FIG. 14 is a schematic view of a photosensitive imager device in accordance 

with yet another aspect of the present disclosure; 

FIG. 15 is a schematic view of a photosensitive pixel device in accordance 

20 with a further aspect of the present disclosure; 

25 

FIG. 16 is a schematic view of a photosensitive pixel device in accordance 

with another aspect of the present disclosure; and 

FIG. 17 is a depiction of a method of making a photosensitive imager device 

in accordance with yet another aspect of the present disclosure. 

DETAILED DESCRIPTION 

Before the present disclosure is described herein, it is to be understood that 

this disclosure is not limited to the particular structures, process steps, or materials 

disclosed herein, but is extended to equivalents thereof as would be recognized by 

30 those ordinarily skilled in the relevant arts. It should also be understood that 

terminology employed herein is used for the purpose of describing particular 

embodiments only and is not intended to be limiting. 
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Definitions 

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

forth below. 

It should be noted that, as used in this specification and the appended claims, 

5 the singular forms "a," and, "the" include plural referents unless the context clearly 

dictates otherwise. Thus, for example, reference to "a dopant" includes one or more 

of such dopants and reference to "the layer" includes reference to one or more of such 

layers. 

As used herein, the term "low oxygen content" refers to any material having 

10 an interstitial oxygen content that is less than or equal to about 60 ppm atomic. 

As used herein, the terms "disordered surface" and "textured surface" can be 

used interchangeably, and refer to a surface having a topology with nano- to micron­

sized surface variations formed by the irradiation of laser pulses. While the 

characteristics of such a surface can be variable depending on the materials and 

15 techniques employed, in one aspect such a surface can be several hundred nanometers 

thick and made up of nanocrystallites ( e.g. from about 10 to about 50 nanometers) and 

nanopores. In another aspect, such a surface can include micron-sized structures ( e.g. 

about 2 µm to about 60 µm). In yet another aspect, the surface can include nano-sized 

and/or micron-sized structures from about 5 nm and about 500 µm. 

20 As used herein, the term "fluence" refers to the amount of energy from a 

single pulse of laser radiation that passes through a unit area. In other words, 

"fluence" can be described as the energy density of one laser pulse. 

As used herein, the tenns "surface modifying" and "surface modification" 

refer to the altering of a surface of a semiconductor material using laser radiation. In 

25 one specific aspect, surface modification can include processes using primarily laser 

radiation or laser radiation in combination with a dopant, whereby the laser radiation 

facilitates the incorporation of the dopant into a surface of the semiconductor 

material. Accordingly, in one aspect surface modification includes doping of a 

semiconductor material. 

30 As used herein, the tem1 "target region" refers to an area of a semiconductor 

material that is intended to be doped or surface modified using laser radiation. The 

target region of a semiconductor material can vary as the surface modifying process 

progresses. For example, after a first target region is doped or surface modified, a 

second target region may be selected on the same semiconductor material. 
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As used herein, the tem1 "detection" refers to the sensing, absorption, and/or 

collection of electromagnetic radiation. 

As used herein, the term "substantially" refers to the complete or nearly 

complete extent or degree of an action, characteristic, property, state, structure, item, 

5 or result. For example, an object that is "substantially" enclosed would mean that the 

object is either completely enclosed or nearly completely enclosed. The 

exact allowable degree of deviation from absolute completeness may in some cases 

depend on the specific context. However, generally speaking the nearness of 

completion will be so as to have the same overall result as if absolute and total 

10 completion were obtained. The use of "substantially" is equally applicable when used 

in a negative connotation to refer to the complete or near complete lack of an action, 

characteristic, property, state, structure, item, or result. For example, a composition 

that is "substantially free of' particles would either completely lack particles, or so 

nearly completely lack particles that the effect would be the same as if it completely 

15 lacked particles. In other words, a composition that is "substantially free of' an 

ingredient or element may still actually contain such item as long as there is no 

measurable effect thereof. 

As used herein, the term "about" is used to provide flexibility to a numerical 

range endpoint by providing that a given value may be "a little above" or "a little 

20 below" the endpoint. 

As used herein, a plurality of items, structural elements, compositional 

elements, and/or materials may be presented in a common list for convenience. 

However, these lists should be construed as though each member of the list is 

individually identified as a separate and unique member. Thus, no individual member 

25 of such list should be construed as a de facto equivalent of any other member of the 

same list solely based on their presentation in a common group without indications to 

the contrary. 

Concentrations, amounts, and other numerical data may be expressed or 

presented herein in a range format. It is to be understood that such a range format is 

30 used merely for convenience and brevity and thus should be interpreted flexibly to 

include not only the numerical values explicitly recited as the limits of the range, but 

also to include all the individual numerical values or sub-ranges encompassed within 

that range as if each numerical value and sub-range is explicitly recited. As an 

illustration, a numerical range of "about 1 to about 5" should be interpreted to include 
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not only the explicitly recited values of about 1 to about 5, but also include individual 

values and sub-ranges within the indicated range. Thus, included in this numerical 

range are individual values such as 2, 3, and 4 and sub-ranges such as from 1-3, from 

2-4, and from 3-5, etc., as well as 1, 2, 3, 4, and 5, individually. 

5 This same principle applies to ranges reciting only one numerical value as a 

minimum or a maximum. Furthermore, such an interpretation should apply regardless 

of the breadth of the range or the characteristics being described. 

The Disclosure 

10 Electromagnetic radiation can be present across a broad wavelength range, 

including visible range wavelengths (approximately 350nm to 800nm) and non­

visible wavelengths (longer than about 800nm or shorter than 350 nm). The infrared 

spectrum is often described as including a near infrared portion of the spectrum 

including wavelengths of approximately 800 to 1300 nm, a short wave infrared 

15 portion of the spectrum including wavelengths of approximately 1300 nm to 3 

micrometers, and a mid to long wave infrared ( or thermal infrared) portion of the 

spectrum including wavelengths greater than about 3 micrometers up to about 30 

micrometers. These are generally and collectively referred to herein as "infrared" 

portions of the electromagnetic spectrum unless otherwise noted. 

20 Traditional silicon photodetecting imagers have limited light 

absorption/detection properties. For example, infrared light is mostly transparent to 

such silicon based detectors. While other materials (e.g. InGaAs) can be used to detect 

infrared electromagnetic radiation having wavelengths greater than about 1000 nm, 

silicon is still commonly used because it is relatively cheap to manufacture and can be 

25 used to detect wavelengths in the visible spectrum (i.e. visible light, 350 nm - 800 

nm). Traditional silicon materials require substantial absorption depths to detect 

photons having wavelengths longer than approximately 700 nm. While visible light 

can be absorbed at relatively shallow depths in silicon, absorption of longer 

wavelengths (e.g. 900 nm) in silicon of a standard wafer depth (e.g. approximately 

30 750 µm) is poor if at all. The devices of the present disclosure increase the absorption 

of semiconductor materials by decreasing the effective absorption length to longer 

wavelengths as compared to traditional materials. For example, the absorption depth 

of silicon can be reduced such that these longer wavelengths can be absorbed at 

depths of less than or equal to about 850 µm. In other words, by decreasing the 
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effective absorption length these devices are able to absorb longer wavelengths ( e.g. 

> 1000 nm for silicon) within a thin semiconductor material. In addition to increasing 

the effective absorption length, the response rate or response speed can also be 

increased using thinner semiconductor materials. 

5 The present disclosure additionally provides broadband photosensitive diodes, 

pixels, and imagers capable of detecting visible as well as infrared electromagnetic 

radiation, including associated methods of making such devices. A photosensitive 

diode can include a semiconductor substrate having multiple doped regions forming at 

least one junction, and at least one textured region coupled to the semiconductor 

10 substrate and positioned to interact with electromagnetic radiation. In one aspect the 

multiple doped regions can include at least one cathode region and at least one anode 

region. Tn some aspects, doped regions can include an n-type dopant and/or a p-type 

dopant as is discussed below, thereby creating a p-njunction. In other aspects, a 

photosensitive device can include an i-type region to form a p-i-njunction. 

15 A photosensitive pixel can include a semiconductor substrate having multiple 

doped regions forming at least one junction, at least one textured region coupled to 

the semiconductor substrate and positioned to interact with electromagnetic radiation, 

and an electrical transfer element coupled to the semiconductor substrate and operable 

to transfer an electrical signal from the at least one junction. A photosensitive imager 

20 can include multiple photosensitive pixels. Additionally, an electrical transfer 

element can include a variety of devices, including without limitation, transistors, 

sensing nodes, transfer gates, transfer electrodes, and the like. 

Photosensitive or photodetecting imagers include photodiodes or pixels that 

are capable of absorbing electromagnetic radiation within a given wavelength range. 

25 Such imagers can be passive pixel sensors (PPS), active pixel sensors (APS), digital 

pixel sensor imagers (DPS), or the like, with one difference being the image sensor 

read out architecture. For example, a semiconducting photosensitive imager can be a 

three or four transistor active pixel sensor (3T APS or 4T APS). Various additional 

components are also contemplated, and would necessarily vary depending on the 

30 particular configuration and intended results. As and example, a 4T configuration can 

additionally include, among other things, a transfer gate, a reset, a source follower, 

and row select transistors. Additionally, devices having greater than 4 transistors are 

also within the present scope. 

- 8 -

IPR2025-00811 
Apple-Sony EX1002 Page 275



WO 2011/035188 PCT/US2010/049375 

Photosensitive imagers can be front side illumination (FSI) or back side 

illumination (BSI) devices, and there are advantages and disadvantages to both 

architecture types. In a typical FSI imager, incident light enters the semiconductor 

device by first passing by transistors and metal circuitry. The light, however, can 

5 scatter off of the transistors and circuitry prior to entering the light sensing portion of 

the imager, thus causing optical loss and noise. A lens can be disposed on the topside 

of a FSI pixel to direct and focus the incident light to the light sensing active region of 

the device, thus partially avoiding the circuitry. In one aspect the lens can be a ulens. 

BSI imagers, one the other hand, are configured to have the depletion region of the 

10 junction extending to the opposite side of the device. In one aspect, for example, 

incident light enters the device via the light sensing portion and is mostly absorbed 

prior to reaching the circuitry. BST designs a11ow for sma11er pixel architecture and a 

high fill factor for the imager. As mentioned, the present disclosure can be adapted 

for either configuration. It should also be understood that devices according to 

15 aspects of the present disclosure can be incorporated into complimentary metal-oxide­

semiconductor (CMOS) imager architectures or charge-coupled device (CCD) imager 

architectures. 

In one aspect, as is shown in FIG. 1, a photosensitive diode 10 can include a 

semiconductor substrate 12 having multiple doped regions 14, 16 forming at least one 

20 junction, and at least one textured region 18 coupled to the semiconductor substrate 

and positioned to interact with electromagnetic radiation. The different doped regions 

can have the same doping profile or different doping profiles, depending on the 

device. Such an architecture is a FSI design where light enters the semiconductor 

substrate from the direction of the multiple doped regions. While the device shown in 

25 FIG. 1 contains three doped regions, it should be noted that aspects containing one or 

more doped regions are considered to be within the present scope. Additionally, the 

semiconductor substrate can be doped, and thus can be considered to be a doped 

region in some aspects. It should also be noted that the photosensitive diode can be 

configured with a BSI architecture, and thus electromagnetic radiation would enter the 

30 semiconductor substrate from the direction of the textured region. 

The various devices according to aspects of the present disclosure can exhibit 

increased quantum efficiency over traditional photosensitive devices. Any increase in 

the quantum efficiency makes a large difference in the signal to noise ratio. More 

complex structures can provide not only increased quantum efficiency but also good 
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uniformity from pixel to pixel. In addition, devices of the present disclosure exhibit 

increased responsivity as compared to traditional photosensitive devices. For 

example, in one aspect the responsivity can be greater than or equal to 0.8A/W for 

wavelengths greater than 1000 nm for semiconductor substrate that is less than 100 

5 µm thick 

Photosensitive imagers can be maintained under constant conditions (fixed 

voltage or current) to provide enhanced linearity and uniformity. Connections 

between the imager and the underlying device layers can be achieved using vias 

fabricated from a refractory metal, such as tungsten or tantalum. Placing storage 

10 clements under the imagcr may provide various photonic benefits. For example, the 

entire pixel array may be dedicated to signal processing. This may enable higher 

performance by permitting access to low level pixel signals. Furthermore, massively 

parallel operations can be performed by pixel processors. For example, analog to 

digital conversion, noise reduction (ie., true correlated double sampling), power 

15 conditioning, nearest neighbor pixel processing, compression, fusion, and color 

multiplexing operations can be performed. 

A variety of semiconductor materials are contemplated for use with the 

devices and methods according to aspects of the present disclosure. Non-limiting 

examples of such semiconductor materials can include group IV materials, 

20 compounds and alloys comprised of materials from groups II and VI, compounds and 

alloys comprised of materials from groups III and V, and combinations thereof. More 

specifically, exemplary group IV materials can include silicon, carbon ( e.g. diamond), 

germanium, and combinations thereof. Various exemplary combinations of group IV 

materials can include silicon carbide (SiC) and silicon germanium (SiGe ). In one 

25 specific aspect, the semiconductor material can be or include silicon. Exemplary 

silicon materials can include amorphous silicon (a-Si), microcrystalline silicon, 

multicrystalline silicon, and monocrystalline silicon, as well as other crystal types. In 

another aspect, the semiconductor material can include at least one of silicon, carbon, 

germanium, aluminum nitride, gallium nitride, indium gallium arsenide, aluminum 

30 gallium arsenide, and combinations thereof. 

Exemplary combinations of group II-VI materials can include cadmium 

selenide (CdSe), cadmium sulfide (CdS), cadmium telluride (CdTe), zinc oxide 

(ZnO), zinc sclcnidc (ZnSc), zinc sulfide (ZnS), zinc tclluridc (ZnTc), cadmium zinc 
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telluride (CdZnTe, CZT), mercury cadmium telluride (HgCdTe), mercury zinc 

telluride (HgZnTe ), mercury zinc selenide (HgZnSe ), and combinations thereof. 

Exemplary combinations of group III-V materials can include aluminum 

antimonide (AlSb), aluminum arsenide (AlAs), aluminum nitride (AlN), aluminum 

5 phosphide (AlP), boron nitride (BN), boron phosphide (BP), boron arsenide (BAs), 

gallium antimonide (GaSb), gallium arsenide (GaAs), gallium nitride (GaN), gallium 

phosphide (GaP), indium antimonide (InSb), indium arsenide (InAs), indium nitride 

(InN), indium phosphide (InP), aluminum gallium arsenide (AlGaAs, AlxGa 1_xAs), 

indium gallium arsenide (InGaAs, InxGa 1_xAs), indium gallium phosphide (InGaP), 

10 aluminum indium arsenide (AlinAs ), aluminum indium antimonidc (AlinSb ), gallium 

arsenide nitride (GaAsN), gallium arsenide phosphide (GaAsP), aluminum gallium 

nitride (AlGaN), aluminum gallium phosphide (AIGaP), indium gallium nitride 

(InGaN), indium arsenide antimonide (InAsSb ), indium gallium antimonide (InGaSb ), 

aluminum gallium indium phosphide (AlGainP), aluminum gallium arsenide 

15 phosphide (AlGaAsP), indium gallium arsenide phosphide (InGaAsP), aluminum 

indium arsenide phosphide (AllnAsP), aluminum gallium arsenide nitride 

(AlGaAsN), indium gallium arsenide nitride (InGaAsN), indium aluminum arsenide 

nitride (InAlAsN), gallium arsenide antimonide nitride (GaAsSbN), gallium indium 

nitride arsenide antimonide (GainNAsSb), gallium indium arsenide antimonide 

20 phosphide (GainAsSbP), and combinations thereof. 

The semiconductor material can be of any thickness that allows 

electromagnetic radiation detection and conversion functionality, and thus any such 

thickness of semiconductor material is considered to be within the present scope. In 

some aspects the laser processed region of the semiconductor increases the efficiency 

25 of the device such that the semiconductor material can be thinner than has previously 

been possible. Decreasing the thickness of the semiconductor reduces the amount of 

semiconductor material required to make such a device. In one aspect, for example, 

the semiconductor material has a thickness of from about 500 nm to about 50 µm. In 

another aspect, the semiconductor material has a thickness of less than or equal to 

30 about 500 µm. In yet another aspect, the semiconductor material has a thickness of 

from about 1 µm to about 10 µm. In a further aspect, the semiconductor material can 

have a thickness of from about 5 µm to about 750 µm. In yet a further aspect, the 

semiconductor material can have a thickness of from about 5 µm to about 100 µm. 
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Additionally, various types of semiconductor material are contemplated, and 

any such material that can be incorporated into an electromagnetic radiation detection 

device is considered to be within the present scope. In one aspect, for example, the 

semiconductor material is monocrystalline. In another aspect, the semiconductor 

5 material is multicrystalline. In yet another aspect, the semiconductor material is 

microcrystalline. It is also contemplated that the semiconductor material can be 

amorphous. Specific nonlimiting examples include amorphous silicon or amorphous 

selenium. 

The semiconductor materials of the present disclosure can also be made using 

10 a variety of manufacturing processes. In some cases the manufacturing procedures 

can affect the efficiency of the device, and may be taken into account in achieving a 

desired result. Exemplary manufacturing processes can include Czochralski (Cz) 

processes, magnetic Czochralski (mCz) processes, Float Zone (FZ) processes, 

epitaxial growth or deposition processes, and the like. Whether or not low oxygen 

15 content is desired in the device can also affect the choice of a manufacturing process 

for the semiconductor material. Various processes produce semiconductor materials 

containing varying amounts of oxygen, and as such, some applications having more 

stringent tolerances with respect to oxygen levels may benefit more from specific 

manufacturing procedures as compared to others. For example, during CZ crystal 

20 growth oxygen from the containment vessel, usually a quartz crucible, can become 

incorporated into the crystal as it is pulled. Additionally, other sources of oxygen 

contamination are also possible with the CZ process. Such contamination may be 

reduced, however, through the use of non oxygen-containing crucible materials, as 

well as the development of other crystal growth methods that do not utilize a crucible. 

25 One such process is the FZ process. 

Materials grown with the CZ method can also be made to have lowered 

oxygen concentration through enhancements to the crystal gro\v1h process, such as 

growing the crystal in the presence of a magnetic field (i.e. the mCz process). Also, 

gettering techniques can be employed to reduce the impact of oxygen or other 

30 impurities on the finished device. These gettering techniques can include thermal 

cycles to liberate or nucleate impurities, or selective ion implantation of species to 

serve as gettering sites for the in1purities. For example, oxygen concentrated in the 

semiconductor can be removed by the performing a furnace cycle to form a denuded 

zone. During heating with an inert gas, oxygen near the surface of the semiconductor 
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diffuses out of the material. During the furnace cycle but after the denuding step, 

nucleating and growing steps may be perfom1ed. Nucleating sites for precipitates are 

formed during the nucleating step, and the precipitates are grown from the nucleating 

sites during a growing step. The precipitates are formed from interstitial oxygen 

5 within the bulk of the semiconductor material and beneath the denuded zone. The 

precipitation of oxygen in the bulk of the semiconductor material can be desired 

because such precipitates can act as gettering sites. Such precipitate formation can 

also be performed to "lock up" interstitial oxygen into the precipitates and reduce the 

likelihood that such oxygen can migrates from the bulk of the semiconductor material 

10 into the denuded zone. 

In those aspects where low oxygen content of the device is desired, further 

processing of the semiconductor material can be performed so as to minimize the 

introduction of oxygen. Oxygen can exist in different states or at different sites (for 

example, interstitially or substitutionally) within a semiconductor such as silicon, 

15 dependent upon the thermal processing the semiconductor has received. If the 

semiconductor is subjected to temperatures higher than, for example, about 1000° C, 

oxygen can form aggregates or clusters that serve as defect sites in the crystal lattice. 

These sites may result in trap states and a reduction in carrier lifetime within the 

semiconductor material and device can occur. At lower temperatures (for example, 

20 around 400° C to 700° C), oxygen can behave as electrically active thermal donors. 

Thus, oxygen can have a negative impact on carrier lifetime and on carrier mobility. 

In a device fabricated to have photoconductive gain, the presence of oxygen causing 

reduced carrier lifetime may result in reduced levels of photoconductive gain. 

It may be beneficial, therefore, to produce semiconductor devices such that a 

25 low oxygen content is obtained or maintained. This can be accomplished in a variety 

of ways, including using semiconductor materials having low levels of oxygen 

contained therein to begin with, processing these materials in a manner that minimizes 

the uptake of oxygen into the semiconductor lattice, and utilizing techniques that 

eliminate or reduce oxygen that may be present in the semiconductor. Such processes 

30 and techniques can include, for example, annealing the semiconductor material and 

any laser treated region to lower temperatures as compared to previous annealing 

procedures. Annealing processes are discussed more fully below. 

Additionally, texture processing of the semiconductor material and/or any 

annealing process can be performed in a substantially oxygen-depleted environment 
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in order to minimize the introduction of oxygen into the semiconductor. An oxygen­

depleted or substantially oxygen-depleted environment can include a variety of 

environments. In one aspect, for example, the oxygen-depleted environment can be 

an environment whereby oxygen from the air or other sources has been replaced with 

5 a gas or other fluid containing little to no oxygen. In another aspect, processing can 

occur in a vacuum environment, and thus contain little to no oxygen. Additionally, 

oxygen-containing materials or materials that introduce oxygen into the 

semiconductor, such as, for example, quartz crucibles, can be avoided. As a practical 

matter, the term "oxygen-depleted environment" can be used to describe an 

10 environment with low levels of oxygen, provided a semiconductor material can be 

processed therein within the desired tolerances. Thus, environments having low 

oxygen, or little to no oxygen, are environments in which a semiconductor can be 

processed as a low-oxygen content semiconductor while maintaining oxygen levels 

within the tolerances of the present disclosure. In one aspect, an oxygen-depleted 

15 environment can be an oxygen-free environment. Further details regarding low­

oxygen content semiconductor materials can be found in US Patent Application No. 

12/771848, filed on April 30, 2010, which is incorporated herein by reference. 

The semiconductor material can have varying levels of interstitial oxygen 

depending on the desired efficiency of the device. In some aspects, oxygen content 

20 may be of no concern, and thus any level of oxygen within the lattice is acceptable. 

In other aspects, a low oxygen content is desired. In one aspect a semiconductor 

material can have an oxygen content that is less than or equal to about 50 ppm atomic. 

In another aspect, a semiconductor material can have an oxygen content that is less 

than or equal to about 30 ppm atomic. In yet another aspect, the semiconductor 

25 material can have an oxygen content less than or equal to about 10 ppm atomic. In 

another aspect the semiconductor can have an oxygen content less than about 5 ppm 

atomic. In yet another aspect the semiconductor can have an oxygen content less than 

about 1 ppm atomic. 

As has been described, the textured region can function to diffuse 

30 electromagnetic radiation, to redirect electromagnetic radiation, and to absorb 

electromagnetic radiation, thus increasing the quantum efficiency of the device. The 

textured region can include surface features to increase the effective absorption length 

of the photosensitive pixel. The surface features can be cones, pyramids, pillars, 

protrusions, microlenses, quantum dots, inverted features and the like. Factors such 
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as manipulating the feature sizes, dimensions, material type, dopant profiles, texture 

location, etc. can allow the diffusing region to be tunable for a specific wavelength. 

In one aspect, tuning the device can allow specific wavelengths or ranges of 

wavelengths to be absorbed. In another aspect, tuning the device can allow specific 

5 wavelengths or ranges of wavelengths to be reduced or eliminated via filtering. 

Tuning can also be accomplished through the location of the texture region 

within the device, modifying the dopant profile( s) of regions within the device, dopant 

selection, and the like. Additionally, material composition near the textured region 

can create a wavelength specific photosensing pixel device. It should be noted that a 

10 wavelength specific photoscnsing pixel can differ from one pixel to the next, and can 

be incorporated into an imaging array. For example a 4 x 4 array can include a blue 

pixel, a green pixel, a red pixel, and infrared light absorbing pixel, or a blue pixel, two 

green pixels, and a red pixel. 

Textured regions according to aspects of the present disclosure can allow a 

15 photosensitive device to experience multiple passes of incident electromagnetic 

radiation within the device, particularly at longer wavelengths (i.e. infrared). Such 

internal reflection increases the effective absorption length to be greater than the 

thickness of the semiconductor substrate. This increase in absorption length increases 

the quantum efficiency of the device, leading to an improved signal to noise ratio. 

20 The textured region can be formed by various techniques, including lasing, 

chemical etching (e.g. anisotropic etching, isotropic etching), nanoimprinting, 

additional material deposition, and the like. For example, pillar features can be 

incorporated into pixels by thinning or removing material from the backside of a FSI 

semiconductor substrate by using deep trench isolation and etching techniques. In 

25 one aspect material can be removed to a thickness of about 20 µm. Anisotropic 

etching can be used to produce a sloping backside pyramid structure, spherical, 

structure parabolic structure , a lens structure with reflectors, and the like. Such 

features on the backside of pillars will also serve to diffuse and reflect 

electromagnetic radiation. 

30 In one aspect, the texturing process can be performed during the manufacture 

of the photosensitive device. In another aspect, the texturing process can be 

performed on a photosensitive device that has previously been made. For example, a 

CMOS, CCD, or other photosensitive clement can be textured following manufacture. 

In this case, material layers may be removed from the photosensitive element to 
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expose the semiconductor substrate or bulk material upon which a textured region 

may be formed. 

One effective method of producing a textured region is through laser 

processing. Such laser processing allows discrete locations of the semiconductor 

5 substrate to be textured. A variety of techniques of laser processing to form a textured 

region are contemplated, and any technique capable of forming such a region should 

be considered to be within the present scope. Laser treatment or processing can 

allow, among other things, enhanced absorption properties and thus increased 

electromagnetic radiation focusing and detection. The laser treated region can be 

10 associated with the surface nearest the impinging electromagnetic radiation, or the 

laser treated surface can be associated with a surface opposite in relation to impinging 

electromagnetic radiation, thereby allowing the radiation to pass through the 

semiconductor material before it hits the laser treated region. 

In one aspect, for example, a target region of the semiconductor material can 

15 be irradiated with laser radiation to fom1 a textured region. Examples of such 

processing have been described in further detail in U.S. Patents 7,057,256, 7,354,792 

and 7,442,629, which are incorporated herein by reference in their entireties. Briefly, 

a surface of a semiconductor material is irradiated with laser radiation to form a 

textured or surface modified region. Such laser processing can occur with or without 

20 a dopant material. In those aspects whereby a dopant is used, the laser can be directed 

through a dopant carrier and onto the semiconductor surface. In this way, dopant 

from the dopant carrier is introduced into the target region of the semiconductor 

material. Such a region incorporated into a semiconductor material can have various 

benefits in accordance with aspects of the present disclosure. For example, the target 

25 region typically has a textured surface that increases the surface area of the laser 

treated region and increases the probability of radiation absorption via the 

mechanisms described herein. In one aspect, such a target region is a substantially 

textured surface including micron-sized and/or nano-sized surface features that have 

been generated by the laser texturing. In another aspect, irradiating the surface of 

30 semiconductor material includes exposing the laser radiation to a dopant such that 

irradiation incorporates the dopant into the semiconductor. Various dopant materials 

are known in the art, and are discussed in more detail herein. 

Thus the surface of the semiconductor material is chemically and/or 

structurally altered by the laser treatment, which may, in some aspects, result in the 
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formation of surface features appearing as microstructures or patterned areas on the 

surface and, if a dopant is used, the incorporation of such dopants into the 

semiconductor material. In some aspects, the features or microstructures can be on 

the order of 50 nm to 20 µm in size and can assist in the absorption of electromagnetic 

5 radiation. In other words, the textured surface can increase the probability of incident 

radiation being absorbed by the semiconductor material. 

The type of laser radiation used to surface modify a semiconductor material 

can vary depending on the material and the intended modification. Any laser 

radiation known in the art can be used with the devices and methods of the present 

10 disclosure. There arc a number of laser characteristics, however, that can affect the 

surface modification process and/or the resulting product including, but not limited to 

the wavelength of the laser radiation, pulse width, pulse fluence, pulse frequency, 

polarization, laser propagation direction relative to the semiconductor material, etc. 

In one aspect, a laser can be configured to provide pulsatile lasing of a semiconductor 

15 material. A short-pulsed laser is one capable of producing femtosecond, picosecond 

and/or nanosecond pulse durations. Laser pulses can have a central wavelength in a 

range of about from about 10 nm to about 8 µm, and more specifically from about 200 

nm to about 1200 run. The pulse width of the laser radiation can be in a range of from 

about tens of femtoseconds to about hundreds of nanoseconds. In one aspect, laser 

20 pulse widths can be in the range of from about 50 femtoseconds to about 50 

picoseconds. In another aspect, laser pulse widths can be in the range of from about 

50 picoseconds to 100 nanoseconds. In another aspect, laser pulse widths are in the 

range of from about 50 to 500 femtoseconds. 

The number of laser pulses irradiating a target region can be in a range of from 

25 about 1 to about 2000. In one aspect, the number of laser pulses irradiating a 

semiconductor target region can be from about 2 to about 1000. Further, the 

repetition rate or frequency of the pulses can be selected to be in a range of from 

about 10 Hz to about 10 µHz, or in a range of from about 1 kHz to about 1 MHz, or in 

a range from about 10 Hz to about 1 kHz. Moreover, the fluence of each laser pulse 

30 can be in a range of from about 1 kJ/m 2 to about 20 kJ/m 2
, or in a range of from about 

3 kJ/m 2 to about 8 kJ/m 2
. 

A variety of dopant materials are contemplated, and any such material that can 

be used in the laser treatment process to surface modify a semiconductor material 

according to aspects of the present disclosure is considered to be within the present 
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scope. It should be noted that the particular dopant utilized can vary depending on the 

semiconductor material being laser treated, as well as the intended use of the resulting 

semiconductor material. For example, the selection of potential dopants may differ 

depending on whether or not tuning of the photosensitive device is desired. 

A dopant can be either electron donating or hole donating. In one aspect, non­

limiting examples of dopant materials can include S, F, B, P, N, As, Se, Te, Ge, Ar, 

Ga, In, Sb, and combinations thereof. It should be noted that the scope of dopant 

materials should include, not only the dopant materials themselves, but also materials 

in forms that deliver such dopants (i.e. dopant carriers). For example, S dopant 

10 materials includes not only S, but also any material capable being used to dope S into 

the target region, such as, for example, H2S, SF6, SO2, and the like, including 

combinations thereof. Tn one specific aspect, the dopant can be S. Sulfur can be 

present at an ion dosage level of between about 5 x 1014 and about Ix 1016 ions/cm 2
. 

Non-limiting examples of fluorine-containing compounds can include CIF:c1, PF 5, F2 

15 SF6, BF3, GeF4, WF6, SiF4, HF, CF4, CHF3, CH2F2, CH3F, C2F6, C2HFs, C3Fs, C4Fs, 

NF3, and the like, including combinations thereof Non-lin1iting examples ofboron­

containing compounds can include B(CH3)3, BF 3, BCh, BN, C2B10H12, borosilica, 

B2~, and the like, including combinations thereof. Non-limiting examples of 

phosphorous-containing compounds can include PF 5, PH3, and the like, including 

20 combinations thereof. Non-limiting examples of chlorine-containing compounds can 

include Ch, SiH2Ch, HCl, SiC4, and the like, including combinations thereof. 

Dopants can also include arsenic-containing compounds such as AsH:; and the like, as 

well as antimony-containing compounds. Additionally, dopant materials can include 

mixtures or combinations across dopant groups, i.e. a sulfur-containing compound 

25 mixed with a chlorine-containing compound. In one aspect, the dopant material can 

have a density that is greater than air. In one specific aspect, the dopant material can 

include Se, H2S, SF6, or mixtures thereof. In yet another specific aspect, the dopant 

can be SF6 and can have a predetermined concentration range of about 5.0 x 10·8 

moL1cm3 to about 5.0 x 10·4 moL1cm3. SF6 gas is a good carrier for the incorporation 

30 of sulfur into the semiconductor material via a laser process without significant 

adverse effects on the semiconductor material. Additionally, it is noted that dopants 

can also be liquid solutions of n-type or p-type dopant materials dissolved in a 

solution such as water, alcohol, or an acid or basic solution. Dopants can also be solid 

materials applied as a powder or as a suspension dried onto the wafer. 

- 18 -

IPR2025-00811 
Apple-Sony EX1002 Page 285



WO 2011/035188 PCT/US2010/049375 

The semiconductor substrate can be annealed for a variety of reasons, 

including dopant activation, semiconductor material damage repair, and the like. h1 

those aspects including a laser textured region, the semiconductor material can be 

annealed prior to laser treatment, following laser treatment, during laser treatment, or 

5 both prior to and following laser treatment. Annealing can enhance the 

semiconductive properties of the device, including increasing the photo response 

properties of the semiconductor materials. Additionally, annealing can reduce damage 

done by the lasing process. Although any known anneal can be beneficial and would 

be considered to be within the present scope, annealing at lower temperatures can be 

10 particularly useful. Such a "low temperature" anneal can greatly enhance the 

photoconductive gain and external quantum efficiency of devices utilizing such 

materials. In one aspect, for example, the semiconductor material can be annealed to 

a temperature of from about 300° C to about 1100 C0
• h1 another aspect, the 

semiconductor material can be annealed to a temperature of from about 500° C to 

15 about 900° C. In yet another aspect, the semiconductor material can be annealed to a 

temperature of from about 700° C to about 800° C. h1 a further aspect, the 

semiconductor material can be annealed to a temperature that is less than or equal to 

about 850° C. 

The duration of the annealing procedure can vary according to the specific 

20 type of anneal being performed, as well as according to the materials being used. For 

example, rapid annealing processes can be used, and as such, the duration of the 

anneal may be shorter as compared to other techniques. Various rapid thermal anneal 

techniques are known, all of which should be considered to be within the present 

scope. In one aspect, the semiconductor material can be annealed by a rapid 

25 annealing process for a duration of greater than or equal to about 1 µs. h1 another 

aspect, the duration of the rapid annealing process can be from about I µs to about l 

ms. As another example, a baking or furnace anneal process can be used having 

durations that may be longer compared to a rapid anneal. In one aspect, for example, 

the semiconductor material can be annealed by a baking anneal process for a duration 

30 of greater than or equal to about 1 ms to several hours. As has been described, if low 

oxygen content semiconductor materials are used it may be beneficial to anneal such 

materials in a substantially oxygen-depleted environment. 

As has been described, annealing can help reduce defects inherent to the 

semiconductor substrate and otherwise reduce electron/hole recombination. h1 other 
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words, the annealing can help create electron states that effectively reduce the 

undesirable recombination processes. Annealing the semiconductor material may also 

improve the responsivity or photoconductive gain of the device. Photoconductive 

devices can have dopants, impurities, or defects that can introduce energy levels that 

5 can trap carriers. Trapping carriers and reducing recombination of photocarriers can 

lead to an increase in photoconductive gain of the device. The relationship of 

photoconductive gain and trapping time can be represented by Equation (I): 

Gain= Tr/Tt (I) 

where "'IL" is the lifetime of an excess carrier and "Tt" is the transit time of the carriers 

across the device. It is understood that the lifetime of an excess carrier can be 

increased by trapping a carrier species and reducing the recombination rate. An 

increase in gain can be achieved by trapping centers in the semiconductor that have 

15 millisecond trapping times at room temperature and short transit times in thinned 

lightly doped wafers. These trapping locations can decrease the recombination of 

carriers and therefore improve or increase the photoconductive gain of the device by 

allowing more electrons to traverse the different regions without being recombined. 

Turning to FIG. 2, a reflecting layer 20 can be coupled to the semiconductor 

20 substrate 12. The reflecting layer can be coupled to any side or portion of the 

semiconductor substrate in order to reflect electromagnetic radiation back into the 

device. Accordingly, in one aspect the reflecting layer can be located on the 

semiconductor substrate opposite the incoming electromagnetic radiation. Thus, as is 

shown in FIG. 2, electromagnetic radiation passing though the semiconductor 

25 substrate and the textured region 16 can be reflected back into the semiconductor 

substrate. Additionally, a passivation layer 22 can be coupled to the semiconductor 

substrate. The passivation layer is shown coupled to the side of the semiconductor 

substrate facing the incoming electromagnetic radiation, however a passivation layer 

can be located anywhere on the device and still be within the present scope. 

30 As has been described, location of the textured region can be used to provide 

enhancement and/or filtering of the incoming electromagnetic radiation. For example, 

a textured region located at the point of entry of the electromagnetic radiation into the 

photosensitive device tends to bend the electromagnetic radiation, particularly the 

blue wavelengths. Accordingly, one level of tuning can be accomplished by locating 
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the textured region on the surface adjacent the incident electromagnetic radiation to 

purposely effectuate the filtering of blue wavelengths. Additionally, absorption of 

particular wavelengths of electromagnetic radiation occurs at different depths in the 

semiconductor layer and/or textured region. By increasing the absorption to green 

5 wavelengths, for example, the electrical signal as a result of green wavelengths can be 

increased in a diode or pixel. Certain traditional 4 pixel imagers have one red, one 

blue, and two green pixels, with the greater number of green pixels to account for 

increased sensitivity of the human eye to green colors. Thus in one aspect, a 4 pixel 

imager can have one blue, one red, and one green pixel having an increased green 

10 wavelength absorption. The fourth pixel can be used for an IR or other wavelength 

selective pixel depending on the desired application of the imager. 

FTG. 3 shows a photosensitive device having textured regions 30 located on 

the sides of the semiconductor substrate 12. Such a configuration allows 

electromagnetic radiation normally exiting through the sides of the device to be 

15 further defused and absorbed within semiconductor substrate. The textured region(s) 

can be located on one or more sides to facilitate the enhanced absorption. 

FIG. 4 shows a photosensitive device having a textured region 40 having a 

nonparallel surface with respect to the semiconductor substrate 12. Thus the overall 

configuration of the textured region can be designed to further enhance absorption 

20 and/or selectively tune the device. As has been described, the nonparallel surface can 

have a variety of configurations, such as, without limitation, nonparallel slope, a 

pyramid, an inverted pyramid, a concave shape, a convex shape, and the like. In some 

cases the configuration of the textured region can function to direct or focus 

electromagnetic radiation into the semiconductor substrate, and in other cases the 

25 configuration of the textured region can function to direct or focus electromagnetic 

radiation away from the semiconductor substrate. 

As is shmvn in FIG. 5, a lens 50 can be coupled to the semiconductor substrate 

12 on a side facing incoming electromagnetic radiation. Thus the lens can focus the 

electromagnetic radiation into the semiconductor substrate. In those aspects having 

30 circuitry or other structures disposed on the incoming electromagnetic radiation 

surface, the lens can further focus light around such structures, thereby reducing 

optical scattering and noise. 

As is shown in FIG. 6, a textured region 60 is located on the semiconductor 

substrate 12 adjacent to the multiple doped regions 14, 16. The textured region can be 
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associated with at least one of the doped regions as is shmvn, or the textured region 

can be distinct from the doped regions (not shown). Electromagnetic radiation can 

enter the photosensitive device at the side adjacent the doped regions, or alternatively 

at the side opposite the doped regions. 

5 FIGs. 7-11 show various steps in the manufacture of a photosensitive pixel 

according to aspects of the present disclosure. FIG. 7 shows a cross-section of a front 

side illumination (FSI) photosensitive pixel device. The photosensitive pixel device 

can include a semiconductor substrate 72, and can be referred to as bulk 

semiconductor material. The semiconductor substrate includes at least one doped 

10 region 74 that can be doped with an electron donating or hole donating species to 

cause the region to become more positive or negative in polarity as compared to the 

semiconductor substrate. In one aspect, for example, the doped region can be p 

doped. In another aspect the doped region can be n doped. A highly doped region 76 

can be formed on or near the doped region to create a pinned diode. In one example, 

15 the semiconductor substrate can be negative in polarity, and the doped region and the 

highly doped region can be doped with p+ and n- dopants respectively. In some 

aspects, variations ofn(--), n(-), n(+), n(++), p(--), p(-), p(+), or p(++) type doping of 

the regions can be used. It should be noted that in one aspect the highly doped region 

can be the textured region. In other words, textured surface features can be formed on 

20 or in the highly doped region. 

The device of FIG. 7 can further include various metal regions 78, at least one 

via 80, a passivation layer 82, trench isolation 84, and an electrical transfer element 

86. Trench isolation elements can maintain pixel to pixel unifonnity by reducing 

optical and electrical crosstalk. The trench isolation can be shallow (FIG. 7) or deep 

25 (FIG. 12) trench isolation. The trench isolation can include various materials, 

including, without limitation, dielectric materials, reflective materials, conductive 

materials, light diffusing features, and the like. These trench isolation regions can be 

configured to reflect incident light until it is absorbed, thereby increase the effective 

absorption length of the device. 

30 As is shown in FIG. 8, a carrier substrate or carrier wafer 88 can be coupled to 

the photosensing pixel. In one aspect, the carrier substrate can be disposed on the 

passivation layer 82, although the carrier substrate can be disposed on any surface of 

the device. In one aspect, for example, the carrier substrate can be disposed on the 

semiconductor substrate (not shown). The carrier substrate can be coupled to the 

- 22 -

IPR2025-00811 
Apple-Sony EX1002 Page 289



WO 2011/035188 PCT/US2010/049375 

photosensing pixel by various techniques, and any such coupling mechanism is within 

the present scope. In one aspect, for example, the coupling can occur by way of a 

bonding layer or adhesive layer disposed on the device, for example, on the 

passivation layer. The support substrate can provide support to the semiconductor 

5 device both during and after manufacture, depending on whether or not the support is 

removed. The carrier substrate can be made of a semiconductor material that is the 

same or similar to the bulk semiconductor material, or it can be made of a different 

material. 

As is shown in FIG. 9, a textured region 90 is coupled to the semiconductor 

10 substrate 72 opposite the doped regions 74,76. Thus light entering from the direction 

of the doped regions passes through the semiconductor substrate prior to contacting 

the textured region. The textured region can be disposed across an entire surface of 

the semiconductor substrate, as is shown in FIG. 9, or it can be disposed on one or 

more discrete regions (not shown). 

15 As is shown in FIG. 10, an additional carrier support substrate 100 can be 

coupled to the device on an opposing side from the carrier support substrate 88. The 

additional carrier support substrate can be utilized for a variety of purposes, including 

providing additional support to the device, facilitating the removal of the first carrier 

support substrate, and the like. A reflective layer 102 can be disposed between the 

20 textured region 90 and the carrier support substrate. Thus the reflective layer can 

reflect electromagnetic radiation that passes through the textured region back toward 

the semiconductor substrate 72, thus reducing optical loss and backscattering. Thus, 

in some aspects a reflective layer can increase the quantum efficiency of the device. 

The reflective layer material can be any reflective material that can be incorporated 

25 into such a device. Nonlimiting examples can include materials such as silver, 

aluminum, and the like. 

As is shmvn in FIG. 11, the carrier support substrate can be removed to expose 

the passivation layer 82 or any other material layer that was previously covered by the 

carrier support substrate. The additional carrier substrate 100 can be maintained in 

30 the device, removed from the device, or thinned to reduce the thickness of the 

substrate depending on the intended use of the device. The removal of material from 

the device, including the carrier support substrate and the additional carrier substrate, 

can be accomplished by a variety of methods including, without limitation, etching, 

chemical mechanical polishing, ion implanting (i.e. smart cut), and the like. 
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Various types of trench isolation are contemplated, and any such isolation is 

considered to be within the present scope. As has been described, trench isolation can 

be shallow (FIG. 7, 84) or deep (FIG. 12, 120) trench isolation. The trench isolation 

can also include depths between shallow and deep, depending on the device design. 

5 Trench isolation can include dielectric materials, reflective materials, conductive 

materials, and combinations thereof, including textured regions and other light 

diffusing features. Thus the trench isolation layer can be configured to reflect 

incident electromagnetic radiation, in some cases until it is absorbed, thereby 

increasing the effective absorption length of the device. Additionally, in some aspects 

10 pillar features can be incorporated into pixels by thinning or removing material from 

the semiconductor substrate using deep trench isolation and etching techniques. As is 

shown in FIG. 13, the textured region 130 can have a nonparallel surface with respect 

to the semiconductor substrate 72 as has been described. This nonparallel 

morphology, when included with the deep trench isolation 120, can effectively focus 

15 electromagnetic radiation into the semiconductor substrate from multiple sides. 

It is also contemplated, that a non-bulk material can be formed or disposed 

near a doped region in the device. The addition of the non-bulk material can allow for 

electromagnetic radiation diffusing features to be formed on or in the non-bulk 

material. A metal layer defining an aperture can also be included in one aspect of the 

20 present disclosure. The metal layer can be formed near the doped regions and can 

have a light entering region that defines an aperture. This light entering region can 

also include an antireflecting material. 

Fig. 14 shows a photosensitive imager comprising two photosensitive pixels 

140. Each photosensitive pixel includes a boundary region 142 that can include metal 

25 circuitry and a textured region 144. Each photosensitive pixel can include at least one 

transistor 146 or other electrical transfer element. Additional read out and circuitry 

elements 148 can be utilized and shared by both photosensitive pixels. 

Turning to FIG. 15, a backside illuminated (BSI) photosensitive pixel 

according to one aspect present disclosure is provided. A lens 150 and an anti-

30 reflective coating 152 are disposed on the backside of the pixel following thinning 

and trench isolation. A color filter 154 can be optically coupled to the lens to allow 

specific wavelengths filtering of the electromagnetic radiation. A textured region 156 

can be coupled to the semiconductor substrate 72 opposite the lens in order to provide 

diffusive scattering and reflection of the incident electromagnetic radiation that passes 
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through to the front side of the pixel. Thus the electromagnetic radiation can be 

focused within the semiconductor substrate to the combined action of the textured 

region and the trench isolation 120 

Fig. 16 shows a front side illuminated (FSI) imager according to another 

5 aspect of the present disclosure. A lens 160 and an antireflecting passivation layer on 

62 are coupled to the front side of the pixel. A textured region 90 and a reflecting 

layer 102 are coupled to the semiconductor substrate 72 opposite the lens to provide 

diffusive scattering and reflection of the incident electromagnetic radiation that passes 

through the semiconductor substrate. An aperture 164 formed in a metal or other 

10 reflective material layer 166 can increase the effectiveness of the optical cavity. Thus 

the lens focuses electromagnetic radiation through the aperture. 

T n other aspects of the present disclosure, various methods of making 

photosensitive diodes, pixels, and imagers, are contemplated. In one aspect, as is 

shown in FIG. 17, a method of making a photosensitive imager device can include 

15 forming a textured region on a semiconductor substrate having multiple doped regions 

forming a least one junction, wherein the textured region is formed in a position to 

interact with electromagnetic radiation 1 70. The method also includes coupling an 

electrical transfer element to the semiconductor substrate such that the electrical 

transfer element is operable to transfer an electrical signal from the at least one 

20 junction 1 72. In one aspect, multiple pixels can be associated together to form an 

imager. A passivation layer can also be disposed on the photosensitive imager device 

to protect and/or reduce the dark current of the device. 

In another aspect of the present disclosure, a method for making a 

photosensitive diode is provided. Such a method can include forming at least one 

25 cathode and at least one anode on a surface of a semiconductor substrate, coupling a 

textured region to the semiconductor substrate, and coupling a support substrate to the 

semiconductor substrate. The textured region can be located adjacent to the anode 

and cathode, opposite the anode and cathode, or both adjacent and opposite the anode 

and cathode. An electrical transfer on the can be electrically coupled to at least one of 

30 the anode and cathode to form a photosensitive pixel. In another aspect, the 

semiconductor substrate can be thinned to improve the response rate and/or speed of 

the device. A passivation layer can also be disposed on the photosensitive diode to 

protect and/or reduce the dark current of the device. An additional support substrate 

can be attached to the device to provide additional support. In one aspect, the 
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additional support substrate can be located on the opposite side of the photosensitive 

diode from the support substrate. The support substrate can subsequently be removed 

to allow for further processing. 

Of course, it is to be understood that the above-described arrangements are 

5 only illustrative of the application of the principles of the present disclosure. 

Numerous modifications and alternative arrangements may be devised by those 

skilled in the art without departing from the spirit and scope of the present disclosure 

and the appended claims are intended to cover such modifications and arrangements. 

Thus, while the present disclosure has been described above with particularity and 

10 detail in connection with what is presently deemed to be the most practical 

embodiments of the disclosure, it will be apparent to those of ordinary skill in the art 

that numerous modifications, inc1uding, but not limited to, variations in size, 

materials, shape, form, function and manner of operation, assembly and use may be 

made without departing from the principles and concepts set forth herein. 

15 
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CLAIMS 

What is claimed is: 

5 1. A photosensitive imager device, comprising: 

a semiconductor substrate having multiple doped regions forming a least one 

junction; 

a textured region coupled to the semiconductor substrate and positioned to 

interact with electromagnetic radiation; and 

10 an electrical transfer clement coupled to the semiconductor substrate and 

operable to transfer an electrical signal from the at least one junction. 

2. The device of claim 1, wherein the textured region is operable to facilitate 

generation of an electrical signal from the detection of infrared electromagnetic 

15 radiation. 

20 

3. The device of claim 1, wherein interacting with electromagnetic radiation further 

includes increasing the semiconductor substrate's effective absorption length as 

compared to a semiconductor substrate lacking a textured region. 

4. The device of claim 1, wherein the transfer element is selected from the group 

consisting of a transistor, a sensing node, a transfer gate, and combinations thereof. 

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

25 semiconductor substrate and positioned to maintain the electromagnetic radiation in 

the semiconductor substrate. 

30 

6. The device of claim 1, wherein the textured region is positioned on a surface of the 

semiconductor substrate that is opposite the multiple doped regions. 

7. The device of claim 6, wherein the textured region has a surface morphology 

operable to direct electromagnetic radiation into or out of the semiconductor substrate. 
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8. The device of claim 7, wherein the surface morphology of the textured region 

relative to the semiconductor substrate is a member selected from the group consisting 

of sloping, pyramidal, inverted pyramidal, spherical, parabolic, asymmetric, 

symmetric, and combinations thereof. 

9. The device of claim 1, wherein the textured region is positioned on a surface of the 

semiconductor substrate that is adjacent the multiple doped regions. 

10. The device of claim 9, further comprising an additional textured region 

10 positioned on a surface of the semiconductor substrate that is opposite the multiple 

doped regions. 

15 

11. The device of claim 1, wherein the textured region is coupled directly to at least 

one of the multiple doped regions. 

12. The device of claim 1, wherein the textured region includes surface features 

having a size selected from the group consisting of micron-sized, nano-sized, and 

combinations thereof. 

20 13. The device of claim 12, wherein surface features include a member selected from 

the group consisting of cones, pillars, pyramids, micolenses, quantum dots, inverted 

features, and combinations thereof. 

14. The device of claim 1, wherein the textured region has been formed by a process 

25 selected from the group consisting of lazing, chemical etching, nanoimprinting, 

material deposition, and combinations thereof. 

15. The device of claim 1, further comprising a lens optically coupled to the 

semiconductor substrate and positioned to focus incident electromagnetic radiation 

30 into the semiconductor substrate. 

16. A photosensitive imager array, comprising at least two photosensitive imager 

devices of claim 1. 

- 28 -
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17. The array of claim 16, further comprising at least one trench isolation positioned 

between the at least two photosensitive imager device. 

18. A method of making a photosensitive imager device, comprising: 

5 forming a textured region on a semiconductor substrate, wherein the 

semiconductor substrate has multiple doped regions forming a least one junction, and 

wherein the textured region is formed in a position to interact with electromagnetic 

radiation; and 

coupling an electrical transfer element to the semiconductor substrate such that 

10 the electrical transfer clement is operable to transfer an electrical signal from the at 

least one junction . 

19. The method of claim 18, wherein forming the textured region is by a process 

selected from the group consisting of lazing, chemical etching, nanoimprinting, 

15 material deposition, and combinations thereof. 

20 

20. The method of claim 18, wherein forming the textured region includes irradiating 

a target region with laser radiation to form surface features having a size selected 

from the group consisting of micron-sized, nano-sized, and combinations thereof 

21. The method of claim 20, wherein irradiating the target region includes exposing 

the laser radiation to a dopant such that the irradiation incorporates the dopant into the 

textured region. 

25 22. The method of claim 20, wherein the irradiation is performed using a pulsed laser 

including a member selected from the group consisting of a femtosecond laser, a 

picosecond laser, a nanosecond laser, and combinations thereof. 

23. The method of claim 18, further comprising tuning an electrical response of the 

30 photosensitive imager device. 

24. The method of claim 23, wherein tuning includes forming surface features to 

have dimensions that selectively diffuse or selectively absorb a desired wavelength of 

electromagnetic radiation. 

- 29 -
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25. The method of claim 23, wherein tuning is accomplished through a factor 

selected from the group consisting of placement of the textured region, material type 

of the textured region, thickness of the textured region, dopant type of the textured 

5 region, doping profile of the texture region, doping profile of the semiconductor 

substrate, thickness of the substrate, and combinations thereof. 

26. The method of claim 18, wherein the transfer element is selected from the group 

consisting of a transistor, a sensing node, a transfer gate, and combinations thereof 

27. The method of claim 18, further comprising annealing the semiconductor 

substrate to a temperature of from about 300° C to about 1100° C. 

28. A photosensitive imager device, comprising: 

15 a semiconductor substrate having multiple doped regions forming a least one 

junction; 

a textured region coupled to the semiconductor substrate and positioned to 

interact with electromagnetic radiation; and 

at least 4 transistors coupled to the semiconductor substrate and with at least 

20 one of the transistors electrically coupled to the at least one junction. 

- 30 -
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DEVICES HAVING ENHANCED ELECTROMAGNETIC RADIATION 

DETECTION AND ASSOCIATED METHODS 

PRIORITY DATA 

5 This application claims the benefit of U.S. Provisional Patent Application 

Serial No. 61/317,147, filed on March 24, 2010, which is incorporated herein by 

reference. 

BACKGROUND 

10 Semiconductor on Insulator (SOI) wafer technology is an outgrowth of 

MicroElectroMechanical Systems (MEMS) technologies. An SOI wafer is a stacked 

wafer substrate where a device wafer (typically silicon) is bonded to a dielectric layer 

that is bonded to a support wafer, otherwise known as a handle wafer. A typical 

process flow for the fabrication of SOI wafers can be as follows: two wafers are 

15 polished and coated with an oxide or other dielectric material. The wafers are 

mounted polished side face to face and bonded under high temperature and pressure. 

Then one of the two wafers is ground down using mechanical grinding and chemical 

mechanical polishing to a specific thickness. In this way it is possible to generate 

semiconductor wafers that are electrically isolated from the underlying substrate. 

20 

SUMMARY 

The present disclosure provides semiconductor structures and devices that can 

exhibit various enhanced properties, such as, for example, enhanced light detection 

properties. In one aspect, a semiconductor device is provided. Such a device can 

25 include a semiconductor substrate and a semiconductor layer coupled to the 

semiconductor substrate, where the semiconductor layer has a device surface opposite 

the semiconductor substrate. The device also includes at least one textured region 

coupled between the semiconductor substrate and the semiconductor layer. In another 

aspect, the device further includes at least one dielectric layer coupled between the 

30 semiconductor substrate and the semiconductor layer. In one aspect, the 

semiconductor layer is an epitaxially grown semiconductor layer. In another aspect, 

the semiconductor layer is a silicon layer. In a further aspect, a secondary 

semiconductor layer is disposed between the textured region and the semiconductor 

layer. 

1 
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Various positional configurations for the layers according to aspects of the 

present disclosure are contemplated, and any such configuration is considered to be 

within the present scope. In one specific aspect, for example, the dielectric layer is 

coupled between the semiconductor substrate and the textured region, and the textured 

5 region is disposed between the dielectric layer and the semiconductor layer. In one 

specific aspect, a reflective region is disposed between the semiconductor substrate 

and the textured region. In another specific aspect, the textured region is coupled 

directly to the semiconductor layer. In yet another specific aspect, a secondary 

semiconductor layer is disposed between the textured region and the semiconductor 

1 o layer. In a further specific aspect, at least one cavity region disposed between the 

textured region and the dielectric layer. As another aspect of positional arrangement, 

the textured region is disposed between the semiconductor substrate and the dielectric 

layer, and the dielectric layer is disposed between the textured region and the 

semiconductor layer. 

15 In one aspect of the present disclosure, a polysilicon layer is directly coupled 

to the dielectric layer. In another aspect, the polysilicon layer is disposed between 

multiple dielectric layers. ln some aspects, the polysilicon layer can be doped. 

In one aspect of the present disclosure, at least one photodiode optically active 

region is disposed on the device surface. In another aspect, the photodiode optically 

20 active region comprises a doped region. In yet another aspect, the device forms at 

least one photodetector. In a further aspect, the at least one photodetector is a 

plurality of photodetectors arranged in an array. In yet a further aspect, the textured 

region is arranged in a discontinuous pattern that corresponds spatially to the array of 

photodetectors. In another aspect, the device includes a plurality of isolation features 

25 in at least the semiconductor layer to isolate each photodetector in the array of 

photodetectors, where the isolation features isolate each photodetector electrically, 

optically, or both electrically and optically. In yet another aspect, the device includes 

at least one optical lens associated with the at least one photodetector. In a further 

aspect, the device includes at least one color filter associated with the at least one 

30 photodetector. 

In one aspect of the present disclosure, the textured region is doped with a 

dopant to form an electrical back surface field. In another aspect, the electrical back 

surface field has been doped by a technique such as, without limitation, laser doping, 

ion implanting, diffusion doping, in situ doping, and the like, including combinations 

2 
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thereof. In yet another aspect, the textured region has a higher dopant concentration 

than the semiconductor layer. In a further aspect, the dopant has the same polarity as 

the semiconductor layer. Non-limiting examples of such dopants can include boron, 

indium, gallium, arsenic, antimony, phosphorus, and the like, including combinations 

5 thereof. Additionally, in other aspects a back surface field can be created by doping 

the semiconductor layer outside of the textured region. In one aspect, for example, 

the semiconductor layer is doped with a dopant to form an electrical back surface 

field, where the electrical back surface field is distinct from the textured region. 

The present disclosure additionally provides methods of making 

10 semiconductor devices. In one aspect, one such method includes texturing at least a 

portion of a surface of a semiconductor layer to form a textured region, depositing a 

first dielectric layer onto the semiconductor layer such that the textured region is 

disposed between the semiconductor layer and the first dielectric layer, and wafer 

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

15 semiconductor substrate. In one aspect, the semiconductor layer is an epitaxially 

grown semiconductor layer. In another aspect, texturing at least a portion of a surface 

of a semiconductor layer to form a textured region further includes forming the 

epitaxially grown semiconductor layer on a growth substrate and texturing at least a 

portion of a surface of the epitaxially grown semiconductor layer to form a textured 

20 region. In yet another aspect, the method includes removing the growth substrate to 

expose the epitaxially grown semiconductor layer. In an alternative aspect, the 

method can include fom1ing an epitaxially grown semiconductor layer on the 

semiconductor layer on an opposite side from the textured region. 

In another aspect, wafer bonding includes depositing a polysilicon layer on the 

25 first dielectric layer and then bonding the polysilicon layer between the first dielectric 

layer and the second dielectric layer. In yet another aspect, at least a portion of the 

polysilicon layer can be doped. It is also contemplated that the present scope can 

include multiple dielectric and/or semiconductor material layers disposed between the 

semiconductor substrate and semiconductor layer. 

30 In a further aspect, texturing at least a portion of a surface of the 

semiconductor layer to form the textured region further includes forming an opening 

in the semiconductor substrate, the second dielectric layer, and the first dielectric 

layer to expose a portion of the semiconductor layer and texturing at least a portion of 

the exposed portion of the semiconductor layer to form the textured region. 

3 

IPR2025-00811 
Apple-Sony EX1002 Page 315



WO 2011/119618 PCT /0S2011/02944 7 

In another aspect, the present disclosure provides a method of protecting a 

textured region from contamination during manufacture of a semiconductor device. 

Such a method includes texturing at least a portion of a surface of a semiconductor 

layer to form a textured region, depositing a first dielectric layer onto the 

5 semiconductor layer such that the textured region is disposed between the 

semiconductor layer and the dielectric layer, and wafer bonding the first dielectric 

layer to a second dielectric layer disposed on a semiconductor substrate, wherein the 

textured region is protected from contamination during further manufacturing 

processes by the semiconductor layer and the semiconductor substrate. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a further understanding of the nature and advantage of the present 

disclosure, reference is being made to the following detailed description of 

embodiments and in connection with the accompanying drawings, in which: 

15 FIG. 1 is a cross-sectional view of a semiconductor structure in accordance 

with an embodiment of the present disclosure; 

FIG. 2A is a cross-sectional view of a semiconductor structure in accordance 

with another embodiment of the present disclosure; 

FIG. 2B is a cross-sectional view of a semiconductor stmcture in accordance 

20 with another embodiment of the present disclosure; 

25 

FIG. 2C is a cross-sectional view of a semiconductor structure in accordance 

with another embodiment of the present disclosure; 

FIG. 2D is a cross-sectional view of a semiconductor stmcture in accordance 

with another embodiment of the present disclosure; 

FIG. 3 is a cross-sectional view of a semiconductor structure in accordance 

with another embodiment of the present disclosure; 

FIG. 4 is a cross-sectional view of a semiconductor structure in accordance 

with another embodiment of the present disclosure; 

FIG. 5 is a cross-sectional view of a semiconductor photodiode in accordance 

30 with another embodiment of the present disclosure; 

FIG. 6 is a cross-sectional view of a semiconductor photodetecting imager in 

accordance with another embodiment of the present disclosure; 

FIG. 7 is a cross-sectional view of a semiconductor structure in accordance 

with another embodiment of the present disclosure; 

4 
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FIG. 8 is a cross-sectional view of a semiconductor structure in accordance 

with another embodiment of the present disclosure; 

FIG. 9 is a cross-sectional view of a semiconductor structure in accordance 

with another embodiment of the present disclosure; 

5 FIG. 10 is a cross-sectional view of a semiconductor structure in accordance 

with another embodiment of the present disclosure; 

FIG. 1 lA is a cross-sectional view of a semiconductor structure showing the 

manufacture of a semiconductor device in accordance with another embodiment of 

the present disclosure; 

10 FIG. 1 lB is a cross-sectional view of a semiconductor structure showing the 

manufacture of a semiconductor device in accordance with another embodiment of 

the present disclosure; 

FIG. 1 lC is a cross-sectional view of a semiconductor structure showing the 

manufacture of a semiconductor device in accordance with another embodiment of 

15 the present disclosure; 

FIG. 12A is a cross-sectional view of a semiconductor structure showing the 

manufacture of a semiconductor device in accordance with another embodiment of 

the present disclosure; 

FIG. 12B is a cross-sectional view of a semiconductor structure showing the 

20 manufacture of a semiconductor device in accordance with another embodiment of 

the present disclosure; 

FIG. 12C is a cross-sectional view of a semiconductor structure showing the 

manufacture of a semiconductor device in accordance with another embodiment of 

the present disclosure; 

25 FIG. 13A is a cross-sectional view of a semiconductor structure showing the 

manufacture of a semiconductor device in accordance with another embodiment of 

the present disclosure; 

FIG. 13B is a cross-sectional view of a semiconductor structure showing the 

manufacture of a semiconductor device in accordance with another embodiment of 

30 the present disclosure; 

FIG. 13C is a cross-sectional view of a semiconductor structure showing the 

manufacture of a semiconductor device in accordance with another embodiment of 

the present disclosure; 

5 
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FIG. 13D is a cross-sectional view of a semiconductor structure showing the 

manufacture of a semiconductor device in accordance with another embodiment of 

the present disclosure; and 

FIG. 14 is a depiction of a method of making a semiconductor device in 

5 accordance with yet another aspect of the present disclosure. 

DETAILED DESCRIPTION 

Before the present disclosure is described herein, it is to be understood that 

this disclosure is not Limited to the particular structures, process steps, or materials 

1 o disclosed herein, but is extended to equivalents thereof as would be recognized by 

those ordinarily skilled in the relevant arts. It should also be understood that 

terminology employed herein is used for the purpose of describing particular 

embodiments only and is not intended to be limiting. 

Definitions 

15 The following terminology will be used in accordance with the definitions set 

forth below. 

It should be noted that, as used in this specification and the appended claims, 

the singular forms "a," and, "the" include plural referents unless the context clearly 

dictates otherwise. Thus, for example, reference to "a dopant" includes one or more 

20 of such dopants and reference to "the layer" includes reference to one or more of such 

layers. 

As used herein, the tem1s "disordered surface" and "textured surface" can be 

used interchangeably, and refer to a surface having a topology with nano- to micron­

sized surface variations. Although any texturing technique is considered to be within 

25 the present scope, in one aspect the texturing is formed by the irradiation of laser 

pulses. Furthermore, while the characteristics of a textured surface can be variable 

depending on the materials and techniques employed, in one aspect such a surface can 

be several hundred nanometers thick and made up of nanocrystallites ( e.g. from about 

10 to about 50 nanometers), nanopores, and the like. In another aspect, such a surface 

30 can include micron-sized structures ( e.g. about 2 µm to about 60 µm). In yet another 

aspect, the surface can include nano-sized and/or micron-sized structures from about 5 

nm and about 5 00 µm. 

As used herein, the terms "surface modifying," "surface modification," and 

"texturing" can be used interchangeably, and refer to the altering of a surface of a 

6 
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semiconductor material using a texturing technique. In one specific aspect, surface 

modification can include processes using primarily laser radiation or laser radiation in 

combination with a dopant, whereby the laser radiation facilitates the incorporation of 

the dopant into a surface of the semiconductor material. Accordingly, in one aspect 

5 surface modification includes doping the material. 

As used herein, the term "fluence" refers to the amount of energy from a 

single pulse of laser radiation that passes through a unit area. In other words, 

"fluence" can be described as the energy density of one laser pulse. 

As used herein, the term "target region" refers to an area of a semiconductor 

1 o material that is intended to be doped or surface modified using laser radiation. The 

target region of a semiconductor material can vary as the surface modifying process 

progresses. For example, after a first target region is doped or surface modified, a 

second target region may be selected on the same semiconductor material. 

As used herein, the term "absorptance" refers to the fraction of incident 

15 electromagnetic radiation absorbed by a material or device. 

As used herein, the term "substantially" refers to the complete or nearly 

complete extent or degree of an action, characteristic, property, state, structure, item, 

or result. For example, an object that is "substantially" enclosed would mean that the 

object is either completely enclosed or nearly completely enclosed. The 

20 exact allowable degree of deviation from absolute completeness may in some cases 

depend on the specific context. However, generally speaking the nearness of 

completion will be so as to have the same overall result as if absolute and total 

completion were obtained. The use of "substantially" is equally applicable when used 

in a negative connotation to refer to the complete or near complete lack of an action, 

25 characteristic, property, state, structure, item, or result. For example, a composition 

that is "substantially free of' particles would either completely lack particles, or so 

nearly completely lack particles that the effect would be the same as if it completely 

lacked particles. In other words, a composition that is "substantially free of' an 

ingredient or element may still actually contain such item as long as there is no 

30 measurable effect thereof. 

As used herein, the term "about" is used to provide flexibility to a numerical 

range endpoint by providing that a given value may be "a little above" or "a little 

below" the endpoint. 

7 
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As used herein, a plurality of items, structural elements, compositional 

elements, and/or materials may be presented in a common list for convenience. 

However, these lists should be construed as though each member of the list is 

individually identified as a separate and unique member. Thus, no individual member 

5 of such list should be construed as a de facto equivalent of any other member of the 

same list solely based on their presentation in a common group without indications to 

the contrary. 

Concentrations, amounts, and other numerical data may be expressed or 

presented herein in a range format. It is to be understood that such a range fonnat is 

1 o used merely for convenience and brevity and thus should be interpreted flexibly to 

include not only the numerical values explicitly recited as the limits of the range, but 

also to include all the individual numerical values or sub-ranges encompassed within 

that range as if each numerical value and sub-range is explicitly recited. As an 

illustration, a numerical range of "about 1 to about 5" should be interpreted to include 

15 not only the explicitly recited values of about 1 to about 5, but also include individual 

values and sub-ranges within the indicated range. Thus, included in this numerical 

range are individual values such as 2, 3, and 4 and sub-ranges such as from 1-3, from 

2-4, and from 3-5, etc., as well as 1, 2, 3, 4, and 5, individually. 

This same principle applies to ranges reciting only one numerical value as a 

20 minimum or a maximum. Furthermore, such an interpretation should apply regardless 

of the breadth of the range or the characteristics being described. 

The Disclosure 

The present disclosure provides semiconductor devices and associated 

25 methods that can exhibit various enhanced properties, such as, for example, enhanced 

light detection properties. Additionally, the present disclosure provides an integrated 

approach for the fabrication and application of textured semiconductor materials 

resulting in enhancement of image sensors and photodetectors. Specific types of 

semiconductor texturing can enhance the spectral bandwidth, absorption, and 

30 quantum efficiency of a semiconductor material. Performance can also be enhanced 

through various architecture configurations. Such configurations can also 

significantly improve the process integration of a particular device architecture with 

traditional process flows such as, for example, traditional CMOS process flows. 
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A device design having a textured region located on, for example, the back 

surface of a photodetector, provides significant performance benefits. The textured 

region can have surface features that can lead to higher recombination of 

photocarriers for short wavelengths (e.g. in the blue green part of the spectrum) due to 

5 the very shallow penetration of those wavelengths into the detecting volume of the 

device. By physically locating the textured on the back surface of the device, a 

pristine surface is provided for the collection of short wavelengths on the top surface 

(i.e. the light incident surface), and the longer wavelengths that penetrate deep into or 

through the detecting region of the semiconductor material are collected by or with 

1 o the help of the textured region opposite the light incident surface. It should be noted 

that, in addition to backside illuminated, front side illuminated architectures are also 

contemplated to be within the present scope. In addition, enhanced performance and 

ease of manufacture can also be accomplished by locating a textured region within a 

semiconductor stack or wafer. In some aspects, the textured layer can be located 

15 within the semiconductor stack early in the manufacturing process prior to the 

deposition of structures or circuitry that may be negatively affected by a texturing 

process. Additionally, such a semiconductor stack can be sent to an outside 

fabrication process for further manufacturing without exposing technological details 

regarding the textured region embedded between the semiconductor layers or any 

20 interaction between the textured region and the semiconductor layers. 

In one aspect, as is shown in FIG. 1, a semiconductor device 10 is provided. 

While various semiconductor functions are contemplated, in one aspect the 

semiconductor device can exhibit enhanced electromagnetic radiation detection. Such 

a device can include a semiconductor substrate 12 and a semiconductor layer 14 

25 coupled to the semiconductor substrate. The semiconductor layer has a device surface 

15 opposite the semiconductor substrate. The device also includes at least one 

textured region 16 located or coupled between the semiconductor substrate and the 

semiconductor layer. As such, the textured region is enclosed between the 

semiconductor substrate and the semiconductor layer. Subsequent processing of the 

30 semiconductor device such as, for example, the formation of structures on the device 

surface, does not affect this buried textured region. In one aspect, the textured region 

can be formed on the semiconductor substrate. In another aspect, the textured region 

can be formed on the semiconductor layer. Additionally, for FIG. 1 and subsequent 

figures, the textured region can be a single textured region as is shown, or the textured 
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region can be multiple discrete textured regions. Also, the textured region can cover 

only a portion of the surface area between the semiconductor substrate and the 

semiconductor layer as is shown, or the textured region can cover the entire surface 

area there between. 

5 In another aspect, as is shown in FIG. 2A, a semiconductor device 20A is 

provided. Such a device can include a semiconductor substrate 22 and a 

semiconductor layer 24 coupled to the semiconductor substrate. The device also 

includes at least one textured region 26 located or coupled between the semiconductor 

substrate and the semiconductor layer, and at Least one dielectric layer 28 coupled 

1 o between the semiconductor substrate and the semiconductor layer. While various 

utilities are contemplated for the dielectric layer, in one aspect such a layer can be 

used to wafer bond the semiconductor layer to the semiconductor substrate. In one 

aspect, the dielectric layer can be formed on the semiconductor substrate. In another 

aspect, the dielectric layer can be formed on the textured region. Also, in some 

15 aspects the textured region can be formed on the dielectric layer. Additionally, in one 

aspect the semiconductor layer can be an epitaxially grown semiconductor layer. 

Thus in some aspects, the textured region can be formed on the epitaxially grown 

semiconductor layer. 

It should be noted that, for all aspects, the present scope can also include 

20 multiple dielectric layers and/or multiple semiconductor material layers disposed 

between the semiconductor substrate and semiconductor layer. Additionally, the 

semiconductor layer itself can be multiple semiconductor layers and the 

semiconductor substrate can include multiple layers. It should also be noted that the 

semiconductor substrate refers to a substrate for a semiconductor, and can be 

25 comprised of semiconductor materials and/or non-semiconductor materials. 

FIG. 2B shows a semiconductor device 20B having a secondary 

semiconductor layer 27 located between the textured region and the semiconductor 

layer. A semiconductor layer 24 is formed on the secondary semiconductor layer. In 

one aspect the semiconductor layer is an epitaxially grown semiconductor layer. Thus 

30 in some aspects, the textured region can be formed on the secondary semiconductor 

layer or on the dielectric layer 28. It should be noted that all reference numbers in 

FIGs. 2B-D that have been reused from FIG. 2A denote the same or similar materials 

and/or structures whether or not further description is provided. 
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FIG. 2C shows a semiconductor device 20C whereby the dielectric layer 28 

coupled between the semiconductor layer and the textured region. In this case, the 

dielectric layer can be formed on the semiconductor layer 24, the textured region 28, 

or on both the semiconductor layer and the textured region. In one aspect, the 

5 textured region can be formed on the semiconductor substrate 22. In another aspect, 

the textured region can be formed on the dielectric layer. 

Additionally, in some aspects, as is sho\\'ll in FIG. 2D for semiconductor 

device 20D, the dielectric layer can be a plurality of dielectric layers 28. In the case 

of wafer bonding, for example, a first dielectric layer can be associated with the 

1 o textured layer and a second dielectric layer can be associated with the semiconductor 

substrate. The first dielectric layer and the second dielectric layer are heated and 

pressed together, with or without the aid of further pressure, temperature, or plasma 

surface activation, to cause the dielectric layers to bond to one another, thus forming a 

single wafer-bonded structure. It should be noted, however, that wafer-bonding can 

15 be accomplished \\.rithout one or more dielectric layers, and as such the present scope 

should also include wafer-bonding that lacks such dielectric materials. Additionally, 

in some aspects, the textured region can be located in between the plurality of 

dielectric layers (not shown). 

A variety of semiconductor materials are contemplated for use with the 

20 devices and methods according to aspects of the present disclosure. Such materials 

can be utilized as the semiconductor layer and/or the semiconductor substrate, as well 

as for the secondary semiconductor layer and the epitaxially grown semiconductor 

layer. Non-limiting examples of such semiconductor materials can include group IV 

materials, compounds and alloys comprised of materials from groups II and VI, 

25 compounds and alloys comprised of materials from groups III and V, and 

combinations thereof. More specifically, exemplary group IV materials can include 

silicon, carbon (e.g. diamond), gemianium, and combinations thereof. Various 

exemplary combinations of group IV materials can include silicon carbide (SiC) and 

silicon germanium (Si Ge). In one specific aspect, the semiconductor material can be 

30 or include silicon. Exemplary silicon materials can include amorphous silicon (a-Si), 

microcrystalline silicon, multicrystalline silicon, and monocrystalline silicon, as well 

as other crystal types. In another aspect, the semiconductor material can include at 

least one of silicon, carbon, germanium, aluminum nitride, gallium nitride, indium 

gallium arsenide, aluminum gallium arsenide, and combinations thereof. 
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Exemplary combinations of group II-VI materials can include cadmium 

selenide (CdSe), cadmium sulfide (CdS), cadmium telluride (CdTe), zinc oxide 

(ZnO), zinc selenide (ZnSe), zinc sulfide (ZnS), zinc telluride (ZnTe), cadmium zinc 

telluride (CdZnTe, CZT), mercury cadmium telluride (HgCdTe), mercury zinc 

5 telluride (HgZnTe), mercury zinc selenide (HgZnSe), and combinations thereof. 

Exemplary combinations of group III-V materials can include aluminum 

antimonide (AlSb ), aluminum arsenide (AlAs), aluminum nitride (AIN), aluminum 

phosphide (AlP), boron nitride (BN), boron phosphide (BP), boron arsenide (BAs), 

gallium antimonide (GaSb), gallium arsenide (GaAs), gallium nitride (GaN), gallium 

10 phosphide (GaP), indium antimonide (InSb), indium arsenide (InAs), indium nitride 

(InN), indium phosphide (InP), aluminum gallium arsenide (AlGaAs, AlxGa 1_xAs), 

indium gallium arsenide (InGaAs, InxGa 1_xAs), indium gallium phosphide (InGaP), 

aluminum indium arsenide (AllnAs), aluminum indium antimonide (AllnSb), gallium 

arsenide nitride (GaAsN), gallium arsenide phosphide (GaAsP), aluminum gallium 

15 nitride (AlGaN), aluminum gallium phosphide (AlGaP), indium gallium nitride 

(InGaN), indium arsenide antimonide (InAsSb ), indium gallium antimonide (InGaSb ), 

aluminum gallium indium phosphide (AlGainP), aluminum gallium arsenide 

phosphide (AlGaAsP), indium gallium arsenide phosphide (InGaAsP), aluminum 

indium arsenide phosphide (AllnAsP), aluminum gallium arsenide nitride 

20 (AlGaAsN), indium gallium arsenide nitride (InGaAsN), indium aluminum arsenide 

nitride (InAlAsN), gallium arsenide antimonide nitride (GaAsSbN), gallium indium 

nitride arsenide antimonide (GainNAsSb ), gallium indium arsenide antimonide 

phosphide (GainAsSbP), and combinations thereof. 

The semiconductor material can be of any thickness that allows the desired 

25 property or functionality of the semiconductor device, and thus any such thickness of 

semiconductor material is considered to be within the present scope. The textured 

region can increase the efficiency of the device such that, in some aspects, the 

semiconductor material can be thinner than has previously been possible. Decreasing 

the thickness reduces the amount of semiconductor material used to make such a 

30 device. In one aspect, for example, a semiconductor material such as the 

semiconductor layer has a thickness of from about 500 nm to about 50 µm. In another 

aspect, the semiconductor material has a thickness of less than or equal to about 500 

µm. In yet another aspect, the semiconductor material has a thickness of from about 1 

µm to about 10 µm. In a further aspect, the semiconductor material can have a 
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thickness of from about 5 µm to about 750 µm. In yet a further aspect, the 

semiconductor material can have a thickness of from about 5 µm to about 100 µm. 

Additionally, various configurations of semiconductor materials are 

contemplated, and any such material configuration that can be incorporated into a 

5 semiconductor device is considered to be within the present scope. In one aspect, for 

example, the semiconductor material can include monocrystalline materials. In 

another aspect, the semiconductor material can include multicrystalline materials. In 

yet another aspect, the semiconductor material can include microcrystalline materials. 

It is also contemplated that the semiconductor material can include amorphous 

10 materials. 

As has been described, the semiconductor substrate can be of any size, shape, 

and material capable of supporting the semiconductor layer and associated 

components during manufacture and/or use. The semiconductor substrate can be 

made from various materials, including the semiconductor materials described above, 

15 as well as non-semiconductor materials. Non-limiting examples of such materials can 

include metals, polymeric materials, ceramics, glass, and the like. In some aspects, 

the semiconductor substrate and the semiconductor layer have the same or 

substantially the same thermal expansion properties. 

Furthermore, the semiconductor material according to aspects of the present 

20 disclosure can comprise multiple layers. In some aspects, layers can vary in majority 

carrier polarity (i.e. donor or acceptor impurities). The donor or acceptor impurities 

are typically determined by the type of dopant/impurities introduced into the device 

either through a grm,vth process, deposition process, epitaxial process, implant 

process, lasing process or other known process to those skilled in the art. In some 

25 aspects such semiconductor materials can include an n-type layer, an intrinsic (i-type) 

layer, and a p-type layer, thus forming a p-i-n semiconductor material stack that 

creates a junction and/or depletion region. A semiconductor material devoid of an i­

type layer is also contemplated in accordance with the present disclosure. In other 

aspects the semiconductor material may include multiple junctions. Additionally, in 

30 some aspects, variations ofn(--), n(-), n(+), n(++), p(--), p(-), p(+), orp(++) type 

semiconductor layers can be used. The minus and positive signs are indicators of the 

relative magnitude of the doping of the semiconductor material. 

As has been described, the textured region is buried between the 

semiconductor substrate and the semiconductor layer in various architectural 
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arrangements. The textured can be of various thicknesses, depending on the desired 

use of the material. In one aspect, for example, the textured region has a thickness of 

from about 500 nm to about 100 µm. In another aspect, the textured region has a 

thickness of from about 500 nm to about 15 µm. In yet another aspect, the textured 

5 region has a thickness of from about 500 nm to about 2 µm. In a further aspect, the 

textured region has a thickness of from about 500 nm to about 1 µm. In another 

aspect, the textured region has a thickness of from about 200 nm to about 2 µm. 

The textured region can function to diffuse electromagnetic radiation, to 

redirect electromagnetic radiation, and/or to absorb electromagnetic radiation, thus 

10 increasing the quantum efficiency of the device. The textured region can include 

surface features to further increase the effective absorption length of the device. Non­

limiting examples of shapes and configurations of surface features include cones, 

pillars, pyramids, micolenses, quantum dots, inverted features, gratings, protrusions, 

sphere-like structures, and the like, including combinations thereof. Additionally, 

15 surface features can be micron-sized, nano-sized, or a combination thereof. For 

example, cones, pyramids, protrusions, and the like can have an average height within 

this range. In one aspect, the average height would be from the base of the feature to 

the distal tip of the feature. In another aspect, the average height would be from the 

surface plane upon which the feature was created to the distal tips of the feature. In 

20 one specific aspect, a feature ( e.g. a cone) can have a height of from about 50 nm to 

about 2 µm. As another example, quantum dots, microlenses, and the like can have 

an average diameter within the micron-sized and/or nano-sized range. 

In addition to or instead of surface features, the textured region can include a 

textured layer. In one aspect, for example, the textured region can include a 

25 substantially conformal textured layer. Such a textured layer can have an average 

thickness of from about 1 nm to about 20 µm. In those aspects where the textured 

region includes surface features, the conformal textured layer can have a varying 

thickness relative to the location on the surface features upon which is deposited. In 

the case of cones, for example, the conformal textured layer can become thinner 

30 toward the tips of the cones. Such a conformal layer can include various materials, 

including, without limitation, Si 0
2

, Si
3

N
4

, amorphous silicon, polysilicon, a metal or 

metals, and the like, including combinations thereof. The conformal textured layer 

can also be one or more layers of the same or different materials, and can be formed 

during the creation of surface features or in a separate process. 
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Textured regions according to aspects of the present disclosure can allow a 

photosensitive device to experience multiple passes of incident electromagnetic 

radiation within the device, particularly at longer wavelengths (i.e. infrared). Such 

internal reflection increases the effective absorption length to be greater than the 

5 thickness of the semiconductor layer. This increase in absorption length increases the 

quantum efficiency of the device, leading to an improved signal to noise ratio. 

The materials used for making the textured region can vary depending on the 

design and the desired characteristics of the device. As such, any material that can be 

utilized in the construction of a textured region is considered to be within the present 

10 scope. In one aspect, for example, the texture region can be a textured portion of a 

specific material, such as a portion of the semiconductor layer or the semiconductor 

substrate. If the texture layer is to be associated with the semiconductor layer, for 

example, a surface facing the semiconductor substrate can be textured prior to an 

attachment process such as wafer bonding. In another aspect, the textured region can 

15 be formed from a material that is deposited onto the semiconductor layer or 

semiconductor substrate, or the textured layer itself can be deposited. Such materials 

can include a semiconductor material, a dielectric material, or the like, including 

combinations thereof. In one specific example, the deposited material can include a 

silicon material. In another specific example, the deposited material can be 

20 polysilicon. In yet another aspect, the deposited material can be a dielectric material. 

The texturing process can texture the entire substrate to be processed or only a 

portion of the substrate. In one aspect, for example, a substrate such as the 

semiconductor layer can be textured and patterned by an appropriate technique over 

an entire surface to form the texture region. In another aspect, a substrate such as the 

25 semiconductor layer can be textured and patterned across only a portion of a surface 

by using a selective etching technique, such as a mask, photolithography, and an etch 

or a laser process to define a specific structure or pattern. 

In addition to surface features, the textured region can have a surface 

morphology that is designed to focus or otherwise direct electromagnetic radiation. 

30 For example, in one aspect the textured region has a surface morphology operable to 

direct electromagnetic radiation into the semiconductor layer. Non-limiting examples 

of various surface morphologies include sloping, pyramidal, inverted pyramidal, 

spherical, square, rectangular, parabolic, asymmetric, symmetric, and the like, 

including combinations thereof. 
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The textured region, including surface features as well as surface 

morphologies, can be formed by various techniques, including plasma etching, 

reactive ion etching, porous silicon etching, lasing, chemical etching ( e.g. anisotropic 

etching, isotropic etching), nanoimprinting, material deposition, selective epitaxial 

5 growth, and the like. 

One effective method of producing a textured region is through laser 

processing. Such laser processing allows discrete target areas of a substrate to be 

textured, as well as entire surfaces. A variety of techniques oflaser processing to 

form a textured region are contemplated, and any technique capable of forming such a 

1 o region should be considered to be within the present scope. Laser treatment or 

processing can allow, among other things, enhanced absorption properties and thus 

increased electromagnetic radiation focusing and detection. 

In one aspect, for example, a target region of the substrate to be textured can 

be irradiated with laser radiation to form a textured region. Examples of such 

15 processing have been described in further detail in U.S. Patents 7,057,256, 7,354,792 

and 7,442,629, which are incorporated herein by reference in their entireties. Briefly, 

a surface of a substrate material is irradiated with laser radiation to form a textured or 

surface modified region. Such laser processing can occur with or without a dopant 

material. In those aspects whereby a dopant is used, the laser can passed through a 

20 dopant carrier and onto the substrate surface. In this way, dopant from the dopant 

carrier is introduced into the target region of the substrate material. Such a region 

incorporated into a substrate material can have various benefits in accordance with 

aspects of the present disclosure. For example, the textured region typically has a 

textured surface that increases the surface area and increases the probability of 

25 radiation absorption. In one aspect, such a textured region is a substantially textured 

surface including micron-sized and/or nano-sized surface features that have been 

generated by the laser texturing. In another aspect, irradiating the surface of a 

substrate material includes exposing the laser radiation to a dopant such that 

irradiation incorporates the dopant into the substrate. Various dopant materials are 

30 known in the art, and are discussed in more detail herein. 

Thus the surface of the substrate at the target region is thus chemically and/or 

structurally altered by the laser treatment, which may, in some aspects, result in the 

formation of surface features appearing as structures or patterned areas on the surface 

and, if a dopant is used, the incorporation of such dopants into the substrate material. 
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In some aspects, the features or structures can be on the order of 50 nm to 20 µm in 

size and can assist in the absorption of electromagnetic radiation. In other words, the 

textured surface can increase the probability of incident radiation being absorbed. 

The type of laser radiation used to surface modify a material can vary 

5 depending on the material and the intended modification. Any laser radiation known 

in the art can be used with the devices and methods of the present disclosure. There 

are a number of laser characteristics, however, that can affect the surface modification 

process and/or the resulting product including, but not limited to, the wavelength of 

the laser radiation, pulse width, pulse fluence, pulse frequency, polarization, laser 

10 propagation direction relative to the semiconductor material, etc. In one aspect, a 

laser can be configured to provide pulsatile lasing of a material. A short-pulsed laser 

is one capable of producing femtosecond, picosecond, and/or nanosecond pulse 

durations. Laser pulses can have a central wavelength in a range of about from about 

10 nm to about 8 µm, and more specifically from about 200 nm to about 1200 nm. 

15 The pulse width of the laser radiation can be in a range of from about tens of 

femtoseconds to about hundreds of nanoseconds. In one aspect, laser pulse widths 

can be in the range of from about 50 femtoseconds to about 50 picoseconds. In 

another aspect, laser pulse widths can be in the range of from about 50 picoseconds to 

100 nanoseconds. In another aspect, laser pulse widths are in the range of from about 

20 50 to 500 femtoseconds. 

The number of laser pulses irradiating a target region can be in a range of from 

about 1 to about 2000. In one aspect, the number of laser pulses irradiating a target 

region can be from about 2 to about 1000. Further, the repetition rate or frequency of 

the pulses can be selected to be in a range of from about 10 Hz to about 10 µHz, or in 

25 a range of from about 1 kHz to about 1 MHz, or in a range from about 10 Hz to about 

1 kHz. Moreover, the fluence of each laser pulse can be in a range of from about 1 

kJ/m 2 to about 20 kJ/m 2

, or in a range of from about 3 kJ/m 2 to about 8 kJ/m 2

. 

A variety of dopant materials are contemplated for both the formation of 

doped regions in the semiconductor layer and for doping of the textured region, and 

30 any dopant that can be used in such processes to modify a material is considered to be 

within the present scope. It should be noted that the particular dopant utilized can 

vary depending on the material being doped, as well as the intended use of the 

resulting material. 
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A dopant can be either a charge donating or a charge accepting dopant species. 

More specifically, an electron donating or a hole donating species can cause a region 

to become more positive or negative in polarity as compared to the substrate upon 

which the rests. In one aspect, for example, the doped region can be p-doped. In 

5 another aspect the doped region can be n-doped. 

In one aspect, non-limiting examples of dopant materials can include S, F, B, 

P, N, As, Se, Te, Ge, Ar, Ga, In, Sb, and combinations thereof. It should be noted that 

the scope of dopant materials should include, not only the dopant materials 

themselves, but also materials in forms that deliver such dopants (i.e. dopant carriers). 

10 For example, S dopant materials includes not only S, but also any material capable 

being used to dope S into the target region, such as, for example, H 2S, SF 6, SO2 , and 

the like, including combinations thereof. In one specific aspect, the dopant can be S. 

Sulfur can be present at an ion dosage level of from about 5 x 1014 to about 3 x 1020 

ions/cm 2
. Non-limiting examples of fluorine-containing compounds can include ClF 3, 

15 PFs, F2 SF6, BF3, GeF4, WF6, SiF4, HF, CF4, CHF3, CH2F2, CH3F, C2F6, C2HFs, C3Fs, 

C4F8, NF 3, and the like, including combinations thereof. Non-limiting examples of 

boron-containing compounds can include B(CH3)3, BF3, BCb, BN, C2B10H12, 

borosilica, B2H6, and the like, including combinations thereof. Non-limiting 

examples of phosphorous-containing compounds can include PFs, PH,, POCh, P2Os, 

20 and the like, including combinations thereof. Non-limiting examples of chlorine­

containing compounds can include Cb, SiH 2Cb, HCl, SiC14, and the like, including 

combinations thereof. Dopants can also include arsenic-containing compounds such 

as AsH 3 and the like, as well as antimony-containing compounds. Additionally, 

dopant materials can include mixtures or combinations across dopant groups, i.e. a 

25 sulfur-containing compound mixed with a chlorine-containing compound. In one 

aspect, the dopant material can have a density that is greater than air. In one specific 

aspect, the dopant material can include Se, H2S, SF6, or mixtures thereof. In yet 

another specific aspect, the dopant can be SF 6 and can have a predetermined 

concentration range of about 5.0 x 10-8 mol/cm 3 to about 5.0 x 10-4 mol/cm 3
. As one 

30 non-limiting example, SF6 gas is a good carrier for the incorporation of sulfur into a 

substrate via a laser process without significant adverse effects on the material. 

Additionally, it is noted that dopants can also be liquid solutions of n-type or p-type 

dopant materials dissolved in a solution such as water, alcohol, or an acid or basic 
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solution. Dopants can also be solid materials applied as a powder or as a suspension 

dried onto the wafer. 

In one aspect, the textured region can be doped with a dopant to form an 

electrical back surface field (EBSF). The EBSF impedes the movement of minority 

5 carriers from reaching the textured region, thus keeping such carriers away from 

potential recombination sites near the interface. Similarly, dark current generation 

can also be minimized by pinning the interface generation states at certain band 

energy states through band structure optimization so that the dark carrier generation 

mechanism is suppressed. Band structure optimization can be achieved by using a 

10 variety of methods. It should be noted that any method that forms an electrical field 

near or within the textured region can be used. Non-limiting examples of such 

methods can include shifting the Fem1i level energy, bending the minority carrier 

band, inserting a material with a different bandgap, and the like, including 

combinations thereof. 

15 In one aspect, for example, the band structure optimization can be realized by 

modifying the interface doping concentration. For example, for a p-type laser 

textured region, a more heavily p-doped layer that partially overlaps with the laser 

modified interface can be used. The conduction band thus bends toward the higher 

energy direction when reaching towards the more p-doped layer, and hence the laser 

20 modified interface. One specific aspect is a heavily doped p++ layer that partially 

overlaps with the laser modified interface layer in a p-epi substrate where both the 

p++ layer and the modified interface layer sit between the bottom of an epitaxial 

device layer and the top of a carrier wafer. 

As such, in one aspect, the EBSF has been doped by a technique such as, 

25 without limitation, laser doping, ion implanting, diffusion doping, in situ doping, and 

the like, including combinations thereof. In another aspect, the textured region or the 

EBSF has a higher dopant concentration than the semiconductor layer. In yet another 

aspect, the dopant has the same polarity as the semiconductor layer. Various dopants 

for use in generating an EBSF are contemplated. Non-limiting examples include 

30 boron, indium, gallium, arsenic, antimony, phosphorus, and the like, including 

combinations thereof. It should also be noted that an EBSF can be produced in the 

semiconductor layer, the dielectric layer, or the semiconductor substrate. In one 

aspect, for example, semiconductor layer or the semiconductor substrate is doped with 
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a dopant to form an electrical back surface field, where the EBSF is distinct from the 

textured region. 

In another aspect, the band structure optimization can be realized by forming a 

heterojunction along a modified semiconductor interface. For example, a layer of 

5 amorphous silicon can be deposited on the textured region interface, thus forming a 

heterojunction that bends the minority carrier band towards the desired energy 

direction. 

The dielectric layer can be made from a variety of materials, and such 

materials can vary depending on the device design and desired characteristics. One 

10 use for such a layer involves the coupling of the semiconductor layer to the 

semiconductor substrate. In some cases, wafer bonding can be used as a coupling 

technique. The dielectric layer can thus facilitate the attachment of these materials 

together, as has been described. The dielectric layer can be associated with the 

semiconductor layer, the semiconductor substrate, or both the semiconductor layer 

15 and the semiconductor substrate prior to bonding. In those aspects having a dielectric 

layer associated with both materials, the dielectric layers can be bonded directly 

together, or in some cases, bonded together with an intervening textured region. 

Additionally, in some aspects a textured region can be formed on one or more 

dielectric layers. In some aspects, a dielectric layer can be bonded to a semiconductor 

20 material such as, for example, polysilicon. In other aspects, the semiconductor layer 

and the semiconductor substrate can be bonded together without an intervening 

dielectric layer. 

Non-limiting examples of dielectric layer materials can include oxides, 

nitrides, oxynitrides, and the like, including combinations thereof. In one specific 

25 aspect, the dielectric layer includes an oxide. In another aspect, the dielectric layer 

includes a buried oxide. Additionally, the dielectric layer can be of various 

thicknesses. In one aspect, for example, the dielectric layer has a thickness of from 

about 100 nm to about 4 microns. In another aspect, the dielectric layer has a 

thickness of from about 500 nm to about 2 microns. In yet another aspect, the 

30 dielectric layer has a thickness of from about 500 nm to about 1000 microns. 

The devices according to aspects of the present disclosure can additionally 

include one or more reflecting regions. In one aspect, as is shown in FIG. 3, a 

photosensitive semiconductor device 30 can include a semiconductor substrate 32 and 

a semiconductor layer 34 coupled to the semiconductor substrate. The device also 
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includes at least one textured region 36 located or coupled between the semiconductor 

substrate and the semiconductor layer, and at least one dielectric layer 38 coupled 

between the semiconductor substrate and the semiconductor layer. A reflecting 

region 39 is coupled to the semiconductor substrate, and positioned to interact with 

5 electromagnetic radiation. The reflecting region can be separated from the textured 

region by a dielectric layer as is shown, or the reflecting region can be associated 

directly with the textured region without an intervening dielectric layer. The 

reflecting region can be deposited over the entire interface between the semiconductor 

substrate and the next adjacent layer, or only over a portion of the interface. In some 

1 o aspects, the reflecting region can be deposited over a larger area of the device 

compared to the textured region. The reflecting region can be positioned to reflect 

electromagnetic radiation that has passed through the texture region back through the 

textured region toward the semiconductor layer. In other words, as electromagnetic 

radiation passes through the semiconductor layer, a portion that is not absorbed 

15 contacts the textured region. Of that portion that contacts the textured region, a 

smaller portion may pass though the textured region to strike the reflecting region and 

be reflected back through the textured region toward the semiconductor layer. 

A variety of reflective materials can be utilized in constructing the reflecting 

region, and any such material capable of incorporation into a photosensitive device is 

20 considered to be within the present scope. Non-limiting examples of such materials 

include a Bragg reflector, a metal reflector, a metal reflector over a dielectric material, 

a transparent conductive oxide such as zinc oxide, indium oxide, or tin oxide, and the 

like, including combinations thereof. Non-limiting examples of metal reflector 

materials can include silver, aluminum, gold, platinum, reflective metal nitrides, 

25 reflective metal oxides, and the like, including combinations thereof. In one aspect, a 

dielectric material can be coupled to the reflecting region along the side facing the 

textured region. In one specific aspect, the dielectric material can include an oxide 

layer and the reflecting region can include a metal layer. The surface of the metal 

layer on an oxide acts as a mirror-like reflector for the incident electromagnetic 

30 radiation from the backside. 

Additionally, the textured surface of a metal on a roughened oxide can act as a 

diffusive scattering site for the incident electromagnetic radiation and also as a mirror­

like reflector. Other aspects can utilize porous materials for the texturing. Porous 

polysilicon, for example, can be oxidized or oxide deposited and a reflective region 
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such as a metal reflector can be associated therewith to provide a scattering and 

reflecting surface. In another aspect, aluminum can be subjected to anodic oxidation 

to provide porous aluminum oxide, a high dielectric constant insulator. This insulator 

can be coated with aluminum or other metals to provide a scattering and reflecting 

5 surface. 

In one specific aspect, a reflective region can include a transparent conductive 

oxide, an oxide, and a metal layer. The transparent oxide can be textured and a metal 

reflector deposited thereupon. The textured surface of the metal on a roughened 

transparent conductive oxide can act as a diffusive scattering site for the incident 

1 o electromagnetic radiation. 

In another specific aspect, a Bragg reflector can be utilized as a reflective 

region. A Bragg reflector is a structure formed from multiple layers of alternating 

materials with varying refractive indexes, or by a periodic variation of some 

characteristic ( e.g. height) of a dielectric waveguide, resulting in periodic variation in 

15 the effective refractive index in the guide. Each layer boundary causes a partial 

reflection of an optical wave. For waves whose wavelength is close to four times the 

optical thickness of the layers, the many reflections combine with constructive 

interference, and the layers act as a high-quality reflector. Thus the coherent super­

positioning of reflected and transmitted light from multiple interfaces in the structure 

20 interfere so as to provide the desired reflective, transmissive, and absorptive behavior. 

In one aspect, the Bragg reflector layers can be alternating layers of silicon dioxide 

and silicon. Because of the high refractive index difference between silicon and 

silicon dioxide, and the thickness of these layers, this structure can be fairly low loss 

even in regions where bulk silicon absorbs appreciably. Additionally, because of the 

25 large refractive index difference, the optical thickness of the entire layer set can be 

thinner, resulting in a broader-band behavior and fewer fabrications steps. 

Additional scattering can be provided by positioning a textured forward 

scattering layer on the side of the device that receives incident electromagnetic 

radiation. These forward scattering layers can be, without limitation, textured oxides 

30 or polysilicon without a reflector. 

In another aspect, as is shown in FIG. 4, a photosensitive semiconductor 

device 40 can also include a polysilicon layer 42 disposes between multiple dielectric 

layers 38. It should be noted that all reference numbers in FIG. 4 that have been 

reused from previous figures denote the same or similar materials and/or structures 
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whether or not further description is provided. The addition of the polysilicon layer 

can provide various improvements in manufacturing in some cases. For example, a 

rough surface of a textured region can be challenging to wafer bond. By depositing a 

thin dielectric layer followed by a thick polysilicon layer it can be possible to create a 

5 surface that can be polished. Thus, the polysilicon layer can be planarized and 

polished until smooth, and the resulting surface can be wafer bonded to the dielectric 

layer on the opposing material, e.g. the semiconductor substrate if the polysilicon is 

deposited on the semiconductor layer structure. It is also contemplated that such a 

process can be performed with only one dielectric layer or even without any dielectric 

1 o layers being present. In another aspect, the polysilicon layer can be doped with a 

dopant. In yet another aspect, the polysilicon layer can be a monosilicon layer. In 

one specific aspect, the polysilicon layer is a monosilicon layer and the semiconductor 

layer is an epitaxial layer that has been etched from the backside to form the textured 

reg10n. 

15 In another aspect, as is shown in FIG. 5, a photodiode 50 having enhanced 

light detection performance is provided. The photodiode includes contacts 52 and a 

photodiode junction 54 formed on the semiconductor layer 34. In another aspect, as is 

shown in FIG. 6, a CMOS image sensor having improved light detection performance 

is provided. The CMOS image sensor includes photodiode junctions 64 and circuitry 

20 62 formed on the semiconductor layer 34. It should be noted that all reference 

numbers in FI Gs. 5 and 6 that have been reused from previous figures denote the 

same or similar materials and/or structures whether or not further description is 

provided. In this way, the textured region 36 can be introduced into fabrication 

process at the start of the flow, at a lower cost and lower technical risk approach. 

25 Because the textured region is buried within the semiconductor materials at an early 

stage in the flow, the textured region can be protected from contamination during the 

further fabrication of the device. Additionally, potentially proprietary details such as 

the specific architecture of the texture region can be protected from view during the 

later stages of fabrication. This method could further include a step of removing the 

30 semiconductor substrate. It is understood that once the semiconductor device is 

formed the semiconductor substrate may no longer be necessary in some cases. In 

this way the semiconductor device can be mounted on various substrates as necessary 

for specific applications. 
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In one aspect, isolation features can be utilized in order to isolate various 

portions of the device from one another. For example, in one aspect a semiconductor 

device can include a plurality of isolation features in at least the semiconductor layer 

that function to isolate each photodetector in an array of photodetectors from one 

5 another. The isolation features isolate each photodetector electrically, optically, or 

both electrically and optically. Isolation features can thus maintain uniformity across 

an array by reducing optical and electrical crosstalk between the photodetectors. FIG. 

7 shows a semiconductor device 70 having an array of photodetectors 72. It should be 

noted that all reference numbers in FIG. 7 that have been reused from previous figures 

10 denote the same or similar materials and/or structures whether or not further 

description is provided. The photodetectors are separated by a plurality of isolation 

features, in this case extending through the semiconductor layer 34 and the textured 

region 36. In one aspect, the isolation features extend through the semiconductor 

layer but not through the textured region. In another aspect, the isolation features 

15 extend beyond the textured region and into the dielectric layer or even into the 

semiconductor substrate. In some aspects, other structures such as polysilicon layers 

and reflective regions can contain isolation features. Accordingly, the isolation 

features can be deep or shallow, depending on the desired configuration of the device. 

Isolation features can be made from various materials, including, without 

20 limitation, dielectric materials, reflective materials, conductive materials, light 

diffusing features, voids, and the like, including combinations thereof. Conductive 

materials used to fill the isolation feature etches or voids can be passivated in order to 

maintain electrical isolation. In other aspects, conductive materials can be utilized as 

vias. The isolation can be fabricated at the substrate level prior to fabrication of 

25 circuitry, the detector device, or the imaging array. In one aspect, voids can be 

created and either left as voids or filled with such materials to form the isolation 

features. For example, a layer surface can be photolithographically patterned and 

vertically etched to a desired depth ( e.g. from the device surface of the semiconductor 

layer to the dielectric layer). Dielectric material can then be deposited conformally on 

30 surfaces within the etch until filled with the dielectric or other material. Any 

dielectric material remaining on the device surface of the semiconductor layer can be 

removed by chemical etching and/or mechanical polishing. As has been described, 

the isolation feature does not need to fully bisect the semiconductor structure, but 
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rather only a portion can be isolated; this is known as shallow trench isolation as 

opposed to deep trench isolation. 

Additionally, isolation features regions can be configured to reflect incident 

electromagnetic radiation until it is absorbed, thereby increase the effective absorption 

5 length of the device. In other aspects, the sides of isolation features can be doped. In 

some aspects, a doped isolation feature can form an electrical surface field, similar to 

an electrical back surface field as has been described. The isolation features can be 

formed before or after bonding of the semiconductor substrate to the semiconductor 

layer. Furthermore, the isolation features can be formed from either side of the 

1 o semiconductor layer or from either side of the semiconductor substrate, depending on 

the depth and extent of the features. 

In some aspects, the textured region can be arranged in a discontinuous 

pattern. As is shown in FIG. 8, for example, a semiconductor device 80 can have a 

discontinuous textured region 82. It should be noted that all reference numbers in 

15 FIG. 8 that have been reused from previous figures denote the same or similar 

materials and/or structures whether or not further description is provided. Such a 

discontinuous pattern may correspond to structures elsewhere in the device, such as 

the spatial pattern of an array of photodetectors on the device surface (not shown). 

In other aspects, one or more cavities can be disposed in the semiconductor 

20 device and associated with the textured region or regions. As is shown in FIG. 9, for 

example, a semiconductor device 90 can include a cavity region 92 associated with 

the textured region 36. The cavity region can enhance the functionality of the 

textured region, and can be particularly effective when optically coupled to a 

reflective region, whether the reflective region is on the near side or the far side of the 

25 dielectric layer 38. FIG. 10 shows a semiconductor device 100 having a plurality of 

cavity regions 102 arranged in a discontinuous pattern to correspond with the 

discontinuous pattern of the textured region 82. The cavity regions shown in FI Gs. 9 

and 10 can be formed prior to wafer bonding or following wafer bonding. If a cavity 

region is formed following wafer bonding, etching through the semiconductor 

30 substrate 32 may be required, following which the etch cavity can be partially filled. 

Additionally, a cavity region can be formed before or after formation of the textured 

region. In those aspects whereby a cavity region is formed after formation of the 

textured region, the intervening material would be etched until reaching the textured 

region. In those aspects whereby a cavity region is formed prior to formation of the 
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textured region, an etch can be formed into the semiconductor layer 34 and the 

textured region can be formed thereon through the etch cavity. The formation of the 

textured region in this manner can be accomplished prior to wafer bonding or 

following wafer bonding by etching through the semiconductor substrate. It should 

5 be noted that all reference numbers in FI Gs. 9 and 10 that have been reused from 

previous figures denote the same or similar materials and/or structures whether or not 

further description is provided. 

The present disclosure additionally provides various methods. In one aspect, 

as is shown in FIG. 14, for example, a method of making a semiconductor device can 

1 o include texturing at least a portion of a surface of a semiconductor layer to form a 

textured region 142, depositing a first dielectric layer onto the semiconductor layer 

such that the textured region is disposed between the semiconductor layer and the first 

dielectric layer 144, and wafer bonding the first dielectric layer to a second dielectric 

layer disposed on a semiconductor substrate 146. In another aspect, the textured 

15 region is protected from contamination during further manufacturing processes by the 

semiconductor layer and the semiconductor substrate. 

In another aspect, a method of making a semiconductor device can include 

laser texturing at least a portion of a surface of a semiconductor layer to form a 

textured region, depositing a first dielectric layer onto the semiconductor layer such 

20 that the textured region is disposed between the semiconductor layer and the first 

dielectric layer, and wafer bonding the first dielectric layer to a second dielectric layer 

disposed on a semiconductor substrate. 

In yet another aspect, a method of making a semiconductor device can include 

wet etch texturing at least a portion of a surface of a semiconductor layer to form a 

25 textured region, depositing a first dielectric layer onto the semiconductor layer such 

that the textured region is disposed between the semiconductor layer and the first 

dielectric layer, and wafer bonding the first dielectric layer to a second dielectric layer 

disposed on a semiconductor substrate. 

In one specific aspect, FI Gs. 1 IA-C show one method of manufacturing a 

30 semiconductor device. As is shown in FIG. I IA, a semiconductor material 114 can 

be textured to create a textured region 112, and a dielectric layer 115 can be deposited 

over the textured region. In one aspect, the textured region can be formed by laser 

processing the semiconductor material. In another aspect, the textured region can be 

formed by wet etching the semiconductor material. The dielectric layer can then be 
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polished until smooth with a process such as CMP processing. The resulting structure 

can then be wafer bonded to a semiconductor substrate 116, as is shown rotated 180° 

in FIG. 1 lB, with the polished surface of the dielectric layer being bonded to the 

semiconductor substrate. The dielectric layer can be bonded directly to the 

5 semiconductor substrate, or to a second dielectric layer formed on the semiconductor 

substrate (not shown). After wafer bonding, the semiconductor material can be 

polished to a specified thickness. In another aspect, an epitaxially grown 

semiconductor layer 118 can be grown on the polished surface of the semiconductor 

material to generate a low defect device region as shown in FIG. 11 C. 

10 In another aspect, FI Gs. 12A-C show another method of manufacturing a 

semiconductor device. As is shown in FIG. 12A, a semiconductor material 124 can 

be textured to create a textured region 122, and a dielectric layer 125 can be deposited 

over the textured region. In one aspect, the semiconductor material can be an 

epitaxially grown semiconductor material. The dielectric layer can then be polished 

15 and a polysilicon layer 126 can be deposited thereupon, as is shown in FIG. 12B. In 

an alternative aspect, the polysilicon layer can be formed directly on the textured 

region without an intervening dielectric layer (not shown). The polysilicon layer can 

then be polished and wafer bonded to a semiconductor substrate 126, as is shown 

rotated 180° in FIG. 12C. The polysilicon layer can be bonded directly to the 

20 semiconductor substrate, or to a second dielectric layer 129 formed on the 

semiconductor substrate. After wafer bonding, the semiconductor material can be 

polished to a specified thickness. 

In another aspect, FIGs. 13A-D show another method of manufacturing a 

semiconductor device. As is shown in FIG. 13A, a semiconductor layer 134 can be 

25 epitaxially grown on a temporary semiconductor support 139. The epitaxially grown 

semiconductor layer is textured to create a textured region 132, and a dielectric layer 

135 is deposited over the textured region as is shown in FIG. 13B. Following 

polishing, the dielectric layer is wafer bonded to a semiconductor substrate 136, as is 

shown rotated 180° in FIG. BC. The dielectric layer can be bonded directly to the 

30 semiconductor substrate, or to a second dielectric layer formed on the semiconductor 

substrate (not shown). The temporary semiconductor support can then be removed 

from the epitaxially grown semiconductor layer. This can be accomplished by any 

known process, such as wafer splitting, CMP processing, etc. The exposed epitaxial 

semiconductor layer can be further polished and thinned to produce a desired surface 
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for further device deposition. In this manner semiconductor materials used to grow 

the epitaxial layer can be removed, leaving a higher quality surface with fewer crystal 

defects and dislocations. 

Of course, it is to be understood that the above-described arrangements are 

5 only illustrative of the application of the principles of the present disclosure. 

Numerous modifications and alternative arrangements may be devised by those 

skilled in the art without departing from the spirit and scope of the present disclosure 

and the appended claims are intended to cover such modifications and arrangements. 

Thus, while the present disclosure has been described above with particularity and 

1 o detail in connection with what is presently deemed to be the most practical 

embodiments of the disclosure, it will be apparent to those of ordinary skill in the art 

that numerous modifications, including, but not limited to, variations in size, 

materials, shape, form, function and manner of operation, assembly and use may be 

made without departing from the principles and concepts set forth herein. 

15 
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CLAIMS 

What is claimed is: 

5 1. A semiconductor device, comprising: 

10 

15 

20 

a semiconductor substrate; 

a semiconductor layer coupled to the semiconductor substrate, the 

semiconductor layer having a device surface opposite the semiconductor substrate; 

and 

at least one textured region coupled between the semiconductor substrate and 

the semiconductor layer. 

2. The device of claim 1, further comprising at least one dielectric layer coupled 

between the semiconductor substrate and the semiconductor layer. 

3. The device of claim 2, wherein the semiconductor layer is an epitaxially grown 

semiconductor layer. 

4. The device of claim 2, wherein the semiconductor layer is a silicon layer. 

5. The device of claim 2, further comprising a secondary semiconductor layer 

disposed between the textured region and the semiconductor layer. 

6. The device of claim 2, wherein the dielectric layer is coupled between the 

25 semiconductor substrate and the textured region, and wherein the textured region is 

disposed between the dielectric layer and the semiconductor layer. 

30 

7. The device of claim 6, further comprising a reflective region disposed between the 

semiconductor substrate and the textured region. 

8. The device of claim 6, wherein the textured region is coupled directly to the 

semiconductor layer. 
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9. The device of claim 6, further comprising a secondary semiconductor layer 

disposed between the textured region and the semiconductor layer. 

10. The device of claim 6, further comprising at least one cavity region disposed 

5 between the textured region and the dielectric layer. 

11. The device of claim 2, further comprising a polysilicon layer directly coupled to 

the dielectric layer. 

10 12. The device of claim 11, wherein the polysilicon layer is disposed between 

multiple dielectric layers. 

13. The device of claim 2, wherein the textured region is disposed between the 

semiconductor substrate and the dielectric layer, and wherein the dielectric layer is 

15 disposed between the textured region and the semiconductor layer. 

14. The device of claim 2, wherein the textured region is doped with a dopant to form 

an electrical back surface field. 

20 15. The device of claim 14, wherein the electrical back surface field has been doped 

by a technique selected from the group consisting of laser doping, ion implanting, 

diffusion doping, in situ doping, and combinations thereof. 

16. The device of claim 15, wherein the textured region has a higher dopant 

25 concentration than the semiconductor layer. 

17. The device of claim 15, wherein the dopant has the same polarity as the 

semiconductor layer. 

30 18. The device of claim 15, wherein the dopant is a member selected from the group 

consisting of boron, indium, gallium, arsenic, antimony, phosphorus, and 

combinations thereof. 
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19. The device of claim 2, wherein the semiconductor layer is doped with a dopant to 

form an electrical back surface field, and wherein the electrical back surface field is 

distinct from the textured region. 

5 20. The device of claim 2, further comprising at least one photodiode optically active 

region disposed on the device surface. 

10 

15 

21. The device of claim 2, wherein the photodiode optically active region comprises a 

doped region. 

22. The device of claim 2, wherein the device forms at least one photodetector. 

23. The device of claim 22, wherein the at least one photodetector is a plurality of 

photodetectors arranged in an array. 

24. The device of claim 23, wherein the textured region is arranged in a 

discontinuous pattern that corresponds spatially to the array of photodetectors. 

25. The device of claim 23, further comprising a plurality of isolation features in at 

20 least the semiconductor layer to isolate each photodetector in the array of 

photodetectors, wherein the isolation features isolate each photodetector electrically, 

optically, or both electrically and optically. 

26. The device of claim 23, further comprising at least one optical lens associated 

25 with the at least one photodetector. 

27. The device of claim 23, further comprising at least one color filter associated with 

the at least one photodetector. 

30 28. A method of making a semiconductor device, comprising: 

texturing at least a portion of a surface of a semiconductor layer to form a 

textured region; 

depositing a first dielectric layer onto the semiconductor layer such that the 

textured region is disposed between the semiconductor layer and the first dielectric 
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layer; and 

wafer bonding the first dielectric layer to a second dielectric layer disposed on 

a semiconductor substrate. 

5 29. The method of claim 28, wherein the semiconductor layer is an epitaxially grown 

semiconductor layer. 

30. The method of claim 29, wherein texturing at least a portion of a surface of a 

semiconductor layer to form a textured region further includes: 

1 o forming the epitaxially grown semiconductor layer on a growth substrate; and 

texturing at least a portion of a surface of the epitaxially grown semiconductor 

layer to form a textured region. 

31. The method of claim 30, further comprising removing the growth substrate to 

15 expose the epitaxially grown semiconductor layer. 

20 

25 

32. The method of claim 28, further comprising forming an epitaxially grown 

semiconductor layer on the semiconductor layer on an opposite side from the textured 

region. 

33. The method of claim 28, wherein wafer bonding further includes: 

depositing a polysilicon layer on the first dielectric layer; and 

bonding the polysilicon layer between the first dielectric layer and the second 

dielectric layer. 

34. The method of claim 33, further comprising doping at least a portion of the 

polysilicon layer. 

35. The method of claim 28, wherein texturing at least a portion of a surface of the 

30 semiconductor layer to form the textured region further includes: 

forming an opening in the semiconductor substrate, the second dielectric layer, 

and the first dielectric layer to expose a portion of the semiconductor layer; and 

texturing at least a portion of the exposed portion of the semiconductor layer 

to form the textured region. 
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36. The method of claim 28, wherein texturing includes a technique selected from the 

group consisting of plasma etching, reactive ion etching, porous silicon etching, 

lasing, chemical etching, nanoimprinting, material deposition, selective epitaxial 

5 growth, and combinations thereof. 

37. The method of claim 28, wherein texturing includes lasing. 

38. A method of protecting a textured region from contamination during manufacture 

1 o of a semiconductor device, comprising: 

texturing at least a portion of a surface of a semiconductor layer to form a 

textured region; 

depositing a first dielectric layer onto the semiconductor layer such that the 

textured region is disposed between the semiconductor layer and the dielectric layer; 

15 and 

20 

wafer bonding the first dielectric layer to a second dielectric layer disposed on 

a semiconductor substrate, wherein the textured region is protected from 

contamination during funher manufacturing processes by the semiconductor layer and 

the semiconductor substrate. 
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Box No. I Basis of this opinion 

I. With regard to the language, this opinion has been established on the basis of: 

!ZI the international application in the language in which it was filed 

International application No. 

PCT/US2013/033554 

D a translation of the international application into ____________ , which is the language ofa 
translation furnished for the purposes of international search (Rules 12.3( a) and 23 .1 (b)) 

2. D This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified 
to this Authority under Rule 91 (Rule 43bis. l(a)) 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been 
established on the basis of: 

a. a sequence listing filed or furnished 

D onpaper 

D in electronic form 

b. time of filing or furnishing 

D contained in the international application as filed. 

D filed together with the international application in electronic form. 

D furnished subsequently to this Authority for the purposes of search. 

4. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required 

statements that the information in the subsequent or additioanl copies is identical to that in the application as filed or does 

not go beyond the application as filed, as appropriate, were furnished. 
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International application No. 

PCT /US2013/033554 

Box No. V Reasoned statement under Rule 43bis.l(a)(i) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

I. 

2. 

Statement 

Novelty (N) Claims 1-33 

Claims NONE 

Inventive step (IS) Claims 27-33 

Claims 1-26 

Industrial applicability (IA) Claims 1-33 

Claims NONE 

Citations and explanations : 

Reference is made to the following documents: 

Dl: US 6498336 Bl (HUI TIAN et al.) 24 December 2002 
DZ: US 2008-0036022 Al (SUNG-HO HWANG et al.) 14 February 2008 
D3: JP 2011-091128 A (CANON INC.) 06 May 2011 
D4: US 2011-0140221 Al (VENEZIA VINCENT et al.) 16 June 2011 
D5: WO 2011-119618 A2 (SIONYX, INC. et al.) 29 September 2011 

1 Novelty and Inventive Step 

1.1. Concerning Claims 1-23 

1.1.1 Independent Claims 1 and 23 

YES 

NO 

YES 

NO 

YES 

NO 

Dl, which is considered to be the closest prior art to the subject matter of claim 1, 
discloses a light sensor comprising: an incident light absorbed within the light-sensing 
element (see claim 1), a light-reflecting element positioned m relation to the 
light-sensing element back towards the light-sensing element (see claim 1), light-reflecting 
vertical via structures (322) (see column 4, lines 51-52) and light that passes through the 
light-sensing element and is reflected back towards the light-sensing element (see column 2, 
lines 55-58). Claim 1 differs from Dl in a backside light trapping material and a peripheral 
light trapping material. However, said differences are virtually suggested by Dl considering 
the various light-reflecting regions (314) (see column 4, lines 58-59). Accordingly, a 
person skilled 1n the art would easily conceive the idea of employing the feature. 
Therefore, claim 1 lacks an inventive step under PCT Article 33(3). 

Claim 23 relates to an array of light trapping device of claim 1 and has the same technical 
features as claim 1 except the number of device. Thus, the same reasoning as in claim 1 
could be applied to claim 23. Therefore, claim 23 lacks an inventive step under PCT Article 
33(3). 

1.1.2 Dependent Claims 2-22 

The additional features of claims 2-3, dependent on claim 1, are disclosed in Dl in that 
each light-reflecting region (314) formed within substrate (306) is made of a suitable 
material (see column 4, lines 40-41). Claims 2-3 differ from Dl in that the peripheral 

Continued on Supplemental Box 
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International application No. 

PCT /US2013/033554 

light trapping material includes a high refractive index material sandwiched between two low 
refractive index materials. However, the difference can be easily derived from D2 in each 
having a laminated structure of a first refractive film (191a) and a second refractive film 
(192a) (see paragraph [0056]). As the art of D1 and D2 is the same, the technical feature of 
D1 and D2 can be easily combined. Accordingly, claims 2-3 would have been obvious over D1 in 
view of D2. 

The additional feature of claim 4, dependent on claim 3, is merely a variation of the 
disclosure of the cited document and a person skilled in the art would arrive at the claimed 
invention by general experimentation alone without exercising any ingenuity in D1. 

The additional feature of claims 5-6, dependent on claim 4, is merely a matter of design 
option in that each light-reflecting region (314) is made of a suitable material, such as a 
silicon oxide, a silicon oxynitride, or a silicon nitride in D1 (see column 4, lines 40-42). 

The additional feature of claim 7, dependent on claim 3, is merely a matter of design option 
in view of D1 when the general knowledge in relevant field of the art is used. Hence, no 
inventive step is present in the subject matter of claim 7. 

The additional feature of claim 8, dependent on claim 7, is merely a matter of design option 
in view of D1 when the general knowledge in relevant field of the art is used. Hence, no 
inventive step is present in the subject matter of claim 8. 

The additional feature of claim 9, dependent on claim 2, 1s disclosed in D2 m that the 
photoelectric converter (110) may be a photodiode, a phototransistor, a photogate, a pinned 
photodiode (PPD) or a combination thereof (see paragraph [0037]). As the art of D1 and D2 is 
the same, the technical feature of D1 and D2 can be easily combined. Accordingly, claim 9 
would have been obvious D1 in view of D2. 

The additional feature of claim 10, dependent on claim 9, 1s merely a matter of design 
option m view of D2 when the general knowledge m relevant field of the art 1s used. 
Accordingly, claim 9 would have been obvious D1 in view of D2. 

The additional feature of claim 11, dependent on claim 1, is disclosed in D1 in that each 
light-reflecting region (314) formed within substrate (306) is made of a suitable material 
(see column 4, lines 40-41). Claim 11 differs from D1 in that the peripheral light trapping 
material includes a high refractive index material sandwiched between two low refractive 
index materials and the difference is refractive index between the first material and the 
two second materials is at least 0.2. However, D2 discloses each having a laminated 
structure of a first refractive film (191a) and a second refractive film (192a) (see 
paragraph [0056]), and the difference of refractive index is merely a matter of design 
option in view of D2 when the general knowledge in relevant field of the art in used. Hence, 
no inventive step is present in the subject matter of claim 11. As the art of D1 and D2 is 
the same, the technical feature of D1 and D2 can be easily combined. Accordingly, claim 11 
would have been obvious D1 in view of D2. 
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The additional features of claims 12-13, dependent on claim 1, are merely variations of an 
light-reflecting vertical via structures (322) in D1 (see column 4, lines 51-52). 

The additional feature of claim 14, dependent on claim 1, is merely a matter of design 
option forming a reflecting film on one surface of the substrate in D2 (paragraph [0014)). 
Accordingly, claim 14 would have been obvious D1 in view of D2. 

The additional feature of claim 15, dependent on claim 14, is merely a matter of design 
option of the planarizing film in D2 (paragraph [0082)). Accordingly, claim 15 would have 
been obvious D1 in view of D2. 

Claim 16, dependent on claim 14, differs from D1 in a reflective layer having an aperture. 
However, the difference is virtually suggested by D2 considering a reduced aperture ratio 
(see paragraph [0063)). Therefore, a person ski I led in the art would easily conceive the 
idea of employing the feature of aperture. Accordingly, claim 16 would have been obvious D1 
in view of D2. 

The additional feature of claim 17, dependent on claim 16, is merely a variation of 
microlenses in D2 (see claim 1). Accordingly, claim 17 would have been obvious D1 in view of 
D2. 

The additional feature of claim 18, dependent on claim 16, is merely matter of design option 
in view of D2 when the general knowledge in relevant field of the art is used. Hence, no 
inventive step is present in the subject matter of claim 18. Accordingly, cl aim 18 would 
have been obvious D1 in view of D2. 

The additional feature of claim 19, dependent on claim 1, is disclosed in D1 in the various 
light-reflecting regions (314) consist of conductive layers (see column 3, line 3, column 4, 
I ines 58-59). 

The additional feature of claim 20, dependent on claim 1, is merely a matter of design 
option in view of D1 when the general knowledge in relevant field of the art is used. 

The additional features of claims 21-22, dependent on claims 1 and 21 respectively, are 
merely matters of design option in view of D1 when the general knowledge in relevant field 
of the art is used. 

Therefore, claims 2-22 lack an inventive step under PCT Article 33(3). 

1.2 Concerning Claims 24-26 

1.2.1 Independent Claim 24 

D1, which 1s considered to be the closest prior art to the subject matter of claim 24, 
discloses a light sensor, comprising: an incident light absorbed within the light-sensing 
element (see claim 1), a light-reflecting element positioned in relation to the 
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International application No. 

PCT /0S2013/033554 

I ight-sensing element back towards the I ight-sensing element (see claim 1), an 
light-reflecting vertical via structures (322) (see column 4, lines 51-52), the various 
light-reflecting regions (314) (see column 4, lines 58-59) and light that passes through the 
light-sensing element and is reflected back towards the light-sensing element (see column 2, 
lines 55-58). Claim 24 differs from D1 m frontside light trapping material covering at 
least a portion of the light incident surface. However, it 1s well known to form a 
reflecting fi Im on one surface of the substrate in D2 (see paragraph [0014]). As the art of 
D1 and D2 is the same, the technical feature of D1 and D2 can be easily combined. 
Accordingly, claim 24 would have been obvious over D1 in view of D2. Therefore, claim 24 
lacks an inventive step under PCT Article 33(3). 

1.2.2 Dependent Claims 25-26 

The additional feature of claim 25, dependent on claim 24, is not explicitly disclosed in 
D1. However, said feature is virtually suggested by D2 considering a reduced aperture ratio 
(see paragraph [0063]). Therefore, a person ski! led in the art would easily conceive the 
idea of employing the feature of aperture. Accordingly, claim 25 would have been obvious 
over D1 in view of D2. 

The additional feature of claim 26, dependent on claim 25, can be easily derived from D2 in 
that a photoresist having high light transmittance may be used as the microlens (320) (see 
paragraph [0085]). Accordingly, claim 26 would have been obvious over D1 in view of D2. 

Therefore, claims 25-26 lack an inventive step under PCT Article 33(3). 

1.3 Concerning Claims 27-33 

The subject matter of claim 27 differs from these prior art documents in etching a trench 
circumscribing the pixel device layer and filling the trench with a peripheral light 
trapping material. And these features are not obvious to a person skilled in the art by the 
documents, taken alone or in combination. Therefore, claim 27 meets the requirements of PCT 
Article 33(2) and (3) with respect to novelty and inventive step. 

Claims 28-33 are dependent on claim 27 and therefore meet the requirements of PCT Article 
33(2) and (3). 

2 Industrial Applicability 

Claims 1-33 are industrially applicable under PCT Article 33(4). 

Fonn PCT/ISA/237 (Supplemental Box) (July 2011) 

IPR2025-00811 
Apple-Sony EX1002 Page 365



Electronic Acknowledgement Receipt 

EFSID: 17283610 

Application Number: 13841120 

International Application Number: 

Confirmation Number: 5133 

Title of Invention: PIXEL ISOLATION ELEMENTS, DEVICES, AND ASSOCIATED METHODS 

First Named Inventor/Applicant Name: Martin U. Pralle 

Customer Number: 20551 

Filer: Todd Brent Alder/eileen fuessel 

Filer Authorized By: Todd Brent Alder 

Attorney Docket Number: 3035-052.NP 

Receipt Date: 31-OCT-2013 

Filing Date: 15-MAR-2013 

Time Stamp: 16:29:13 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

79190 

1 Transmittal Letter trans.PDF no 4 
dcd41 e9f2d9eb 14f46c1 bOfl 7a9a580e8864 

5442 

Warnings: 

Information: 

IPR2025-00811 
Apple-Sony EX1002 Page 366



2 
Information Disclosure Statement (IDS) 

Form (SB0S) 

143978 

b.PDF no 3 
3cd6784c98a9f7b 1 b8d96a41 e2212129157 

a2887 

Warnings: 

Information: 

This is not an USPTO supplied IDS fillable form 

240267 

3 
Information Disclosure Statement (IDS) 

a.PDF no 3 
Form (SB0S) 

6ce383b8d0a07 e046e5142a 192968a9727a 
4420d 

Warnings: 

Information: 

This is not an USPTO supplied IDS fillable form 

889606 

4 Foreign Reference au484.pdf no 24 
61788deb81161450360e0c71 bb3a07b004 

06b02d 

Warnings: 

Information: 

193902 

5 Foreign Reference gb766.pdf no 4 
30179a38dac01 e91 beeb9f6b86493267dda 

1814d 

Warnings: 

Information: 

865594 

6 Foreign Reference JP484.pdf no 9 
0ee53a 10957836c5627e2811 bb66c7400ec 

952bc 

Warnings: 

Information: 

843100 

7 Foreign Reference jp003.pdf no 16 
42cd2defb6dd8e62df4b8058d3a26fe9597 

3ed4e 

Warnings: 

Information: 

487217 

8 Foreign Reference jpl 28.pdf no 13 
a308c6c72a4d 18916e 14c1 e4c4b5aee 7 c40 

31968 

Warnings: 

Information: 

236386 

9 Foreign Reference jp226.pdf no 5 
2382323611 cdb62d61425f33361 d6c833c2 

3bdc7 

Warnings: 

Information: 

IPR2025-00811 
Apple-Sony EX1002 Page 367



39493 

10 Foreign Reference jp421.pdf no 1 
809aa5d7485a6609fa95a612156bd01 e279 

79cbc 

Warnings: 

Information: 

976480 

11 Foreign Reference jp308.pdf no 12 
fe89d52c029e99f2c844 77b4a979dc3b2f1 d 

6901 

Warnings: 

Information: 

729952 

12 Foreign Reference kr058.pdf no 16 
3f1 f85d7f9fe9b4e 7bae537a 15251f5e3608a 

36b 

Warnings: 

Information: 

688620 

13 Foreign Reference kr864.pdf no 13 
bb6312d573acd2fd436ca3a444bf361 e098 

3386f 

Warnings: 

Information: 

2605845 

14 Foreign Reference WO014.pdf no 61 
94961 d6d0e48956bcd0b45c0f63ac252e2a 

28f13 

Warnings: 

Information: 

1716116 

15 Foreign Reference wo023.pdf no 33 
bS 3 7 d904e 1 a 9c65 df3f0c83 99031fcced43 2 

ceeO 

Warnings: 

Information: 

2781153 

16 Foreign Reference wo188.pdf no 45 
2dbe453502f797 cf2ed661 cd529d6cd3607 

80acf 

Warnings: 

Information: 

2128996 

17 Foreign Reference wo618.pdf no 43 
0c2b345ceb234ca4c835ade48ef8e499bb9 

714ca 

Warnings: 

Information: 

180830 

18 Non Patent Literature berger.pdf no 3 
31 fb29c9f1 209350ab856fbd2617 e36e90fa 

b90d 

Warnings: 

Information: 

IPR2025-00811 
Apple-Sony EX1002 Page 368



336296 

19 Non Patent Literature boden.pdf no 4 
74654169de7de9ec1 80bcfb5d5c8341 0b38 

7dada 

Warnings: 

Information: 

3555552 

20 Non Patent Literature carey.pdf no 162 
035da343ba5a7e0b68d016328d5b706613 

6f87bf 

Warnings: 

Information: 

584186 

21 Non Patent Literature careyassisted.pdf no 6 
31f84e71 aaecl 8d4fcf841 c395714e427f7 cd 

85a 

Warnings: 

Information: 

5955437 

22 Non Patent Literature ca reyfabrication.pdf no 69 
5 5 67 6 7987 e9b 1 be 7282bc989068aa5a09f2 

ac7f2 

Warnings: 

Information: 

8357096 

23 Non Patent Literature careyfemtosecond.pdf no 91 
94 7 c87ce21f7d64c9ec1 f5301753130568bt 

a44a 

Warnings: 

Information: 

86153 

24 Non Patent Literature careyfield.pdf no 2 
dc9b2f51 a7ba4ca2f92fad7b07f45ec3cf1 aS 

862 

Warnings: 

Information: 

98212 

25 Non Patent Literature careyhigh.pdf no 2 
30265d 1 b26b28d 175d75d7dbf4f5ddd851 

d8650a 

Warnings: 

Information: 

281145 

26 Non Patent Literature chen.pdf no 3 
20613c805e4b2609438f49f0d8dd2323051 

21996 

Warnings: 

Information: 

1109364 

27 Non Patent Literature chien.pdf no 7 
64a78d711 ce5d3278be295859fcb7f6508e 

adf9b 

Warnings: 

Information: 

IPR2025-00811 
Apple-Sony EX1002 Page 369



183504 

28 Non Patent Literature crouch.pdf no 3 
ff3b8fd06dbe6502e8b92d2d579aebccb39 

a5f77 

Warnings: 

Information: 

466405 

29 Non Patent Literature Crouchinfrared.pdf no 7 
1 dfl 1 e8035e 7e65433ab9631 d9fc0fc4ac7a 

9104 

Warnings: 

Information: 

513992 

30 Non Patent Literature dewan.pdf no 8 
d3fa146dffc591 bbbaecf11d8876a55dfe0e 

868 

Warnings: 

Information: 

1225912 

31 Non Patent Literature dobrzanski.pdf no 6 
cd7 e81787 e2716deb64079f0e50c598bee1 

2f989 

Warnings: 

Information: 

698423 

32 Non Patent Literature Forbes.pdf no 14 
a0d794 7dd06a72bd 1 058b37fca6fdd98e 78 

adOSb 

Warnings: 

Information: 

2216276 

33 Non Patent Literature haug.pdf no 12 
84930ef6a5971 ad4be93806cd 13648245e3 

47bc1 

Warnings: 

Information: 

236278 

34 Non Patent Literature herfemtosecond.pdf no 3 
a6d 16f6fa 14099995bbe33370b91 ccee435 

daac2 

Warnings: 

Information: 

796086 

35 Non Patent Literature hermann.pdf no 8 
a295719da824a26eb8ee1 fef708fdf4334d2 

315b 

Warnings: 

Information: 

404510 

36 Non Patent Literature hermicro.pdf no 3 
b662 6e5146 77fa05 e0cbbS d3 5 f9ed de9a4 5 

d0ae8 

Warnings: 

Information: 

IPR2025-00811 
Apple-Sony EX1002 Page 370



226905 

37 Non Patent Literature hernovel.pdf no 2 
0b801 d68a643ed439cd8ff737fca 181509d8 

aef3 

Warnings: 

Information: 

390556 

38 Non Patent Literature huang.pdf no 3 
25038255d08c0183f6372fc8950ca0791 a06 

f388 

Warnings: 

Information: 

257666 

39 Non Patent Literature hupkes.pdf no 4 
el c98d041948a73a4 7f7fa69f9eb6086275c 

eae 

Warnings: 

Information: 

307634 

40 Non Patent Literature kim.pdf no 3 
b2c27370ef4 791891244acb2e003ce5390fl: 

c012 

Warnings: 

Information: 

123920 

41 Non Patent Literature madzharov.pdf no 1 
776deddaabc95928878ab61 d9c4a569291 

22cc6e 

Warnings: 

Information: 

309139 

42 Non Patent Literature moloney.pdf no 8 
9e983d8329f1 fl e5443a81 0e4b986912fd3t' 

fb49 

Warnings: 

Information: 

722565 

43 Non Patent Literature nayakefficient.pdf no 9 
7021453290f1 2dbdef6992b464ec521 a9a7 

a1627 

Warnings: 

Information: 

2308044 

44 Non Patent Literature nayakultrafast.pdf no 6 
150744ebeee8cf91 a37ab2444257babc8be 

a981a 

Warnings: 

Information: 

312463 

45 Non Patent Literature pain.pdf no 4 
913d8780cc97fcf91 c08844cfc366efa0dc7 e 

cd8 

Warnings: 

Information: 

IPR2025-00811 
Apple-Sony EX1002 Page 371



724967 

46 Non Patent Literature ped razasu rface.pdf no 8 
76e347f6d392ddc250f9f8084c43da0f1 56c 

0056 

Warnings: 

Information: 

485518 

47 Non Patent Literature russell.pdf no 6 
5466afb9f2bb 72 0fe 7b6af962 903 Sc0e 1 Sad 

0750 

Warnings: 

Information: 

2706459 

48 Non Patent Literature sarnet.pdf no 15 
898a8d2f5c2c2636d4de4e3e63f8fe 13024e 

664b 

Warnings: 

Information: 

347374 

49 Non Patent Literature shen.pdf no 3 
5ef57b2154d8b3 da02b8700d 3 02a04686d 

44e059 

Warnings: 

Information: 

526140 

50 Non Patent Literature tabbal.pdf no 6 
65197f243bd03522128e20435d263f6d311 

e3530 

Warnings: 

Information: 

12580948 

51 Non Patent Literature tull.pdf no 174 
8b632fd68e2dab 16017aaccdfd9bdf52c75t' 

eeOO 

Warnings: 

Information: 

5048497 

52 Non Patent Literature wublack.pdf no 36 
dc5b8cd9e 19773535776a4 73e802cce 13b7 

a7d28 

Warnings: 

Information: 

5424741 

53 Non Patent Literature wufemto.pdf no 138 
97a0a4fbbcc61 f002c36c6c21 cd52c099572 

9673 

Warnings: 

Information: 

290313 

54 Non Patent Literature wunear.pdf no 3 
2ce60c3dca 1 af58ed384e3743855ed2c380 

9c60 

Warnings: 

Information: 

IPR2025-00811 
Apple-Sony EX1002 Page 372



290635 

55 Non Patent Literature wuvisible.pdf no 3 
241Odef36e2bc32e3147 cb6281202fa289b 

57fdd 

Warnings: 

Information: 

728495 

56 Non Patent Literature yamamoto.pdf no 4 
f04f33a 7d345b5bde0fc8d08a8f1 dc7018db 

a55e 

Warnings: 

Information: 

5152350 

57 Non Patent Literature yonkinsurface.pdf no 136 
fc6c9b86a4a74f9d468dc22396c3fb670836 

8898 

Warnings: 

Information: 

160654 

58 Non Patent Literature younkin.pdf no 4 
2419cf90714c10b4765f4259f26a45baa0de 

dbcS 

Warnings: 

Information: 

1485668 

59 Non Patent Literature yuan.pdf no 3 
784 5 20d b465 ffff46d dfd 14 5194 34be3 bfe4 

da4a 

Warnings: 

Information: 

581395 

60 Non Patent Literature pct052.pdf no 11 
146b7863b39df755e68190637c7dc682542 

81638 

Warnings: 

Information: 

Total Files Size (in bytes) 84424598 

IPR2025-00811 
Apple-Sony EX1002 Page 373



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

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

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

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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. 

IPR2025-00811 
Apple-Sony EX1002 Page 374



IN THE UNITED STATES PATENT & TRADEMARK OFFICE 

ART UNIT: 2883 

EXAMINER: 
CERTIFICATE OF MAILING 

FIRST NAMED 
UNDER37 C.F.R. § 1.8 

INVENTOR: Martin U. Pralle DATE OF DEPOSIT: October 31 2013 

SERIAL NO.: 13/841,120 
I hereby certify that this paper or fee ( along with 

any paper or fee referred to as being attached or 
enclosed) is being submitted on the date indicated 

FILED: 3/15/2013 above via: 
~ EFSWeb 

CONF.NO.: 5133 □ facsimile to 
□ the United States Postal Service with sufficient 

postage as first class mail addressed to: Mail 
FOR: PIXEL ISOLATION ELEMENTS, Stop Commissioner for 
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Todd B. Alder, Ph.D. 
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UNDER 37 C.F.R. §§ 1.56, 1.97 and 1.98 
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Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir/Madam: 

Pursuantto the duty of disclosure under 37 C.F.R. §§ 1.56, 1.97 and 1.98, the Applicant requests 

consideration of this Information Disclosure Statement, which is being submitted in accordance with: 

[8] 37 C.F.R. § l.97(b )(1) or (3), within three months of the filing date of the application, or 

before a first office action on the merits, whichever occurs last; 

D 37 C.F.R. § l .97(c), after a first office action on the merits, but before a Final Office Action 

or a Notice of Allowance, whichever occurs first, and is accompanied by EITHER a 

statement in accordance with 37 C.F.R. § l .97(e), OR the fee set forth in 37 C.F.R. § 
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accordance with 37 C.F.R. § l.97(e), AND the fee set forth in 37 C.F.R. § 1.17(p). 

SUBMISSIONS 

Please find enclosed, pursuantto 37 C.F.R. §§ 1.97 and 1.98: 

[8] Form PTO/SB/08A and/or PTO/SB/08B listing the references submitted for consideration, 

which contains a list of all patents, publications and all other items that have come to the 

attention of one or more of the individuals designated in 37 C.F.R. § l.56(c). 

[8] Legible copies of the listed non-patent documents, unpublished U.S. applications 

and foreign documents or their relevant portions are included. 

All English translations of each non-English reference, if any, within the possession, 

custody, control or availability ofanyone designated in 37 C.F.R. § l.56(c) (see 37 

C.F.R. § 1.98 are included. 

D For all listed references that are not either in the English langnage, or accompanied 

by a translation into English, a concise explanation of relevance as required under 

37 C.F.R. § l .98(a)(3) is enclosed attached to each. 

Copies of references listed on the enclosed PTO/SB/08A and/or PTO/SB/08B are not enclosed: 

D because, under 3 7 C.F.R. § 1.98.( d), they were previously cited by or submitted to 

the Office in application number---------~ which is relied upon for 

an earlier filing date under 37 C.F.R. § 1.20. 

D because they are substantially cumulative of an enclosed reference. 

STATEMENT IN ACCORDANCE WITH 37 C.F.R. § 1.97(e) 
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D I hereby certify that each item contained in the information disclosure statement was first cited in 

a 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. 

D I hereby certify that no item 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 §l.56(c) more than three months 

prior to the filing of the information disclosure statement. 

REMARKS 

While no representation is made that any of these references may be "prior art" within the meaning 

of that term in accordance with 37 C.F.R. §§ 102 or 103, the enclosed list ofreferences is disclosed so as to 

comply with the duty of disclosure set forth in 37 C.F.R. § 1.56. 

Moreover, while no representation is made that a specific search of office files or patent office 

records has been conducted or that no better art exists, the undersigned attorney of record believes that the 

references listed, together with any other references which may have been previously submitted or listed, are 

the closest to the claimed invention (taken in its entirety) of which the undersigned is presently aware, and no 

art which is closer to the claimed invention (taken in its entirety) has been knowingly withheld. 

D Check No. __ in the amount of$ __ (amount in§ l.l 7(p)) constituting the submission 

fee set forth in 37 C.F.R. § 1.17(p) is enclosed. 

In the event that 37 C.F.R. § l.97(c) applies and the Examiner is not satisfied that the Statement 

meets the requirements of37 C.F.R. § l.97(e), or in any other event remediable by a fee, please credit any 

over payment or charge any additional fees to Deposit Account No. 20-0100 of the undersigned. 
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patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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

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

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

NOT GRANTED 

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

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

13/841,120 03/15/2013 

20551 
THORPE NORTH & WESTERN, LLP. 
P.O. Box 1219 
SANDY, UT 84091-1219 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Martin U. Pralle 

NOTICE 

3035-052.NP 
CONFIRMATION NO. 5133 

11111111111111111 lllll ll]~!l]!~l!~l!~UH!~Hll lllll 111111111111111111 

Date Mailed: 02/11/2014 

INFORMATIONAL NOTICE TO APPLICANT 

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f). 

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid 
further processing delays. 

• A properly executed inventor's oath or declaration has not been received for the following inventor(s): 
ALL 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 13/841, 120 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A 70 N/A (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A 300 N/A (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A 360 N/A (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 33 minus 20= 13 (37 CFR 1.16(i)) 
X 40 = 520 OR 

INDEPENDENT CLAIMS 3 minus 3 = X 210 = 0.00 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 0 ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 1250 TOTAL 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR 
~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

13/841,120 03/15/2013 

20551 7590 03/06/2014 

THORPE NORTH & WESIBRN, LLP. 
P.O. Box 1219 
SANDY, UT 84091-1219 

FIRST NAMED INVENTOR 

Martin U. Pralle 

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

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

3035-052.NP 5133 

EXAMINER 

PHAM,LONG 

ART UNIT PAPER NUMBER 

2814 

NOTIFICATION DATE DELIVERY MODE 

03/06/2014 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): 

causse@tnw.com 
patentdocket@tnw.com 
rich@tnw.com 

PTOL-90A (Rev. 04/07) 
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Applicant(s) Application No. 
13/841, 120 PRALLE, MARTIN U. 

Office Action Summary Examiner 
LONG PHAM 

Art Unit 
2814 

AIA (First Inventor to File) 
Status 
No 

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

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

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 
1 )0 Responsive to communication(s) filed on __ . 

0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)O This action is FINAL. 2b)O This action is non-final. 
3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 
4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5)1Zl Claim(s) 1-33 is/are pending in the application. 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 
6)0 Claim(s) __ is/are allowed. 
7)0 Claim(s) __ is/are rejected. 
8)0 Claim(s) __ is/are objected to. 
9)1Zl Claim(s) 1-33 are subject to restriction and/or election requirement. 

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http:ilwww.usoto.gov/patents/init events/pph/index.isp or send an inquiry to PPHfeedback(wuspto.aov. 

Application Papers 
10)0 The specification is objected to by the Examiner. 
11 )0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

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

a)O All b)O Some** c)O None of the: 

1.0 
2.0 
3.0 

Certified copies of the priority documents have been received. 
Certified copies of the priority documents have been received in Application No. __ . 
Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

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

Attachment{s) 

1) 0 Notice of References Cited (PTO-892) 

2) 0 Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 
PTOL-326 (Rev. 11-13) Office Action Summary 

3) 0 Interview Summary (PTO-413) 

Paper No(s)/Mail Date. __ . 

4) 0 Other: __ . 

Part of Paper No./Mail Date 20140227 
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Application/Control Number: 13/841,120 

Art Unit: 2814 

Page 2 

The present application is being examined under the pre-AIA first to 

invent provisions. 

DETAILED ACTION 

Election/ Restrictions 

Restriction to one of the following inventions is required under 35 

u.s.c. 121: 

I. Claims 27-33, drawn to a process, classified in 438. 

II. Claims 1-26, drawn to a device, classified in 257. 

The inventions are distinct, each from the other because of the following 

reasons: 

Inventions I and II are related as process of making and product 

made. The inventions are distinct if either or both of the following can be 

shown: (1) that the process as claimed can be used to make another and 

materially different product or (2) that the product as claimed can be made 

by another and materially different process (MPEP § 806.05(f)). In the 

instant case, the product as claimed can be made by another and materially 

different process such as one in which the trench is formed and filled before 

the formation of the pixel. 

Restriction for examination purposes as indicated is proper because all 

these inventions listed in this action are independent or distinct for the 
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Application/Control Number: 13/841,120 

Art Unit: 2814 

Page 3 

reasons given above and there would be a serious search and/or 

examination burden if restriction were not required because one or more of 

the following reasons apply: 

The searches for the device and process inventions are not co­

extensive. 

Applicant is advised that the reply to this requirement to be 

complete must include (i) an election of an invention to be examined 

even though the requirement may be traversed (37 CFR 1.143) and (ii) 

identification of the claims encompassing the elected invention. 

The election of an invention may be made with or without traverse. To 

reserve a right to petition, the election must be made with traverse. If the 

reply does not distinctly and specifically point out supposed errors in the 

restriction requirement, the election shall be treated as an election without 

traverse. Traversal must be presented at the time of election in order to be 

considered timely. Failure to timely traverse the requirement will result in 

the loss of right to petition under 37 CFR 1.144. If claims are added after the 

election, applicant must indicate which of these claims are readable upon the 

elected invention. 

Should applicant traverse on the ground that the inventions are not 

patentably distinct, applicant should submit evidence or identify such 

evidence now of record showing the inventions to be obvious variants or 
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Application/Control Number: 13/841,120 

Art Unit: 2814 

Page 4 

clearly admit on the record that this is the case. In either instance, if the 

examiner finds one of the inventions unpatentable over the prior art, the 

evidence or admission may be used in a rejection under 35 U.S.C. 103 or 

pre-AIA 35 U.S.C. 103(a) of the other invention. 

This application contains claims directed to the following patentably 

distinct species: embodiment or species 1 of fig. 1, embodiment or species 2 

of fig. 2, embodiment or species 3 of fig. 3, embodiment or species 4 of fig. 

4, embodiment or species 5 of fig. 5, embodiment or species 6 of fig. 6, 

embodiment or species 7 of fig. 7. The species are independent or distinct 

because the patentability or unpatentability of one species does not 

necessarily imply the patentability or unpatentability of another 

species. In addition, these species are not obvious variants of each other 

based on the current record. 

Applicant is required under 35 U.S.C. 121 to elect a single disclosed 

species, or a single grouping of patentably indistinct species, for prosecution 

on the merits to which the claims shall be restricted if no generic claim is 

finally held to be allowable. Currently, no independent claim appears to be 

generic to other independent claims. 

There is a search and/or examination burden for the patentably 

distinct species as set forth above because at least the following reason(s) 
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Application/Control Number: 13/841,120 

Art Unit: 2814 

Page 5 

apply: The searches of the patentably distinct species are not co­

extensive. 

Applicant is advised that the reply to this requirement to be 

complete must include (i) an election of a species to be examined 

even though the requirement may be traversed (37 CFR 1.143) and (ii) 

identification of the claims encompassing the elected species or 

grouping of patentably indistinct species, including any claims 

subsequently added. An argument that a claim is allowable or that all claims 

are generic is considered nonresponsive unless accompanied by an election. 

The election may be made with or without traverse. To preserve a 

right to petition, the election must be made with traverse. If the reply does 

not distinctly and specifically point out supposed errors in the election of 

species requirement, the election shall be treated as an election without 

traverse. Traversal must be presented at the time of election in order to be 

considered timely. Failure to timely traverse the requirement will result in 

the loss of right to petition under 37 CFR 1.144. If claims are added after the 

election, applicant must indicate which of these claims are readable on the 

elected species or grouping of patentably indistinct species. 

Should applicant traverse on the ground that the species, or groupings 

of patentably indistinct species from which election is required, are not 

patentably distinct, applicant should submit evidence or identify such 
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Application/Control Number: 13/841,120 

Art Unit: 2814 

Page 6 

evidence now of record showing them to be obvious variants or clearly admit 

on the record that this is the case. In either instance, if the examiner finds 

one of the species unpatentable over the prior art, the evidence or admission 

may be used in a rejection under 35 U.S.C. 103 or pre-AIA 35 U.S.C. 103(a) 

of the other species. 

Upon the allowance of a generic claim, applicant will be entitled to 

consideration of claims to additional species which depend from or otherwise 

require all the limitations of an allowable generic claim as provided by 37 

CFR 1.141.A telephone call was made to -- on -- to request an oral election 

to the above restriction requirement, but did not result in an election being 

made. 

The examiner has required restriction between product or apparatus 

claims and process claims. Where applicant elects claims directed to the 

product/apparatus, and all product/apparatus claims are subsequently found 

allowable, withdrawn process claims that include all the limitations of the 

allowable product/apparatus claims should be considered for rejoinder. All 

claims directed to a nonelected process invention must include all the 

limitations of an allowable product/apparatus claim for that process 

invention to be rejoined. 

In the event of rejoinder, the requirement for restriction between the 

product/apparatus claims and the rejoined process claims will be withdrawn, 
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Application/Control Number: 13/841,120 

Art Unit: 2814 

Page 7 

and the rejoined process claims will be fully examined for patentability in 

accordance with 37 CFR 1.104. Thus, to be allowable, the rejoined claims 

must meet all criteria for patentability including the requirements of 35 

U.S.C. 101, 102, 103 and 112. Until all claims to the elected 

product/apparatus are found allowable, an otherwise proper restriction 

requirement between product/apparatus claims and process claims may be 

maintained. Withdrawn process claims that are not commensurate in scope 

with an allowable product/apparatus claim will not be rejoined. See MPEP § 

821.04. Additionally, in order for rejoinder to occur, applicant is advised that 

the process claims should be amended during prosecution to require the 

limitations of the product/apparatus claims. Failure to do so may result in 

no rejoinder. Further, note that the prohibition against double patenting 

rejections of 35 U.S.C. 121 does not apply where the restriction requirement 

is withdrawn by the examiner before the patent issues. See MPEP § 804.01. 

Any inquiry concerning this communication or earlier communications 

from the examiner should be directed to LONG PHAM whose telephone 

number is (571)272-1714. The examiner can normally be reached on Mon­

Frid, 10am to 5pm. 

If attempts to reach the examiner by telephone are unsuccessful, the 

examiner's supervisor, Wael Fahmy can be reached on 571-272-1705. The 
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Application/Control Number: 13/841,120 

Art Unit: 2814 

Page 8 

fax phone number for the organization where this application or proceeding 

is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained 

from the Patent Application Information Retrieval (PAIR) system. Status 

information for published applications may be obtained from either Private 

PAIR or Public PAIR. Status information for unpublished applications is 

available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on 

access to the Private PAIR system, contact the Electronic Business Center 

(EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000. 

/LONG PHAM/ 
Primary Examiner, Art Unit 2814 

Long Pham 
Primary Examiner 
Art Unit 2814 
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Application/Control No. Applicant(s)/Patent Under 
Reexamination 

Index of Claims 

Examiner Art Unit 

✓ Rejected Cancelled N Non-Elected A Appeal 

= Allowed Restricted Interference 0 Objected 

□ Claims renumbered in the same order as presented by applicant □ CPA □ T.D. □ R.1.47 

CLAIM DATE 
Final I Original I I I I I I I I 

I I I I I I I I I 

U.S. Patent and Trademark Office Part of Paper No. : 
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PTO/AIA/80 (07-12) 
Approved for use through 11/30/2014. 0MB 0651-0035 

U.S. Patent and Trademark Office; U.S DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collacllon of information unless It displays a valid 0MB control number. 

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO 

I hereby revoke all previous powers of attorney given in the application identified in the attached statement 
under 37 CFR 3.73(c). 
I hereby appoint: 

~ Practitioners associated with Customer Number: 
120,551 I OR 

□ Practi11oner(s) named below (If more lhan ten patent practitioners are to be named, lhen a customer number must be used): 

Name Registration Name Registration 
Number Number 

As attomey(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with 
any and all patent applications assigned 2!llx to the undersigned according to the USPTO assignment records or assignments documents 
attached to this form in accordance with 37 CFR 3.73(c). 

Please change the correspondence address for the application identified in the attached statement under 37 CFR 3.73(c) to: 

[!] The address associated with Customer Number: I 20 
1 
551 I OR 

I Firm or 
Individual Name 

Address 

City I state !zip 

Country 

Telephone I Email 

Assignee Name and Address: SiOnyx, Inc. 
100 Cummings Ctr. 
Sulte243-F 
Beverly, MA 01915-6508 

A copy of this form, together with a statement under 37 CFR 3.73(c) (Form PTO/AIA/96 or equivalent) Is required to be 
Flied In each application In which this form Is used. The statement under 37 CFR 3.73{c) may be completed by one of 
The practitioners appointed In this form, and must Identify the application In which this Power of Attorney is to be flied. 

SIGNATURE of Assignee of Record 
The lndivi~hos1 ~re and title is supplied below is authorized to act on behalf of the assignee 

Signature (~' N Date l'r /Jh /~Oil 
Name 'T-11,f IA (7:blkwski Telephone 

Title C, 'FF'l 'C-' 

This collection cf Informat10111s required by 37 CFR 1.31. 1.32 and 1.33. The ,ntormauon Is required to obtain or retain a benefit by the public which is to file (and 
by the USPTO to process) an applicalion. Confidentiality Is govemed by 35 U.S.C. 122 and 37 CFR 1, 11 and 1.14. This c:ollec;tion is estimated to take 3 minutes 
to complete, Including gathering, preparing, and submitting the compleled application form 10 lhe USPTO. Time win vary depending upon the individual case. Any 
commenls on the amount of time you require lo complete this fonn and/or suggestiOns for reducing this burden, llhould be sent lo the Chief Information Officer, 
U.S. Pa1ent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450. Alexandria. VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance In completing the form, call 1-800-PT0-9199 and select option 2. 
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 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 displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 
Applicant/Patent owner: _l\._,1a_rt_in_U_. _P_ra_l_le_, _e_t _a_l. __________________________ _ 

Application No./Patent No.: _·1_3_i8_4_1_,_·1_20_· ________ _ Filed/Issue Date: 311512013 
----------------

Titled: Pixei Isolation Elements, Devices and Associated Methods 

SiOnyx, Inc. , a corporation 
----------------------------

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 

states that, for the patent application/patent identified above, it is (choose~ of options 1, 2, 3 or 4 below): 

1. 0 The assignee of the entire right, title, and interest. 

2. D An assignee of less than the entire right, title, and interest (check applicable box): 

LJ The extent (by percentage) of its ownership interest is ______ %. Additional Statement(s) by the owners 
holding the balance of the interest must be submitted to account for 100% of the ownership interest. 

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire 
right, title and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made). 
The other parties, including inventors, who together own the entire right, title, and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a 
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached. 

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose~ of options A or B below): 

A. GJ An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel ______ , Frame ______ , or for which a copy 
thereof is attached. 

B. C A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

1. From: To: --------------------

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

2. From: To: --------------------

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

[Page 1 of 2] 
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1 .11 and 1.14. This collection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the US PTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark 
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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STATEMENT UNDER 37 CFR 3.73(c) 

3. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

4. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

5. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

6. From: To: ------------------- -------------------

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

D As required by 37 CFR 3.73(c)(1 )(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

ff odd B. Alder/ 
Signature 

Todd B. Alder, Ph.D. 
Printed or Typed Name 

[Page 2 of 2] 

April 29, 2014 
Date 

54598 

Title or Registration Number 
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\\/BEN RECORDED RETURN TO: 
Todd B. Alder. Ph.D. 
Thorpe North & Western, LLP 
P.O. Box 1219 
Sandy, UT 84091 .. ]219 

Docket No. 3035-052.NP 

ASSIGNMENT 

\VHEREAS, we, Martin U. Pralle (resident of the State of MA, 'vvhose postal mailing 

address is 15 Rice Spring Lane, Wayland, MA 01778), Jeffrey McKee (resident of the State of 

OR, whose postal mailing address is 22850 SW Eno PLTualatin, OR 97062), and Jason Sickler 

(resident of the State of MA, vvhose postal mailing address is 53 Varnum Street 

Arlington, MA 02474), (hereinafter ''Assignors") have invented a certain new and useful 

improvement in a PIXEL ISOLATION ELEMENTS, DEVICES AND ASSOCIATED 

l\i1ETHODS for vvhich an application for United States Letters Patent is being filed concurrently 

herewith OR which was filed on March 15, 2013 as THORPE NORTH & 'WESTERN, LLP 

Docket No. 3035-052.NP, and given U.S. Patent Application Serial No.13/841,120; (Thorpe 

North & Western, LLP is hereby authorized to insert the specified data, when known) and: 

\VHEREAS, Si Onyx, Inc., a corporation, organized and existing under the lavvs of the 

State of DE, having a business address of 100 Cummings Ctr., Suite 243-F, Beverly, MA, 01915 

(hereinafter "Assignee"), is desirous of acquiring Assignor's entire right, title, and interest in the 

same; 

NO\V, THEREFORE, in consideration of one dollar ($1.00) and other good and valuable 

consideration paid to us by the Assignee, the receipt and sufficiency vvhereof is hereby 

acknowledged, we the said Assignors, hereby grant and assign unto the said A .. ssignee, our entire 

right, title and interest in said invention and in all patent applications based thereon, including 

but not limited to the above identified United States Patent A .. pplication and in all provisionals, 

divisions, continuations, and continuations-in-part of said application, or reissues or extensions 

of Letters Patent or Patents granted thereon, and in all corresponding applications filed in 

countries foreign to the United States, and in all patents issuing thereon in the United States and 
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Assignment of US Patent Application 
Atty Docket No: 3035-052.NP 
Page 2 of 5 

foreign countries; the right, power and authority to file and prosecute U.S. and foreign patent 

applications on said invention, and to do so in its own name v,,,herever such right may be legally 

exercised, and including the right to claim the priority and benefits ofthe International 

Convention for such applications; and the right to bring actions for infringement of any right in 

said invention in its own name, including past infringement, in any jurisdiction. 

We hereby authorize and request the United States Commissioner of Patents and 

Trademarks, and such Patent Office officials in foreign countries as are duly authorized by their 

patent laws to issue patents, to issue any and all Letters Patent on said invention to the said 

Assignee as the owner of our entire interest, for the sole use and behoof of the said Assignee, its 

successors, assigns and legal representatives, to the full end of the term for v,,,hich said Letters 

Patent may be granted, as fully and entirely as the same would have been held by us had this 

assignment and sale not been rnade. 

We hereby agree, without further consideration and without expense to us, to sign all 

lawful papers and to perform ail other lawful acts which the Assignee may request of us to make 

this Assigmnent folly effective, including, by way of example but not of limitation, the 

following: prompt execution of all original, div isionaL substitution, reissue, and other United 

States and foreign patent applications on said invention, and all lawful documents as requested 

by the Assignee to further the prosecution of any of such patent applications; and cooperation to 

the best of our ability including, but not limited to, the execution of all lawful documents, the 

production of evidence in any actions or proceedings concerning the invention, including, but not 

limited to, nullification, reissue, extension, and infringement proceedings involving said 

invention. 

This assignment and agreement shall be binding upon our heirs and legal representatives. 
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Assignment of US Patent Application 
Atty Docket No: 3035,.Q52J•.'P 
Pa,ge 3 of 5 

Executed this ,.1."i,;f day of_(l_,,,.· -~=-·,,,_,a ...... • ___ _,, 2014 at __ &v-· ---·•··~=~-;✓-~-·-;,'>ti-· ~ --=-.lk....,· ·=·'9-· ---
___ (place) 

County of _________ ) 

Before me personally appeared Martin U, Pralle and ac.!o.1mv!edged the foregoing 

instrument to be his free act and deed this dav of _____ ___," 20 I 4, ·-"' ., 

Notary Public 

.,,.,.,.~ .... , 
~ 
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Assignment of US Patent Application 
/\tty Docket No; 3035-052.NP 
Page4of4 

Executed this 7,+h day of .x.-..tlj2 ___ ,,._/_l_. --· 2014 at .. / :~ £ Pm a.ull~r:i?;,J 
~Jt {pl~) 

STATE OF Or -e3 oY' ) 

: ss 
County of Wa.~1~t~°J:£n. __ ) 

Before me pernonaliy appeared Jeffrey McKee and. acknowledged the foregoing 

instrument to he his free act and deed. this ~fay of Lt:f,r i
1 l ~ 2014, 

OffiCYIL $TA.MP 
Onfflli-GAY ZVG~~ 

NOTMV PUBUC • O~~ 
OOMMlSSI~ NO,~ 

M'f COMMlSS!ON EXPi~ES MARCH 25, 0013 
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Electronic Acknowledgement Receipt 

EFSID: 18896354 

Application Number: 13841120 

International Application Number: 

Confirmation Number: 5133 

Title of Invention: PIXEL ISOLATION ELEMENTS, DEVICES, AND ASSOCIATED METHODS 

First Named Inventor/Applicant Name: Martin U. Pralle 

Customer Number: 20551 

Filer: Todd Brent Alder/Nicole Solomon 

Filer Authorized By: Todd Brent Alder 

Attorney Docket Number: 3035-052.NP 

Receipt Date: 29-APR-2014 

Filing Date: 15-MAR-2013 

Time Stamp: 18:51:45 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

1264938 

1 Application Data Sheet 3035-052-NP-App-Data.pdf no 7 
9d314521fa0a50f77d797aa33bdbefbd20a 

54a8b 

Warnings: 

Information: 
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626449 

2 Oath or Declaration filed 3 035-052-N P-Decla rations. pdf no 3 
d63c72dabdb5a 12ec99281 fc844b468ae2d 

7c09b 

Warnings: 

Information: 

76963 

3 Power of Attorney 3035-052-NP-POA.pdf no 1 
aa66da2a44b2 9923 b63 3125 ed d ba3ac54d 

e331ff 

Warnings: 

Information: 

290144 

4 
Assignee showing of ownership per 37 

3035-052-NP-Statement.pdf no 7 
CFR 3.73. 

3fb5dc669877994035936e2c480cee86585 
c550a 

Warnings: 

Information: 

Total Files Size (in bytes) 2258494 

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 A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication 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 A~~lication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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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PTO/AIN14 (11-13) 
Approved for use through 01/31/2014. 0MB 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 contains a valid 0MB control number. 

Attorney Docket Number 3035-052.NP 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Pixel Isolation Elements, Devices and Associated Methods 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2 
D 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. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Martin U. Pralle 

Residence Information (Select One) (!) US Residency 0 Non US Residency O Active US Military Service 

City Wayland I State/Province I MA I Country of Residence i I US 

Mailing Address of Inventor: 

Address 1 15 Rice Spring Lane 

Address 2 

City I Wayland I State/Province I MA 

Postal Code 1 01n8 I Country i 1 us 

Inventor 2 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Jeffrey McKee 

Residence Information (Select One) (!) US Residency 0 Non US Residency O Active US Military Service 

City Tualatin I State/Province I OR I Country of Residence i I US 

Mailing Address of Inventor: 

Address 1 22850 SW Eno Pl. 

Address 2 

City I Tualatin I State/Province I OR 

Postal Code I 91062 I Country i I us 

Inventor 3 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Jason Sickler 

Residence Information (Select One) (!) US Residency 0 Non US Residency O Active US Military Service 

EFS Web 2.2.9 
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PTO/AIN14 (11-13) 
Approved for use through 01/31/2014. 0MB 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 contains a valid 0MB control number. 

Attorney Docket Number 3035-052.NP 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Pixel Isolation Elements, Devices and Associated Methods 

City I Arlington I State/Province I MA I Country of Residence i I US 

Mailing Address of Inventor: 

Address 1 53 Varnum Street 

Address 2 

City I Arlington I State/Province I MA 

Postal Code 1 02414 I Country i 1 us 
All Inventors Must Be Listed - Additional Inventor Information blocks may be 
generated within this form by selecting the Add button. I Add I 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

D An Address is being provided for the correspondence Information of this application. 

Customer Number 20551 

Email Address I I Add Email I !Remove Emaill 

Application Information: 

Title of the Invention Pixel Isolation Elements, Devices and Associated Methods 

Attorney Docket Number 3035-052.NP I Small Entity Status Claimed ~ 
Application Type Nonprovisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) I 4 I Suggested Figure for Publication (if any) I 

Publication Information: 
D Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 

D 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen 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. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: I@ Customer Number I O US Patent Practitioner 10 Limited Recognition (37 CFR 11.9) 

EFS Web 2.2.9 
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PTO/AIN14 (11-13) 
Approved for use through 01/31/2014. 0MB 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 contains a valid 0MB control number. 

Attorney Docket Number 3035-052.NP 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Pixel Isolation Elements, Devices and Associated Methods 

Customer Number 20551 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate National Stage 
entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required 
by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the application number blank. 

Prior Application Status Expired I Remove I 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

13841120 Claims benefit of provisional 61614275 2012-03-22 

Additional Domestic Benefit/National Stage Data may be generated within this form I Add I by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application 
that is eligible for retrieval under the priority document exchange program (POX) ithe information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(h)(1) and (2). Under the POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1 ). 

I Remove I 

Application Number Country i Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. I Add I 

Statement under 37 CFR 1.55 or 1. 78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

□ 16, 2013. 
NOTE: By providing this statement 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 inventor to file provisions of the AIA. 
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PTO/AIN14 (11-13) 
Approved for use through 01/31/2014. 0MB 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 contains a valid 0MB control number. 

Attorney Docket Number 3035-052.NP 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Pixel Isolation Elements, Devices and Associated Methods 

Authorization to Permit Access: 

D Authorization to Permit Access to the Instant Application by the Participating Offices 

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), 
the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO), 
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application 
is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant 
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority 
to the instant patent application is filed to have access to the instant patent application. 

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect 
to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application 
claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of 
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is 
sought in the instant patent application. 

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date offiling this Authorization. 

Applicant Information: 

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

Applicant 1 I Remove I 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

I Clear I 
0 Assignee lo Legal Representative under 35 U.S.C. 117 lo Joint Inventor 

0 Person to whom the inventor is obligated to assign. 10 Person who shows sufficient proprietary interest 

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

I 
Name of the Deceased or Legally Incapacitated Inventor : I 

If the Applicant is an Organization check here. [g] 

Organization Name I SiOnyx, Inc. 
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Attorney Docket Number 3035-052.NP 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Pixel Isolation Elements, Devices and Associated Methods 

Mailing Address Information: 

Address 1 100 Cummings Ctr., Suite 243-F 

Address 2 

City Beverly State/Province MA 

Country ii us Postal Code 01915 

Phone Number Fax Number 

Email Address 

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

Assignee Information including Non-Applicant Assignee Information: 

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

Assignee 1 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication . An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. □ 

Prefix Given Name Middle Name Family Name Suffix 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City I State/Province 

Country i I Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. I Add I 
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Attorney Docket Number 3035-052.NP 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Pixel Isolation Elements, Devices and Associated Methods 

Signature: Remove 

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and 
certifications 

Signature /Todd B. Alder/ Date (YYYY-MM-DD) 2014-04-29 

First Name Todd B. I Last Name I Alder Registration Number 54598 

Additional Signature may be generated within this form by selecting the Add button. I Add I 

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

The Privacy Act of 1974 (P .L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to 
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection 
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is 
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not 
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

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

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

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

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

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

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

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

7. 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. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuan 
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. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the 
USPTO becomes aware of a violation or potential violation of law or regulation. 

EFS Web 2.2.9 
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Docket Number: 3035-052.NP Substitute Form PTO/AIN01 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING 
AN APPLICATION DATA SHEET (37 CFR 1.76) 

Title of 
Invention 

Pixel Isolation Elements, Devices and Associated Methods 

As the below named inventor, I hereby declare that: 

This declaration □ 
Is directed to: The attached application or, 

I ✓ I United States application or PCT international application number 13/841, 120 

filed on 3/15/2013 

The above-identified application was made or authorized to be made by me. 

I have reviewed and understand the contents of the above-identified application, including the claims. I believe that I 
am the original inventor or an original joint inventor of a claimed invention in the application. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to me to 
be material to patentability as defined in 37 CFR 1.56, including for continuation-in-part applications, material 
information which became available between the filing date of the prior application and the national or PCT 
International filing date of the continuation-in-part application. 

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 by 
fine or imprisonment of not more than five (5) years, or both. 

LEGAL NAME OF INVENTOR 

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form. 
Use an additional PTO/AIN01 form for each additional inventor. 
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Docket Number: 3035-052.NP Substitute Form PTO/AIA/01 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING 
AN APPLICATION DATA SHEET (37 CFR 1.76) 

Title of 
Invention 

As the below named inventor, I hereby declare that: 

This declaration 
Is directed to: The attached application or, 

United States application or PCT international application number / ~1'l.tZC > 
filed on 3/1s--)2o13 

The above-identified application was made or authorized to be made by me. 

I have reviewed and understand the contents of the above-identified application, including the claims. I believe that l 
am the original inventor or an original joint inventor of a claimed invention in the application. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to me to 
be material to patentability as defined in 37 CFR 1.56, including for continuation-in-part applications, material 
information which became available between the filing date ofthe prior application and the national or PCT 
International filing date of the continuation-in-part application. 

I hereby acknowledge that any willful false statement made In this declaration is punishable under 18 U.S.C. 1001 by 
fine or imprisonment of not more than five (5) years, or both. 

LEGAL NAME OF INVENTOR 

Inventor: __ :r_e_-RC':.......;;_Y'_-e,.;;..-+(..,\___;,m_.a...e____.K.__-e=-'t:!...-=--Date (Optional): 

__.-;;;:/_JJ 
'-J-7-14 

Signature: ----,"""'-....,,r-'--------------------------
,/ 

/ 
Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire Inventive entity, must accompany this form. 
Use an additional PTO/AIA/01 form for each additional inventor. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

13/841,120 03/15/2013 

20551 
THORPE NORTH & WESTERN, LLP. 
P.O. Box 1219 
SANDY, UT 84091-1219 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Martin U. Pralle 3035-052.NP 
CONFIRMATION NO. 5133 

POA ACCEPTANCE LETTER 

1111111111111111111111 ll]~!l]!~l!~l!~H~ jlHHll lllll 111111111111111111 

Date Mailed: 05/05/2014 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 04/29/2014. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/tpetros/ 

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

page 1 of 1 
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13/841,120 
Attorney Docket No.: 3035-052.NP 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

ART UNIT: 2814 

EXAMINER: Long Pham 

FIRST NAMED 
INVENTOR: Martin U. Pralle 

SERIAL NO.: 13/841,120 

FILED: 3/15/2013 

CONF.NO.: 5133 

FOR: PIXEL ISOLATION ELEMENTS, 
DEVICES AND ASSOCIATED 
METHODS 

DOCKET NO.: 3035-052.NP 

CERTIFICATE OF MAILING 
UNDER 37 C.F.R. § 1.8 

DATE OF DEPOSIT: ~M=a=y~S~, 2=0=1~4 ___ _ 

I hereby certify that this paper or fee ( along 
with any paper or fee referred to as being attached 
or enclosed) is being submitted on the date 
indicated above via: 
0 EFSWeb 
D facsimile to ________ _ 
D the United States Postal Service with 

sufficient postage as first class mail 
addressed to: Mail Stop ____ _, 
Commissioner for Patents, P.O. Box 1450, 
Alexandria, VA 22313-1450. 

/Nicole Solomon/ 
Nicole Solomon 

THORPE NORTH & WESTERN, LLP 
8180 South 700 East, Suite 350 
Sandy, Utah 84070 

RESTRICTION AND ELECTION OF SPECIES 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-14 5 0 

Sir: 

In response to the communication mailed March 6, 2014, please enter the following 

Restriction and Election of Species. 

1 

IPR2025-00811 
Apple-Sony EX1002 Page 415



13/841,120 
Attorney Docket No.: 3035-052.NP 

RESTRICTION AND ELECTION OF SPECIES 

Examiner has issued a restriction requirement under 35 U.S.C. § 121 as follows: 

Group I: Claims 27-33, drawn to a process, classified in 438. 

Group II: Claims 1-26, drawn to a device, classified in 257. 

Furthermore, Examiner has also issued a species election requirement to one of the 

following species: 

Species 1: embodiment of FIG. 1 

Species 2: embodiment of FIG. 2 

Species 3: embodiment of FIG. 3 

Species 4: embodiment of FIG. 4 

Species 5: embodiment of FIG. 5 

Species 6: embodiment of FIG. 6 

Species 7: embodiment of FIG. 7 

2 
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13/841,120 
Attorney Docket No.: 3035-052.NP 

REMARKS 

Pursuant to the restriction requirement detailed above, Applicant hereby elects, without 

traverse: Group II, claims 1-26, drawn to a device, classified in 257. Applicant also elects 

Species 4, embodiment of FIG. 4. Claims containing limitations relating to Species 4 include 

claims 1-13 and 19-23. 

3 
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13/841,120 
Attorney Docket No.: 3035-052.NP 

CONCLUSION 

In view of the foregoing, Applicant respectfully requests examination of claims 1-13 and 

19-23. If any impediment to the prompt examination of these claims is found and could be 

removed during a telephone interview, the Examiner is invited to telephone the undersigned 

attorney, so that such issues may be resolved as expeditiously as possible. 

Please charge any additional fees except for Issue Fee or credit any overpayment to 

Deposit Account No. 20-0100. 

Dated this 5th day of May, 2014. 

TBA/ns 

Respectfully submitted, 

THORPE, NORTH & WESTERN, LLP 

/Todd B. Alder/ 

Todd B. Alder Ph.D. 
Reg. No. 54,598 
8180 South 700 East, Suite 350 
Sandy, UT 84070 
Telephone: (801) 566-6633 
Facsimile: (801) 566-0750 

4 
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Electronic Acknowledgement Receipt 

EFSID: 18948970 

Application Number: 13841120 

International Application Number: 

Confirmation Number: 5133 

Title of Invention: PIXEL ISOLATION ELEMENTS, DEVICES, AND ASSOCIATED METHODS 

First Named Inventor/Applicant Name: Martin U. Pralle 

Customer Number: 20551 

Filer: Todd Brent Alder/Nicole Solomon 

Filer Authorized By: Todd Brent Alder 

Attorney Docket Number: 3035-052.NP 

Receipt Date: 05-MAY-2014 

Filing Date: 15-MAR-2013 

Time Stamp: 20:09:09 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

62305 

1 3035-05 2-N P-rest ri cti on. pdf yes 4 
1e058ee570ba39e67e5a286d243fa4347d5 

6a690 
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Multipart Description/PDF files in .zip description 

Document Description Start End 

Amendment/Req. Reconsideration-After Non-Final Reject 1 1 

Response to Election/ Restriction Filed 2 4 

Warnings: 

Information: 

Total Files Size (in bytes) 62305 

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 A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication 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 A~~lication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

13/841,120 03/15/2013 

20551 
THORPE NORTH & WESTERN, LLP. 
P.O. Box 1219 
SANDY, UT 84091-1219 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Martin U. Pralle 3035-052.NP 
CONFIRMATION NO. 5133 

PUBLICATION NOTICE 

11111111111111111 lllll ll]~!l]!~l!~l!~HUHHll 11111111111111111111111 

Title:PIXEL ISOLATION ELEMENTS, DEVICES, AND ASSOCIATED METHODS 

Publication No.US-2014-0138785-A 1 
Publication Date:05/22/2014 

NOTICE OF PUBLICATION OF APPLICATION 

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

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

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth 
in 37 CFR 1.19(a)(1 ). Orders for copies of patent application publications are handled by the USPTO's Office of 
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382, 
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of 
Public Records, Alexandria, VA 22313-1450 or via the Internet. 

In addition, information on the status of the application, including the mailing date of Office actions and the 
dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent 
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and 
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to 
publication, such status information is confidential and may only be obtained by applicant using the private side of 
PAIR. 

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

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

page 1 of 1 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

13/841,120 03/15/2013 

20551 7590 07/09/2014 

THORPE NORTH & WESIBRN, LLP. 
P.O. Box 1219 
SANDY, UT 84091-1219 

FIRST NAMED INVENTOR 

Martin U. Pralle 

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

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

3035-052.NP 5133 

EXAMINER 

PHAM,LONG 

ART UNIT PAPER NUMBER 

2814 

NOTIFICATION DATE DELIVERY MODE 

07/09/2014 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): 

patentdocket@tnw.com 
rich@tnw.com 
laron.lemon@tnw.com 

PTOL-90A (Rev. 04/07) 
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Application No. 
13/841, 120 

Applicant(s) 
PRALLE, MARTIN U. 

Office Action Summary Examiner 
LONG PHAM 

Art Unit 
2814 

AIA (First Inventor to File) 
Status 

No 

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

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

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 
1 )~ Responsive to communication(s) filed on 5/5/14. 

0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)O This action is FINAL. 2b)~ This action is non-final. 
3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 
4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 G.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5)~ Claim(s) 1-33 is/are pending in the application. 

5a) Of the above claim(s) 14-18 and 24-33 is/are withdrawn from consideration. 
6)0 Claim(s) __ is/are allowed. 
7)~ Claim(s) 1-8. 12. 13. 19 and 23 is/are rejected. 
8)~ Claim(s) 9-11 and 20-22 is/are objected to. 
9)0 Claim(s) __ are subject to restriction and/or election requirement. 

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http://www.usoto.gov/patents/init events/pph/index.isp or send an inquiry to PF'Hfeedback(wuspto.aov. 

Application Papers 
10)0 The specification is objected to by the Examiner. 
11 )0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

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

a)O All b)O Some** c)O None of the: 

1.0 
2.0 
3.0 

Certified copies of the priority documents have been received. 
Certified copies of the priority documents have been received in Application No. __ . 
Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

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

Attachment{s) 

1) ~ Notice of References Cited (PTO-892) 

2) ~ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date 10/31/13. 10/31/13. 

U.S. Patent and Trademark Office 
PTOL-326 (Rev. 11-13) Office Action Summary 

3) 0 Interview Summary (PTO-413) 

Paper No(s)/Mail Date. __ . 

4) 0 Other: __ . 

Part of Paper No./Mail Date 20140626 
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Application/Control Number: 13/841,120 

Art Unit: 2814 

Page 2 

The present application is being examined under the pre-AIA first to 

invent provisions. 

DETAILED ACTION 

Election/ Restrictions 

Applicant's election without traverse of claims 1-13 and 19-23 in the 

reply filed on 5/5/14 is acknowledged. 

Claim Rejections - 35 USC§ 102 

The following is a quotation of the appropriate paragraphs of pre-AIA 

35 U.S.C. 102 that form the basis for the rejections under this section made 

in this Office action: 

A person shall be entitled to a patent unless -

(e) the invention was described in (1) an application for patent, published under 
section 122(b), by another filed in the United States before the invention by the 
applicant for patent or (2) a patent granted on an application for patent by 
another filed in the United States before the invention by the applicant for patent, 
except that an international application filed under the treaty defined in section 
351(a) shall have the effects for purposes of this subsection of an application filed 
in the United States only if the international application designated the United 
States and was published under Article 21(2) of such treaty in the English 
language. 

Claims 1, 12, 13, and 23 are rejected under pre-AIA 35 U.S.C. 102(e) 

as being anticipated by Velichko (US pub 20130200251). 

With respect to claim 1, Velichko teaches a light trapping device, 

comprising (see figs. 1-23 and associated text): 

at least one light sensitive pixel 34 having a light incident surface, a 

backside surface opposite the light incident surface, and a peripheral 
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sidewall disposed into at least a portion of the pixel and extending at least 

substantially around the pixel periphery; 

a backside light trapping material 50 substantially covering the 

backside surface; and 

a peripheral light trapping material 36 substantially covering the 

peripheral sidewall; 

wherein light contacting the backside light trapping material or the 

peripheral light trapping material is reflected back toward the pixel. 

With respect to claim 12, Velichko teaches the peripheral sidewall 

extends completely around the pixel periphery. 

With respect to claim 13, Velichko teaches the peripheral sidewall 

extends from the light incident surface to the backside surface. 

With respect to claim 23, Velichko teaches an array of light trapping 

pixel devices. 

Claim Rejections - 35 USC§ 103 

The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms 

the basis for all obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed 
or described as set forth in section 102 of this title, if the differences between the 
subject matter sought to be patented and the prior art are such that the subject 
matter as a whole would have been obvious at the time the invention was made 
to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was 
made. 
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Claims 2-8 and 19 are rejected under pre-AIA 35 U.S.C. 103(a) as 

being unpatentable over Velichko (US pub 20130200251) as applied to 

claims 1, 12, 13, and 23 above, and further in view of Yanagisawa (JP 

403183037). 

With respect to claims 2 and 3, Velichko fails to teach the light 

trapping layer or reflector is made of a high refractive index layer 

sandwiched between 2 low refractive index layers. 

Yanagisawa teaches a reflector made of a high refractive index layer 

sandwiched between 2 low refractive index layers to improve reflectivity. 

It would have been obvious to one of ordinary skill in the art of making 
semiconductor devices to incorporate the teaching of Yanagisawa into the device of 
Velichko to achieve the above benefit. 

With respect to claims 4, 5, and 6, Yanagisawa further teaches the two 

low refractive index materials or oxide have a refractive index of less than 

about 2.1 (oxide). 

With respect to claims 7 and 8, Yanagisawa further teaches the high 

refractive index material or germanium includes a material having a 

refractive index or greater than or equal to about 2.1. 

With respect to claim 19, Velichko fails to teach the light trapping 

material or reflector is made of metal. 

However, the use of metal as light trapping material or reflector is 

well-known in semiconductor art. 
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Claims 9-11 and 20-22 are objected to as being dependent upon a 

rejected base claim, but would be allowable if rewritten in independent form 

including all of the limitations of the base claim and any intervening claims. 

Conclusion 

Any inquiry concerning this communication or earlier communications 

from the examiner should be directed to LONG PHAM whose telephone 

number is (571)272-1714. The examiner can normally be reached on Mon­

Frid, 10am to 5pm. 

If attempts to reach the examiner by telephone are unsuccessful, the 

examiner's supervisor, Wael Fahmy can be reached on 571-272-1705. The 

fax phone number for the organization where this application or proceeding 

is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained 

from the Patent Application Information Retrieval (PAIR) system. Status 

information for published applications may be obtained from either Private 

PAIR or Public PAIR. Status information for unpublished applications is 

available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on 

access to the Private PAIR system, contact the Electronic Business Center 

(EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000. 

/LONG PHAM/ 
Primary Examiner, Art Unit 2814 

Long Pham 
Primary Examiner 
Art Unit 2814 
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DOCUMENT-IDENTIFIER: JP 03183037 A 

CONSTITUTION: The combinations of the high-refractive index 

layers 2 consisting of silicon, germanium, etc., and the low-refractive 

index layers 3 consisting of silicon oxide, magnesium fluoride, etc., 

are formed in ~1 layers on the transparent substrate 1. The reflecting 

layers consisting of the respective layers generate multiple 

interferences in this way. The phases coincide and the reflectivity can 

be increased up to about 100% when the film thicknesses of the 

respective layers are selected at adequate values. There is, therefore, 

no need for forming the reflecting films consisting of Al, Au, etc., 

directly on the transparent substrate and the optical recording 

medium having the high reliability is obtd. 
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EAST Search History 

EAST Search History ( Prior Art} 

l~~IISearch--Query ___________________________________ JIDBs _________________ l ~~~~~~~r IF ll~!~~_p __________ J 
I~ 26925 ! (high adj2 index) near3 ! US- ! OR ! ON ! 2014/06/26! 
! j(layerorfilm) IPGPUB; ! ! 112:48 j 

I I I ~~~~~- I I I I 

I I I ~~7' J~, I I I I 
i , i DERWENT·i i i , 
I I I I BM_ TD B , I I I I 
:~"""""""'""'•"""""""""""""""""""""""""""""""""""""'"""""""""""""","""""""""""'""'"""""""""""'""""""""""""'""' 

! L2 ! 27823 ! (low adj2 index) near3 ! US- ! OR ! ON ! 2014/06/26! 
I ! !(layerorfilm) !PGPUB; I ! !12:48 ! 

I I I I ~~~~~; I I I I 
I I I I ~~~~;JPO; I I I I 
, i , i DERWENT·' i i , 

I ........I ................... J ...................................................................... , .. j 1 _BM_ TD B .. _' J ...................... ,..1 ................ , .. l ............................ J 
ti---- ,..-------....-----,,-------,.----------,1 

iL3 12802 near102 !US- !OR \ON !2014/06/26! 
I ! PGPUB; i ! 12:48 ! 

I I USPAT; I, ! ! 

I I ~~s~~~o I 1,,, I,,,_ 
I I DERWENT; I 
! ' I I BM_ TD B ! i i ' 
\ l~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~.._ ~~~~~~~~~~~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• 

I~ 1170 ! (reflector or Bragg) same 3 ! US- ! OR ! ON ! 2014/06/26! 
! ! !PGPUB; i ! !12:49 ! 
! ! ! USPAT· ! i ! ! 
' ' ' ' ,,,,•··'! ' ' ' ! ! ! USOCR· i ! ! 
I I IFPRS; , ' I I I 
I I I EPO; JPO; I I I I 
i , i DERWENT·i i i , 
I I I I BM_ TD B , I I I I .~ .............. , ... , ........................................................................... , ................................................... , ... , ...................... , ........................ , ... , 
!L5 !611 !(reflector or Bragg) near10 !US- !OR !ON !2014/06/26! 
i i !3 iPGPUB· i i !12-49 i 

I I I l~gi~~J I I • I 
1 ............ 1 ..................... 1 ............................................................................ 1 ~BE:j~~T;.I ......................... l ..................... I .............................. I 
I~ 4200 near5 ("between") ! US- i OR i ON ! 2014/06/26! 
I I PGPUB; i ! 12:49 ! 

I I USPAT; I, ! ! 

1 I ~~f ~~O; I 1,,, I,,,. 
I ! DERWENT;! 
! ' I I BM_ TDB ! i i ' 
i l~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~.._ ~~~~~~~~~~~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• 
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IL? !1912 !us- !OR !2014;05;25! 
i i IPGPUB; ' 112:50 I 

I I I i~t~:iJ I I 
!d ................... i .......................................................................... J 1. BM_ TD B .. J .......................... J .................... J .............................. i 
I L8 I 81 : (reflector or Bragg) near10 I US- I OR ! ON I 2014/06/26: 
i i !7 iPGPUB· i i !12-50 i 

I I I I ~~~~~, I I I • I 
I I I l~~~~;JPO; I I I I 
, i , i DERWENT·' i i , 

I ........ I .................. .J ......................................................................... 11.BM_ TDB .. .'J ......................... 1 ................... l ............................ .J 
ti---- ,..------..,..-------,,-------,.----------,1 

i L9 188 : 1 near5 (polysilicon or i US- i OR i ON I 2014/06/26! 
I : polycrystalline or poly or I PGPUB; I I 12: 53 i 
I I (amorphous adj2 silicon) or I USPAT; 1,,,, I i 

I i,,,. germanium) I ~~S~~~O I I,,, I,,,. 
I I DERWENT; I 
I ' I I BM_ TD B I i i ' 
\ l~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~.._ ~~~~~~~~~~~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• 

luo 2500 :2 near5 (oxide or nitride or !us- !OR !ON 12014/06/26! 
I I oxynitride or oxynitrides) I PGPUB; I ! I 12: 53 I 

i : I USPAT; I,,,,, i I : 
I i I USOCR· i I i 

I I I FPRS; , ' I I I 
I I I EPO; JPO; I I I I 
i , i DERWENT·i i i , 
I I I I BM_ TD B , I I I I .~ .................. , ........................................................................... , ....................................................... , ...................... , ............................ , 

IL11 !14 !9 near20 10 !US- !OR \ON !2014/06/26! 
I I i IPGPUB· I i 112-53 i 

I I I l~gi~~J I I • I 
1........1 .................... 1 ......................................................................... I ~BE:j~~T;.I ......................... 1 ................... I .............................. I 
IL12o :(reflectororBragg)same !US- iOR !ON !2014/06/26! 
I I PGPUB; i I 12:54 i 
I I USPAT; i, I : 

1 I ~~f ~~O; I 1,,, I,,,. 
I I DERWENT;! 
I ' I I BM_ TDB I i i ' 
\ l~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~.._ ~~~~~~~~~~~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• 

IL13 i0 near20 ("between") !US- !OR 12014/06/261 
I I I PG PUB; i i 1 2 : 5 4 i 
I i,

1 
i,
1 
USPAT·, I i ' 

''''''''

l i : 
I I I USOCR; i i 

I I I ~~~;JPO; I !,,,, !,,,, 
I I I DERWENT; I 
I I ' 11 BM_ TDB I ' i ' 

IIL14 I15~.backside near6 (textured IIus- IIOR jfoN72014/06/26i. 
I ii :near2(Iayerorfilm)) IPGPUB; : ii 113:12 : 
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! USPAT; i i i 

! USOCR; ,I ! ! 

IFPRS· I ,,,,II I ~~~0J:i{ I I 
i I I BM_ TD B I ! i i 

l~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~.._ ~~~~~~~~~~~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• 

L15 10 14 AND ( (H01L21/02686 !US- OR ON 2014/06/26 
ORH01L27/1214OR IPGPUB; 13:25 

"""""'" 

L16 5 

H01 L21/02532 OR ! USPAT; 
H01 L21/02595 OR I USOCR; 
H01 L31/0236 OR ! FPRS; 
H01 L21/0237 OR I EPO; JPO; 
H01 L21 /02403 OR DERWENT; 
H01L21/0243 OR IBM_TDB 
H01 L21/02472 OR 
H01 L21/02483 OR 
H01 L21/02494 OR 
H01 L21/02554 OR 
H01 L21/02565 OR 
H01 L21/02573 OR 
H01 L21/02587 OR 
H01 L21/02609 OR 
H01 L21/0262 OR 
H01 L21/365 OR 
HO 1 L2224/ 1 6 OR 
H01L27/14625 OR 
H01L27/14627 OR 
H01L27/14629 OR 
H01L27/1463 OR 
H01L27/14685 OR 
HO 1 L3 1 / 0 2 1 6 8 0 R 
HO 1 L31 / 022425 OR 
HO 1 L3 1 / 0 2 3 6 3 0 R 
H01 L31/042 OR 

HO 1 L3 1 / 0 6 8 2 0 R HO 1 L3 1 / 1 8 ! 
OR HO 1 L31 / 1 804 OR ! 
HO 1 L33/0087 OR HO 1 L33/22 ! 
OR H01 L33/24 OR I 
HO 1 L33/28 OR HO 1 L33/385 ! 
OR HO 1 L33/ 405 OR ! 
HO 1 L33/ 483 OR HO 1 L33/ 60 ! 
OR H01 L33/62).CPC.) I 
-------------------------------------------------------------------------' -------------------------'~==!::===="'ii 

\ON 11 AND ( (H01 L21/02686 
OR H01 L27/1214 OR 
H01 L21/02532 OR 
H01 L21/02595 OR 
HO 1 L3 1 / 0 2 3 6 0 R 
H01 L21/0237 OR 
H01 L21/02403 OR 
H01 L21/0243 OR 
H01 L21/02472 OR 
H01 L21/02483 OR 
H01 L21/02494 OR 
H01 L21/02554 OR 
H01 L21/02565 OR 
H01 L21/02573 OR 
H01 L21/02587 OR 
H01 L21/02609 OR 
H01 L21/0262 OR 

US­
PGPUB; 
USPAT; 
USOCR; 
FPRS; 
EPO; JPO; 
DERWENT; 
I BM TDB 

OR 2014/06/26 
13 :25 
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H01 L21/365 OR 
HO 1 L2224/ 1 6 OR 
H01L27/14625 OR 
H01L27/14627 OR 
H01L27/14629 OR 
H01L27/1463 OR 
H01L27/14685 OR 
HO 1 L3 1 / 0 2 1 6 8 0 R 
HO 1 L31 / 022425 OR 
HO 1 L3 1 / 0 2 3 6 3 0 R 
H01 L31/042 OR 

HO 1 L3 1 / 0 6 8 2 0 R HO 1 L3 1 / 1 8 ! 
OR HO 1 L31 / 1 804 OR ! 
HO 1 L33/0087 OR HO 1 L33/22 ! 
OR H01 L33/24 OR I 
HO 1 L33/28 OR H01 L33/385 ! 
OR HO 1 L33/ 405 OR ! 
HO 1 L33/ 483 OR HO 1 L33/ 60 ! 
OR H01 L33/62).CPC.) I 

'"""""" ,~==~::==- ==- ===-=- ==--=--=---=----=----='"""i" ~===;~==~~==(~--=---=----=----=----=---=----=----~--·1 
L17 !2 !8 AND ( (H01L21/02686 OR !US- !OR \ON !2014/06/26 

!H01L27/1214 OR !PGPUB; ! !13:25 

!H01L21/02532 OR !USPAT; I\\::, 

!H01L21/02595 OR !usocR; 
I H01 L31/0236 OR I FPRS; , 
! H01 L21/0237 OR ! EPO; JPO; ! 
I HO 1 L21 / 02403 OR I DERWENT; I 
!H01L21/0243 OR !IBM TDB ! 
! H01 L21/02472 OR ! 
! H01 L21/02483 OR ! 
I H01 L21/02494 OR I 
! H01 L21/02554 OR ! 
! H01 L21/02565 OR ! 
! H01 L21/02573 OR ! 
I H01 L21/02587 OR I 
! H01 L21/02609 OR ! 
! H01 L21/0262 OR ! 
! H01 L21/365 OR ! 
I HO 1 L2224/ 1 6 OR I 
!H01L27/14625 OR ! 
!H01L27/14627 OR ! 
!H01L27/14629 OR ! 
IH01L27/1463 OR I 
!H01L27/14685 OR ! 
! HO 1 L3 1 / 0 2 1 6 8 0 R ! 
! HO 1 L3 1 / 0 2 2 4 2 5 0 R ! 
I HO 1 L3 1 / 0 2 3 6 3 0 R I 
! H01 L31/042 OR ! 
! HO 1 L3 1 / 0 5 2 7 0 R ! 
! HO 1 L3 1 / 0 6 8 2 0 R HO 1 L3 1 / 1 8 ! 
I OR HO 1 L31 / 1 804 OR I 
! HO 1 L33/0087 OR HO 1 L33/22 ! 
! OR H01 L33/24 OR ! 
! HO 1 L33/28 OR H01 L33/385 ! 
I OR H01 L33/405 OR I 
! HO 1 L33/ 483 OR HO 1 L33/ 60 ! 
: l 

iln4 I. US-3035052-$.DID. OR US- US- lnR !nN 12014/06/25 
!20030029495-$.DID. OR PGPUB; i i !14:14 
I US-20040222187-$.DI D. OR USPAT; I i I 
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US-20050127401-$.DI D. OR USOCR; 
US-20050227390-$. DID. OR JPO; 
US-20060011955-$. DID. OR I BM TDB 
US-20060079062-$. DID. OR 
US-20060118781-$.DI D. OR 
US-20060180885-$. DID. OR 
US-20060231914-$. DID. OR 
US-20070145505-$.DI D. OR 
US-20080026550-$. DID. OR 
US-20080036022-$. DID. OR 
US-20080044943-$. DID. OR 
US-20080076240-$. DID. OR 
US-20080099804-$. DID. OR 
US-20080178932-$. DID. OR 
US-20080258604-$. DID. OR 
US-20090065051-$. DID. OR 
US-20090142879-$.DI D. OR 
US-20090160983-$. DID. OR 
US-20090194671-$. DID. OR 
US-20090200586-$. DID. OR 
US-20090213883-$. DID. OR 
US-3487223-$. DID. OR US-
4277793-$. DID. OR US-
4419533-$. DID. OR US-
4493942-$. DID. OR US-
4514582-$. DID. OR US-
4536608-$. DID. OR US-
4663188-$. DID. OR US-
4829013-$. DID. OR US-
5080725-$. DID. OR US-
5081049-$.DI D. OR US-
5100478-$.DI D. OR US-
5114876-$. DID. OR US-
5164324-$. DID. OR US-
5322988-$. DID. OR US-
5346850-$. DID. OR US-
5597621-$. DID. OR US-
5714404-$. DID. OR US-
5731213-$. DID. OR US-
5792280-$. DID. OR US-
6147297-$. DID. OR US-
6498336-$. DID. OR US-
6580053-$. DID. OR US-
6583936-$. DID. OR US-
6667528-$. DID. OR US-
6759262-$. DID. OR US-
6800541-$. DID. OR US-
7057256-$. DID. OR US-
7091411-$. DID. OR US-
7109517-$.DI D. OR US-
7247527-$.DI D. OR US-
7314832-$.DI D. OR US-
7354 792-$. DID. OR US-
7390689-$. DID. OR US-
7442629-$. DID. OR US-
7456452-$.DI D. OR US-
7482532-$.DI D. OR US-
7498650-$.DI D. OR US-
7504325-$. DID. OR US-
7504 702-$. DID. OR US-
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7511750-$. DID. OR US-
7745901-$. DID. OR US-
7781856-$.DI D. OR US-
7816220-$.DI D. OR US-
784 7253-$. DID. OR US-
7884439-$. DID. OR US-
7884446-$. DID. OR US-
8030726-$. DID. OR US-
8058615-$. DID. OR US-
8207051-$. DID. OR US-
8476681-$. DID. OR US-
3666484-$. DID. OR US-
2030766-$. DID. OR JP-
07173484-$. DID. OR JP-
071734840721 -$.DID. OR 
JP-2008187003-$.DI D. OR 
JP-2011091128-$. DID. OR 
JP-2152226-$.DI D. OR JP-
63116421 -$.DID. OR JP-
9298308-$. DID. OR KR-

KR-20100118864-$.DI D. OR! 
WO-2006086014-$. DID. OR ! 
WO-2009100023-$. DID. OR I 
WO-2011035188-$.DID. OR! 
WO-2011119618-$.DID. ! 

I~ 7 7 6 s ! (·1·;;ht--·;·d·J·2--·(t;;·~-~-;~;--·~-~----------------\ ~u~s""-===:;!~ o=R===; 12 o 1 4/ o 6/ 2 5 I 
i 14: 16 i 

I I i~tJ:iJ I I 
I ' ! I BM_ TD B I i i ' ,~--------------·--·'·--------------------------------------------------------------------------'----------------------------·----------------------·--·'----------------------'--------------------------.. , 
!S4 !11 !S2 and S3 !US- !OR \ON !2014/06/25! 
! ! ! iPGPUB· ! i !14·16 ! 

I I I l~gi~J I I I 
1 ............ 1 ..................... 1 ............................................................................ 1 ~BE:j~~T;.I ......................... l ..................... I .............................. I 
I~ 2251 and S3 ! US- i OR i ON ! 2014/06/25! 
I IPGPUB; i !15:40 ! 

I I USPAT; I, ! ! 

1 I ~~f ~~; I 1,,, I,,,. 
I ! DERWENT;! 

! ' I I BM_ TD B ! i i ' 
\ l~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~.._ ~~~~~~~~~~~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• 

!s6 !14 and S2 !US- !OR \ON !2014/06/25! 
! I IPGPUB; i !15:41 ! 
! i,' i,' USPAT·, ! i ' 

''''''''

l i : 
I ! ! USOCR; i i 

I I I FPRS; i 1,,,,,,, I,,,',,, i ! ! EPO; JPO; i 
! ! ! DERWENT;! 

I I ' i I BM_ TD B I ' i ' 

1111 i1 !I ii ii ii • 
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i ! USPAT; 
! ! USOCR; 

I li~:JE~r 
! i I I BM_ TD B ! i i i 

!,S_1 __ 5 ___ 145 ! S14 and (photodiode or i US- ! OR I 2014/06/25I 
i IPGPUB; i !15:59 i 

I li~t~~J I I 
I i ! I BM_ TD B I i i i 
,~"""""""'""'•"""""""""""""""""""""""""""""""""""""'""""""""""""""'"""""""""""'""'"""""""""""'""""""""""""'""' 

! S16 ! 129 ! S14 same10 (photodiode or ! US- ! OR ! ON ! 2014/06/25! 
I ! ! pixel or light) ! PGPUB; I ! ! 15:59 ! 

I I I l~gi~~J I I I 
1 ............ 1 ..................... 1 ............................................................................ 1 ~BE:j~~T;.I ......................... l ..................... I .............................. I 
ti---- ,~===-'ci-"'-==="'-, 

iS17 128 !S14 same8 (photodiode or !US- iOR \ON !2014/06/25! 
I !PGPUB; i !15:59 ! 

I I USPAT; I, ! ! 

1 I ~~f ~~O; I 1,,, I,,,_ 
I ! DERWENT;! 
! i I I BM_ TD B ! i i i 

(s_1 __ 8 ___ 1204 ! (reflector or Bragg) near5 ! US- ! OR I 2014/06/25I 
! !PGPUB; i !16:09 i 

I I USPAT; I I ' 

I I ~~f ~~O; I 1,,,, I,,,, 
I I DERWENT;! 
I ' ! I BM_ TD B I i i ' 
'~~~~~~~~~~~~~· ~~~~~~~~~~~~~~~~~~~· ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~·· ~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~· ~ 

!s19 !71202 !(reflector or Bragg) near5 iUS- !OR \ON !2014/06/25! 
! I ! (side or sidewall or edge or I PGPUB; i ! 16:09 ! 

I I !,,,,_ wall) I ~g~~~J !,,,, !,,,,_ 
I ! ! DERWENT;! 

1 .......... ..1 ..................... ' .......................................................................... ..11 _BM_ TD_B .. .J ......................... , ................... ..: .............................. ' 
ls20 !280 !us- iOR !ON !2014/06/25! 
! ! !PGPUB; i !16:09 ! 
i,' ! ! USPAT·, I i i 

''''''''

l : : 
! I I USOCR; i i 

I I I ~~~;JPO; I !,,,,, !,,,,, 
! ! ! DERWENT;! 

I ........ ,J .................. , ........................................................................... ,J 1_ BM_ TD B .. J .................... , ... i ...................... ' .............................. . 

r1 In95 Is~o sam~4 (photodiode or US- lnR !nN 12014/06/25 
i ! ! pixel or light) PGPUB; i \ ! 16:09 
i i i USPAT· i i i 

I I i USOCR; I I I 
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! FPRS; , i 

I ~~~~/:i{ I I 
"""""" i """""""""'"' """"""""""""""""""""""""""""""""""""'" i 1_ BM_ TD B ""I """"""""""""'I """""""""'" i """""""""""""""' 
~ ..-----,.-------------,,-------.------,,------,.-------,1 
S22 7 !US- !OR \ON !2014/06/25! 

IPGPUB; i !16:10 ! 

I ~~~~J:i{ I I 
, ! I BM TDB ! i i , 

~""""""""""","""""""""""""""""""""""""""""""""""""",""'""-""""""'","""""""""""'")"""""""""'",""""""""""""""'"' 

S23 7 ! S22 same4 (photodiode or ! US- ! OR ! ON ! 2014/06/25! 
! pixel or light) ! PGPUB; ! ! ! 16: 10 ! 
! ! USPAT· ! i ! ! 
! ! USOCR· ! ! ! ! 

I I FPRS; , I I I I 
i i EPO· JPO· i i i i 
! ! DERWENT-! ! ! ! 
I I I BM TDB , I ! I I 

~ ..................... • ........................................................................... i ......... - ............... , ............................ , ..................... i .............................. • 

S24 217 ! S18 same S19 ! US- ! OR \ ON ! 2014/06/25! 
! !PGPUB; I ! !16:13 ! 
! ! USPAT· i i ! ! 
! ! USOCR· ! ! ! ! I I FPRS; , I I I I 
' i EPO· JPO· , i i , 

! ! DERWENT·! ! ! ! 
I I I BM TDB , I ! I I 

i~~~~~~~~~~~~· ~~~~~~~~~~~~~~~~~~~~~: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ' ~~~~~~~~~ - ~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~·~ ~~~~~~~~~~~~~~~~~~~~~ ' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~: 
~ ' 
S25 0 ! (light adj2 sensitive adj2 i US- i OR \ ON ! 2014/06/25! 

IPGPUB; i !16:14 ! 

l USPAT; ,I I I 

I ~~f ~~O; I I,,, I,,,. 
! DERWENT;! 

'-----------· ----------------------' ----------------------------------------------------------------------------1 I BM_ TD B ____ ! -------------------------l _____________________ ! -------------------------------' 
826 0 ! (light adj2 sensitive adj2 ! US- ! OR ! 2014/06/25! 

!PGPUB· i !16·14 ! 
! USPAT: I ! • ! 
, , ,,,,,,,,l , • !usocR; ! ! 
I FPRS; i I I 
i EPO· JPO· i i i 
! DERWENT-! ! ! 

' I I BM_ TDB , I ' I I 
~ ............................................................................................................................................................. , ...................................................... . 
S27 !14 !pixel same4 S24 !US- IOR !ON !2014/06/25! 

i i i PG PUB· i i i 1 6 • 1 4 i 
I I I USPAT! I I I • I 
I I I ~i~s~R; I I I I 
i : i EPO· JPO· , i i : 

! ! !DERWENT·! ! ! ! 

........1 .................. J ...................................................................... , .. j 1 _BM - TD B .. , J ...................... ,..1 ................ , .. l ............................ J 
~ ..-----,.-------------,,-------.------,,------,.-------,1 
S28 7 S27 and index US- OR \ ON 

PGPUB; i 

~1;~~, I,, 

EPO; JPO; 

2014/06/25 
16: 18 
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EAST Search History (Interference} 

< This search history is empty> 
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Attorney Docket No. 3035-052.NP 
Serial No.: 13/841,120 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

ART UNIT: 2814 

EXAMINER: Long Pham 

FIRST NAMED 
INVENTOR: Martin U. Pralle 

SERIAL NO.: 13/841,120 

FILED: 03/15/2013 

CONFRM. NO.: 5133 

FOR: Pixel Isolation Elements, Devices, and 
Associated Methods 

DOCKET NO.: 3035-052.NP 

CERTIFICATE OF MAILING 
UNDER 37 C.F.R. § 1.8 

DATE OF DEPOSIT: November 10, 2014 

I hereby certify that this paper or fee ( along 
with any paper or fee referred to as being attached 
or enclosed) is being submitted on the date 
indicated above via: 
~ EFSWeb 
D facsimile to _________ _ 
D the United States Postal Service with 

sufficient postage as first class mail 
addressed to: Mail Stop ____ _, 
Commissioner for Patents, P.O. Box 1450, 
Alexandria, VA 22313-1450. 

/Nicole Solomon/ 
Nicole Solomon 

THORPE NORTH & WESTERN, LLP 
8180 South 700 East, Suite 350 
Sandy, Utah 84070 

RESPONSE UNDER 37 C.F.R. § 1.111 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

In response to the Office Action of July 9, 2014, please enter this amendment and 

reconsider this application in view of the remarks provided below. A petition for a one-month 

extension of time and the associated fee are filed herewith. 
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AMENDMENTS TO THE CLAIMS 

1. ( currently amended) A light trapping device, comprising: 

Attorney Docket No. 3035-052.NP 
Serial No.: 13/841,120 

at least one light sensitive pixel having a light incident surface, a backside surface 

opposite the light incident surface, and a peripheral sidewall disposed into at least a portion of 

the pixel and extending at least substantially around the pixel periphery; 

a backside light trapping material substantially covering the backside surface; and 

a peripheral light trapping material substantially covering the peripheral sidewall_,_i 

wherein at least one of the backside light trapping material and the peripheral light trapping 

material includes a high refractive index material sandwiched between two low refractive index 

materials, wherein at least one of the two low refractive index materials is doped with a dopant to 

create a surface field, and 

wherein light contacting the backside light trapping material or the peripheral light 

trapping material is reflected back toward the pixel. 

2. (canceled). 

3. ( original) The device of claim 1, wherein the backside light trapping material and the 

peripheral light trapping material includes a high refractive index material sandwiched between 

two low refractive index materials. 

4-9. ( canceled) 

I 10. (currently amended) The device of claim-91, wherein the dopant is boron or antimony. 

11. ( canceled) 

12. (original) The device of claim 1, wherein the peripheral sidewall extends completely around 

the pixel periphery. 
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Attorney Docket No. 3035-052.NP 
Serial No.: 13/841,120 

13. ( original) The device of claim 1, wherein the peripheral sidewall extends from the light 

incident surface to the backside surface. 

14-18. (canceled) 

19. (original) The device of claim 1, wherein at least one of the backside light trapping material 

and the peripheral light trapping material is a metal layer. 

20-22. ( canceled) 

23. ( original) An array of light trapping pixel devices of claim 1. 

24-33. ( canceled) 

34. (new) A light trapping device, comprising: 

at least one light sensitive pixel having a light incident surface, a backside surface 

opposite the light incident surface, and a peripheral sidewall disposed into at least a portion of 

the pixel and extending at least substantially around the pixel periphery; 

a backside light trapping material substantially covering the backside surface; and 

a peripheral light trapping material substantially covering the peripheral sidewall, 

wherein at least one of the backside light trapping material and the peripheral light 

trapping material includes a first material sandwiched between two second materials, wherein the 

first material has a higher refractive index as compared to the two second materials, and wherein 

the difference in refractive index between the first material and the two second materials is at 

least 0.2, and wherein light contacting the backside light trapping material or the peripheral light 

trapping material is reflected back toward the pixel. 

35. (new) The device of claim 34, wherein the two second materials have a refractive index of 

less than about 2.1. 
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36. (new) The device of claim 35, wherein at least one of the two second materials includes a 

member selected from the group consisting of an oxide, a nitride, oxynitrides, a gas, at least a 

partial vacuum, and combinations thereof 

37. (new)The device of claim 35, wherein the at least one of the two second materials includes a 

member selected from the group consisting of silicon oxide, silicon nitride, silicon dioxide, and 

combinations thereof 

38. (new) The device of claim 34, wherein the first material includes a material having a 

refractive index of greater than or equal to about 2.1. 

39. (new) The device of claim 38, wherein the first material includes a member selected from 

the group consisting of polycrystalline silicon, amorphous silicon, single crystal silicon, 

multicrystalline silicon, nanocrystalline silicon, germanium, and combinations thereof 

40. (new) The device of claim 34, wherein the peripheral sidewall extends completely around the 

pixel periphery. 

41. (new) The device of claim 34, wherein the peripheral sidewall extends from the light incident 

surface to the backside surface. 

42. (new) The device of claim 34, wherein at least one of the backside light trapping material and 

the peripheral light trapping material is a metal layer. 

43. (new) A light trapping device, comprising: 

at least one light sensitive pixel having a light incident surface, a backside surface 

opposite the light incident surface, and a peripheral sidewall disposed into at least a portion of 

the pixel and extending at least substantially around the pixel periphery; 

a backside light trapping material substantially covering the backside surface; and 

a peripheral light trapping material substantially covering the peripheral sidewall, 
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wherein at least one of the backside light trapping material and the peripheral light trapping 

material has a sloped surface at the pixel device interface, and wherein light contacting the 

backside light trapping material or the peripheral light trapping material is reflected back toward 

the pixel. 

44. (new) The device of claim 43, wherein the peripheral sidewall extends completely around 

the pixel periphery. 

45. (new) The device of claim 43, wherein the peripheral sidewall extends from the light incident 

surface to the backside surface. 

46. (new) The device of claim 43, wherein at least one of the backside light trapping material and 

the peripheral light trapping material is a metal layer. 

47. (new) A light trapping device, comprising: 

at least one light sensitive pixel having a light incident surface, a backside surface 

opposite the light incident surface, and a peripheral sidewall disposed into at least a portion of 

the pixel and extending at least substantially around the pixel periphery; 

a backside light trapping material substantially covering the backside surface; 

a peripheral light trapping material substantially covering the peripheral sidewall; and 

a textured layer positioned to interact with light proximal to the backside surface, wherein 

light contacting the backside light trapping material or the peripheral light trapping material is 

reflected back toward the pixel. 

48. (new) The device of claim 47, wherein the textured layer is located between the backside 

surface and the backside light trapping material. 

49. (new) The device of claim 47, wherein the peripheral sidewall extends completely around the 

pixel periphery. 
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50. (new) The device of claim 47, wherein the peripheral sidewall extends from the light incident 

surface to the backside surface. 

51. (new) The device of claim 47, wherein at least one of the backside light trapping material 

and the peripheral light trapping material is a metal layer. 
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REMARKS 

Attorney Docket No. 3035-052.NP 
Serial No.: 13/841,120 

In the Office Action of July 9, 2014, claims 1-13 and 19-23 were pending for 

consideration. Examiner has indicated that claims 9-11 and 20-22 would be allowable if 

rewritten in independent form to include all of the limitations of the base claim and any 

intervening claim. The remaining claims have been rejected under 35 USC 102( e) and 35 USC 

103(a). Applicant has made the claim amendments outlined in detail below to take the allowable 

subject matter, thus rendering these rejections moot. As such, these rejections are not discussed 

in detail. It is noted, however, that the present amendments should not be seen as being in 

agreement with Examiner, and Applicant reserves the right to pursue any relinquished subject 

matter, and to address any point raised by Examiner, at a later time. 

By the present amendment, claims 1 and 10 have been amended, and claims 2, 4-9, 11, 

14-18, 20-22, and 24-33 have been canceled, which includes the previously withdrawn claims. 

Additionally, claims 34-51 have been added as rewritten claims. Applicant submits that no new 

matter is added thereby. Accordingly, claims 1, 3, 10, 12, 13, 19, 23, and 34-51 remain pending 

in the present application. The Applicant respectfully submits that the present claims are in 

condition for allowance. 

The following list shows the amended and new claims, and where the support for each 

was derived. 

Claim 1 contains all of the limitations of prior claims 1, 2, and 9 

Claim 34 contains all the limitations of prior claims 1 and 11 

Claim 35 is rewritten claim 4 

Claim 36 is rewritten claim 5 

7 

IPR2025-00811 
Apple-Sony EX1002 Page 461



Claim 3 7 is rewritten claim 6 

Claim 38 is rewritten claim 7 

Claim 39 is rewritten claim 8 

Claim 40 is rewritten claim 12 

Claim 41 is rewritten claim 13 

Claim 42 is rewritten claim 19 

Claim 43 contains all the limitations of prior claims 1 and 20 

Claim 44 is rewritten claim 12 

Claim 45 is rewritten claim 13 

Claim 46 is rewritten claim 19 

Claim 4 7 contains all the limitations of prior claims 1 and 21 

Claim 48 is rewritten claim 22 

Claim 49 is rewritten claim 12 

Claim 50 is rewritten claim 13 

Claim 51 is rewritten claim 19 

8 
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CONCLUSION 

Attorney Docket No. 3035-052.NP 
Serial No.: 13/841,120 

Applicant expresses appreciation to Examiner for the examination of the present 

application, including the allowable subject matter. In view of the foregoing, Applicant submits 

that claims 1, 3, 10, 12, 13, 19, 23, and 34-51 present allowable subject matter. If any 

impediment to the allowance of these claims remains after consideration of the present 

amendment and above remarks, and such impediment could be removed during a telephone 

interview, the Examiner is invited to telephone the undersigned attorney so that such issues may 

be resolved as expeditiously as possible. 

It is believed that no fee is due herewith: however, the Commissioner is hereby 

authorized to charge any required fee ( except for Issue Fees) or credit any overpayment to 

Deposit Account No. 20-0100. 

Dated this 10th day ofNovember, 2014. 

TBA/ns 

Respectfully submitted, 

THORPE, NORTH & WESTERN, LLP 

/Todd B. Alder/ 

Todd B. Alder Ph.D. 
Reg. No. 54,598 

8180 South 700 East, Suite 350 
Sandy, UT 84070 
Telephone: (801) 566-6633 
Facsimile: (801) 566-0750 
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or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

20551 7590 01/22/2015 

THORPE NORTH & WESTERN, LLP. 
P.O. Box 1219 
SANDY, UT 84091-1219 

APPLICATION NO. FILING DATE 

13/841,120 03/15/2013 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

(Depositor's name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Martin U. Pralle 3035-052.NP 5133 

TITLE OF INVENTION: PIXEL ISOLATION ELEMENTS, DEVICES, AND ASSOCIATED METHODS 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional SMALL $480 

EXAMINER ART UNIT 

PHAM.LONG 2814 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0 $0 

CLASS-SUBCLASS 

257-432000 

2. For printing on the patent front page, list 

(I) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$480 04/22/2015 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 

0 The director is hereby authorized to charge the required fee( s ), any deficiency, or credits any 
overpayment, to Deposit Account Number ( enclose an extra copy of this form). 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 

NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (10-13) Approved for use through 10/31/2013. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

13/841,120 03/15/2013 

20551 7590 01/22/2015 

THORPE NORTH & WESTERN, LLP. 
P.O. Box 1219 
SANDY, UT 84091-1219 

FIRST NAMED INVENTOR 

Martin U. Pralle 

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

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

3035-052.NP 5133 

EXAMINER 

PHAM,LONG 

ART UNIT PAPER NUMBER 

2814 

DATE MAILED: 01/22/2015 

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 l(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 CPR 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. 02/11) 

IPR2025-00811 
Apple-Sony EX1002 Page 472



0MB 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 0MB approves an agency 
request to collect information from the public, 0MB (i) provides a valid 0MB 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 0MB 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 12 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary 
depending upon the individual case. Any comments on the amount of time you require to complete this form 
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, 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 0MB control number. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the 
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which 
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission 
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and 
Trademark Office may not be able to process and/or examine your submission, which may result in termination of 
proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records 
may be disclosed to the Department of Justice to determine whether disclosure of these records is required 
by the Freedom of Information Act. 

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

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

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

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

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

7. 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. 

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Notice of Allowability 

Application No. 
13/841, 120 
Examiner 
LONG PHAM 

Applicant(s) 
PRALLE, MARTIN U. 
Art Unit AIA (First Inventor to 

2814 File) Status 

No 

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence 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 M PEP 1308. 

1. [8J This communication is responsive to amendment dated 11/10/14. 

DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ___ . 

2. D 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. [8J The allowed claim(s) is/are 1, 3, 10, 12, 13, 19, 23, and 34-51. 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://www.uspto.gov/patents/init events/pph/index.isp or send an inquiry to PPHfeedback@uspto.gov . 

4. D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) D All b) D Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

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

D 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. D Notice of References Cited (PTO-892) 

2. D Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

4. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

/LONG PHAM/ 
Primary Examiner, Art Unit 2814 

U.S. Patent and Trademark Office 

5. D Examiner's Amendment/Comment 

6. D Examiner's Statement of Reasons for Allowance 

7. D Other __ . 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20150105 
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Application/Control No. 

Index of Claims 13841120 

Examiner 

LONG PHAM 

✓ Rejected Cancelled N 

-- Allowed Restricted 

□ Claims renumbered in the same order as presented by applicant 

CLAIM 
Final Original 06/26/2014 01/05/2015 

1 ✓ = 

2 ✓ 

3 ✓ = 

4 ✓ 

5 ✓ 

6 ✓ 

7 ✓ 

8 ✓ 

9 0 

10 0 = 

11 0 

12 ✓ = 
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14 N 

15 N 
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20 0 
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22 0 

23 ✓ = 
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30 N 
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33 N 

34 = 

35 = 

36 = 

U.S. Patent and Trademark Office 

Applicant(s)/Patent Under 
Reexamination 

PRALLE, MARTIN U. 

Art Unit 

2814 

Non-Elected A Appeal 

Interference 0 Objected 

□ CPA □ T.D. □ R.1.47 

DATE 

Part of Paper No. : 201501 05 
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U.S. Patent and Trademark Office 

Applicant(s)/Patent Under 
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□ CPA □ T.D. □ R.1.47 

DATE 
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, ! I BM TDB ! i i , 

~""""""""""","""""""""""""""""""""""""""""""""""""","""""-""""""","""""""""""'")"""""""""'",""""""""""""""'"' 

s20 280 IS18 same4 S19 IUS- IOR !ON 12014/06/251 
i iPGPUB· i i !16·09 i 
! ! USPAT'. ! ! ! • ! 
! ! USOCR· ! ! ! ! 

I I FPRS; , I I I I 
i i EPO· JPO· i i i i 
! ! DERWENT-! ! ! ! 
I I I BM TDB , I ! I I 

~ ..................... • ........................................................................... i ......... - ............... , ............................ , ..................... i .............................. • 

S21 195 ! S20 same4 (photodiode or ! US- ! OR \ ON ! 2014/06/25! 
I pixel or light) I PGPUB; I ! I 16:09 I 
i i USPAT· i i i i 
! ! USOCR· ! ! ! ! 

I I FPRS; , I I I I 
' i EPO· JPO· , i i , 

! ! DERWENT·! ! ! ! 
I I I BM TDB , I ! I I 

i~~~~~~~~~~~~· ~~~~~~~~~~~~~~~~~~~~~: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ' ~~~~~~~~~ - ~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~·~ ~~~~~~~~~~~~~~~~~~~~~ ' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~: 
~ ' 
S22 7 !US- !OR \ON !2014/06/25! 

IPGPUB; i !16:10 ! 

l USPAT; ,I I I 

I ~~f ~~O; I I,,, I,,,. 
! DERWENT;! 

'-----------· ----------------------' ----------------------------------------------------------------------------I I BM_ TD B ____ ! -------------------------l _____________________ ! -------------------------------' 
8237 !S22same4(photodiodeor !us- !OR !2014/06/25! 

! PGPUB· i ! 16· 10 ! 
! USPAT: I ! • ! 
, , ,,,,,,,,l , • !usocR; ! ! 

I FPRS; i I I 
i EPO· JPO· i i i 
! DERWENT-! ! ! 

' I I BM_ TD B , I ' I I 
~ ............................................................................................................................................................. , ...................................................... . 
S24 !217 !S18 same S19 !US- !OR \ON !2014/06/25! 

! ! iPGPUB· ! i !15-13 ! 

I I I USPAT! I I I • I 
I I I ~i~s~R; I I I I 
i : i EPO· JPO· , i i : 

! ! ! DERWENT·! ! ! ! 

........1 .................. J ...................................................................... , .. j 1 _BM - TD B .. ,' J ...................... ,..1 ................ , .. l ............................ J 
~ ..-----,.-------------,,-------.------,,------,.-------,1 
S25 0 (light adj2 sensitive adj2 US- OR \ ON 

pixel) same4 S24 PGPUB; i 

~1;i~, I,, 
EPO; JPO; 

2014/06/25 
16: 14 
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ll II II ll~BE:~~~T; ll ll II I 
' ,.............. , ~~~~~~~~~~~~~~~~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~... ~~~~~~~~~~~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

! S26 0 ! (light adj2 sensitive adj2 ! US- I OR i ON ! 2014/06/25! 
I I pixel) and S24 I PGPUB; I ! I 16: 14 I 
I I I ~~~~~- I I I I 
I I IFPRS; , I I I I 
! : I EPO; JPO; ! ! I : 
i , i DERWENT·i i i , 
I I I I BM_ TD B , I I I I 
,~ .................. , ........................................................................... , ....................................................... , ...................... , ............................ , 

!S27 l14 :pixel same4 S24 !US- !OR !ON !2014/06/25: 
i i i iPGPUB· i i !15-14 i 

I I I l~gi~~J I I • I 
1 ............ 1 ..................... 1 ............................................................................ 1 ~BE:j~~T;.I ......................... l ..................... I .............................. I 
ti---- ,~===-'si-'-"-===-"-, 

iS28 7 !US- iOR \ON !2014/06/25! 
I IPGPUB; i 116:18 : 

I I USPAT; I, I : 

I I ~~s~~~o I 1,,, I,,,. I I DERWENT;! 
I ' I I BM_ TD B I i i ' 

(s2·9·--26925 ! (high adj2 index) near3 I US- ! OR I 2014/06/26I 
! ! PGPUB; i i 12:48 i 

I I USPAT; I I I 

I I ~~f ~~O; I 1,,,, I,,,, I I DERWENT;! 
I ' I I BM_ TD B I i i ' 
'~~~~~~~~~~~~~· ~~~~~~~~~~~~~~~~~~~· ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~·· ~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~· ~ 

I S30 i 27823 : (low adj2 index) near3 i US- ! OR i ON ! 2014/06/26! 
I I I PGPUB; i I 12:48 : 
i,' I I USPAT·, I i : 

''''''''

l : : 
I I I USOCR; i : 

1 1 1 FPRS; 1,,,,,,, I,,,',,,. I I I EPO; JPO; I 
I I I DERWENT;! 

1 .......... ..1 ..................... ' .......................................................................... ..11 .BM_ TD.B .. .J ......................... , ................... ..i .............................. ' 
IS8T 12802 !us- iOR ioN !2014/06/26! 
I I PGPUB; i I 12:48 i 
I I USPAT; I I I 

1 I ~~f ~~O; I 1,,,, I,,,,. I I DERWENT;! 

!-. ................................ : ......................................................................... -)1.BM_TDB .. ) ........................ _ ...................... '. .............................. : 
!S32 1170 !(reflector or Bragg) same !US- !OR \ON !2014/06/26! 
! !S31 !PGPUB; ! \ !12:49 ! 
! ! ! USPAT· ! i ! ! 

I I I ~~f ~~O; I I I I 
i , i DERWENT·i i i , 
I I I I BM_ TD B , I I I I 
'~~~~~~~~~~~~~· ~~~~~~~~~~~~~~~~~~~· ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~·' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~~~~·' ~~~~~~~~~~~~~~~~~~~·' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~· ~ 
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i,........---s~--~~----------~~---~~---~~--~~---~1 
i S33 I 611 : (reflector or Bragg) near10 i US- I OR i ON I 2014/06/26! 

I PGPUB; i i 12:49 i 
I USPAT; : i : 

I ~~f ~~, I I,,,,, I,,,,_ I DERWENT;! 
!IBM ' 

iS34 4200 !US- !OR \ON !2014/06/26! 
i I PGPUB; i 12:49 i 

I I ~~~~J:i{ I 
I ' I I BM_ TD B I i i ' 
I's3's"' 1972 i US- I OR I 2014/06/26I 

IPGPUB; !12:50 i 
I USPAT; 
I USOCR; 

I ' I I BM_ TD B I i i ' 
,~"""""""'""'""""""""""""""""""""""""""""""""""""""'""""""""""""""'"""""""""""'""'"""""""""""'""""""""""""'""' 

IS36 l81 :(reflector or Bragg) near10 !US- !OR !ON 12014/06/26: 
I I !S35 !PGPUB; I \ !12:50 i 

I I I l~gi~~J I I I 
1 ............ 1 ..................... 1 ............................................................................ 1 ~BE:j~~T;.I ......................... l ..................... I .............................. I 
1837 188 : S29 near5 (polysilicon or I US- i OR i ON I 2014/06/26! 
I : polycrystalline or poly or I PGPUB; I I 12: 53 i 
I I (amorphous adj2 silicon) or I USPAT; 1,,,, I i 
I l,,',,,,,,_germanium) iusocR; I : 

1 1 ~~~; JPO; 1 1,,,, 1,,,,_ 
I I DERWENT;! 

L .......................................................................................................... J 1_ BM_ TD B .. J ........................ , ...................... ' .............................. . 
1838 2500 :S30 near5 (oxide or nitride !US- !OR !ON 12014/06/26: 
I : or oxynitride or oxynitrides) I PGPUB; I ! I 12: 53 : 
i i i USPAT· i i i i 

I I I ~~f ~~O; I I I I 
i , i DERWENT·i i i , 
I I I I BM_ TDB , I I I I 
'~~~~~~~~~~~~~· ~~~~~~~~~~~~~~~~~~~· ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~·· ~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~· ~ 

\~ ' ' 
iS39 i14 iUS- !OR \ON !2014/06/26! 
I I I PGPUB; i I 12:53 i 
i,
1 

i,1 i,1 USPAT·, I i : 

'
I , , 

I I I ~i~s~R; 1,,,,,,, 1,,,',,,_ I I I EPO; JPO; I 
I I I DERWENT;! 

! .......... J ..................... ' .......................................................................... J 1 _BM_ TD_B .. .J ......................... , ................... ..! .............................. ' 

IIS40 I~_ (reflector or Bragg) same IIus- l,,IOR !fo"N7 2014/06/261_ 
I ii :S39 IPGPUB; ii 112:54 : 
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i ! USPAT; 
! ! USOCR; 

I li~:JE~r 
! i I I BM_ TD B ! i i i 

!'s4'1"" 0 i US- ! OR I 2014/06/26I 
I PGPUB; i 12:54 i 
! USPAT; 
I USOCR; 

I i ! I BM_ TD B I i i i 
,~"""""""'""'•"""""""""""""""""""""""""""""""""""""'""""""""""""""'"""""""""""'""'"""""""""""'""""""""""""'""' 

!S42 !51 !backside near6 (textured !US- !OR !ON !2014/06/26! 
I ! !near2(Iayerorfilm)) !PGPUB; I ! !13:12 ! 

I I I l~gi~~ I I I I 
1 ............ 1 ..................... 1 ............................................................................ 1 ~BE:j~~T;.I ......................... l ..................... I .............................. I 
ls43 !10 !S42 AND ( (H01L21/02686 !us- iOR !ON !2014/06/26! 
! ! !ORH01L27/1214OR !PGPUB; ! !13:25 ! 

! ! !Ho1L21102532 OR !usPAT; I,,,,, 

! I IH01L21102595 OR lusocR; 
I I ! H01 L31/0236 OR I FPRS; i 

i i !H01L21/0237OR iEPO;JPO;i 
! ! I H01 L21/02403 OR ! DERWENT;! 

! H01 L21/0243 OR 
! H01 L21/02472 OR 
! H01 L21/02483 OR 
I H01 L21/02494 OR 
! H01 L21/02554 OR 
! H01 L21/02565 OR 
! H01 L21/02573 OR 
I H01 L21/02587 OR 
! H01 L21/02609 OR 
! H01 L21/0262 OR 
! H01 L21/365 OR 
I HO 1 L2224/ 1 6 OR 
!H01L27/14625 OR 
!H01L27/14627 OR 
!H01L27/14629 OR 
IH01L27/1463 OR 
!H01L27/14685 OR 
! HO 1 L3 1 / 0 2 1 6 8 0 R 
! HO 1 L3 1 / 0 2 2 4 2 5 0 R 
I HO 1 L3 1 / 0 2 3 6 3 0 R 
I H01 L31/042 OR 

! i i HO 1 L3 1 / 0 5 2 7 0 R i ! 
I I I HO 1 L3 1 / 0 6 8 2 0 R HO 1 L3 1 / 18 I I 
i ! ! OR HO 1 L31 / 1 804 OR ! i 
I I I H01 L33/0087 OR H01 L33/22 I I 
! i iORH01L33/24OR i ! 
I I I H01 L33/28 OR H01 L33/385 I I 
i ! ! OR H01 L33/405 OR ! i 
I I I H01 L33/483 OR H01 L33/60 I I 
! ! !ORH01L33/62).CPC.) ! ! , ; , 
!r--7~==.;.;i"-'==========.;.;., '~==.;.;i"-'====1 
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~ 

i US-S44 5 S39 AND ( (H01L21/02686 OR ON 2014/06/26 
OR H01 L27/1214 OR I PGPUB; 13 :25 
H01 L21/02532 OR ! USPAT; 
H01 L21/02595 OR I USOCR; 
HO 1 L3 1 / 0 2 3 6 0 R ! FPRS; 
H01 L21/0237 OR iEPO· \ , JPO; 
H01 L21/02403 OR DERWENT; 
H01 L21/0243 OR IBM TDB -

H01 L21/02472 OR 
H01 L21/02483 OR 
H01 L21/02494 OR 
H01 L21/02554 OR 
H01 L21/02565 OR 
H01 L21/02573 OR 
H01 L21/02587 OR 
H01 L21/02609 OR 
H01 L21/0262 OR 
H01 L21/365 OR 
HO 1 L2224/ 1 6 OR 
H01L27/14625 OR 
H01L27/14627 OR 
H01L27/14629 OR 
H01L27/1463 OR 
H01L27/14685 OR 
HO 1 L3 1 / 0 2 1 6 8 0 R 
HO 1 L31 / 022425 OR 
HO 1 L3 1 / 0 2 3 6 3 0 R 
H01 L31/042 OR 

HO 1 L3 1 / 0 6 8 2 0 R HO 1 L3 1 / 1 8 ! 
OR HO 1 L31 / 1 804 OR ! 
HO 1 L33/0087 OR HO 1 L33/22 I 

OR H01 L33/24 OR ! 
HO 1 L33/28 OR H01 L33/385 ! 
OR HO 1 L33/ 405 OR ! 
HO 1 L33/ 483 OR HO 1 L33/ 60 I 

OR H01 L33/62).CPC.) ! 
~ 

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 

S45 2 S36 AND ( (H01L21/02686 US- OR \ON 2014/06/26 
OR H01 L27/1214 OR PGPUB; 13 :25 
H01 L21/02532 OR USPAT; 
H01 L21/02595 OR USOCR; 
HO 1 L3 1 / 0 2 3 6 0 R FPRS; 
H01 L21/0237 OR EPO; JPO; 
H01 L21/02403 OR DERWENT; 
H01 L21/0243 OR IBM TDB -

H01 L21/02472 OR 
H01 L21/02483 OR 
H01 L21/02494 OR 
H01 L21/02554 OR 
H01 L21/02565 OR 
H01 L21/02573 OR 
H01 L21/02587 OR 
H01 L21/02609 OR 
H01 L21/0262 OR 
H01 L21/365 OR 
HO 1 L2224/ 1 6 OR 
H01L27/14625 OR 
H01L27/14627 OR 
H01L27/14629 OR 
H01L27/1463 OR 

file:///CI/U sers/lpham/Documents/e-Red%20Folder/1384 l 120/EASTSearchHistory. l 384 l 120_Accessible Version.htm[ 1/5/2015 11 :55 :44 AM] 

IPR2025-00811 
Apple-Sony EX1002 Page 485



EAST Search History 

!H01L27/14685 OR i 

I HO 1 L3 1 / 0 2 1 6 8 0 R I 
: HO 1 L3 1 / 0 2 2 4 2 5 0 R i 

1 ~~i ~rnm:6
~:R i 

HO 1 L3 1 / 0 6 8 2 0 R HO 1 L3 1 / 1 8 i 
OR HO 1 L31 / 1 804 OR I 
HO 1 L33/0087 OR HO 1 L33/22 ! 
OR H01 L33/24 OR i 
HO 1 L33/28 OR H01 L33/385 i 
OR HO 1 L33/ 405 OR I 
HO 1 L33/ 483 OR HO 1 L33/ 60 ! 

,,,,,,,,,,,,, """"""""""'" 0 R __ HO 1_ L3 3 / 6 2) • C PC. __ ) """""""""I 

EAST Search History (Interference} 

![Ref_#' :[HTis]search __ Query ______ JDBs ___ J[Defa u_lt ___ OperatorJPlu ra lsJTim_e __ Stam p """""""j 

I[ L3 ___________ lC I[( 2571432)_. cc Ls. __ :[ u PAolf oR _________________________________________ :[oFF________lf 2 o 1_ 5/_o 1_1_0 5 __ 1_ 1 _:_541 

1/5/201511:55:42AM 
C:\ Users\ Ip ham\ Documents\ EAST\ Workspaces\ 13-841, 120 .w sp 
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Page 1 of 1 

UNIIBD STATES PATENT AND TRADEMARK OFFICE 

BIB DATA SHEET 

SERIAL NUMBER FILING or 371 (c) 
DATE 

CLASS 

13/841,120 03/15/2013 257 

RULE 

APPLICANTS 

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

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

CONFIRMATION NO. 5133 

GROUP ART UNIT ATTORNEY DOCKET 
NO. 

2814 3035-052.NP 

SiOnyx, Inc., Beverly, MA, Assignee (with 37 CFR 1.172 Interest); 

INVENTORS 
Martin U. Pralle, Wayland, MA; 

** CONTINUING DATA ************************* 
This appln claims benefit of 61 /614,275 03/22/2012 

** FOREIGN APPLICATIONS ************************* 

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED ** ** SMALL ENTITY ** 
05/17/2013 

Foreign Priority claimed D Yes llNo STATE OR SHEETS TOTAL INDEPENDENT 
35 USC 119(a-d) conditions met D Yes ll No O Metafter 

Allowance COUNTRY DRAWINGS CLAIMS CLAIMS 
Verified and /LONG PHAM/ LP MA 4 33 3 Acknowledged Examiner's Signature Initials 

ADDRESS 

THORPE NORTH & WESTERN, LLP. 
P.O. Box 1219 
SANDY, UT 84091-1219 
UNITED STATES 

TITLE 

PIXEL ISOLATION ELEMENTS, DEVICES, AND ASSOCIATED METHODS 

0 All Fees 

FEES: Authority has been given in Paper 
□ 1.16 Fees (Filing) 

FILING FEE □ 1.17 Fees (Processing Ext. of time) 
RECEIVED No. to charge/credit DEPOSIT ACCOUNT 

1320 No. for following: □ 1.18 Fees (Issue) 

□ Other 

□ Credit 

BIB (Rev. 05/07). 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

13/841,120 03/15/2013 

20551 
THORPE NORTH & WESTERN, LLP. 
P.O. Box 1219 
SANDY, UT 84091-1219 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Martin U. Pralle 3035-052.NP 
CONFIRMATION NO. 5133 

IMPROPER CFR REQUEST 

11111111111111111 lllll ll]~!l]!~l!~l!~lilf UH!l~ll lllll 111111111111111111 

Date Mailed: 03/10/2015 

RESPONSE TO REQUEST FOR CORRECTED FILING RECEIPT 

Power of Attorney, Claims, Fees, System Limitations, and Miscellaneous 

In response to your request for a corrected Filing Receipt, the Office is unable to comply with your request 
because: 

• The request to correct inventorship or inventor name(s) under 37 CFR 1.48 is deficient because the fee set 
forth in 37 CFR 1.17(i) (for a nonprovisional application) or 37 CFR 1.17(q) (for a provisional application) has 
not been submitted. 

• The ADS submitted on 04/29/2014 was not properly marked up to show the desired changes. For information 
being changed relative to the information already of record, additions must be shown with underlining, and 
deletions must be shown with strike-through or brackets. See 37 CFR 1.76(c)(2) 

/ctuazon/ 

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

page 1 of 1 
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IN THE UNITED STATES PATENT & TRADEMARK OFFICE 

ART UNIT: 2814 

EXAMINER: Long Pham 

FIRST NAMED 
INVENTOR: Martin U. Pralle 

SERIAL NO.: 13/841,120 

FILED: March 15, 2013 

CONF. NO.: 5133 

CERTIFICATE OF MAILING 
UNDER 37 C.F.R. § 1.8 

DATE OF DEPOSIT: April 21, 2015 

I hereby certify that this paper or fee ( along 
with any paper or fee referred to as being attached 
or enclosed) is being submitted on the date 
indicated above via: 
~ EFSWeb 
D facsimileto ________ _ 
D the United States Postal Service with 

FOR: PIXEL ISOLATION ELEMENTS, 
DEVICES AND ASSOCIATED 
METHODS 

sufficient postage as first class mail 
addressed to: Mail Stop----~ 
Commissioner for Patents, P.O. Box 1450, 
Alexandria, VA 22313-1450. 

/Nicole Solomon/ 

DOCKET NO.: 3035-052.NP Nicole Solomon 

REQUEST FOR CORRECTION OF INVENTORSHIP 

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

Sir/Madam: 
Pursuant to 37 C.F.R. § 1.48, Applicant respectfully requests that the above-identified 

application be amended to add the following inventors: 

Jeffrey McKee 
Jason Sickler 

The fee as required under 1.17 ( i) and an updated Application Data Sheet reflecting these 
changes is enclosed. Please charge any additional fees due, or deposit any overpayments, to 
Deposit Account No. 20-0100 of the undersigned. 

Dated this 21st day of April, 2015. 

Respectfully submitted, 

/Todd B. Alder/ 

Todd B. Alder, Ph.D. 
Attorney for Applicant 
Registration No. 54598 

THORPE NORTH & WESTERN, LLP 
Customer No. 20,551 
P.O. Box 1219 
Sandy, Utah 84091-1219 
(801) 566-6633 
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PTO/SB/17i (03-13) 
Approved for use through 03/31/2013. OM B 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Panerwork Reduction Act of 1995 no nersons are renuired to resnond to a collection of information unless it disnlavs a valid 0MB control number 

PROCESSING FEE 

Under 37 CFR 1.17(i) 

TRANSMITTAL 
(Fees are subject to annual revision) 

Send completed form to: Commissioner for Patents, P.O. Box 1450, 
\tlexandria, VA 22313-1450 

Application Number 

Filing Date 

First Named Inventor 

Art Unit 

Examiner Name 

Practitioner Docket No. 

13/841,120 

3/15/2013 

Martin U. Pralle 

2814 

Long Pham 

3035-052.NP 

Enclosed is a paper filedunder 37 CFR _1_.4_8 ___ that requires a processing fee (37 CFR 1.17(i)(l) or (2)). 

Payment of$ lO is enclosed. 

This form should be included with the above-mentioned paper and faxed or mailed tothe Office using the appropriate Mail Stop, if applicable. 

For transmittal of petition fees under 37CFR 1.1 l(f), (g) or (h), see form PT0/58/1 lp. 

0 Applicant assertssmall entitystatus. See37 CFR 1.27. 

L Applicant certifiesmicro entitystatus. See37 CFR 1.29. 
Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously. 

Payment of Fees 

0 The Commissioner is hereby authorized tocharge the following fees to Deposit Account No. 20-0100 : 

D processing fee under 37 CFR 1.17(i)(l) D processing fee under 37 CFR 1.17(i)(2) ~ any deficiency of fees and credit of any 

overpayments 

D Check in the amount of$ _______ is enclosed. 0 Payment via EFS-Web. 

0 Payment by credit card (Form PT0-2038 or equivalent is enclosed). Do not provide credit card information on this form. 

Processing Fees Under 37 CFR 1.17(i)(l): 
Undiscounted Fee $140 (Fee Code 1053) Small Entity Fee $70 (Fee Code 2053) Micro Entity Fee $35 (Fee Code 3053) 

For papers filed under: 
§ 1.28(c)(3) - for processing a non itemized fee deficiency based on an error in small entity status. 
§ 1.41- for supplying the name or names of the inventor or inventors after the filing date without an oath or declaration as prescribed by§ 1.63, except 
in provisional applications. 
§ 1.48 - for correcting inventorship, except in provisional applications. 
§ 1.52(d) - for processing a nonprovisional application filed with a specification in a language other than English. 
§ 1.53(b)(3) - to convert a provisional application filed under§ 1.53(c) into a nonprovisional application under§ 1.53(b). 
§ 1.55 - for entry of late priority papers. 
§ 1.71(g)(2) - for processing a belated amendment under§ 1. 71(g). 
§ 1.99(e) - for processing a belated submission under § 1.99. 
§ 1.102(e) - for requesting prioritized examination of an application. 
§ 1.103(b) - for requesting limited suspension of action, continued prosecution application for a design patent(§ 1.53(d)). 
§ 1.103(c) - for requesting limited suspension of action, request for continued examination (§ 1.114). 
§ 1.103(d) - for requesting deferred examination of an application. 
§ 1.291(c)(S) - for processing a second or subsequent protest by the same real party in interest. 
§ 1.497(d) - for filing an oath or declaration pursuant to 35 U.S.C. 371(c)(4) naming an inventive entity different from the inventive entity set forth in the 
international stage. 
§ 3.81- for a patent to issue to assignee, assignment submitted after payment of the issue fee. 

Processing Fees Under 37 CFR 1.17(i)(2): 

Fee $130(small andmicro entity discounts are not available for the 37 CFR 1.17(i)(2) processing fee) 

For papers filed under: 
§ 1.217 - for processing a redacted copy of a paper submitted in the file of an application in which a redacted copy was submitted for the patent 
application publication. FEE CODE 1808 
§ 1.221 - for requesting voluntary publication or republication of an application. FEE CODE 1803 

r SUBMITTED BY 

Signature /Todd B. Alder/ 

\.. Name (Print/Type) Todd B. Alder 

I 
Registration No. 
(Attorney/Agent) 54598 Telephone 801 -566-6633 

Date April 21, 2015 

This collection of information is required by 37 CFR 1.17. 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 5 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time 
you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, 
U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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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) furnishing of the information solicited is voluntary; and (3) the principal purpose for which 
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission 
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and 
Trademark Office may not be able to process and/or examine your submission, which may result in termination 
of proceedings or abandonment of the application or expiration of the patent. 

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

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

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

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

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

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

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

7. 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. 

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local 
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or 
regulation. 
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PTO/AIA/14 (11-13) 
Approved for use through 01/31/2014. 0MB 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 contains a valid 0MB control number. 

Attorney Docket Number 3035-052.NP 
Application Data Sheet 37 CFR 1.76 

Application Number 13/841, 120 

Title of Invention Pixel Isolation Elements, Devices and Associated Methods 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2 
D 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. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 r Rijrni:J@ l 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Martin U. Pralle 

Residence Information (Select One) @ US Residency 0 Non US Residency 0 Active US Military Service 

City Wayland I State/Province I MA I Country of Residencd I us 

Mailing Address of Inventor: 

Address 1 15 Rice Spring Lane 

Address 2 

City I Wayland I State/Provi nee I MA 

Postal Code I 01778 I Countryi I us 

Inventor 2 !? R@rITT@ Jl 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Jeffrey McKee 

Residence Information (Select One) @ US Residency 0 Non US Residency 0 Active US Military Service 

City Tualatin I State/Province I OR I Country of Residencd I us 

Mailing Address of Inventor: 

Address 1 22850 SW Eno Pl. 

Address 2 

City I Tualatin I State/Provi nee I OR 

Postal Code I 97062 I Countryi I us 

Inventor 3 !? Rirni:Wi fl 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Jason Sickler 

Residence Information (Select One) @ US Residency 0 Non US Residency 0 Active US Military Service 

EFS Web 2.2.9 
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PTO/AIA/14 (11-13) 
Approved for use through 01/31/2014. 0MB 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 contains a valid 0MB control number. 

Attorney Docket Number 3035-052.NP 
Application Data Sheet 37 CFR 1.76 

Application Number 13/841, 120 

Title of Invention Pixel Isolation Elements, Devices and Associated Methods 

City I Arlington I State/Province I MA I Country of Residencd I us 

Mailing Address of Inventor: 

Address 1 53 Varnum Street 

Address 2 

City I Arlington I State/Provi nee I MA 

Postal Code I 02474 I Countryi I us 

All Inventors Must Be Listed - Additional Inventor Information blocks may be It 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). 

D An Address is being provided for the correspondence Information of this application. 

Customer Number 20551 

Email Address 

Application Information: 

Title of the Invention Pixel Isolation Elements, Devices and Associated Methods 

@~q 

Attorney Docket Number 3035-052.NP I Small Entity Status Claimed ~ 
Application Type Non provisional 

Subject Matter Utility 

JI 

Total Number of Drawing Sheets (if any) I 4 I Suggested Figure for Publication (if any) I 

Publication Information: 
D Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

□ 

Request Not to Publish. I hereby request that the attached application not be published under 

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen 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. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: I @ Customer Number I Q US Patent Practitioner I Q Limited Recognition (37 CFR 11.9) 

EFS Web 2.2.9 
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PTO/AIA/14 (11-13) 
Approved for use through 01/31/2014. 0MB 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 contains a valid 0MB control number. 

Attorney Docket Number 3035-052.NP 
Application Data Sheet 37 CFR 1.76 

Application Number 13/841, 120 

Title of Invention Pixel Isolation Elements, Devices and Associated Methods 

Customer Number 20551 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate National Stage 
entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required 
by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the application number blank. 

Prior Application Status Expired !Rit1J9il 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

13841120 Claims benefit of provisional 61614275 2012-03-22 

Additional Domestic Benefit/National Stage Data may be generated within this form 
by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application 
that is eligible for retrieval under the priority document exchange program (PDX)i the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(h)(1) and (2). Under the POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1 ). 

!Rim91~1 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

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

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

0 16, 2013. 
NOTE: By providing this statement 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 inventor to file provisions of the AIA. 

EFS Web 2.2.9 
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PTO/AIA/14 (11-13) 
Approved for use through 01/31/2014. 0MB 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 contains a valid 0MB control number. 

Attorney Docket Number 3035-052.NP 
Application Data Sheet 37 CFR 1.76 

Application Number 13/841, 120 

Title of Invention Pixel Isolation Elements, Devices and Associated Methods 

Authorization to Permit Access: 

D Authorization to Permit Access to the Instant Application by the Participating Offices 

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), 
the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO), 
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application 
is filed access to the instant patent application. See 37 CFR 1.14( c) and (h). This box should not be checked if the applicant 
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority 
to the instant patent application is filed to have access to the instant patent application. 

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect 
to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application 
claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of 
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is 
sought in the instant patent application. 

In accordance with 37 CFR 1.14( c), access may be provided to information concerning the date of filing this Authorization. 

Applicant Information: 

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

Applicant 1 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1 .45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

It ®i~r JI 
@ Assignee lo Legal Representative under 35 U.S.C. 117 lo Joint Inventor 

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

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

I 
Name of the Deceased or Legally Incapacitated Inventor :I 
If the Applicant is an Organization check here. ~ 
Organization Name 

I SiOnl'.x, Inc. 

EFS Web 2.2.9 

I 

IPR2025-00811 
Apple-Sony EX1002 Page 499



PTO/AIA/14 (11-13) 
Approved for use through 01/31/2014. 0MB 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 contains a valid 0MB control number. 

Attorney Docket Number 3035-052.NP 
Application Data Sheet 37 CFR 1.76 

Application Number 13/841, 120 

Title of Invention Pixel Isolation Elements, Devices and Associated Methods 

Mailing Address Information For Applicant: 

Address 1 100 Cummings Ctr., Suite 243-F 

Address 2 

City Beverly State/Province MA 

Country I us Postal Code 01915 

Phone Number Fax Number 

Email Address 

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

Assignee Information including Non-Applicant Assignee Information: 

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

Assignee 1 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication . An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

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

Prefix Given Name Middle Name Family Name Suffix 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City I State/Province 

Countryi I Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. 

EFS Web 2.2.9 

IPR2025-00811 
Apple-Sony EX1002 Page 500



PTO/AIA/14 (11-13) 
Approved for use through 01/31/2014. 0MB 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 contains a valid 0MB control number. 

Attorney Docket Number 3035-052.NP 
Application Data Sheet 37 CFR 1.76 

Application Number 13/841, 120 

Title of Invention Pixel Isolation Elements, Devices and Associated Methods 

Signature: 
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and 
certifications. 

Signature /Todd B. Alder/ Date (YYYY-MM-DD) 2015-04-21 

First Name Todd B. I Last Name I Alder Registration Number 54598 

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

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

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to 
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection 
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is 
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not 
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

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

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

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

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

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

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

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

7. 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. 

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the 
USPTO becomes aware of a violation or potential violation of law or regulation. 

EFS Web 2.2.9 

IPR2025-00811 
Apple-Sony EX1002 Page 502



Docket Number: 3035-052.NP Substitute Form PTO/AIN01 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING 
AN APPLICATION DATA SHEET (37 CFR 1.76) 

Title of 
Invention 

Pixel Isolation Elements, Devices and Associated Methods 

As the below named inventor, I hereby declare that: 

This declaration □ 
Is directed to: The attached application or, 

I ✓ I United States application or PCT international application number 13/841, 120 

filed on 3/15/2013 

The above-identified application was made or authorized to be made by me. 

I have reviewed and understand the contents of the above-identified application, including the claims. I believe that I 
am the original inventor or an original joint inventor of a claimed invention in the application. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to me to 
be material to patentability as defined in 37 CFR 1.56, including for continuation-in-part applications, material 
information which became available between the filing date of the prior application and the national or PCT 
International filing date of the continuation-in-part application. 

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 by 
fine or imprisonment of not more than five (5) years, or both. 

LEGAL NAME OF INVENTOR 

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form. 
Use an additional PTO/AIN01 form for each additional inventor. 
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Docket Number: 3035-052.NP Substitute Form PTO/AIA/01 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING 
AN APPLICATION DATA SHEET (37 CFR 1.76) 

Title of 
Invention 

As the below named inventor, I hereby declare that: 

This declaration 
Is directed to: The attached application or, 

United States application or PCT international application number / ~1'l.tZC > 
filed on 3/1s--)2o13 

The above-identified application was made or authorized to be made by me. 

I have reviewed and understand the contents of the above-identified application, including the claims. I believe that l 
am the original inventor or an original joint inventor of a claimed invention in the application. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to me to 
be material to patentability as defined in 37 CFR 1.56, including for continuation-in-part applications, material 
information which became available between the filing date ofthe prior application and the national or PCT 
International filing date of the continuation-in-part application. 

I hereby acknowledge that any willful false statement made In this declaration is punishable under 18 U.S.C. 1001 by 
fine or imprisonment of not more than five (5) years, or both. 

LEGAL NAME OF INVENTOR 

Inventor: __ :r_e_-RC':.......;;_Y'_-e,.;;..-+(..,\___;,m_.a...e____.K.__-e=-'t:!...-=--Date (Optional): 

__.-;;;:/_JJ 
'-J-7-14 

Signature: ----,"""'-....,,r-'--------------------------
,/ 

/ 
Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire Inventive entity, must accompany this form. 
Use an additional PTO/AIA/01 form for each additional inventor. 
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Electronic Patent Application Fee Transmittal 

Application Number: 13841120 

Filing Date: 15-Mar-2013 

Title of Invention: PIXEL ISOLATION ELEMENTS, DEVICES, AND ASSOCIATED METHODS 

First Named Inventor/Applicant Name: Martin U. Pralle 

Filer: Todd Brent Alder/Nicole Solomon 

Attorney Docket Number: 3035-052.NP 

Filed as Small Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

PROCESSING FEE, EXCEPT PROV. APPLS. 2830 1 70 70 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USD ($) 70 
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Electronic Acknowledgement Receipt 

EFSID: 22126611 

Application Number: 13841120 

International Application Number: 

Confirmation Number: 5133 

Title of Invention: PIXEL ISOLATION ELEMENTS, DEVICES, AND ASSOCIATED METHODS 

First Named Inventor/Applicant Name: Martin U. Pralle 

Customer Number: 20551 

Filer: Todd Brent Alder/Nicole Solomon 

Filer Authorized By: Todd Brent Alder 

Attorney Docket Number: 3035-052.NP 

Receipt Date: 21-APR-2015 

Filing Date: 15-MAR-2013 

Time Stamp: 16:48:39 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $70 

RAM confirmation Number 3767 

Deposit Account 

Authorized User 

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

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

60547 

1 
Request under Rule 48 correcting 3035-052_NP _Correction_lnve 

1 
inventorship ntorship.PDF 

no 
f86af6384ac66e811252aad3b74901 cbdcbS 

7185 

Warnings: 

Information: 

2 Miscellaneous Incoming Letter 
3035-052_NP _Fee_ Trans_sb00 

17i.pdf 

241837 

no 2 
0bfl 435640cd26ae674dcc1 25d2f85f3d0e 7 

ae58 

Warnings: 

Information: 

484560 

3 Application Data Sheet 
3035-052_NP _Updated_ADS. 

no 7 
pdf 

b8c608db7b 13ea86a4033c6b496b 1 f20923 
379e1 

Warnings: 

Information: 

This is not an USPTO supplied ADS fillable form 

618592 

4 Oath or Declaration filed 3035-052_NP _Declarations.pdf no 3 
cc3f932028e8cd356aafcde586bbe3de6d4( 

7153 

Warnings: 

Information: 

30062 

5 Fee Worksheet (SB06) fee-info.pdf no 2 
0 78e 79 75 28bd 0bSd 7bd2 617 3 dffl 9017052 

0d310 

Warnings: 

Information: 

Total Files Size (in bytes) 1435598 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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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Document code: WFEE 

United States Patent and Trademark Office 
Sales Receipt for Accounting Date: 04/22/2015 

CVORACHA SALE #00000014 MailroomDt: 04/21/2015 200100 13841120 
01 FC: 2819 300.00 DA 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

20551 

THORPE NORTH & WESTERN, LLP. 
P.O. Box 1219 
SANDY, UT 84091-1219 

APPLICATION NO. FILING DATE 

13/841,120 03/15/2013 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

Nicole Solomon (Depositor's name) 

/Nicole Solomon/ (Signature) 

April 22, 2015 (Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Martin U. Pralle 3035-052.NP 5133 

TITLE OF INVENTION: Pixel Isolation Elements, Devices and Associated Methods 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional SMALL $4480 

EXAMINER ART UNIT 

PHAM.LONG 2814 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0 $0 

CLASS-SUBCLASS 

257-432000 

2. For printing on the patent front page, list 

(I) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$480 04/22/2015 

1 Thorpe North & Western, LLP 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE 

SiOnyx, Inc. 

(B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Beverly, MA 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual 0 Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

iZJ Payment by credit card. Form PTO-2038 is attached. 
0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credits any 

overpayment, to Deposit Account Number 20-0100 ( enclose an extra copy of this form). 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 

NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _IT_o_d_d_B_. _A_ld_e_r_l ______________ _ Date April 22, 2015 

Typedorprintedname Todd B. Alder, Ph.D. Registration No. ~5~4~5~9~8~------------

PTOL-85 Part B (10-13) Approved for use through 10/31/2013. 0MB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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Electronic Patent Application Fee Transmittal 

Application Number: 13841120 

Filing Date: 15-Mar-2013 

Title of Invention: PIXEL ISOLATION ELEMENTS, DEVICES, AND ASSOCIATED METHODS 

First Named Inventor/Applicant Name: Martin U. Pralle 

Filer: David William Osborne/Nicole Solomon 

Attorney Docket Number: 3035-052.NP 

Filed as Small Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Utility Appl Issue Fee 2501 1 480 480 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USD ($) 480 
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Electronic Acknowledgement Receipt 

EFSID: 22141766 

Application Number: 13841120 

International Application Number: 

Confirmation Number: 5133 

Title of Invention: PIXEL ISOLATION ELEMENTS, DEVICES, AND ASSOCIATED METHODS 

First Named Inventor/Applicant Name: Martin U. Pralle 

Customer Number: 20551 

Filer: David William Osborne/Nicole Solomon 

Filer Authorized By: David William Osborne 

Attorney Docket Number: 3035-052.NP 

Receipt Date: 22-APR-2015 

Filing Date: 15-MAR-2013 

Time Stamp: 19:06:21 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $480 

RAM confirmation Number 5484 

Deposit Account 

Authorized User 

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

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

104946 

1 Issue Fee Payment (PTO-85B) 3035-052_NP _lssue_Fee.pdf no 1 
d919a9863bfea75d2b81 aa041 a091 a59cb0 

6906f 

Warnings: 

Information: 

30311 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
4811 e36bdb283ba4d42c948da8dbbbca20 

4bf9d0 

Warnings: 

Information: 

Total Files Size (in bytes) 135257 

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 A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication 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 A~~lication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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 

APPLICATION 
NUMBER 

13/841,120 

20551 

FILING or 
37l(c)DATE 

03/15/2013 

GRPART 

UNIT 

2814 

THORPE NORTH & WESTERN, LLP. 
P.O. Box 1219 
SANDY, UT 84091-1219 

FIL FEE REC'D 

1320 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

3035-052.NP 33 3 
CONFIRMATION NO. 5133 

CORRECTED FILING RECEIPT 

11111111111111111 lllll ll]~!l]!~l!~l!~lill!~Hi)!lll lllll 111111111111111111 

Date Mai led: 04/28/2015 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

lnventor(s) 

Applicant( s) 

Martin U. Pralle, Wayland, MA; 
Jeffrey McKee, Tualatin, OR; 
Jason Sickler, Arlington, MA; 

SiOnyx, Inc., Beverly, MA 
Assignment For Published Patent Application 

SiOnyx, Inc., Beverly, MA 

Power of Attorney: The patent practitioners associated with Customer Number 20551 

Domestic Priority data as claimed by applicant 
This appln claims benefit of 61/614,275 03/22/2012 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

If Required, Foreign Filing License Granted: 05/17/2013 
The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 13/841,120 
Projected Publication Date: Not Applicable 
Non-Publication Request: No 
Early Publication Request: No 
** SMALL ENTITY ** 
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Title 

PIXEL ISOLATION ELEMENTS, DEVICES, AND ASSOCIATED METHODS 

Preliminary Class 

257 

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

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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

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

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

NOT GRANTED 

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

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE 

13/841,120 06/23/2015 

20551 7590 06/03/2015 

THORPE NORTH & WESTERN, LLP. 
P.O. Box 1219 
SANDY, UT 84091-1219 

PATENT NO. 

9064764 

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

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www .uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

3035-052.NP 5133 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the 
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee 
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management 
(ODM) at (571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

SiOnyx, Inc., Beverly, MA; 
Martin U. Pralle, Wayland, MA; 
Jeffrey McKee, Tualatin, OR; 
Jason Sickler, Arlington, MA; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 

IR103 (Rev. 10/09) 
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Receipt date: 10/31/2013 
Approved foruse through 07/31/2006. 0MB 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 0MB control number. 

Substitute for form 1449/PTO 

INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 

(Use as many sheets as necessary) 
Sheet I I of I 

2012/0171804 

/ ' ,. ' ~S~~,'S2229~t'l 
11rse,,,; "'P Cha 

to d 

l.)llCU 2012/0312304 
!c cument, 2012/0313204 

\, I? / 2012/0313205 
• -~ 2012/0313205 

2VL0l '.) 2013/0168792 
2013/0168803 
2013/0207214 
3487223 
4277793 
4419533 
4493942 
4514582 
4536608 
4663188 
4829013 
5080725 
5081049 
5100478 
5114876 
5164324 
5322988 
5346850 
5597621 
5714404 
5731213 
5792280 
6147297 
6498336 
6580053 
6583936 
6667528 
6759262 
6800541 
7057256 
7091411 
7109517 
7247527 
7314832 
7354792 
7390689 
7442629 
7456452 
7482532 
7498650 

Complete if Known 
Application Number 13/841,120 
Filing Date 3/15/2013 
First Named Inventor Martin U. Pralle 
Art Unit 2883 
Examiner Name 

Attorney Docket Number 3035-052.NP 

07/2012 Moslehi et al. 
05/2012 Saylor et. at 201201 1 17i96 
12/13/2012 H!!!E'½E'½!'!E'½ et 1r½. Lynch et al. 

12/13/2012 Haddad et al. 
12/13/2012 Haddad et al. 
t~,1t9i'~!Hil Haddad et al. Decemberl7,2012 
07/04/2013 Haddad et al. 
07/04/2013 Haddad et al. 
08/15/2013 Haddad et al. 
12/30/1969 St. John 
07/07/1981 Webb 
12/06/1983 Czubatyj et al. 
01-15-1985 Sheng et al. 
04/30/1985 Tiedje et al. 
08-20-1985 Sheng et al. 
05/1987 Kane 
05/09/1989 Yamazaki 
01/14/1992 Green et al. 
01/14/1992 Green et al. 
03/31/1992 Kawabata 
05/19/1992 Weiner 
11/17/1992 Russell et al. 
06/21/1994 Russell et al. 
09/13/1994 Kaschmitter et al. 
01/18/1997 Hummel et al. 
02/03/1998 Mititsky et al. 
03/24/1998 Ono 
08/1998 Ruby et al 
11-14-2000 W ettling et al. 
12/24/2002 Tian et al. 
06/2003 Voutsas 
06/2003 Kaminsky et al. 
12/23/2003 Cohen et al. 
07/06/2004 Theil et al. 
10/2004 Okumura 
06/06/2006 Carey, III et al. 
08/15/2006 Falk et al. 
09/19/2006 Zaidi 
07/24/2007 Shimomura et al. 
01/01/2008 Kountz et al. 
04/08/2008 Carey, III et al. 
06/24/2008 Mazur et al. 
10/28/2008 Mazur et al. 
11-25-2008 Wells et al. 
01/27/2009 Yi et al. 
03-03-2009 Lauxtermann 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /L.P./ 
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Receipt date: 10/31/2013 
Approved foruse through 07/31/2006. 0MB 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 0MB control number. 

Substitute for form 1449/PTO 

INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 

Sheet I 

Examiner 
Initials* 

( ' "ro~,~ 1 -r Cha 
to de 

/S.> 
:,/12 

cument, 

17 / . ,,_., 

I/ LOI) 

( ' Cha "r.iscv,; ap 

to document, 

/5.X.R./ 
:,/12/2015 

(Use as many sheets as necessary) 
I of I 

Cite Document Number 
No. 1 Number-Kind Code2 (ifknown) 

2003/0029495 
2004/0222187 
2005/0127401 
2005/0227390 
2006/0011955 
2006/0079062 

I• I 2006/0118781 
·~~ 2006/0180885 

2006/0231914 
2007/0145505 
2008/0026550 
2008/0036022 
2008/0044943 
2008/0076240 
2008/0099804 
2008/0178932 
2008/0258604 
2009/0065051 
2009/0142879 
2009/0160983 
2009/0194671 
2009/0200586 
2009/0213883 
2010/003 7952 
2010/0052088 
2010/0055887 
2010/0072349 
2010/0074396 
2010/0143744 
2010/0219506 
2010/0224229 
2010/0240169 
2010/02644 73 
2010/0290668 
2010/0300505 
2011/0073976 
2011/0140221 
2011/0220971 
2011/0227138 
2011/0266644 
2011/0303999 

1- I 2012/0024363 
1-)IJCU 2012/0024364 

Complete if Known 
Application Number 13/841,120 
Filing Date 3/15/2013 
First Named Inventor Martin U. Pralle 
Art Unit 2883 
Examiner Name 

Attorney Docket Number 3035-052.NP 

U.S. PATENT DOCUMENTS 
Publication Date Name of Patentee or Pages, Columns, Lines, Where Relevant 
MM-DD-YYYY Applicant of Cited Document Passages or Relevant Figures Appear 

02/2003 Mazur et al. 
11/11/2004 Lin 
06/16/2005 Mazur et al. 
10/2005 Shtein et al. 
01/19/2006 Baggenstoss 
04/2006 Mazur et al. 
06/08/2006 Rhodes 
A~ - Rhodes Aue:u st 1 7 2006 -
10/2006 Carey, III et al. 
06/28/2007 Kim et al. 
01/31/2008 Werner et al. 
02/14/2008 Hwang et al. 
02/21/2008 Mazur et al. 
03/27/2008 Y annick Veschtti et al. 
05-01-2008 Venezia 
07/31/2008 Willem Den Boer et al. 
10/23/2008 Mazur et al. 
03/12/2009 Chan et al. 
06/2009 Isaka et al. 
06/25/2009 Lenchenkov 
08/06/2009 Nozaki et al. 
08/13/2009 Mao et al. 
08/2009 Mazur et al. 
02-18-2010 Lin 
03/04/2010 Carey 
03/04/2010 Piwczyk 
03/2010 Veeder 
03-25-2010 Schmand et al. 
06-10-2010 Gupta 
09-02-2010 Gupta 
09/2010 Pralle et al. 
09/23/2010 Petti et al. 
10/21/2010 Adkisson et al. 
11/18/2010 Friedman et al. 
12/2010 Chen 
03/31/2011 Vaillant 
06/16/2011 Venezia et al. 
09/15/2011 Hadda 
09/22/2011 Hadda 
11/04/2011 Y amamura et al. 
12/15/2011 Sakamoto et al. 
02/2012 - DlME.K Martin j et al. ~~,vy vL a,. 

02/02/2012 Carey, III et al. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /L.P./ 
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PTO/AiJV80 (07--12) 
Approved for use through 11/30/2014. 0MB 0651-0035 

U.S. Patent and Trademark Office; U.S DEPARTMENT OF COMMERCE 
Under the Paperwork Reducfon Act of 1995, no persons are requirerJ to respond to a co!lection of information unless it displays a valid 0MB control number. 

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO 

I hereby revoke all previous powers of attorney given in the application identified in the attached statement 
under 37 CFR 3.73(c). 
I hereby appoint: 

~ Practitioners associated with Customer Number: 

1136549 I OR 

□ Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used): 

Name Registration Name Registration 
Number Number 

As attorney(s) or agent(s} to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with 
any and al! patent appiications assigned Q.[!Jy io the undersigned according to the USPTO assignment records or assignments documents 
attached to this form in accordance with 37 CFR 3.73(c). 

Please change the correspondence address for the application identified in il1e attached statement under 37 CFR 3.73(c) to: 

[2] The address associated with Customer Number: 136549 
OR 

□ 
Firm or 
Individual Name 

Address 

City I state I Zip 

Country 

Telephone I Emai! 

Assignee Name and Address: SiOnyx, LLC 
100 Cummings Center, Suit 243F 
Beverly, MA 01915 

A copy of this form, together with a statement under 37 CFR 3.73(c) (Form PTOiAIA/96 or equivalent) is required to be 
Filed in each application in which this form is used. The statement under 37 CFR 3.73(c) may be completed by one of 
The practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be filed. 

SIGNATURE of Assignee of Record 
The individual whore)signature and title is supplied below is authorized to act on behalf of the assignee 

Signature 
'i<_·f' I 

Date I-,/! P:. / 1£ --·-( )\ }----- I C/ . '-· , \, ~:, 
I l y .... ~:~ t-. _....-· Name Stephen Saylor Telephone <:.:ZJib, ~"L l , .. _ .... )(.,.}~ 

Title CEO, SiOnyx LLC 
- . ,.,. 

This collec,i1on of mformat1on Is reqwed by 37 CrR 1.31, 1.32 and 1.-:JJ. The 111forma!1on ,s required to obtain or retain a benefit by the publ;c which ;s to file (and 
by the USPTO !o process) an application. Confidentiaiily is governed by 35 U.S.C. 122 and 37 CFR 1. 11 and ·1.14. This coilection is estimated to take 3 minutes 
to complete, including gathering, preparing, and submitting the completed appiicat!on 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 tt,e Chief information Officer, 
U.S. Patent and Trademark Office, U.S. Department oi Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, cail 1-800-PT0-9199 and select option 2. 
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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} furnishing of the information solicited is voluntary; and (3) the principal purpose for which the 
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission 
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and 
Trademark Office may not be able to process and/or examine your submission, which may result in termination of 
proceedings or abandonment of the application or expiration of the patent. 

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

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

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

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

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

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

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

7. 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. 

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of !aw or 
regulation. 
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 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 displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

Applicant!Patent Owner: _S_i_O_n_y_x_, L_L_C _____________________________ _ 

Application No./Patent No.: 9 ,064 ,764 Filed/Issue Date: _J_u_n_e_2_3_, _2_0_15 _______ _ 

Titled: PIXEL ISOLATION ELEMENTS, DEVICES, AND ASSOCIATED METHODS 

SiOnyx, LLC , a Limited Liability Company 
---------------------------

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below): 

1. 0 The assignee of the entire right, title, and interest. 

2. D An assignee of less than the entire right, title, and interest (check applicable box): 

LJ The extent (by percentage) of its ownership interest is ______ %. Additional Statement(s) by the owners 
holding the balance of the interest must be submitted to account for 100% of the ownership interest. 

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire 
right, title and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made). 
The other parties, including inventors, who together own the entire right, title, and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a 
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached. 

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below): 

A. D An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel ______ , Frame ______ , or for which a copy 
thereof is attached. 

B. 0 A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

1 _ From: Inventors To: SiOnyx, Inc. 
--------------------

The document was recorded in the United States Patent and Trademark Office at 

Reel 032782 , Frame 0863 , or for which a copy thereof is attached. 

2. From: SiOnyx, Inc. To: SiOnyx, LLC 
--------------------

The document was recorded in the United States Patent and Trademark Office at 

Reel 037449 , Frame 088 4 , or for which a copy thereof is attached. 

[Page 1 of 2] 
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U .S.C. 122 and 37 CFR 1 .11 and 1.14. This collection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the US PTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark 
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 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 displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

3. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

4. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

5. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

6. From: __________________ To: _________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

D As required by 37 CFR 3. 73(c)(1 )(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/Andrew W. Schultz/ 
Signature 

Andrew W. Schultz 
Printed or Typed Name 

[Page 2 of 2] 

January 13, 2016 
Date 

66,869 
Title or Registration Number 
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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) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the 
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related 
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark 
Office may not be able to process and/or examine your submission, which may result in termination of proceedings 
or abandonment of the application or expiration of the patent. 

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

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

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

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

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

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

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

7. 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. 

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Electronic Acknowledgement Receipt 

EFSID: 24612514 

Application Number: 13841120 

International Application Number: 

Confirmation Number: 5133 

Title of Invention: PIXEL ISOLATION ELEMENTS, DEVICES, AND ASSOCIATED METHODS 

First Named Inventor/Applicant Name: Martin U. Pralle 

Customer Number: 20551 

Filer: Andrew W. Schultz 

Filer Authorized By: 

Attorney Docket Number: 3035-052.NP 

Receipt Date: 13-JAN-2016 

Filing Date: 15-MAR-2013 

Time Stamp: 15:43:33 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

135238 

1 Power of Attorney SiOnyxGeneralPOA.pdf no 2 
e9afbd7bc0956680044b 151 Sc2efca6b59ec 

1bc3 

Warnings: 

Information: 
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120213 

2 
Assignee showing of ownership per 37 

StatementUnder37CFR373.pdf no 3 
CFR 3.73 

OS 7 cbd 6fc0a 177 d4d cOS 785 fcS 2ca89c5 07 3 
e63f 

Warnings: 

Information: 

Total Files Size (in bytes) 255451 

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 Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Agglication 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 Agglication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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: N572 

UNITED STATES PATENT AND lRADEMARK OFFICE 

APPLICATION NUMBER FILING DATE 

13/841,120 03/15/2013 

20551 
THORPE NORTH & WESTERN, LLP. 
P.O. Box 1219 
SANDY, UT 84091-1219 

Cc: PEPPER HAMIL TON LLP/SIONYX LLC 
' ATTN: BOSTON IP DOCKETING DEPARTMENT 

125 HIGH STREET 
19TH FLOOR 
BOSTON, MA 02110-2736 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Addr.,.: COMMISSIONER FOR PATENTS 

FIRST NAMED APPLICANT 

Martin U. Pralle 

P.O. Box 1450 
Alexandria, V,rgi:nia 22313-1450 
www.u,pto.gov 

ATTY, DOCKET NO.frITLE 

3035-052.NP 

CONFIRMATION NO. 5133 

I lllllm 111 ~! II~ 1111 1111 II~ 1111 1111 111111111 111111111111111111111111111111111 
*OC000000080175289* 

Date Mailed: 01/28/2016 

DENIAL OF REQUEST FOR POWER OF ATTORNEY 

The request for Power of Attorney filed 01/13/2016 is acknowledged. However, the request cannot be 
granted at this time for the reason stated below. 

□ The Power of Attorney you provided did not comply with the new Power of Attorney rules that 
became effective on June 25, 2004. See 37 CFR 1.32. 

□ The revocation is not signed by the applicant, the assignee of the entire interest', or one particular 
principal attorney having the authority to revoke. 

□ The Power of Attorney is from an assignee and the Certificate required by 37 CFR 3.73(c) has not 
been received. 

□ The person signing for the assignee has omitted their empowerment to sign on behalf of the 
assignee. 

□ The inventor(s) is without authority to appoint attorneys since the assignee has intervened as 
provided by 37 CFR 3.71. 

□ The signature(s) of __________ a co-inventor in this application, has been omitted. 
The Power of Attorney will be entered upon receipt of confirmation signed by said co-inventor(s). 

□ The person(s) appointed in the Power of Attorney is not registered to practice before the U.S. Patent 
and Trademark Office. 

□ Only one Customer Number can be designated for the Power of Attorney in an application. The 
Customer Number that was captured is the first Customer Number provided on the Power of 
Attorney document. 

□ A request under 37 CFR 1.48 to add an inventor was granted in this application, however, no power 
of attorney consistent with the power of attorney granted by the originally named inventive entity has 
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UNITED STATES PATENT AND TRADEMARK OmcE 

Doc Code: N572 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Potent and Trademark Office 
Addre": COMMISSIONER FOR PATENTS 

P.O. Box I 4SO 
Alexandria, Vuginia 22313-1450 
www.urpto.gov 

been received. Thus, the addition of the inventor has resulted in the loss of power of attorney in the 
application. See 37 CFR 1.32(e). • 

i::e--1he power of attorney has not been accepted because the party who is giving power of attorney has 
not been identified. Power of attorney may only be signed by the <;3pplicant for patent (37 CFR 1.42) 
or the patent owner. A patent owner who was not the applicant must appoint any power of attorney in 
compliance with 37 CFR 3.71 and 3.73. See 37 CFR 1.32(b)(4). • 

□ The power of attorney from the inventors has .not been accepted because it is a copy from a prior 
national application for which benefit is claimed and the continuing application names an inventor 
who was not named as an inventor in the prior application. 

□ The power of attorney from the inventors has not been accepted because the power of attorney must 
be signed by the applicant for patent. See 37 CFR 1.32(b)(4). 

~Any request to correct or update the name of the applicant must include an application data sheet 
(ADS) in compliance with 37 CFR 1. 76 specifying the correct or updated name of the applicant in the 
applicant information section. Any request to change the applicant after an original applicant has 
been specified under 37 CFR 1.46(b) must include a new ADS in compliance with 37 CFR 1. 76 
specifying the applicant in the applicant information section and comply with 37 CFR 3.71 and 3.73. 
See 37 CFR 1.46(c). 

Any inquiries regarding this notice should be directed to the Application Assistance Unit at 571-272-4200. 

Application Assistance Unit 
571-272-4200 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION NUMBER FILING OR 3 71 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

13/841,120 03/15/2013 

20551 

Martin U. Pralle 3035-052.NP 
CONFIRMATION NO. 5133 

IMPROPER CFR REQUEST 
THORPE NORTH & WESTERN, LLP. 
P.O. Box 1219 1111111111111111111111 ll]~!l]!~l!~l!~H~ ,11 ~ilf II lllll 111111111111111111 
SANDY, UT 84091-1219 

Date Mai led: O 1/29/2016 

RESPONSE TO REQUEST FOR CORRECTED FILING RECEIPT 

Power of Attorney, Claims, Fees, System Limitations, and Miscellaneous 

In response to your request for a corrected Filing Receipt, the Office is unable to comply with your request 
because: 

• Any request to correct or update the name of the applicant must include an application data sheet (ADS) 
in compliance with 37 CFR 1.76 specifying the correct or updated name of the applicant in the applicant 
information section. Any request to change the applicant after an original applicant has been specified under 
37 CFR 1.46(b) must include a new ADS in compliance with 37 CFR 1.76 specifying the applicant in the 
applicant information section and comply with 37 CFR 3.71 and 3.73. See 37 CFR 1.46(c). 

/yteferra/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

13/841,120 03/15/2013 

20551 
THORPE NORTH & WESTERN, LLP. 
P.O. Box 1219 
SANDY, UT 84091-1219 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Martin U. Pralle 3035-052.NP 
CONFIRMATION NO. 5133 

MISCELLANEOUS NOTICE 

1111111111111111111111 ll]~!l]!~l!~l!~H~ ,IH!l~ll lllll 111111111111111111 

Date Mai led: O 1/29/2016 

A communication which cannot be delivered in electronic form has been mailed to the applicant. 
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Attorney Docket No. 143705.05201 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: Martin U. Pralle et al. 

Application No.: 13/841,120 

Filed: March 15, 2013 

For: PIXEL ISOLATION ELEMENTS, DEVICES, AND 
ASSOCIATED METHODS 

VIAEFS-WEB 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Certificate of Mailing 

Confirmation No.: 5133 

ArtUnit: 2814 

Examiner: Long Pham 

I hereby certify that this correspondence is being electronically filed via EFS-Web to the Commissioner for Patents, P.O. Box 
1450, Alexandria, VA22313-1450. 

February 12 2016 Electronic Signature: /Andrew W. Schultz/ 
Dated Andrew Schultz, Reg. No. 66,869 

RESPONSE TO DENIAL OF POWER OF ATTORNEY AND UPDATED ADS 

Dear Sir: 

In response to the Denial of Request for Power of Attorney dated January 28, 2016, 

Applicant respectfully re-submits the executed Power of Attorney and the Statement Under 37 

CFR 3.73(c) filed on January 13, 2016, as well as a new Application Data Sheet. Please replace 

the Application Data Sheet filed February 6, 2014 with the enclosed new Application Data Sheet 

specifying the updated name of the applicant Si Onyx, LLC. Applicant respectfully requests that 

an updated Filing Receipt be issued to reflect the above-referenced changes. 

No charges are believed to be due with this filing. However, the Director is hereby 

authorized to charge any deficiency in the fees filed, asserted to be filed, or which should have 

#37844302 vl 
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Application No.: 13/841,120 
Art Unit:2814 

Docket No.: 143705.05201 
Examiner: L. Pham 

been filed herewith (or with any paper hereafter filed in this application by this firm) to our 

Deposit Account No. 50-0436, under Attorney Docket No.: 143705.05201. 

Dated: February 12, 2016 

#37844302 vl 

Respectfully submitted, 
Electronic Signature: /Andrew W. Schultz/ 
Andrew W. Schultz, Reg. No. 66,869 
Attorney for Applicants 
Pepper Hamilton LLP 
125 High Street 
19th Floor, High Street Tower 
Boston, MA 02210 
Tel: (617) 204-5176 
Fax: (617) 204-5150 
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PTO/AIA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651--0032 

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

Under tile Paperwork Reduction Act of 1995, no persons are required to respond !o a co!lection of information unless it contains a valid 011118 con!rol number. 

Attorney Docket Number 3035-052.NP 
Application Data Sheet 37 CFR 1. 76 

Application Number 13/841, 120 

Title of Invention PIXEL ISOLATION ELEMENTS, DEVICES AND ASSOCIATED METHODS 

The application data sheet is part of the provisional or nor.provisional application for wt1ich it is being sutJmitted The following form contains tt1e 
bitJliogrnpt;ic data arranged in a format specified tiy the United States Patent and Trademark Office as outlined in 37 CFR 1.76 
This document may tie completed electronically and sutJmitted to the Office in electronic format using the Electronic Filing System (EFS) or tt1e 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

D Portions or all of tile application associated with tllis Application Data Sheet may fall under a Secrecy Order pursuant to 
• 37 CFR 5.2 (Paper filers only. Applications tllat fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 ! RiM\iiiti l 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Martin U. Pralle 

Residence Information (Select One) ® US Residency n Non US Residency 0 Active US Miiitary Service ..._,, 

City Wayland I State/Province I MA I Country of Residencd I us 

Mailing Address of Inventor: 

Address 1 15 Rice Spring Lane 

Address 2 

City I Wayland I State/Provi nee I MA 

Postal Code I 01778 ! Countryi I us 

Inventor 2 [ i~~m~w~ J 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Jeffrey McKee 

Residence Information (Select One) @ US Residency 0 Non US Residency 0 Active US Miiitary Service 

City Tualatin I State/Province I OR I Country of ResidencJ I us 

Mailing Address of Inventor: 

Address 1 22850 SW Eno Pi. 

Address 2 

City I Tualatin I State/Provi nee I OR 

Postal Code I 97062 ! Countryi I us 

Inventor 3 !_ §~@~iii J 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Jason Sickler 

Residence Information (Select One) @) US Residency n Non US Residency 0 Active US Miiitary Service ..._,, 

EFS Web 2.2.12 
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PTO/AiA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651--0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti to respond to a coilection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 3035-052.NP 
Application Data Sheet 37 CFR 1. 76 

Application Number 13/841,120 

Title of Invention PIXEL ISOLATiON ELEMENTS, DEVICES AND ASSOCiATED METHODS 

City I Arlington I State/Province I MA I Country of Residence! I us 

Mailing Address of Inventor: 

Address 1 53 Varnum Street 

Address 2 

City I Arlington I State/Provi nee I MA 

Postal Code I 02474 ! Countryi I us 

All Inventors Must Be listed - Additional Inventor Information blocks may be 
It 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). 

D An Address is being provided for the correspondence Information of this application. 

Customer Number ~ 136549 

Email Address 

Application Information: 

Title of the Invention PiXEL ISOLATION ELEMENTS, DEVICES AND ASSOCIATED METHODS 

}\ijg 

Attorney Docket Number 3035-052.NP I Small Entity Status Claimed ~ 
Application Type Non provisional 

Subject Matter Utility 

ti 

Total Number of Drawing Sheets {if any) I 4 I Suggested Figure for Publication (if any) I 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
applic:a!ion papers includin;J a specification and any drawin~is are, be,in;J filed. Any dorne,stic benefit or forei~Jn priority information must b,, 
provided in the appropriate section(s) below (Le., "Domestic Benefit/National Stage Information" and "Foreign 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 
re,ferenc:e to !he prE;viously filed application, subject to conditions and requirerm;nts of 37 CFR 1.57(aj. 

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 
filed application 

Publication Information: 
D Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 

□ 35 U.S.C. 122(b) and certify Urnt the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

EFS\/Veb2.2.12 

,_ 
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PTO/AiA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651--0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti to respond to a coilection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 3035-052.NP 
Application Data Sheet 37 CFR 1. 76 

Application Number 13/841,120 

Title of Invention PIXEL ISOLATiON ELEMENTS, DEVICES AND ASSOCiATED METHODS 

Representative Information: 

Representative information shouid 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. If both sections are completed the customer 
Number will be used for the Representative information during processing. 

Please Select One: ® Customer Number I 0 US Patent Practitioner I 0 Limited Recognition (37 CFR 11.9) 

Customer Number !!Beel 136549 -
Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providin~1 benefit claim information in the Application Data Sheet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to U1e current application, please leave the "Application Number" field blank. 

Prior Application Status Expired !Riv@fMI 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

13841120 reissue of 61614275 2012-03-22 

Additional Domestic Benefit/National Stage Data may be ~1enerated wiU1in U1is form 
by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. VVhen priority is claimed to a foreign application 

that is eligibie for retrieval under the priority document exchange program (PDX)i the information wiii be used by the Office to 

automatically attempt retrievai pursuant to 37 CFR 1.55(i)(1) and (2). Under the POX program, applicant bears the uitirnate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of t~1e foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1). 

!Riv@fMI 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

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

EFS\/Veb2.2.12 
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PTO/AiA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651--0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti to respond to a coilection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 3035-052.NP 
Application Data Sheet 37 CFR 1. 76 

Application Number 13/841,120 

Title of Invention PIXEL ISOLATiON ELEMENTS, DEVICES AND ASSOCiATED METHODS 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before Marct1 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

0 16, 2013. 
NOTE: By providing this statement 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 inventor to file provisions of the AIA. 
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PTO/AiA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651--0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti to respond to a coilection of information unless it contains a valid 0MB control number. 

3035-052.NP Attorney Docket Number 
Application Data Sheet 37 CFR 1. 76 

Application Number 13/841,120 

Title of Invention PIXEL ISOLATiON ELEMENTS, DEVICES AND ASSOCiATED METHODS 

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 participating foreign intellectual property (IP) office access to U1e instant application-as-filed (see 
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant 
application (see paragraph B in subsection 1 below). 

Should applicant choose not to provide an auU1orization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

!\.!_Q_It;: This section of the Application Data Sheet is QN_LY reviewed and processed with the INITIAL filing of an 
application. After the initial filing of an application, an Application Data St1eet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned t1ereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
Ct1ina (SIPO), the World Intellectual Property Organization (WIPO), and any 0U1er foreign intellectual property office 
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign 
application claiming priority to U1e instant patent application is filed, access to: (1) tt1e instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
instant application and its related bibliograpt1ic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(t1) 
(1 ). 

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked, 
the undersigned t1ereby grants the USPTO authority to provide U1e EPO access to the bibliograpt1ic data and searct1 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

The applicant is reminded that U1e EPO's Rule 141 (1) EPC (European Patent Convention) requires applicants to submit a 
copy of search results from the instant application without delay in a European patent application that claims priority to 
Hie instant application. 

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

A Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
D application-as-filed. lftt1is box is checked, U1e USPTO will not be providing a participating foreign IP office with 

any documents 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 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is othervvise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1 .14. 
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PTO/AiA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651--0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti to respond to a coilection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 3035-052.NP 
Application Data Sheet 37 CFR 1. 76 

Application Number 13/841,120 

Title of Invention PIXEL ISOLATiON ELEMENTS, DEVICES AND ASSOCiATED METHODS 

Applicant Information: 

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

Applicant 1 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1 .45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
143; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
appiicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

tt @j~@ ?I 
@ Assignee lo Legal Representative under 35 U.S.C. 117 lo Joint Inventor 

"' Person to whom the inventor is obligated to assign. lo Person who shows sufficient proprietary interest u 
I 

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

I 
Name of the Deceased or Legally Incapacitated Inventor: I 
lftt1e Applicant is an Organization ct1eck here. ~ 
Organization Name 

I 8i8 ! I'"' i.1...,. SiOnyx, LLC. 

Mailing Address Information For Applicant: 

Address 1 100 Cummings Ctr. 

Address 2 Suite 243-F 

City Beverly State/Province MA 

Country I us Postal Code 01915 

Phone Number Fax Number 

Email Address 

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

Assignee Information including Non-Applicant Assignee Information: 

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

EFS\/Veb2.2.12 
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PTO/AiA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651--0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti to respond to a coilection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 3035-052.NP 
Application Data Sheet 37 CFR 1. 76 

Application Number 13/841,120 

Title of Invention PIXEL ISOLATiON ELEMENTS, DEVICES AND ASSOCiATED METHODS 

Assignee 1 

Complete this section if assignee information, including non-applicant assignee information, is desired to be inciuded on the patent 
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an appiicant For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

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

Prefix Given Name Middle Name Family Name Suffix 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City I State/Province 

Countryi I Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. 

Signature: 
NOTE: Tt1is Application Data St1eet must be signed in accordance with 37 CFR 1.33(b). However, if this Application 
Data Sheet is submitted with the INITIAL filing of the application ~n~ either box A or B is mil checked in 
subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of tt1e applicants is a juristic 
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, fill joint inventors wt10 are the applicant, or one or more joint inventor-applicants wt10 t1ave been given 
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of ~H joint inventor-applicants. 

See 37 CFR 1.4(d) for U1e manner of making signatures and certifications. 

Signature /Andrew W. Schultz/ Date (YYYY-MM-DD) 2016-02-12 

First Name Andrew I Last Name I Schultz Registration Number 66869 

Additional Signature may be generated within U1is form by selecting the Add button. 

EFS\/Veb2.2.12 
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PTO/AiA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651--0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti to respond to a coilection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 3035-052.NP 
Application Data Sheet 37 CFR 1. 76 

Application Number 13/841,120 

Title of Invention PIXEL ISOLATiON ELEMENTS, DEVICES AND ASSOCiATED METHODS 

This collection of information is required by 37 CFR 1. 76. The information is required to obtain or retain a benefit by the public which 
is to fiie (and by tile USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14 This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed appiication data 
sheet form to tile USPTO. Time wili 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. 

EFS\/Veb2.2.12 
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Privacy Act Statement 

The Privacy Act of 1974 (PL 93-579) requires that you be given certain information in connection with your submission of the attached fom1 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.5,C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and 
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S. 
Patent and Trademark Of11ce may not be able to process andior 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 confidentialiy to the extent allowed under the Freedom of lnfom1ation Act (5 IJ.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 records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, ma9istrate, or administrative 
tribunal, including disclosures to opposin9 counsel in the course of settiement negotiations. 

3 A record in this system of records may be disclosed, as a routine use, to a Member of Congress submittin9 a request involving an individual, to whom 
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record, 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency havin9 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 IJ.S.C. 
552a(m). 

5. A record related to an International Application iiled under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use, 
to the international Bureau of the World intellectual Property Organization, pursuant to the Patent CooperationTreaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal a9ency for purposes of l,ational Security review (35 U.S.C. 181) 
and for review pursuant to the Atomic Ener~w Act (42 U.5,C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee. durin9 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 IJ.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA re9ulations governing inspection of 
records for this purpose. and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about 
individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C. 
122(b) or issuance of a patent pursuant to 35 IJ.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 proceedin9s were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the IJSPTO becomes 
aware of a violation or potential violation of law or re9ulation. 

EFS Web 2.2.12 
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PTO/AiJV80 (07--12) 
Approved for use through 11/30/2014. 0MB 0651-0035 

U.S. Patent and Trademark Office; U.S DEPARTMENT OF COMMERCE 
Under the Paperwork Reducfon Act of 1995, no persons are requirerJ to respond to a co!lection of information unless it displays a valid 0MB control number. 

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO 

I hereby revoke all previous powers of attorney given in the application identified in the attached statement 
under 37 CFR 3.73(c). 
I hereby appoint: 

~ Practitioners associated with Customer Number: 

1136549 I OR 

□ Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used): 

Name Registration Name Registration 
Number Number 

As attorney(s) or agent(s} to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with 
any and al! patent appiications assigned Q.[!Jy io the undersigned according to the USPTO assignment records or assignments documents 
attached to this form in accordance with 37 CFR 3.73(c). 

Please change the correspondence address for the application identified in il1e attached statement under 37 CFR 3.73(c) to: 

[2] The address associated with Customer Number: 136549 
OR 

□ 
Firm or 
Individual Name 

Address 

City I state I Zip 

Country 

Telephone I Emai! 

Assignee Name and Address: SiOnyx, LLC 
100 Cummings Center, Suit 243F 
Beverly, MA 01915 

A copy of this form, together with a statement under 37 CFR 3.73(c) (Form PTOiAIA/96 or equivalent) is required to be 
Filed in each application in which this form is used. The statement under 37 CFR 3.73(c) may be completed by one of 
The practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be filed. 

SIGNATURE of Assignee of Record 
The individual whore)signature and title is supplied below is authorized to act on behalf of the assignee 

Signature 
'i<_·f' I 

Date I-,/! P:. / 1£ --·-( )\ }----- I C/ . '-· , \, ~:, 
I l y .... ~:~ t-. _....-· Name Stephen Saylor Telephone <:.:ZJib, ~"L l , .. _ .... )(.,.}~ 

Title CEO, SiOnyx LLC 
- . ,.,. 

This collec,i1on of mformat1on Is reqwed by 37 CrR 1.31, 1.32 and 1.-:JJ. The 111forma!1on ,s required to obtain or retain a benefit by the publ;c which ;s to file (and 
by the USPTO !o process) an application. Confidentiaiily is governed by 35 U.S.C. 122 and 37 CFR 1. 11 and ·1.14. This coilection is estimated to take 3 minutes 
to complete, including gathering, preparing, and submitting the completed appiicat!on 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 tt,e Chief information Officer, 
U.S. Patent and Trademark Office, U.S. Department oi Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, cail 1-800-PT0-9199 and select option 2. 
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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} furnishing of the information solicited is voluntary; and (3) the principal purpose for which the 
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission 
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and 
Trademark Office may not be able to process and/or examine your submission, which may result in termination of 
proceedings or abandonment of the application or expiration of the patent. 

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

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

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

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

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

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

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

7. 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. 

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of !aw or 
regulation. 
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 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 displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

Applicant!Patent Owner: _S_i_O_n_y_x_, L_L_C _____________________________ _ 

Application No./Patent No.: 9 ,064 ,764 Filed/Issue Date: _J_u_n_e_2_3_, _2_0_15 _______ _ 

Titled: PIXEL ISOLATION ELEMENTS, DEVICES, AND ASSOCIATED METHODS 

SiOnyx, LLC , a Limited Liability Company 
---------------------------

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below): 

1. 0 The assignee of the entire right, title, and interest. 

2. D An assignee of less than the entire right, title, and interest (check applicable box): 

LJ The extent (by percentage) of its ownership interest is ______ %. Additional Statement(s) by the owners 
holding the balance of the interest must be submitted to account for 100% of the ownership interest. 

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire 
right, title and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made). 
The other parties, including inventors, who together own the entire right, title, and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a 
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached. 

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below): 

A. D An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel ______ , Frame ______ , or for which a copy 
thereof is attached. 

B. 0 A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

1 _ From: Inventors To: SiOnyx, Inc. 
--------------------

The document was recorded in the United States Patent and Trademark Office at 

Reel 032782 , Frame 0863 , or for which a copy thereof is attached. 

2. From: SiOnyx, Inc. To: SiOnyx, LLC 
--------------------

The document was recorded in the United States Patent and Trademark Office at 

Reel 037449 , Frame 088 4 , or for which a copy thereof is attached. 

[Page 1 of 2] 
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U .S.C. 122 and 37 CFR 1 .11 and 1.14. This collection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the US PTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark 
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 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 displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

3. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

4. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

5. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

6. From: __________________ To: _________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

D As required by 37 CFR 3. 73(c)(1 )(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/Andrew W. Schultz/ 
Signature 

Andrew W. Schultz 
Printed or Typed Name 

[Page 2 of 2] 

February 12, 2016 
Date 

66,869 
Title or Registration Number 
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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) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the 
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related 
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark 
Office may not be able to process and/or examine your submission, which may result in termination of proceedings 
or abandonment of the application or expiration of the patent. 

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

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

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

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

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

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

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

7. 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. 

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Electronic Acknowledgement Receipt 

EFSID: 24902642 

Application Number: 13841120 

International Application Number: 

Confirmation Number: 5133 

Title of Invention: PIXEL ISOLATION ELEMENTS, DEVICES, AND ASSOCIATED METHODS 

First Named Inventor/Applicant Name: Martin U. Pralle 

Customer Number: 20551 

Filer: Andrew W. Schultz 

Filer Authorized By: 

Attorney Docket Number: 3035-052.NP 

Receipt Date: 12-FEB-2016 

Filing Date: 15-MAR-2013 

Time Stamp: 14:27:42 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

108141 

1 
Applicant Response to Pre-Exam 

ResponseDenialPOA.pdf no 2 
Formalities Notice 

3b4ba3d4174d37c4120b996f334 75f69d1 7 
a2037 

Warnings: 

Information: 
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142001 

2 Application Data Sheet ADS.pdf no 9 
7b7dacb2a0cadf11971 b0Sa02a95453550c 

7f86a 

Warnings: 

Information: 

This is not an USPTO supplied ADS fillable form 

135238 

3 Power of Attorney SiOnyxGeneralPOA.pdf no 2 
e9afbd7bc0956680044b 151 Sc2efca6b59ec 

1bc3 

Warnings: 

Information: 

120217 

4 
Assignee showing of ownership per 37 

Statemnt37CFR373C.pdf no 3 
CFR 3.73 

266ec57c8f1 6186aeabbb7662ad9f61 b0ea 
6f123 

Warnings: 

Information: 

Total Files Size (in bytes) 505597 

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 Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Agglication 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 Agglication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

13/841,120 03/15/2013 

136549 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Martin U. Pralle 
CONFIRMATION NO. 5133 

POA ACCEPTANCE LETTER 
Pepper Hamilton LLP/SiOnyx LLC 
Attn: Boston IP Docketing Department 
125 High Street 

1111111111111111111111 ll]~!l]!~l!~l!~H!,Hil)ll 111111111111111 IIII IIII 

19th Floor 
Boston, MA 02110-2736 

Date Mailed: 02/18/2016 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 02/12/2016. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/dtvernon/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

13/841,120 03/15/2013 

20551 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Martin U. Pralle 3035-052.NP 
CONFIRMATION NO. 5133 

POWER OF ATTORNEY NOTICE 
THORPE NORTH & WESTERN, LLP. 
P.O. Box 1219 11111111111111111 lllll ll]~!l]!~l!~l!~H!,H!lill 11111111111111111111111 

SANDY, UT 84091-1219 

Date Mailed: 02/18/2016 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 02/12/2016. 

• The Power of Attorney to you in this application has been revoked by the assignee who has intervened as 
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33). 

/dtvernon/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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UNIIBD STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

APPLICATION NUMBER FILING OR 37l(C) DATE 

13/841,120 03/15/2013 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

FIRST NAMED APPLICANT ATTY.DOCKET NO./TITLE 

Martin U. Pralle 143705.05201 

Acknowledgement of Loss of Entitlement to Entity Status Discount 

The entity status change request below filed through Private PAIR on 01/17/2017 has been accepted. 

CERTIFICATIONS: 

Change of Entity Status: 

X Applicant changing to regular undiscounted fee status. 
N0IB: Checking this box will be taken to be notification of loss of entitlement to small or micro entity status, as 
applicable. 

REQUEST ID 

32178 

This portion must be completed by the signatory or signatories making the entity status change in accordance 
with 37 CFR 1.4( d)( 4). 

Signature: !Andrew W. Schultz/ 

Name: Andrew W. Schultz 

Registration Number: 66869 
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Doc Code: PA.. 
Document Description: Power of Attorney PTO/AIA/82A (07-13) 

Approved for use through 03/31/2021. 0MB 0651-0035 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the 
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of 
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is 
directed, the Power of Attorney will not be recognized in the application. 

Application Number 13/841, 120 
Filing Date 15-Mar-2013 

Martin U. PRALLE 
First Named Inventor 

Title PIXEL ISOLATION ELEMENTS, DEVICES, AND ASSOCIATED METHODS 

Art Unit 

Examiner Name 

Attorney Docket Number 143705.000331 
SIGNATURE of Applicant or Patent Practitioner 

Signature /Gunnar G. Leinberg/ Date (Optional) 2022-09-01 
Name Gunnar G. Leinberg Registration 35,584 

Number 

Title (if Applicant is a 
juristic entity) 

Applicant Name (if Applicant is a juristic entity) 

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If 
more than one applicant, use multiple forms. 

IV I *Total of :1 forms are submitted. 

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by 
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require 
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

ff you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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Doc Code: PA.. 
Document Description: Power of Attorney 

PTO/AIA/82B (07-13) 
Approved for use through 03/31/2021. 0MB 0651-0035 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number 

POWER OF ATTORNEY BY APPLICANT 

I hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or 
the boxes below. 

I Appl;cat;on Number I Fmng Date 

I 
(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.) 

0 I hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and 
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in 
the attached transmittal letter (form PTO/AIA/82A) or identified above: I 
OR 11951 I 

□ I hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to transact 
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the 
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.) 

Please recognize or change the correspondence address for the application identified in the attached transmittal 
letter or the boxes above to: 

~ The address associated with the above-mentioned Customer Number 

OR 

□ The address associated with Customer Number: I 
I 

OR 

□ Firm or 
Individual Name 

Address 

City I State I I Zip I 
Country 

Telephone I Email I 
I am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box): 

lsiOnyx, LLC 
□ Inventor or Joint Inventor (title not required below) 

□ Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below) 

~ Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity) 

□ Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the 
application or is concurrently being filed with this document) (provide signer's title if applicant is a juristic entity) 

SIGNATURE of Applicant for Patent 

The undersigned (whose tiJ.le,jS s~pplied below) is authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity). 

Signature ~th I Date (Optional) I 
Name Steven D. Saylor 

Title President and CEO 
NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements 
and certifications. If more than one applicant, use multiple forms. 

0Total of 1 forms are submitted. 
This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by the public which is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

ff you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 

I 

l 
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Electronic Acknowledgement Receipt 

EFSID: 46532726 

Application Number: 13841120 

International Application Number: 

Confirmation Number: 5133 

Title of Invention: PIXEL ISOLATION ELEMENTS, DEVICES, AND ASSOCIATED METHODS 

First Named Inventor/Applicant Name: Martin U. Pralle 

Customer Number: 136549 

Filer: Gunnar G. Lein berg/Mary Frances Heeks 

Filer Authorized By: Gunnar G. Lein berg 

Attorney Docket Number: 143705.05201 

Receipt Date: 01-SEP-2022 

Filing Date: 15-MAR-2013 

Time Stamp: 10:41:30 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

328406 

20220901 _ Corrected_POA_ wit 
1 Power of Attorney h_ Transmittal_ 143705_000331. no 2 

pdf adf6f88 78228c 465 3b61485 a8d c6 77 e 7 3ecf 
6e9a 

Warnings: 
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Information: 

Total Files Size (in bytes)~ 328406 

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

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

13/841,120 03/15/2013 

11951 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Martin U. Pralle 143705.000331 
CONFIRMATION NO. 5133 

POA ACCEPTANCE LETTER 
Troutman Pepper Hamilton Sanders LLP (Rochester) 
70 Linden Oaks 11111111111111111 lllll ll]~!l]!~l!~IUl!H!~Ulll lllll 111111111111111111 

Suite 210 
Rochester, NY 14625 

Date Mailed: 09/16/2022 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 09/01/2022. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/bye mane/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

13/841,120 03/15/2013 

136549 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Martin U. Pralle 143705.05201 
CONFIRMATION NO. 5133 

POWER OF ATTORNEY NOTICE 
Pepper Hamilton LLP/SiOnyx LLC 
Attn: Boston IP Docketing Department 
125 High Street 

11111111111111111 lllll ll]~!l]!~l!~l!~l!H!~Hll 11111111111111111111111 

19th Floor 
Boston, MA 02110-2736 

Date Mailed: 09/16/2022 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 09/01/2022. 

• The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence 
will be mailed to the new address of record(37 CFR 1.33). 

/bye mane/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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