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FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

Inventor: Peter John Cousins

REFERENCE TO RELATED APPLICATIONS

This application is a continuation of U.S. Application No. 13/495,577, filed on
June 13, 2012, which is a divisional of U.S. Application No. 12/070,742, filed on
February 20, 2008, now U.S. Patent No. 8,222,516. The just-mentioned disclosures are

incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to solar cells, and more particularly but

not exclusively to solar cell fabrication processes and structures.
2. Description of the Background Art

Solar cells are well known devices for converting solar radiation to electrical
energy. They may be fabricated on a semiconductor wafer using semiconductor
processing technology. A solar cell includes P-type and N-type diffusion regions that
form a junction. Solar radiation impinging on the solar cell creates electrons and holes
that migrate to the diffusion regions, thereby creating voltage differentials between the
diffusion regions. In a backside contact solar cell, both the diffusion regions and the

metal contacts coupled to them are on the backside of the solar cell. The metal
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contacts allow an external electrical circuit to be coupled to and be powered by the solar

cell.

In a front contact solar cell, at least one of the metal contacts making an
electrical connection to a diffusion region is on the front side of the solar cell. The front
side of the solar cell, which is opposite the backside, faces the sun during normal
operation to collect solar radiation. While backside contact solar cells have an aesthetic
advantage over front contact solar cells due to the absence of metal contacts on the
front side, and are thus preferred for residential applications, aesthetics is not a major
requirement for power plants and other applications where power generation is the main
concern. Disclosed herein are structures for a relatively efficient and cost-effective front

contact solar cell and processes for manufacturing same.

SUMMARY

A bipolar solar cell includes a backside junction formed by an N-type silicon
substrate and a P-type polysilicon emitter formed on the backside of the solar celi. An
antireflection layer may be formed on a textured front surface of the silicon substrate. A
negative polarity metal contact on the front side of the solar cell makes an electrical
connection to the substrate, while a positive polarity metal contact on the backside of
the solar cell makes an electrical connection to the polysilicon emitter. An external
electrical circuit may be connected to the negative and positive metal contacts to be
powered by the solar cell. The positive polarity metal contact may form an infrared

reflecting layer with an underlying dielectric layer for increased solar radiation collection.

-2.-
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These and other features of the present invention will be readily apparent to
persons of ordinary skill in the art upon reading the entirety of this disclosure, which

includes the accompanying drawings and claims.

DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows a cross-section of a solar cell in accordance with an

embodiment of the present invention.

FIG. 2 is a plan view schematically showing the front side of the solar cell of FIG.

FIG. 3 is a plan view schematically showing the backside of the solar cell of FIG.

FIG. 4, which comprises FIGS. 4A-4M, schematically illustrates the fabrication of

the solar cell of FIG. 1 in accordance with an embodiment of the present invention.

The use of the same reference label in different figures indicates the same or like

components. The figures are not drawn to scale.

DETAILED DESCRIPTION

In the present disclosure, numerous specific details are provided, such as
examples of apparatus, process parameters, materials, process steps, and structures,
to provide a thorough understanding of embodiments of the invention. Persons of

ordinary skill in the art will recognize, however, that the invention can be practiced

-3-
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without one or more of the specific details. In other instances, well-known details are

not shown or described to avoid obscuring aspects of the invention.

FIG. 1 schematically shows a cross-section of a solar cell 100 in accordance with
an embodiment of the present invention. The solar cell 100 has a front side where a
metal contact 102 is located and a backside on a same side as the metal contact 110.

The front side faces the sun during normal operation to collect solar radiation.

In the example of FIG. 1, the solar cell 100 includes a backside junction formed
by a P-type doped polysilicon emitter 108 serving as a P-type diffusion region and an N-
type silicon substrate 101 servings as an N-type diffusion region. The N-type silicon
substrate 101 may comprise a long lifetime (e.g., 2 to 5ms) N-type silicon wafer and
may have a thickness of about 100 to 250 um as measured from the backside surface
to a tip of the textured front side surface of the substrate. The front side surface of the
substrate 101 is randomly textured (labeled as 113) and includes N-type doped regions
105 and 106 formed in the substrate. The N-type doped region 105 provides low front
surface recombination and improves lateral conductivity whilst not compromising the
blue response of the solar cell. The region 106, which may be a phosphorus diffusion,
provides low contact resistance and minimizes contact recombination. The region 106
is also referred to as an "N-dot" because, in one embodiment, it forms a dot-shape to
minimize the area of heavily diffused regions on the front surface. The N-type doped
region 105 may have a sheet resistance of 100 to 500 Q/sq, whilst the n-type doped

region 106 may have a sheet resistance of 10 to 50 Q/sq.

An antireflective coating (ARC) of silicon nitride layer 103 is formed on the

textured front side surface of the substrate 101. The texture front side surface and the

-4-
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silicon nitride layer 103 help improve solar radiation collection efficiency. A passivating
oxide 124 may comprise silicon dioxide thermally grown to a thickness of about 10 to

250 Angstroms on the front side surface of the substrate 101.

In one embodiment, the polysilicon emitter 108 is formed on a tunnel oxide layer
107. The polysilicon emitter 108 may be formed by forming a layer of polysilicon using
Chemical Vapor Deposition (CVD), such as Low Pressure CVD (LPCVD) or Plasma
Enhanced CVD (PECVD), and thermal anneal. The polysilicon emitter 108 may have a
sheet resistance of 100 Q/sq, and a thickness of 1000 to 2000 Angstroms. The tunnel
oxide layer 107 may comprise silicon dioxide thermally grown to a thickness of about 10
to 50 Angstroms on the backside surface of the substrate 101. A metal contact 110
electrically connects to the polysilicon emitter 108 through contact holes 123 formed
through a dielectric comprising a silicon dioxide layer 109. The metal contact 110
provides a positive polarity terminal to allow an external electrical circuit to be coupled
to and be powered by the solar cell 100. The silicon dioxide layer 109 provides
electrical isolation and allows the metal contact 110 to serve as an infrared reflecting
layer for increased solar radiation collection. In one embodiment, the metal contact 110
comprises silver having a conductance of about 5-25 mQ.cm and a thickness of about

15-35um.

On the front side of the solar cell 100, the metal contact 102 electrically connects
to the region 106 through a contact hole 120 formed through the silicon nitride layer
103. The metal contact 102 provides a negative polarity terminal to allow an external
electrical circuit to be coupled to and be powered by the solar cell 100. In one

embodiment, the metal contact 102 comprises silver having a sheet resistance of about

-5-
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5mQ.cm and a thickness of about 15um. The pitch between adjacent metal contacts
102 may be about 1 to 4 mm. In one embodiment, the metal contacts 102 are spaced

at 400 to 1000 um along each metal contact 102 (see FIG. 2).

In the example of FIG. 1, the edge isolation trench 111 is formed through the
silicon dioxide layer 109, the polysilicon emitter 108, and a portion of the substrate 101

to provide edge electrical isolation.

FIG. 2 is a plan view schematically showing the front side of the solar cell 100. In
the example of FIG. 2, two bus bars 201 run parallel on the front side of the substrate
101. The contact holes 120, in which the metal contacts 102 are formed, may each
have a diameter of about 50 to 200 um. A plurality of metal contacts 102 is formed
perpendicular to the bus bars 201. Each metal contact 102 may have a width of about

60-120um.

FIG. 3 is a plan view schematically showing the backside of the solar cell 100. In
the example of FIG. 3, two bus bars 301, which are electrically coupied to metal
contacts 110, run parallel on the backside. In practice, the bus bars 201 and 301 will be
electrically connected to corresponding bus bars of adjacent solar cells to form an array

of solar cells.

Solar cells have gained wide acceptance among energy consumers as a viable
renewable energy source. Still, to be competitive with other energy sources, a solar cell
manufacturer must be able to fabricate an efficient solar cell at relatively low cost. With
this goal in mind, a process for manufacturing the solar cell 100 is now discussed with

reference to FIGS. 4A-4M.
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FIG. 4, which comprises FIGS. 4A-4M, schematically illustrates the fabrication of

the solar cell 100 in accordance with an embodiment of the present invention.

In FIG. 4A, an N-type silicon substrate 101 is prepared for processing into a solar
cell by undergoing a damage etch step. The substrate 101 is in wafer form in this
example, and is thus typically received with damaged surfaces due to the sawing
process used by the wafer vendor to slice the substrate 101 from its ingot. The
substrate 101 may be about 100 to 200 microns thick as received from the wafer
vendor. In one embodiment, the damage etch step involves removal of about 10 to 20
um from each side of the substrate 101 using a wet etch process comprising potassium
hydroxide. The damage etch step may also include cleaning of the substrate 101 to

remove metal contamination.

In FIG. 4B, tunnel oxides 402 and 107 are formed on the front and back surfaces,
respectively, of the substrate 101. The tunnel oxides 402 and 107 may comprise silicon
dioxide thermally grown to a thickness of about 10 to 50 Angstroms on the surfaces of
the N-type silicon substrate 101. A layer of polysilicon is then formed on the tunnel
oxides 402 and 107 to form the polysilicon layer 401 and the polysilicon emitter 108,
respectively. Each of the polysilicon layer 401 and the polysilicon emitter 108 may be

formed to a thickness of about 1000 to 2000 Angstroms by CVD.

In FIG. 4C, a P-type dopant source 461 is formed on the polysilicon emitter 108.
As its name implies, the P-type dopant source 461 provides a source of P-type dopants
for diffusion into the polysilicon emitter 108 in a subsequent dopant drive-in step. A
dielectric capping layer 462 is formed on the P-type dopant source 461 to prevent

dopants from escaping from the backside of the solar cell during the drive-in step. In

-7-
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one embodiment, the P-type dopant source comprises BSG (borosilicate glass)
deposited to a thickness of about 500 to 1000 Angstroms by atmospheric pressure CVD
(APCVD) and has a dopant concentration of 5 to 10% by weight, while the capping layer
462 comprises undoped silicon dioxide formed to a thickness of about 2000 to 3000

Angstroms also by APCVD.

In FIG. 4D, the edge isolation trench 111 is formed near the edge of the
substrate 101 on the backside. The trench 111 is relatively shallow (e.g., 10 um deep
into the substrate 101) and provides edge electrical isolation. In one embodiment, the
trench 111 is formed by cutting through the capping layer 462, the P-type dopant source
461, the polysilicon emitter 108, the tunnel oxide 107, and into a shallow portion of the

substrate 101 using a laser.

In FIG. 4E, exposed regions on the front surface of the substrate 101 is randomly
textured to form the textured surface 113. In one embodiment, the front surface of the
substrate 101 is textured with random pyramids using a wet etch process comprising

potassium hydroxide and isopropyl alcohol.

In FIG. 4F, an N-type dopant source 412 is formed on regions of the textured
surface 113 where contact holes 120 (see FIG. 1) will be subsequently formed to allow
subsequently formed metal contacts 102 to electrically connect to the substrate 101. As
its name implies, the N-type dopant source 412 provides a source of N-type dopants for
diffusion into the front side of the substrate 101. In one embodiment, the N-type dopant
source 412 is formed by inkjet printing the dopant material directly onto the substrate

101.
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In one embodiment, the N-type dopant source 412 comprises silicon dioxide
doped with phosphorus. Only one N-type dopant source 412 is shown in FIG. 4F for
clarity of illustration. In practice, there are several dot-shaped N-type dopant sources
412, one for each region where a contact hole 120 is to be formed (see FIG. 2). This
allows formation of several dot shaped N-type doped regions 106 (see FIG. 1) after a

subsequently performed drive-in step now discussed with reference to FIG. 4G.

In FIG. 4G, a dopant drive-in step is performed to diffuse N-type dopants from
the N-type dopant source 412 into the substrate 101 to form the N-type dope region
106, to diffuse P-type dopants from the P-type dopant source 461 to the polysilicon
emitter 108, and to diffuse N-type dopants into the front side of the substrate 101 to
form the N-type doped region 105. Silicon dioxide layer 109 represents layers 461 and
462 after the drive-in step. The polysilicon emitter 108 also becomes a P-type doped
layer after the drive-in step. The N-type doped region 105 may be formed by exposing
the sample of FIG. 4G to phosphorus in a diffusion furnace, for example. The use of the
N-type dopant source 412 allows for a more controlled and concentrated N-type
diffusion to the N-type doped region 106. The thin thermal silicon dioxide layer 124 may

be grown on the textured surface 113 during the drive-in process.

The drive-in step to dope the polysilicon emitter 108 on the backside and to form
the N-type doped regions 105 and 106 on the front side may be formed in-situ, which in
the context of the present disclosure means a single manual (i.e., by fabrication
personnel) loading of the substrate 101 in a furnace or other single chamber or muiti-

chamber processing tool. In one embodiment, the drive-in step is performed in a
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diffusion furnace. The preceding sequence of steps leading to the drive-in step allows

for in-situ diffusion, which advantageously helps in lowering fabrication cost.

It is to be noted that the step of using an N-type dopant source 412 to diffuse
dopants into the N-type doped region 106 may be omitted in some applications. That is,
in an alternative process, the formation of the N-type dopant source 412 in FIG. 4F may
be omitted. In that case, the N-type doped regions 105 and 106 will be both doped by
introduction of an N-type dopant in the diffusion furnace during the drive-in step. All

other process steps disclosed herein remain essentially the same.

In FIG. 4H, the antireflective coating of silicon nitride layer 103 is formed over the
textured surface 113 after removal of the N-type dopant source 412. Besides being an
antireflective coating, the silicon nitride layer 103 also advantageously serves as a
dielectric, enabling the selective contacts to be formed on the front surface to reduce
front surface recombination. The silicon nitride layer 103 may be formed to a thickness

of about 450 Angstroms by PECVD, for example.

In FIG. 41, a front contact mask 420 is formed on the silicon nitride layer 103 to
create a pattern 421 defining the contact holes 120 (see FIG. 1). The mask 420 may
comprise an acid resistance organic material, such as a resist, and formed using a

printing process, such as screen printing or inkjet printing.

In FIG. 4J, a back contact mask 422 is formed on the silicon dioxide layer 109 to
create patterns 423 defining the contact holes 123 (see FIG. 1). Similar to the mask

420, the mask 422 may comprise an organic material formed using a printing process.

-10 -
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In FIG. 4K, contact holes 120 and 123 are formed by removing exposed portions
of the silicon nitride layer 103 and the silicon dioxide 109 in a contact etch step. In one
embodiment, the contact holes 120 are formed by using a selective etch process that
removes exposed portions of the silicon nitride layer 103 and stops on the substrate
101. The same etch process removes exposed portions of the silicon dioxide 109 and
stops on the polysilicon emitter 108. In one embodiment, the etch process comprises a

BOE (buffered oxide etch).

In FIG. 4L, the metal contact 110 is formed on the silicon dioxide layer 109 to fill
the contact holes 123 and make electrical connection to the polysilicon emitter 108.
The metal contact 110 may be formed using a printing process. The metal contact 110
may comprise silver, which, together with the silicon dioxide layer 109, makes an
excellent backside infrared reflector. Other metals may also be used as a metal contact

110, such as aluminum, for example.

In FIG. 4M, the metal contact 120 is formed on the silicon nitride layer 103 to fill
the contact holes 120 and make electrical connection to the substrate 101. The metal

contact 120 may comprise silver and formed using a printing process.

Formation of the metal contacts 110 and 102 may be followed by a firing step.
The firing step is applicable when using screen printed silver paste as metal contacts,
but not when using other processes or metals. The solar cell 100 may then be visually

inspected and tested.
While specific embodiments of the present invention have been provided, it is to

be understood that these embodiments are for illustration purposes and not limiting.

Many additional embodiments will be apparent to persons of ordinary skill in the art
-11 -
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reading this disclosure.
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CLAIMS

What is claimed is:

1. A solar cell, comprising:
a substrate;
a first tunnel dielectric disposed over the substrate;
an emitter disposed over the first tunnel dielectric;
a front electrode disposed over a front surface of the substrate; and
a back electrode disposed over a back surface of the substrate.

2. The solar cell of claim 1, wherein the emitter is a polysilicon emitter.

3. The solar cell of claim 1, wherein the substrate is a monocrystalline silicon
substrate.

4. The solar cell of claim 1, wherein the first tunnel dielectric is a tunnel oxide.

5. The solar cell of claim 1, wherein the emitter is disposed over the back surface of

the substrate.

6. The solar cell of claim 1, further comprising a second tunnel dielectric disposed

on an opposite side of the substrate than the first funnel dielectric.
7. The solar cell of claim 1, wherein the back electrode includes silver.

8. The solar cell of claim 1, further comprising an antireflective layer disposed over

the front surface of the substrate.

9. A solar cell, comprising:
a substrate;
an emitter over a back surface of the substrate;
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a first dielectric between the emitter and back surface;
a front electrode disposed on a front surface of the solar cell; and

a back electrode disposed on a back surface of the solar cell.
10.  The solar cell of claim 9, wherein the emitter is a polysilicon emitter.

11.  The solar cell of claim 9, wherein the substrate is a monocrystalline silicon

substrate.
12.  The solar cell of claim 9, wherein the first dielectric is an oxide.

13.  The solar cell of claim 9, further comprising a second dielectric disposed on an

opposite side of the substrate than the first dielectric.
14.  The solar cell of claim 9, wherein the back electrode includes silver.

15. A method of fabricating a solar cell, the method comprising:
forming a first tunnel dielectric on a front surface of a substrate;
forming a second tunnel dielectric on a back surface of the substrate;
forming an emitter over the first or second tunnel dielectric;
forming a front side electrode on a front surface of the solar cell; and

forming a back side electrode on a back surface of the solar cell.

16.  The method of claim 15, wherein said forming the emitter comprises forming a

polysilicon emitter.

17. The method of claim 15, wherein said forming the emitter comprises forming a

first silicon layer on the second tunnel dielectric.

18.  The method of claim 17, further comprising forming a second silicon layer on the

first tunnel dielectric.
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19.  The method of claim 18, wherein forming the first and second silicon layers

comprises forming first and second polysilicon layers, respectively.

20. The method of claim 15, wherein said forming the second tunnel dielectric

comprises forming an oxide.
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ABSTRACT

A bipolar solar cell includes a backside junction formed by an N-type silicon substrate
and a P-type polysilicon emitter formed on the backside of the solar ceil. An
antireflection layer may be formed on a textured front surface of the silicon substrate. A
negative polarity metal contact on the front side of the solar cell makes an electrical
connection to the substrate, while a positive polarity metal contact on the backside of
the solar cell makes an electrical connection to the polysilicon emitter. An external
electrical circuit may be connected to the negative and positive metal contacts to be
powered by the solar cell. The positive polarity metal contact may form an infrared

reflecting layer with an underlying dielectric layer for increased solar radiation collection.

-16 -

REC Exhibit 1005, Page 20 of 532



100

FIG. 1

REC Exhibit 1005, Page 21 of 532



100

FIG. 2 AN

REC Exhibit 1005, Page 22 of 532




~—110

FIG. 3

REC Exhibit 1005, Page 23 of 532




FIG. 4C

111 462 108

FIG. 4D

REC Exhibit 1005, Page 24 of 532




113

107
—

117 462 108

FIG. 4E

107

111 462 108

113

FIG. 4G

REC Exhibit 1005, Page 25 of 532



REC Exhibit 1005, Page 26 of 532



REC Exhibit 1005, Page 27 of 532




Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

First Named Inventor/Applicant Name:

Peter John COUSINS

Filer:

Patrick D. Benedicto/jina mangaoang

Attorney Docket Number:

10031.004211

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Suﬁ-s.r;(tsa)l in
Basic Filing:
Utility application filing 1011 1 280 280
Utility Search Fee 111 1 600 600
Utility Examination Fee 1311 1 720 720
Pages:
Claims:
Miscellaneous-Filing:
Late Filing Fee for Oath or Declaration 1051 1 140 140

Petition:

REC Exhibit 1005, Page 28 of 532




Description Fee Code Quantity Amount Sub-Total in

UsD($)
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1740

REC Exhibit 1005, Page 29 of 532




Electronic Acknowledgement Receipt

EFSID: 20309649
Application Number: 14504771
International Application Number:
Confirmation Number: 3342
Title of Invention: FRONT CONTACT SOLAR CELL WITH FORMED EMITTER
First Named Inventor/Applicant Name: Peter John COUSINS
Customer Number: 74254
Filer: Patrick D. Benedicto/jina mangaoang
Filer Authorized By: Patrick D. Benedicto
Attorney Docket Number: 10031.004211
Receipt Date: 02-OCT-2014
Filing Date:
Time Stamp: 14:27:43
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no

File Listing:

Document
Number

File Size(Bytes)/ Multi Pages

Document Description File Name Message Digest | Part /.zip| (ifappl.)

1561512
1 Application Data Sheet S0123US2_ADS-aia0014.pdf no 7

182f917afce3adeb877864bb1e7438937cda|
blct

Warnings:

Information:

REC Exhibit 1005, Page 30 of 532




1559520
2 Power of Attorney PowerOfAttorney.pdf no 2
72387171e38497613547bb4908ca8c920f30)
456e
Warnings:
Information:
. . . . . . 37053
3 First Action Interview - Enrollment FirstActionlnterviewRequest- ho 1
Request sb0413C.pdf
©€234¢c23543d050cc47958a454a39d8f1dd
93fce
Warnings:
Information:
S0123US2_CONTApplicati 1988580
4 _ pplication. yes 3
pdf
b9a58eeddc757fcadf6dfd681957df61b64b)
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 12
Claims 13 15
Abstract 16 16
Drawings-only black and white line drawings 17 23
Warnings:
Information:
36587
5 Fee Worksheet (SB06) fee-info.pdf no 2
4e704dd838f91a84e1207115e4091e58df2)
31a39
Warnings:
Information:
Total Files Size (in bytes){ 5183252

REC Exhibit 1005, Page 31 of 532




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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

REC Exhibit 1005, Page 32 of 532




PTO/AIA14 (12-13)
Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. BEPARTMENT OF COMMERCE

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

Attorney Docket Number | 10031.004211

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

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

u 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

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Peter John COUSINS

Residence Information (Select One) (¢) US Residency () Non US Residency () Active US Military Service

City | Menlo Park ‘ State/Province | CA | Country of Residence | ‘ uUs

Mailing Address of Inventor:

Address 1 SunPower Corporation

Address 2 77 Rio Robles

City San Jose ‘ State/Province ‘ CA
Postal Code | 95134 | Country i us

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 74254

Email Address | | AddEmail |  [Remove Email

Application Information:

Title of the Invention FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

Attorney Docket Number| 10031.004211 Small Entity Status Claimed [ ]
Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 7 Suggested Figure for Publication (if any)

Filing By Reference:

EFS Web 2.2.11

REC Exhibit 1005, Page 33 of 532



PTO/AIA14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 10031.004211

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

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
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “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
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country i
filed application

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

[] 35U.8.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: (®) Customer Number ‘ (O US Patent Practitioner ‘ (O Limited Recognition {37 CFR 11.9)

Customer Number 74254

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 US.C. 119(g), 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
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
Continuation of 13/495577 2012-06-13
Prior Application Status | Patented
Application . Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD} Patent Number (YYYY-MM-DD)
13/495577 Division of 12/070742 2008-02-20 8222516 2012-07-17

EFS Web 2.2.11

REC Exhibit 1005, Page 34 of 532




PTO/AIA14 (12-13)
Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. BEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

N Attorney Docket Number | 10031.004211
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

Additional Domestic Benefit/National Stage Data may be generated within this form v
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) Ithe information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(h){1) and {2). Under the PDX 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).

| Remove I
Application Number Country i Filing Date (YYYY-MM-DD) Access Coclei (if applicable)
Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Statement under 37 CFR 1.55 or 1.78 for AlA (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
[] 18, 2013.

NCTE: 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 AlA.

Authorization to Permit Access:

Authorization to Permit Access to the Instant Application by the Participating Offices

EFS Web 2.2.11

REC Exhibit 1005, Page 35 of 532



PTO/AIA14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 10031.004211

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQ),

the Japan Patent Office {JPQ), the Korean Intellectual Property Office (KIPQO), 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 assighment 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.

(®) Assignee (O Legal Representative under 35 U.8.C. 117 (O Joint Inventor

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

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

Name of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Organization check here.

Organization Name SunPower Corporation

Mailing Address Information:

Address 1 77 Rio Robles

Address 2

City San Jose State/Province CA
Country i| Us Postal Code 95134
Phone Number Fax Number

EFS Web 2.2.11

REC Exhibit 1005, Page 36 of 532



PTO/AIA14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 10031.004211

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

Email Address

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

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.

Remove

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

Organization Name SunPower Corporation

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country i Postal Cede
Phone Number Fax Number

Email Address

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

selecting the Add hutton. Add

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 |/Patrick D. Benedicto, Reg. No. 40,909/ Date (YYYY-MM-DD)| 2014-10-02
First Name | PATRICK D. Last Name | BENEDICTO Registration Number | 40909
Additional Signature may be generated within this form by selecting the Add button. Add

EFS Web 2.2.11

REC Exhibit 1005, Page 37 of 532



PTO/AIA14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 10031.004211

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

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.

EFS Web 2.2.11

REC Exhibit 1005, Page 38 of 532



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.8.C. 2(b)(2); (2) fumishing of the information sclicited 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
furish the requested information, the U.S. Patent and Trademark Office may not be able to process andfor 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 (b U.5.C. 552)
and the Privacy Act (6 U.S.C. b52a). 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.

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

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

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. §52a(m).

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.

EFS Web 2.2.11

REC Exhibit 1005, Page 39 of 532



UNITED STATES PATENT AND TRADEMARK OFFIGE

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

PQO. Box 1450

Alexandria, Virgia 22313-1450

WWW.USDEO g0V

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
14/504,771 10/02/2014 1757 0.00 10031.004211 20
CONFIRMATION NO. 3342
74254 FILING RECEIPT
Okamoto & Benedicto LLP
P.O. Box 641330 O 00 O
000000071230237

San Jose, CA 95164-1330
Date Mailed: 10/08/2014

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

Inventor(s)

Peter John COUSINS, Menlo Park, CA;
Applicant(s)

SunPower Corporation, San Jose, CA
Assignment For Published Patent Application

SunPower Corporation

Power of Attorney: The patent practitioners associated with Customer Number 74254

Domestic Priority data as claimed by applicant
This application is a CON of 13/495,577 06/13/2012
which is a DIV of 12/070,742 02/20/2008 PAT 8222516

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

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

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 10/07/2014

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/504,771

Projected Publication Date: To Be Determined - pending completion of Missing Parts

Non-Publication Request: No
page 1 of 3

REC Exhibit 1005, Page 40 of 532



Early Publication Request: No
Title

FRONT CONTACT SOLAR CELL WITH FORMED EMITTER
Preliminary Class
136
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

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

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof 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).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number

Substitute for Form PTO-875 14/504,771
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE(S) FEE($)
BASIC FEE
(37 CFR 1.16(a), (8), or (9] N/A N/A N/A N/A 280
SEARCH FEE
(@7 CFR 1.16(K). i, o (m)) N/A N/A N/A N/A 600
EXAMINATION FEE
(37 CFR 116(0), (p), or (@) N/A N/A N/A N/A 720
(ng)gFAHLﬁ]g“A);MS 20 minus 20= | © OR [x 80 - 0.00
INDEPENDENT CLAIMS . *
(57 CFR 1.16() 3 minus 3 = x 420 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(})) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1600

APPLICATION AS AMENDED - PART Il

OTHER THAN
(Column 1) (Column 2) (Golumn 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST

REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE®) FEE($)
E AMENDMENT PAID FOR
L Total * Mi . =
S (37 CFR 1.16(7) e x = OR |«x =
a Independent * Minus | *** =
5 (37 GFR 1.16(h)) X = OR |x =
<§( 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) {Golumn 3)
CLAIMS HIGHEST

REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
L Total * Minus | ** = " -
= (37 CFR1.16() OR [|x =
% Independent * Minus | *** = X - OR |«x =
w (37 CFR 1.16(h)) B B
<§( Application Size Fee (37 CFR 1.16(s))

OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CGFR 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.
** |f the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter "20".
*** |f 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 OFFIGE

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

PQO. Box 1450

Alexandria, Virgia 22313-1450

WWW.USDEO g0V

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/504,771 10/02/2014 Peter John COUSINS 10031.004211
CONFIRMATION NO. 3342
74254 FORMALITIES LETTER

Okamoto & Benedicto LLP

P o 641350 AR

San Jose, CA 95164-1330
Date Mailed: 10/08/2014

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)

Filing Date Granted
Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied
by the extension fee under the provisions of 37 CFR 1.136(a).

+ The statutory basic filing fee is missing.
* The application search fee must be submitted.
* The application examination fee must be submitted.
+ Surcharge as set forth in 37 CFR 1.16(f) must be submitted.
The surcharge is due for any one of:
« late submission of the basic filing fee, search fee, or examination fee,
« late submission of inventor's oath or declaration,
« filing an application that does not contain at least one claim on filing, or
« submission of an application filed by reference to a previously filed application.

SUMMARY OF FEES DUE:

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized
below. No entity status discount is in effect. If applicant is qualified for small entity status, a written assertion of
small entity status must be submitted to establish small entity status. (See 37 CFR 1.27). If applicant is qualified
for micro entity status, an acceptable Certification of Micro Entity Status must be submitted to establish micro
entity status. (See 37 CFR 1.29 and forms PTO/SB/15A and 15B.)

+ $ 280 basic filing fee.

* $ 140 surcharge.

+ $ 600 search fee.

+ $ 720 examination fee.

+ $( 0) previous unapplied payment amount.

+$1740 TOTAL FEE BALANCE DUE.

Items Required To Avoid Processing Delays:

page 1of 2

REC Exhibit 1005, Page 44 of 532



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):
Peter John COUSINS

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, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".
https://sportal.uspto.gov/authenticate/AuthenticateUserl ocalEPF .html

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.

/mgabre/

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

page 2 of 2
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Examiner: not yet known
Peter John COUSINS
Application No. 14/504,771 Art Unit: 1757
Filing Date: 10/02/2014 Attorney Docket No. 10031.004211
Title: FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL
APPLICATION

Sir:
In response to the Notice to File Missing Parts of Nonprovisional Application mailed

10/08/2014 for the above-identified patent application, please find enclosed the following:

Payment in the amount of $1,740.00 for the filing and surcharge fees, including a
copy of the Notice to File Missing Parts of Nonprovisional Application.

If the Examiner has any questions or needs additional information, the Examiner is

invited to contact the undersigned attorney at (408) 436-2110.

Respectfully submitted,

Dated: December 8, 2014 By: /Patrick D. Benedicto/

Patrick D. Benedicto, Reg. No. 40,110
OKAMOTO & BENEDICTO LLP
P.O. Box 641330

San Jose, California 95164

(408) 436-2110

Enclosure(s)
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UNITED STATES PATENT AND TRADEMARK OFFIGE

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

PQ. Box 1450

‘Alexandria, Virginia 22313-1450

WWW,USptO.gov’

[ APPLICATION NUMBER ] FILINGOR37IC)DATE | FIRST NAMED APPLICANT | ATTY.DOCKET NO/TITLE |
14/504,771 10/02/2014 Peter John COUSINS 10031.004211
CONFIRMATION NO. 3342
74254 FORMALITIES LETTER
Okamoto & Benedicto LLP

P B 641330 A

San Jose, CA 95164-1330
Date Mailed: 10/08/2014

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)
Filing Date Granted
Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied
by the extension fee under the provisions of 37 CFR 1.136(a).

* The statutory basic filing fee is missing.
« The application search fee must be submitted.
« The application examination fee must be submitted.
+ Surcharge as set forth in 37 CFR 1.16(f) must be submitted.
The surcharge is due for any one of:
« late submission of the basic filing fee, search fee, or examination fee,
« late submission of inventor's oath or declaration,
« filing an application that does not contain at least one claim on filing, or
+ submission of an application filed by reference to a previously filed application.

SUMMARY OF FEES DUE:

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized
below. No entity status discount is in effect. If applicant is qualified for small entity status, a written assertion of
small entity status must be submitted to establish small entity status. (See 37 CFR 1.27). If applicant is qualified
for micro entity status, an acceptable Certification of Micro Entity Status must be submitted to establish micro
entity status. (See 37 CFR 1.29 and forms PTO/SB/15A and 15B.)

+ $ 280 basic filing fee.

+$ 140 surcharge.

+ $ 600 search fee.

+ $ 720 examination fee.

+ $( 0) previous unapplied payment amount.

+$ 1740 TOTAL FEE BALANCE DUE.

ltems 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):
Peter John COUSINS

Replies must be received in the USPTO within the set time period or must include a proper Cettificate 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, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".

https://sportal.uspto.gov/authenticate/AuthenticateUserl ocalEPF.html
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.

/mgabre/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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Electronic Patent Application Fee Transmittal

Application Number:

14504771

Filing Date:

02-Oct-2014

Title of Invention:

FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

First Named Inventor/Applicant Name:

Peter John COUSINS

Filer:

Patrick D. Benedicto/jina mangaoang

Attorney Docket Number:

10031.004211

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Suz—s'l';(tsa)l in
Basic Filing:
Utility application filing 1011 1 280 280
Utility Search Fee 1111 1 600 600
Utility Examination Fee 1311 1 720 720
Pages:
Claims:
Miscellaneous-Filing:
Late Filing Fee for Oath or Declaration 1051 1 140 140

Petition:
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Description Fee Code Quantity Amount Sub-Total in

UsD($)
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1740
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Electronic Acknowledgement Receipt

EFSID: 20894628
Application Number: 14504771
International Application Number:
Confirmation Number: 3342

Title of Invention:

FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

First Named Inventor/Applicant Name:

Peter John COUSINS

Customer Number:

74254

Filer:

Patrick D. Benedicto/jina mangaoang

Filer Authorized By:

Patrick D. Benedicto

Attorney Docket Number: 10031.004211
Receipt Date: 08-DEC-2014
Filing Date: 02-0CT-2014

Time Stamp: 17:53:36

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $1740

RAM confirmation Number 4947

Deposit Account

Authorized User

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

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
) ) 146887
Applicant Response to Pre-Exam S0123US2_ResponseToNoticeO
1 - . . no 3
Formalities Notice fMissingParts.pdf
30fe4ad438f3e2cde8f21dc3f6eal7886503
8db
Warnings:
Information:
37126
2 Fee Worksheet (SB06) fee-info.pdf no 2
9caB2eeed20b4aef06764345ff1f421ca571
1b2
Warnings:
Information:
Total Files Size (in bytes){ 184013

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

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number

Substitute for Form PTO-875 14/504,771
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE(S) FEE($)
BASIC FEE
(37 CFR 1.16(a), (8), or (9] N/A N/A N/A N/A 280
SEARCH FEE
(@7 CFR 1.16(K). i, o (m)) N/A N/A N/A N/A 600
EXAMINATION FEE
(37 CFR 116(0), (p), or (@) N/A N/A N/A N/A 720
(ng)gFAHLﬁ]g“A);MS 20 minus 20= | © OR [x 80 - 0.00
INDEPENDENT CLAIMS . *
(57 CFR 1.16() 3 minus 3 = x 420 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(})) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1600

APPLICATION AS AMENDED - PART Il

OTHER THAN
(Column 1) (Column 2) (Golumn 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST

REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE®) FEE($)
E AMENDMENT PAID FOR
L Total * Mi . =
S (37 CFR 1.16(7) e x = OR |«x =
a Independent * Minus | *** =
5 (37 GFR 1.16(h)) X = OR |x =
<§( 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) {Golumn 3)
CLAIMS HIGHEST

REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
L Total * Minus | ** = " -
= (37 CFR1.16() OR [|x =
% Independent * Minus | *** = X - OR |«x =
w (37 CFR 1.16(h)) B B
<§( Application Size Fee (37 CFR 1.16(s))

OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CGFR 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.
** |f the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter "20".
*** |f 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 OFFIGE

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

PQO. Box 1450

Alexandria, Virgia 22313-1450

WWW.USDEO g0V

APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |

14/504,771 10/02/2014 Peter John COUSINS 10031.004211

74254

Okamoto & Benedicto LLP
P.O. Box 641330

San Jose, CA 95164-1330

CONFIRMATION NO. 3342
NOTICE

D

Date Mailed: 12/12/2014

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):

Peter John COUSINS

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFIGE

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

PQO. Box 1450

Alexandria, Virgia 22313-1450

WWW.USDEO g0V

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
14/504,771 10/02/2014 1757 1740 10031.004211 20
CONFIRMATION NO. 3342
74254 UPDATED FILING RECEIPT
Okamoto & Benedicto LLP
P.O. Box 641330 O 00 AL
000000072347173

San Jose, CA 95164-1330
Date Mailed: 12/12/2014

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

Inventor(s)

Peter John COUSINS, Menlo Park, CA;
Applicant(s)

SunPower Corporation, San Jose, CA
Assignment For Published Patent Application

SunPower Corporation

Power of Attorney: The patent practitioners associated with Customer Number 74254

Domestic Priority data as claimed by applicant
This application is a CON of 13/495,577 06/13/2012 PAT 8878053
which is a DIV of 12/070,742 02/20/2008 PAT 8222516

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

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

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 10/07/2014

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/504,771

Projected Publication Date: 03/26/2015

Non-Publication Request: No
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Early Publication Request: No
Title

FRONT CONTACT SOLAR CELL WITH FORMED EMITTER
Preliminary Class
136
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

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

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof 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).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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 OFFIGE

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

PQO. Box 1450

Alexandria, Virgia 22313-1450

WWW.USDEO g0V

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/504,771 10/02/2014 Peter John COUSINS 10031.004211
CONFIRMATION NO. 3342
74254 PUBLICATION NOTICE

Okamoto & Benedicto LLP

PO B sun I

Title:FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

Publication No.US-2015-0083215-A1
Publication Date:03/26/2015

NOTICE OF PUBLICATION OF APPLICATION

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

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

Doc description: Information Disclosure Statement {(IDS) Filed

PTO/SB/08a (01-10)

Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persens are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 14504771
Filing Date 2014-10-02
First Named Inventor ‘ Peter JOhn COUSINS
Art Unit | 1757

Examiner Name ‘

Attorney Docket Number

‘ 10031.004211

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
- Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code? of cited Document -
Figures Appear
1 8222516 2012-07-17 Cousins
2 8878053 2014-11-04 Cousins

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

Add

U.S.PATENT APPLICATION PUBLICATIONS

Remove

Examiner
Initial*

Cite No

Publication
Number

Kind
Code

Publication
Date

Name of Patentee or Applicant
of cited Document

Pages,Columns,Lines where
Relevant Passages or Relevant
Figures Appear

If you wish to add additional U.S. Published Application citation information please click the Add button. Add
FOREIGN PATENT DOCUMENTS Remove
Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publication Apolicant of cited where Relevant Ts
Initial™ No | Number3 Code? j Code?| Date PP Passages or Relevant
Document .
Figures Appear
1 2002539625 JP 2002-11-19 EBARA SOLAR, INC. ]
SUNPOWER
2 2009535845 JP 2009-10-01 CORPORATION |:|

EF3 Web 2.1.17
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Application Number 14504771

Filing Date 2014-10-02
INFORMATION DISCLOSURE oG cd inventor ‘Peter JOhn COUSINS
STATEMENT BY APPLICANT At Uni
nit ‘ 1757

( Not for submission under 37 CFR 1.99)
Examiner Name ‘

Attorney Docket Number ‘ 10031.004211

3 H07106611 JP 1995-04-21 TONEN CORP ]

4 WO0055923 WO Al 2000-09-21 EBARA SOLAR, INC. ]
SUNPOWER

5 WO02007130188 WO A2 2007-11-15 CORPORATION ]

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

NON-PATENT LITERATURE DOCUMENTS Remove

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue number(s), T5
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

If you wish to add additional nen-patent literature document citation information please click the Add button ~ Add

EXAMINER SIGNATURE

Examiner Signature Date Considered

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

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPC Standard ST.16 if possible. 5 Applicant is to place a check mark here if
English language translation is attached.

EF3 Web 2.1.17
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Application Number 14504771

Filing Date 2014-10-02
INFORMATION DISCLOSURE oG cd inventor ‘Peter JOhn COUSINS
STATEMENT BY APPLICANT At Uni
nit ‘ 1757

( Not for submission under 37 CFR 1.99)

Examiner Name ‘

Attorney Docket Number ‘ 10031.004211

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

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

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[1 any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclesure
statement. See 37 CFR 1.97(e)(2).

[] See attached certification statement.
[] The fee setforth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature {Patrick D. Benedicto/ Date (YYYY-MM-DD) 2015-06-11

Name/Print PATRICK D. BENEDICTO Registration Number 40909

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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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.5.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

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

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

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order fo perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S.C. 552a(m).

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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(11)Publication humber 07-106611
(43)Date of publication of application 21.04.1995
(51)Int.Cl. HelL 31/e4
(21)Application number 05-243040
(22)Date of filing 29.09.1993
(71)Applicant TONEN CORP
(72)Inventor SAGAWA YASUNORI

OKAYASU YOSHINORI

(54)FABRICATION OF BSF SOLAR CELL

(57)Abstract

PURPOSE: To realize a a BSF type solar cell having high photoelectric conversion efficiency by
forming an n+ poly-Si layer by thermal CVD using B2H6/SiH4/SiF4 as a material gas thereby
improving the quality of n+ poly-Si layer.

CONSTITUTION: A material gas of B2H6/SiH4/SiF4=0.1/10/500 is introduced into a filming
chamber evacuated to 1x10-5 Torr by a thermal CVD system thus depositing a p type
polysilicon layer 2 on one side of an n single crystal silicon substrate at 700°C and an n+
polysilicon layer 5 of PH3/SiH4/ SiF4=0.1/10/330 on the opposite side thereof. An ITO is
further deposited on the p type polysilicon layer 2 to form an antireflection layer 3 and an
interdigital electrode 4 is formed of a silver paste on the surface thereof whereas a rear-
electrode 6 is formed on the rear side of the n+ polysilicon layer 5. Since a high quality n+or
p+ silicon layer can be formed on an n-type or a p type silicon substrate under low film
deposition temperature, a BSF solar cell having high photoelectric conversion efficiency can be
realized.
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(57) Abstract

A process for fabricating a solar cell is described. The proc

layer (120) of p—type conductivity on a same side as the non-illuminated surface (128) of the base layer to provide a strongly doped p-type
emitter layer and a p—n junction (124) between the n—type base layer (118) and the p—type emitter layer (120). The base layer of the present
invention has n—type conductivity and is defined by an illuminated surface (126} and a non—illuminated surface (128) which is opposite to

the illuminated surface.

ess includes: providing a base layer (118), and fabricating an emitter

REC Exhibit 1005, Page 110 of 532



AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
C1
CM
CN
CuU
CZ
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Caodes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgivm
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’Tvoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
P
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Israel

Iceland

Traly

Japan

Kenya

Kyrgyzstan
Democratic People’s
Republic of Korea
Reputlic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN

MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

‘The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
Sz
™
TG
Ty
™
TR
TT
UA
uG
Us
VZ
VN
YU
w

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe

REC Exhibit 1005, Page 111 of 532




WO 00/55923 PCT/US00/02609

AN ALUMINUM ALLOY BACK JUNCTION
SOLAR CELL AND A PROCESS FOR
FABRICATION THEREOF

BACKGROUND OF THE INVENTION

The present invention relates to an improved solar cell and a process for
fabricating thereof. More particularly, the present invention relates to a solar
cell including a p-n junction located near a non-illuminated surface of the

solar cell and a process for fabricating thereof.

Solar cells are widely used because they convert easily accessible energy
from a light source, such as the sun, to electrical power to operate electrically
driven devices, e.g., calculators, computers, and heaters used in homes. Figure
1 shows a cross-sectional view of a layered stack that makes up a conventional
silicon solar cell 10. Conventional silicon solar cell 10 typically includes a p-n
junction 24 sandwiched between a p-type base layer 18 and an n-type layer 16,
which is located near an illuminated (front) surface 11. The term “illuminated
surface,” as used herein refers to the surface of a conventional solar cell that is
exposed to light energy when the solar cell is active or under operation. Thus,
the term “non- illuminated surface” refers to a surface that is opposite the

illuminated surface. The basic structure of p-n junction 24 includes a
heavily-doped (about 1020 cm-3) n-type emitter layer (n™) 16 at or near the

illuminated surface 11 and disposed above a moderately-doped (about 1015 cm-
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3) p-type base layer (p) 18. Commercial embodiments of conventional solar

cells typically include an optional anti-reflective coating 14 and a p* layer 20

that is formed between p-type base layer 18 and p-type silicon contact 22.

A typical depth of p-n junction 24 from the top of the n* emitter layer
16 measures about.O.Sum. A shallow front p-n junction 24 is desired in order
to facilitate the collection of minority carriers that are created on both sides of
p-n junction 24. Each photon of light that penetrates into p-type base layer 18
and is absorbed by base layer 18 surrenders its energy to an electron in a
bound state (covalent bond) and thereby frees it. This mobile electron, and
the hole in the covalent bond it left behind (which hole is also mobile),
comprise a potential element of electric current flowing from the solar cell. In
order to contribute to this current, the electron and hole cannot recombine, but
rather are separated by the electric field associated with p-n junction 24. If
this happens, the electron will travel to n-type silicon contact 12 and the hole

will travel to p-type silicon contact 22.

In order to contribute to the solar cell current, photogenerated minority

carriers (holes in the n* emitter layer and electrons in the p-type base layer)
should exist for a sufficiently long time so that they are able to travel by
diffusion to p-n junction 24 where they are collected. The average distance
over which minority carriers can travel without being lost by recombining

2
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with a majority carrier is called the minority carrier diffusion length. The
minority carrier diffusion length generally depends on such factors as the
concentration of defects in the silicon crystal (i.e. recombination centers) and
the concentration qf dopant atoms in the silicon. As the concentration of

either defects or dopant atoms increases, the minority carrier diffusion length

decreases. Thus, the diffusion length for holes in the heavily-doped nt
emitter layer 16 is much less than the diffusion length for electrons in

moderately-doped p-type base layer 18.

Those skilled in the art will recognize that the n* emitter layer 16 is
nearly a “dead layer” in that few minority charge carriers created in emitter
layer 16 are able to diffuse to p-n junction 24 without being lost by
recombination. It is desirable to have nt emitter layer 16 that is shallow or as
close to surface of emitter layer 16 as possible for various reasons. By way of
example, a shallow emitter layer allows relatively few photons to be absorbed
in n™ emitter layer 16. Furthermore, the resulting photogenerated minority
carriers created in nT emitter layer 16 find themselves close enough to p-n
junction 24 to have a reasonable chance of being collected (diffusion length >

junction depth).

Unfortunately, in the conventional solar cell design, the depth of nt

emitter layer is limited and cannot be as shallow as desired. Metal from

3
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emitter contacts 12, especially those formed by screen-printing and firing, can
penetrate into p-n junction 24 and ruin or degrade it. The presence of metal in

the p-n junction 24 “shorts” or “shunts” the junction. Therefore, although a
shallow and lightly-doped n* emitter layer 16 is desired in order to enhance

the current produced by the cell, in practice, however, nT emitter layer 16 is
relatively deeper and more heavily-doped than desired to avoid shunting p-n

junction 24. Consequently, in conventional solar cells, the deep location of

nt emitter layer 16 compromises the amount of current produced by the cell.

What is needed is a structure and process for fabricating a silicon solar
cell, which has a high minority carrier diffusion length, eliminates shunting of

the p-n junction and does not compromise the amount of current produced.

SUMMARY OF THE INVENTION

In one aspect, the present invention provides a solar cell. The solar cell
includes a base layer having dopant atoms of n-type conductivity and being
defined by an illuminated surface and a non-illuminated surface. The
illuminated surface has light energy impinging thereon when the solar cell
is exposed to the light energy and the non-illuminated surface is opposite
the illuminated surface. The solar cell further includes a back surface

emitter layer that is made from an aluminum alloy to serve as a layer of p-
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type conductivity. The solar cell further still includes a p-n junction layer
disposed between the non-illuminated surface of the base layer and the

back surface layer.

In another aspect, the present invention provides a process for
fabricating a solar cell. The process includes: (1) providing a base layer,
(2) fabricating an emitter layer of p-type conductivity on a same side as
the non-illuminated surface of the base layer to provide a strongly doped p-
type emitter layer and a p-n junction between the n-type base layer and the
p-type emitter léyer. The base layer of the present invention has n-type
conductivity and is defined by an illuminated surface and a non-
illuminated surface. The illuminated surface has light energy impinging
thereon when the solar cell is exposed to the light energy and the non-

illuminated surface is opposite the illuminated surface.

These and other features of the present invention will be described in
more detail below in the detailed description of the invention and in

conjunction with the following figures.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example, and not by way

of limitation, in the figures of the accompanying drawings in which:
Figure 1 shows a cross-sectional view of a conventional solar cell.

Figure 2 shows a cross-sectional view of a solar cell, in accordance with

an embodiment of the present invention.

Figures 3A-3D show various stages of fabrication, according to one

embodiment of the present invention, for the solar cell of Figure 2.

Figure 4 shows a graph of a measured I-V curve of an aluminum alloy

back junction dendritic web solar cell.

Figure 5 shows a graph of internal quantum efficiency of an aluminum

alloy back junction dendritic web solar cell.

Figure 6 shows a cross-sectional view of a solar cell, in accordance with
another embodiment of the present invention, with partial metal coverage on

the back side of the solar cell.

Figure 7 shows a cross-sectional view of a solar cell, in accordance with
yet another embodiment of the present invention, whose contacts to the base

layer are at the back of the cell in interdigitated fashion.

6
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will now be described in detail with reference to
the presently preferred embodiments as illustrated in accompanying drawings.
In the following description, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. It will be
apparent, however; to one skilled in the art, that the present invention may be
practiced without some or all of these specific details. In other instances, well
known process steps and/or structures have not been described in detail in

order to not unnecessarily obscure the present invention.

It is important to bear in mind that a minority carrier electron diffusion
length (i.e. electrons in p-type silicon) is generally different from a minority
carrier hole diffusion length (i.e. holes in n-type silicon) for a given doping
concentration. This difference may depend on the nature of the crystalline
defect, which may act as a recombination center. In dendritic web silicon, for
example, the primary defects are precipitates of silicon oxide which nucleate
on dislocation cores. The interface between the silicon oxide precipitate and
the surrounding silicon carries a positive charge because of the mismatch of
the atomic structure of the two materials. A negatively charged minority
carrier electron is attracted to such a positively charged interface. Such a

defect can capture and hold an electron until one of the numerous majority
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carrier holes wanders by the defect whereupon the electron can fall into the

hole in a recombination event.

The present invention therefore recognizes that for a solar cell substrate
layer, n-type dopiﬁg may be desirable to achieve a higher minority carrier
diffusion length than that obtained with p-type doping. A solar cell substrate
having n-type conductivity requires an n-type base layer. A p-n junction was,
therefore, fabricated employing the n-type base layer and an emitter layer at
the illuminated side that includes boron, which is a practical choice for a

p-type dopant.

Unfortunately, it was found that boron diffusions frequently leave a
stained silicon surface because of the formation of boron-silicon compounds.
Such a stain seriously degrades the appearance of the surface of a solar cell.
Boron stains may be removed at the expense of additional and unwanted
processing steps such as thermal oxidation of the stained surface followed by
chemically removing the thermal oxide. Thus, according to the findings of the
present invention, for silicon materials in which n-type doping gives higher
minority carrier diffusion length than does p-type doping, the desirability of a
front p-n junction is offset by the presence of a boron stain for the p-type

emitter layer.

Referring back to Figure 1, commercial solar cells 10 have an n*pp™

8
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structure. The n-type emitter layer 16 is commonly made using phosphorus

diffusion (in which staining is not a problem), the silicon substrate is doped

p-type, and back silicon surface 20 is typically doped p™ to promote ohmic
contact with contact metal layer 22. An ohmic contact has a low resistance.
The voltage developed across an ohmic contact has a linear relationship to the
current flowing through the contact. In contrast, the voltage developed across
a rectifying contact has a non-linear relationship to the current flowing

through the contact. An aluminum-silicon alloy may be used to provide the

p* doping and the back metal contact. More importantly, the commercial

solar cell 10 has p-n junction 24 located at the front of the cell. As explained

above, therefore, nT emitter layer 16 is forced to be deeper than desired to
avoid shunting the front junction. If a silicon material with superior minority
carrier diffusion length with n-type doping is to be used with a front p-n
junction, p-type emitter layer is boron-doped to be practical. Boron doping, as
explained above, gives a stained surface, which degrades cell appearance and

which can only be removed with additional and unwanted processing.

The present invention, therefore, provides a p-n junction located at the
back end of the solar cell. Figure 2 shows a solar cell layer stack 110,
according to one embodiment of the present invention, that has the p-n

junction located at the back end (near the non-illuminated surface of the base
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layer), so it is impossible for the front metal contacts 112 to shunt the p-n

junction. Since aluminum may be the choice of dopant in the silicon p* layer,

it is also impossible for the aluminum to shunt the junction.

Solar cell layer stack 110 includes a base layer 118 of n-type
conductivity, which is defined by an illuminated surface (front or top surface)

126 and a non-illuminated surface (back or bottom surface) 128. A portion of

base layer 118 near illuminated surface 126 is passivated by a shallow n*
layer 116, which i; typically formed by phosphorus diffusion into a silicon

layer. This embodiment, therefore, realizes the advantage of the conventional
n* layer and does not suffer from boron staining. An optional anti-reflective

(AR) coating 114 is disposed atop n* layer 116. If the coating is present as

shown in Figure 2, silver contacts 112 fire through AR coating 114 to reach

the surface of nt silicon layer 116.

A p-n junction 124 is formed at non-illuminated surface 128 or the

interface between base layer 118 and an aluminum doped silicon layer 120,

which functions as a p* emitter layer in the solar cell layer stack of the present

invention. An aluminum-silicon eutectic metal layer 122, which results when
aluminum is alloyed with silicon, is disposed beneath p™ layer 120 and serves

as a self-aligned contact to p™ emitter layer 120. It is noteworthy that boron

10
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doping is absent from the solar cell structure of Figure 2, so that there is no

boron stain to compromise the appearance of the front surface.

The placement of the p-n junction at the back side of cell 110 is a
unique feature of solar cell 110 shown in Figure 2. It should be borne in mind

that no other current silicon solar cell design employs such an aluminum alloy

back junction. Furthermore, the depth of n* layer 116 is of no real concern

regarding shunting because p-n junction 124 is at the back of cell 110.

In accordance with one embodiment, n-type base layer 118 is a
dendritic web silicon crystal having a resistivity that is generally between
about 5 Q-cm and about 100 Q2-cm, and preferably about 20 Q-cm. The
thickness of the dendritic web silicon substrate crystal is generally between
about 30 um and about 200 um, and preferably about 100 um. In order for
the cell 110 to operate at a practical energy conversion efficiency level, the
hole diffusion length in n-type base layer 118 is, in one implementation of this
embodiment, slighvtly less than the thickness of base layer 118. In a preferred
implementation, however, the hole diffusion length is substantially equal to
the thickness of base layer 118 and more preferably exceeds the thickness of

base layer 118.

Locating the p-n junction near the back of the cell instead of near the

front of the cell is counterintuitive to one skilled in the art. It is normally

11
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desirable to have the p-n junction near the front of the cell because the number
of photons absorbed per unit depth decreases as one proceeds from the
illuminated surface toward the back surface. For example, about 52% of the
incident photons are absorbed within the first 5 um of the base layer from the
illuminated surface, while about 10% are absorbed within the second 5 um
slice of depth, and about 6% are absorbed within the third 5 pm slice. In fact,
about 75% of the incident photons are absorbed within the top 30 um of the

base layer.

Since the absorption of photons results in the generation of
electron-hole pairs, and since the minority carrier members of the pairs diffuse
to the junction in order to be collected, placing the p-n junction near the
illuminated surface is reasonable. As a rule of thumb, those minority carriers
created beyond one diffusion length from the junction will not be collected

and so will not contribute to the solar cell photocurrent.

Figures 3A-3D show important intermediate solar cell structures formed
at different stages of a fabrication process, according to one embodiment of
the present invention. The illustrated embodiment of the inventive processes
may be gin when a single crystal silicon substrate of n-type conductivity is
fabricated using well-known conventional techniques, e.g., Czochralski, Float-

zone, Bridgman, edge defined film-fed growth (EFG), string ribbon growth,

12
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cast silicon crystallized by directional solidification, and dendritic web
growth. In a preferred embodiment, however, the dendritic web growth

technique may be implemented to produce an n-type single crystal substrate.

Referring to F igure 3A, the n-type single crystal serves as a base layer

218, below which a p-n junction of the solar cell is subsequently formed. Ina

next step, a strongly doped n-type layer 216 (hereinafter referred to as an “n*
layer”) may be formed atop base layer 218 using diffusion processes well
known to those skilled in the semiconductor and solar cell fabrication art. In
accordance with one embodiment of the present invention, a layer containing
phosphorous is applied to the top surface of base layer 218 and the
phosphorous atoms are driven into base layer 218 from any heat source. The
phosphorous layer‘is preferably from a screen printed paste or from a liquid
dopant, and the heat source is a rapid thermal processing (RTP) unit or a belt
furnace maintained at a temperature that is between about 750 °C and about
1050 °C and preferably about 950 °C. At these temperatures, the diffusion
time may generally be between about 30 seconds to about 30 minutes and

preferably be about 5 minutes. As a result, there is formed a phosphorus-

doped n passivating layer having a thickness that is generally between about
0.1 um and about 1 pum, preferably about 0.3 um, with a sheet resistance of

generally between about 10 {3/square and about

13
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200 Q/square and preferably about 40 Q/square.

Alternatively, in another embodiment, the top surface of base layer 218

is subjected to phosphorous ion implantation and a portion near the top

surface of base layer is transformed into n™ layer 216.

In accordance with yet another embodiment, base layer 218 is
passivated with a transparent dielectric layer which may have an appreciable
positive or negative charge. In one implementation of this embodiment, the
base layer is passivated with a layer of thermally grown silicon dioxide having
a thickness of between about 50 A and about 500 A, and preferably about 150
A. In this embodifnent, the passivation of base layer 218 may be carried out
in a rapid thermal processing unit at temperatures that are generally between
about 800 °C and about 1050 °C and preferably about 1000 °C. Such
temperature treatment is carried out for times that are generally between about

30 seconds and about 30 minutes and preferably about 50 seconds.
Regardless of how the nt layer is passivated, or whether it is passivated those
skilled in the art will recognize that at the conclusion of forming n™ layer 216,

a high-low junction (n"n) is formed at the top of base layer 218.

An anti-reflective coating 214 may then be deposited on top of nt layer

216, as shown in Figure 3B. By way of example, plasma-enhanced chemical

14
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vapor deposition (PECVD) of silicon nitride or atmospheric pressure chemical
vapor deposition (APCVD) of titanium dioxide is carried out to form anti-

reflective coating 214.

Next, conventional techniques may be employed to deposit an
aluminum layer 222 on a bottom surface or non-illuminated surface of base
layer 218. According to one embodiment of the present invention, aluminum
is deposited by screen printing a pure aluminum paste onto bottom surface of
base layer 218. In one implementation of this embodiment, aluminum layer
222 is deposited b}> screen-printing over nearly the entire back of the cell to a
thickness that is generally between about 5 um and about 30 um, and
preferably about 15 um. The partially fabricated solar cell is then heated in a
radiantly-heated belt furnace to a temperature comfortably above the
aluminum-silicon eutectic temperature of about 577 °C, e.g., that may
generally be between about 700 °C and about 1000 °C and preferably about
800 °C, for a long enough duration, e.g., generally between about 0.1 minute
and about 10 minutes and preferably about 2 minutes, to facilitate alloying of
at least some aluminum from layer 222 with base layer 218. During the
alloying process, the temperature treatment inside the belt furnace is high
enough so that aluminum may effectively dissolve silicon. At such high

temperatures, a portion of the base layer that measures approximately one-

15
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third the thickness of the aluminum layer is effectively dissolved to create p™
layer 220 shown in Figure 3C. By way of example, at about 800 °C, a 15 um

thick aluminum layer 222 dissolves a 5 um portion of a silicon base layer.

Consequently, p™ layer 220 is silicon doped with aluminum and contact layer
222 is an alloy that is about 88% aluminum by weight and about 12% silicon

by weight the eutectic composition.

The p™ emitter layer is created as described hereinafter. As the silicon
cools, it continues to solidify or grow onto the underlying silicon, also
incorporating a modest amount of the aluminum dopant, on the order of
between about 10'® and about 10'° aluminum atoms per cubic centimeter. The
concentration of aluminum atoms is significantly less than the concentration
of silicon atoms, which is about 10,000 times larger at about 5x10%?2 atoms per
cubic centimeter. As shown in Figure 3C, after cooling the layers, a portion of
base layer 218 near the non-illuminated surface is transformed to a strongly
doped p-type layerﬁ 220 (hereinafter referred to as a “p™ layer™), by liquid
phase epitaxy. Some of the silicon that was dissolved becomes part of the
aluminume-silicon eutectic layer 222. The silicon that was not dissolved by the
aluminum acts as a template for restructuring the silicon crystal as it is

epitaxially regrown.

The aluminum-silicon eutectic metal layer 222 is a good conductor (has
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a low electrical resistance), and serves as a self-aligned metal contact to the
solar cell. The thickness of aluminum-silicon eutectic metal layer 222 is

generally between about 1 um and about 30 pm and preferably about 15 pm.

Figure 3D shows the structure resulting after depositing metal contacts

and firing through the optional anti-reflective coating. By way of example, a

silver layer is screen-printed onto the nt layer 216, covering about 7% of the
front surface in a grid pattern. Silver may be deposited by screen-printing to a
thickness that is generally between about 5 pm and about 20 um and
preferably about 10 um. The resulting partially fabricated solar cell structure
is then run through a belt furnace maintained at a temperature that is generally
between about 700 °C and about 900 °C and preferably about 760 °C. The
time for running the cell through the furnace is short in order to avoid
allowing impurities in the silver paste from diffusing into the silicon. In one
embodiment of the present invention, the time for running the cell through the
belt furnace is between about 0.1 minutes and about 10 minutes. In a

preferred embodiment, however, the time is about 40 seconds. The thickness

of silver ohmic contacts 212 to n* layer 216 is generally between about 1 pm
and about 20 um and preferably about 10 pm. If an optional anti-reflective
coating is deposited, then the silver layer is fired through the coating. Both

operations may (with or without anti-reflective coating) be performed in a
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radiantly-heated belt furnace. The fabrication steps of the present invention

realize high-throughput and low-cost manufacturing.

Figure 4 depicts an I-V curve, which shows a light energy to electrical
energy conversion‘efﬁciency of about 12.5% for an aluminum alloy back
junction dendritic web silicon solar cell with full back metal coverage of the

present invention. The solar cell employed to obtain the data shown in Figure

4 has a nominal thickness of about 100 um and an area of about 25 cm?2.

Other parameters include a short-circuit current density of about 28.2

mA/cmZ, open-circuit voltage of about 0.595 V, and fill factor of about 0.747.
The knee of the curve shows a maximum power point, where V., is about

0.480V and I, is about 0.653A.

Figure 5 depicts measurements of spectral reflectivity (solid triangles)
510, external quantum efficiency (open squares) 512, and internal quantum
efficiency (solid squares) 514 for the solar cell of Figure 4. Measured
reflectivity indicates that about 47% of the long wavelength (> 950 nm) light
is reflected from the aluminum-silicon eutectic metal layer at the back surface.
This reflected light then gets a second pass through the silicon and adds to the
overall efficiency. Calculation of the internal quantum efficiency using the
one-dimensional finite element model PC1D indicates a hole diffusion length

of about 200 um in the base of this cell. This is double the cell thickness, as
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required for good performance. The internal quantum efficiency curve has a
positive slope over the range of about 500 nm to about 850 nm, indicating that
the p-n junction is at the back of the cell, which is also noteworthy. Ina
conventional solar cell, the internal quantum efficiency curve would show a

negative slope, indicating that the p-n junction is at the front of the cell.

Figure 6 shows a solar cell layer stack 300, in accordance with another
embodiment of the present invention, that is substantially similar to the solar
cell 110 of Figure 2, except that solar cell 300 has only part of the back
surface converted to a p-type layer and covered with metal. Thus, solar cell
300 is referred to as having “partial” metal coverage on the back side as
opposed to have “full” metal coverage, as shown in Figure 2 for solar cell 110,
where the entire back surface is covered with metal. The partial metal
coverage design of Figure 6 eliminates bowing of the thin cells, which results
from a differential thermal contraction between the silicon and the
aluminum-silicon eutectic metal layer upon cooling from the eutectic
temperature of about 577 °C. It is important to bear in mind that such bowing
sometimes occurs when full back metal coverage is used. The segmented
metal also reduces the cost of aluminum. The exposed n-type base layer
surfaces 330 between metal islands at the back may be passivated in order to

obtain respectable energy conversion efficiency. By way of example, the
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passivation step may be performed after the aluminum alloying step by
growing a thermal oxide of about 115 A thickness in a rapid thermal
processing unit at about 1000 °C for about 50 seconds. An anti-reflective

coating may not be applied in this preliminary effort. Efficiencies up to about

6.8% were obtained for 25 cm? dendritic web silicon cells with screen-printed
metals but without anit-reflective coating. The expected efficiency with an

anti-reflective coating is about 9.9%.

Figure 7 depicts a solar cell layer stack 400, according to yet another
embodiment of thé present invention, that is substantially similar to the solar
cell 300 of Figure 6, except that solar cell 400 has n-type contacts 412 to the
n-type base layer moved from the front of the cell to the back of the cell in an

interdigitated fashion.

This structure shown in Figure 7 has the added advantage of reducing to
zero the shadowing of the front surface by contacts. Interconnecting cells in a
module is also expected to be simpler with both contacts on the back side of
the cell in that surface mount technology can be used. The nt regions 424
adjacent silver contacts 412 may be formed in a separate step. Alternatively,
the source of this n-type dopant can be the contact material itself if a
self-doping contact metal, such as a silver-antimony alloy, is used rather than

pure silver. A prototype dendritic web silicon solar cell of this type with
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screen-printed metals, titanium dioxide anti-reflective coating and about 2.5

cm?2 area had an efficiency of about 10.4%.

It is noteworthy that although the present invention is described in
terms of a silicon crystal substrate and aluminum, there is no reason why other
substrate and conductive materials cannot be similarly employed.
Furthermore, it can therefore be appreciated that new and novel structure and
processes for fabricating an aluminum alloy back junction solar cell has been
described. It will be appreciated by those skilled in the art that, given the
teaching herein, numerous alternatives and equivalents will be seen to exist
which incorporate the invention disclosed hereby. As a result, the invention is
not to be limited by the foregoing exemplary embodiments, but only by the

following claims.
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CLAIMS
What is claimed is:
1. A solar cell, comprising;:

a base layer including dopant atoms of n-type conductivity and
being defined b.y an illuminated surface and a non-illuminated surface, said
illuminated surface having light energy impinging thereon when said solar
cell is exposed to said light energy and said non-illuminated surface is

opposite said illuminated surface;

a back surface emitter layer including an aluminum alloy contact

and serving as a layer of p-type conductivity; and

a p-n junction layer disposed between said non-illuminated

surface of said base layer and said back surface layer.

2. The solar cell of claim 1, further comprising a strongly doped n-type

layer that is disposed adjacent the illuminated surface of the base layer.

3. The solar cell of claim 2, wherein the strongly doped n-type layer

includes phosphorous atoms.

4. The solar cell of claim 2, further comprising an anti-reflective coating

layer that is disposed adjacent the strongly doped n-type layer.
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5. The solar cell of claim 4, further comprising metal contacts that fire
through the anti-reflective coating to reach the strongly doped n-type

layer.

6. The solar ceil of claim 5, wherein the metal contacts include silver and

serve as ohmic contacts to the base layer.

7. The solar cell of claim 5, wherein the metal contacts have a thickness of

1 um to 20 um.

8. The solar cell of claim 1, wherein a diffusion length of a hole through

said base layer is slightly less than a thickness of the base layer.

9. The solar cell of claim 8, wherein the diffusion length of the hole
through said base layer is substantially equal to the thickness of said

base layer.

10. The solar cell of claim 9, wherein the diffusion length of the hole

through the base layer exceeds the thickness of the base layer.

11. The solar cell of claim 10, wherein the n-type base layer is fabricated
using one technique selected from the group consisting of cast silicon
crystallized by directional solidification, edge-defined film-fed growth,
string ribbon growth, Czochraiski, Float-zone, Bridgman and dendritic

web growth.
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12. The solar cell of claim 11, wherein the n-type base layer is a dendritic

web silicon layer.

13. The solar cell of claim 12, wherein the n-type base layer has a

resistivity that is between about 5 3-cm and about 100 Q-cm.

14. The solar cell of claim 12, wherein the n-type base layer has a

resistivity that is about 20 Q-cm.

15. The solar cell of claim 12, wherein a thickness of the n-type base layer

is between about 30 um and about 200 pum.

16. The solar cell of claim 15, wherein a thickness of the n-type base layer

is about 100 pm.

17. The solar cell of claim 1, wherein the aluminum alloy layer acts as a

self-aligned contact for the non-illuminated surface of the emitter layer.

18. The solar cell of claim 17, wherein the aluminum alloy layer is an

aluminum-silicon eutectic metal layer.

19. The solar cell of claim 17, wherein the aluminum-silicon eutectic metal

layer has a thickness that is between about 1 um and about 30 pm.

20. The solar of claim 17, wherein the aluminum alloy layer substantially

covers the non-illuminated surface of the base layer.
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21. The solar cell of claim 17, wherein the aluminum alloy layer partially

covers the non-illuminated surface of the base layer.

22. The solar cell of claim 21, wherein the aluminum alloy layer partially
covers the non-illuminated surface of the base layer in a segmented
fashion and interdigitated n-type metal contacts are disposed in spaces

between the segmented aluminum alloy layer.

23. The solar cell of claim 22, further comprising a strongly doped n-type
layer adjacent the metal contacts to facilitate connection to the base

layer.
24. A process for fabricating a solar cell, comprising:

providing a base layer, said base layer having n-type conductivity and
being defined by an illuminated surface and a non-illuminated surface,
said illuminated surface having light energy impinging thereon when said
solar cell is exposed to said light energy and said non-illuminated surface

is opposite said illuminated surface;

fabricating an emitter layer of p-type conductivity on the same side as
said non-illuminated surface of said base layer to provide a strongly doped
p-type emitter layer and a p-n junction between said n-type base layer and

said p-type emitter layer.
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25. The process of claim 24, wherein said providing the base layer
includes fabricating a single crystal silicon substrate of n-type
conductivity using one technique selected from a group consisting of
Czochralski, Float-zone, Bridgman, cast silicon crystallized by directional
solidification, edge-defined film-fed growth (EFG), string ribbon growth,

and dendritic web growth.

26. The process of claim 25, wherein said providing the base layer
includes fabricating a single crystal silicon substrate of n-type conductivity

using dendritic web growth.

27. The process of claim 24, wherein said fabricating said emitter layer

includes:

providing an aluminum layer on said non-illuminated surface of

said base layer; and

alloying said aluminum from said back with at least a portion of
said base layer to transform said portion of said base layer into said

emitter layer.
28. The process of claim 27, wherein the base layer includes silicon and

said alloying forms the emitter layer which includes aluminum atoms as p-
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type dopant and a self-aligned contact layer for a back surface of the

emitter layer that includes an aluminum-silicon alloy.

29. The process of claim 28, wherein said providing aluminum includes

screen-printing aluminum on the non-illuminated side of the base layer.

30. The procesé of claim 28, wherein said alloying is accomplished at a

temperature of between about 700°C and about 1000°C.

31. The process of claim 28, wherein said alloying is accomplished by
maintaining said temperature for a time that is between about 1 minute

and about 30 minutes.

32. The process of claim 28, wherein the illuminated surface of the base
layer is passivated by a phosphorus-doped layer having a thickness of

between about 0.1 um and about 1 um.

33.The process of claim 32, further comprising forming an anti-reflective
coating that includes preferably titanium dioxide or silicon nitride is

formed above the phosphorus-doped layer.

34. The process of claim 33, wherein n-type metal contacts are formed

above the base layer to provide ohmic contact to the base layer.

35. The process of claim 34, wherein n-type metal contacts are formed
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below the base layer to provide ohmic contact to the base layer.

36. The process of claim 27, wherein said providing aluminum layer
includes providing aluminum such that said aluminum alloy layer
formed in said alloying substantially covers the back side of the emitter

layer.

37. The process of claim 27, wherein said providing aluminum layer
includes providing an aluminum layer that partially covers the non-
illuminated surface of the base layer such that said alloying forms an
emitter layer that covers the non-illuminated surface of the base layer in

a segment fashion.

38. The procesé of claim 37, further comprising forming interdigitated n-
type metal contacts that are disposed in spaces between the segmented

aluminum alloy layer.

39. The process of claim 24, further comprising passivating substantially
all exposed illuminated and non-illuminated surfaces of the base layer

with a dielectric layer.

28
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SOLAR CELL HAVING DOPED SEMICONDUCTOR
HETEROJUNCTION CONTACTS

BACKGROUND OF THE INVENTION

[0001] This invention relates generally to photovoltaic solar cells, and more
5  particularly the invention relates to a solar cell structure which is efficient in operation

and economical to manufacture.

[0002] The use of photovoltaic cells for the direct conversion of solar radiation into
electrical energy is well known, see Swanson, U.S. Patent No. 4,234,352 for example.
Briefly, the photovoltaic cell comprises a substrate of semiconductive material having
10 a p-n junction defined therein. In the planar silicon cell the p-n junction is formed
near a surface of the Qubstrale which receives impinging radiation. Radiated photons
create mobile carriers (holes and electrons) and the substrate which can be directed to
an electrical circuit outside of the cell. Only photons having at least a minimum
energy level (e.g., 1.1 electron volt for silicon) can generate an electron-hole pair in
15  the semiconductor pair. Photons having less energy are cither not absorbed or are
absorbed as heat, and the excess energy of photons having more than 1.1 electron volt
energy (e.g. photons have a wavelength of 1.1 pm and less) create heat. These and
other losses limit the efficiency of silicon photovoltaic cells in directly converting

solar energy to electricity to less than 30%.

20  [0003] Solar cells with interdigitated contacts of opposite polarity on the back surface
of the cell are known and have numerous advantages over conventional solar cells
with front side metal grids and blanket or grid metallized backside contacts, including
improved photo-generation due to elimination of front grid shading, much reduced
grid series resistance, and improved "blue” photo-response since heavy front surface

25  doping is not required to minimize front contact resistance because there are no front
contacts. In addition to the performance advantages, the back-contact cell structure
allows simplified module assembly due to coplanar contacts. See Swanson U.S.

Patent No. 4,927,770 for example.

[0004] While interdigitated back-contact (IBC) solar cells have been fabricated, cost
30 considerations have limited commercialization of the IBC solar cell. Heretofore,

conventional microelectronics (integrated circuit) processing has been employed in
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fabricating IBC solar cells, including the use of backside diffusions, contacts, and
metal lines fabricated by conventional microelectronics photolithography, thin film
metallization, and etching processes. This fabrication process is capable of producing
high efficiency solar cells, but the process is not cost effective for application in
5 conventional low-cost, flat-plate solar panels. The key problem with practical
realization of an IBC solar cell by this process is the high cost of fabrication,
including etching, doping and mask alignment, and the use of thick metal conductor
deposition by vacuum evaporation or sputtering. Further, the processing must be
carried out in a clean room environment. Thus IBC solar cells fabricated using these
10 methods have been restricted to application in high concentration solar cells or in very

high value one-sun applications.

{0005} Copending application serial no. 11/306,510 combines a semiconductor
substrate with acceptor and donor polymer contacts to provide a solar cell which is
economically fabricated. Importantly, fabrication of the solar cell, is improved in cost
15 and in reduced temperature cycling through use of inkjet application of the .polymer
contacts without the need for photoresist masking, etching, and dopant diffusion and

annealing as is required in prior art solar cells.

[0006] The present invention utilizes a semiconductor such as amorphous silicon as
donor and acceptor contact in a silicon solar sell which can be readily and cost

20  effectively fabricated.
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SUMMARY OF THE INVENTION

[0007) The invention utilizes doped amorphous silicon, Si-Ge, or III - V compounds
as a donor or an acceptor contact in silicon solar cell.” The contact material can be
vapor deposited along with the dopant as necessary for donor or acceptor application.

5  As used herein, “amorphous” silicon includes “poly crystalline” silicon.

[0008] When deposited on a single crystal silicon substrate, a tunnel oxide is first
grown and separates a deposited amorphous silicon from the substrate to prevent re-

crystallization of the amorphous silicon.

[0009] In an interdigitated back contact (IBC) cell, the front surface can be textured
10 by chemical or physical abrasion to provide a radiation capturing surface with an anti-
reflective and passivating coating such as silicon nitride, doped silicon carbide, or a

thin coating of amorphous silicon over the textured surface.

{0010] The invention and object and features thereof will be more readily apparent
from the following detailed description and appended claims when taken with the

15  drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

f0011] Fig. 1 is a side view in section of an interdigitated back contact solar cell

including doped amorphous contact in accordance with one embodiment of the

invention.

5 [0012] Figs 2A - 2D are side views in section illustrating the solar cell of Fig. 1

during fabrication.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] In accordance with one embodiment of the invention, an interdigitated back
contact (IBC) solar cell comprising a silicon semiconductor body having first and
second opposing major surfaces receives radiation through the first surface and has
5  first and second patterns of acceptor doped amorphous silicon and donor doped
amorphous silicon, respectively, on the second or back surface for receiving electron
and hole carriers created in the silicon substrate by radiated photons. The structure is
similar to prior art back contact solar cells which utilize doped P and N conductivity
contacts formed in the substrates for receiving the holes and electrons created by
10 radiation. However, the use doped P and N contacts in the substrate requires
photoresist masking, etching, dopant diffusion, and high temperature processing in the
fabrication of the solar cell. The use of acceptor and donor amorphous silicon
contacts on the structure, in accordance with an embodiment of the invention,
obviates the need for photoresist masking and dopant diffusion and the high
15  temperature processing required in annealing the diffused dopants. A tunnel silicon
oxide can be placed between the contacts and the substrate to prevent epitaxial growth

of the amorphous silicon on the substrate.

[0014] Consider now Fig. 1 which is a side view in section of an interdigitated back
contact (IBC) solar cell in accordance with one embodiment of the invention. The
20  cell includes a light n-type monocrystalline or polycrystalline substrate 10 having a
front surface which receives radiation and a textured surface on which is formed a
thin (e.g. 10-150 angstrom) tunnel silicon oxide layer 12 with a passivation coating 14
over tunnel oxide 12 which can comprise silicon nitride, doped silicon carbide, or a

doped amorphous silicon layer.

25  [0015] On the back surface of substrate 10 is a second tunnel oxide layer 16 over
which is formed P+ amorphous silicon contacts 18. A dielectric such as silicon oxide
20 separates P+ amorphous silicon 18 from N+ amorphous silicon 22 which is formed
in openings through P+ amorphous silicon layer 18 and in contact with tunnel oxide
16. While the amorphous silicon layers 18, 22 are formed by low temperature vapor
30  deposition, tunnel oxide 16 prevents any re-crystallization of the amorphous silicon

by epitaxial growth from silicon substrate 10. Metal contact 24 engages P+
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amorphous silicon layer 18, and metal contacts 26 engage N+ amorphous silicon

layers 22,

[0016] The back contact heterojunction enhances the rear passivation of the solar cell
by the inclusion of tunnel oxide 16, heterojunction field provided by the amorphous
5 silicon contacts, and contact passivation. As will be described further herein below, a
process benefit in making the device is. that high temperature dopant drive is not

required.

[0017) Figs. 2A-2D arc section views illustrating the solar cell of Fig. 1 during
fabrication. Initially, as shown in Fig. 2A, silicon substrate 10, which can be either
10  intrinsic or light doped, has a thin tunnel oxide 16 grown thereon which can have a
thickness of from 10-20 angstrom, for example. Amorphous silicon layer 18 is then
deposited with a boron dopant and a dopant concentration of 10°°-10°' or 10E20 -
10E21 atoms per cubic centimeter and to a thickness of 500 to 2000 angstroms. The
growth of a doped silicon layer by vapor deposition is a known silicon process.
15  Inclusion of an intrinsic layer under the p-type doped silicon layer can be made if a

PIN structure is desired.

[0018] Thereafter, an insulating layer of silicon oxide 20 is deposited by low pressure
chemical vapor deposition (LPCVD, PECVD, APCVD), or by a spin on glass process.

Silicon oxide layer 16 is 500 to 1000 angstroms in this illustrative embodiment.

20  [0019] Thereafier, as illustrated in Fig. 2B, the front surface of substrate 10 is
textured by chemical or mechanical abrasion. This process step can precede the
process steps of Fig. 2A, if desired. A photoresist mask is then formed on the back
surface of the substrate 10 and etched to form openings through silicon oxide layer 20
and amorphous silicon 18 to substrate 10. The thin tunnel oxide is removed in the

25  etching process also, and a new layer of tunnel silicon oxide is then applied on the
exposed surface of substrate 10 through the etched openings by chemical growth, In
forming tunnel oxide 16 in Fig. 2B, tunnel oxide layer 12 can be simultaneously
formed on the front surface. Following the growth of the thin tunnel oxide in the
etched openings, again to a thickness of 10-20 angstroms, an N+ doped amorphous

30  silicon layer 22 is deposited over the back surface, as shown in Fig. 2C.
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[0020] The layer 22 is doped with an N dopant such as phosphorous with a
concentration of 10%°-10*' or 10E20 -10E21 atoms per cubic centimeter. This can be
deposited using plasma enhanced chemical vapor deposition (PECVD, LPCVD,
APCVD). N+ amorphous silicon 22 is then masked and selectively etched to expose

5 the underlying P+ amorphous silicon 18 for reception of metal contacts. In Fig. 2D,
metal contacts 24 and 26 are made to P+ amorphous silicon 18 and N+ amorphous
silicon 22 by metal deposition and photoresist masking and etching. The contacts can

be formed by first scattering a seed layer of a conductive metal such as aluminum or
copper and then pattern plating the seed metal to increase thickness. The cell is then

10 completed by depositing a passivating layer 14 on tunnel oxide 12 on the front surface
of substrate 10 using silicon nitride, doped silicon carbide, or N+ doped amorphous

silicon,

{0021] A heterojunction solar cell in accordance with the invention, using doped
amorphous silicon contacts is readily fabricated using conventional semiconductor
15  processing techniques without the for high temperature processing. While the
invention has been described with reference to an interdigitated back contact solar cell
in which both P+ and N+ contacts are employed, the invention can be applied to solar
cells having a single doped amorphous silicon on the back surface. Further, while the
heterojunction is provided by amorphous silicon, other high band gap material such as
20  germanium-silicon alloy, doped silicon carbide, or other I1I-V compound material can
be employed in the contact structures. Thus, while the invention has been described
with reference to specific embodiments, the description is illustrative of the invention
and is not to be construed as limiting the invention. Various modifications and
applications may occur to those skilled in the art without departing from the spirit and

25  scope of the invention as defined by the appended claims.
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10

15

20

25

CLAIMS
What is claimed is:

1. A solar cell comprising:
a) a semiconductor body having first and second opposing major surfaces,

b) a first dielectric layer on the first surface and a second dielectric layer on

the second surface, the second dielectric layer comprising a tunnel oxide,

c) a first pattern of acceptor doped semiconductor material over the tunnel
oxide on the second surface, and a second pattern of donor doped semiconductor
material over the tunnel oxide on the second surface and interleaved with the first

pattern, and

d) a first conductive pattern interconnecting the acceptor doped semiconductor
material and a second conductive pattern interconnecting the donor doped

semiconductor material.

2. The solar cell as defined by claim 1 wherein the semiconductor material is
selected from the group consisting of amorphous silicon, silicon-germanium, and 111 -

V compound semiconductors.

3. The solar cell as defined by claim 2 wherein the semiconductor material

comprises amorphous silicon.

4, The solar cell as defined by claim 3 wherein the acceptor doped amorphous

silicon is boron doped.

5. The solar cell as defined by claim 4 wherein the donor doped amorphous

silicon is phosphorous doped.
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6. The solar cell as defined by claim 5 wherein the first major surface is textured.

7. The solar cell as defined by claim 6 wherein the semiconductor body

comprises silicon and the tunnel oxide comprises silicon oxide.

8. The solar cell as defined by claim 7 wherein the first and second conductive

patterns are selected from the group consisting of aluminum and copper.

9. The solar cell as defined by claim 3 wherein the semiconductor body

10  comprises silicon and the tunnel oxide comprises silicon oxide.

10.  The solar cell as defined by claim 9 wherein the first and second conductive

patterns are selected from the group consisting of aluminum and copper.

15 11 In a silicon solar cell in which mobile carriers can be created in a silicon
substrate by impinging radiation, a contact for receiving mobile carriers comprising a
tunnel oxide on a surface of the substrate, and a doped semiconductor material layer

on the tunnel oxide.

20 12.  The contact as defined by claim 11 wherein the semiconductor material is
selected from the group consisting of amorphous silicon, silicon-germanium, and III -

V compounds semiconductors.

13.  The contact as defined by claim 12 wherein the semiconductor material

25  comprises amorphous silicon.

14. The contact as defined by claim 13 wherein the tunnel oxide comprises silicon

oxide.
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15. The contact as defined by claim 14 wherein the silicon oxide has a thickness in

the range of 10-20 angstroms,

16.  The contact as defined by claim 14 wherein the amorphous silicon is doped

5  with a donor dopant.

17.  The contact as defined by claim 16 wherein the donor dopant is phosphorous.

18.  The contact defined by claim 14 wherein the amorphous silicon is doped with

10 an acceptor dopant.

19. The contact as defined by claim 18 wherein the acceptor dopant is boron.

20.  In a method of fabricating a silicon solar cell, the steps of fabricating carrier

15 acceptor contacts comprising:

a) providing a silicon substrate having first and second opposing major

surfaces,
b) forming a tunnel silicon oxide layer on the first major surface, and

c) forming a doped amorphous silicon layer on the tunnel silicon oxide.

20
21, The method steps of claim 20 wherein the doped amorphous silicon has
dopant in excess of 10'° atoms per cc.
22.  The method steps of claim 21 wherein the dopant is a donor dopant.

25

23.  The method steps of claim 22 wherein the dopant comprises phosphorus.
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24. The method steps of claim 21 wherein the dopant is an acceptor dopant.
25. The method steps of claim 24 wherein the dopant comprises boron.

5 26. The method steps of claim 20 wherein the tunnel silicon oxide has a thickness

on the order of 10-20 angstroms.

10

11
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(54) Bezeichnung: HETEROKONTAKTSOLARZELLE MIT INVERTIERTER SCHICHTSTRUKTURGEOMETRIE

(57) Abstract: The amorphous
emitter of known heterocontact solar
cells is arranged on the top of the
crystalline absorber facing the light
and absorbs incident light which
therefore cannot contribute to the
generation of charge carriers in the
absorber. A transparent conductive
oxide layer (TCO) as the cover layer
which has a negative effect on the
pn transition, can be avoided. The
inventive heterocontact solar cell
(HKS) has an inverted geometry of

HKS\

NL < Nos < Nas

das its layer structure and thus an inverted

heterocontact. The amorphous emitter

(EM) is arranged on the bottom

(LU) of the crystalline absorber (AB)

y 4 facing away from the lightt  The
1

absorber (AB) is only covered by
a transparent antireflection coating
(ARS) on its top (LO) facing the
ot . . . .
light, said coating, due to the material
chosen, is at the same time the
electrically effective passivation layer

,/ / S
UKSH / ey s
MS *777 //// // / ) /p;u/ ///; yd /4/7 {/ (PS), thereby avoiding absorption

losses. The energy recuperation time
regarding the material, time and
energy requirements can be reduced
by the low-temperature production of the emitter (EM) and the antireflection coating {ARS) by plasma CVD processes at 250 °C
to 350 °C. The upper contact structure (OKS) penetrates the transparent antireflection coating (ARS) digitately, the lower contact
structure (UKS) is configured as a thin large-surface metal layer (MS).

[Fortsetzung auf der néiichsten Seite]
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Veroffentlicht:

—  mit internationalem Recherchenbericht

(57) Zusammenfassung: Bei bekannten Heterokontaktsolarzellen ist der amorphe Emitter auf der lichtzugewandten Oberseite des
kristallinen Absorbers angeordnet und absorbiert einfallendes Licht, das somit nicht mehr im Absorber zur Ladungstrigererzeugung
beitragen kann. Eine transparente leitfihige Oxidschicht (TCO) als Deckschicht, die sich negativ auf den pn-Ubergang auswirkt,
kann vermieden werden. Die erfindungsgemifBe Heterokontaktsolarzellen (HKS) weist eine invertierte Schichtstrukturgeometrie
und damit einen invertierten Heterokontakt auf. Der amorphe Emitter (EM) ist auf der lichtabgewandten Unterseite (LU) des kris-
tallinen Absorbers (AB) angeordnet. Der Absorber (AB) wird auf der lichtzugewandten Oberseite (LO) nur von einer transparenten
Antireflexschicht (ARS) abgedeckt, die aufgrund ihrer Material wihl gleichzeitig als elektrisch wirkende Passivierungsschicht (PS)
arbeitet. Somit werden die Absorptionsverluste minimiert. Die Energieriicklaufzeit beziiglich Material-, Zeit- und Energieeinsatz
kann durch die niedertemperierte Herstellung von Emitter (EM) und Antireflexschicht (ARS) durch Plasma-CVD-Prozesse bei 250°C
bis 350°C verringert werden. Die obere Kontaktierungsstruktur (OKS) durchdringt die transparente Antireflexschicht (ARS) finger-
formig, die untere Kontaktierungsstruktur (UKS) ist groBflichig als diinne Metallschicht (MS) ausgebildet.
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Heterokontaktsolarzelle mit invertierter Schichtsirukiurgeometrie

Beschreibung

Die Erfindung bezieht sich auf eine Heterokontakisolarzelle in Schichtstruktur
mit einem Absorber aus p- oder n-typ dotiertem kristallinem Halbleitermaterial,
einem Emitter aus einem zum Absorber entgegengesetzt dotierten amorphen
Halbleitermaterial, einer intrinsischen Zwischenschicht aus amorphem Halblei-
termaterial zwischen Absorber und Emitter, einer Deckschicht auf der lichtzu-
gewandten Seite des Absorbers, einer ein Minoritatsladungstrager reflektie-
rendes Oberflachenfeld ausbildenden Schicht sowie mit einer ohmschen
Kontaktierungsstruktur mit einer minimierten Beschattungsflache auf der
lichtzugewandten Seite des Absorbers und einer ohmschen Kontaktierungs-

struktur auf der lichtabgewandten des Absorbers.

Stand der Technik

Heterokontakisolarzellen mit kristallinem und amorphem Silizium gewinnen
zunehmend an technischer Bedeutung. Der Ubliche Aufbau einer Hetero-
kontaktsolarzelle ist beispielsweise aus der Verdffentlichung I von K. Brendel
et al.: ,Interface properties of a-Si:H/c-Si heterostructures” (Annual Report
2003, Hahn-Meitner-Institut, 78/79) bekannt. Auf der lichtzugewandten Seite
des zentralen Absorbers aus kristallinem, p-dotierten Silizium (c-Si(p)) und
mikrokristallinem Silizium (uc-Si) sind ein Emitter aus amorphem, mit Wasser-
stoff ,legiertem” bzw. angereichertem, n-dotiertem amorphem Silizium (a-
Si:H(n+)) und eine transparente leitfahige Oxidschicht (TCO) als Deckschicht
unter fingerformigen Frontkontakten angeordnet. Der Emitter auf der lichtzu-
gewandten Oberseite des Absorbers absorbiert Strahlung, die den Absorber

entsprechend nicht mehr erreichen kann. Auf der lichtabgewandten Unterseite
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befindet sich zwischen dem Absorber und einem ganzflachigen Rickkontakt
eine amorphe, mit Wasserstoff angereicherte p-hochdotierte amorphe Silizium-
schicht (a-Si:H(p+)) zur Ausbildung eines Minoritatsladungstrager reflektieren-
den Oberflachenfeld {Back Surface Field BSF).

Wie bei jedem Solarzellentyp leidet auch die Heterokontakisolarzelle mit
bekannter Schichtstrukturgeometrie mit einer Positionierung des Emitters auf
der lichtzugewandien Oberseite des Absorbers an Verlusten bei der Umwand-
lung der in die Solarzelle eindringenden Lichtenergie in elekirische Energie.
Grundsatzlich zeigen amorphe Bereiche aufgrund ihrer ungeordneten Struktur
schlechtere Transporteigenschafien fir Ladungstrager als kristalline Bereiche.
Ein Verlustprozess in der Umwandlungskette besteht darin, dass nicht alle
Photonen der einfallenden Strahlung in einem ,aktiven” Bereich der Solarzelle
zu Elektronen-/Loch-Paaren gewandelt werden. Unter ,aktivem Bereich” ist
dabei diejenige Zone in der Solarzelle zu verstehen, in der die Elektronen und
Locher aufgrund hinreichend groBer Lebensdauer gesammelt werden und
nachfolgend Gber die chmschen Kontaktierungssysteme abflie3en kénnen.
Notwendige Voraussetzung fir eine effizient arbeitende Solarzelle ist, dass ein
maoglichst groBer Strahlungsanteil im aktiven Bereich absorbiert wird. Bei
Heterokontaktsolarzellen ist dieser aktive Bereich der Absorber aus kristallinem
Silizium, wahrend der hochdotierte Emitter aus amorphem Silizium, durch den
das Licht in den Absorber einfallt, dem entgegen als ,inaktiver Bereich® zu
bezeichnen ist, weil die in dieser Schicht erzeugten Elekironen und Lécher nur
eine vergleichsweise geringe Lebensdauer haben und daher kaum einge-
sammelt werden kdnnen. Durch den hohen Absorptionskoeffizienten des
amorphen Emittermaterials wird ein erheblicher Anteil des auftreffenden

Sonnenlichts im Emitter absorbiert.

Zur Verringerung der genannten Verlustprozesse bei Heterokontaktsolarzellen
mit einer konventionellen Schichtstrukturgeometrie mit einem Emitter auf der
lichtzugewandten Oberseite des Absorbers ist es aus der EP 1 187 223 A2,

von der die Erfindung als néchstliegendem Stand der Technik ausgeht, fir die
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so genannte ,HIT“-Solarzelle (Heterojunction with Intrinsic Thin-layer) der
Firma Sanyo bekannt, entweder die Dicke des Emitters aus hochdotiertem
amorphem Silizium zu verringern, wobei eine Mindestschichtdicke von 5 nm
zur vollstandigen Ausbildung des pn-Heterokontaktes eingehalten werden
muss, oder die Lichtabsorption im Emitter durch eine VergrdBerung der
Bandllcke zu reduzieren. Dazu wird das amorphe Silizium des Emitters mit
Kohlenstoff legiert. Die in der EP 1 187 223 A2 offenbarte gattungsgemé&fie
Heterokontakt-solarzelle weist eine Schichtstrukiur mit einem n-typ dotierten
kristallinen Siliziumwafer in der Mitte als Absorber auf. Auf beiden Seiten des
Absorbers ist ein Heterokontakt zu benachbarten amorphen Siliziumschichten
aufgebaut. Auf der lichtzugewandten Seite des Absorbers sind zwei intrin-
sische Zwischenschichten, der amorphe Emitter und eine transparente
leitfahige Elektrode (ITO)} als Deckschicht vorgesehen. Auf der lichtab-
gewandten Seite des Absor-bers sind vor einer sammelnden Ruckelektrode
zur Ausbildung eines BSF zumindest zwei weitere amorphe Schichten vorge-
sehen, von denen die eine undotiert und die andere wie der Absorber n-typ,
jedoch stark dotiert ist. Auf beiden Seiten weist die Heterokontaktsolarzelle
gitterférmige Kontaktierungssysteme auf den Ladungstrdger sammelnden ITO-
Schichten auf.

Somit weist auch die bekannte HIT-Solarzelle eine transparente Leitschicht
(TCO, ITO) auf der lichtzugewandten Oberseite auf, um die im schlechter
leitenden, amorphen Emitter gesammelten Ladungen abzufihren. Der
Veroéffentlichung Il von A.G. Ulyashin et al.: “The influence of the amorphous
silicon deposition temperature on the efficiency of the ITO/a-Si:H/c-Si
Heterojunction (HJ) solar cells and properties of interfaces” (Thin Solid Films
403-404 (2002) 259-362) ist zu entnehmen, dass die Abscheidung dieser
fransparenten Leitschicht auf dem amorphen Emitter im Verdacht steht, die
elektronischen Eigenschaften an der Grenzflache zwischen amorphem und
kristallinem Silizium (Emitter/Absorber) zu verschlechtern.
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Weiterhin ist aus der DE 100 45 249 A1 eine kristalline Solarzelle bekannt, bei
der der kristalline Emitter auf der lichtabgewandten Seite des Absorbers ange-
ordnet ist. Dort ist er streifenférmig unter Anwendung eines Herstellungs-
prozesses bei hoher Temperatur ausgebildet und wird mit kristallinen Streifen
gegensatzlicher Dotierung verschachtelt, die ein BSF ausbilden. Diese rein-
kristalline, interdigitale Halbleiterstruktur ist nur in einem sehr komplizierten
Herstellungsprozess erzeugbar und dient der ausschlieBlichen Ruckseiten-
kontaktierung, bei der beide ohmschen Kontaktierungsstrukturen auf der
lichtabgewandten Unterseite der Solarzelle angeordnet und ebenfalls inein-
ander verschachtelt sind. Unterhalb der auf der lichizugewandten Oberseite
des Absorbers vorgesehenen Antireflexschicht, die in eine Verkapselung
integriert ist, weist die bekannte Solarzelle noch eine zuséatzliche Passivie-
rungsschicht auf, die der Verringerung der Rekombination von lichterzeugten
Ladungstragern auf der Vorderseite der Solarzelle dient, jedoch auch zuséatz-
lich Licht absorbiert. Weitere interdigitale Solarzellen sind auch aus der

US 4.927.770 mit sehr kleinen Emitterbereichen und aus der

US 2004/0200520 A1, bei der groBere Emitterbereiche in Graben vorgesehen
sind, bekannt. Bei beiden bekannten interdigitalen Solarzellen ist auf der
lichtzugewandien Oberseite neben einer Passivierungsschicht und einer
Antireflexschicht auch eine dotierte Frontschicht zur Ausbildung eines
Minoritatsladungstrager reflektierenden Oberflachenfelds (Front Surface Field
FSF) vorgesehen. Insbesondere die das Oberflachenfeld ausbildende Schicht
wirkt, wenn es sich um eine stark dotierte Si-Schicht handelt, stark absorbie-
rend und verringert damit den Lichteinfall in den aktiven Bereich der Solarzelle
und die Ladungstragerausbeute. Auf der lichtzugewandten Oberseite ist die
Ausbildung eines FSF jedoch von besonderer Bedeutung, da hier durch den
starken Lichteinfall eine hohe Ladungstragererzeugung auftritt, deren

Rekombination minimiert werden muss.
Aus der DE 100 42 733 A1 ist eine ebenfalls reinkristalline Dlnnschicht-Solar-

zelle mit einem transparenten Glassuperstrat auf der Lichteinfallsseite bekannt,
die einen p-typ dotierten polykristallinen Absorber (p-pc-Si) mit einer Kontaktie-
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rungsschicht zwischen dem Absorber und dem Glassuperstrat aus p-hoch-
dotiertem polykristallinen Silizium (p*-pc-Si), die gleichzeitig als transparente
Elektrode und als Schicht zum Aufbau eines FSF dient, aufweist. Die Erzeu-
gung des FSF und die Stromsammlung durch die transparente Elekirode auf
der lichtzugewandten Seite werden jedoch auch hier mit Absorptionsverlusten
im Eintrittsfenster erkauft. Eine Antireflexschicht auf der lichtzugewandten
Seite ist nicht vorgesehen, deren Funktion muss von dem Glassuperstrat tiber-
nommen werden. Auf der lichtabgewandten Seite des Absorbers befindet sich
direkt auf dem Absorber der Emitter aus n-hochdotiertem mikrokristallinem
Silizium (n*-pc-Si) mit einer rauen abgewandten Oberflache, auf der eine
Aluminiumschicht als riickreflektierender Kontaktschicht und Elektrode

angeordnet ist.

Aufgabenstellung

Ausgehend von der gattungsgemaBen Heterokontaktsolarzelle, wie sie im
Zusammenhang mit der HIT-Solarzelle cben néaher beschrieben ist, besteht die
Aufgabe fir die vorliegende Erfindung darin, eine moglichst einfach herstell-
bare Schichtstrukturgeometrie fiir eine Heterokontakisolarzelle mit geringen
optischen Verlusten zu schaffen, die ohne eine transparent leitfahige Elekirode
(TCO) auf der lichtzugewandten Seite auskommt und trotzdem eine zu
bekannten Heterokontaktsolarzellen mit konventioneller Schichtstruktur-
geometrie vergleichbare Umsetzungseffizienz bei der Gewinnung von
elektrischem Strom aus Sonnenenergie liefert. Es soll eine moglichst kurze
Energiertcklaufzeit fir die erzeugien Heterokontakisolarzellen durch einen
moglichst geringen Material-, Zeit- und vor allem Energieeinsatz bei einfacher
und kostengtinstiger Herstellungsweise erreicht werden. Die erfindungs-
gemaBe Lésung fur diese Aufgabe ist dem Hauptanspruch zu entnehmen.
Vorteilhafte Modifikationen der Erfindung werden in den Unteranspriichen
aufgezeigt und im Folgenden im Zusammenhang mit der Erfindung naher

erfautert.
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Die erfindungsgeméaBe Heterokontakisolarzelle weist im grundsatzlichen
Unterschied zu bekannten Heterokontaktsolarzellen eine invertierte Schicht-
strukturgeometrie und damit einen invertierten Heterokontakt auf. Der amorphe
Emitter ist auf der lichtabgewandien Unterseite des Absorbers angeordnet.
Hinter dem Absorber ist die Intensitat des einfallenden Lichts schon so stark
verringert, dass in den Emitter kaum noch Strahlung eindringt und dort absor-
biert wird, sodass die Absorptionsverluste gering gehalten werden kénnen. Auf
der lichtzugewandten Oberseite des Absorbers ist bei der erfindungsgemaéien
Heterokontaktsolarzelle lediglich eine einzelne transparente Antireflexschicht
mit verbesserien Antireflexeigenschaften als Deckschicht angeordnet, die
aufgrund der Materialwahl gleichzeitig als elektrisch wirkende Passivierungs-
schicht eine Ladungstragerrekombination durch Ausbildung eines
Minoritatsladungstrager rickstreuenden Oberflachenfeldes (FSF) verhindert.
Die Antireflexeigenschaften der Antireflex-schicht werden durch die Wahl ihres
Materials bedingt, das einen Brechungsindex (nars) aufweisen muss, der
groBer als der Brechungsindex von Luft(n.), aber kleiner als der
Brechungsindex des kristallinen Halbleitermaterials des Absorbers (nag) ist
(nL<nars<nag). Durch die doppelte Funktion der Deckschicht als transparente
Antireflexschicht und als Passivierungsschicht entfllt insbesondere eine
transparent leitfahige Elekirode (TCO) auf der lichtzugewandten Seite, da
deren Funktion der Stromableitung durc ein feines Kontaktgitter als oberes
Konatkierungssystem Ubernommen werden kann. AuBerdem entfallen weitere
Schichten, insbesondere hochdotierte Si-FSF-Schichten und damit stark
absorbierende Passivierungsschichten, und deren Praparation auf der Solar-
zellenoberseite. Durch den Wegfall zusatzlicher Deckschichten wird der
Herstellungsaufwand bezlglich Material-, Zeit- und Energieeinsatz bei der
Heterokontaktsolarzelle nach der Erfindung bedeutsam reduziert und
vereinfacht.

Im Unterschied zu den bekannten interdigitalen kristallinen Solarzellen, die

einen kristallinen, streifenférmigen Emitter auch auf der lichtabgewandten

REC Exhibit 1005, Page 179 of 532



WO 2006/111138 PCT/DE2006/000670

Absorberseite aufweisen, ist der amorphe Emitter der erfindungsgematen
Heterokontaktsolarzelle als durchgéngige Schicht ausgebildet, sodass er
einfacher herstellbar ist, effizient arbeitet und einfach kontaktiert werden kann.
Dartiber hinaus wird der Emitter bei der Heterokontaktsolarzelle nicht durch
Eindiffusion der entsprechenden Dotierspezies bei Temperaturen Uiber 900°C
gebildet, sondern beispielsweise durch plasmagestltztes Abscheiden aus der

Gasphase (PECVD) bei Substrattemperaturen von unter 250°C erzeugt.

Weiterhin kdnnen bei der erfindungsgemaBen Heterokontaktsolarzelle durch
die Separation von transparenter Antireflexschicht und Emitier deren Schicht-
dicken unabhéangig voneinander optimiert werden. So kann der Emitter auf der
lichtabgewandten Unterseite des Absorbers in gréBerer Schichtdicke ausge-
fuhrt werden als auf dessen lichtzugewandter Oberseite, wodurch eine gute,
stabile Raumladungszone erzeugt wird. Die elektronischen Eigenschaften der
aktiven Grenzflache zwischen Emitter und Absorber werden dadurch ver-
bessert. Bei der Erzeugung der transparenten Antireflexschicht wiederum
muss keine Ricksicht mehr auf darunter liegende Schichten und einen

Einfluss auf deren elektronische Eigenschaften genommen werden.

Die im Absorber generierten Ladungstrager werden am Heterokontakt
zwischen kristallinem Absorber und amorphen Emitter in der Raumladungs-
zone getrennt und Ober die ohmschen Kontaktierungsstrukturen abgefuhrt.
Dabei durchdringt die eine ohmsche Kontaktierungsstruktur auf der lichtzu-
gewandten Oberseite des Absorbers, die mit einer minimierten Beschattungs-
flache ausgebildet ist, die transparente Antireflexschicht. Die andere ohmsche
Kontaktierungsstruktur ist groBflachig auf dem Emiiter auf der lichtabge-
wandten Unterseite des Absorbers ausgebildet. Vornteilhaft konnen auch
unterhaib der die transparente Antireflexschicht durchdringenden Kontaktie-
rungsstruktur im Absorber Ladungstrager reflektierende Zonen ausgebildet
sein, sodass zusammen mit dem von der transparenten Antireflexschicht
bewirkten Ladungstrager rickstreuenden Oberfldchenfeld (FSF) auf der
gesamten Oberflache des Absorbers ein geschlossenes Oberflachenfeld
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erzeugt wird. Es wird zur Kontaktierung des Emitters keine transparent
leitfahige Oxidschicht (TCO : z.B. ITO) als Elektrode mehr bendtigt, deren
Abscheidung auf dem amorphen Emitter in Verdacht steht, die elektronischen
Eigenschaften am Heterolibergang zu verschlechtern (s.0.). Diese technolo-
gische Schwierigkeit wird bei der Erfindung durch eine sanfte Metallisierung
des amorphen Emitters, der eine gute grof3flachige Kontaktierung erlaubt, zur
Erzeugung der groB3flachigen Kontaktierungsstruktur Gber beispielsweise
thermische Verdampfung vermieden. Dabei kann die grof3flichige Kontaktie-
rungsstruktur die gesamte Unterseite des Emitters Uberdecken oder durch

Anwendung einer Maskentechnik groBere Flachenbereiche davon.

Besonders glinstig wirken sich die zuvor aufgefihiten Vorteile auf die
Heterokontakisolarzelle nach der Erfindung mit invertiertem Heterolibergang
aus, wenn der Absorber aus n-typ dotiertem kristallinem Silizium und der
Emitter aus p-typ dotiertem amorphem Silizium mit einer intrinsischen, d.h.
undotierten, amorphen Zwischenschicht bestehen. Bei einer derartigen
Materialwahl kann ein technisch gut beherrschbarer, n-leitender Absorber aus
Silizium mit sehr guten Transporteigenschaften und einer hohen Ladungs-
tragerlebensdauer, das mono-, multi- oder auch mikro-kristallin ausgebildet
sein kann. Bei der Wahl eines solchen Materialsystems ist es moglich, die
FSF-bildende Passivierungsschicht nicht — wie aus dem Stand der Technik
bekannt - aus Siliziumoxid, sondern aus Siliziumnitrit zu erzeugen. Dessen
optischer Brechungsindex liegt zwischen dem von Luft und Silizium, sodass die
Passivierungsschicht gleichzeitig als gute transparente Antireflexschicht
wirksam ist. Eine entsprechend doppeltfunkiionelle transparente Antireflex-
schicht ist auch méglich, wenn der Absorber p-leitend dotiert ist. Der
Brechungsindex des gewahliten Materials muss wieder zwischen dem von Luft
und Absorber liegen und das Material muss passivierend auf den Absorber
einwirken. Weiterhin kann der Silizium-Absorber auf seiner lichtabgewandten
Unterseite in einfacher Weise in einem Niedertemperaturprozess durch den
Emitter aus amorphem Silizium passiviert werden, wodurch eine sehr geringe

Grenzflachenrekombination bedingt wird, da offene Bindungen, so genannte
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Ldangling bonds” sehr effizient chemisch abgesattigt werden. Die Absattigung
mit amorphem Silizium, dessen Bandllicke weit oberhalb der des kristallinen
Siliziums liegt, ergibt einen sehr guten pn-Heterokontaktlibergang. Das
amorphe Silizium des Emitiers hingegen zeigt starkes Absorptions- und
Rekombinationsverhalten. Die Anordnung eines diinnen Emitters hinter dem

aktiven Bereich ist somit optimal.

Waeiterhin kann die eine ohmsche Kontaktierungsstruktur auf der lichtzuge-
wandten Oberseite des Absorbers als Kontaktfinger oder -gitter aus Silber oder
Aluminium und die andere ohmsche Kontaktierungsstruktur auf dem Emitter
als diinne, flachige Metallschicht aus Gold oder einem anderen geeigneten
Material ausgebildet sein. Beide Edelmetalle sind zwar relativ teuer, werden
aber in so geringen Mengen verwendet, dass ihren sehr guten Leit- und
Verarbeitungseigenschaften der Vorzug zu geben ist. Zudem ist bei grof3-
flachigen Strukturen eine Verdickung der Kontakte mit kostenglinstigeren
Metallen denkbar. AuBerdem kann der Absorber als selbstiragender Wafer,
insbesondere Siliziumwafer, in relativ groBer Schichtdicke ausgefihrt sein. Die
Solarzelle nach der Erfindung kann aber auch in Dinnschichttechnik, d.h. mit
einzelnen Schichten von Schichtdicken im nm- bis pm-Bereich, ausgefihrt sein
und durch ein Giassubstrat auf der lichtabgewandten Unterseite des Absorbers
die erforderliche Stabilitdt erhalten. Weitere Anordnungen, Materialsysteme
und Herstellungsprozesse kdnnen dem nachfolgenden spezielien Beschrei-
bungsteil enthnommen werden.

Ausflihrungsbeispiele
Ausbildungsformen der Heterokontaktsolarzelle mit invertierter Schichtstruktur-

geometrie nach der Erfindung werden nachfolgend anhand der schematischen
Figuren naher erlautert. Dabei zeigt :
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Figur 1 einen Schichtstrukturquerschnitt durch die
Heterokontakisolarzelle,

Figur 2 ein Diagramm mit einer Dunkel- und Hellkennlinie einer
hergesteliten Heterokontakisolarzelle und

Figur 3 ein Diagramm zur spekiralen Quantenausbeute der

Heterokontaktsolarzelle geman Figur 2.

Die Figur 1 zeigt eine Heterokontaktsolarzelle HKS mit einem Absorber AB, in
dessen lichtzugewandter Oberseite L.O Lichtstrahlung (nattrlich oder kiinstlich,
sichtbar und/oder unsichtbar) einfallt (Pfeile). Der Absorber AB besteht aus
einem selbsttragenden Wafer der Schichtdicke dag aus n-typ dotiertem
kristallinem Silizium n ¢-Si. Dabei kann das verwendete Silizium mono-, poly-,

multi- oder mikrokristallin ausgebildet und entsprechend hergestellt sein.

Auf der lichtzugewandten Oberseite LO des Absorbers AB ist als Deckschicht
DS eine trénsparente Antireflexschicht ARS aus Siliziumnitrit SigN4
angeordnet, die gleichzeitig als Passivierungsschicht PS auf dem Absorber AB
wirkt und ein Ladungstrager rlickstreuendes Oberflachenfeld FSF (in Figur 1
gestrichelt dargestellt) ausbildet zur Vermeidung von Ladungstrager-
rekombination auf der Lichteinfallsseite. Die Doppelfunktion der Deckschicht
DS ergibt sich durch deren Materialwahl in Abhangigkeit vom
Absorbermaterial. Die Antireflexeigenschaften der transparente
Antireflexschicht werden durch die Wahl ihres optischen Brechungsindex nags
zwischen dem Brechungsindex np von Luft und dem Brechungsindex nag des
Absorbermaterials bedingt (nL<nars<nag). Die Passivierungseigenschaften
hdngen von der elektrischen Wirkung des gewadhlten Materials auf die
Absorberoberflache ab. Durch die einzige Deckschicht DS auf dem Absorber
AB werden die Photonenverluste durch Absorption gegentber einem
konventionellen Heterokontakisolarzellenaufbau mit einer Anordnung des
Emitters EM auf der lichtzugewandten Oberseite LO des Absorbers AB

erheblich reduziert. AuBerdem besteht beim Aufbau der transparenten
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Antirefilexschicht ARS keine Gefahr, die darunter liegende Schichten und deren

elektronische Eigenschaften zu stéren.

Bei der Heterokontaktsolarzelle HKS mit invertierter Schichistrukturgeometrie
ist der Emitter EM auf der lichtabgewandten Unterseite LU des Absorbers AB
angeordnet. Im gewéhlten Ausfihrungsbeispiel besteht der Emitter EM aus mit
Wasserstoff H angereichertem amorphem Silizium mit einer p-typ Dotierung p
a-Si:H. Aufgrund seiner invertierten Positionierung hinter dem Absorber AB
kann der Emitter EM kein Licht absorbieren und somit in seiner Schichtdicke
dgot individuell, insbesondere auch ausreichend dick, bemessen werden. Da
die Beweglichkeit der Ladungstrager in amorphem Silizium sehr viel geringer
ist als in kristallinen Silizium, darf dgqot aber auch nicht zu dick sein. Somit kann
daot im Hinblick auf einen geringen Serienwiderstand der Heterokontaki-
solarzelle HKS optimiert werden. Eine sehr diinne intrinsische (nicht dotierte)
Zwischenschicht IZS mit der Schichtstarke d; zwischen Absorber AB und
Emitter EM ist im gewahlten Ausfiihrungsbeispiel aus amorphem Silizium i a-
Si:H ausgebildet.

Die Heterokontakisolarzelle HKS mit invertierter Schichtstrukiurgeometrie weist
auf ihrer lichtzugewandten Oberseite eine obere Kontaktierungsstruktur OKS
auf, die so ausgelegt ist, dass sie den Absorber AB mit nur einer minimalen
Flache abschattet, sodass ein maximaler Lichteinfall moglich ist. Dazu kann die
Kontaktierungsstruktur OKS finger- oder gitterférmig ausgebildet sein. Im
gewdhlten Ausfiihrungsbeispiel wird die obere Kontaktierungsstruktur OKS von
einem Kontaktgitter KG aus Silber Ag gebildet. Im Bereich des Kontaktgitters
KG wird die transparente Antireflexschicht AR durchdrungen, sodass direkt
unter den Kontaktfingern zunachst kein Minoritatsladungstrager reflektierendes
Oberflachenfeld FSF ausgebildet ist. Bei der Erzeugung des Kontaktgitters KG
kénnen aber MaBnahmen (s.u.) ergrifien werden, die zu einer im gewahlten
Ausflhrungsbeispiel hoch n-dotierten n* Einlagerung unterhalb des Kontakt-

gitters KG im Absorber AB flhren, sodass auch hier ein Minoritdtsladungs-
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trager reflektierendes Oberflachenfeld FSF (in Figur 1 strichpunktiert
dargestellt) ausgebildet wird. Somit kann die gesamte Oberflache des

Absorbers AB passiviert werden.

Auf der Unterseite des Emitters EM befiﬁdet sich eine untere Kontaktierungs-
struktur UKS, welche nicht dem Lichteinfall ausgesetzt ist. Folglich muss sie in
ihrer Beschattungsflache auch nicht minimiert sein, sondern kann den schlecht
leitenden amorphen Emitter EM moglichst groBflachig zur Sammlung der
getrennten Ladungstrager kontaktieren. Im gewahlien Ausfihrungsbeispiel ist
die untere Kontaktierungsstrukiur UKS als diinne flachige Metallschicht MS
aus Gold Au ausgebildet.

Die in der Figur 1 dargestellte Heterokontakisolarzelle HKS mit invertierter
Schichtstrukturgeometrie kann beispielsweise nach folgendem Ablauf
hergestellt werden. Andere Herstellungsverfahren sind jedoch ebenfalls

anwendbar.

Auf einen absorbergroBen Abschnitt eines 0,7 bis 1,5 Qcm n-dotierten Silizium-
Wafers zur Bildung des Absorbers AB der Schichtdicke dag werden nach
bekannter Standardrezeptur Wasserstoff (H)-terminierte Oberflachen nass-
chemisch prapariert. Auf die praparierte Oberflache wird anschlieBend bei
325°C bis 345°C mittels Plasma-CVD eine etwa 70 nm dicke Schicht Silizium-
nitrit SisN4 als transparente Antireflexschicht ARS abgeschieden. Diese kann
anschlieBend von dem durch Siebdruck einer kommerziell erhéltlichen
Silberleitpaste mit Phosphorquelle aufgebrachte Kontakigitter KG bei 600°C
bis 800°C durchdrungen (Durchfeuern der Kontakte durch die transparente
Antireflexschicht ARS) werden. Dabei entstehen unterhalb des Kontaktgitters
KG durch das lokale Eindiffundieren des Phosphors stark n-dotierte Bereiche
n*, die als Minoritatsladungstrager reflektierendes Oberflachenfeld FSF die
Rekombination der lichtgenerierten Ladungstrager reduzieren und das Minori-
tatsladungstrager reflektierendes Oberflachenfeld FSF von der transparenten
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Antireflexschicht ARS im Bereich des Kontakigitters KG schlieBen. Alternativ
kann die transparente Antireflexschicht ARS beispielsweise mit photolithogra-
phischen Schritten partiell gedffnet werden, um das Silizium des Absorbers AB
auf der lichtzugewandten Oberseite LO mit aufgedampftem Aluminium als

Kontaktgitter KG ohmsch zu kontaktieren.

Auf der lichtabgewandten Unterseite LU des Absorbers AB wird dann nach
einem Atzreinigungsschritt dieser Oberflache in verdiinnter Flusssaure ebenso
mit Plasmadeposition amorphes Silizium als Emitter EM der Solarzelle SZ
abgeschieden. Dies erfolgt in zwei Etappen : Zunachst wird eine wenige nm
diinne intrinsische Zwischenschicht IS der Schichtdicke d; undotiertes Silizium
(i a-Si:H) aufgewachsen und anschlieBend eine mit etwa 10000 ppm Bor
dotierte 20 nm - 40 nm dicke {Schichtdicke dgot) Emitterschicht (p a-Si:H)
aufgebracht.

Der Emitter EM wird auf der lichtabgewandten Unterseite LU im n&chsten
Schritt durch Aufdampfen einer etwa 150 nm dicken Metallschicht MS aus
Gold Au metallisiert und auf diese Weise die untere Kontaktierungsstruktur
UKS gebildet, wobei deren laterale Ausdehnung durch Verwendung
verschieden groBer Masken festgelegt werden kann.

Alternativ hierzu kann bei Raumtemperatur eine manuelle Praparation der
oberen Kontaktierungsstruktur OKS auf der transparenten Antireflexschicht
ARS durch partielles Fortatzen der transparenten Antireflexschicht ARS aus
SizNg4, durch die Benetzung dieser freigelegten Stellen mit Galliumindium-
Eutektikum Galn und deren anschlieBendes Verkapseln mit silberhaltigen
Leitklebern erfolgen.

Erste nach dem vorbeschrieben Verfahren hergestellte Heterokontaktsolar-

zellen HKS mit invertierter Schichtstrukturgeometrie geman Figur 1 zeigen

einen Wirkungsgrad von Gber 11,05 % auf (Figur 2, Diagramm mit einer
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Dunkel- und Hellkennlinie, Stromdichte SD in A/cm?2 {iber dem Potenzial P in
V) bei einer fir kristallines Silizium typischen externen spektralen Quanten-
ausbeute (Figur 3, Diagramm spektraie Quantenausbeute flir die Solarzelie
geman Figur 2, externe Quantenausbeute eQA Uber der Wellenladnge A in
nm). Der durch den relativ hohen Serienwiderstand begrenzie Wirkungsgrad ist
durch eine Optimierung der oberen Kontaktierungsstruktur OKS noch deutlich
steigerbar.

Ersatzblait
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Bezugszeichenliste
AB Absorber
ARS transparente Antireflexschicht
das Schichtdicke Absorber
daot Schichidicke dotierter Emitter
d; Schichtstarke intrinsische Zwischenschicht
DS Deckschicht
EM Emitter
FSF Minoritatsladungstrager reflektierendes Oberflachenfeld
HKS heterogene Heterokontaktsolarzelle
1ZS intrinsische Zwischenschicht
i a-Si:H intrinsisches amorphes Silizium
KG Kontakigitter
LO lichtzugewandte Oberseite
LU lichtabgewandte Unterseite
MS Metallschicht
Nag optischer Brechungsindex Absorber
Nars optischer Brechungsindex Antireflexschicht
n c-Si n-typ dotiertes kristallines Silizium.
nL optischer Brechungsindex Luft
OKS obere Kontaktierungsstruktur
p a-Si:H p-typ dotiertes amorphes Silizium
P Potenzial
PS Passivierungsschicht
eQA externe Quantenausbeute
SD Stromdichte
UKS untere Kontaktisrungsstruktur

Ersatzblatt
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Patentanspriiche

1. Heterokontaktsolarzelle in Schichtstruktur mit einem Absorber aus p- oder n-
typ dotiertem kristallinem Halbleitermaterial, einem Emitter aus einem zum
Absorber entgegengesetzt dotierten amorphen Halbleitermaterial, einer intrin-
sischen Zwischenschicht aus amorphem Halbleitermaterial zwischen Absorber
und Emitter, einer Deckschicht auf der lichtzugewandten Seite des Absorbers,
einer ein Minoritaisladungstrager reflektierendes Oberflachenfeld ausbildenden
Schicht sowie mit einer ohmschen Kontaktierungsstrukitur mit einer minimierten
Beschattungsflache auf der lichtzugewandten Seite des Absorbers und einer
ohmschen Kontaktierungsstruktur auf der lichtabgewandten des Absorbers,
dadurch gekennzeichnet, dass

in einer invertierten Schichistrukturgeometrie der Emitter (EM) auf der
lichtabgewandten Unterseite (LU) des Absorbers (AB) angeordnet ist, dass die
Deckschicht (DS) auf der lichtzugewandten Seite des Absorbers (AB) durch
eine Materialwahl in Abhangigkeit vom Absorbermaterial sowohl als transpa-
rente Antireflexschicht (ARS) als auch als eine ein Minoritatsladungstrager -
reflektierendes Oberflachenfeld (FSF) ausbildende Passivierungsschicht (PS)
des Absorbers (AB) ausgebildet ist und dass die ohmsche Kontaktierungs-
struktur (OKS) auf der lichtzugewandten Oberseite (LO) des Absorbers (AB)
die transparente Antireflexschicht (ARS) durchdringt und die andere ohmsche
Kontaktierungsstruktur (UKS) groBfléchig auf dem Emitter (EM) auf der
lichtabgewandten Unterseite (LU) des Absorbers (AB) ausgebildet ist.

2. Solarzelle nach Anspruch 1,

dadurch gekennzeichnet, dass

unterhalb der die transparente Antireflexschicht (ARS) durchdringenden
Kontaktierungsstruktur (OKS) im Absorber (AB) Ladungstrager reflektierende

Bereiche (n*) ausgebildet sind.
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3. Solarzelle nach Anspruch 1 oder 2,

dadurch gekennzeichnet, dass

der Absorber (AB) aus n-typ dotiertem kristallinem Silizium (n c¢-Si), der Emitter
(EM) aus p-typ dotiertem amorphem Silizium (p a-Si:H) und die intrinsische
Zwischenschicht (IZS) aus undotiertem amorphem Silizium (i a-Si:H) bestehen.

4. Solarzelle nach einem der Anspriiche 1 bis 3,
dadurch gekennzeichnet, dass
die transparente Antireflexschicht (ARS) aus Siliziumnitrit (SisN4) besteht.

5. Solarzelle nach einem der Anspriche 1 bis 4,

dadurch gekennzeichnet, dass ‘

die eine ohmsche Kontaktierungsstruktur (OKS) auf der lichtzugewandten
Oberseite (LO) des Absorbers (AB) als Kontaktfinger oder —gitter (KG) aus
Silber (Ag) und die andere ohmsche Kontaktierungsstruktur (UKS) als diinne
flachige Metallschicht (MS) aus Gold (Au) ausgebildet ist.

6. Solarzelle nach einem der Anspriiche 1 bis 5,
dadurch gekennzeichnet, dass

der Absorber (AB) aus einem selbsttragenden Wafer besteht.

7. Solarzelle nach einem der Anspriiche 1 bis 6,

dadurch gekennzeichnet, dass

ein DUnnschichtaufbau fir die Schichten der Solarzelle (SZ) und ein tragendes
Glassubstrat auf der lichtabgewandten Unterseite (LU) des Absorbers (AB)

vorgesehen sind.
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
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Application No. Applicant(s)
14/504,771 COUSINS, PETER JOHN

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
DEVINA PILLAY 1755 ,S\ltgt“s

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 2MONTHS 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)X Responsive to communication(s) filed on 1-20.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)[] This action is FINAL. 2b)[] This action is non-final.
3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
__ ;therestriction requirement and election have been incorporated into this action.
4)[] 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)X Claim(s) 1-20is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) _____is/are allowed.
7)0 Claim(s is/are rejected.

)
8)[1 Claim(s) is/are objected to.
9)X Claim(s) 1-20 are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp/Awww. uspio.aov/patents/init_events/peh/indax.jsp or send an inquiry to PPHfesdback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[] accepted or b)[[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)[J Al b)[J Some** c)[] None of the:
1.0 Certified copies of the priority documents have been received.
2] Certified copies of the priority documents have been received in Application No.
3.0 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) D Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.
2) D Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 I:l Other-
Paper No(s)/Mail Date ) ther
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20160317
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Application/Control Number: 14/504,771 Page 2
Art Unit: 1755

1. The present application is being examined under the pre-AlA first to invent
provisions.
DETAILED ACTION
Election/Restrictions

2. Restriction to one of the following inventions is required under 35 U.S.C. 121:

I. Claims 1-14, drawn to a solar cell, classified in HO1L31/022425.

II. Claims 15-20, drawn to a method of fabricating a solar cell, classified in
HO1L31/182.
The inventions are distinct, each from the other because of the following reasons:
3. Inventions Il and | 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. For example, the substrate can be formed on the first
tunnel dielectric.
4, Restriction for examination purposes as indicated is proper because all these
inventions listed in this action are independent or distinct for the 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:
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Application/Control Number: 14/504,771 Page 3
Art Unit: 1755

(a) the inventions have acquired a separate status in the art in view of their
different classification;

(b) the inventions have acquired a separate status in the art due to their
recognized divergent subject matter;

(c) the inventions require a different field of search (for example, searching
different classes/subclasses or electronic resources, or employing different search
queries);

(d) the prior art applicable to one invention would not likely be applicable to
another invention;

(e) the inventions are likely to raise different non-prior art issues under 35 U.S.C.
101 and/or 35 U.S.C. 112, first paragraph.

Applicant is advised that the reply to this requirement to be complete must
include (i) an election of a 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
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Application/Control Number: 14/504,771 Page 4
Art Unit: 1755

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 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-AlA 35 U.S.C. 103(a) of the other invention.

5. 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, 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
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Application/Control Number: 14/504,771 Page 5
Art Unit: 1755

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.
Conclusion

6. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to DEVINA PILLAY whose telephone number is (571)270-
1180. The examiner can normally be reached on Monday thru Friday 7:30am -5:00pm
(EST). Examiner Fax Number is (571)-270-2180.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Jeffrey T. Barton can be reached on 571-272-1307. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 14/504,771 Page 6
Art Unit: 1755

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.

/DEVINA PILLAY/
Primary Examiner, Art Unit 1755
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S0123 US2 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No.:  14/504,771 Confirm. No. 3342
Applicant: Peter John Cousins Art Unit: 1755

Filed: October 2, 2014 Examiner: Devina Pillay
Docket No.:  10031.004211 Customer No.: 74254

Title:  FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

RESPONSE TO MARCH 21, 2016 RESTRICTION REQUIREMENT

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

Dear Sir:

In response to the March 21, 2016 Restriction Requirement, Applicants respectfully submit

the following response.
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REMARKS

Claims 1-20 are pending in the present application.

Restriction Requirement

A restriction requirement under 35 U.S.C. 121 was made in the latest Office Action to one

of the following two groups of claims:

L. Claims 1-14, drawn to a solar cell, classified in H011.31/022425.
IL Claims 15-20, drawn to a method of fabricating a solar cell, classified in HO1L31/182.

In reply to this requirement, Applicants elect Group I, encompassing claims 1-14 for

examination. This election is made without traverse.
Conclusion

The Examiner is invited to call the undersigned for any questions. Favorable action is

respectfully solicited.

Respectfully submitted,

MAY (o, 201% Painn'e (Do 24D
Dated:

Patrick D. Benedicto, Reg. No. 40,909
OKAMOTO & BENEDICTO LLP
P.O. Box 641330

San Jose, California 95164

(408) 436-2110
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Total Files Size (in bytes){ 68366

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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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.
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Application No. Applicant(s)
14/504,771 COUSINS, PETER JOHN

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
DEVINA PILLAY 1755 Naws

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

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

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 05/06/2016.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)[] This action is FINAL. 2b)[X] This action is non-final.

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

4)[ 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)X Claim(s) 1-20is/are pending in the application.
5a) Of the above claim(s) 15-20 is/are withdrawn from consideration.

6)[] Claim(s) is/are allowed.

7)Y Claim(s) 1-14 is/are rejected.

8)[] Claim(s) is/are objected to.

90 Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp/Awww usplo.aov/patents/init_events/peh/index.jsp or send an inquiry to PPHieaedback@usplio.gov.

Application Papers
10)[J The specification is objected to by the Examiner.
11)[J The drawing(s) filed on is/are: a)[] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[ Some** c)[] None of the:
1.[] Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.
3.0 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) 3) |:| Interview Summary (PTO-413)
N . . Paper No(s)/Mail Date. .
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 I:l Other:
Paper No(s)/Mail Date 10/29/2015 06/11/2015. ) ther: .
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20160608
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Application/Control Number: 14/504,771 Page 2
Art Unit: 1755

1. The present application is being examined under the pre-AlA first to invent
provisions.
DETAILED ACTION
Election/Restrictions
2. Claims 15-20 are withdrawn from further consideration pursuant to 37 CFR
1.142(b) as being drawn to a nonelected method of fabricating a solar cell, there being
no allowable generic or linking claim. Election was made without traverse in the reply
filed on 05/06/2016.
3. Applicant’s election without traverse of claims 1-14, drawn to a solar cell, in the
reply filed on 05/06/2016 is acknowledged.
Claim Rejections - 35 USC § 112

4. The following is a quotation of 35 U.S.C. 112(b):
(b) CONCLUSION.—The specification shall conclude with one or more claims particularly
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor
regards as the invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:
The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

5. Claims 9-14 rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA), second
paragraph, as being indefinite for failing to particularly point out and distinctly claim the
subject matter which the inventor or a joint inventor, or for pre-AlA the applicant regards
as the invention.

6. Claim 9 recites “a back surface" in line 3 and later recites "a back surface” in line
6. It is unclear if these are the same back surfaces or not. Further clarification and

appropriate correction is required.
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Claim Rejections - 35 USC § 103
7. The following is a quotation of pre-AlA 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.

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

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

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

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

4. Considering objective evidence present in the application indicating
obviousness or nonobviousness.
9. This application currently names joint inventors. In considering patentability of the
claims under pre-AlA 35 U.S.C. 103(a), the examiner presumes that the subject matter
of the various claims was commonly owned at the time any inventions covered therein
were made absent any evidence to the contrary. Applicant is advised of the obligation
under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was
not commonly owned at the time a later invention was made in order for the examiner to
consider the applicability of pre-AlA 35 U.S.C. 103(c) and potential pre-AlA 35 U.S.C.

102(e), (f) or (g) prior art under pre-AlA 35 U.S.C. 103(a).
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10. Claims 1-14 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Okayasu (JP 07-106611, Machine Translation) in view of Ohmi
(US 5,563,092) in further view of Foglietti (US 2002/0142500 A1).

Regarding claims 1-6, Okayasu discloses a solar cell (See Fig. 1), comprising:

a substrate (1);

an emitter (2) disposed over the substrate:

a front electrode (either 4 or 6) disposed over a front surface (top or bottom
surface) of the substrate; and a back electrode (6 or 4) disposed over a back surface
(bottom or top) of the substrate ([0044]).

However, Okayasu does not discloses a tunneling dielectric oxide between the
emitter and the substrate.

Ohmi discloses that that when growing an amorphous silicon layer on a
monocrystalline substrate a thin tunneling oxide layer is placed between so that
crystalline growth is suppressed (C1/L20-25, C3/L50-55 and C4/L5-65) which is
applicable to solar cells (C2/L20-23).

Foglietti discloses that polycrystalline growth directly on crystalline silicon results
in partial realignment of the polycrystalline grains and to suppress this effect a thin oxide
can be grown similar to that disclosed by Ohmi ([0046]).

It would have been obvious to one of ordinary skill in the art at the time of the
invention to modify the solar cell of Okayasu by providing a thin tunneling oxide
between the emitter layer (2, formed of polysilicon or amorphous silicon) and the

substrate (1 formed of single crystalline silicon) and the BSF layer (5 polysilicon layer or
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amorphous layer) and the substrate (1 formed of single crystalline silicon) because as
disclosed by Ohmi and Foglietti it suppresses realignment of polysilicon emitter and
BSF layers.

Regarding claim 7, modified Okayasu discloses all of the claim limitations as set

forth above.
In addition, Okayasu discloses that the back electrode (4) includes silver [0044].

Regarding claim 8, modified Okayasu discloses all of the claim limitations as set

forth above.
In addition, Okayasu discloses that there is an anti-reflection layer (3 [0044])
disposed over the front surface (top) of the substrate.

Regarding claims 9-13, Okayasu discloses a solar cell (See Fig. 1), comprising:

a substrate (1);

an emitter (2) disposed over a back surface (top surface) of the substrate;

a front electrode (6) disposed over a front surface (bottom surface) of the
substrate;

and a back electrode (4) disposed over the back surface (top) of the substrate
([0044)).

However, Okayasu does not discloses a tunneling dielectric oxide between the
emitter and the substrate.

bottom or top) of the substrate ([0044]).

However, Okayasu does not discloses a tunneling dielectric oxide between the

emitter and the substrate.
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Ohmi discloses that that when growing an amorphous silicon layer on a
monocrystalline substrate a thin tunneling oxide layer is placed between so that
crystalline growth is suppressed (C1/L20-25, C3/L50-55 and C4/L5-65) which is
applicable to solar cells (C2/L20-23).

Foglietti discloses that polycrystalline growth directly on crystalline silicon results
in partial realignment of the polycrystalline grains and to suppress this effect a thin oxide
can be grown similar to that disclosed by Ohmi ([0046]).

It would have been obvious to one of ordinary skill in the art at the time of the
invention to modify the solar cell of Okayasu by providing a thin tunneling oxide
between the emitter layer (2, formed of polysilicon or amorphous silicon) and the
substrate (1 formed of single crystalline silicon) and the BSF layer (5 polysilicon layer or
amorphous layer) and the substrate (1 formed of single crystalline silicon) because as
disclosed by Ohmi and Foglietti it suppresses realignment of polysilicon emitter and
BSF layers.

Regarding claim 14, modified Okayasu discloses all of the claim limitations as set

forth above.

In addition, Okayasu discloses that the back electrode (4) includes silver [0044].
11. Claims 1-14 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Okayasu (JP 07-106611, Machine Translation) in view of
Borden (WO 2009/094578 A2, please note provisional filing date).

Regarding claims 1-6, Okayasu discloses a solar cell (See Fig. 1), comprising:

a substrate (1);
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an emitter (2) disposed over the substrate:

a front electrode (either 4 or 6) disposed over a front surface (top or bottom
surface) of the substrate; and a back electrode (6 or 4) disposed over a back surface
(bottom or top) of the substrate ([0044]).

However, Okayasu does not discloses a tunneling dielectric oxide between the
emitter and the substrate.

Borden discloses that tunnel oxides can be used in solar cells between doped
polysilicon and monocrystalline substrates [0016].

Furthermore, Borden discloses that by providing the tunneling layer it prevents
epitaxial growth of the emitter layer and further it protects the surface from plasma
damage of the deposited emitter layer [0008].

It would have been obvious to one of ordinary skill in the art at the time of the
invention to modify the interface between polycrystalline layers and monocrystalline
substrates of Okayasu by having a tunneling oxide because it prevents epitaxial growth
of the emitter layer and further it protects the crystalline surface from plasma damage of
the deposited emitter layer.

Regarding claim 7, modified Okayasu discloses all of the claim limitations as set
forth above.

In addition, Okayasu discloses that the back electrode (4) includes silver [0044].

Regarding claim 8, modified Okayasu discloses all of the claim limitations as set

forth above.
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In addition, Okayasu discloses that there is an anti-reflection layer (3 [0044])
disposed over the front surface (top) of the substrate.

Regarding claims 9-13, Okayasu discloses a solar cell (See Fig. 1), comprising:

a substrate (1);

an emitter (2) disposed over a back surface (top surface) of the substrate;

a front electrode (6) disposed over a front surface surface) of the substrate;

and a back electrode (4) disposed over the back surface (bottom or top) of the
substrate ([0044]).

However, Okayasu does not discloses a tunneling dielectric oxide between the
emitter and the substrate.

Borden discloses that tunnel oxides can be used in solar cells between doped
polysilicon and monocrystalline substrates [0016].

Furthermore, Borden discloses that by providing the tunneling layer it prevents
epitaxial growth of the emitter layer and further it protects the surface from plasma
damage of the deposited emitter layer [0008].

It would have been obvious to one of ordinary skill in the art at the time of the
invention to modify the interface between polycrystalline layers and monocrystalline
substrates of Okayasu by having a tunneling oxide because it prevents epitaxial growth
of the emitter layer and further it protects the crystalline surface from plasma damage of
the deposited emitter layer.

Regarding claim 14, modified Okayasu discloses all of the claim limitations as set

forth above.
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In addition, Okayasu discloses that the back electrode (4) includes silver [0044].
Double Patenting

12.  The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory double
patenting rejection is appropriate where the claims at issue are not identical, but at least
one examined application claim is not patentably distinct from the reference claim(s)
because the examined application claim is either anticipated by, or would have been
obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d
1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir.
1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum,
686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619
(CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory
double patenting ground provided the reference application or patent either is shown to
be commonly owned with this application, or claims an invention made as a result of
activities undertaken within the scope of a joint research agreement. See MPEP §
717.02 for applications subject to examination under the first inventor to file provisions

of the AlA as explained in MPEP § 2159. See MPEP §§ 706.02(1)(1) - 706.02(1)(3) for
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applications not subject to examination under the first inventor to file provisions of the
AlA. A terminal disclaimer must be signed in compliance with 37 CFR 1.321(b).

The USPTO Internet website contains terminal disclaimer forms which may be
used. Please visit www.uspto.gov/forms/. The filing date of the application in which the
form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or
PTO/AIA/26) should be used. A web-based eTerminal Disclaimer may be filled out
completely online using web-screens. An eTerminal Disclaimer that meets all
requirements is auto-processed and approved immediately upon submission. For more
information about eTerminal Disclaimers, refer to
http://www.uspto.gov/patents/process/file/efs/guidance/eTD-info-1.jsp.

13. Claims 1-14 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-11 of U.S. Patent No. 8,207,444. Although the claims at
issue are not identical, they are not patentably distinct from each other because they
discloses a similar solar cell with a backside polysilicon emitter and tunnel oxide at the
interfaces between the monocrystalline substrate and the emitter and the
monocrystalline substrate and the front side electrode.

14.  Claims 1-14 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-12 of U.S. Patent No. 8,222,516. Although the claims at
issue are not identical, they are not patentably distinct from each other because they
discloses a similar solar cell with a backside polysilicon emitter and tunnel oxide at the
interfaces between the monocrystalline substrate and the emitter and the

monocrystalline substrate and the front side electrode.
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Conclusion
15.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to DEVINA PILLAY whose telephone number is (571)270-
1180. The examiner can normally be reached on Monday thru Friday 7:30am -5:00pm
(EST). Examiner Fax Number is (571)-270-2180.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Jeffrey T. Barton can be reached on 571-272-1307. The 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.

/DEVINA PILLAY/
Primary Examiner, Art Unit 1755
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cetpt—date 06/ 11/2015 — HECAT T —6GAaT— 1757
Application Number 14504771
Filing Date 2014-10-02
INFORMATION DISCLOSURE First Named Inventor ‘ Peter JOhn COUSINS
STATEMENT BY APPLICANT 1757
( Not for submission under 37 CFR 1.99)
Examiner Name ‘
Attorney Docket Number ‘ 10031.004211
3 HO7106611 JP 1995-04-21 TONEN CORP D
4 WO0055923 WO A1 2000-09-21 EBARA SOLAR, INC. ]
SUNPOWER
5 W02007130188 WO A2 2007-11-15 CORPORATION ]
If you wish to add additional Fareign Patent Document citation information please click the Add button ~ Add
NON-PATENT LITERATURE DOCUMENTS Remove
. . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite S . . :
e (book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue number(s), TS
Initials No . - .
publisher, city and/or country where published.
1 []

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

EXAMINER SIGNATURE

Examiner Signature /DEVINA  PILLAY/ Date Considered 06/08/2016

*EXAMINER: Initial if reference considered, whether or not citaticn is in conformance with MPEP 609. Draw line through a

citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTQ.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPQ
Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. * Applicant is to place a check mark here if

English language translation is attached.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.P/
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seetptdate 06/ 1/2015 — HEAT T —G&0— 1757
Application Number 14504771
Filing Date 2014-10-02
INFORMATION DISCLOSURE First Named Inventor ‘ Peter JOhn COUSINS
STATEMENT BY APPLICANT ,
Art Unit ‘ 1757

( Not for submission under 37 CFR 1.99)

Examiner Name ‘

Attorney Docket Number ‘ 10031.004211

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s}):

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

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

[] See attached certification statement.
[[] The fee setforth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Patrick D. Benedicto/ Date (YYYY-MM-DD) 2015-06-11

Name/Print PATRICK D. BENEDICTO Registration Number 40909

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Receipt date: 06/11/2015 14504771 —~ GAU: 1755

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 applicaticn or expiration of the patent.

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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EAST Search History

EAST Search History
EAST Search History (Prior Art)

Ref iHits {iSearch Query iDBs Default jiPlurals {Time
it Operator Stamp

L1 142 "5011565" US-PGPUB; §OR ON 2016/06/08
USPAT; 18:47
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

L2 72 "5057439" US-PGPUB; §OR ON 2016/06/08
USPAT; 18:51
USOCR;
FPRS;

EPO; JPO;
DERWENT;
|BM_TDB

L3 6 "7858430" US-PGPUB; {OR ON 2016/06/08
USPAT; 18:54
USOCR;
FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

L5 17 (anti?reflect$4) with (stack) with ITO  }§US-PGPUB;{OR ON 2016/06/08
and (solar photovoltaic) USPAT; 19:15
USOCR,;
FPRS;
EPO; JPO;
DERWENT;

L9 4439 (aluminum Al) with (silver Ag) with US-PGPUB; {OR ON 2016/06/08
electrode and (solar photovoltaic).ab. {{USPAT; 20:20
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBV_TDB

L10 660 (aluminum Al) with (silver Ag) with US-PGPUB; {jOR ON 2016/06/08
electrode and (solar photovoltaic).ab. {USPAT,; 20:21

and BSF USCCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

L13 {51 ("4403392" | "4502206").PN. OR US-PGPUB; §OR ON 2016/06/08
("5057439") .URPN. USPAT; 20:40
USOCR

125 212 (polycrystalline polysilicon) near2 US-PGPUB; #OR ON 2016/06/08
emitter and (solar photovoltaic) USPAT; 20:51
USOCR,;
FPRS;
EPO; JPO;

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]
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EAST Search History

DERWENT;
IBM_TDB
26 689 (polycrystalline polysilicon) and BSF and§US-PGPUB; ;OR ON 2016/06/08
(single near crystal$4 monocrystalline) {USPAT; 20:52
near5 substrate and (solar USOCR;
iiphotovoltaic) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
L27 699 (polycrystalline polysilicon) and (FSF US-PGPUB; OR ON 2016/06/08
BSF) and (single near crystal$4 USPAT; 20:53
monocrystalline) near5 substrate and USOCR;
(solar photovoltaic) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
28 507 (polycrystalline polysilicon) and (FSF US-PGPUB; {{OR ON 2016/06/08
BSF) and (single near crystal$4 USPAT; 20:53
monocrystalline) near5 substrate and USOCR;
(solar photovoltaic).ab. FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
29 163 (polycrystalline polysilicon) and (FSF) §US-PGPUB;OR ON 2016/06/08
and (single near crystal$4 USPAT; 20:54
monocrystalline) near5 substrate and USOCR;
(solar photovoltaic).ab. FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
L30 #93 (FSF) and (single near crystal$4 US-PGPUB; {OR ON 2016/06/08
monocrystalline) near5 substrate and USPAT; 20:55
(solar photovoltaic).ab. USOCR;
FPRS;
EPC; JPO;
DERWENT;
IBM_TDB
L31 {30 30 not 29 US-PGPUB; {OR ON 2016/06/08
USPAT; 20:56
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBVI_TDB
L32 186 (FSF front near2 surface near field) and §US-PGPUB; {OR ON 2016/06/08
(single near crystal$4 monocrystalline) {USPAT; 20:57
near5 substrate and (solar USOCR;
photovoltaic).ab. FPRS;
EPO; JPO;
DERWENT;
IBVI_TDB
L33 265 (FSF front near2 surface near field) and j§jUS-PGPUB; {OR ON 2016/06/08
(single near crystal$4 monocrystalline §USPAT; 20:58
wafer) nearb substrate and (solar USOCR;
photovoltaic).ab. FPRS;
EPC; JPO;
DERWENT;
IBM_TDB
L34 {172 33 not 30 US-PGPUB; §{OR ON 2016/06/08
USPAT; 20:58
USOCR,;

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]
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EAST Search History

FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

L35 {71 Veschetti.in. US-PGPUB; #OR ON 2016/06/08
USPAT; 21:02
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

L36 53 Veschetti.in. and photovoltaic US-PGPUB; {OR ON 2016/06/08
USPAT; 21:02
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

L37 i1 2008-D39688.NRAN. DERWENT {OR ON 2016/06/08
21:03

138 {7 "2003083955" US-PGPUB; {OR ON 2016/06/08
USPAT; 21:04
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

39 {19 "5134090" US-PGPUB; #OR ON 2016/06/08
USPAT; 21:06
USOCR;
FPRS;
EPO; JPO;
DERWENT;
[BM TDB § o {§

L53 2 ("20030183270" | "5057439").PN. US-PGPUB; §OR ON 2016/06/08
USPAT 21:21

L54 32 "20030183270" US-PGPUB; §OR ON 2016/06/08
USPAT 21:25

L55 2 ("8222516" | "8878053").PN. US-PGPUB; #OR ON 2016/06/08
USPAT 21:29

L56 32 (HO1L31/0236 HO1L31/0745 US-PGPUB; {OR ON 2016/06/08
HO1L31/1804 HO1L31/022425 USPAT; 21:44
HO1L31/068 HO1L31/182 USOCR,;
HO01L31/0586).cpc. and (Y02E10/52 FPRS;
Y02P70/521 YO2E10/547).cpc. and EPC; JPO;
(polysilicon polycrystalline) near emitter iDERWENT;
and tunnel$3 near oxide IBM_TDB

St 2 "20030134469" US-PGPUB; OR ON 2009/12/07
USPAT; 11:43
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM TDB

S2 4 ("2003/0134469").URPN. USPAT OR ON 2009/12/07
11:56

‘O "10353261" USPAT OR ON 2009/12/07
11:57

1 "10/353261" USPAT  JOR ON  [2009/12/07

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]
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EAST Search History

. ! i 4 Y11:57

S5 {19 ("2999240" | "4001864" | "4104001" | {US-PGPUB;#OR ON 2009/12/07
"4133698" | "4142200" | "4152824" |  {USPAT; 11:58
"4156822" | "4201798" | "4377901" | {USOCR
"4478879" | "5013396" | "5543333" |
| \ |
|

"6096968" | "6136673" | "6146483"
"6206996" | "6278053").PN. OR
("6825104"). URPN.

S6 39 (back near surface near field) and US-PGPUB; {OR ON 2009/12/07
texture and dielectric USPAT; 11:58
USOCR

S7 18 (back near surface near field) and US-PGPUB; {jOR ON 2009/12/07
texture and dielectric and anti near USPAT; 12:06
reflective USOCR

B8 18 (back near surface near field) and US-PGPUB; {OR ON 2009/12/07
texture and dielectric and anti near USPAT; 12:06
reflective USCCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

9 10 ‘ (back near surface near field) and US-PGPUB; {OR ON 2009/12/07
texture and antireflective and emitter  {§USPAT; 12:09
USOCR

S10 65 texture and antireflective and emitter US-PGPUB; §OR ON 2009/12/07
USPAT; 12:09
USOCR

S11 66 texture and antireflective and emitter US-PGPUB; §OR ON 2009/12/07
USPAT; 12:10
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM _TDB

S12 #120 textur$4 and antireflective and emitter {US-PGPUB;$OR ON 2009/12/07
USPAT; 12:11
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

S13 54 S12 not S11 US-PGPUB; {OR ON 2009/12/07
USPAT; 12:11
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S14 18 S$13 and dielectric US-PGPUB;OR ON 2009/12/07
USPAT; 12:12
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM TDB

S15 i3 "20070082206" US-PGPUB; {{OR ON 2009/12/07
USPAT; 12:17
USOCR;
FPRS;
EPO; JPO;

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]
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EAST Search History

DERWENT;
IBM_TDB
S16 1443 dielectric and antireflective and emitter {US-PGPUB;OR ON 2009/12/07
USPAT; 12:17
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S17 i§132 dielectric and antireflective and emitter §US-PGPUB;:;OR ON 2009/12/07
and ((solar near cell) (photovoltaic)) USPAT; 12:18
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB
S18 {192 (back near surface near field) and US-PGPUB; {OR ON 2009/12/07
dielectric USPAT; 12:18
USOCR
S19 i "20030134469" US-PGPUB; {OR ON 2009/12/07
USPAT; 12:28
USOCR
S20 {19 ("3413157" | "4012235" | "4239810" | HUS-PGPUB;{OR ON 2009/12/07
"4313768" | "4604791" | "4624045" | USPAT; 12:51
"4633031" | "4781766" | "4836861" | USOCR
"4910153" | "6879977" |
"6111191").PN. OR ("6210991").URPN. § &4 &4 §
S21 §§2 "20060196535" US-PGPUB; OR ON 2009/12/07
USPAT; 12:55
USOCR
S22 14 ("20030070707" | "4070097" | US-PGPUB;HOR ON 2009/12/07
"4084099" | "4278831" | "4496788" | USPAT; 13:13

"5057439" | "5066340" | "5213628" | {USOCR
"5468652" | "5728230" | "6013582" |

"6118258" | "6210991" |
'6485724").PN. OR ("7554031").URPN.

S23 {346 dielectric and (antireflection or anti nearijUS-PGPUB;
reflection or ARC) and emitter and USPAT;
textur$s USOCR

S24 {347 dielectric and (antireflection or anti nearjjuS-PGPUB; {OR ON 2009/12/07
reflection or ARC) and emitter and USPAT; 13:17
textur$s USOCR;
FPRS;
EPC; JPO;
DERWENT;
IBM_TDB

25 {124 S23 and ((solar near cell) US-PGPUB; {{OR ON 2009/12/07
(photovoltaic)) USPAT; 13:17
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S26 7 11/263159 US-PGPUB; §OR ON 2009/12/07
USPAT; 13:50

OR ON 2009/12/07

13:17

IBM_TDB

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]
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EAST Search History

S27 {29 S24 and optoelectronic US-PGPUB; {OR ON 2009/12/07
USPAT; 14:08
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S28  #479 dielectric and (antireflection or anti near{jUS-PGPUB; {OR ON 2009/12/07
reflection or ARC) and (emitter or USPAT; 14:09
collector) and textur$5 USOCR
S29 {133 S28 not S24 US-PGPUB;{{OR ON 2009/12/07
USPAT; 14:09
USOCR
S30 {32 S29 and ((solar near cell) US-PGPUB; {OR ON 2009/12/07
(photovoltaic)) USPAT; 14:09
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S31 {19 ("4090213" | "4131486" | "4133698" | {US-PGPUB;:iOR ON 2009/12/07
"4232245" | "4255211" | "4315097" |  {USPAT; 14:32

"4316049" | "4341918" | "4365262" | {USOCR
"4367368" | "4385198" |
11"4427839") .PN. OR ("4665277").URPN.

S32 {14 ("3150999" | "4227942" | US-PGPUB; {OR ON 2009/12/07
"4348254").PN. OR ("4427839").URPN. §USPAT; 14:35
USOCR

S33 {1092 (antireflection or anti near reflection or {US-PGPUB;{OR ON 2009/12/07
ARC) and emitter and textur$5 USPAT; 14:47
USCOCR;
FPRS;
EPC; JPO;
DERWENT;
IBVI_TDB

S34 {233 S33 and (solar near cell) US-PGPUB; {OR ON 2009/12/07
USPAT; 14:47
USOCR,;
FPRS;
EPC; JPO;
DERWENT;
IBVI_TDB

S35 4215 S34 not (S17) US-PGPUB; {OR ON 2009/12/07
USPAT; 14:47
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM TDB

S36 {215 S35 not 29 US-PGPUB; HOR ON 2009/12/07
USPAT; 14:48
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S37 H0 2004/0112426 US-PGPUB; §OR ON 2009/12/07
USPAT; 15:08
USOCR,;
FPRS;

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]
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EAST Search History

EPO; JPO;
DERWENT;
IBM_TDB

S38 2 "20040112426" US-PGPUB; OR ON 2009/12/07
USPAT; 15:08
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

339 {10 ("20040200520" | "4234352" | US-PGPUB; {OR ON 2009/12/07
"4478879" | "4920639" | "4927770" |  {USPAT; 15:14
"5053083" | "5320684" | "5538564" | {USOCR
"5641362" | "6624737").PN. OR
("7339110").URPN.

$40 88 (back near surface near field) and US-PGPUB; {OR ON 2009/12/07
antireflective and emitter USPAT; 15:23
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S$41 4175 (back near surface near field) and US-PGPUB; {OR ON 2009/12/07
(antireflective ARG (anti near USPAT; 15:24
reflective)) and emitter USCCR;
FPRS;
EPO; JPO;
DERWENT,;
IBM_TDB

$42 §87 A1 not 40 US-PGPUB; {OR ON 2009/12/07
USPAT; 15:24
USCCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

43 §138 41 not S36 US-PGPUB; {OR ON 2009/12/07
USPAT; 15:24
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM TDB

44 126 ("2841860" | "2854363" | "3134906" | {US-PGPUB;iOR ON 2009/12/07
"4070889" | "4341589" | "4428783" | {USPAT; 15:30

"4523966" | "4665277" | "4703553" |  {JUSOCR
'5156978").PN. OR ("5928438").URPN.

45§19 ("4090213" | "4131486" | "4133698" | {US-PGPUB;OR ON 2009/12/07
"4232245" | "4255211" | "4315097" | {USPAT; 16:00
"4316049" | "4341918" | "4365262" | {USOCR
"4367368" | "4385198" |
"4427839").PN. OR ("4665277").URPN.

$46 {11 ("3081370" | "3757123" | "3948682" | H#US-PGPUB;{OR ON 2009/12/07
"3969746").PN. OR ("4131486").URPN. {USPAT; 16:02
USOCR
$A47 15 "5258077" US-PGPUB;OR ON 2009/12/07
USPAT; 17:11
USOCR;
FPRS;
EPO; JPO;
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DERWENT;
IBM_TDB

S48 1414 ("3895975" | "4056879" | "4106047" | {US-PGPUB;{OR ON 2009/12/07
"4131486" | "4226017" | "4916503" | {USPAT; 17:13
"5538564" | "5641362" | "5951742" | {USOCR

"5973260" | "6071753").PN. OR

("6262359"). URPN.

$49 7 (back near junction) and (passiv$4 with §US-PGPUB;OR ON 2009/12/07
"SiO.sub.2") USPAT; 18:25
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S50 {10 (back with surface with field) and US-PGPUB;{OR ON 2009/12/07
(passiv$4 with "SiO.sub.2") USPAT; 18:27
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S51 {15 (passiv$4 with "SIO.sub.2" with US-PGPUB;{{OR ON 2009/12/07
emitter) USPAT; 18:28
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S52 1984 (passiv$4 with ("SiO.sub.2" or (silicon {§US-PGPUB;OR ON 2009/12/07
near dioxide))) USPAT; 18:31
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

Sh3 {67 (passiv$4 with ("SiO.sub.2" or (silicon {US-PGPUB;{OR ON 2009/12/07
near dioxide))) and solar near cell USPAT; 18:31
USOCR,;
FPRS;
EPC; JPO;
DERWENT;
|IBVI_TDB

Sh4 43 "20070082206" US-PGPUB; {OR ON 2009/12/07
USPAT; 18:37
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM TDB

S55 114 ("3895975" | "4056879" | "4106047" | {US-PGPUB;{OR ON 2009/12/07
"4131486" | "4226017" | "4916503" |  {USPAT; 19:00
"5538564" | "5641362" | "5951742" | H{USOCR

"5973260" | "6071753").PN. OR

("6262359") .URPN.

Sh6 {163 (back near junction) and (solar near US-PGPUB; {{OR ON 2009/12/07
cell) USPAT; 19:13
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
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S57 {141 (back near junction) and (photovoltaic) §US-PGPUB;3OR ON 2009/12/07
USPAT; 19:29
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

Sh8 {39 S57 not Sh6 US-PGPUB; {OR ON 2009/12/07
USPAT; 19:29
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

Sh9 {345 (back near2 junction) and (solar near  {US-PGPUB;{OR ON 2009/12/07
cell or (photovoltaic)) USPAT; 19:31
USCOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S60 {182 S59 not S56 US-PGPUB; OR ON 2009/12/07
USPAT; 19:31
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

S61 32 S60 and emitter US-PGPUB; iOR ON 2009/12/07
USPAT; 19:31
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

Se2 {16 (US-20050268963-$% or US- US-PGPUB; {OR ON 2009/12/07
20020153039-$ or US-20060196535-$ {USPAT; 19:33

or US-20090101199-$ or US- DERWENT
20040097062-$ or US-20040112426-$
or US-20070186970-%).did. or (US-
4379944-% or US-4665277-$ or US-
5320684-$ or US-6210991-$ or US-
5792280-$ or US-5899704-$ or US-
6262359-$ or US-5258077-$).did. or
(US-20090205712-%).did.

S63 0 S62 and (isolation near2 trench) US-PGPUB;{{OR ON 2009/12/07
USPAT; 19:34
USOCR,;
FPRS;
EPC; JPO;
DERWENT;
IBM_TDB

S64 {346 dielectric and (antireflection or anti nearjUS-PGPUB; §OR ON 2009/12/07
reflection or ARC) and emitter and USPAT; 19:34
textur$s USOCR

S65 {16 $64 and (isolation near trench) US-PGPUB; {OR ON 2009/12/07
USPAT; 19:34
USOCR

S66 251 solar near cell and (isolation near US-PGPUB; HOR ON 2009/12/07
trench) USPAT; 19:35
USOCR
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S67 {232 (back with surface with field) and US-PGPUB; {OR ON 2009/12/07
(isolation near trench) USPAT; 19:36
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S68 {2 $67 and solar near cell US-PGPUB; iOR ON 2009/12/07
USPAT; 19:36
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB
S69 424 (back with surface with field) and US-PGPUB; {OR ON 2009/12/07
(isolation near2 edge) and (solar near {USPAT; 19:40
cell) USCCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S70 149 ("20030134469" | "20040200520" | US-PGPUB; iOR ON 2009/12/07
"20040200520" | "20060130891" | USPAT; 19:54
"20070082206" | "3961997" | USCOCR,;
"3961997" | "4927770Q" | "4927770" | {FPRS;
"5030295" | "5053083" | "5057439" | {EPO; JPO;
"5164019" | "5217539" | "5360990" | {DERWENT;
"5369291" | "5641362" | "5030295" | ijlBM_TDB
"5053083" | "5057439" | "5164019" |
"5217539" | "5266125" | "5360990" |
"5369291" | "5641362" | "6274402" |
"6313395" | "6333457" | "6387726" |
"6423568" | "6998288" | "6998288" |
"6274402" | "6313395" | "6333457" |
"6337283" | "6387726" | "6423568" |
"6524880" | "6998288" | "7135350" |
"7135350").PN.
S71 1288 oxide with passiv$5 with emitter US-PGPUB; §OR ON 2009/12/07
USPAT; 20:00
USOCR;
FPRS;
EPC; JPO;
DERWENT;
IBM_TDB
S72 432 S71 and ((solar near cell) photovoltaic) {US-PGPUB;;{OR ON 2009/12/07
USPAT; 20:00
USCOCR,;
FPRS;
EPO; JPO;
DERWENT;
...... I BM—TDB
S73 129 "4726850" US-PGPUB; {OR ON 2009/12/07
USPAT; 20:29
USCOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S74 10 (back with surface with field) and US-PGPUB; {OR ON 2009/12/07
(isolat$3 near5 edge with trench) and  {USPAT; 20:34
(solar near cell) USOCR;
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FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

S75 432 (back with surface with field) and US-PGPUB; iOR ON 2009/12/07
(isolat$3 near5 edge) and (solar near  §USPAT; 20:34

cell) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S76 39 (back with surface with field) and US-PGPUB; iOR ON 2009/12/07
(isolation near5 trench with etch) USPAT; 20:40
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S77 320 (solar near cell) and (isolation nearb US-PGPUB;{jOR ON 2009/12/07
trench with etch) USPAT; 20:41
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S78 {304 (solar near cell) and (isolation near5 US-PGPUB; OR ON 2009/12/07
trench) USPAT; 20:42
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

S79 {7 (solar near cell) and (isolation near5 US-PGPUB;{{OR ON 2009/12/07
trench with edge) USPAT; 20:42
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S80 24 (trench with (electric$4 near isolat$4)) {US-PGPUB;iOR ON 2009/12/07
and emitter and (solar near cell) USPAT; 20:52
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBVL_TDB

S81 {41 (silver near5 ("SIO.sub.2" or silicon near{US-PGPUB; {OR ON 2009/12/07
dioxide)) and (solar near cell) and USPAT; 21:06
emitter USCCR;
FPRS;
EPO; JPO;
DERWENT;

S82 {42 (silver near5 ("SIO.sub.2" or silicon near {US-PGPUB; {OR ON 2009/12/07
dioxide or passiv$4)) and (solar near USPAT; 21:07

cell) and emitter USOCR;
FPRS;
EPC; JPO;
DERWENT;
IBM_TDB

S83 50 E((silver or Ag) near5 ("SiO.sub.2" or US-PGPUB; {{OR ON 2009/12/07
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silicon near dioxide or passiv$4)) and USPAT; 21:07
(solar near cell) and emitter USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S84 {44 ((silver) near5 ("SIO.sub.2" or silicon US-PGPUB; {OR ON 2009/12/07
near dioxide or passiv$4)) and ((solar }jUSPAT; 21:08

near cell) or photovoltaic) and emitter {USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

85 {90 ((silver) near5 ("SiO.sub.2" or silicon US-PGPUB; {OR ON 2009/12/07
near dioxide or passiv$4)) and ((solar {§USPAT; 21:09

near cell) or photovoltaic) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S86 {46 S85 not S84 US-PGPUB;HOR ON 2009/12/07
USPAT; 21:09
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

87 {105 ((silver) near5 ("SIO.sub.2" or silicon US-PGPUB; {OR ON 2009/12/07
near dioxide or passiv$4)) and ((solar {jUSPAT; 21:12

near cell) or photovoltaic or USOCR;
optoelectronic) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S88 {15 S87 not S85 US-PGPUB; #OR ON 2009/12/07
USPAT; 21:12
USOCR;
FPRS;
EPC; JPO;
DERWENT;
|BM_TDB

S89 {345 ((silver) with ("SiO.sub.2" or silicon US-PGPUB; §OR ON 2009/12/07
near dioxide or passiv$4)) and ((solar {USPAT; 21:13

near cell) or photovoltaic or USOCR;
optoelectronic) FPRS;
EPO; JPO;
DERWENT;
IBVI_TDB

S90 {240 S89 not S87 US-PGPUB; #OR ON 2009/12/07
USPAT; 21:13
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S91 414 ("3150999" | "4227942" | US-PGPUB; {OR ON 2009/12/07
"4348254").PN. OR ("4427839").URPN. {USPAT; 21:17
USOCR

S92 #1122 silver with infrared with reflect$4 US-PGPUB; HOR ON 2009/12/07
USPAT; 21:38
USOCR
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S93 {584 silver nearb infrared with reflect$4 US-PGPUB; HOR ON 2009/12/07
USPAT; 21:38
USOCR
S94 1565 silver nearb infrared nearb reflect$4 US-PGPUB; §OR ON 2009/12/07
USPAT; 21:38
USOCR
S95 25 894 and solar near cell US-PGPUB; §OR ON 2009/12/07
USPAT; 21:38
USOCR
S96 {29 S94 and photovoltaic US-PGPUB; {{OR ON 2009/12/07
USPAT; 21:41
USOCR
97 {18 "5479018" US-PGPUB; OR ON 2009/12/07
USPAT; 21:56
USOCR
S98 1822 dichroic near coating US-PGPUB; #OR ON 2009/12/08
USPAT; 10:20
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB
S99 {54 dichroic near coating and (powder) US-PGPUB; {OR ON 2009/12/08
USPAT; 10:21
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM TDB
S100 ({296 (fluorescent near powder) and (light US-PGPUB; {OR ON 2009/12/08
nearb film) USPAT; 10:22
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB
S101 i1 626235981 US-PGPUB; {{OR ON 2009/12/10
USPAT; 10:08
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB |
S102 i1 2000-587576.NRAN. DERWENT {OR ON 2009/12/10
10:08
S103 i5 "6262359" US-PGPUB; {{OR ON 2009/12/10
USPAT; 10:08
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB
S104 {14 ("3895975" | "4056879" | "4106047" | {US-PGPUB;:iOR ON 2009/12/10
"4131486" | "4226017" | "4916503" | USPAT; 10:09
"5538564" | "5641362" | "5951742" | USOCR
"5973260" | "6071753").PN. OR
("6262359").URPN.
S105 {11 ("3081370" | "3757123" | "3948682" | {US-PGPUB;iOR ON 2009/12/10
"3969746").PN. OR ("4131486").URPN. {§USPAT; 10:09
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. i lUSOCR | y N :
S106 {12 ("4090213" | "4131486" | "4133698" | {US-PGPUB;HOR ON 2009/12/10
"4232245" | "4255211" | "4315097" | USPAT; 10:11

"4316049" | "4341918" | "4365262" | {USOCR
"4367368" | "4385198" |
"4427839") .PN.

S$107 §14 ("3150999" | "4227942" | US-PGPUB; {OR ON 2009/12/10
"4348254").PN. OR ("4427839").URPN. {USPAT; 10:11
USOCR
S108 §19 ("4090213" | "4131486" | "4133698" | {US-PGPUB;{OR ON 2009/12/10
"4232245" | "4255211" | "4315097" |  {USPAT; 10:11

"4316049" | "4341918" | "4365262" | {jUSOCR
"4367368" | "4385198" |
"4427839").PN. OR ("4665277"). URPN.

S109 §9 floating same emitter same solar same {US-PGPUB; {OR ON 2009/12/10
cell USPAT; 10:33
USOCR
S110 {19 ("4090213" | "4131486" | "4133698" | {jUS-PGPUB;{OR ON 2009/12/10
"4232245" | "4255211" | "4315097" | USPAT; 10:35

"4316049" | "4341918" | "4365262" | {USOCR
"4367368" | "4385198" |
'4427839").PN. OR ("4665277").URPN.

S111 47 "6262359" US-PGPUB; #OR ON 2010/05/20
USPAT; 10:23
USOCR;
FPRS;
EPC; JPO;
DERWENT;
|BM_TDB

S112 {16 ("3895975" | "4056879" | "4106047" | {US-PGPUB;iOR ON 2010/05/20
"4131486" | "4226017" | "4916503" | {USPAT; 10:28
"5538564" | "5641362" | "5951742" | {USOCR
|

"5973260" | "6071753").PN. OR
("6262359").URPN.
S113 {4 S$112 and polycrystal$4 US-PGPUB; {OR ON 2010/05/20
USPAT; 10:23
USOCR
S114 §9 ("4377901" | "4478879" | "5082791" | {US-PGPUB;{OR ON 2010/05/20
"5665175").PN. OR ("6071753").URPN. {USPAT; 10:26
USOCR
S115 {10 ("20020011590" | "5103851" | US-PGPUB; §OR ON 2010/05/20
"5437734" | "5738732" | "6071753" | USPAT; 10:28
"6130380" | "6166320" | USOCR
"6548751").PN. OR ("6927417").URPN.
S116 36 ("4837607" | "5543333" | US-PGPUB; §OR ON 2010/05/20
"5738732").PN. OR ("6130380").URPN. {USPAT; 10:29
USOCR
S117 {414 Hipolycrystalline near5 substrate same US-PGPUB; {{OR ON 2010/05/20
emitter USPAT; 10:43
USOCR
S118 {45 S$117 and ((solar photovoltaic) near US-PGPUB; {{OR ON 2010/05/20
(battery device cell)) USPAT; 10:43
USOCR
S119 {10 "4665277" US-PGPUB; §OR ON 2010/05/20
USPAT; 11:39
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
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- jiBw_ToB | L

S$120 i1 "12070742" US-PGPUB;HOR ON 2010/05/20
USPAT; 11:44
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S121 i "12070742" US-PGPUB; HOR ON 2012/03/15
USPAT; 16:12
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S122 {41 tipolysilicon near2 emitter and US-PGPUB; {OR OFF 2012/03/15
(photovoltaic solar near2 (Cell device  §USPAT; 16:28
battery)) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S123 4§18 "4989059" US-PGPUB; iOR OFF 2012/03/15
USPAT; 16:34
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S124 {50 (polysilicon polycrystalline) near2 US-PGPUB; {OR OFF 2012/03/15
emitter and (photovoltaic solar near2 USPAT; 16:35

(Cell device battery)) USOCR;
FPRS;
EPC; JPO;
DERWENT;
IBM_TDB

S125 49 S$124 not S122 US-PGPUB; {OR OFF 2012/03/15
USPAT; 16:35
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S126 {343 (polysilicon polycrystalline) same US-PGPUB; {OR OFF 2012/03/15
emitter and (photovoltaic solar near2 USPAT; 16:37

(Cell device battery)) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S127 {297 (polysilicon polycrystalline) same US-PGPUB; OR OFF 2012/03/15
emitter and (photovoltaic solar near2 USPAT; 16:37

(Cell device battery)) and (dielectric USOCR;
oxide) FPRS;
EPO; JPO;
DERWENT;
IBV_TDB

S128 1347591 {(polysilicon polycrystalline) wiith emitter {US-PGPUB;{OR OFF 2012/03/15
and (photovoltaic solar near2 (Cell USPAT; 16:37
device battery)) and (dielectric oxide) {JjUSOCR;
FPRS;
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EPO; JPO;
DERWENT;
IBM_TDB

S129 {128 (polysilicon polycrystalline) with emitter §US-PGPUB; {OR OFF 2012/03/15
and (photovoltaic solar near2 (Cell USPAT; 16:37
device battery)) and (dielectric oxide) {USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S$130 {86 S129 not S124 US-PGPUB; {OR OFF 2012/03/15
USPAT; 16:38
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S131 §2 "20090159111" US-PGPUB; §OR OFF 2012/03/15
USPAT; 16:43
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S132 {6 "2008004791" US-PGPUB; OR OFF 2012/03/15
USPAT; 16:46
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S133 §10 "7468485" US-PGPUB; #OR OFF 2012/03/15
USPAT; 16:47
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S134 124 ("3961997" | "4927770" | "5030295" | {US-PGPUB;{OR OFF 2012/03/15
"5053083" | "5057439" | "5164019" |  jUSPAT; 16:49
"5360990" | "5369291" | "5641362" | {USOCR
"6274402" | "6313395" | "6333457" |

"6337283" | "6387726" | "6423568" |
'6998288").PN. OR ("7468485"). URPN.

S$135 {14 "5057439" US-PGPUB; OR OFF 2012/03/15
USPAT; 16:55
USOCR

S136 i1 "20090159111" US-PGPUB; {OR OFF 2012/03/15
USPAT; 16:55
USOCR

S137 {23 ("4090213" | "4131486" | "4133698" | {US-PGPUB; JOR OFF  2012/03/15
"4232245" | "4255211" | "4315097" | {USPAT; 16:58
"4316049" | "4341918" | "4365262" |  {USOCR
"4367368" | "4385198" |

\\\\\\\\\\\\\ "4427839").PN. OR ("4665277").URPN.

S138 §0 S$129 not S126 US-PGPUB;OR OFF 2012/03/15
USPAT; 17:03
USOCR;
FPRS;
EPO; JPO;
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DERWENT;
IBM_TDB

S139 {215 S$126 not S129 US-PGPUB; HOR OFF 2012/03/15
USPAT; 17:03
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S140 {74 emitter and (photovoltaic solar near2 US-PGPUB; HOR OFF 2012/03/15
(Cell device battery)) and tunnel near {USPAT; 17:04
oxide USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S141 {75 emitter and (photovoltaic solar near2 US-PGPUB; {OR OFF 2012/03/15
(Cell device battery)) and tunnel$3 near §USPAT; 17:10
oxide USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S142 i1 S141 not S140 US-PGPUB; HOR OFF 2012/03/15
USPAT; 17:10
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S143 §j222 emitter and (photovoltaic solar near2 US-PGPUB; OR OFF 2012/03/15
(Cell device battery)) and tunnel$3 USPAT; 17:11
near5 (oxide barrier) USOCR;
FPRS;
EPC; JPO;
DERWENT;
IBM_TDB

S144 {147 {S143 not S141 US-PGPUB; {OR OFF  2012/03/15
USPAT; 17:12
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S145 {188 emitter and (photovoltaic solar near2 US-PGPUB; OR OFF 2012/03/15
(Cell device battery)) and tunnel$3 USPAT; 17:22
near2 (oxide barrier) USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBVI_TDB

S$146 {488 Hi(photovoltaic solar near2 (Cell device  §US-PGPUB; {OR OFF 2012/03/15
iibattery)) and tunnel$3 near2 (oxide USPAT; 17:27
Hibarrier) USOCR;
FPRS;
EPC; JPO;
DERWENT;
IBM_TDB

S147 {413 (photovoltaic solar near2 (Cell device US-PGPUB; {OR OFF 2012/03/15
iibattery)) and tunnel$3 near2 (oxide USPAT; 17:27
\lbarrier) and silicon USOCR;
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FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB |
S148 238 S$147 not S145 US-PGPUB; #OR OFF 2012/03/15
USPAT; 17:28
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S149 24 ("3961997" | "4927770" | "5030295" | {US-PGPUB;OR OFF 2012/03/15
"5053083" | "5057439" | "5164019" | USPAT; 17:32
"5360990" | "5369291" | "5641362" | USOCR
"6274402" | "6313395" | "6333457" |
"6337283" | "6387726" | "6423568" |
"6998288").PN. OR ("7468485"). URPN.
S150 {0 Sah.in. and emittter US-PGPUB; §OR OFF 2012/03/15
USPAT; 17:35
USOCR
S151 §10 Sah.in. and emitter US-PGPUB; {OR OFF 2012/03/15
USPAT; 17:35
USOCR
S152 423 ("4090213" | "4131486" | "4133698" | {US-PGPUB;H{OR OFF 2012/03/15
"4232245" | "4255211" | "4315097" | USPAT; 17:36

"4316049" | "4341918" | "4365262" | {JUSOCR
"4367368" | "4385198" |
'4427839").PN. OR ("4665277").URPN.

S153 §j4089 (photovoltaic solar near2 (Cell device US-PGPUB; {OR OFF 2012/03/15
iibattery)) and (passivat$4 near2 oxide {§USPAT,; 17:39
dielectric ) and silicon and (passivat$4 §{USOCR;
near2 oxide dielectric ) with (reflect$4 HFPRS;

metal) EPC; JPO;
DERWENT;
|IBVI_TDB
S154 {11442 {(photovoltaic solar near2 (Cell device US-PGPUB; {{OR OFF 2012/03/15
battery)) and (passivat$4 near2 oxide {USPAT; 17:39
dielectric ) and silicon USOCR;
FPRS;
EPO; JPO;
DERWENT,;
IBM_TDB
S155 {11442 {(photovoltaic solar near2 (Cell device US-PGPUB; {OR OFF 2012/03/15
battery)) and ((passivat$4 near2 oxide) {{USPAT; 17:40
dielectric ) and silicon USCOCR;
FPRS;
EPC; JPO;
DERWENT;
IBM_TDB
S156 {11276 {i(photovoltaic solar near (Cell battery)) #US-PGPUB;OR OFF 2012/03/15
and ((passivat$4 near2 oxide) dielectric {USPAT; 17:40
) and silicon USOCR;
FPRS;
EPC; JPO;
DERWENT;
IBM_TDB
S157 {4063 (photovoltaic solar near (Cell battery)) {US-PGPUB;{OR OFF 2012/03/15
and ((passivat$4 near2 oxide) dielectric {USPAT; 17:40

) and silicon and (passivat$4 near2 USOCR;
oxide dielectric ) with (reflect$4 metal) {FPRS;
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EPO; JPO;
DERWENT;
IBM_TDB

S158 {612 (photovoltaic solar near (Cell battery)) #US-PGPUB;{OR OFF 2012/03/15
and ((passivat$4 near2 oxide) dielectric jUSPAT; 17:40

) and silicon and (passivat$4 near2 USOCR;
oxide dielectric ) with (reflect$4 metal) HFPRS;

and tunnel$3 EPO; JPO;
DERWENT;
IBM_TDB

S159 612 (photovoltaic solar near (Cell battery)) #US-PGPUB;{OR OFF 2012/03/15
and ((passivat$4 near2 oxide) dielectric {USPAT; 17:40

) and silicon and (passivat$4 near2 USOCR;
oxide dielectric ) with (reflect$4 metal) HFPRS;

and tunnel$3 and silicon EPO; JPO;
DERWENT;
IBM_TDB

S160 {301 (photovoltaic solar near (Cell battery)) #US-PGPUB;{OR OFF 2012/03/15
and ((passivat$4 near2 oxide) dielectric {USPAT; 17:41

) and silicon and (passivat$4 near2 USOCR;
oxide dielectric ) with (reflect$4 metal) #FPRS;

and tunnel$3 and emitter EPO; JPO;
DERWENT;
IBM_TDB

S161 {301 S$160 not S148 US-PGPUB; HOR OFF 2012/03/15
USPAT; 17:41
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S162 18 "5956571" US-PGPUB; #OR OFF 2012/03/15
USPAT; 17:57
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S163 58 "4200472" US-PGPUB; #OR OFF 2012/03/15
USPAT; 17:58
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM _TDB

S164 §2 "20060130891" US-PGPUB; OR OFF 2012/03/15
USPAT; 17:59
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S165 #50 Borden.in. and emitter US-PGPUB; §OR OFF 2012/03/15
USPAT; 18:00
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S166 {13 "5057439" USPAT OR OFF 2012/03/16
10:33
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S167 {0 "20090159111" USPAT OR OFF 2012/03/16
10:36
S168 {2 "20090159111" US-PGPUB; §OR OFF 2012/03/16
USPAT; 10:36
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S$169 2 "20050268963" US-PGPUB; {{OR OFF 2012/03/16
USPAT; 10:38
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S170 24 ("3961997" | "4927770" | "5030295" | {US-PGPUB;OR OFF 2012/03/16
"5053083" | "5057439" | "5164019" |  {USPAT; 10:45
"5360990" | "5369291" | "5641362" | {JUSOCR
"6274402" | "6313395" | "6333457" |
"6337283" | "6387726" | "6423568" |
'6998288").PN. OR ("7468485"). URPN.
S171 {14 ("4403392" | "4502206").PN. OR US-PGPUB; {OR OFF 2012/03/16
("5057439").URPN. USPAT; 10:47
USOCR
S172 {1 "20060096635" US-PGPUB; {OR OFF 2012/03/16
USPAT; 10:49
USOCR
S173 i1 "20090159111" US-PGPUB;{{OR OFF 2012/03/16
USPAT; 10:49
USOCR
S174 §1 "20050268963" US-PGPUB; §OR OFF 2012/03/16
USPAT; 10:54
USOCR
S175 {114 polysilicon near emitter and native near {US-PGPUB;{{OR OFF 2012/03/16
oxide USPAT; 11:12
USOCR
S176 §2 polysilicon near emitter and native near {US-PGPUB;{{OR OFF 2012/03/16
oxide and (photovoltaic and solar near2 {jUSPAT; 11:13
(battery cell device)) USOCR
S177 {367 Hipolysilicon near emitter and US-PGPUB; {OR OFF 2012/03/16
"SiO.sub.2" USPAT; 11:14
USOCR
S178 #2 tipolysilicon near emitter and "SiO.sub.2" §US-PGPUB; {OR OFF 2012/03/16
and (photovoltaic and solar near2 USPAT; 11:15
(battery cell device)) USOCR
S179 {6 Borden.in. and polysilicon near emitter {US-PGPUB;#{CR OFF 2012/03/16
USPAT; 11:15
USOCR
S180 {10 tipolysilicon near emitter and US-PGPUB; {{OR OFF 2012/03/16
(photovoltaic and solar near2 (battery {USPAT; 11:17
cell device)) USOCR
S181 {17 §(po|ycyrsta||ine multicrystalline US-PGPUB; {OR OFF 2012/03/16
#polysilicon) near2 emitter and USPAT; 11:19
(photovoltaic and solar near2 (battery {USOCR
cell device))
$182 0 "2008004791" US-PGPUB; {OR OFF 2012/03/16
USPAT; 11:27
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- | lusocr | | |

5183 §2 "20080004791" US-PGPUB; §OR OFF 2012/03/16
USPAT; 11:28
USOCR

S184 10 "2008004791" US-PGPUB; #OR OFF 2012/03/16
USPAT; 11:28
USOCR

S185 46 "2008004791" US-PGPUB; #OR OFF 2012/03/16
USPAT; 11:28
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

S186 43869  {438/72.ccls. 438/57.ccls. 438/69.ccls.  {USPAT OR OFF 2012/03/19
438/97.ccls. 438/98.ccls. 257/461.ccls. 11:37
257/436.ccls.

S187 {7338 438/72.ccls. 438/57.ccls. 438/69.ccls.  §US-PGPUB;{OR OFF 2012/03/19
438/97.ccls. 438/98.ccls. 257/461 .ccls. {JUSPAT; 11:37
257/436.ccls. USCOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

5188 {552 5187 and emitter and (photovoltaic US-PGPUB; {OR OFF 2012/03/19
solar near (cell device battery)) USPAT; 11:37
USCCR;
FPRS;
EPO; JPO;
DERWENT;
IBVI_TDB

S189 {426 5188 and oxide US-PGPUB; {OR OFF 2012/03/19
USPAT; 11:38
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S190 439 5188 and oxide and polysilicon US-PGPUB; #OR OFF 2012/03/19
USPAT; 11:38
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S191 419 S188 and oxide and silicon US-PGPUB; HOR OFF 2012/03/19
USPAT; 11:45
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S$192 {237 $188 and oxide and (light near incident {US-PGPUB;:{OR OFF 2012/03/19
front) near5 (contact wir$4 connect$4) {JUSPAT; 11:46
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

|s1 93 §|12 §Es1 88 and oxide and (light near incident {jUS-PGPUB;{{OR §iOFF 512012/03/193
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front) near5 (contact wir$4 connect$4) {USPAT; 11:53
and tunnel$3 near5 oxide USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S194 #2 "12707042" US-PGPUB; {OR OFF 2013/09/11
USPAT; 13:10
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S195 16 "1270742" US-PGPUB; #OR OFF 2013/09/11
USPAT; 13:10
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S196 i2 "12070742" US-PGPUB;HOR OFF 2013/09/11
USPAT; 13:10
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S197 431 ("20030134469" | "20040200520" | US-PGPUB; {OR ON 2013/09/11
"20050268963" | "20060130891" | USPAT; 13:11

"20060157103" | "20070082206" | USOCR
"3961997" | "4427839" | "4665277"
"4927770" | "5030295" | "5053083"

|
"5057439" | "5164019" | "5217539" |
"5266125" | "5360990" | "5369291" |
"5449626" | "5479018" | "5641362" |
"6262359" | "6274402" | "6313395" |
"8333457" | "6337283" | "6387726" |
"8423568" | "6524880" | "6998288" |
"7135350").PN. OR ("8222516") .URPN.
S$198 i1 "20040055894" US-PGPUB; iOR ON 2013/09/11
USPAT; 13:26
USOCR
S199 i#2 "11915984" US-PGPUB; #OR ON 2013/09/11
USPAT; 13:26
USOCR
S200 §2 "20090159111" US-PGPUB; #OR ON 2013/09/11
USPAT; 13:32
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB
S201 {42 ("3961997" | "4927770" | "5030295" | #US-PGPUB;H{OR ON 2013/09/11
"5053083" | "5057439" | "5164019" | USPAT; 13:35
"5360990" | "5369291" | "5641362" | USOCR
"8274402" | "6313395" | "6333457" |
"8337283" | "6387726" | "6423568" |
"8998288").PN. OR ("7468485").URPN.
S202 26 "5057439" US-PGPUB; {OR ON 2013/09/11
USPAT; 13:41
USOCR
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S203 {26 ("4403392" | "4502206").PN. OR US-PGPUB; {OR ON 2013/09/11
("5057439").URPN. USPAT; 13:42
USOCR

204 {1 "12983846" US-PGPUB; {OR ON  2013/09/11
USPAT; 13:50
USOCR

S205 33 polysilicon near emitter and (solar US-PGPUB; {OR ON 2013/09/11
photovoltaic).ab. USPAT; 13:51
USCOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S206 i3 "7468482" US-PGPUB; OR ON 2013/09/11
USPAT; 13:54
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S207 430 "7468485" US-PGPUB; #OR ON 2013/09/11
USPAT; 13:54
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S208 2 "20090288704" US-PGPUB; #OR ON 2013/09/11
USPAT; 14:01
USOCR;
FPRS;
EPC; JPO;
DERWENT;
|IBM_TDB

5209 i1 2009-P84539.NRAN. DERWENT #OR ON 2013/09/11
14:01

S210 §3 "20070256728" US-PGPUB; §OR ON 2013/09/11
USPAT; 14:03
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S211 {2074 polysilicon near emitter US-PGPUB; {jOR ON 2013/09/11
USPAT; 14:08
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S212 {55 tipolysilicon near emitter and (solar US-PGPUB; {OR ON 2013/09/11
iiphotovoltaic) USPAT; 14:08
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S213 {72 polysilicon near5 emitter and (solar US-PGPUB; iOR ON 2013/09/11
tiphotovoltaic) USPAT; 14:14
USOCR,;
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FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

S214 17 213 not S212 US-PGPUB; #OR ON 2013/09/11
USPAT; 14:14
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S215 6 "2008004791" US-PGPUB; §OR ON 2013/09/11
USPAT; 14:15
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S216 {24 ti(polycyrstalline multicrystalline US-PGPUB; {jOR OFF 2013/09/11
Hipolysilicon) near2 emitter and USPAT; 14:17

(photovoltaic and solar near2 (battery {jUSOCR
cell device))

S217 44 lindholm.in. and solar near cell US-PGPUB;jOR ON 2013/09/11
USPAT; 14:54
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S218 10 lindholm.in. and "136." US-PGPUB; {OR ON 2013/09/11
USPAT; 14:56
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S219 43 lindholm.in. and "136".clas. US-PGPUB; OR ON 2013/09/11
USPAT; 14:56
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

$220 §2 polysilicon near solar same emitter US-PGPUB;{{OR ON 2013/09/11
USPAT; 14:59
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

$221 20 ("3900943" | "4062038" | "4171997" | 4US-PGPUB;{OR ON 2013/09/11
"4197141" | "4219368" | "4230508" | {USPAT; 15:00
"4249957" | "4278473" | "4283589" | {{USOCR

"4320168" | "4366338").PN. OR
("4431858").URPN.

5222 16 ("20030183270" | "20090255574" | US-PGPUB; OR ON 2013/09/11
"20090283138" | "3969163" | USPAT; 15:02

"4431858" | "4571448").PN. OR USOCR
("8283557") .URPN.

5223 126 ("4403392" | "4502206").PN. OR EUS—PGPUB; iOR ON 2013/09/11
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("5057439").URPN. USPAT; 16:29
USOCR

S224 12 "12166266" US-PGPUB; OR ON 2013/09/11
USPAT; 16:43
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S225 {395 #ipolysilicon nearb emitter same oxide US-PGPUB; OR ON 2013/09/11
same dopant USPAT; 16:45
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S226 {377 iipolysilicon near5 emitter same oxide US-PGPUB; {{OR ON 2013/09/11
with dop$3 USPAT; 16:45
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S227 26 \polysilicon near5 emitter same oxide US-PGPUB; iOR ON 2013/09/11
with dop$3 same phosphorus USPAT; 16:45
USCCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S228 16 "11201817" US-PGPUB; {OR ON 2013/09/11
USPAT; 16:48
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S229 153 Swanson near Richard and solar near US-PGPUB; iOR ON 2013/09/11
cell USPAT; 16:52
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S230 {158 "5053083" US-PGPUB; HOR ON 2013/09/11
USPAT; 16:53
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

231 38 ("20040200520" | "4234352" | US-PGPUB; JOR ON 2013/09/11
"4478879" | "4920639" | "4927770" |  {USPAT; 17:03
"5053083" | "5320684" | "5538564" | {USOCR
"5641362" | "6624737").PN. OR
("7339110").URPN.

S232 687 \iphosphosilicate near glass same US-PGPUB; {OR ON 2013/09/11
(dielectric oxide) with (passivation USPAT; 17:14
capping) USOCR

S233 41 phosphosilicate near glass same EUS—PGPUB; ¥OR ON 2013/09/11
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(dielectric oxide) with (passivation USPAT; 17:15
capping) same polysilicon USOCR

5234 10 '2008004791" US-PGPUB; $OR ON 2013/09/11
USPAT; 17:17
USOCR

5235 2 "20080004791" US-PGPUB; iOR ON 2013/09/11
USPAT; 17:17
USOCR

S236 59 "5693578" US-PGPUB; #OR ON 2013/09/11
USPAT; 17:17
USOCR

S237 {11 (back near surface near field BSF) same {US-PGPUB;{OR ON
#polysilicon USPAT;
USOCR

S238 {14 (back near surface near field BSF) same {US-PGPUB;{OR ON 2013/09/11
iipolysilicon USPAT; 17:21
USOCR,;
FPRS;
EPC; JPO;
DERWENT;
IBM_TDB

S239 i3 238 not 237 US-PGPUB; §OR ON 2013/09/11
USPAT; 17:21
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

$240 {181 ti(back near surface near field BSF) same{US-PGPUB; {OR ON 2013/09/11
Hipolycrystalline near silicon USPAT; 17:23
USCOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S241 481 $240 not S238 US-PGPUB; §OR ON 2013/09/11
USPAT; 17:23
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S242 #157 (back near surface near field BSF) and §US-PGPUB;{OR ON 2013/09/11
#polysilicon USPAT; 17:35
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

$243 {143 $242 not S238 US-PGPUB;{{OR ON 2013/09/11
USPAT; 17:35
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

S244 {476 (back near surface near field BSF) same{US-PGPUB;{OR ON 2013/09/11
passivat$4 and (solar photovoltaic).ab. {USPAT; 17:45
USOCR,;
FPRS;

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

REC Exhibit 1005, Page 264 of 532



EAST Search History

EPO; JPO;
DERWENT;
IBM_TDB

S245 {108 (back near surface near field BSF) same {US-PGPUB;{OR ON 2013/09/11
passivat$4 and (solar photovoltaic).ab. {USPAT; 17:45

and heterojunction USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S$246 {26 "4315097" US-PGPUB;OR ON 2013/09/11
USPAT; 18:00
USOCR;
FPRS;
EPO; JPO;
DERWENT;

S247 42 "20040205520" US-PGPUB; {OR ON 2013/09/11
USPAT; 18:02
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM TDB

$248 i3 "20040200520" US-PGPUB; OR ON 2013/09/11
USPAT; 18:02
USCCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

$249 25 (back near surface near field BSF) same§US-PGPUB;{OR ON 2013/09/11
passivat$4 and (solar photovoltaic).ab. {USPAT; 18:09

and polysilicon USCCR;
FPRS;
EPC; JPO;
DERWENT;
IBM_TDB

S250 {4717 (back near surface near field BSF) same {US-PGPUB;{OR ON 2013/09/11
(capping oxide dielectric passivat$4) USPAT; 18:10

and (solar photovoltaic).ab. USOCR;
FPRS;
EPC; JPO;
DERWENT;
IBV_TDB

S251 i{75 (back near surface near field BSF) same {US-PGPUB;{OR ON 2013/09/11
(capping oxide dielectric passivat$4) USPAT; 18:11

and (solar photovoltaic).ab. and USCOCR;
Phosphosilicate FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S252 {114 (back near surface near field BSF) samejUS-PGPUB; jOR ON 2013/09/11
(capping oxide dielectric passivat$4) USPAT; 18:16

and (solar photovoltaic).ab. and USOCR,;
(Phosphosilicate PSG) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S253 139 252 not 251 US-PGPUB; §OR ON 2013/09/11
USPAT; 18:16

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

REC Exhibit 1005, Page 265 of 532



EAST Search History

USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

S254 {158 (back near surface near field BSF) same{US-PGPUB;{OR ON 2013/09/11
(capping oxide dielectric passivat$4) USPAT; 18:18

and (Phosphosilicate PSG) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S255 {44 254 not S252 US-PGPUB; #OR ON 2013/09/11
USPAT; 18:18
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S256 {1163 (back near surface near field BSF) same {US-PGPUB;{OR ON 2013/09/11
(capping oxide dielectric passivat$4) USPAT; 18:20
USCOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S257 {727 (back near surface near field BSF) same {US-PGPUB;{OR ON 2013/09/11
(capping oxide dielectric passivat$4) USPAT; 18:21

and (solar photovoltaic USOCR;
photoelectric).ab. FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S258 333 (back near surface near field BSF) same{US-PGPUB;{OR ON 2013/09/11
(capping oxide dielectric passivat$4) USPAT; 18:21

and (solar photovoltaic USOCR;
photoelectric).ab. and polysilicon FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

$259 {703 polysilicon with PSG with (dielectric US-PGPUB;{{OR ON 2013/09/11
oxide) USPAT; 18:30
USOCR;
FPRS;
EPO; JPO;
DERWENT,;
IBV_TDB

$260 {81 polysilicon with PSG with (dielectric US-PGPUB; {OR ON 2013/09/11
oxide) and emitter USPAT; 18:31
USCOCR,;
FPRS;
EPC; JPO;
DERWENT;
IBV_TDB

$261 4225 polysilicon with PSG with (dielectric US-PGPUB; {OR ON 2013/09/11
oxide) same dop$3 USPAT; 18:33
USOCR;
FPRS;
EPC; JPO;
DERWENT;
|IBV_TDB
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3262 {2 polysilicon with PSG with (dielectric US-PGPUB; {OR ON 2013/09/11
oxide) same dop$3 and (solar USPAT; 18:34
#iphotovoltaic) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

$263 {44 polysilicon with PSG with (dielectric US-PGPUB;{{OR ON 2013/09/11
oxide) and (solar photovoltaic) USPAT; 18:34
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S264 {161 (phosphosilicate PSG) with (dielectric US-PGPUB; OR ON 2013/09/11
oxide) same dop$4 and (solar USPAT; 18:35
iiphotovoltaic) USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

5265 162 (phosphosilicate PSG) with (dielectric  §US-PGPUB; jOR ON 2013/09/11
oxide) same dop$4 and (solar USPAT; 18:35
#iphotovoltaic).ab. USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

$266 {103 (phosphosilicate PSG borosilicate BSG ) {US-PGPUB;{OR ON 2013/09/11
with (dielectric oxide) same dop$4 and {jUSPAT; 18:42
(solar photovoltaic).ab. USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S267 41 266 not S265 US-PGPUB; {OR ON 2013/09/11
USPAT; 18:42
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S268 2 "20080173347" US-PGPUB;HOR ON 2013/09/11
USPAT; 18:43
USCCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

$269 i3 "20060196535" US-PGPUB; HOR ON 2013/09/11
USPAT; 18:45
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM TDB

S270 #179 "4927770" US-PGPUB; HOR ON 2013/09/11
USPAT; 18:46
USOCR;
FPRS;
EPO; JPO;
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DERWENT,;
IBM_TDB
S271 457 (phosphosilicate PSG borosilicate BSG) §US-PGPUB; jOR ON 2013/09/11
with (dielectric oxide cap$4) same USPAT; 18:50
dop$4 and (back near surface near field jUSOCR;
BSF) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S272 {145 (phosphosilicate PSG borosilicate BSG) #US-PGPUB;#OR ON 2013/09/11
with (dielectric oxide cap$4) and (back {USPAT,; 18:52
near surface near field BSF) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S273 H0 8271 not 271 US-PGPUB; {OR ON 2013/09/11
USPAT; 18:52
USCCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S274 {88 8272 not S271 US-PGPUB; iOR ON 2013/09/11
USPAT; 18:53
USCCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S275 {190 (phosphosilicate PSG borosilicate BSG) §US-PGPUB;{OR ON 2013/09/12
with (dielectric oxide cap$4) with USPAT; 10:22
(dop$4) with (burn$4 escap$4 leav$4 HUSOCR;
diffus$4) FPRS;
EPC; JPO;
DERWENT;
IBM_TDB
S276 §130 (phosphosilicate PSG borosilicate BSG ) #US-PGPUB; {OR ON 2013/09/12
with (dielectric "SiO.sub.2" silicon near {USPAT; 10:28
oxide cap$4) with (dop$4) with (burn$4 {USOCR,;
escap$4 leav$4 diffus$d) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S277 {341 (phosphosilicate PSG borosilicate BSG) §US-PGPUB; {OR ON 2013/09/12
with (dielectric "SiO.sub.2" silicon near {USPAT; 10:39
oxide cap$4) and (solar photoelectric  {USOCR,;
photovoltaic).ab. FPRS;
EPO; JPO;
DERWENT;
IBVI_TDB
S278 {14 (phosphosilicate PSG borosilicate BSG) {jUS-PGPUB; {OR ON 2013/09/12
with (dielectric "SiO.sub.2" silicon near {USPAT; 10:42
oxide cap$4) with (dop$4) with (burn$4§USOCR,;
escap$4 leav$4 diffus$4) and (solar FPRS;
#iphotoelectric photovoltaic).ab. EPC; JPO;
DERWENT;
IBV_TDB
8279 {23 (phosphosilicate PSG borosilicate BSG) {US-PGPUB;{OR ON 2013/09/12
with (dielectric "SiO.sub.2" silicon near {USPAT; 10:44
oxide cap$4) with (dop$4) with (burn$4 §USOCR;
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tlescap$4 leav$4 diffus$4) and (solar FPRS;
\iphotoelectric photovoltaic) EPO; JPO;
DERWENT;
IBM_TDB

S280 {18 (phosphosilicate PSG borosilicate BSG) {US-PGPUB;{OR ON 2013/09/12
with (cap$4) with (dop$4) and (solar USPAT; 10:46
photoelectric photovoltaic) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

3281 35 ("3895975" | "4056879" | "4106047" | §US-PGPUB;{OR ON 2013/09/12
"4131486" | "4226017" | "4916503" | JUSPAT: 12:04
"5538564" | "5641362" | "5951742" |  {USOCR

"5973260" | "6071753").PN. OR
("6262359").URPN.

S282 {6 (oxide with tunnel) same (pn near US-PGPUB; {{OR ON 2013/09/12
junction) and (solar photovoltaic).ab. USPAT; 12:08
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S283 6 (oxide with tunnel$5) same (pn near US-PGPUB; OR ON 2013/09/12
junction) and (solar photovoltaic).ab. USPAT; 12:10
USCCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S284 {86 (oxide with tunnel$5) same (junction) {US-PGPUB;{OR ON 2013/09/12
and (solar photovoltaic).ab. USPAT; 12:10
USOCR,;
FPRS;
EPC; JPO;
DERWENT;
IBM_TDB

S285 180 284 not 283 US-PGPUB; #OR ON 2013/09/12
USPAT; 12:10
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

$286 i3 "20070256728" US-PGPUB; HOR ON 2013/09/12
USPAT; 12:12
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S287 52 "4272641" US-PGPUB; OR ON 2013/09/12
USPAT; 12:14
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S288 {211 (oxide with tunnel$5) and (solar US-PGPUB; {OR ON 2013/09/12
iphotovoltaic).ab. USPAT; 12:15
USOCR;
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FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

S289 88 thin same (oxide with tunnel$5) and US-PGPUB; HOR ON 2013/09/12
(solar photovoltaic).ab. USPAT; 12:15
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S290 {87 289 not S287 US-PGPUB;§OR ON 2013/09/12
USPAT; 12:15
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

§291 {1100  §(oxide with tunnel$5) and (solar US-PGPUB; {{OR ON 2013/09/12
Hiphotovoltaic photoelectric) USPAT; 12:22
USCCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S292 {301 ti(oxide with tunnel$5) same (pn junctioniUS-PGPUB; {OR ON 2013/09/12
tip-type n-type) and (solar photovoltaic  §USPAT; 12:24
tiphotoelectric) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

$293 {243 (S292 not S289) US-PGPUB; {OR ON 2013/09/12
USPAT; 12:24
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

S294 §7 "4495375" US-PGPUB; §OR ON 2013/09/12
USPAT; 12:31
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

5295 16 ("3990097" | "4338482").PN. OR US-PGPUB; iOR ON 2013/09/12
("4495375").URPN. USPAT; 12:31
USOCR

S296 {24 ("3559281" | "4013485" | "4062102" | |US-PGPUB;{OR ON 2013/09/12
"4253881" | "4403239" | "4404421" |  JUSPAT; 12:32
"4404422" | "4495375" | "4640002" | {USOCR

"4806496" | "4828628").PN. OR
("4891325").URPN.

S297 {60 "6998288" US-PGPUB; HOR ON 2013/09/12
USPAT; 12:41
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB
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S298 {53 ("20040200520" | "4927770" | US-PGPUB; {OR ON 2013/09/12
"5053083" | "5164019" | "5217539" |  {USPAT; 12:55
"5360990" | "5369291" | "6274402" | {USOCR
"6313395" | "6333457" | "6337283" |
"6387726" | "6423568").PN. OR
("6998288"). URPN.

S299 23 Sunpower.as. and oxide.clm. US-PGPUB; §OR ON 2013/09/12
USPAT; 13:35
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S300 i#5 "12070742" US-PGPUB;{{OR OFF 2016/06/08
USPAT; 12:05
USOCR
S301 #5181 tunneling near2 oxide US-PGPUB; §OR OFF 2016/06/08
USPAT; 12:19
USOCR
S302 #205 tunnel$4 near2 oxide and (solar US-PGPUB; §OR OFF 2016/06/08
photovoltaic) and (rear$4 back$4) USPAT; 12:20
near2 (electrode contact) and USOCR
(passivat$4 anti?reflect$4 ARC) 4 4 4§
S303 210 tunnel$4 near2 oxide and (solar US-PGPUB; #OR OFF 2016/06/08
photovoltaic) and (rear$4 back$4) USPAT; 12:29
near2 (electrode contact) and USOCR;
(passivat$4 anti?reflect$4 ARC) FPRS;
EPC; JPO;
DERWENT;
|IBV_TDB
S304 15 $303 not S302 US-PGPUB;{{OR OFF 2016/06/08
USPAT; 12:29
USOCR,;
FPRS;
EPC; JPO;
DERWENT;
IBV_TDB
S305 {238 (heterojunction) and (solar US-PGPUB; {OR OFF 2016/06/08
photovoltaic) and (rear$4 back$4) USPAT; 12:31
near2 (electrode contact) and USOCR;

(passivat$4 anti?reflect$4 ARC) and FPRS;
(polysilicon polycrystalline) same (wafer §EPO; JPO;
monocrystalline) DERWENT;
IBM_TDB

S306 {99 "7468485" US-PGPUB; {OR OFF 2016/06/08
USPAT,; 12:46
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S307 {66 "6262359" US-PGPUB;{jOR OFF 2016/06/08
USPAT; 12:49
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

S308 {421 (heterojunction) and (solar US-PGPUB; jjOR OFF 2016/06/08
iphotovoltaic) and (passivat$4 anti? USPAT; 13:20
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tireflect$4 ARC) and (polysilicon USOCR;
Hipolycrystalline) same (wafer FPRS;
monocrystalline) EPO; JPO;
DERWENT;
IBM_TDB

S309 {183 S308 not S305 US-PGPUB; {OR OFF 2016/06/08
USPAT; 13:21
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S310 49 "5030295" US-PGPUB; #OR OFF 2016/06/08
USPAT; 13:23
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S311 4129 ("4602120" | "4675468" | "4703553" | {US-PGPUB;{OR ON 2016/06/08
"4726850" | "4781766" | "4824489" | {USPAT; 13:25

"5030295" | "5053083" | USOCR
"5346850").PN. OR ("5538564"). URPN.

S312 {248 tunnel$4 near2 oxide and (solar US-PGPUB; iOR OFF 2016/06/08
photovoltaic) and (rear$4 back$4) USPAT; 13:43
near2 (electrode contact) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S313 #199 §tunnel$4 near2 oxide and (solar US-PGPUB; §OR OFF 2016/06/08
iphotovoltaic) and (polysilicon USPAT; 13:44
polycrystalline) same (wafer USOCR;
monocrystalline) FPRS;
EPC; JPO;
DERWENT;
IBM_TDB

S314 §105 S313 not S302 US-PGPUB; #OR OFF 2016/06/08
USPAT; 13:44
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S315 {516 §(so|ar photovoltaic) and (polysilicon US-PGPUB; OR OFF 2016/06/08
#polycrystalline) with emitter USPAT; 13:48
USCOCR,;
FPRS;
EPO; JPO;
DERWENT,;
IBVI_TDB

S316 {115 li(solar photovoltaic) and (polysilicon US-PGPUB;{jOR OFF 2016/06/08
tipolycrystalline) with emitter and USPAT; 13:49
heterojunction USOCR;
FPRS;
EPC; JPO;
DERWENT;
IBM_TDB

S317 {635 (solar photovoltaic) and (polysilicon US-PGPUB; {OR OFF 2016/06/08
ipolycrystalline multicrystalline silicon) USPAT; 13:59
{with emitter and heterojunction USOCR;
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FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

S318 {442 (solar photovoltaic) and (polysilicon US-PGPUB; {OR OFF 2016/06/08
ipolycrystalline multicrystalline silicon Si) jUSPAT; 13:59

with emitter and heterojunction and USOCR;
(polysilicon polycrystalline FPRS;
multicrystalline) EPO; JPO;
DERWENT;
IBM_TDB

S319 §327 S318 not S316 US-PGPUB; §OR OFF 2016/06/08
USPAT; 14:00
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM _TDB

S320 {51 ("4403392" | "4502206").PN. OR US-PGPUB; iOR ON 2016/06/08
("5057439") .URPN. USPAT; 14:09
USOCR

S321 48 ("20030089393" | "20060255340" | US-PGPUB; jOR ON 2016/06/08
"20060263642" | "4703553" | USPAT; 14:12

"5011565" | "5057439" | "6403877" | {JUSOCR
"7858430").PN. OR ("8207443").URPN.

S322 i34 "5030295" US-PGPUB; iOR ON 2016/06/08
USPAT; 14:16
USOCR

S323 {1803 tunnel$4 and (solar photovoltaic) and  {US-PGPUB;{OR OFF 2016/06/08
heterojunction USPAT; 14:20
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
|IBVI_TDB

S324 {380 tunnel$4 and (solar photovoltaic) and  §US-PGPUB;{OR OFF 2016/06/08
heterojunction and emitter and USPAT; 14:20
heterojunction and (polysilicon USOCR;
polycrystalline multicrystalline) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S325 1275 S324 not S319 US-PGPUB; HOR OFF 2016/06/08
USPAT; 14:20
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S326 i3 "20060263642" US-PGPUB;#OR ON 2016/06/08
USPAT; 14:22
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S327 {807 tunnel$4 and (solar photovoltaic) and  {US-PGPUB;{OR OFF 2016/06/08
heterojunction and emitter USPAT; 14:23
USOCR,;
FPRS;
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EPO; JPO;
DERWENT;
IBM_TDB

S328 1427 S327 not S324 US-PGPUB; HOR OFF 2016/06/08
USPAT; 14:23
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S329 i35 "5563092" US-PGPUB;iOR ON 2016/06/08
USPAT; 15:23
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S330 516761 {ipolycrystalline and (thin tunnel$3) oxide;iUS-PGPUB;{{OR ON 2016/06/08
and crystalline USPAT; 15:25
USCOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S331 {11587 {polycrystalline and (thin tunnel$3) US-PGPUB; {OR ON 2016/06/08
near2 oxide and crystalline USPAT; 15:25
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S332 {1066  ipolycrystalline same (thin tunnel$3) US-PGPUB; $OR ON 2016/06/08
near2 oxide same (monocrystalline USPAT; 15:25
wafer crystalline) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S333 {147 tipolycrystalline same (thin tunnel$3) US-PGPUB; {OR ON 2016/06/08
near2 oxide same (monocrystalline USPAT; 15:25
wafer crystalline) and (solar USOCR;
iiphotovoltaic) FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

S334 {282 (polysilicon polycrystalline) same (thin  {US-PGPUB;{OR ON 2016/06/08
tunnel$3) near2 oxide same USPAT; 15:30
(monocrystalline wafer crystalline) and {USOCR;
(solar photovoltaic) FPRS;
EPO; JPO;
DERWENT;
IBVI_TDB

S335 {27 (emitter) with (thin tunnel$3) near2 US-PGPUB; {OR ON 2016/06/08
oxide same (monocrystalline wafer USPAT; 15:39
crystalline) and (solar photovoltaic) USOCR;
FPRS;
EPC; JPO;
DERWENT;
IBM_TDB

S336 {28 (emitter) with (thin tunnel$3 interfacial) §US-PGPUB;OR ON 2016/06/08
near2 oxide same (monocrystalline USPAT; 15:40
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tiwafer crystalline) and (solar USOCR;
Hiphotovoltaic) FPRS;
EPO; JPO;
DERWENT;
|BM:TDB

S337 {1098 (thin tunnel$3) near2 oxide and US-PGPUB; {iOR ON 2016/06/08
heterojunction and (solar photovoltaic) H{USPAT; 15:42
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S339 {432 (thin tunnel$3) near2 oxide and US-PGPUB; {OR ON 2016/06/08
heterojunction and (solar USPAT; 15:43
photovoltaic).ab. USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S340 {405 S339 not S328 US-PGPUB; HOR ON 2016/06/08
USPAT; 15:43
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

S341 {176 (interfacial interface tunnel$3) near2 US-PGPUB; HOR ON 2016/06/08
oxide and heterojunction and (solar USPAT; 15:46
photovoltaic).ab. USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S342 i3 "20070256728" US-PGPUB; §OR ON 2016/06/08
USPAT; 15:49
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S343 {16 emitter with interfacial near oxide and {§US-PGPUB;{{OR ON 2016/06/08
(solar photovoltaic) USPAT; 16:02
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S344 124 ("3919639" | "4296372" | "4431460" | {US-PGPUB;{OR ON 2016/06/08
"4484627" | "4467519" | "4483726" | USPAT; 16:05
"4598249" | "4809867" | "4695794" | {JUSOCR
"4709141" | "4859939" |
"4956603").PN. OR ("5138256"). URPN.

S345 {353 (interfacial interface tunnel$3) near2 US-PGPUB; {OR ON 2016/06/08
oxide same (polysilicon polycrystalline) {USPAT; 16:06

and (solar photovoltaic) USOCR;
FPRS;
EPC; JPO;
DERWENT;
IBM_TDB

S346 {356 (interfacial interface tunnel$3) near2 US-PGPUB; {OR ON 2016/06/08
oxide same (polysilicon polycrystalline {USPAT; 16:09
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imulticrystalline) and (solar USOCR;
iiphotovoltaic) FPRS;
EPO; JPO;
DERWENT;
|BM:TDB

S347 449 (interfacial interface tunnel$3 silicon) US-PGPUB; §OR ON 2016/06/08
near2 oxide with (interfac$3 tunnel$) USPAT; 16:14
same (polysilicon polycrystalline) and USOCR;
(solar photovoltaic) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S348 {62 tunneling near oxide and (solar US-PGPUB; {OR ON 2016/06/08
#iphotovoltaic).ab. USPAT; 16:23
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S349 112632 (inversion tunneling near oxide) and US-PGPUB; {OR ON 2016/06/08
(solar photovoltaic).ab. USPAT; 16:25
USCCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S350 {123 (inversion with oxide tunneling near US-PGPUB; HOR ON 2016/06/08
oxide) and (solar photovoltaic).ab. USPAT; 16:25
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S351 {276 (inversion with oxide tunnel$3 near US-PGPUB; §OR ON 2016/06/08
oxide) and (solar photovoltaic).ab. USPAT; 16:26
USOCR,;
FPRS;
EPC; JPO;
DERWENT;
IBM_TDB

S352 1222 (tunnel$3 near oxide) and (solar US-PGPUB;{{OR ON 2016/06/08
photovoltaic).ab. USPAT; 16:27
USCOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S353 {153 S352 not S350 US-PGPUB; HOR ON 2016/06/08
USPAT; 16:27
USCCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S354 i35 "5563092" US-PGPUB; iOR ON 2016/06/08
USPAT; 16:37
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB
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S355 {84638 {ipolysilicon with interfac$4 oxide with US-PGPUB; {OR ON 2016/06/08
growth USPAT; 16:38
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S356 {17344  polysilicon with interfac$4 oxide with US-PGPUB;{{OR ON 2016/06/08
growth with (crystalline single near USPAT; 16:38
crystal wafer) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S357 {0 polysilicon with interfac$4 near3 oxide {{US-PGPUB;3OR ON 2016/06/08
with growth with (crystalline single near jUSPAT; 16:38
crystal wafer) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S358 {{62 polysilicon with interfac$4 near3 oxide {US-PGPUB;iOR ON 2016/06/08
with (crystalline single near crystal USPAT; 16:38
wafer) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

EAST Search History (Interference)
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PTO/SB/26

Doc Code: DIST.E.FILE U.S. Patent and Trademark Office
Document Description: Electronic Terminal Disclaimer - Filed Department of Commerce

Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING REJECTION OVER A

“PRIOR” PATENT

Application Number 14504771

Filing Date 02-Oct-2014

First Named Inventor Peter COUSINS

Attorney Docket Number 10031.004211

Title of Invention

FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

X Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding
Office Action

X] This electronic Terminal Disclaimer is not being used for a Joint Research Agreement.

Owner Percent Interest

SunPower Corporation 100%

The owner(s) with percent interest listed above in the instant application hereby disclaims, except as provided below, the
terminal part of the statutory term of any patent granted on the instant application which would extend beyond the expiration
date of the full statutory term of prior patent number(s)

8222516
8207444

as the term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors
or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant
application that would extend to the expiration date of the full statutory term of the prior patent, "as the term of said prior patent
is presently shortened by any terminal disclaimer,” in the event that said prior patent later:

- expires for failure to pay a maintenance fee;

- is held unenforceable;

- is found invalid by a court of competent jurisdiction;

- is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

- has all claims canceled by a reexamination certificate;

- is reissued; or

- is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.
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(® Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request.

| certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d)
required for this terminal disclaimer has already been paid in the above-identified application.

O

Applicant claims the following fee status:

O Small Entity
(O Micro Entity

(® Regular Undiscounted

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and
that such willful false statements may jeopardize the validity of the application or any patent issued thereon.

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES

| certify, in accordance with 37 CFR 1.4(d)(4) that | am:

® An attorney or agent registered to practice before the Patent and Trademark Office who is of record in
this application

Registration Number 40909

(O Asoleinventor

O Ajoint inventor; | certify that | am authorized to sign this submission on behalf of all of the inventors as evidenced by the
power of attorney in the application

(O Ajointinventor; all of whom are signing this request

Signature /Patrick D. Benedicto/

Name PATRICK D BENEDICTO

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner).
Form PTO/SB/96 may be used for making this certification. See MPEP § 324.
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Electronic Patent Application Fee Transmittal

Application Number:

14504771

Filing Date:

02-Oct-2014

Title of Invention:

FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

First Named Inventor/Applicant Name:

Peter John COUSINS

Filer:

Patrick D. Benedicto/jina mangaoangj

Attorney Docket Number:

10031.004211

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sut—s'l'g(t:)l in
Basic Filing:
STATUTORY OR TERMINAL DISCLAIMER 1814 1 160 160
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description Fee Code Quantity Amount Sul:’-;l';(t:)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 160
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Doc Code: DISQ.E.FILE
Document Description: Electronic Terminal Disclaimer — Approved

Application No.: 14504771
Filing Date: 02-Oct-2014

Applicant/Patent under Reexamination:  COUSINS et al.

Electronic Terminal Disclaimer filed on  September 19, 2016

X APPROVED

This patent is subject to a terminal disclaimer

1 DISAPPROVED

Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web

U.S. Patent and Trademark Office
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Electronic Acknowledgement Receipt

EFS ID: 26961032
Application Number: 14504771
International Application Number:
Confirmation Number: 3342

Title of Invention:

FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

First Named Inventor/Applicant Name:

Peter John COUSINS

Customer Number:

74254

Filer:

Patrick D. Benedicto/jina mangaoangj

Filer Authorized By:

Patrick D. Benedicto

Attorney Docket Number:

10031.004211

Receipt Date: 19-SEP-2016
Filing Date: 02-0CT-2014
Time Stamp: 12:05:17

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $160

RAM confirmation Number

091916INTEFSW12051500

Deposit Account

Authorized User

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

Document .. . File Size(Bytes Multi Pages
u Document Description File Name ile Size( yt V Y '. . 9
Number Message Digest | Part/.zip| (ifappl.)
33582
1 Electronic Terminal Disclaimer-Filed eTerminal-Disclaimer.pdf no 2
4d841bd8280c3dfb10d209be7e5df0fc2d6)
9eb%e
Warnings:
Information:
30517
2 Fee Worksheet (SB06) fee-info.pdf no 2
1851a9c40a6963400921a242ca2938ad 5d0|
c247a
Warnings:
Information:
Total Files Size (in bytes){ 64099

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Docket No. 10031.004211
Response To Office Action

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor:

Peter John COUSINS
Application No.: 14/504,771 Examiner: PILLAY, DEVINA
Filing Date:  October 2, 2014 Art Unit; 1755

Title: FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

RESPONSE TO OFFICE ACTION AND AMENDMENT

INTRODUCTORY COMMENTS

This paper is responsive to the office action mailed on June 29, 2016 (“last office

action”).

Please amend the above-identified application as follows:
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Docket No. 10031.004211
Response To Office Action

AMENDMENTS TO THE SPECIFICATION

A. Please insert the following section on page 1 of the specification, after the
“REFERENCE TO RELATED APPLICATIONS” and before the “BACKGROUND OF
THE INVENTION".

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

The invention described herein was made with Governmental support under
contract number DE-FC36-07G017043 awarded by the United States Department

of Energy. The Government may have certain rights in the invention.

B. Please replace the paragraph beginning on page 1, line 6 with the following

paragraph:

This application is a continuation of U.S. Application No. 13/495,577, filed on
June 13, 2012, now U.S. Patent No. 8.878.053, which is a divisional of U.S.
Application No. 12/070,742, filed on February 20, 2008, now U.S. Patent No.

8,222,516. The just-mentioned disclosures are incorporated herein by reference

in their entirety.
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Docket No. 10031.004211
Response To Office Action

AMENDMENTS TO THE CLAIMS

1. (Currently amended) A solar cell, comprising:

a substrate having a front surface that faces the sun to collect solar radiation

during normal operation and a back surface opposite the front surface;

a first tunnel dielectric disposed over the back surface of the substrate;

an emitter disposed over the first tunnel dielectric, the emitter forming a backside

junction with the substrate;

a front electrode disposed over [[a]]the front surface of the substrate; and

a back electrode disposed over [[a]]the back surface of the substrate.

2. (Original) The solar cell of claim 1, wherein the emitter is a polysilicon emitter.

3. (Original) The solar cell of claim 1, wherein the substrate is a monocrystalline

silicon substrate.

4. (Original) The solar cell of claim 1, wherein the first tunnel dielectric is a tunnel

oxide.

5. (Canceled)

6. (Currently amended) The solar cell of claim 1, further comprising a second tunnel
dielectric disposed on an-eppesite-side-of the front surface of the substrate than-thefirst

7. (Original) The solar cell of claim 1, wherein the back electrode includes silver.

8. (Original) The solar cell of claim 1, further comprising an antireflective layer

disposed over the front surface of the substrate.

9. (Currently amended) A solar cell, comprising:
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Docket No. 10031.004211
Response To Office Action

a substrate having a front surface that faces the sun to collect solar radiation

during normal operation and a back surface opposite the front surface;
an emitter over [[a]]the back surface of the substrate, the emitter forming a

backside junction with the substrate;

a first dielectric between the emitter and the back surface;
a front electrode disposed on [[a]]the front surface of the substrate selar-eel; and
a back electrode disposed on [[a]]the back surface of the substrate selarcell.

10. (Original) The solar cell of claim 9, wherein the emitter is a polysilicon emitter.

11.  (Original) The solar cell of claim 9, wherein the substrate is a monocrystalline

silicon substrate.

12. (Original) The solar cell of claim 9, wherein the first dielectric is an oxide.
13.  (Currently amended) The solar cell of claim 9, further comprising a second
dielectric disposed on an-eppesiteside the front surface of the substrate than-the-first
Lielectic,

14.  (Original) The solar cell of claim 9, wherein the back electrode includes silver.

15-20. (Canceled)

REC Exhibit 1005, Page 298 of 532



Docket No. 10031.004211
Response To Office Action

REMARKS

With the above amendments, claims 1-4 and 6-14 remain in the application.

Claims 5 and 15-20 are canceled without prejudice.

Claim amendments have been made to expedite prosecution. Applicant expressly
. reserves the right to pursue the original version of an amended claim in a continuing

application.

Terminal Disclaimer

An eTerminal Disclaimer has been submitted to obviate the nonstatutory double
patenting rejection that is based on US 8,207,444 and US 8,222,516.

Claim Rejection -- 35 U.S.C. §112

Claim 9 is amended to address the rejection under pre-AIA 35 U.S.C. §112,

second paragraph.

Claim Rejection -- 35 U.S.C. § 103

Claims 1-4 and 6-14 are rejected under pre-AlIA 35 U.S.C. §103(a) as being
unpatentable over Okayasu (JP 07-106611) in view of Ohmni (US 5,516,092) and
Foglietti (US 2002/0142500). The rejection is respectfully traversed.

Claim 1 is patentable over the combination of Okayasu, Omnhi, and Foglietti at
least for reciting: “an emitter disposed over the first tunnel dielectric, the emitter forming

a backside junction with the substrate.”

In the embodiment of claim 1, the emitter is disposed over the tunnel dielectric
and forms a backside junction with the substrate. It is respectfully submitted that this
feature of claim 1 is not taught or suggested by the combination of Okayasu, Ohmni, and

Foglietti.
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To the extent the applicant understands the machine translation of the disclosure
of Okayasu, Okayasu FIG. 1 shows a solar cell with an N-type substrate 1, a layer 2 on
the front side, an N+ BSF layer 5, an electrode 6 on the backside, and an electrode 4 on
the front side. Itis respectfully submitted that because the layer 5 is a back surface field
layer, the layer 5 is necessarily on the back surface and has the same polarity as the
substrate 1. Accordingly, the BSF layer 5 cannot form a backside junction with the
substrate, and thus cannot correspond to the recited emitter. It is respectfully submitted
that Ohmni and Foglietti do not add to Okayasu regarding the recited emitter feature of

claim 1.

Therefore, it is respectfully submitted that claim 1 is patentable over the

combination of Okayasu, Ohmni, and Foglietti.

Claims 2-4 and 6-8 are patentable over the combination of Okayasu, Ohmni, and

Foglietti at least for depending from claim 1.

Claim 9 is patentable over the combination of Okayasu, Ohmni, and Foglietti at
least for reciting: “an emitter over the back surface of the substrate, the emitter forming a
backside junction with the substrate; a first dielectric between the emitter and the back
surface.” It is respectfully submitted that the combination of Okayasu, Ohmni, and
Foglietti does not teach or suggest a solar cell with an emitter that is over a dielectric that
forms a backside junction with the substrate.

Claims 10-14 are patentable over the combination of Okayasu, Ohmni, and

Foglietti at least for depending from claim 9.

Claims 1-4 and 6-14 are rejected under pre-AIA 35 U.S.C. §103(a) as being
unpatentable over Okayasu in view of Borden (WO 2009/094578). The rejection is

respectfully traversed.

Claim 1 is patentable over the combination of Okayasu and Borden at least for
reciting: “an emitter disposed over the first tunnel dielectric, the emitter forming a
backside junction with the substrate.” It is respectfully suBmitted that Okayasu does not
disclose an emitter that is disposed over a tunnel dielectric and forms a backside junction
with the substrate. Instead, Okayasu discloses a solar cell with a back surface field layer,

which is necessarily a back surface layer that has the same polarity as the substrate. It is

6

REC Exhibit 1005, Page 300 of 532



Docket No. 10031.004211
Response To Office Action

respectfully submitted that Borden does not add to Okayasu regarding the recited emitter

feature of claim 1.

Claims 2-4 and 6-8 are patentable over the combination of Okayasu and Borden at

least for depending from claim 1.

Claim 9 is patentable over the combination of Okayasu and Borden least for
reciting: “an emitter over the back surface of the substrate, the emitter forming a backside
junction with the substrate; a first dielectric between the emitter and the back surface.” It
is respectfully submitted that the combination of Okayasu and Borden does not teach or
suggest a solar cell with an emitter that is over a dielectric that forms a backside junction
with the substrate. _

Claims 10-14 are patentable over the combination of Okayasu and Borden at least

for depending from claim 9.

Conclusion

For at least the above reasons, it is believed that the pending claims are in
condition for allowance. The Examiner is invited to telephone the undersigned for any

questions and to resolve any remaining concerns regarding allowability of the present

application.
Respectfully submitted,
;. ST 12,2010 Faine. e D
Patrick D. Benedicto, Reg. No. 40,909
Okamoto & Benedicto LLP

P.O. Box 641330

San Jose, CA 95164
Tel.: (408)436-2112
Fax.: (408)436-2114
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A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1)X Responsive to communication(s) filed on 09/09/2016.
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closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5)X Claim(s) 1-4 and 6-14 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) is/are allowed.
7)X Claim(s) 1-4 and 6-14 is/are rejected.
8)[1 Claim(s) ____is/are objected to.
9)[d Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp/Awww. uspio.aov/patents/init_events/pelvindex.jsp or send an inquiry to PPHfesdback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)[J Al b)[J Some** c)[] None of the:
1.0 Certified copies of the priority documents have been received.
2] Certified copies of the priority documents have been received in Application No.
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application from the International Bureau (PCT Rule 17.2(a)).
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1. The present application is being examined under the pre-AlA first to invent
provisions.
DETAILED ACTION
Claim Rejections - 35 USC § 103
2. The following is a quotation of pre-AlA 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, 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.

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

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

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

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

4. Considering objective evidence present in the application indicating
obviousness or nonobviousness.
4, This application currently names joint inventors. In considering patentability of the
claims under pre-AlA 35 U.S.C. 103(a), the examiner presumes that the subject matter
of the various claims was commonly owned at the time any inventions covered therein
were made absent any evidence to the contrary. Applicant is advised of the obligation
under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was

not commonly owned at the time a later invention was made in order for the examiner to
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consider the applicability of pre-AlA 35 U.S.C. 103(c) and potential pre-AlA 35 U.S.C.
102(e), (f) or (g) prior art under pre-AlA 35 U.S.C. 103(a).

5. Claims 1-4 and 6-14 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Meier (US 6,262,359) in view of Okayasu (JP 07-106611,
Machine Translation) in view of Ohmi (US 5,563,092) in further view of Foglietti
(US 2002/0142500 A1).

Regarding claims 1-4, 6, and 9-13, Meier discloses a solar cell comprising (see

Fig. 3D, C5/L38-C6/L55):

a substrate (218 n-type) having a front surface that faces the sun to collect solar
radiation during normal operation and a back surface opposite the front surface;

an emitter (220 p-type) forming a backside junction with the substrate;

a front electrode disposed over the front surface of the substrate (212);

a back electrode disposed over the back surface of the substrate (222).

However, Meier does not disclose that the emitter is a polysilicon emitter and that
there is a first tunnel dielectric formed between the emitter and the back surface of the
substrate.

Okayasu discloses that instead of forming an emitter or surface field from a
portion of a substrate which is doped an emitter can be formed using a doped
polysilicon layer ([0005][0009]) and by forming an emitter or surface field this way the
thickness can be more accurately controlled and it prevent generation of floating foreign

matter.
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It would have been obvious to one of ordinary skill in the art at the time of the
invention to replace the method of forming the emitter and front surface field from a
portion of a substrate of Meier and instead forming the emitter and front surface field by
using a doped polysilicon layer as disclosed by Okayasu because the thickness can be
more accurately controlled and it prevent generation of floating foreign matter.

Foglietti discloses that polycrystalline growth directly on crystalline silicon results
in partial realignment of the polycrystalline grains and to suppress this effect a thin oxide
can be grown similar to that disclosed by Ohmi ([0046]).

It would have been obvious to one of ordinary skill in the art at the time of the
invention to modify the solar cell of modified Meier by providing a thin tunneling oxide
between the emitter layer and the substrate and the FSF layer and the substrate
because as disclosed by Ohmi and Foglietti it suppresses realignment of polysilicon
emitter and BSF layers.

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations

as set forth above.

However, Meier does not disclose that the electrode that is in contact with the p-
type polysilicon layer is silver.

Okayasu discloses that the back electrode on the polysilicon emitter is formed of
a silver electrode [0044].

It would have been obvious to one of ordinary skill in the art at the time of the

invention to replace the aluminum electrode of Meier with the silver electrode of
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Okayasu because one of ordinary skill in the art would have been able to carry out such
a substitution, and the results would be reasonably predictable.

Regarding claim 8, modified Meier discloses all of the claim limitations as set

forth above.

In addition, Meier discloses an antireflection layer (214) disposed over the top

surface of the substrate (C6/L20-25).

Conclusion
6. Applicant's amendment necessitated the new ground(s) of rejection presented in
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37
CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the date of this final action.

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to DEVINA PILLAY whose telephone number is (571)270-

REC Exhibit 1005, Page 310 of 532



Application/Control Number: 14/504,771 Page 6
Art Unit: 1757

1180. The examiner can normally be reached on Monday thru Friday 7:30am -5:00pm
(EST). Examiner Fax Number is (571)-270-2180.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Jeffrey T. Barton can be reached on 571-272-1307. The 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.

/DEVINA PILLAY/
Primary Examiner, Art Unit 1757
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l:l applicant.

Typed or printed name

attorney or agent of record. 40,909 . 408.436.2110

Registration number

Telephone number

D attorney or agent acting under 37 CFR 1.34. December 16, 2016

Registration number if acting under 37 CFR 1.34 Date

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications.
Submit multiple forms if more than one signature is required, see below™.

*Total of _1__._ forms are submitted.

This collection of information is required by 35 U.S.C. 132. 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, 1.14 and 41.6. 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
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FORMS TO THIS ADDRESS. SEND TO: Mail Stop AF, 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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ARGUMENTS

Claims 1-4 and 6-14 remain in the application and stand rejected.

Reconsideration of the rejection is respectfully requested in light of the following reasons.

Claim Rejection -- 35 U.S.C. § 103

Claims 1-4 and 6-14 are rejected under pre-AIA 35 U.S.C. §103(a) as being
unpatentable over Meier (US 6,262,359), in view of Okayasu (JP 07-106611), in view of
Ohmi (US 5,563,092), and further in view of Foglietti (US 2002/0142500). The rejection

is respectfully traversed.

Claim 1 is patentable over the combination of Meier, Okayasu, Ohmi, and
Foglietti at least for reciting: “an emitter disposed over the first tunnel dielectric, the

emitter forming a backside junction with the substrate.”

In the embodiment of claim 1, the emitter is disposed over the tunnel dielectric
and forms a backside junction with the substrate. It is respectfully submitted that this
feature of claim 1 is not taught or suggested by the combination of Meier, Okayasu,

Ohmi, and Foglietti.

The final office action suggests that in the cited combination, Meier discloses the

recited backside junction. Meier FIG. 3D is reproduced below for ease of discussion.

216 212 214

Meier discloses a solar cell with an aluminum alloy back junction (Meier, Title). More
specifically, Meier discloses forming a p+ layer 220 (“emitter”) that forms a backside
junction with the n-Si base layer 218 (“substrate”) within the base layer 218 by doping

using the aluminum contact layer 222 (Meier, col. 6, lines 51-54). That is, the main

1
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teaching of Meier is to form an aluminum alloy back junction by forming the p+ layer
220 within the substrate by diffusion into the substrate using the aluminum alloy
electrode, thereby providing a strongly doped p-type emitter (Meier, abstract).
Accordingly, Meier does not teach an emitter over a tunnel oxide and that forms a
backside junction with the substrate. In Meier, the emitter that forms a backside junction
with the substrate is within the substrate and in contact with the electrode. There can be
no intervening layer (such as a tunnel dielectric) between the emitter and the electrode

because of the required diffusion of aluminum from the electrode to the emitter.

Okayasu does not cure the deficiencies of Meier. To the extent the appellant
understands the machine translation of the disclosure of Okayasu, Okayasu FIG. 1 shows
a solar cell with an N-type substrate 1, a layer 2 on the front side, an N+ BSF layer 5, an
electrode 6 on the backside, and an electrode 4 on the front side. It is respectfully
submitted that because the layer 5 is a back surface field (BSF) layer, the layer 5 is
necessarily on the back surface and has the same polarity as the substrate 1. Accordingly,
the BSF layer 5 cannot form a backside junction with the substrate, and thus cannot
correspond to the recited emitter. As Okayasu further explains, in such a BSF structure,
the junction is formed on the front side of the solar cell, not on the backside where the
BSF is (Okayasu, paragraph 2; paragraph 14, lines 1-6). It is thus respectfully submitted
that Okayasu has no teaching regarding a backside junction, external to the substrate or

otherwise.

The final office action suggests that it would have been obvious to use the BSF
formation technique of Okayasu to form the backside junction emitter of Meier. As
explained, Okayasu has no relevant teaching regarding formation of a backside junction.
There is no teaching or suggestion in Meier and Okayasu that the BSF layer of Okayasu
may be employed as an emitter. Such a modification would use the BSF layer of
Okayasu for a totally different function and structure in Meier, would require a change of
polarity relative to the substrate, and would require substantial redesign of the process of
Meier and Okayasu, as it is not clear how the internal aluminum alloy junction of Meier

can be changed to an external polysilicon junction.

REC Exhibit 1005, Page 317 of 532



Application No.: 14/504,771

Furthermore, Meier modified with Okayasu does not teach or suggest a tunnel
dielectric between the backside junction emitter and the substrate. The final office action
suggests that Foglietti and Ohmi disclose the benefits of using a thin oxide with
polysilicon. It is respectfully submitted that there is no teaching in Meier, Okayasu,
Foglietti, and Ohmi that this thin oxide can be advantageously implemented with a
backside junction emitter. Such a teaching is only in the present application, not in the

cited combination.

It is to be noted that Meier, Okayasu, Foglietti, and Ohmi disclose very different
processes. In Meier, the backside aluminum alloy back junction is achieved by diffusing
aluminum of an electrode into the substrate. In Okayasu, the BSF layer is formed by
reaction of SiF,4 gas with the silicon substrate (Okayasu, paragraph 14). It is respectfully
submitted that the there is no teaching or suggestion in Meier, Okayasu, Foglietti, and
Ohmi that the processes of Meier and Okayasu would work with an intervening thin

dielectric between the silicon substrate and the emitter.

Therefore, it is respectfully submitted that claim 1 is patentable over the

combination of Meier, Okayasu, Ohmi, and Foglietti.

Claims 2-4 and 6-8 are patentable over the combination of Meier, Okayasu,

Foglietti, and Ohmi at least for depending from claim 1.

Claim 9 is patentable over the combination of Meier, Okayasu, Ohmi, and
Foglietti at least for reciting: “an emitter over the back surface of the substrate, the
emitter forming a backside junction with the substrate; a first dielectric between the
emitter and the back surface.” It is respectfully submitted that the combination of Meier,
Okayasu, Ohmi, and Foglietti does not teach or suggest a solar cell with an emitter that is
over a dielectric that forms a backside junction with the substrate.

Claims 10-14 are patentable over the combination of Meier, Okayasu, Ohmi, and

Foglietti at least for depending from claim 9.
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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.
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o o ® Application No. Applicant(s)
Notice of Panel Decision LSS 5
. 14/504,771 USINS, PETER JOHN
from Pre-Appeal Brief |- AT
Review DEVINA PILLAY 1757

This is in response to the Pre-Appeal Brief Request for Review filed 16 December, 2016.

1. [ Improper Request — The Request is improper and a conference will not be held for the following
reason(s):

[] The Notice of Appeal has not been filed concurrent with the Pre-Appeal Brief Request.
[] The request does not include reasons why a review is appropriate.

[ A proposed amendment is included with the Pre-Appeal Brief request.

[ Other:

The time period for filing a response continues to run from the receipt date of the Notice of Appeal or from the
mail date of the last Office communication, if no Notice of Appeal has been received.

2. [] Proceed to Board of Patent Appeals and Intetferences — A Pre-Appeal Brief conference has been
held. The application remains under appeal because there is at least one actual issue for appeal. Applicant is
required to submit an appeal brief in accordance with 37 CFR 41.37. The time period for filing an appeal brief
will be reset to be one month from mailing this decision, or the balance of the two-month time period running
from the receipt of the notice of appeal, whichever is greater. Further, the time period for filing of the appeal
brief is extendible under 37 CFR 1.136 based upon the mail date of this decision or the receipt date of the
notice of appeal, as applicable.

[J The panel has determined the status of the claim(s) is as follows:
Claim(s) allowed:
Claim(s) objected to:

Claim(s) rejected: .

Claim(s) withdrawn from consideration:

3. [] Allowable application — A conference has been held. The rejection is withdrawn and a Notice of
Allowance will be mailed. Prosecution on the merits remains closed. No further action is required by applicant
at this time.

4. [X] Reopen Prosecution — A conference has been held. The rejection is withdrawn and a new Office
action will be mailed. No further action is required by applicant at this time.

All participants:
(1) DEVINA PILLAY. (3)Christine Tierney.
(2) Jeffrey Barton. (4) .
/DEVINA PILLAY/ /Jeffrey Barton/ /Christine Tierney/
Primary Examiner, Art Unit 1757 Supervisory Patent Examiner, Art Supervisory Patent Examiner, Art
Unit 1757 Unit 1700
U.S. Patent and Trademark Office Part of Paper No. 20170118

PTO-2297 (Rev. 02/11)
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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.

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
14/504,771 COUSINS, PETER JOHN

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
DEVINA PILLAY 1757 Naws

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

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

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 09/19/2016.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)[X] This action is FINAL. 2b)[] This action is non-final.

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

4)[ 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)X Claim(s) 1-4 and 6-14 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) is/are allowed.
7)Y Claim(s) 1-4 and 6-14 is/are rejected.
8)[] Claim(s) is/are objected to.
90 Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp/Awww usplo.aov/patents/init_events/pehvindex.jsp or send an inquiry to PPHieaedback@usplio.gov.

Application Papers
10)[J The specification is objected to by the Examiner.
11)[J The drawing(s) filed on is/are: a)[] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[ Some** c)[] None of the:
1.[] Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.
3.0 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) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date. .
2) D Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 I:l Other:
Paper No(s)/Mail Date . ) ther: .
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20170127
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1. The present application is being examined under the pre-AlA first to invent
provisions.
DETAILED ACTION
Claim Rejections - 35 USC § 103
2. The following is a quotation of pre-AlA 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, 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.

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

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

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

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

4. Considering objective evidence present in the application indicating
obviousness or nonobviousness.
4, This application currently names joint inventors. In considering patentability of the
claims under pre-AlA 35 U.S.C. 103(a), the examiner presumes that the subject matter
of the various claims was commonly owned at the time any inventions covered therein
were made absent any evidence to the contrary. Applicant is advised of the obligation
under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was

not commonly owned at the time a later invention was made in order for the examiner to
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consider the applicability of pre-AlA 35 U.S.C. 103(c) and potential pre-AlA 35 U.S.C.
102(e), (f) or (g) prior art under pre-AlA 35 U.S.C. 103(a).

5. Claims 1-4 and 6-14 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Meier (US 6,262,359) in view of Okayasu (JP07-106611,
Machine Translation) in view of Borden (WO 2009/094578 A2).

Regarding claims 1-4, 6, and 9-13, Meier discloses a solar cell comprising (see

Fig. 3D, C5/L38-C6/L55):

a substrate (218 n-type) having a front surface that faces the sun to collect solar
radiation during normal operation and a back surface opposite the front surface;

an emitter (220 p-type) forming a backside junction with the substrate;

a front electrode disposed over the front surface of the substrate (212);

a back electrode disposed over the back surface of the substrate (222).

However, Meier does not disclose that the emitter is a polysilicon emitter and that
there is a first tunnel dielectric formed between the emitter and the back surface of the
substrate.

Okayasu discloses that instead of forming an emitter or surface field from a
portion of a substrate which is doped, an emitter or surface field can be formed using a
doped polysilicon layer ([0005][0009], Abstract) and by forming an emitter or surface
field this way the thickness can be more accurately controlled and it prevents generation
of floating foreign matter ([0008] [0009]).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to replace the method of forming the emitter and front surface field from a
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portion of a substrate of Meier and instead forming the emitter and front surface field by
using a doped polysilicon layer as disclosed by Okayasu because the thickness can be
more accurately controlled and it prevent generation of floating foreign matter.

However, modified Meier does not discloses a tunneling dielectric oxide between
the emitter and the substrate.

Borden discloses that tunnel oxides can be used in solar cells between doped
polysilicon and monocrystalline substrates [0016].

Furthermore, Borden discloses that by providing the tunneling layer it prevents
epitaxial growth of the emitter layer and further it protects the surface from plasma
damage of the deposited emitter layer [0008].

It would have been obvious to one of ordinary skill in the art at the time of the
invention to modify the interface between polycrystalline layers and monocrystalline
substrates of modified Meier by having a tunneling oxide because it prevents epitaxial
growth of the emitter layer and further it protects the crystalline surface from plasma
damage of the deposited emitter layer.

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations

as set forth above.

However, Meier does not disclose that the electrode that is in contact with the p-
type polysilicon layer is silver.

Okayasu discloses that the back electrode on the polysilicon emitter is formed of

a silver electrode [0044].
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It would have been obvious to one of ordinary skill in the art at the time of the
invention to replace the aluminum electrode of Meier with the silver electrode of
Okayasu because one of ordinary skill in the art would have been able to carry out such
a substitution, and the results would be reasonably predictable.

Regarding claim 8, modified Meier discloses all of the claim limitations as set

forth above.

In addition, Meier discloses an antireflection layer (214) disposed over the top
surface of the substrate (C6/L20-25).
6. Claims 1-4 and 6-14 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Meier (US 6,262,359) in view of Okayasu (JP07-106611,
Machine Translation) in view of Foglietti (US 2002/0142500 A1) in view of Gan

(Polysilicon Emitters for Silicon Concentrator Solar Cells).

Regarding claims 1-4, 6, and 9-13, Meier discloses a solar cell comprising (see
Fig. 3D, C5/L.38-C6/L55):

a substrate (218 n-type) having a front surface that faces the sun to collect solar
radiation during normal operation and a back surface opposite the front surface;

an emitter (220 p-type) forming a backside junction with the substrate;

a front electrode disposed over the front surface of the substrate (212);

a back electrode disposed over the back surface of the substrate (222).

However, Meier does not disclose that the emitter is a polysilicon emitter and that
there is a first tunnel dielectric formed between the emitter and the back surface of the

substrate.
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Okayasu discloses that instead of forming an emitter or surface field from a
portion of a substrate which is doped, an emitter or surface field can be formed using a
doped polysilicon layer ([0005][0009], Abstract) and by forming an emitter or surface
field this way the thickness can be more accurately controlled and it prevent generation
of floating foreign matter (J0008] [0009]).

Gan further discloses that solar cell performance can be improved when a
doped-emitter is replaced with a polysilicon emitter (see pg. 245 second column).

It would have been obvious to one of ordinary skill in the art at the time of the
invention to replace the method of forming the emitter and front surface field from a
portion of a substrate of Meier and instead forming the emitter and front surface field by
using a doped polysilicon layer as disclosed by Okayasu because the thickness can be
more accurately controlled and it prevent generation of floating foreign matter and
furthermore because as disclosed by Gan this results in a solar cell with better
performance.

However, modified Meier does not discloses a tunneling dielectric oxide between
the emitter and the substrate.

Foglietti discloses that polycrystalline growth directly on crystalline silicon results
in partial realignment of the polycrystalline grains and to suppress this effect a thin oxide
can be grown ([0046]).

Gan discloses that the presence of a stable thermal oxide between a polysilicon
emitter and a CZ wafer (See pg. 248, first column, and Table 1) results in recombination

occurring primary at the oxide interface and that the presence of this oxide at the
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interface can be useful for silicon solar cells with polysilicon emitters (See Conclusion,
pg. 249).

It would have been obvious to one of ordinary skill in the art at the time of the
invention to modify the interface between the doped polysilicon regions and the
monocyrstalline substrate by adding an interfacial oxide as disclosed by Fogiletti and
Gan because it will allow for optimal grown of the polysilicon region and furthermore will
result in recombination primarily occurring at the oxide interface.

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations

as set forth above.

However, Meier does not disclose that the electrode that is in contact with the p-
type polysilicon layer is silver.

Okayasu discloses that the back electrode on the polysilicon emitter is formed of
a silver electrode [0044].

It would have been obvious to one of ordinary skill in the art at the time of the
invention to replace the aluminum electrode of Meier with the silver electrode of
Okayasu because one of ordinary skill in the art would have been able to carry out such
a substitution, and the results would be reasonably predictable.

Regarding claim 8. modified Meier discloses all of the claim limitations as set

forth above.
In addition, Meier discloses an antireflection layer (214) disposed over the top

surface of the substrate (C6/L20-25).
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Response to Arguments
7. Applicant argues that Okayasu cannot cure the deficiencies of Meier because the
backside junction of Meier is formed integrally with the substrate and therefore there
can be no interfacial oxide. Since Okayasu is concerned with a front side emitter and
therefore Okayasu is not possible because it would require a total redesign of Meier.
8. Examiner respectfully disagrees. Meier discloses method of forming a junction
which consists of an emitter formed on a substrate which comprises using the electrode
as a dopant material and driving in those dopants through annealing. Okayasu
discloses an alternative method of forming an emitter which comprises depositing a
doped polysilicon emitter over a single crystalline substrate. Okayasu also discloses
that this method is preferable to that of heating and driving in dopants because it can be
performed at lower temperatures which prevents damage to the substrate and
furthermore the thickness of the emitter can be more accurately controlled ([0008]).
Therefore, it would have been obvious to one of ordinary skill in the art at the time of the
invention to replace the emitter of Meier with the emitter of Okayasu because of the
above advantages.
9. Applicant further argues that neither Foglietti nor Ohmi disclose that a thin oxide
can be used in a backside junction solar cell.
10. Asdisclosed above Gan, Foglietti and Borden disclose that a thin oxide can be
provide advantageous properties between a doped polysilicon emitter and a

monocrystalline substrate.
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Conclusion
11.  THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the mailing date of this final action.

12.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to DEVINA PILLAY whose telephone number is (571)270-
1180. The examiner can normally be reached on Monday thru Friday 7:30am -5:00pm
(EST). Examiner Fax Number is (571)-270-2180.

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

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Jeffrey T. Barton can be reached on 571-272-1307. 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.

/DEVINA PILLAY/
Primary Examiner, Art Unit 1757
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Doc Code: AP.PRE.REQ PTO/AIA/33 (03-13)
Approved for use through 07/31/2013. OMB 0651-0031

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

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

Docket Number (Optional)

PRE-APPEAL BRIEF REQUEST FOR REVIEW 10031.004211

| hereby certify that this correspondence is being facsimile transmitted to | Application Number Filed
the USPTO, EFS-Web transmitted to the USPTO, or deposited with the
United States Postal Service with sufficient postage as first class mail in
an envelope addressed to “Mail Stop AF, Commissioner for Patents, 14/504,771 10/02/2014
P.O. Box 1450, Alexandria, VA 22313-1450” [37 CFR 1.8(a)]
on 03/28/2016 First Named Inventor
Peter John COUSINS

: /Patrick D. Benedicto/
Signature Art Unit Examiner
Typed or printed PATRICK D. BENEDICTO 1757 PILLAY. DEVINA
name ’

Applicant requests review of the final rejection in the above-identified application. No amendments are being filed
with this request.

This request is being filed with a notice of appeal.

The review is requested for the reason(s) stated on the attached sheel(s).
Note: No more than five (5) pages may be provided.

| am the [Patrick D. Benedicto/
Signature
I:' " PATRICK D. BENEDICTO
applicant.

Typed or printed name

attorney or agent of record. 40,909 ’ 408.436.2110

Registration number

Telephone number

|:| attorney or agent acting under 37 CFR 1.34. March 28, 2017

Registration number if acting under 37 CFR 1.34 Date

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications.
Submit multiple forms if more than one signature is required, see below*.

*Total of 1— forms are submitted.

This collection of information is required by 35 U.S.C. 132. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an apptication. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11, 1.14 and 41.6. This collection is estimated to take 12 minutes to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Mail Stop AF, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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ARGUMENTS

Claim Rejection -- 35 U.S.C. § 103 (Meier/Okayasu/Borden)

Claims 1-4 and 6-14 are rejected under pre-AIA 35 U.S.C. §103(a) as being
unpatentable over Meier (US 6,262,359), in view of Okayasu (JP 07-106611), and in
view of Borden (US WO 2009/094578 A2). The rejection is respectfully traversed.

1. External emitter that forms a backside junction with the substrate

Claim 1 is patentable over the combination of Meier, Okayasu, Ohmi, and
Foglietti at least for reciting: “an emitter disposed over the first tunnel dielectric, the

emitter forming a backside junction with the substrate.”

Claim 1 recites a structure of a solar cell. In the embodiment of claim 1, the solar
cell has an emitter that is disposed over a tunnel dielectric and forms a backside junction
with the substrate. It is respectfully submitted that this feature of claim 1 is not taught or

suggested by the combination of Meier, Okayasu, and Borden.

The final office action suggests that in the cited combination, Meier discloses the

recited backside junction. Meier FIG. 3D is reproduced below for ease of discussion.

216 212 214
N\ o 4
n-Si 218 ‘
‘ /] 224
/ ]

220 FIG. 3D 2

Meier discloses a solar cell with an aluminum alloy back junction (Meier, Title). More
specifically, Meier discloses forming a p+ layer 220 (“emitter”) that forms a backside
junction with the n-Si base layer 218 (“substrate”) within the base layer 218 by doping
using the aluminum contact layer 222 (Meier, col. 6, lines 51-54). That is, the primary
teaching of Meier is to form an aluminum alloy back junction by forming the p+ layer
220 within the substrate by diffusion into the substrate using the aluminum alloy

electrode, thereby providing a strongly doped p-type emitter (Meier, abstract).
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Meier discloses a solar cell structure where the emitter that forms a backside
junction with the substrate is within the substrate and in contact with the electrode. In the
solar cell structure of Meier there is no intervening layer (such as a tunnel dielectric)
between the emitter and the electrode because of the required diffusion of aluminum from
the electrode to the emitter. Accordingly, Meier does not disclose a solar cell structure

where an external emitter forms a backside junction with the substrate.

Okayasu does not disclose a solar cell structure that cures the deficiencies of

Meier. Okayasu FIG. 1 is reproduced below.

The purpose of Okayasu is “to realize a BSF type solar cell having high photoelectric
conversion efficiency by forming an n+ poly-Si layer by thermal CVD using
B2H6/SiH4/SiF4 as a material gas thereby improving the quality of n+ poly-Si layer”
(Okayashu abstract) (emphasis added). More particularly, to the extent the appellant
understands the machine translation of the disclosure of Okayasu, Okayasu FIG. 1 shows
a solar cell with an N-type substrate 1, a layer 2 on the front side, an N+ BSF layer 5, an
electrode 6 on the backside, and an electrode 4 on the front side. Because the layer 5is a
back surface field (BSF) layer, the layer 5 is necessarily on the back surface and has the
same polarity as the substrate 1. Accordingly, the BSF layer 5 cannot form a backside

junction with the substrate.

Therefore, like Meier, Okayasu does not disclose a solar cell structure where an
external emitter forms a backside junction with the substrate. In the solar cell of
Okayasu, the backside is a BSF layer in accordance with the purpose of Okayasu and, in
such a BSF structure, the junction is formed on the front side of the solar cell, not on the

backside where the BSF layer is (Okayasu, paragraph 2; paragraph 14, lines 1-6).
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The final office action suggests that it would have been obvious to use the BSF
formation technique of Okayasu to form the backside junction emitter of Meier. The

appellant respectfully disagrees.

First, Meier’s solar cell is not a BSF type solar cell. Okayasu does not teach or
suggest that its method is applicable to non-BSF type solar cells -- Okayasu has no
relevant teaching regarding formation of a backside junction. The suggestion to use the
BSF method of Okayasu to form the emitter of Meier would use the BSF method of

Okayasu for a totally different function and structure in Meier.

Second, Okayasu discloses a method of forming the high-low junction (HL) on
the front side of a BSF solar cell structure (Okayasu, paragraphs 1 and 2) . Instead of
using thermal diffusion (Okayasu, paragraphs 5-7) or plasma CVD (Okayasu, paragraphs
8-12), Okayasu suggests forming the HL junction by thermal CVD (Okayasu, paragraph
14) to minimize foreign matter or to control deposition thickness. It is respectfully
submitted that this suggested method of Okayasu pertains to manufacture of the HL.
junction of a BSF type solar cell, i.e., structures on the front side of a BSF solar cell. The
method of Okayasu is for the structure taught by Okayasu, which is a BSF solar cell. In
other words, Okayﬁsu does not teach or suggest solar cell structure where an external

emitter forms a backside junction with the substrate.

2. Backside junction with tunnel dielectric

It is respectfully submitted that Meier modified with Okayasu does not teach or
suggest a tunnel dielectric between the backside junction emitter and the substrate. The
final office action suggests that Borden (paragraphs 8 and 16) discloses use of a tunnel

oxide between polysilicon and substrate.

First, it is respectfully submitted that the final office action has not established
that Borden is prior art to the present application. Borden has an international filing date
of January 23, 2009, whereas the present application has a priority date of February 20,
2008 by claiming priority to US 8,878,053 and US 8,222,516. It is acknowledged that
Borden claims priority from a provisional application 61/023,342. However, the final
office action cites to the international publication of Borden (which on its face is not prior

art to the present application as explained), not to the provisional application.

3
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Furthermore, the provisional application of Borden does not appear to be publicly

accessible.

Second, Borden does not disclose that the polysilicon/tunnel oxide/substrate is for
forming a backside junction. There is no teaching or suggestion in Borden that such
tunnel oxide structure may be applied to the teachings of Meier and Okayasu to read on

the solar cell of claim 1.

Claims 2-4 and 6-8 are patentable over the combination of Meier, Okayasu, and

Borden at least for depending from claim 1.

Claim 9 is patentable over the combination of Meier, Okayasu, and Borden at
least for reciting: “an emitter over the back surface of the substrate, the emitter forming a
backside junction with the substrate; a first dielectric between the emitter and the back
surface.” It is respectfully submitted that the combination of Meier, Okayasu, and
Borden does not teach or suggest a solar cell with an emitter that is over a dielectric that
forms a backside junction with the substrate.

Claims 10-14 are patentable over the combination of Meier, Okayasu, and Borden

at least for depending from claim 9.

Claim Rejection -- 35 U.S.C. § 103 (Meier/Okayasu/Foglietti/Gan)

Claims 1-4 and 6-14 are rejected under pre-AIA 35 U.S.C. §103(a) as being
unpatentable over Meier (US 6,262,359), in view of Okayasu (JP 07-106611), in view of
Foglietti (US 2002/0142500), and further in view of Gan (Polysilicon Emitters for Silicon

Concentrator Solar Cells). The rejection is respectfully traversed.

1. External emitter that forms a backside junction with the substrate

Claim 1 is patentable over the combination of Meier, Okayasu, Foglietti, and Gan
at least for reciting: “an emitter disposed over the first tunnel dielectric, the emitter

forming a backside junction with the substrate.”

Claim 1 recites a structure of a solar cell. In the embodiment of claim 1, the solar

cell has an emitter that is disposed over the tunnel dielectric and forms a backside
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junction with the substrate. It is respectfully submitted that this feature of claim 1 is not

taught or suggested by the combination of Meier, Okayasu, Foglietti, and Gan.

The final office action suggests that in the cited combination, Meier modified
with the teachings of Okayasu discloses the above-recited features of claim 1. As
explained, the combination of Meier and Okayasu does not teach or suggest a solar cell

structure where an external emitter forms a backside junction with the substrate.

2. Backside junction with tunnel dielectric

It is respectfully submitted that Meier modified with Okayasu does not teach or
suggest a tunnel dielectric between the backside junction emitter and the substrate. The
final office action suggests that Gan discloses that doped emitter can be replaced with a
polysilicon emitter and that Foglietti discloses using a thin oxide. It is respectfully
submitted that Gan and Foglietti does not disclose structures where polysilicon emitters
and tunnel oxides are employed in backside junctions. There is no teaching or suggestion
in Gan and Foglietti to apply their teachings to arrive at a structure where an external
polysilicon emitter separated from the substrate by a tunnel oxide forms a backside

junction with the substrate.

Therefore, it is respectfully submitted that claim 1 is patentable over the
combination of Meier, Okayasu, Foglietti, and Gan. Claims 2-4 and 6-8 are patentable
over the combination of Meier, Okayasu, Foglietti, and Gan at least for depending from

claim 1.

Claim 9 is patentable over the combination of Meier, Okayasu, Foglietti, and Gan
at least for reciting: “an emitter over the back surface of the substrate, the emitter forming
a backside junction with the substrate; a first dielectric between the emitter and the back
surface.” It is respectfully submitted that the combination of Meier, Okayasu, Foglietti,
and Gan does not teach or suggest a solar cell with an emitter that is over a dielectric that
forms a backside junction with the substrate.

Claims 10-14 are patentable over the combination of Meier, Okayasu, Foglietti,

and Gan at least for depending from claim 9.
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Docket No. 10031.004211
Notice of Appeal
March 28,2017

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

Peter John COUSINS
Application No.:  14/504,771 Examiner:  PILLAY, DEVINA
Filing Date:  October 2, 2014 Art Unit: 1757

Title:  FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

Honorable Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

NOTICE OF APPEAL

Submitted herewith is a notice of appeal. This is the second notice of appeal filed on this
application. The first notice of appeal was filed by Applicants on December 16, 2016. The
Patent Trial and Appeal Board did not render a decision on the case from the first notice of

appeal.

Applicants believe that they are entitled to credit for the notice of appeal fee paid on
December 16, 2016 because the Board did not render a decision from the first notice of appeal.
Therefore, Applicants believe that there is no fee due for this filing. If for any reasons additional
fees are required, the Commissioner is hereby authorized to charge the insufficiency to Deposit

Account No. 50-2427.

Respectfully submitted,

Dated: March 28, 2017 /Patrick D. Benedicto/
Patrick D. Benedicto, Reg. No. 40,909
Attorney or Record
Okamoto & Benedicto LLP
(408) 436-2110
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Approved for use through 07/31/2016. OMB 0651-0031

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

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

NOTICE OF APPEAL FROM THE EXAMINER TO Dacket Number {Optional)

THE PATENT TRIAL AND APPEAL BOARD 10031.0004211
I hereby certify that this correspondence is being facsimile In re Application of
transmitted to the USPTO, EFS-Web transmitted to the USPTO, or Peter John COUSINS
deposited with the United States Postal Service with sufficient Application Number Filed
postage in an envelope addressed to "Commissioner for Patents, P.O. | 14/504,771 10/02/2014
Box 1450, Alexandria, on Alexandria, VA 22313-1450" [37 CFR 1.8(a)] For
on 03/28/2017 . | FRONT CONTACT SOLAR CELL WITH FORMED EMITTER
Signature /Patrick D. Benedicto/ Art Unit Examiner
Typed or printed name PATRICK D. BENEDICTO 1757 PILLAY, DEVINA

Applicant hereby appeals to the Patent Trial and Appeal Board from the last decision of the examiner.
The fee for this Notice of Appeal is (37 CFR 41.20(b)(1)) $ 000

D Applicant asserts small entity status. See 37 CFR 1.27. Therefore, the fee shown above is reduced
by 50%, and the resulting fee is: S

D Applicant certifies micro entity status. See 37 CFR 1.29. Therefore, the fee shown above is reduced
by 75%, and the resulting fee is: S
Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously.

D A check in the amount of the fee is enclosed.
D Payment by credit card. Form PTO-2038 is attached.

The Director is hereby authorized to charge any fees which may be required, or credit any overpayment
to Deposit Account No. 50-2427 -

D Payment made via EFS-Web.

D A petition for an extension of time under 37 CFR 1.136(a) (PTO/AIA/22 or equivalent) is enclosed.
For extensions of time in reexamination proceedings, see 37 CFR 1.550.

WARNING: Information on this form may become public. Credit card information should not be included
on this form. Provide credit card information and authorization on PTO-2038.
lam the

|_, applicant attorney or agent of record D attorney or agent acting under 37 CFR 1.34

Registration number 40,909

Registration number
Signature [Patrick D. Benedicto/
Typed or printed name PATRICK D. BENEDICTO

Telephone Number 408.436.2110
Date March 28, 2017

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. Submit multiple
forms if more than one signature is required, see below*.

* Total of _! forms are submitted.

This collection of information is required by 37 CFR 41.20(b}(1) and 41.31. 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, 1.14 and 41.6. This collection is estimated to take 12 minutes
to complete, including gathering, preparing, and submitting the.completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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Electronic Acknowledgement Receipt

EFS ID: 28761025
Application Number: 14504771
International Application Number:
Confirmation Number: 3342

Title of Invention:

FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

First Named Inventor/Applicant Name:

Peter John COUSINS

Customer Number:

74254

Filer:

Patrick D. Benedicto/jina mangaoang

Filer Authorized By:

Patrick D. Benedicto

Attorney Docket Number:

10031.004211

Receipt Date: 28-MAR-2017
Filing Date: 02-0CT-2014
Time Stamp: 15:27:11

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B){tes)/ Mu“'. .Pages
Number Message Digest | Part/.zip| (ifappl.)
742783
1 S0123US2_PABRR.pdf yes 8
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Multipart Description/PDF files in .zip description
Document Description Start End
Pre-Brief Conference request 1 6
Notice of Appeal Filed 7 8
Warnings:
Information:
Total Files Size (in bytes){ 742783

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW USpto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO.
14/504,771 10/02/2014 Peter John COUSINS 10031.004211 3342
74254 7590 04/28/2017
. EXAMINER
Okamoto & Benedicto LLP |
P.O. Box 641330 PILLAY, DEVINA

San Jose, CA 95164-1330

| ART UNIT | PAPER NUMBER
1757
| MAIL DATE | DELIVERY MODE
04/28/2017 PAPER

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.

PTOL-90A (Rev. 04/07)
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. . » Application No. Applicant(s)
Notice of Panel Decision LS 5
N 14/504,771 USINS, PETER JOHN
fr()m Pre-Appeal Brlef Examiner Art Unit
Review DEVINA PILLAY 1757

This is in response to the Pre-Appeal Brief Request for Review filed

1. [ Improper Request — The Request is improper and a conference will not be held for the following
reason(s):

[] The Notice of Appeal has not been filed concurrent with the Pre-Appeal Brief Request.
[ The request does not include reasons why a review is appropriate.

[ A proposed amendment is included with the Pre-Appeal Brief request.

[ Other:

The time period for filing a response continues to run from the receipt date of the Notice of Appeal or from the
mail date of the last Office communication, if no Notice of Appeal has been received.

2. X] Proceed to Board of Patent Appeals and Interferences — A Pre-Appeal Brief conference has been
held. The application remains under appeal because there is at least one actual issue for appeal. Applicant is
required to submit an appeal brief in accordance with 37 CFR 41.37. The time period for filing an appeal brief
will be reset to be one month from mailing this decision, or the balance of the two-month time period running
from the receipt of the notice of appeal, whichever is greater. Further, the time period for filing of the appeal
brief is extendible under 37 CFR 1.136 based upon the mail date of this decision or the receipt date of the
notice of appeal, as applicable.

X The panel has determined the status of the claim(s) is as follows:
Claim(s) allowed:

Claim(s) objected to:

Claim(s) rejected: 1- 4and6 14.

Claim(s) withdrawn from consideration:

3. [ Allowable application — A conference has been held. The rejection is withdrawn and a Notice of
Allowance will be mailed. Prosecution on the merits remains closed. No further action is required by applicant
at this time.

4. [] Reopen Prosecution — A conference has been held. The rejection is withdrawn and a new Office
action will be mailed. No further action is required by applicant at this time.

All participants:

(1) DEVINA PILLAY. (3)Jennifer McNeil.

(2) Jeffrey Barton. G

/DEVINA PILLAY/ /Jeffrey T Barton/ /Jennifer McNeil/
Primary Examiner, Art Unit 1757 Supervisory Patent Examiner, Art Primary Examiner, TC 1700
Unit 1757

U.S. Patent and Trademark Office Part of Paper No. 20170417
PTO-2297 (Rev. 02/11)
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Doc code: RCEX PTO/SBI30EFS (07-14)

Doc descripticn: Request for Continued Examination (RCE} Approved for use through 07/31/2016. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF GOMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond {o a collection of infoermation uniess it contains a valid OMB control number.

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
{Submitted Only via EFS-Web)

Application Filing Docket Number Art

Number I14504T{1 Date 314-10-02 (f applicable) 10031.004211 Unit 1757
First Named| oo john COUSING Examiner FILLAY, DEVINA

Inventor Name

This is a Request for Continued Examination (RCE} under 37 CFR 1.114 of the above-identified application.

Request for Continued Examination (RCE) praciice under 37 CFR 1.114 does not appiy to any utility or plant application filed pricr to June 8,
18995, to any intemational application that does not comply with the requirements of 35 U.S.C. 371, or to any design application. The
instruction Sheet for this form is located at WWW.USPTO.GOV.

SUBMISSION REQUIRED UNDER 37 CFR 1.114

Note: if the RCE is proper, any previcusly filed unentered amendments and amendments enclosed with the RCE wiil be entered in the order
in which they were filed uniess applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s)
entered, applicant must request non-entry of such amendment{s).

D Previously submiited. If a final Office action is cutstanding, any amendments filed after the final Office action may be considered as a
submission even if this box is not checked.

[[] Consider the arguments in the Appeal Brief or Reply Brief previously filed on

[[] Other

Enclosed

Amendment/Reply
|:| information Disclosure Statement {IDS)

D Affidavit(sy Declaration{s)

[] Other

MISCELLANEOUS

] Suspension of action on the above-identified application is requested under 37 CFR 1.103{c) for a pernod of months
{Pericd of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required)

[] Other

FEES

The RCE fee under 37 CFR 1.17{e) is required by 37 CFR 1.114 when the RCE is filed.
The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, {o
Deposit Account No }502427

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

X Patent Practitioner Signature

Applicant Signature

EFS - Web2.1.15
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Doc code: RCEX

PTO/SB/30EFS (07-14)

Doc descripticn: Request for Continued Examination (RCE} Approved for use through 07/31/2016. OMB 0651-0031

U.S. Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond {o a collection of infoermation uniess it contains a valid OMB control number.

Signature of Registered U.S. Patent Practitioner

Signature | fPatrick D. Benediclto/

Date (YYYY-MM-DD) E(H 70505 I

Name PATRICGK D. BENEDICTO

Registration Number 0909

This coliection of information is required by 37 CFR 1.114. The information is required to obtain or retain a benefit by the public which is fo
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 fo the USFTQO. 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.

If yvou need assistance in completing the form, cafl 1-800-PT0O-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 83-579) 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 Infermation

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
Departiment 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 tc a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of seftlement
negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitiing a

request involving an individual, to whom the recoerd 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 informaticn 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 fo 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.

8. 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.8.C. 181} and for review pursuant to the Atemic Energy Act (42 U.8.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 proegrams, under authority of 44 U.S.C. 2904 and
2806. Such disclesure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

8. A record from this system of recerds may be disclosed, as a routine use, fo 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 limitaticns of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandened 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.

8. A record from this system of recerds may be disclosed, as a routine use, fo a Federal, State, or locat law
enforcement agency, if the USPTO becomes aware of a viclation or potential violation of law or regulation.

EFS - Web 2.1.15

REC Exhibit 1005, Page 366 of 532




Electronic Patent Application Fee Transmittal

Application Number: 14504771

Filing Date: 02-Oct-2014

Title of Invention: FRONT CONTACT SOLAR CELL WITH FORMED EMITTER
First Named Inventor/Applicant Name: Peter John COUSINS

Filer: Patrick D. Benedicto/jina mangaoang

Attorney Docket Number: 10031.004211

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sut—s'l'g(t:)l in
Basic Filing:
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code Quantity Amount SUB':S(‘:)I in
Miscellaneous:
RCE- 1st Request 1801 1 1200 1200
Total in USD ($) 1200
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Electronic Acknowledgement Receipt

EFS ID: 29130190
Application Number: 14504771
International Application Number:
Confirmation Number: 3342

Title of Invention:

FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

First Named Inventor/Applicant Name:

Peter John COUSINS

Customer Number:

74254

Filer:

Patrick D. Benedicto/jina mangaoang

Filer Authorized By:

Patrick D. Benedicto

Attorney Docket Number:

10031.004211

Receipt Date: 05-MAY-2017
Filing Date: 02-0CT-2014
Time Stamp: 15:29:17

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $1200

RAM confirmation Number

050817INTEFSW15305200

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 s . File Size(Bytes Multi Pages
u Document Description File Name ile Size( yt V Y '. . 9
Number Message Digest | Part/.zip| (ifappl.)
268692
1 S0123US2_Amendment.pdf yes 6
eb660a5634a15e6114ed1d7280ba4880b11]
6c933
Multipart Description/PDF files in .zip description
Document Description Start End
Amendment Submitted/Entered with Filing of CPA/RCE 1 1
Claims 2 4
Applicant Arguments/Remarks Made in an Amendment 5 6
Warnings:
Information:
1349887
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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 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Docket No. 10031.004211

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor:

Peter John COUSINS
Application No.: 14/504,771 Examiner: PILLAY, DEVINA
Filing Date: ~ October 2, 2014 Art Unit: 1757

Title: FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

REQUEST FOR CONTINUED EXAMINATION AND AMENDMENT

INTRODUCTORY COMMENTS

This paper is responsive to Notice of Panel Decision From Pre-Appeal Brief

Review mailed on April 28, 2017.

Please amend the above-identified application as follows:
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AMENDMENTS TO THE CLAIMS

1. (Currently amended) A solar cell, comprising:
a substrate having a front surface that faces the sun to collect solar radiation
during normal operation and a back surface opposite the front surface;

a first doped region and a second doped region in the substrate on the front

surface of the substrate, the first doped region having a sheet resistance that is higher than

a sheet resistance of the second doped region:

a first tunnel dielectric disposed over the back surface of the substrate;
an emitter disposed over the first tunnel dielectric, the emitter forming a backside
junction with the substrate;

a front electrode dispesed-over that is coupled to the second doped region on the

front surface of the substrate; and

a back electrode disposed over the back surface of the substrate.
2. (Original) The solar cell of claim 1, wherein the emitter is a polysilicon emitter.

3. (Original) The solar cell of claim 1, wherein the substrate is a monocrystalline

silicon substrate.

4, (Currently) The solar cell of claim 1, wherein the first tunnel dielectric is a tunnel

oxide.
5. (Canceled)

6. (Canceled)

~

(Original) The solar cell of claim 1, wherein the back electrode includes silver.

8. (Original) The solar cell of claim 1, further comprising an antireflective layer

disposed over the front surface of the substrate.

REC Exhibit 1005, Page 373 of 532



Docket No. 10031.004211

9. (Currently amended) A solar cell, comprising:

a substrate having a front surface that faces the sun to collect solar radiation
during normal operation and a back surface opposite the front surface;

a first doped region and a second doped region in the substrate on the front

surface of the substrate, the first doped region having a sheet resistance that is higher than

a sheet resistance of the second doped region:

an emitter over the back surface of the substrate, the emitter forming a backside
junction with the substrate;

a first dielectric between the emitter and the back surface;

a front electrode disposed on the front surface of the substrate and is coupled to

the second doped region;

a second dielectric on the front surface of the substrate; and

a back electrode disposed on the back surface of the substrate.
10.  (Original) The solar cell of claim 9, wherein the emitter is a polysilicon emitter.

11. (Original) The solar cell of claim 9, wherein the substrate is a monocrystalline

silicon substrate.

12.  (Original) The solar cell of claim 9, wherein the first dielectric is an oxide.

13. (Canceled)

14. (Original) The solar cell of claim 9, wherein the back electrode includes silver.
15-20. (Canceled)

21. (New) The solar cell of claim 1, wherein the first and second doped regions are

N-type, and the emitter is P-type.
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22. (New) The solar cell of claim 1, wherein the sheet resistance of the first doped
region is 100 to 500 Q/sq, and the sheet resistance of the second doped region is 10 to 50
Q/sq.
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REMARKS

With the above amendments, claims 1-4, 7-12, 14, 21, and 22 remain in the

application.

Claim amendments have been made to expedite prosecution. Applicant expressly
reserves the right to pursue the original version of an amended claim in a continuing

application.

Claim Amendments

The applicant maintains the arguments presented in the Pre-Appeal Brief Request

for Review submitted by the applicant on March 28, 2017.

In the interest of compact prosecution, claim 1 has been amended to recite “a first
doped region and a second doped region in the substrate on the front surface of the
substrate, the first doped region having a sheet resistance that is higher than a sheet
resistance of the second doped region.” Support for this feature of claim 1 may be found
at least on FIG. 1 of the specification, showing an N-type doped region 105 and an N-
type doped region 106 in the substrate 101 on the front surface of the substrate 101. As
explained in the specification, the N-type doped region 105 may have a sheet resistance
of 100 to 500 Q/sq, and the N-type doped region 106 may have a sheet resistance of 10 to
50 Q/sq (specification, page 4, lines11-13).

It is respectfully submitted that the above-noted feature of claim 1 are not taught
~ or suggested by the references of record. More particularly, Meier (US 6,262,359),
Okayasu (JP07-106611), Borden (WO 2009/094578), Foglietti (US 2002/0142500), and
Gan (Polysilicon Emitters for Silicon Concentrator Solar Cells) individually or in
combination do not disclose a solar cell with the recited first and second doped regions

on the front side of the substrate.

Conclusion
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For at least the above reasons, it is believed that the pending claims are in
condition for allowance. The Examiner is invited to telephone the undersigned for any

questions and to resolve any remaining concerns regarding allowability of the present

application.
Respectfully submitted,
Dated: My S, 70 e fWM‘L 5e. cvo
Patrick D. Benedicto, Reg. No. 40,909
Okamoto & Benedicto LLP

P.O. Box 641330

San Jose, CA 95164
Tel.: (408)436-2112
Fax.: (408)436-2114
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Approved for use through 1/31/2014. OMB 0651-0032

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

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

PATENT APPLICATION FEE DETERMINATION RECORD | Appiication or Docket Number |~ Filing Date
Substitute for Form PTO-875 14/504,771 10/02/2014 | [ 7o be Mailed
eNTITY: [X LARGE []smALL [] micro
APPLICATION AS FILED — PART |
(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
LI sasic Fee N/A N/A N/A
(37 CFR 1.16(a) (b). or (c))
D SEARCH FEE N/A N/A N/A
(37 CFR 1.16(K), (i), or (m))
D EXAMINATION FEE
37 CFR 1.16(0), pLora N/A N/A /A
TOTAL CLAIMS : N
(37 CFR 1.16(i)) minus 20 = X'$ =
INDEPENDENT CLAIMS . . .
(37 CFR 1.16(h)) minus 3 = X $ =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
ASF;PCL;%US’: SIZE FEE for small entity) for each additional 50 sheets or
¢ 18(s)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
| 05/05/2017 | Arren PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
= Jotal (7 o - 13 Minus | =~ 20 -0 x $80 - 0
-4 = vinus | -3 -0 x $420- 2
5 I:l Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16(j))
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REX"QE‘%NG PFE“E%“('(?ESF‘LY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
— AMENDMENT PAID FOR
Total (37 cFrR ¥ i "
5 Lo @7 Minus - X $ -
Ind: dent . ; e
= B Minus - xs -
E I:l Application Size Fee (37 CFR 1.16(s))
=
< I:‘ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16(j))
TOTAL ADD’L FEE
* If the entry in column 1 is less than the entry in column 2, write “0” in column 3. SLIE
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”. SHARONE MOORE
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

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

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW USpto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO.
14/504,771 10/02/2014 Peter John COUSINS 10031.004211 3342
74254 7590 05/15/2017
. EXAMINER
Okamoto & Benedicto LLP |
P.O. Box 641330 PILLAY, DEVINA

San Jose, CA 95164-1330

| ART UNIT | PAPER NUMBER
1757
| MAIL DATE | DELIVERY MODE
05/15/2017 PAPER

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.

PTOL-90A (Rev. 04/07)
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UNITED STATES DEPARTMENT OF COMMERCE
U.S. Patent and Trademark Office
Address : COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

APPLICATION NO./ FILING DATE FIRST NAMED INVENTOR / ATTORNEY DOCKET NO.
CONTROL NO. PATENT IN REEXAMINATION
14/504,771 02 October, 2014 COUSINS, PETER JOHN 10031.004211
EXAMINER

Okamoto & Benedicto LLP
P.O. Box 641330 DEVINA PILLAY

San Jose, CA 95164-1330
ART UNIT PAPER
1757 20170417-A
DATE MAILED:

Please find below and/or attached an Office communication concerning this application or
proceeding.

Commissioner for Patents

To Whom It May Concern,

Examiner is providing Applicant a copy of the provisonal application 61/023,342 which Borden (WO 2009/094578 A2) claims
priority to. The provisional application has a filing date of 01/24/2008 which supports all of the relevant sections mapped to in Borden
and therefore the 102 (e) date of Borden 1s 01/24/2008. Examiner notes that paragraphs [0013]-[0015] in 61/023,342 recite the
information that is relied upon in Borden. In addition, Examiner has attached a human translation for Okayasu (JP07-106611) relied
upon in the final rejection mailed 02/17/2017.

Any inquiry concerning this communication or earlier communications from the examiner should be directed to DEVINA PILLAY
whose telephone number is (571)270-1180. The examiner can normally be reached on Monday thru Friday 7:30am -5:00pm (EST).
Examiner Fax Number is (571)-270-2180.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor, Jeffrey T. Barton can be reached on 571-
272-1307. The 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).

Sincerely,

Devina Pillay

/DEVINA PILLAY/
Primary Examiner, Art Unit 1757

PTO-90C (Rev.04-03)
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Application/Control No. Applicant(s)/Patent Under
Reexamination
. . 14/504,771 COUSINS, PETER JOHN
Notice of References Cited . .
Examiner Art Unit
DEVINA PILLAY 1757 Page 10f 1
U.S. PATENT DOCUMENTS
* Coums%coudrg_iﬁm'\ézmﬁé code | ey Name CPC Classification US Classification
A | US-
B | US-
c | US-
D | US-
E | US-
F | US-
G | US-
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K | US-
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FOREIGN PATENT DOCUMENTS
* Coumgc&udg_imm'\éiwzﬁg Code MM[?$1$YY Country Name CPC Classification
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S
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NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
U | Provisional 61/023,342 filed 01/24/2008, provided on 04/17/2017
V | JP07_106611, Human Translation, 04/21/1995, Okayasu
w
X

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

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20170417-A
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW USpto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO.
14/504,771 10/02/2014 Peter John COUSINS 10031.004211 3342
74254 7590 06/30/2017
. EXAMINER
Okamoto & Benedicto LLP |
P.O. Box 641330 PILLAY, DEVINA

San Jose, CA 95164-1330

| ART UNIT | PAPER NUMBER
1757
| MAIL DATE | DELIVERY MODE
06/30/2017 PAPER

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.

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
14/504,771 COUSINS, PETER JOHN

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
DEVINA PILLAY 1757 ,S\ltgt“s

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

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

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1)X Responsive to communication(s) filed on 05/15/2017.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)[] This action is FINAL. 2b)[X] This action is non-final.

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

4)[] 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)X Claim(s) 1-4.7-12,14.21 and 22 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) _____is/are allowed.
7)X Claim(s) 1-4.7-12.14.21 and 22 is/are rejected.
8)[1 Claim(s) ____is/are objected to.
9)[d Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp/Awww. uspio.aov/patents/init_events/peh/indax.jsp or send an inquiry to PPHfesdback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[] accepted or b)[[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)[J Al b)[J Some** c)[] None of the:
1.0 Certified copies of the priority documents have been received.
2] Certified copies of the priority documents have been received in Application No.
3.0 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) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.
2) D Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 I:l Other-
Paper No(s)/Mail Date ) ther
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20170626
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1. The present application is being examined under the pre-AlA first to invent
provisions.
DETAILED ACTION
Continued Examination Under 37 CFR 1.114
2. A request for continued examination under 37 CFR 1.114, including the fee set
forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this
application is eligible for continued examination under 37 CFR 1.114, and the fee set
forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on
05/15/2017 has been entered.
Claim Rejections - 35 USC § 103
3. The following is a quotation of pre-AlA 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, 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.

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

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

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

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

REC Exhibit 1005, Page 384 of 532



Application/Control Number: 14/504,771 Page 3
Art Unit: 1757

4. Considering objective evidence present in the application indicating
obviousness or nonobviousness.
5. Claims 1-4, 7-12, 14 and 21 are rejected under pre-AlA 35 U.S.C. 103(a) as
being unpatentable over Meier (US 6,262,359) in view of Okayasu (JP07-106611,
Human Translation) in view of Borden (WO 2009/094578 A2) and in further view of
Wenham (6,429,037 B1).

Regarding claims 1-4 and 9-12, Meier discloses a solar cell comprising (see Fig.

3D, C5/L38-C6/L55):

a substrate (218 n-type) having a front surface that faces the sun to collect solar
radiation during normal operation and a back surface opposite the front surface;

an emitter (220 p-type) forming a backside junction with the substrate;

a front electrode disposed over the front surface of the substrate (212);

a back electrode disposed over the back surface of the substrate (222).

However, Meier does not disclose that the emitter is a polysilicon emitter and that
there is a first tunnel dielectric formed between the emitter and the back surface of the
substrate.

Okayasu discloses that instead of forming an emitter or surface field from a
portion of a substrate which is doped, an emitter or surface field can be formed using a
doped polysilicon layer (J0005][0009], Abstract) and by forming an emitter or surface
field this way the thickness can be more accurately controlled and it prevents generation

of floating foreign matter ([0008] [0009]).
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It would have been obvious to one of ordinary skill in the art at the time of the
invention to replace the method of forming the emitter from a portion of a substrate of
Meier and instead forming the emitter and front surface field by using a doped
polysilicon layer as disclosed by Okayasu because the thickness can be more
accurately controlled and it prevent generation of floating foreign matter.

However, modified Meier does not discloses a tunneling dielectric oxide between
the emitter and the substrate.

Borden discloses that tunnel oxides can be used in solar cells between doped
polysilicon and monocrystalline substrates [0016].

Furthermore, Borden discloses that by providing the tunneling layer it prevents
epitaxial growth of the emitter layer and further it protects the surface from plasma
damage of the deposited emitter layer [0008].

It would have been obvious to one of ordinary skill in the art at the time of the
invention to modify the interface between polycrystalline layers and monocrystalline
substrates of modified Meier by having a tunneling oxide because it prevents epitaxial
growth of the emitter layer and further it protects the crystalline surface from plasma
damage of the deposited emitter layer.

However, modified Meier does not disclose that there is a first doped region and
a second doped region in the substrate on the front surface of the substrate, the first
doped region having a sheet resistance that is higher than a sheet resistance of a

second doped region.
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Wenham discloses a solar cell wherein the area beneath point contacts includes
areas of high doping which is important for reducing contact resistance (see Fig. 5,
portions 18 and 23) (C1/L25-41).

It would have been obvious to one of ordinary skill in the art at the time of the
invention to modify the front surface field formed in the substrate of modified Meier by
adding in highly doped regions under the metallic contacts as disclosed by Wenham
because doing so reduces the contact resistance and will improve the efficiency of the
solar cell.

Regarding claim 9, please note that the anti-reflective layer disposed over the
front surface (214 of Meier (C6/L20-25)) of the substrate is also a dielectric (SisN4 or
TiO, is a dielectric, see Wenham for further evidence C6/L50-55).

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations

as set forth above.

However, Meier does not disclose that the electrode that is in contact with the p-
type polysilicon layer is silver.

Okayasu discloses that the back electrode on the polysilicon emitter is formed of
a silver electrode [0044].

It would have been obvious to one of ordinary skill in the art at the time of the
invention to replace the aluminum electrode of Meier with the silver electrode of
Okayasu because one of ordinary skill in the art would have been able to carry out such

a substitution, and the results would be reasonably predictable.
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Regarding claim 8, modified Meier discloses all of the claim limitations as set

forth above.
In addition, Meier discloses an antireflection layer (214) disposed over the top
surface of the substrate (C6/L20-25).

Regarding claim 21, modified Meier discloses all of the claim limitations as set

forth above.

In addition, Meier discloses that the first and second doped regions are n-type
(since the n-type contacts make direct contact to FSF region, the higher doped regions
are also n-type and the emitter region (220 is p-type, C5/L38-C5/L55).
6. Claim 22 is rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable
over Meier (US 6,262,359) in view of Okayasu (JP07-106611, Human Translation)
in view of Borden (WO 2009/094578 A2) and in further view of Wenham (6,429,037
B1) as applied to claims 1-4, 7-12, 14 and 21 above and in further view of Fath
(WO 2007/082760 A1) with English Translation provided by Fath (US 2009/0017606
A1).

Regarding claim 22, modified Meier discloses all of the claim limitations as set

forth above.

Meier discloses that the a highly doped region in the n-type substrate can have a
sheet resistance between 10Q/o -200Q/a.

However, Meier does not disclose the sheet resistance of the first doped region
is 100 to 500 Q/o and that the sheet resistance of the second doped region is 10 to 50

Q/o.
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Fath discloses a higher doped region formed under metallic contacts and a lower
doped region which is between contacts and further discloses that typical sheet
resistance values of these areas relative to one another which include the lower sheet
resistance are being 10 to 30 Q/o and the higher sheet resistance area being 80 to 140
Q/o ([0042]).

It would have been obvious to one of ordinary skill in the art at the time of the
invention to modify the sheet resistance of the first and second doped regions of
modified Meier so that they are within the overlapping portions of the ranges of Fath and
the instant claim because selection of overlapping portion of ranges has been held to be
a prima facie case of obviousness. In re Malagari, 182 USPQ 549.

7. Claims 1-4, 7-12, 14 and 21 are rejected under pre-AlA 35 U.S.C. 103(a) as
being unpatentable over Meier (US 6,262,359) in view of Okayasu (JP07-106611,
Machine Translation) in view of Foglietti (US 2002/0142500 A1) in view of Gan
(Polysilicon Emitters for Silicon Concentrator Solar Cells) and in further view of
Wenham (6,429,037 B1).

Regarding claims 1-4 and 9-12, Meier discloses a solar cell comprising (see Fig.

3D, C5/L38-C6/L55):

a substrate (218 n-type) having a front surface that faces the sun to collect solar
radiation during normal operation and a back surface opposite the front surface;

an emitter (220 p-type) forming a backside junction with the substrate;

a front electrode disposed over the front surface of the substrate (212);

a back electrode disposed over the back surface of the substrate (222).
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However, Meier does not disclose that the emitter is a polysilicon emitter and that
there is a first tunnel dielectric formed between the emitter and the back surface of the
substrate.

Okayasu discloses that instead of forming an emitter or surface field from a
portion of a substrate which is doped, an emitter or surface field can be formed using a
doped polysilicon layer ([0005][0009], Abstract) and by forming an emitter or surface
field this way the thickness can be more accurately controlled and it prevent generation
of floating foreign matter ([0008] [0009]).

Gan further discloses that solar cell performance can be improved when a
doped-emitter is replaced with a polysilicon emitter (see pg. 245 second column).

It would have been obvious to one of ordinary skill in the art at the time of the
invention to replace the method of forming the emitter from a portion of a substrate of
Meier and instead forming the emitter by using a doped polysilicon layer as disclosed by
Okayasu because the thickness can be more accurately controlled and it prevent
generation of floating foreign matter and furthermore because as disclosed by Gan this
results in a solar cell with better performance.

However, modified Meier does not discloses a tunneling dielectric oxide between
the emitter and the substrate.

Foglietti discloses that polycrystalline growth directly on crystalline silicon results
in partial realignment of the polycrystalline grains and to suppress this effect a thin oxide

can be grown ([0046]).
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Gan discloses that the presence of a stable thermal oxide between a polysilicon
emitter and a CZ wafer (See pg. 248, first column, and Table 1) results in recombination
occurring primary at the oxide interface and that the presence of this oxide at the
interface can be useful for silicon solar cells with polysilicon emitters (See Conclusion,
pg. 249).

It would have been obvious to one of ordinary skill in the art at the time of the
invention to modify the interface between the doped polysilicon regions and the
monocyrstalline substrate by adding an interfacial oxide as disclosed by Fogiletti and
Gan because it will allow for optimal grown of the polysilicon region and furthermore will
result in recombination primarily occurring at the oxide interface.

Regarding claim 9, please note that the anti-reflective layer disposed over the
front surface (214 of Meier (C6/L20-25)) of the substrate is also a dielectric (SisN4 or
TiO, is a dielectric, see Wenham for further evidence C6/L50-55).

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations

as set forth above.

However, Meier does not disclose that the electrode that is in contact with the p-
type polysilicon layer is silver.

Okayasu discloses that the back electrode on the polysilicon emitter is formed of
a silver electrode [0044].

It would have been obvious to one of ordinary skill in the art at the time of the

invention to replace the aluminum electrode of Meier with the silver electrode of
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Okayasu because one of ordinary skill in the art would have been able to carry out such
a substitution, and the results would be reasonably predictable.

Regarding claim 8, modified Meier discloses all of the claim limitations as set

forth above.
In addition, Meier discloses an antireflection layer (214) disposed over the top
surface of the substrate (C6/L20-25).

Regarding claim 21, modified Meier discloses all of the claim limitations as set

forth above.

In addition, Meier discloses that the first and second doped regions are n-type
(since the n-type contacts make direct contact to FSF region, the higher doped regions
are also n-type and the emitter region (220 is p-type, C5/L38-C5/L55).
8. Claim 22 is rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable
over Meier (US 6,262,359) in view of Okayasu (JP07-106611, Machine Translation)
in view of Foglietti (US 2002/0142500 A1) in view of Gan (Polysilicon Emitters for
Silicon Concentrator Solar Cells) and in further view of Wenham (6,429,037 B1) as
applied to claims 1-4, 7-12, 14 and 21 above and in further view of Fath (WO
2007/082760 A1) with English Translation provided by Fath (US 2009/0017606 A1).

Regarding claim 22, modified Meier discloses all of the claim limitations as set

forth above.
Meier discloses that the highly doped region in the n-type substrate can have a

sheet resistance between 10Q/o -200Q/o.
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However, Meier does not disclose the sheet resistance of the first doped region
is 100 to 500 Q/o and that the sheet resistance of the second doped region is 10 to 50
Q/o.

Fath discloses a higher doped region formed under metallic contacts and a lower
doped region which is between contacts and further discloses that typical sheet
resistance values of these areas relative to one another which include the lower sheet
resistance are being 10 to 30 Q/o and the higher sheet resistance area being 80 to 140
Q/o ([0042]).

It would have been obvious to one of ordinary skill in the art at the time of the
invention to modify the sheet resistance of the first and second doped regions of
modified Meier so that they are within the overlapping portions of the ranges of Fath and
the instant claim because selection of overlapping portion of ranges has been held to be
a prima facie case of obviousness. In re Malagari, 182 USPQ 549.

Response to Arguments
9. Applicant’s arguments with respect to claims 1-4, 7-12, 14, 21 and 28 have been
considered but are moot because the arguments do not apply to the current rejection.
Conclusion
10.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to DEVINA PILLAY whose telephone number is (571)270-
1180. The examiner can normally be reached on Monday thru Friday 7:30am -5:00pm

(EST). Examiner Fax Number is (571)-270-2180.
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Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Jeffrey T. Barton can be reached on 571-272-1307. The 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.

/DEVINA PILLAY/
Primary Examiner, Art Unit 1757
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(57) Abstract: Method for fabricating a semiconductor com-
ponent (74; 140), particularly a solar cell (140), having regions
(70, 72; 120, 122) with different levels of doping, comprising
the method steps of forming (2; 14) a layer (58; 108) which
inhibits diffusion of a dopant and which can be penetrated by
a dopant on at least one portion (56; 106) of the surface of a
semiconductor component material (50; 100), of at least partial
removal (4;16a, 16b) of the diffusion-inhibiting layer (58; 108)
in at least one highly doped region (62; 112a, 112b), of forma-
tion (6; 18) of a dopant source (66; 116) on the diffusion-in-
hibiting layer (58; 108) and in the at least one highly doped
region (62; 112a, 112b), and of diffusion (8; 20) of the dopant
from the dopant source (66; 116) into the semiconductor com-
ponent material (50; 100) and also the use thereof in integrated
circuits, electronic circuits, solar cell modules and to produce
solar cells (140) with a selective emitter structure.

(57) Zusammenfassung: Verfahren zur Herstellung cines
Ilalbleiterbauelements (74; 140), insbesondere einer Solarzelle
(140), mit unterschiedlich stark dotierten Bereichen (70, 72;
120, 122) aufweisend die Verfahrensschritte des Ausbildens
(2; 14) einer die Diffusion eines Dotierstoffes hemmenden
und fiir cinen Doticrstoff durchdringbaren Schicht (58; 108)
auf zumindest einem Teil (56; 106) der Oberflache eines
Halbleiterbauelementmaterials (50; 100), des wenigstens
teilweises Entfernens (4;16a, 16b) der diffusionhemmenden
Schicht (58; 108) in wenigstens einem Hochdotierungsbereich
(62; 112a, 112b), des Ausbildens (6; 18) ciner Dotierstott
quelle (66; 116) auf der diffusionhemmenden Schicht (58;
108) und in dem wenigstens einen Hochdotierungsbereich
(62; 112a, 112b)
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und der Diffusion (8: 20) des Doticrstoffes aus der Dotierstoff quelle (66; 116) in das Halblciterbauclementmaterial (50; 100) sowic
dessen Ver wendung in integrierten Schaltungen, elektronischen Schaltungen, Solarzellenmodulen und zur Ilerstellung von So-
larzellen (140) mit selektiver Emitterstruktur.
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Beschreibung

Verfahren zur Herstellung eines Halbleiterbauelements mit un-

terschiedlich stark dotierten Bereichen

Die Erfindung betrifft ein Verfahren zur Herstellung eines

Halbleiterbauelements, insbesondere einer Solarzelle, mit un-
terschiedlich stark dotieften Bereichen sowie dessen Verwen-
dung in integrierten Schaltungen, elektronischen Schaltungen,
Solarzellenmodulen sowie zur Herstellung von Solarzellen mit

selektiver Emitterstruktur.

Bei der Herstellung vieler Halbleiterbauelemente ist es erfor-
derlich, Bereiche mit unterschiedlich starker Dotierung vorzu-
sehen, wobei unter Halbleiterbauelementen im Sinne dieser Pa-
tentanmeldung nicht nur kommerziell eingesetzte elektronische
Bauelemente verstanden werden, sondern auch Halbfabrikate und
dotierte Halbleiterstrukturen. Im Extremfall also auch ein

Halbleiter, der lediglich unterschiedlich dotierte Bereiche

aufweist.

Beispielsweise werden bei der Herstellung von Solarzellen Be-
reiche unterschiedlich starker Dotierung vorgesehen, um auf
diese Weise eine Emitterstruktur auszubilden, welche in gewis-
sen Bereichen auf einer starken Dotierung, in den ibrigen Be-
reichen auf einer schwachen Dotierung beruht. Mit dieser so
genannten selektiven Emitterstruktur, bei welcher tblicherwei-
se auf den hoch dotierten Bereichen Metallkontakte ausgebildet
werden, lasst sich bekanntermafen eine effiziente Stromabfuhr
bei gleichzeitig geringer Ladungstridgerrekombination in den

Ubrigen schwach dotierten Bereichen realisieren.

BESTATIGUNGSKOPIE

6/26/2017, EAST Version: 3.3.1.2
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Der vorliegenden Erfindung liegt daher das Problem zu Grunde,
ein einfaches und aufwandsginstiges Verfahren zur Herstellung
eines Halbleiterbauelements mit unterschiedlich stark dotier-

ten Bereichen zur Verfiigung zu stellen.

Dieses Problem wird erfindungsgemaB geldst durch ein Verfahren

mit den Verfahrensschritten des unabhdngigen Anspruchs 1.

Vorteilhafte Weiterbildungen sind Gegenstand abhdngiger Unter-

anspriuche.

Der Grundgedanke der Erfindung besteht darin, auf zumindest
einem Teil der Oberfldche eines Halbleiterbauelementmaterials
eine die Diffusion eines Dotierstoffes hemmende und fir einen
Dotierstoff durchdringbare Schicht auszubilden. Diese wird an-
schlieBend in wenigstens einem Hochdotierungsbereich zumindest
teilweise entfernt. Im Weiteren wird eine Dotierstoffquelle
auf der diffusionhemmenden Schicht und in dem wenigstens einen
Hochdotierungsbereich ausgebildet. Aus dieser Dotierstoffquel-
le wird schlieflich Dotierstoff in das Halbleiterbauelementma-

terial eindiffundiert.

Bei dieser Diffusion gelangt Dotierstoff aus der in dem we-
nigstens einen Hochdotierungsbereich ausgebildeten Teil der
Dotierstoffquelle vergleichsweise ungehindert in das Halblei-
terbauelementmaterial hinein, da hier die diffusionhemmende
Schicht wenigstens teilweise entfernt wurde. Nach einer gewis-
sen Diffusionsdauer ist an diesen Stellen relativ viel Dotier-
stoff in das Halbleiterbauelementmaterial gelangt. In den
Hochdotierungsbereichen liegt somit die erwlinschte hohe Dotie-

rung vor.

6/26/2017, EAST Version: 3.3.1.2
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In denjenigen Bereichen hingegen, in welchen der Teil der O-
berflédche des Halbleiterbauelementmaterials unter der diffusi-
onhemmenden Schicht liegt, gelangt nur wenig Dotierstoff in
das Halbleiterbauelementmaterial. In Folge wird dieses in die-

sen Bereichen schwach dotiert.

Auf diese Weise konnen einfach und aufwandsglinstig Halbleiter-
bauelemente mit unterschiedlich stark dotierten Bereichen her-
gestellt werden, insbesondere ohne dass hierfir Maskierungs-
schritte notwendig wédren, in welchen Teile der diffundierten
Bereiche des Halbleiterbauelementmaterials vor einem Abdtzen
mittels eines gegeniiber dem Atzmedium inerten Material ge-
schiitzt werden, und ohne dass mehrere Diffusionen durchzufih-

ren wahren.

Ein derartig gefertigtes Halbleiterbauelement kann erfindungs-
gemdh in integrierten Schaltkreisen oder elektronischen Schal-

tungen verwendet werden.

Dartber hinaus ist es Bestandteil der Erfindung, das erfin-
dungsgemale Verfahren zur Herstellung von Halbleiterbauelemen-

te darstellenden Solarzellen mit selektiver Emitterstruktur zu

verwenden.

Uberdies sieht die Erfindung vor, wenigstens eine nach dem er-
findungsgemdBen Verfahren hergestellte Solarzelle zur Herstel-

lung von Solarzellenmodulen zu verwenden.

Als Halbleiterbauelementmaterial kann grundsatzlich jedes
Halbleitermaterial Verwendung finden, insbesondere Silizium
oder Gallium oder deren Verbindungen. Auch die Verwendung von

Verbindungshalbleitern ist selbstverstédndlich denkbar.
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In den meisten Anwendungsfdllen weist das Halbleiterbauele-
mentmaterial eine Grunddotierung auf. So kann bspw. p-
dotiertes oder n-dotiertes Silizium Verwendung finden. Hierfilir
kénnen bekannte Dotierstoffe wie Phosphor oder Bor eingesetzt
werden. Die einzubringenden Dotierstoffe und die diesbezligli-
chen Dotierstoffquellen sind unter Bericksichtigung der Funk-
tionsweise des Halbleiterbauelements auf die im Halbleiterbau-
elementmaterial vorherrschende Grunddotierung abzustimmen. So

ielsweise bei der Herstellung einer Solarzelle mit

(=

st beisp

selektiver Emitterstruktur bei einem p-dotierten Solarzellen-

material ein n-Dotierstoff wie z.B. Phosphor zu wé&hlen.

Eine Weiterbildung des erfindungsgem&fen Verfahrens sieht vor,
dass die diffusionhemmende Schicht durch Aufspinnen und an-
schlieBende Trocknung, eine chemische Abscheidung aus der
Dampfphase (CVD-Abscheidung) oder ein thermisches Aufwachsen
in Ofenprozessen erfolgt. Solch ein thermisches Aufwachsen in
einem Ofenprozess kann dabei beispielsweise in einem Ofen nach
der Art eines aus der Halbleitertechnik bekannten Diffusions-
ofens erfolgen. Hierbei wird ein Stoff oder ein Stoffgemenge,
gegebenenfalls unter Zuhilfenahme eines Tr&gergases durch ein
Rohr des beheizten Ofens geleitet, wobei es mit in dem Rohr
angeordneten Halbleiterbauelementmaterial derart in Wechsel-
wirkung tritt, dass eine Anlagerung oder Abscheidung oder der-
gleichen der diffusionhemmenden Schicht auf dem Halbleiterbau-

elementmaterial eintritt.

Eine andere Ausgestaltungsvariante der Erfindung sieht vor,
dass die diffusionhemmende Schicht in dem wenigstens einen
Hochdotierungsbereich vollstandig entfernt wird. Auf diese
Weise kann an dieser Stelle ein besonders starker Dotierstoff-

eintrag erfolgen. Je nach Halbleiterbauelement und den zu des-
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sen Herstellung weiter erforderlichen Schritten kann eine
vollstdndige Entfernung der diffusionhemmenden Schicht jedoch
auch nachteilig sein. So kénnen beispielsweise bei mechani-
schem Abtrag oder bei Abtrag mittels eines Lasers, dem so ge-
nannten Ablationslaser, Schadigungen der Kristalloberflé&che
entstehen, welche eine erhohte Ladungstrégerrekombination an
diesen Stellen zur Folge haben. Diese wiederum kann die Funk-
tion von Halbleiterbauelementen, beispielsweise Solarzellen,
beeintrdchtigen. Vor diesem Hintergrund kann es zweckméfig er-
scheinen, die diffusionhemmende Schicht in dem wenigstens ei-
nen Hochdotierungsbereich nur teilweise zu entfernen und einen
Rest stehen zu lassen. Dieser Rest vermag zwar die Diffusion
zu behindern, doch f&llt diese, bei entsprechender Auslegung
der Schichtdicken und Diffusionszeiten, in den Hochdotierungs-
bereichen dennoch deutlich st&rker aus als in den librigen, von
einer diffusionhemmenden Schicht vollstdndiger Dicke bedeckten

Bereichen.

Durch geeignete Technologien, beispielsweise einen Ablations-
laser mit ausreichend hohem Energieeintrag, kann das Entfernen
der diffusionhemmenden Schicht in Hochdotierungsbereichen ge-
gebenenfalls auch ochne Schidigung der Kristalloberflache er-
folgen. In diesen F&dllen kann auf das Verbleiben einer restli-
chen, diinnen diffusionhemmenden Schicht in den Hochdotierungs-

bereichen verzichtet werden.

Ein Ausfihrungsbeispiel der Erfindung sieht vor, dass das
Halbleiterbauelement als Solarzelle ausgefihrt wird, wobei zu-
mindest ein Teil von Metallkontakten in den Hochdotierungsbe-
reichen angeordnet wird, vorzugsweise Fingerkontakte. Dabei
sind unter Fingerkontakten feingliedrige Kontakte zu verste-

hen, die der Einsammlung des generierten Stromes bei gleich-
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zeitig geringstméglicher Abschattung der aktiven Solarzellen-

flache dienen.

Im Folgenden wird die Erfindung anhand von Figuren ndher er-

l&utert.

Figur

Figur

1:

N
)

2b:

Es zeigen:

Schematische Darstellung eines ersten Ausfithrungs-

beispiels des erfindungsgemdRen Verfahrens

Schematische Darstellung eines Verfahrens zur Her-
stellung einer Solarzelle mit selektiver Emitter-
struktur als zweites Ausfihrungsbeispiel des erfin-

dungsgemdfen Verfahrens (Fortsetzung in Figur 2b)

Fortsetzung des Verfahrens aus Figur 2a

Figur 1 zeigt schematisch ein erstes Ausfihrungsbeispiel des

Verfahrens gemdh der Erfindung. Hierin wird zun&dchst auf einer

oberseitigen Oberfliche 56 eines Halbleiterbauelementmaterials

50 eine diffusionhemmende und fiir einen Dotierstoff durch-

dringbare Schicht 58 ausgebildet 2. Im Weiteren wird die dif-

fusionhemmende Schicht 58 in wenigstens einem Hochdotierungs-

bereich 62 vollstidndig entfernt 4.

Es folgt das Ausbilden 6 einer Dotierstoffquelle 66, aus wel-

cher unter bestimmten Bedingungen ein Dotierstoff heraus dif-

fundiert. Die Dotierstoffquelle 66 wird dabei auf der diffusi-

onhemmenden Schicht 58 wie auch in dem Hochdotierungsbereich

62 aufgebracht. Im letzteren Fall kommt sie aufgrund der voll-

standigen Entfernung der diffusionhemmenden Schicht 58 in die-

sem Bereich direkt auf der oberseitigen Oberfldche 56 des

Halbleiterbauelementmaterials 50 zu liegen. Bei der Dotier-

stoffquelle 66 kann es sich beispielsweise um ein Phosphorglas
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handeln. Daneben ist jedoch prinzipiell jede andere Dotier-

stoffquelle denkbar.

Aus der Dotierstoffquelle 66 wird im Folgenden Dotierstoff
aus- und in die oberseitige Oberfldche 56 des Halbleiterbau-
elementmaterials 50 eindiffundiert 8. Dies erfolgt in den
meisten Fdllen durch thermische Energiezufuhr. Im Falle der
von der diffusionhemmenden Schicht 58 bedeckten Bereichen der
oberseitigen Oberfliche 56 des Halbleiterbauelementmaterials
50 bewegt sich hierbei Dotierstoff durch die diffusionhemmende
Schicht, wodurch nur ein gewisser Anteil des in der Dotier-
stoffquelle 66 freigesetzten Dotierstoffes in das Halbleiter-

bauelementmaterial gelangen kann.

Im Hochdotierungsbereich 62 hingegen gelangt der Dotierstoff
ungehindert in die oberseitige Oberflédche 56 des Halberbauele-
mentmaterials. Infolgedessen stellt sich in der Umgebung der
Hochdotierungsbereichs 62 in der oberseitigen Oberfldche 56
des Halbleiterbauelementmaterials eine starke Dotierung 70
ein, wogegen in den unter der diffusionhemmenden Schicht 58
gelegenen Bereichen der oberseitigen Oberfldche 56 eine schwa-

che Dotierung 72 resultiert.

Somit ergibt sich auf einfache Weise ein Halbleiterbauelement

mit unterschiedlich stark dotierten Bereichen.

Die Figuren 2a und 2b zeigen ein Verfahren zur Herstellung ei-
ner Solarzelle mit selektiver Emitterstruktur als weiteres

Ausfihrungsbeispiel des erfindungsgemédfen Verfahrens. Den Aus-
gangspunkt des Verfahrens bildet das Bereitstellen 10 des Aus-
gangssolarzellenmaterials, was im vorliegenden Ausfihrungsbei-
spiel durch p-dotiertes Solarzellenmaterial, insbesondere Si-

lizium, gebildet wird. In analoger Weise konnte auch n-
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dotiertes Solarzellenmaterial den Ausgangspunkt bilden. Die
verwendeten Dotierstoffe und Dotierstoffguelle widren sodann

entsprechend angepasst zu w&hlen.

Im schematisch dargestellten Fall der Figur 2a weist das So-
larzellenmaterial 100 einen S&geschaden 102 auf, wie er Ubli-
cherweise bei Halbleiterscheiben vorkommt, die von einem ge-
gossenen Block bzw. einem gezogenen ingot durch Sdgen abge-
trennt wurden. Dieser S&geschaden wird zunachst entfernt 12,
was tblicherweise durch Uberdtzen der Siliziumscheibe bzw. des
Solarzellenmaterials 100 geschieht, und eine Textur 104 in die
oberseitige Oberfliche 106 des Solarzellenmaterials 100 einge-
bracht 12. Die Textur 104 kann dabei unter Ausnutzung bekann-
ter Verfahren wie chemische oder mechanische Texturierung rea-

lisiert werden.

Im Folgenden wird die diffusionhemmende Schicht in Form einer
pordsen Schicht 108 aus Solarzellenmaterial 100 ausgebildet
14. Im Falle von Silizium als Solarzellenmaterial kann dies
beispielsweise mittels einer Atzlésung erfolgen, welche Fluss-
sdure (HF), Salpetersdure (HNO3;) und Wasser (H,0) enth&lt, vor-
zugsweise in einem Mischungsverh&ltnis von HF : HNO; : H,O im
Bereich von 100 : 1 bis 2 : 5 bis 10. Dabei wird die porése
Schicht 108 in einer Dicke von weniger als 200 nm ausgebildet,

bevorzugt in einer Dicke im Bereich von 80 bis 120 nm.

Hernach wird Ablationslaserlicht 110 in Hochdotierungsberei-
chen 112a, 112b appliziert 16a. Unter diesem Energieeintrag
verdampft in den Hochdotierungsbereichen die pordse Schicht
108, wobei diese jedoch im vorliegenden Ausfihrungsbeispiel
jedoch nur teilweise entfernt wird 16b, so dass ein Rest 114a,
114b der porodsen Schicht 108 bestehen bleibt. Auf diese Weise

wird ausgeschlossen, dass die Oberfldche des Solarzellenmate-

6/26/2017, EAST Version: 3.3.1.2

REC Exhibit 1005, Page 405 of 532



WO 2007/082760 9 PCT/EP2007/000463

rials 100, gesch&digt wird und in den Hochdotierungsbereichen
112a, 112b eine Erhdhung der Ladungstragerrekombination er-

folgt.

Im Weiteren wird eine Dotierstoffquelle ausgebildet. Da es
sich bei dem Solarzellenmaterial um p-dotiertes Material han-
delt, wird vorliegend Phosphor als gangigster n-Dotierstoff
verwendet. Es konnen aber auch andere Dotierstoffe verwendet
werden. Die Dotierstoffquelle wird in diesem Ausfihrungsbei-
iel als Phosphorglas 116 ausgebildet. Dies kann beispiels-
weise in einem Ofenprozess erfolgen, in welchem das Solarzel-
lenmaterial einem POCl;-Strom, gegebenenfalls ergdnzt um ein
Trdgergas, ausgesetzt wird. Daneben Phosphor auch in anderer
Weise in einer Dotierstoffquelle zur Verfiigung gestellt wer-
den, beispielsweise durch Aufspinnen und anschlieRBendes Trock-
nen einer phosphorhaltigen Paste oder Losung oder durch chemi-
sche oder physikalische Abscheidung von phosphorhaltigen Ver-

bindungen.

Sodann erfolgt die Diffusion 20 des Phosphors aus dem Phos-
phorglas, oder gegebenenfalls anderen Dotierstoffquellen, in
das Solarzellenmaterial. Dabei ist die Diffusion aus dem Phos-
phorglas 116 in die oberseitige Oberflache 106 des Solarzel-
lenmaterials 100 durch die pordse Schicht aus Solarzellenmate-
rial 108 gehemmt. Da in diesem Ausfihrungsbeispiel auch in den
Hochdotierungsbereichen 112a, 112b noch poréses Siliziummate-
rial vorliegt, ist auch hier die Diffusion gehemmt. Allerdings
deutlich geringer als in denjenigen Bereichen, in denen die
pordse Schicht 108 nach wie vor in ihrer gesamten Dicke vor-
liegt. Da in den Hochdotierungsbereichen 112a, 112b nur ein
geringer Rest 114a, 114b der pordsen Schicht 108 vorliegt,
kann somit in diesen Bereichen in gleicher Zeit deutlich mehr

Dotierstoff in die oberseitige Oberflache 106 des Solarzellen-
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materials gelangen. Infolgedessen werden hier niederohmige
Emitterbereiche 120 ausgebildet. Im Ubrigen werden hochohmige
Emitterbereiche 122 ausgebildet. In der Summe ergibt sich eine
Emitterstruktur 118 mit hochohmigen 122 und niederohmigen 120

Bereichen, die iiblicherweise als selektiver Emitter bezeichnet

wird.

Nach der Diffusion 20 haben die pordse Schicht 108 wie auch
das als Dotierstoffquelle wirkende Phosphorglas 116 ihren
Zweck erfiillt und werden gemeinsam entfernt 22. Dies erfolgt

bevorzugt in einem gemeinsamen Atzschritt.

Im Weiteren wird eine Antireflexionsbeschichtung 124 aufge-
bracht 24. Danach folgt das Ausbilden 26 von Metallkontakten
126,128, 130 auf der Vorderseite der Solarzelle 140 sowie auf
deren Rickseite. Im vorliegenden Ausfiihrungsbeispiel werden
dabei die Metallkontakte 126 der Vorderseite auf den niederoh-
migen Bereichen 120 der Emitterstruktur 118 angeordnet. Auf
diese Weise kann ein geringer Kontaktwiderstand zwischen der
Emitterstruktur 118 und den Metallkontakten 126 gewéhrleistet
werden, wogegen in den iUbrigen Bereichen ein geringe La-
dungstrédgerrekombination aufgrund der hochohmigen Emitterbe-
reiche 122 vorliegt. Typische Schichtwiderstandswerte fir nie-

derohmige Emitterbereiche 120 liegen bei etwa 10 bis 30

Q/square, flir hochohmige Emitterbereiche 122 bei etwa 80 bis

140 Q/square.

Auf der Rickseite wird zur Verbesserung der Konversionseffi-
zienz ein an sich bekanntes back-surface-field aufgebracht,
welches vorliegend aus einer flachigen Riuckseitenmetallisie-
rung aus Aluminium besteht. Dieses wird durchsetzt von wenigs-

tens einem lokalen rickseitigen Metallkontakt 130, welcher die
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Kontaktierung des p-dotierten Solarzellenmaterials 100 bewerk-

stelligt.

Das erfindungsgemdBe Verfahren ldasst sich offensichtlich auch
auf andere Solarzellenkonzepte als das in Verbindung mit den
Figuren 2a und 2b beschriebene ibertragen. Insbesondere kann
es bei Bifacialzellen, bei welchen sowohl die Vorder- als auch
die Rickseite der Solarzelle fur die Stromgeneration genutzt
werden, wie auch bei vollstadndig rickseitig kontaktierten So-

larzellen

Verwendung finden.
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Bezugszeichenliste

2 Ausbilden diffusionhemmende Schicht

4 vollsténdiges Entfernen der diffusionhemmenden Schicht in
Hochdotierungsbereich

6 Ausbilden Dotierstoffquelle

8 Diffundieren des Dotierstoffes aus Dotierstoffquelle in

Halbleiterbauelementmaterial

10 Bereitstellen des Ausgangssolarzellenmaterials

12 Entfernen des Sageschadens und Texturierung der Oberfla-
che des Solarzellenmaterials

14 Ausbilden einer pordsen Schicht aus Solarzellenmaterial

l16a Applizieren von Ablationslaserlicht

leb teilweises Entfernen der pordsen Schicht in Hochdotie-
rungsbereichen

18 Ausbilden von Phosphorglas als Dotierstoffquelle

20 Diffundieren des Phosphors aus dem Phosphorglas in das
Solarzellenmaterial

22 Gemeinsames Entfernen des Phosphorglases und der pordsen
Schicht

24 Aufbringen einer Antireflexionsbeschichtung

26 Ausbilden von Metallkontakten auf der Vorder- und Rick-

seite

50 Halbleiterbauelementmaterial

56 oberseitige Oberflache des Halbleiterbauelementmaterials
58 diffusionhemmende Schicht

62 Hochdotierungsbereich

66 Dotierstoffquelle

70 stark dotierter Bereich

72 schwach dotierter Bereich
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74 Halbleiterbauelement

1000 p-dotiertes Solarzellenmaterial

102 Sdgeschaden

104 Textur

106 oberseitige Oberflache des Solarzellenmaterials
108 pordse Schicht aus Solarzellenmaterial

110 Ablationslaserlicht

[
[
[\

=
=
)
o

Hochdotierungsbereich

114a Rest der pordsen Schicht

114b Rest der pordsen Schicht

116 Phosphorglas

118 Selektive Emitterstruktur

120 niederohmiger Emitterbereich

122 hochohmiger Emitterbereich

124 Antireflexionsbeschichtung

126 Metallkontakte auf der Vorderseite
128 flachige Rickseitenmetallisierung
130 1lokaler Metallkontakt auf der Riickseite
140 Solarzelle
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Patentanspriiche

1. Verfahren zur Herstellung eines Halbleiterbauelem _.._
(74;140) mit unterschiedlich stark dotierten Bereichen
(70,72) aufweisend die Verfahrensschritte
- des Ausbildens (2; 14) einer die Diffusion eines Do-

tierstoffes hemmenden und fir einen Dotierstoff durch-
dringbaren Schicht (58; 108) auf zumindest einem Teil
(56; 106) der Oberflache eines Halbleiterbauelementma-

- des wenigstens teilweises Entfernens (4; 16a, 16b) der
diffusionhemmenden Schicht (58; 108) in wenigstens ei-
nem Hochdotierungsbereich (62; 112a, 112b);

- des Ausbildens (6; 18) einer Dotierstoffquelle (66;
116) auf der diffusionhemmenden Schicht (58; 108) und
in dem wenigstens einen Hochdotierungsbereich (62;
112a, 112b);

- der Diffusion (8; 20) des Dotierstoffes aus der Dotier-
stoffquelle (66; 116) in das Halbleiterbauelementmate-

rial (50; 100).

2. Verfahren nach Anspruch 1,
dadurch gekennzeichnet, dass
die Ausbildung (2; 14) der diffusionhemmenden Schicht
(58; 108) durch Aufbringen einer Siliziumnitrid-, einer
Siliziumoxid-, einer Titanoxid-, einer Tantaloxidschicht
oder einer Schicht aus Oxiden anderer Ubergangsmetalle
erfolgt, wobei im Falle der Ubergangsmetalloxidschichten
vorzugsweise solche Ubergangsmetalle verwendet werden,
welche eine vergleichsweise kleine Diffusionskonstante im

Halbleiterbauelementmaterial (50; 100) aufweisen.
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3. Verfahren nach einem der Anspriiche 1 bis 2,
dadurch gekenn=zeichnet, dass
die diffusionhemmende Schicht (58; 108) in einer Dicke
von wenigen Nanometern bis zu wenigen Mikrometern ausge-
bildet wird, vorzugsweise im Dickenbereich von 20 nm bis

300 nm.

4. Verfahren nach einem der Anspriiche 1 bis 3,
h gekenn=zeichnet, dass

er diffusionhemmenden Schicht (58;

[OTREN§]
3

N

=

.

Q.

108) durch Aufspinnen und anschliefende Trocknung, eine
chemische Abscheidung aus der Dampfphase (CVD-
Abscheidung) oder thermisches Aufwachsen in Ofenprozessen

erfolgt.

5. Verfahren nach Anspruch 1,
dadurch gekennzeichnet, dass
als diffusionhemmende Schicht (108) eine porose Schicht

(108) ausgebildet wird.

6. Verfahren nach Anspruch 5,
dadurch gekennzedilichnet, dass die po-
rése Schicht (108) aus Halbleiterbauelementmaterial (100)

ausgebildet wird.

7. Verfahren nach einem der Anspriche 5 bis 6,
dadurch gekennzedichnet, dass
die porose Schicht (108) in einer Dicke von weniger als
200 nm ausgebildet wird, vorzugsweise in einer Dicke im

Bereich von 80 bis 120 nm.

8. Verfahren nach einem der Anspriiche 6 bis 7,

dadurch gekennzeichnet, dass
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10.

11.

12.

zur Ausbildung der pordsen Schicht (108) aus Halbleiter-
bauelementmaterial (100) wenigstens der Teil (106) der
Oberfl&iche des Halbleiterbauelements einer Atzldsung aus-

gesetzt wird.

. Verfahren nach Anspruch 8,

dadurch gekennzeichnet, dass
die Atzldsung Flusssdure (HF), Salpetersdure (HNO;) und
Wasser (H;0) enthdlt, vorzugsweise in einem Mischungsver-

hdltnis von HF : HNO; : H,O im Bereich von 100 : 1 bis 2

Verfahren nach einem der Anspriiche 6 bis 7,

dadurch gekennzeichnet, dass

zur Ausbildung der porésen Schicht (108) aus Halbleiter-
bauelementmaterial (100) wenigstens der Teil (106) der
Oberfldche des Halbleiterbauelements einem &tzenden Plas-

ma ausgesetzt wird.

Verfahren nach einem der Anspriiche 1 bis 10,
dadurch gekennzeichnet, dass

das wenigstens teilweise Entfernen (4; 16a, 16b) der dif-
fusionhemmenden Schicht (58; 108) in dem wenigstens einen
Hochdotierungsbereich (62; 112a, 112b) mittels Ablations-
laserlicht (110) erfolgt, vorzugsweise mittels Licht ei-
nes fregquenzverdoppelten oder frequenzverdreifachten

Ablationslasers.

Verfahren nach einem der Anspriche 1 bis 10,
dadurch gekennzeichnet, dass

das wenigstens teilweise Entfernen (4; 16b) der diffusi-
onhemmenden Schicht (58; 108) in dem wenigstens einen

Hochdotierungsbereich (62; 112a, 112b) mittels einer &t-
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13.

14.

15.

16.

17.

zenden Paste, vorzugsweise einer Flusss&dure enthaltenden

Paste erfolgt.

Verfahren nach Anspruch 12,

dadurch gekennzeichnet, dass

die atzende Paste mittels einer Druck- oder Spritztechnik
auf den wenigstens einen Hochdotierungsbereich (62; 112a,
112b) aufgebracht wird, vorzugsweise mittels einer Sieb-
druck-, Stempeldruck-, Spritzendruck- oder Rollendruck-
technik.

Verfahren nach einem der Anspriche 1 bis 13,
dadurch gekennzeichnet, dass

die diffusionhemmende Schicht (58) in dem wenigstens ei-

nen Hochdotierungsbereich (62) vollstdndig entfernt wird

(4) .

Verfahren nach einem der Anspriiche 1 bis 14,
dadurch gekennzeichnet, dass

der Schichtwiderstand in unter der nicht entfernten dif-
fusionhemmenden Schicht (58; 108) gelegenen Bereichen
(72; 122) des Teils (56; 106) der Oberfliche des Halblei-
terbauelementmaterials (50; 100) durch die Dicke der dif-

fusionhemmenden Schicht (58; 108) bestimmt wird.

Verfahren nach einem der Anspriche 1 bis 15,
dadurch gekennzeilichnet, dass

als Halbleiterbauelementmaterial (50; 100) Silizium ver-
wendet wird, vorzugsweise p-dotiertes (100) oder n-

dotiertes Silizium.

Verfahren nach einem der Anspriche 1 bis 16,

dadurch gekennzeichmnet, dass
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18.

19.

20.

21.

nach der Diffusion (8; 20) des Dotierstoffes aus der Do-
tierstoffquelle (66; 116) in den Teil (56; 106) der Ober-
fldche des Halbleiterbauelementmaterials (50; 100) die
Dotierstoffquelle (66; 116) zusammen mit der diffusion-

hemmenden Schicht (58; 108) entfernt wird.

Verfahren nach einem der Anspriiche 1 bis 17,
dadurch gekennzeichnet, dass

das Halbleiterbauelement als Solarzelle (140) ausgefihrt
wird, wobei zumindest ein Teil von Metallkontakten (126),
vorzugsweise Fingerkontakte, in Hochdotierungsbereichen

(112a, 112b) angeordnet wird.

Verfahren nach Anspruch 18,

dadurch gekennzeichnet, dass

sowohl auf der Vorderseite der Solarzelle wie auch auf
deren Ruckseite Hochdotierungsbereiche (112a, 112b) vor-

gesehen werden.

Verfahren nach einem der Ansprliche 18 bis 19,
dadurch gekennzeichnet, dass
die Solarzelle als vorder- wie rickseitig lichtempfindli-

che Bifacialzelle ausgefithrt wird.

Verfahren nach einem der Anspriiche 18 bis 20,
dadurch gekennzeichnet, dass

die Dotierstoffquelle (66; 116) aus Phosphorglas (116)
gebildet wird, als diffusionhemmende Schicht (58; 108)
pordses Solarzellenmaterial (108) verwendet wird und das
Phosphorglas (116) zusammen mit der Schicht pordsen So-
larzellenmaterials (108) durch Atzen in einer Atzldsung

oder einem Plasma entfernt wird.
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22.

23.

24.

25.

26.

Verfahren nach einem der Anspriiche 18 bis 21,
dadurch gekennzedichnet, dass

die Hochdotierungsbereiche (62; 112a, 112b) breiter aus-
gefihrt werden als die spdter in diesen Bereichen aufge-

brachte Metallisierung (126).

Verwendung eines nach einem der Anspriche 1 bis 17 gefer-
tigten Halbleiterbauelements (74) in integrierten Schalt-

kreisen.

Verwendung eines nach einem der Anspriiche 1 bis 17 gefer-
tigten Halbleiterbauelements (74) in elektronischen

Schaltungen.

Verwendung wenigstens einer nach einem der Anspriiche 18
bis 22 gefertigten Solarzelle (140) zur Herstellung eines

Solarzellenmoduls.
Verwendung eines Verfahrens nach einem der Anspriiche 18

bis 22 zur Herstellung einer Solarzelle (140) mit selek-

tiver Emitterstruktur (118).
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USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

$412 4219 (solar photovoltaic).ab. and (contact US-PGPUB; {OR ON 2017/06/26
near?2 (resistance resistivi$3)) same USPAT; 13:22
omega USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

415 i1 2007-797066.NRAN. DERWENT $OR ON 2017/06/26
13:26

$414 49 "20090017606" US-PGPUB; {OR ON 2017/06/26
USPAT; 13:26
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

416 i1 2007-797066.NRAN. DERWENT {OR ON 2017/06/26
13:28

417 {120 "4152824" US-PGPUB; §OR ON 2017/06/26
USPAT; 13:29
USCCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

$419 §107 $418 not 412 US-PGPUB; HOR ON 2017/06/26
USPAT; 14:07
USCCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

$418 209 (solar photovoltaic).ab. and (contact US-PGPUB; OR ON 2017/06/26
near?2 (resistance resistivi$3)) near7 USPAT; 14:07
(dop$3 diffus$4) and omega USOCR,;
FPRS;
EPC; JPO;
DERWENT;
|IBV_TDB

$420 {131 (solar photovoltaic).ab. and (contact US-PGPUB; {{OR ON 2017/06/26
near?2 (resistance resistivi$3)) near7 USPAT; 14:18
(dop$3 diffus$4) and (back rear) near2 {USOCR;
(junction) FPRS;
EPO; JPO;
DERWENT;
IBV_TDB

$421 §3 "20100197126" US-PGPUB; {OR ON 2017/06/26
USPAT; 14:23
USCCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

$422 #210 "6429037" US-PGPUB; {OR ON 2017/06/26
USPAT; 14:25

EASTSearchHistory.14504771_AccessibleVersion.htm[6/26/2017 7:01:01 PM]
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USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

L3 34 2 and polysilicon US-PGPUB; {OR ON 2017/06/26
USPAT; 15:56
FPRS;
EPO;
DERWENT

L2 82 (US-20050268963-$ or US- US-PGPUB; {OR ON 2017/06/26
20020153039-$ or US-20060196535-$ {USPAT,; 15:56

or US-20090101199-$ or US FPRS;
20040097062-$ or US-20040112426-$ HEPO;

or US-20070186970-$% or US DERWENT
20050272175-$ or US-20040063326-$
or US-20100224238-$% or US
20100000597-$% or US-20070256728-$
or US-20060060238-$ or US
20080092944-$ or US-20110162706-$
or US-20070151598-% or US
20080092951-% or US-20110104618-$
or US-20080223446-$ or US
20070151599-$ or US-20090205712-$
or US-20100186803-$ or US
20090142880-% or US-20060255340-$
or US-20050017257-$% or US
20100186802-$).did. or (US-
20020142500-$ or US-20040003836-$
or US-20100087031-$ or US
20090017606-$ or US-20090183768-$
or US-20110139231-$).did. or (US-
4379944-$ or US-4665277-$ or US
5320684-% or US-6210991-$ or US
5792280-% or US-5899704-$ or US-
6262359-$ or US-5258077-$ or US-
6071753-$% or US-7468485-$ or US-
7838400-% or US-5641362-$ or US-
8222516-$ or US-3961997-% or US
5057439-% or US-8207443-$ or US
5138256-% or US-7633006-$ or US
6130380-% or US-5738731-$ or US
4927770-$ or US-6624049-$ or US
4152824-$ or US-6214743-$ or US
7029943-$ or US-6998288-$).did. or
(US-8878053-$ or US-8207444-$ or US-
5538564-% or US-7566974-$ or US-
5030295-% or US-6407012-$ or US
5563092-% or US-7858430-$% or US
7554031-% or US-5759292-% or US-
6429037-$).did. or (WO-2009094578-$
or WO-2009094578-9).did. or (WO-
2009094578-$).did. or (US-
20090205712-% or US-20080121279-$
or WO-2007130188-% or US-7468485-%
or JP-07106611-$ or US-20040200520-
$ or JP-2004247364-$ or US-5030295-$
or WO-03083955-$ or WO-
2007082760-%) .did.

L6 1235 (silicon near nitride "Si.sub.3N.sub.4") {US-PGPUB;{OR ON 2017/06/26
near5 dielectric and (solar USPAT; 16:59
photovoltaic).ab. FPRS;
EPO;

EASTSearchHistory.14504771_AccessibleVersion.htm[6/26/2017 7:01:01 PM]
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L | IDERWENT { | | s
L5 1931 (silicon near nitride "Si.sub.3N.sub.4") $US-PGPUB;{OR ON 2017/06/26
with dielectric and (solar USPAT; 16:59
photovoltaic).ab. FPRS;
EPO;
DERWENT
L4 105792 i(silicon near nitride "Si.sub.3N.sub.4") {US-PGPUB;{OR ON 2017/06/26
with dielectric USPAT; 16:59
FPRS;
EPO;
DERWENT
L8 373 (silicon near nitride "Si.sub.3N.sub.4") {US-PGPUB;{OR ON 2017/06/26
near8 (titanium dioxide "TiO.sub.2") USPAT; 17:00
with dielectric and (solar FPRS;
iphotovoltaic).ab. and HO1L31$.cpc. EPO;
DERWENT
L7 785 (silicon near nitride "Si.sub.3N.sub.4") H{US-PGPUB;j{OR ON 2017/06/26
near5 dielectric and (solar USPAT; 17:00
iiphotovoltaic).ab. and HO1L31$.cpc. FPRS;
EPO;
\\\\\\ DERWENT |
L9 91 (silicon near nitride "Si.sub.3N.sub.4") #US-PGPUB;{OR ON 2017/06/26
near8 (titanium near dioxide USPAT; 17:01

"TiO.sub.2") with dielectric and (solar  {FPRS;
photovoltaic).ab. and HO1L31$.cpc. EPO;

DERWENT
12 {17 11 and omega US-PGPUB; §OR ON 2017/06/26
USPAT; 17:59
FPRS;
EPO;
DERWENT
L11 4§82 (US-20050268963-$ or US- US-PGPUB; {OR ON 2017/06/26
20020153039-$ or US-20060196535-$ {JUSPAT; 17:59
or US-20090101199-$ or US- FPRS;
20040097062-$ or US-20040112426-$ {EPO;
or US-20070186970-% or US- DERWENT

20050272175-$% or US-20040063326-$
or US-20100224238-$ or US
20100000597-$ or US-20070256728-$
or US-20060060238-$ or US-
20080092944-% or US-20110162706-$
or US-20070151598-$% or US-
20080092951-% or US-20110104618-$
or US-20080223446-$ or US-
20070151599-$ or US-20090205712-$
or US-20100186803-$ or US
20090142880-$ or US-20060255340-$
or US-20050017257-$% or US-
20100186802-$).did. or (US-
20020142500-% or US-20040003836-$
or US-20100087031-$% or US-
20090017606-$ or US-20090183768-$
or US-20110139231-9).did. or (US
4379944-$% or US-4665277-$ or US-
5320684-% or US-6210991-$ or US-
5792280-% or US-5899704-$ or US-
6262359-$ or US-5258077-% or US-
6071753-% or US-7468485-% or US-
7838400-% or US-5641362-$ or US-
8222516-% or US-3961997-% or US-
5057439-% or US-8207443-% or US-
5138256-% or US-7633006-$ or US-
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6130380-$ or US-5738731-% or US-
4927770-$ or US-6624049-$% or US-
4152824-% or US-6214743-$ or US
7029943-$ or US-6998288-$).did. or
(US-8878053-% or US-8207444-$ or US-
5538564-$ or US-7566974-$ or US-
5030295-$ or US-6407012-$ or US-
5563092-$ or US-7858430-$ or US-
7554031-$ or US-5759292-$ or US-
6429037-9%).did. or (WO-2009094578-$
or WO-2009094578-%).did. or (WO-
2009094578-3) .did. or (US-
20090205712-$ or US-20080121279-$
or WO-2007130188-$ or US-7468485-$%
or JP-07106611-$ or US-20040200520-
$ or JP-2004247364-$ or US-5030295-%
or WO-03083955-$ or WO-
2007082760-$).did.

L13 i1 2007-797066.NRAN. DERWENT #OR ON 2017/06/26
18:03
L15 i1 2007-797066.NRAN. DERWENT #OR ON 2017/06/26
18:09
L16 21 "8222516" US-PGPUB; HOR ON 2017/06/26
USPAT; 18:27
FPRS;
EPO;
DERWENT
L17 27 "8207444" US-PGPUB; iOR ON 2017/06/26
USPAT; 18:28
FPRS;
EPO;
DERWENT

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

6/26/2017 7:00:57 PM
C:\ Users\ dpillay\ Documents\ EAST\ Workspaces\ 1450477 1.wsp

EASTSearchHistory.14504771_AccessibleVersion.htm[6/26/2017 7:01:01 PM]
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Docket No. 10031.004211

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor:

Peter John COUSINS
Application No.: 14/504,771 Examiner: ~ PILLAY, DEVINA
Filing Date:  October 2, 2014 Art Unit: 1757

Title: FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

RESPONSE TO OFFICE ACTION AND AMENDMENT

INTRODUCTORY COMMENTS

This paper is responsive to the office action mailed on June 30, 2017.

Please amend the above-identified application as follows:
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AMENDMENTS TO THE SPECIFICATION

A. Please replace the paragraph beginning on page 1, line 6 with the following
paragraph:
This application is a continuation of U.S. Application No. 13/495,577, filed on

June 13, 2012, now U.S. Patent No. 8,878,053, which is a divisional of U.S.
Application No. 12/070,742, filed on February 20, 2008, now U.S. Patent No.

8,222,516. The just-mentioned disclosures are incorporated herein by reference

in their entirety.
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AMENDMENTS TO THE CLAIMS

1. (Currently amended) A solar cell, comprising:
a substrate having a front surface that faces the sun to collect solar radiation

during normal operation and a back surface opposite the front surface;

o : an oxide layer
_the firstd | rosion havi 1

disposed on the front surface of the substrate

an anti-reflective coating on the oxide layer;

a tunnel dielectric disposed over the back surface of the substrate;
an emitter disposed over the tunnel dielectric, the emitter forming a backside
junction with the substrate;

a doped diffusion region in the substrate;

a front electrode that is coupled to the seeend doped diffusion region on the front
surface of the substrate; and
a back electrode that is coupled to the emitter on dispesed-ever the back surface

of the substrate.

2. (Original) The solar cell of claim 1, wherein the emitter is a polysilicon emitter.

3. (Original) The solar cell of claim 1, wherein the substrate is a monocrystalline

silicon substrate.

4. (Currently) The solar cell of claim 1, wherein the fizst tunnel dielectric is a tunnel

oxide.
5. (Canceled)
6. (Canceled)

7. (Original) The solar cell of claim 1, wherein the back electrode includes silver.

REC Exhibit 1005, Page 436 of 532



Docket No. 10031.004211

8. (Canceled)

9. (Currently amended) A solar cell, comprising:
a substrate having a front surface that faces the sun to collect solar radiation

during normal operation and a back surface opposite the front surface;

a doped diffusion region in the substrate on the front surface of the substrate:

an emitter over the back surface of the substrate, the emitter forming a backside
junction with the substrate;

a first dielectric between the emitter and the back surface;

a front electrode disposed on the front surface of the substrate and is coupled to
the seeend-doped diffusion region;

a second dielectric on the front surface of the substrate;

an anti-reflective coating on the second dielectric; and

a back electrode disposed on the back surface of the substrate.
10.  (Original) The solar cell of claim 9, wherein the emitter is a polysilicon emitter.

11.  (Original) The solar cell of claim 9, wherein the substrate is a monocrystalline

silicon substrate.

12.  (Original) The solar cell of claim 9, wherein the first dielectric is an oxide.

13. (Canceled)

14. (Original) The solar cell of claim 9, wherein the back electrode includes silver.

15-22. (Canceled)
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REMARKS

Claims 1-4, 7, 9-12, and 14 remain in the application and stand rejected.

Reconsideration of the rejection is respectfully requested in light of the following reasons.

Claim amendments have been made to expedite prosecution. Applicant expressly
reserves the right to pursue the original version of an amended claim in a continuing

application.

Claim Amendments

Applicant maintains the arguments presented in the Pre-Appeal Brief Request for

Review submitted by the applicant on March 28, 2017 for purposes of appeal.

As previously explained, the cited references do not disclose the recited external
emitter that forms a backside junction in a front contact solar cell. Meier (US 6,262,359)
does not disclose an externally formed emitter on the backside because Meier discloses
forming a backside junction by diffusion from the backside electrode. Accordingly, any
intervening material, such as tunnel oxide/polysilicon would prevent the diffusion,
rendering Meier’s process unworkable. Okayasu (JP07-106611) discloses an external
emitter for a high-low junction, i.e., an emitter with the same polarity as the substrate,
which is the opposite of a backside junction for a front contact cell. Like Okayasu, Gan
(Polysilicon Emitters for Silicon Concentrator Solar Cells) does not disclose an external
emitter for a backside junction of a front contact cell. Gan discloses poly emitters
without further guidance on application to specific structures. For example, Gan’s poly
emitter could very well be for a high-low junction as in Okayasu. It is respectfully
submitted that without using the present application as a blueprint, there is no guidance in

the prior art to form a front contact solar cell with a formed backside junction emitter.

In the interest of compact prosecution, claims 1 and 9 have been amended to
recite an oxide layer on the front surface of the substrate and an anti-reflective coating on
the oxide layer. Support for this feature may be found at least on FIG. 1 of the
specification, showing an oxide 124 and an anti-reflective coating 103 on the front side of

the solar cell (specification, page 4, lines 14-18).
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It is respectfully submitted that the above-noted feature of claims 1 and 9 are not
taught or suggested by the references of record. More particularly, Meier (US 6,262,359),
Okayasu (JP07-106611), Borden (WO 2009/094578), Foglietti (US 2002/0142500), Gan
(Polysilicon Emitters for Silicon Concentrator Solar Cells), and Wenham (US 6,429,037)
individually or in combination do not disclose a front contact solar cell with the recited
external backside junction on the backside and the recited oxide/anti-reflective coating

structure on the front side.

The dependent claims are patentable at least for depending from patentable base

claims.

Conclusion

For at least the above reasons, it is believed that the pending claims are in
condition for allowance. The Examiner is invited to telephone the undersigned for any

questions and to resolve any remaining concerns regarding allowability of the present

application.
Respectfully submitted,
Sept. 21, 2013 Tain o 15 €0 du'Ch
Dated:
Patrick D. Benedicto, Reg. No. 40,909
Okamoto & Benedicto LLP

P.O. Box 641330

San Jose, CA 95164
Tel.: (408)436-2112
Fax.: (408)436-2114
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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.

PTOL-S0A (Rev. 04/07)
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Status
1)@ Responsive to communication(s) filed on 09/21/2017
O A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____
2a)™ This action is FINAL. 2b) [ This action is non-final.

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

4)] 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 parfe Quayle, 1935 C.D. 11,453 O.G. 213.

Disposition of Claims*
5)¥ Claim(s) 1-4, 7, 9-12, 14 is/are pending in the application.
5a) Of the above claim(s) _____ is/are withdrawn from consideration.
6)J Claim(s) ____isfare allowed.
7} Claim(s) 1-4, 7, 9-12, 14 is/are rejected.
8)J Claim(s) _____is/are objected to.

9)J 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:/fiwww.uspto.gov/patents/init_events/pphfindex.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10} The specification is objected to by the Examiner.
11)J The drawing(s) filed on _____isfare: a)[] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
Priority under 35 U.S.C. § 119

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

a)lJ All b} Some**  ¢)J None of the:
1.0 Certified copies of the priority documents have been received.
2. Certtified copies of the pricrity documents have been received in Application No.

3.0 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) 3) [ Interview Summary (PTO-413)
Paper No(s)/Mail Date
2) |:| Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) D Other:
Paper No(s)/Mail Date B—
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20170928
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DETAILED CORRESPONDENCE

Notice of Pre-AlA or AlA Status
1. The present application is being examined under the pre-AlA first to invent
provisions.

Claim Rejections - 35 USC § 103
2. The following is a quotation of pre-AlA 35 U.8.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, 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.

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

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

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

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

4. Considering objective evidence present in the application indicating
obviousness or nonobviousness.
4. Claims 1-4, 7, 9-12 and 14 are rejected under pre-AlA 35 U.S.C. 103(a) as
being unpatentable over Meier (US 6,262,359) in view of Okayasu (JP07-106611,
Human Translation) in view of Borden (WO 2009/094578 A2) and in further view of

Wenham (6,429,037 B1).
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Regarding claims 1-4 and 9-12, Meier discloses a solar cell comprising (see Fig.

3D, C5/L38-C6/L55):

a substrate (218 n-type) having a front surface that faces the sun to collect solar
radiation during normal operation and a back surface opposite the front surface;

an emitter (220 p-type) forming a backside junction with the substrate;

a front surface field (2186), high doped concentration area (n+), on the front
surface of the substrate;

an anti-reflection (214) coating on the top most surface of the solar cell;

a front electrode disposed over the front surface of the substrate (212);

a back electrode disposed over the back surface of the substrate (222).

However, Meier does not disclose that the emitter is a polysilicon emitter or that
the front surface field is formed of polysilicon and that there is a tunnel dielectric formed
between the emitter and the back surface of the substrate or that there is a tunnel
dielectric formed between the front surface field and the substrate.

Okayasu discloses that instead of forming an emitter or surface field from a
portion of a substrate which is doped, an emitter or surface field can be formed using a
doped polysilicon layer ([0005] [0009], Abstract) and by forming an emitter or surface
field this way the thickness can be more accurately controlled and it prevents generation
of floating foreign matter ([0008] [0009]).

It would have been obvious to one of ordinary skill in the art at the time of the
invention to replace the method of forming the emitter/front surface field from a portion

of a substrate of Meier and instead forming the emitter and front surface field by using a
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doped polysilicon layer as disclosed by Okayasu because the thickness can be more
accurately controlled and it prevent generation of floating foreign matter.

However, modified Meier does not discloses a tunneling dielectric oxide between
the emitter/front surface field and the substrate.

Borden discloses that tunnel oxides can be used in solar cells between doped
polysilicon and monocrystalline substrates [0016] and can be formed on both the front
and back surfaces of a monocrystalline substrate.

Furthermore, Borden discloses that by providing the tunneling layer it prevents
epitaxial growth of the emitter layer and further it protects the surface from plasma
damage of the deposited emitter layer [0013].

It would have been obvious to one of ordinary skill in the art at the time of the
invention to modify the interface between polycrystalline layers and monocrystalline
substrate back and front surfaces of modified Meier by having a tunneling oxide at the
interfaces because it prevents epitaxial growth of the emitter layer and further it protects
the crystalline surface from plasma damage of the deposited emitter layer.

Modified Meier discloses a first tunnel dielectric between the emitter and back
surface and a second tunnel dielectric at the front surface of the substrate.

However, modified Meier does not disclose that doped region in the substrate.

Wenham discloses a solar cell wherein the area beneath point contacts includes
areas of high doping which is important for reducing contact resistance (see Fig. 5,
portions 18 and 23) (C1/L25-41).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the front surface field formed in the substrate of modified Meier by
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adding in highly doped regions under the metallic contacts as disclosed by Wenham
because doing so reduces the contact resistance and will improve the efficiency of the
solar cell.

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations
as set forth above.

However, Meier does not disclose that the electrode that is in contact with the p-
type polysilicon layer is silver.

Okayasu discloses that the back electrode on the polysilicon emitter is formed of
a silver electrode [0044].

It would have been obvious to one of ordinary skill in the art at the time of the
invention to replace the aluminum electrode of Meier with the silver electrode of
Okayasu because one of ordinary skill in the art would have been able to carry out such
a substitution, and the results would be reasonably predictable.

5. Claims 1-4,7, 9-12 and 14 are rejected under pre-AlA 35 U.S.C. 103(a) as
being unpatentable over Meier (US 6,262,359) in view of Okayasu (JP07-106611,
Machine Translation) in view of Foglietti (US 2002/0142500 A1) in view of Gan
(Polysilicon Emitters for Silicon Concentrator Solar Cells) and in further view of
Wenham (6,429,037 B1).

Regarding claims 1-4 and 9-12, Meier discloses a solar cell comprising (see Fig.

3D, C5/L38-C6/L55):
a substrate (218 n-type) having a front surface that faces the sun to collect solar
radiation during normal operation and a back surface opposite the front surface;

an emitter (220 p-type) forming a backside junction with the substrate;
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a front surface field (216), high doped concentration area (n+), on the front
surface of the substrate;

an anti-reflection (214) coating on the top most surface of the solar cell;

a front electrode disposed over the front surface of the substrate (212);

a back electrode disposed over the back surface of the substrate (222).

However, Meier does not disclose that the emitter is a polysilicon emitter or that
the front surface field is formed of polysilicon and that there is a tunnel dielectric formed
between the emitter and the back surface of the substrate or that there is a tunnel
dielectric formed between the front surface field and the substrate.

Okayasu discloses that instead of forming an emitter or surface field from a
portion of a substrate which is doped, an emitter or surface field can be formed using a
doped polysilicon layer ([0005][0009], Abstract) and by forming an emitter or surface
field this way the thickness can be more accurately controlled and it prevents generation
of floating foreign matter ([0008] [0009]).

It would have been obvious to one of ordinary skill in the art at the time of the
invention to replace the method of forming the emitter/front surface field from a portion
of a substrate of Meier and instead forming the emitter and front surface field by using a
doped polysilicon layer as disclosed by Okayasu because the thickness can be more
accurately controlled and it prevent generation of floating foreign matter.

However, modified Meier does not discloses a tunneling dielectric oxide at the
interfaces between the emitter and the substrate and the front surface field and the

substrate.
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Foglietti discloses that polycrystalline growth directly on crystalline silicon results
in partial realignment of the polycrystalline grains and to suppress this effect a thin oxide
can be grown ([0046]).

Gan discloses that the presence of a stable thermal oxide between a polysilicon
emitter and a CZ wafer (See pg. 248, first column, and Table 1) results in recombination
occurring primary at the oxide interface and that the presence of this oxide at the
interface can be useful for silicon solar cells with polysilicon emitters (See Conclusion,
pg. 249).

It would have been obvious to one of ordinary skill in the art at the time of the
invention to modify the interface between the doped polysilicon regions and the
monocrystalline substrate by adding an interfacial oxide as disclosed by Fogiletti and
Gan because it will allow for optimal grown of the polysilicon region and furthermore will
result in recombination primarily occurring at the oxide interface.

Modified Meier discloses a first tunnel dielectric between the emitter and back
surface and a second tunnel dielectric at the front surface of the substrate.

However, modified Meier does not disclose that doped region in the substrate.

Wenham discloses a solar cell wherein the area beneath point contacts includes
areas of high doping which is important for reducing contact resistance (see Fig. 5,
portions 18 and 23) (C1/L25-41).

It would have been obvious to one of ordinary skill in the art at the time of the
invention to modify the front surface field formed in the substrate of modified Meier by

adding in highly doped regions under the metallic contacts as disclosed by Wenham
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because doing so reduces the contact resistance and will improve the efficiency of the
solar cell.

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations

as set forth above.

However, Meier does not disclose that the electrode that is in contact with the p-
type polysilicon layer is silver.

Okayasu discloses that the back electrode on the polysilicon emitter is formed of
a silver electrode [0044].

It would have been obvious to one of ordinary skill in the art at the time of the
invention to replace the aluminum electrode of Meier with the silver electrode of
Okayasu because one of ordinary skill in the art would have been able to carry out such
a substitution, and the results would be reasonably predictable.

Response to Arguments
6. In response to applicant's argument that the examiner's conclusion of
obviousness is based upon improper hindsight reasoning, it must be recognized that
any judgment on obviousness is in a sense necessarily a reconstruction based upon
hindsight reasoning. But so long as it takes into account only knowledge which was
within the level of ordinary skill at the time the claimed invention was made, and does
not include knowledge gleaned only from the applicant’'s disclosure, such a
reconstruction is proper. See In re MclLaughlin, 443 F.2d 1382, 170 USPQ 208 (CCPA
1971).
7. Applicant argues that Ckayasu cannot cure the deficiencies of Meier because the

backside junction of Meier is formed integrally with the substrate and therefore there
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can be no interfacial oxide. An interfacial oxide coupled with a polysilicon emitter and
surface field would render the device of Meier unworkable. Applicant further argues that
since Okayasu is concerned with a front side emitter and therefore Okayasu is not
possible because it would require a total redesign of Meier.

8. Examiner respectfully disagrees. Meier discloses method of forming a junction
which consists of an emitter formed on a substrate which comprises using the electrode
as a dopant material and driving in those dopants through annealing and also forming a
front surface field through driving of dopants into substrate. Okayasu discloses an
alternative method of forming an emitter and surface field which comprises depositing a
doped polysilicon doped layers over back and front surfaces of a single crystalline
substrate. Okayasu also discloses that this method is preferable to that of heating and
driving in dopants because it can be performed at lower temperatures which prevents
damage to the substrate and furthermore the thickness of the emitter can be more
accurately controlled ([0008]). Therefore, it would have been obvious to one of ordinary
skill in the art at the time of the invention to replace the emitter of Meier with the emitter
of Okayasu because of the above advantages.

9. Applicant further argues that neither Foglietti nor Borden nor Gan disclose that a
thin oxide can be used in a backside junction solar cell.

10.  As disclosed above Gan, Foglietti and Borden disclose that a thin oxide can

be provide advantageous properties between a doped polysilicon emitter and

a monocrystalline substrate.
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Conclusion
11.  Applicant's amendment necessitated the new ground(s) of rejection presented in
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37
CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the date of this final action.

12.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to DEVINA PILLAY whose telephone number is (571)270-
1180. The examiner can normally be reached on Monday-Friday 9:30-6:00.

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

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Jeffrey T Barton can be reached on 517-272-1307. 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 800-786-8199 (IN USA OR CANADA) or 571-272-1000.

/DEVINA PILLAY/
Primary Examiner, Art Unit 1757
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor:

Peter John COUSINS
Application No.: 14/504,771 Examiner:  PILLAY, DEVINA
Filing Date:  October 2, 2014 Art Unit: 1757

Assignee: SunPower Corporation

Title: FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

APPEAL BRIEF FILED UNDER 37 C.F.R. § 41.37

This Appeal Brief is submitted with a Notice of Appeal.

L REAL PARTY IN INTEREST

The real party in interest is the SunPower Corporation, which is the assignee of

the present application.

1L RELATED APPEALS AND INTERFERENCES

On information and belief, there are no appeals, interferences, or judicial
proceedings known to the appellant, the appellant’s legal representative, or assignee
which may be related to, directly affect or be directly affected by or have a bearing on the
Patent Trial and Appeal Board decision in the pending appeal.

.  SUMMARY OF CLAIMED SUBJECT MATTER
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Claim 1 recites a solar cell that includes: (a) a substrate having a front surface that
faces the sun to collect solar radiation during normal operation and a back surface
opposite the front surface (specification, page 4, lines 3-14; FIG. 1, 101); (b) an oxide
layer disposed on the front surface of the substrate (specification, page 5, lines 1-3; FIG.
1, 124); (c) an anti-reflective coating on the oxide layer (specification, page 4, lines 22
and 23; FIG. 1, 103); (d) a tunnel dielectric disposed over the back surface of the
substrate (specification, page 5, lines 4 and 5; FIG. 1, 107); (e) an emitter disposed over
the tunnel dielectric, the emitter forming a backside junction with the substrate
(specification, page 4, lines 7-9; page 5, lines 4-8; FIG. 1, 108); (f) a doped diffusion
region in the substrate (specification, page 4, lines 12-21; FIG. 1, 106); (g) a front
electrode that is coupled to the doped diffusion region on the front surface of the
substrate (specification, page 5, lines 19-22; FIG. 1, 102); and (h) a back electrode that is
coupled to the emitter on the back surface of the substrate (specification, page 5, lines 10-
14; FIG. 1, 110).

Claim 9 recites a solar cell that includes: (a) a substrate having a front surface that
faces the sun to collect solar radiation during normal operation and a back surface

-opposite the front surface (specification, page 4, lines 3-14; FIG. 1, 101); (b) a doped
diffusion region in the substrate on the front surface of the substrate (specification, page 4,
lines 12-21; FIG. 1, 106); (c) an emitter over the back surface of the substrate, the emitter
forming a backside junction with the substrate (specification, page 4, lines 7-9; page 5,
lines 4-8; FIG. 1, 108); (d) a first dielectric between the emitter and the back surface
(specification, page 5, lines 4 and 5; FIG. 1, 107); (e) a front electrode disposed on the
front surface of the substrate and is coupled to the doped diffusion region (specification,
page 5, lines 19-22; FIG. 1, 102); (f) a second dielectric on the front surface of the
substrate (specification, page 5, lines 1-3; FIG. 1, 124); (g) an anti-reflective coating on
the second dielectric (specification, page 4, lines 22 and 23; FIG. 1, 103); and (h) a back
electrode disposed on the back surface of the substrate (specification, page 5, lines 10-14;
FIG. 1, 110).

IV.  ARGUMENT
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The appellant traverses the rejections in the Final Office Action mailed on

October 2, 2017 (“final office action”) for the following reasons.

A. CLAIMS 1-4 and 7

Claims 1-4, 7, 9-12, and 14 are rejected under pre-AlA 35 U.S.C. §103(a) as
being unpatentable over Meier (US 6,262,359), in view of Okayasu (JP 07-106611), in
view of Borden (US WO 2009/094578 A2) and further in view of Wenham (US
6,429,037). The rejection is respectfully traversed.

1. Backside junction emitter with tunnel dielectric

Claim 1 is patentable over the combination of Meier, Okayasu, Borden and
Wenham at least for reciting: “a tunnel dielectric disposed over the back surface of the
substrate; an emitter disposed over the tunnel dielectric, the emitter forming a backside
junction with the substrate.”

Claim 1 recites a structure of a solar cell. In the embodiment of claim 1, the solar
cell has an emitter that is disposed over a tunnel dielectric and forms a backside junction
with the substrate. It is respectfully submitted that this feature of claim 1 is not taught or
suggestéd by the combination of Meier, Okayasu, Borden, and Wenham.

The final office action suggests that in the cited combination, Meier discloses the

recited backside junction. Meier FIG. 3D is reproduced below for ease of discussion.

216 212 214

1)

4
n-Si 218
7 ]

220 FIG. 3D 2%

Meier discloses a solar cell with an aluminum alloy back junction (Meier, Title). More
specifically, Meier discloses forming a p+ layer 220 that forms a backside junction with
the n-Si base layer 218, within the base layer 218, by doping using the aluminum contact
layer 222 (Meier, col. 6, lines 51-54). That is, the primary teaching of Meier is to form

an aluminum alloy back junction by forming the p+ layer 220 by diffusion into the
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substrate using the aluminum alloy electrode, thereby providing a strongly doped p-type

emitter (Meier, abstract).

More particularly, the final office action suggests that the emitter 220 corresponds
to the recited emitter that forms a backside junction with the substrate. It is respectfully
submitted that in the embodiment of claim 1, the emitter is disposed over the tunnel
dielectric, which is disposed over the substrate. That is, in the embodiment of claim 1,
there is an intervening tunnel dielectric between the emitter and the substrate. Itis
respectfully submitted that this emitter structure with tunnel dielectric is not possible in
Meier because of the required diffusion from the contact layer 222 to form the emitter
220 within the substrate 218. A tunnel dielectric would block diffusion from the contact
layer 222, which is contrary to the teaching of Meier. Accordingly, any modification to
form a tunnel dielectric between the éluminum contact layer 222 and the substrate 218
will render Meier unsuitable for its intended purpose, and would involve a major redesign

of Meier’s process.
It is respectfully submitted that Okayasu does not cure the deficiencies of Meier.

Okayasu discloses a manufacturing method for a Back Surface Field (BSF) type
solar cell (Okayasu, paragraph [0001]). The final office action suggests that it would have
been obvious to use the BSF formation technique of Okayasu to form the backside

junction emitter of Meier. The appellant respectfully disagrees.

Okayasu discloses a manufacturing method for a BSF type solar cell. As is well
known, a BSF layer is a backside layer that has the same polarity as the substrate. That is,
an n-type substrate would have an n-type BSF layer, and a p-type substrate would have a
p-type BSF layer (Okayasu, paragraph [0008]). More particularly, a BSF layer cannot
form a backside junction with the substrate because it has the same polarity as the

substrate.

Therefore, it is respectfully submitted that the proposed modification would use
the BSF manufacturing method of Okayasu (to form a BSF layer on the backside) for a
totally different function and structure in Meier (to form a backside junction with the

substrate).

REC Exhibit 1005, Page 461 of 532



Docket No. 10031.004211
Appeal Brief

Okayasu paragraph [0005], cited in the final office action, provides an overview
of a thermal diffusion method, which involves diffusion from a dopant gas introduced in
the chamber. Okayasu paragraph [0006] discloses that it is difficult to control the emitter
thickness with the thermal diffusion method. It is fo be noted that the gas diffusion
method referred to in Okayasu is not the same as contact diffusion of Meier. Like
Okayasu, Meier discloses that the conventional method of forming the layer makes it

difficult to control the depth, i.e., thickness, of the emitter (Meier, col. 2, lines13-25).

Okayasu paragraph [0008], cited in the final office action, discloses that the
thermal gas diffusion method to form the BSF layer can be replaced with plasma
chemical vapor deposition (CVD). It is important to reiterate that the diffusion method
referred to in Okayasu (gas diffusion) is not the same as the diffusion method of Meier
(contact diffusion). More particularly, Okayasu is not advocating replacement of Meier’s

fabrication process. In fact, Meier is solving the same problem as Okayasu.

Okayasu paragraph [0009], cited in the final office action, discloses that although
the plasma CVD method has its advantages, the plasma CVD method introduces
particulates that deteriorate the BSF layer. It is respectfully submitted that given the
problem of particulate contamination caused by plasma CVD, one of ordinary skill in the
art would not be motivated to replace the contact diffusion method of Meier with the BSF

manufacturing method of Okayasu.

Furthermore, it is respectfully submitted that the plasma CVD method of Meier
would form the BSF layer on the silicon substrate (Okayasu, FIG. 1, BSF layer 5 to
substrate 1). Meier does not teach or suggest that a film from its CVD method would

adhere to a tunnel dielectric.

Borden, on paragraphs 15 and 16, discloses that a tunnel oxide may be employed
between polysilicon and substrate. It is respectfully submitted that Borden does not
disclose any particular structure or solar cell configuration where a polysilicon and tunnel
oxide may be employed. For example, Borden does not disclose using polysilicon/tunnel
oxide/substrate to form a backside junction. There is no disclosure in Borden to apply its

teaching to arrive at a structure where an emitter separated from the substrate by a tunnel
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oxide forms a backside junction with the substrate. Such teaching is only in the present

disclosure, not in any of the references of record.

As explained above, it is respectfully submitted that Meier modified with
Okayasu does not teach or suggest a tunnel dielectric between the backside junction
emitter and the substrate. A tunnel dielectric, as disclosed by Borden, would block
diffusion from the contact layer as taught by Meier. Like Meier, Okayasu does not
disclose a tunnel dielectric between its BSF layer and the substrate. It is respectfully
submitted that Okayasu has no disclosure regarding applicability of its BSF

manufacturing method to form the BSF layer on a tunnel dielectric as taught by Borden.

It is respectfully submitted that Wenham does not add to the teachings of Meier,

Okayasu, and Borden with regards to a backside junction emitter with tunnel dielectric.

2. Anti-reflective Coating On An Oxide Layer

Claim 1 is patentable over the combination of Meier, Okayasu, Borden, and
Wenham at least for reciting: “an oxide layer disposed on the front surface of the
substrate; an anti-reflective coating on the oxide layer.”

In the embodiment of claim 1, an oxide layer is disposed on the front surface of

the substrate, and an anti-reflective coating is on the oxide layer.

Meier discloses an anti-reflective coating 214 (Meier FIG. 3D). It is respectfully
submitted that Meier does not disclose that the anti-reflective coating 214 is on an oxide
layer. Instead, in Meier, the anti-reflective coating 214 is formed on the surface of the

substrate.

Borden, paragraph 16, discloses that a tunnel oxide may be employed between
polysilicon and substrate. It is respectfully submitted that Borden does not disclose an
anti-reflective coating formed on an oxide layer on the front surface of the substrate.

Borden discloses a polysilicon emitter, not an anti-reflective coating.

It is respectfully submitted that Okayasu and Wenham do not add to Meier and

Borden with regards to an anti-reflective coating on an oxide layer.

Therefore, it is respectfully submitted that claim 1 is patentable over the

combination of Meier, Okayasu, Borden, and Wenham.
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Claims 2-4 are patentable over the combination of Meier, Okayasu, Borden, and

Wenham at least for depending from claim 1.

Claim 9 is patentable over the combination of Meier, Okayasu, Borden, and
Wenham at least for reciting: “an emitter over the back surface of the substrate, the
emitter forming a backside junction with the substrate; a first dielectric between the
emitter and the back surface.”

As explained, it is respectfully submitted that the combination of Meier, Okayasu,
Borden, and Wenham does not teach or suggest a backside junction emitter and a first
dielectric between the backside junction emitter and the back surface of the substrate.

Claim 9 is further patentable over the combination of Meier, Okayasu, Borden,
and Wenham at least for reciting: “a second dielectric on the front surface of the substrate;
an anti-reflective coating on the second dielectric.”

As explained, it is respectfully submitted that the combination of Meier, Okayasu,
Borden, and Wenham does not teach or suggest an anti-reflective coating that is formed

on a dielectric on the front surface of the substrate.

Claims 10-12 are patentable over the combination of Meier, Okayasu, Borden,

and Wenham at least for depending from claim 9.

B. CLAIMS 1-4,7,9-12, and 14

Claims 1-4, 7, 9-12, and 14 are rejected under pre-AlIA 35 U.S.C. §103(a) as
being unpatentable over Meier (US 6,262,359), in view of Okayasu (JP 07-106611), in
view of Foglietti (US 2002/0142500), in view of Gan (Polysilicon Emitters for Silicon
Concentrator Solar Cells), and further in view of Wenham (US 6,429,037). The

rejection is respectfully traversed.

1. Backside junction emitter with tunnel dielectric

Claim 1 is patentable over the combination of Meier, Okayasu, Foglietti, Gan, and
Wenham at least for reciting: “a tunnel dielectric disposed over the back surface of the
substrate; an emitter disposed over the tunnel dielectric, the emitter forming a backside

junction with the substrate.”
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Claim 1 recites a structure of a solar cell. In the embodiment of claim 1, the solar
cell has an emitter that is disposed over a tunnel dielectric and forms a backside junction
with the substrate. It is respectfully submitted that this feature of claim 1 is not taught or
suggested by the combination of Meier, Okayasu, Foglietti, Gan, and Wenham.

The final office action suggests that in the cited combination, Meier discloses the

recited backside junction. Meier FIG. 3D is reproduced below for ease of discussion.

216 212 214

4
n-Si 218 ‘f— 294

7 ]

220 FIG. 3D 25

Meier discloses a solar cell with an aluminum alloy back junction (Meier, Title).
More specifically, Meier discloses forming a p+ layer 220 that forms a backside junction
with the n-Si base layer 218, within the base layer 218, by doping using the aluminum
contact layer 222 (Meier, col. 6, lines 51-54). That is, the primary teaching of Meier is to
form an aluminum alloy back junction by forming the p+ layer 220 by diffusion into the
substrate using the aluminum alloy electrode, thereby providing a strongly doped p-type

emitter (Meier, abstract).

More particularly, the final office action suggests that the emitter 220 corresponds
to the recited emitter that forms a backside junction with the substrate. It is respectfully
submitted that in the embodiment of claim 1, the emitter is disposed over the tunnel
dielectric, which is disposed over the substrate. That is, in the embodiment of claim 1,
there is an intervening tunnel dielectric between the emitter and the substrate. It is
respectfully submitted that this emitter structure with tunnel dielectric is not possible in
Meier because of the required diffusion from the contact layer 222 to form the emitter
220 within the substrate 218. A tunnel dielectric would block diffusion from the contact
layer 222, which is contrary to the teaching of Meier. Accordingly, any modification to

form a tunnel dielectric between the aluminum contact layer 222 and the substrate 218
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will render Meier unsuitable for its intended purpose, and would involve a major redesign

of Meier’s process.
It is respectfully submitted that Okayasu does not cure the deficiencies of Meier.

Okayasu discloses a manufacturing method for a Back Surface Field (BSF) type
solar cell (Okayasu, paragraph [0001]). The final office action suggests that it would have
been obvious to use the BSF formation technique of Okayasu to form the backside

junction emitter of Meier. The appellant respectfully disagrees.

Okayasu discloses a manufacturing method for a BSF type solar cell. As is well
known, a BSF layer is a backside layer that has the same polarity as the substrate. That is,
an n-type substrate would have an n-type BSF layer, and a p-type substrate would have a
p-type BSF layer (Okayasu, paragraph [0008]). More particularly, a BSF layer cannot
form a backside junction with the substrate because it has the same polarity as the

substrate.

Therefore, it is respectfully submitted that the proposed modification would use
the BSF manufacturing method of Okayasu (to form a BSF layer on the backside) for a
totally-different function and structure in Meier (to form a backside junction with the

substrate).

Okayasu paragraph [0005], cited in the final office action, provides an overview
of a thermal diffusion method, which involves diffusion from a dopant gas introduced in
the chamber. Okayasu paragraph [0006] discloses that it is difficult to control the emitter
thickness with the thermal diffusion method. It is to be noted that the gas diffusion
method referred to in Okayasu is not the same as contact diffusion of Meier. Like
Okayasu, Meier discloses that the conventional method of forming the layer makes it

difficult to control the depth, i.e., thickness, of the emitter (Meier, col. 2, lines13-25).

Okayasu paragraph [0008], cited in the final office action, discloses that the
thermal gas diffusion method to form the BSF layer can be replaced with plasma
chemical vapor deposition (CVD). It is important to reiterate that the diffusion method

referred to in Okayasu (gas diffusion) is not the same as the diffusion method of Meier
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(contact diffusion). More particularly, Okayasu is not advocating replacement of Meier’s

fabrication process. In fact, Meier is solving the same problem as Okayasu.

Okayasu paragraph [0009], cited in the final office action, discloses that although
the plasma CVD method has its advantages, the plasma CVD method introduces
particulates that deteriorate the BSF layer. It is respectfully submitted that given the
problem of particulate contamination caused by plasma CVD, one of ordinary skill in the
art would not be motivated to replace the contact diffusion method of Meier with the BSF

manufacturing method of Okayasu.

Furthermore, it is respectfully submitted that the plasma CVD method of Meier
would form the BSF layer on the silicon substrate (Okayasu, FIG. 1, BSF layer 5 to
substrate 1). Meier does not teach or suggest that a film from its CVD method would

adhere to a tunnel dielectric.

The final office action suggests that Gan and Foglietti disclose using a thin oxide
with polysilicon. It is respectfully submitted that Gan and Foglietti do not disclose
structures where polysilicon emitters and tunnel oxides are employed in backside
junctions. There is no disclosure in Gan and Foglietti to apply their teachings to arrive at
a structure where a polysilicon emitter separated from the substrate by a dielectric forms
a backside junction with the substrate. Such teaching is only in the present application,

not in the references of record.

As explained above, it is respectfully submitted that Meier modified with
Okayasu does not teach or suggest a tunnel dielectric between the backside junction
emitter and the substrate. A dielectric, as disclosed by Gan and Foglietti, would block
diffusion from the contact layer as taught by Meier. Like Meier, Okayasu does not
‘disclose a tunnel dielectric between its BSF layer and the substrate. It is respectfully
submitted that Okayasu has no disclosure regarding applicability of its BSF
manufacturing method to form the BSF layer on a dielectric as taught by Gan and

Foglietti.

It is respectfully submitted that Wenham does not add to the teachings of Meier,
Okayasu, Gan, and Foglietti with regards to a backside junction emitter formed on a

dielectric.

10
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2. Anti-reflective Coating On An Oxide Layer

Claim 1 is patentable over the combination of Meier, Okayasu, Gan, Foglietti, and
Wenham at least for reciting: “an oxide layer disposed on the front surface of the
substrate; an anti-reflective coating on the oxide layer.”

In the embodiment of claim 1, an oxide layer is disposed on the front surface of

the substrate, and an anti-reflective coating is on the oxide layer.

Meier discloses an anti-reflective coating 214 (Meier FIG. 3D). It is respectfully
submitted that Meier does not disclose that the anti-reflective coating 214 is on an oxide
layer. Instead, in Meier, the anti-reflective coating 214 is formed on the surface of the

substrate.

Gan and Foglietti disclose that a tunnel oxide may be employed between
polysilicon and substrate. It is respectfully submitted that Gan and Foglietti do not
disclose an anti-reflective coating formed on an oxide layer on the front surface of the

substrate.

It is respectfully submitted that Okayasu and Wenham do not add to Meier, Gan,

and Foglietti with regards to an anti-reflective coating on an oxide layer.

Therefore, it is respectfully submitted that claim 1 is patentable over the

combination of Meier, Okayasu, Gan, Foglietti and Wenham.

Claims 2-4 and 7 are patentable over the combination of Meier, Okayasu, Gan,

Foglietti, and Wenham at least for depending from claim 1.

Claim 9 is patentable over the combination of Meier, Okayasu, Gan, Foglietti and
Wenham at least for reciting: “an emitter over the back surface of the substrate, the
emitter forming a backside junction with the substrate; a first dielectric between the
emitter and the back surface.”

As explained, it is respectfully submitted that the combination of Meier, Okayasu,
Gan, Foglietti and Wenham does not teach or suggest a backside junction emitter and a

first dielectric between the backside junction emitter and the back surface of the substrate.

11
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Claim 9 is further patentable over the combination of Meier, Okayasu, Gan,
Foglietti and Wenham at least for reciting: “a second dielectric on the front surface of the
substrate; an anti-reflective coating on the second dielectric.”

As explained, it is respectfully submitted that the combination of Meier, Okayasu,
Gan, Foglietti and Wenham does not teach or suggest an anti-reflective coating that is

formed on a dielectric on the front surface of the substrate.

Claims 10-12 and 14 are patentable over the combination of Meier, Okayasu, Gan,

Foglietti and Wenham at least for depending from claim 9.

V. CONCLUSION

For at least the above reasons, allowance of the pending claims is respectfully

requested.
Respectfully submitted,
Dated: November 8, 2017 /Patrick D. Benedicto/
Patrick D. Benedicto, Reg. No. 40,909
Okamoto & Benedicto LLP

P.O. Box 641330

San Jose, CA 95164
Tel.: (408)436-2112
Fax.: (408)436-2114

12
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CLATMS APPENDIX

CLAIMS INVOLVED IN THE APPEAL

1. A solar cell, comprising:

a substrate having a front surface that faces the sun to collect solar radiation
during normal operation and a back surface opposite the front surface;

an oxide layer disposed on the front surface of the substrate;

an anti-reflective coating on the oxide layer;

a tunnel dielectric disposed over the back surface of the substrate;

an emitter disposed over the tunnel dielectric, the emitter forming a backside
junction with the substrate;

a doped diffusion region in the substrate;

a front electrode that is coupled to the doped diffusion region on the front surface
of the substrate; and

a back electrode that is coupled to the emitter on the back surface of the substrate.

2. The solar cell of claim 1, wherein the emitter is a polysilicon emitter.

3. The solar cell of claim 1, wherein the substrate is a monocrystalline silicon
substrate.

4, The solar cell of claim 1, wherein the tunnel dielectric is a tunnel oxide.

7. The solar cell of claim 1, wherein the back electrode includes silver.

9. A solar cell, comprising:

a substrate having a front surface that faces the sun to collect solar radiation
during normal operation and a back surface opposite the front surface;

a doped diffusion region in the substrate on the front surface of the substrate;

13
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an emitter over the back surface of the substrate, the emitter forming a backside
junction with the substrate;

a first dielectric between the emitter and the back surface;

a front electrode disposed on the front surface of the substrate and is coupled to
the doped diffusion region;

a second dielectric on the front surface of the substrate;

an anti-reflective coating on the second dielectric; and

a back electrode disposed on the back surface of the substrate.

10.  The solar cell of claim 9, wherein the emitter is a polysilicon emitter.
11.  The solar cell of claim 9, wherein the substrate is a monocrystalline silicon
substrate.
12. The solar cell of claim 9, wherein the first dielectric is an oxide.
14. The solar cell of claim 9, wherein the back electrode includes silver.
14
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EXAMINER’S ANSWER

This is in response to the appeal brief filed 11/08/2017.
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(1) Grounds of Rejection to be Reviewed on Appeal

Every ground of rejection set forth in the Office action dated 10/02/2017 from
which the appeal is taken is being maintained by the examiner except for the grounds of
rejection (if any) listed under the subheading “WITHDRAWN REJECTIONS.” New
grounds of rejection (if any) are provided under the subheading “NEW GROUNDS OF
REJECTION.”

The following ground(s) of rejection are applicable to the appealed claims.

Claim Rejections - 35 USC § 103

Claims 1-4, 7, 9-12 and 14 are rejected under pre-AlA 35 U.S.C. 103(a) as
being unpatentable over Meier (US 6,262,359) in view of Okayasu (JP07-106611,
Human Translation) in view of Borden (WO 2009/094578 A2) and in further view of
Wenham (6,429,037 B1).

Regarding claims 1-4 and 9-12, Meier discloses a solar cell comprising (see Fig.

3D, C5/L38-C6/L55):

a substrate (218 n-type) having a front surface that faces the sun to collect solar
radiation during normal operation and a back surface opposite the front surface;

an emitter (220 p-type) forming a backside junction with the substrate;

a front surface field (216}, high doped concentration area (n+), on the front
surface of the substrate;

an anti-reflection (214) coating on the top most surface of the solar cell;

a front electrode disposed over the front surface of the substrate (212);

a back electrode disposed over the back surface of the substrate (222).
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However, Meier does not disclose that the emitter is a polysilicon emitter or that
the front surface field is formed of polysilicon and that there is a tunnel dielectric formed
between the emitter and the back surface of the substrate or that there is a tunnel
dielectric formed between the front surface field and the substrate.

Okayasu discloses that instead of forming an emitter or surface field from a
portion of a substrate which is doped, an emitter or surface field can be formed using a
doped polysilicon layer ([0005] [0009], Abstract) and by forming an emitter or surface
field this way the thickness can be more accurately controlled and it prevents generation
of floating foreign matter ([0008] [0009]).

It would have been obvious to one of ordinary skill in the art at the time of the
invention to replace the method of forming the emitter/front surface field from a portion
of a substrate of Meier and instead forming the emitter and front surface field by using a
doped polysilicon layer as disclosed by Okayasu because the thickness can be more
accurately controlled and it prevent generation of floating foreign matter.

However, modified Meier does not discloses a tunneling dielectric oxide between
the emitter/front surface field and the substrate.

Borden discloses that tunnel oxides can be used in solar cells between doped
polysilicon and monocrystalline substrates [0016] and can be formed on both the front
and back surfaces of a monocrystalline substrate.

Furthermore, Borden discloses that by providing the tunneling layer it prevents
epitaxial growth of the emitter layer and further it protects the surface from plasma

damage of the deposited emitter layer [0015].
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It would have been obvious to one of ordinary skill in the art at the time of the
invention to modify the interface between polycrystalline layers and monocrystalline
substrate back and front surfaces of modified Meier by having a tunneling oxide at the
interfaces because it prevents epitaxial growth of the emitter layer and further it protects
the crystalline surface from plasma damage of the deposited emitter layer.

Modified Meier discloses a first tunnel dielectric between the emitter and back
surface and a second tunnel dielectric at the front surface of the substrate.

However, modified Meier does not disclose that doped region in the substrate.

Wenham discloses a solar cell wherein the area beneath point contacts includes
areas of high doping which is important for reducing contact resistance (see Fig. 5,
portions 18 and 23) (C1/L25-41).

It would have been obvious to one of ordinary skill in the art at the time of the
invention to modify the front surface field formed in the substrate of modified Meier by
adding in highly doped regions under the metallic contacts as disclosed by Wenham
because doing so reduces the contact resistance and will improve the efficiency of the
solar cell.

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations

as set forth above.

However, Meier does not disclose that the electrode that is in contact with the p-
type polysilicon layer is silver.

Okayasu discloses that the back electrode on the polysilicon emitter is formed of

a silver electrode [0044].
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It would have been obvious to one of ordinary skill in the art at the time of the
invention to replace the aluminum electrode of Meier with the silver electrode of
Okayasu because one of ordinary skill in the art would have been able to carry out such
a substitution, and the results would be reasonably predictable.

Claims 1-4, 7, 9-12 and 14 are rejected under pre-AlA 35 U.S.C. 103(a) as
being unpatentable over Meier (US 6,262,359) in view of Okayasu (JP07-106611,
Machine Translation) in view of Foglietti (US 2002/0142500 A1) in view of Gan
(Polysilicon Emitters for Silicon Concentrator Solar Cells) and in further view of
Wenham (6,429,037 B1).

Regarding claims 1-4 and 9-12, Meier discloses a solar cell comprising (see Fig.

3D, C5/L38-C6/L55):

a substrate (218 n-type) having a front surface that faces the sun to collect solar
radiation during normal operation and a back surface opposite the front surface;

an emitter (220 p-type) forming a backside junction with the substrate;

a front surface field (216}, high doped concentration area (n+), on the front
surface of the substrate;

an anti-reflection (214) coating on the top most surface of the solar cell;

a front electrode disposed over the front surface of the substrate (212);

a back electrode disposed over the back surface of the substrate (222).

However, Meier does not disclose that the emitter is a polysilicon emitter or that
the front surface field is formed of polysilicon and that there is a tunnel dielectric formed
between the emitter and the back surface of the substrate or that there is a tunnel

dielectric formed between the front surface field and the substrate.
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Okayasu discloses that instead of forming an emitter or surface field from a
portion of a substrate which is doped, an emitter or surface field can be formed using a
doped polysilicon layer ([0005][0009], Abstract) and by forming an emitter or surface
field this way the thickness can be more accurately controlled and it prevents generation
of floating foreign matter ([0008] [0009]).

It would have been obvious to one of ordinary skill in the art at the time of the
invention to replace the method of forming the emitter/front surface field from a portion
of a substrate of Meier and instead forming the emitter and front surface field by using a
doped polysilicon layer as disclosed by Okayasu because the thickness can be more
accurately controlled and it prevent generation of floating foreign matter.

However, modified Meier does not discloses a tunneling dielectric oxide at the
interfaces between the emitter and the substrate and the front surface field and the
substrate.

Foglietti discloses that polycrystalline growth directly on crystalline silicon results
in partial realignment of the polycrystalline grains and to suppress this effect a thin oxide
can be grown ([0046]).

Gan discloses that the presence of a stable thermal oxide between a polysilicon
emitter and a CZ wafer (See pg. 248, first column, and Table 1) results in recombination
occurring primary at the oxide interface and that the presence of this oxide at the
interface can be useful for silicon solar cells with polysilicon emitters (See Conclusion,
pg. 249).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the interface between the doped polysilicon regions and the
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monocrystalline substrate by adding an interfacial oxide as disclosed by Fogiletti and
Gan because it will allow for optimal grown of the polysilicon region and furthermore will
result in recombination primarily occurring at the oxide interface.

Modified Meier discloses a first tunnel dielectric between the emitter and back
surface and a second tunnel dielectric at the front surface of the substrate.

However, modified Meier does not disclose that doped region in the substrate.

Wenham discloses a solar cell wherein the area beneath point contacts includes
areas of high doping which is important for reducing contact resistance (see Fig. 5,
portions 18 and 23) (C1/L25-41).

It would have been obvious to one of ordinary skill in the art at the time of the
invention to modify the front surface field formed in the substrate of modified Meier by
adding in highly doped regions under the metallic contacts as disclosed by Wenham
because doing so reduces the contact resistance and will improve the efficiency of the
solar cell.

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations

as set forth above.

However, Meier does not disclose that the electrode that is in contact with the p-
type polysilicon layer is silver.

Okayasu discloses that the back electrode on the polysilicon emitter is formed of
a silver electrode [0044].

It would have been obvious to one of ordinary skill in the art at the time of the

invention to replace the aluminum electrode of Meier with the silver electrode of
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Okayasu because one of ordinary skill in the art would have been able to carry out such
a substitution, and the results would be reasonably predictable.

(2) Response to Argument

A. Arguments with respect to claims 1-4, 7, 9-12, and 14 under pre-AlA 35
U.S.C. §103(a) as being unpatentable over Meier (US 6,262,359), in view of
Okayasu (JP 07-106611), in view of Borden (US WO 2009/094578 A2) and further
in view of Wenham (US 6,429,037).

1. Backside junction emitter with tunnel dielectric

Appellant argues with respect to claim 1 that while Meier discloses a backside
junction formed between the emitter (220) and base (228) Meier does not disclose the
tunnel oxide between the base and emitter. Furthermore, if there were a tunnel oxide
present in Meier the formation of the emitter would not be possible since it is formed
from diffusion with the contact layer (222).

Appellant further argues that Okayasu discloses a BSF solar cell and that a BSF
layer cannot form a backside junction with the substrate and therefore the combination
of Meier and Okayasu is not possible.

Appellant further argues that Okayasu discloses that thermal diffusion method
which involves diffusion of dopant gas and that it is not the same as contact diffusion
and while Okayasu discloses that thermal gas diffusion can be replaced with plasma
CVD to form the BSF one would not have done the replacement for contact diffusion.
Furthermore, Appellant argues that plasma CVD also has disadvantages which include
particulate contamination so one of ordinary skill would have not been motivated to use

the plasma CVD of Okayasu.
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Appellant further argues that Borden does not disclose any particular structure of
a polysilicon/tunnel oxide/substrate which forms a backside junction.
Examiner respectfully disagrees and points to Figure below for discussion of

modifications made to Meier.
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Meier discloses method of forming a junction which consists of a p-type emitter
(220) formed on an n-type substrate (218) which comprises using the aluminum
electrode (222) as a p-type dopant material and driving in those dopants through
annealing (C6/L35-50). Meier discloses the presence of the junction (224) on the
backside of the solar cell.

In addition, Meier discloses the presence of a front surface field (216-n+-type
layer) which comprises the same type of dopant as the n-type substrate and that the
front surface field is formed through thermal diffusion (C5/L43-49)

Okayasu discloses an alternative method of forming a doped emitter or a surface
field on a doped substrate. Okayasu discloses depositing a doped polysilicon emitter
and a doped surface field on a doped single crystalline substrate ([0014] [0043]).

Okayasu also discloses that the method of depositing doped polysilicon layers is
preferable to that of thermal diffusion which involves heating and driving in dopants
because it can be performed at lower temperatures which prevents damage to the
substrate and furthermore the thickness of the emitter can be more accurately
controlled ([0008]).

Okayasu discloses that in thermal diffusion the dopant source can be provided in
one of two ways (see [0005] of Okayasu) either dopant gas (as in the case of the front
surface field formed by Meier, see Meier C5/L43-49) or a p-type Al layer (as in the
emitter formed by Meier, see Meier C6/L35-50) is laminated on the single crystal
substrate (see [0005] of Okayasu). Okayasu further discloses that after the dopant is

provided the substrate is heated to 1000°C ([0005]) and it is difficult to control the
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thickness of the doped layers provided this way and degradation of the substrate is
known to occur at high temperatures ([0006]-[0008]).

Therefore, it would have been obvious to one of ordinary skill in the art at the
time of the invention to replace the emitter and surface field of Meier with the p-type
polysilicon layer and n-type polysilicon of Okayasu, respectively, because of the above
advantages.

Examiner notes that Borden was used to provide motivation for providing a
tunnel oxide between the polysilicon emitter/surface field and the monocrystalline
substrate not to teach the presence of a backside junction.

Borden discloses that tunnel oxides can be used in solar cells between doped
polysilicon and monocrystalline substrates [0016]. Furthermore, Borden discloses that
by providing the tunneling layer it prevents epitaxial growth of the emitter layer and
further it protects the surface from plasma damage of the deposited emitter layer [0008].

Thus it would have been obvious to modify the interfaces between polysilicon
layers of the emitter and front surface field and monocrystalline substrates of modified
Meier by having a tunneling oxide because it prevents epitaxial growth of the emitter
layer and further it protects the crystalline surface from plasma damage of the deposited
emitter layer.

2. Anti-reflective Coating On An Oxide Layer

Appellant further argues that anti-reflective layer of Meier (see Fig. 3D, 214) does
not disclose that the anti-reflective layer is formed on an oxide layer and is instead

formed on the surface of substrate.

REC Exhibit 1005, Page 488 of 532



Application/Control Number:14/504,771 Page13
Art Unit:1757

Appellant further argues that Borden does not alleviate this deficiency since
Borden discloses that there is a polysilicon on an oxide coating on the front surface not
an anti-reflective coating on an oxide coating.

Examiner finds that modified Meier discloses between the polysilicon front
surface field and the base substrate there is an oxide layer on the front surface of the
substrate (see Figure above, tunnel oxide on front and back surfaces). Therefore the
anti-reflection layer (214) of Meier is on the tunnel oxide layer which is provided on the
front surface of the substrate on the polysilicon layer (see Figure provided above).

B. Arguments with respect to claims 1-4, 7, 9-12, and 14 under pre-AlA 35
U.S.C. §103(a) as being unpatentable over Meier (US 6,262,359) in view of
Okayasu (JP07-106611, Machine Translation) in view of Foglietti (US
2002/0142500 A1) in view of Gan (Polysilicon Emitters for Silicon Concentrator
Solar Cells) and in further view of Wenham (6,429,037 B1).

1. Backside junction emitter with tunnel dielectric

Appellant argues with respect to claim 1 that while Meier discloses a backside
junction formed between the emitter (220) and base (228) Meier does not disclose the
tunnel oxide between the base and emitter. Furthermore, if there were a tunnel oxide
present in Meier the formation of the emitter would not be possible since it is formed
from diffusion with the contact layer (222).

Appellant further argues that Okayasu discloses a BSF solar cell and that a BSF
layer cannot form a backside junction with the substrate and therefore the combination

of Meier and Okayasu is not possible.
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Appellant further argues that Okayasu discloses that thermal diffusion method
which involves diffusion of dopant gas and that it is not the same as contact diffusion
and while Okayasu discloses that thermal gas diffusion can be replaced with plasma
CVD to form the BSF one would not have done the replacement for contact diffusion.
Furthermore, Appellant argues that plasma CVD also has disadvantages which include
particulate contamination so one of ordinary skill would have not been motivated to use
the plasma CVD of Okayasu.

Appellant further argues that neither Gan or Fogiletti disclose any particular
structure of a polysilicon/tunnel oxide/substrate which form a backside junction.

Examiner respectfully disagrees and points to Figure above for discussion of
modifications made to Meier.

Meier discloses method of forming a junction which consists of a p-type emitter
(220) formed on an n-type substrate (218) which comprises using the electrode (222) as
a p-type dopant material and driving in those dopants through annealing (C6/L35-50).
Meier discloses the presence of the junction on the backside of the solar cell.

In addition, Meier discloses the presence of a front surface field (216-n+-type
layer) which comprises the same type of dopant as the n-type substrate and that the
front surface field is formed through thermal diffusion (C5/L43-49)

Okayasu discloses an alternative method of forming a doped emitter or a surface
field on a doped substrate. Okayasu discloses depositing a doped polysilicon emitter
and a doped surface field on a doped single crystalline substrate ([0014] [0043]).

Okayasu also discloses that the method of depositing doped polysilicon layers is

preferable to that of thermal diffusion which involves heating and driving in dopants
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because it can be performed at lower temperatures which prevents damage to the
substrate and furthermore the thickness of the emitter can be more accurately
controlled ([0008]).

Okayasu discloses that in thermal diffusion the dopant source can be provided in
one of two ways either dopant gas (as in the case of the front surface field formed by
Meier, see Meier C5/L43-49) or a p-type Al layer (as in the emitter formed by Meier, see
Meier C6/L35-50) is laminated on the single crystal substrate (see [0005] of Okayasu).
Okayasu further discloses that after the dopant is provided the substrate is heated to
1000°C ([0005]) and it is difficult to control the thickness of the doped layers provided
this way and degradation of the substrate is known to occur at high temperatures
([0006]-[0008]).

Therefore, it would have been obvious to one of ordinary skill in the art at the
time of the invention to replace the emitter and surface field of Meier with the p-type
polysilicon layer and n-type polysilicon of Okayasu, respectively, because of the above
advantages.

Examiner notes that Gan and Fogiletti was used to provide motivation for
providing a tunnel oxide between the polysilicon emitter and the monocrystalline
substrate not to teach the presence of a backside junction.

Foglietti discloses that polycrystalline growth directly on crystalline silicon results
in partial realignment of the polycrystalline grains and to suppress this effect a thin oxide
can be grown ([0046]).

Gan discloses that the presence of a stable thermal oxide between a polysilicon

emitter and a CZ wafer (See pg. 248, first column, and Table 1) results in recombination
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occurring primary at the oxide interface and that the presence of this oxide at the
interface can be useful for silicon solar cells with polysilicon emitters (See Conclusion,
pg. 249).

It would have been obvious to one of ordinary skill in the art at the time of the
invention to modify the interface between the doped polysilicon regions and the
monocrystalline substrate by adding an interfacial oxide as disclosed by Fogiletti and
Gan because it will allow for optimal grown of the polysilicon region and furthermore will
result in recombination primarily occurring at the oxide interface.

2. Anti-reflective Coating On An Oxide Layer

Appellant further argues that anti-reflective layer of Meier (see Fig. 3D, 214) does
not disclose that the anti-reflective layer is formed on an oxide layer and is instead
formed on the surface of substrate.

Appellant further argues that Gan and Fogiletti do not alleviate this deficiency
since neither discloses that there is a polysilicon on a oxide coating on the front surface
not an anti-reflective coating on an oxide coating.

Examiner finds that modified Meier discloses between the polysilicon front
surface field and the base substrate there is an oxide layer on the front surface of the
substrate (See Figure above). Therefore the anti-reflection layer (214) of Meier is on the
tunnel oxide layer which is provided on the front surface of the substrate (See Fig.

Above).
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For the above reasons, it is believed that the rejections should be sustained.
Respectfully submitted,

/DEVINA PILLAY/
Primary Examiner, Art Unit 1757

Conferees:

/JEFFREY T BARTON/

Supervisory Patent Examiner, Art Unit 1757

/Jennifer McNeil/

Primary Examiner, TC 1700

Requirement to pay appeal forwarding fee. In order to avoid dismissal of the instant
appeal in any application or ex parte reexamination proceeding, 37 CFR 41.45 requires
payment of an appeal forwarding fee within the time permitted by 37 CFR 41.45(a),
unless appellant had timely paid the fee for filing a brief required by 37 CFR 41.20(b) in

effect on March 18, 2013.
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This Reply Brief is responsive to the Examiner’s Answer mailed March 19, 2018,
and follows the Appeal Brief submitted by the appellant on November 8, 2017.
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REMARKS

This Reply Brief responds to the contentions in the Examiner’s Answer. Detailed
explanations why the pending claims are patentable over the references of record are

provided in the Appeal Brief, and not repeated here in the interest of clarity and brevity.

A. CLAIMS 1-4,7, 9-12, and 14

Claims 1-4, 7, 9-12, and 14 are rejected under pre-AlA 35 U.S.C. §103(a) as
being unpatentable over Meier (US 6,262,359), in view of Okayasu (JP 07-106611), in
view of Borden (US WO 2009/094578 A2) and further in view of Wenham (US
6,429,037). The rejection is respectfully traversed.

1. Backside junction emitter with tunnel dielectric

Claim 1 is patentable over the combination of Meier, Okayasu, Borden and
Wenham at least for reciting: “a tunnel dielectric disposed over the back surface of the
substrate; an emitter disposed over the tunnel dielectric, the emitter forming a backside
junction with the substrate.” Claim 1 recites a structure of a solar cell. In the
embodiment of claim 1, the solar cell has an emitter that is disposed over a tunnel
dielectric and forms a backside (i.e., the side opposite the light incident side) junction
with the substrate.

The drawing on page 10 of the Examiner’s Answer shows the extent of the

proposed modification to Meier. Comparing Meir’s original structure,

216 212 214

n~=Si 218

220 FIG. 3D 22

to the modified structure,
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one can see immediate major differences.

First, in the original structure, the backside junction 224 is formed by an N-type
base layer 218 and a P-type layer 220, both of which are within an N-type single crystal
silicon substrate (Meier, column 5, lines 43-49). There is no intervening material, such as
the tunnel oxide layer and the P-type polycrystalline layer in the modified structure,
between the P-type layer 220 and the N-type base layer 218 because it would block
contact of the aluminum contact layer 222 to the substrate to form the P-type layer 220
therein as taught by Meier (Meier, column 6, lines 46-66).

Second, the original structure has a P-type layer 220 within the silicon substrate,
whereas the P-type layer 220 is external to the substrate in the modified structure. With
regards to solar cell backside structures, Okayasu discloses an alternative way of forming
a back surface field (BSF) layer (Okayasu, paragraph 1). A BSF layer forms a high-low
(HL) junction, i.e., the highly doped and lightly doped layers of the BSF have the same
polarity on the backside of the solar cell (Okayasu, paragraph 14) This is opposite to a
backside junction, whose layers have opposite polarity on the backside of the solar cell.
In other words, the proposed modification uses Okayasu’s teaching of forming a BSF
layer on the backside of the solar cell for a totally different function (i.e., to form a

backside junction) in Meier.

Third, the original structure has no tunnel dielectric, whereas the modified
structure has a tunnel dielectric. The Examiner’s Answer indicates that Borden (or
Foglietti and Gan in the other set of rejections) was used to provide motivation for
providing a tunnel oxide between a polysilicon layer and a monocrystalline substrate. It

is respectfully submitted that just because a tunnel oxide can be used between a

3
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polysilicon layer and a monocrystalline substrate does not mean that one of ordinary skill
in the art would do so for a particular structure as claimed. Here, Okayasu itself, the
source of the polysilicon layer in the modified structure, does not teach a tunnel oxide

between polysilicon and the substrate.

It is thus respectfully submitted that, comparing the original structure to the
modified structure, the rejection is based on extensive modifications that could not have

been made without guidance from the present application.

2. Anti-reflective Coating On An Oxide Laver

Claim 1 is patentable over the combination of Meier, Okayasu, Borden, and
Wenham at least for reciting: “an oxide layer disposed on the front surface of the
substrate; an anti-reflective coating on the oxide layer.”

In the embodiment of claim 1, an oxide layer is disposed on the front surface of

the substrate, and an anti-reflective coating is on the oxide layer.

As explained in the appeal brief, Meier and Borden do not disclose an anti-

reflective coating on an oxide layer.

The Examiner’s Answer indicates that “Examiner finds that modified Meier
discloses between the polysilicon front surface field and the base substrate there is an
oxide layer on the front surface of the substrate (see Figure above, tunnel oxide on front
and back surfaces)” (Examiner’s Answer, page 13). It is respectfully submitted that the
Examiner’s Answer does not provide articulated reasoning on how a tunnel oxide ends up

on the front side of the modified structure.

The modified structure has an N-type polycrystalline layer and a tunnel oxide on
the front or light incident side of the substrate. It is respectfully submitted that there is no
support for this modification. In the modified structure, a polycrystalline layer is on both
sides of the substrate, with a tunnel oxide on both sides of the substrate. It is respectfully
submitted that there is no teaching or suggestion in the prior art that a polycrystalline
layer with a tunnel oxide can be used on both sides of the substrate, or whether such as

solar cell structure would even work or would have practical efficiency given that the
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polycrystalline layer and the tunnel oxide would have to receive and allow light to pass

through on the front side (i.e., light incident side).

Therefore, it is respectfully submitted that claim 1 is patentable over the

combination of Meier, Okayasu, Borden, and Wenham.

Claims 2-4 are patentable over the combination of Meier, Okayasu, Borden, and

Wenham at least for depending from claim 1.

Claim 9 is patentable over the combination of Meier, Okayasu, Borden, and
Wenham at least for reciting: “an emitter over the back surface of the substrate, the
emitter forming a backside junction with the substrate; a first dielectric between the
emitter and the back surface.”

As explained, it is respectfully submitted that the combination of Meier, Okayasu,
Borden, and Wenham does not teach or suggest a backside junction emitter and a first
dielectric between the backside junction emitter and the back surface of the substrate.

Claim 9 is further patentable over the combination of Meier, Okayasu, Borden,
and Wenham at least for reciting: “a second dielectric on the front surface of the substrate;
an anti-reflective coating on the second dielectric.”

As explained, it is respectfully submitted that the combination of Meier, Okayasu,
Borden, and Wenham does not teach or suggest an anti-reflective coating that is formed

on a dielectric on the front surface of the substrate.

Claims 10-12 are patentable over the combination of Meier, Okayasu, Borden,

and Wenham at least for depending from claim 9.

B. CLAIMS 1-4,7,9-12, and 14

Claims 1-4, 7, 9-12, and 14 are rejected under pre-AlIA 35 U.S.C. §103(a) as
being unpatentable over Meier (US 6,262,359), in view of Okayasu (JP 07-106611), in
view of Foglietti (US 2002/0142500), in view of Gan (Polysilicon Emiters for Silicon
Concentrator Solar Cells), and further in view of Wenham (US 6,429,037). The

rejection is respectfully traversed.
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The Examiner’s Answer provides substantially the same reasoning for this set of

rejection. Appellant accordingly replies as provided above.

C. CONCLUSION

For at least the above reasons, allowance of the pending claims is respectfully

requested.
Respectfully submitted,
Dated: MAY #2018 Rl en TR enecti g0
Patrick D. Benedicto, Reg. No. 40,909
Okamoto & Benedicto LLP

P.O. Box 641330

San Jose, CA 95164
Tel.: (408)436-2110
Fax.: (408)436-2114

REC Exhibit 1005, Page 499 of 532



Electronic Patent Application Fee Transmittal

Application Number: 14504771

Filing Date: 02-Oct-2014

Title of Invention: FRONT CONTACT SOLAR CELL WITH FORMED EMITTER
First Named Inventor/Applicant Name: Peter John COUSINS

Filer: Patrick D. Benedicto/jina mangaoang

Attorney Docket Number: 10031.004211

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Suz-s'l'g(t:)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:

APPEAL FORWARDING FEE 1413 1 2240 2240

Post-Allowance-and-Post-Issuance:

REC Exhibit 1005, Page 500 of 532




Description Fee Code Quantity Amount Sul:’-;l';(t:)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 2240

REC Exhibit 1005, Page 501 of 532




Electronic Acknowledgement Receipt

EFS ID: 32569973
Application Number: 14504771
International Application Number:
Confirmation Number: 3342

Title of Invention:

FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

First Named Inventor/Applicant Name:

Peter John COUSINS

Customer Number:

74254

Filer:

Patrick D. Benedicto/jina mangaoang

Filer Authorized By:

Patrick D. Benedicto

Attorney Docket Number:

10031.004211

Receipt Date: 08-MAY-2018
Filing Date: 02-0CT-2014
Time Stamp: 18:43:38

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $2240

RAM confirmation Number

050918INTEFSW18463200

Deposit Account

Authorized User

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

REC Exhibit 1005, Page 502 of 532




File Listing:

Document Document Description File Name File Snze(B){tes)/ Mu"'. -Pages
Number Message Digest | Part/.zip| (ifappl.)
432919
1 Reply Brief Filed S0123US2_ReplyBrief.pdf no 6
3271f28ebefc05a4ffofce2997aaac62al3e8
Warnings:
Information:
30317
2 Fee Worksheet (SB06) fee-info.pdf no 2
e7ec042fbaed49b5cf9059cd60d4e36c6d4
bfelf
Warnings:
Information:
Total Files Size (in bytes){ 463236

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

REC Exhibit 1005, Page 503 of 532




UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO.
14/504,771 10/02/2014 Peter John COUSINS 10031.004211 3342
74254 7590 05/15/2018
. EXAMINER
Okamoto & Benedicto LLP |
P.O. Box 641330 PILLAY, DEVINA

San Jose, CA 95164-1330

| ART UNIT | PAPER NUMBER
1726
| MAIL DATE | DELIVERY MODE
05/15/2018 PAPER

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.

PTOL-90A (Rev. 04/07)

REC Exhibit 1005, Page 504 of 532



Page 1

United States Patent and Trademark Office

Under Secretary of Comm erce for Intellectual Property and
Director of the United States Patent and Trademark Office
P.O. Box 1450

Alexandria, Virginia 22313-1450

www. uspto.gov

OKAMOTO & BENEDICTO LLP
P.O. BOX 641330
SAN JOSE, CA 95164-1330

Appeal No:  2018-005662
Application: 14/504,771
Appellant:  Peter John COUSINS et al.

Patent Trial and Appeal Board Docketing Notice

Application 14/504,771 was received from the Technology Center at the Board on May 14, 2018
and has been assigned Appeal No: 2018-005662.

In all future communications regarding this appeal, please include both the application number
and the appeal number.

The mailing address for the Board is:

PATENT TRIAL and APPEAL BOARD
UNITED STATES PATENT AND TRADEMARK OFFICE
P.O. BOX 1450
ALEXANDRIA, VIRGINIA 22313-1450

Telephone inquiries can be made by calling 571-272-9797 and referencing the appeal number
listed above.

By order of the Patent Trial and Appeal Board.

DAG

REC Exhibit 1005, Page 505 of 532



UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO.
14/504,771 10/02/2014 Peter John COUSINS 10031.004211 3342
74254 7590 05/09/2019
. EXAMINER
Okamoto & Benedicto LLP |
P.O. Box 641330 PILLAY, DEVINA

San Jose, CA 95164-1330

| ART UNIT | PAPER NUMBER
1726
| MAIL DATE | DELIVERY MODE
05/09/2019 PAPER

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.

PTOL-90A (Rev. 04/07)

REC Exhibit 1005, Page 506 of 532



UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

Ex parte PETER JOHN COUSINS

Appeal 2018-005662
Application 14/504,771
Technology Center 1700

Before KAREN M. HASTINGS, JEFFREY R. SNAY, and
DEBRA L. DENNETT, Administrative Patent Judges.

DENNETT, Administrative Patent Judge.

DECISION ON APPEAL!

' In our Decision, we refer to Application 14/504,771 filed October 2, 2012
as the “’771 Specification” (“Spec.”); the Final Office Action dated October
2,2017 (“Final Act.”); the Appeal Brief filed November 8, 2017 (“App.
Br.”); the Examiner’s Answer dated March 19, 2018 (“Ans.”); and the Reply

Brief filed May 8, 2018 (“Reply Br.”).
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STATEMENT OF THE CASE

Appellant? appeals under 35 U.S.C. § 134(a) from a rejection of
claims 1-4, 7, 912, and 14. We have jurisdiction under 35 U.S.C. § 6(b).

We AFFIRM.

The subject matter on appeal relates to bipolar solar cells that include
a backside junction formed by an N-type silicon substrate and a P-type
polysilicon emitter formed on the backside of the solar cell, and an anti-
reflection layer formed on a textured front surface of the silicon substrate.
Spec. 2, 1. 14-16. The Specification describes a negative polarity metal
contact on the front side of the solar cell making electrical connection to the
substrate, and a positive polarity metal contact on the backside of the solar
cell making electrical connection to the polysilicon emitter. Spec. 2, 11. 17—
19. The *771 Specification explains that front contact solar cells with
electrical connection to a diffusion region on the front side of the solar cell
are less aesthetic, and thus less preferred, for residential applications. Spec.
2, 1. 3—8. Where aesthetics are not a major requirement, such as in power
plants and other applications where power generation is the main concern,
front contact solar cells such as the disclosed structures are said to provide a
relatively efficient and cost-effective device. Spec. 2, 1I. 6-11.

Figure 1 of the *771 Application, reproduced below, shows a
schematic cross-section of solar cell 100° in accordance with an embodiment

of the invention. Spec. 4, 11. 3-4.

2 Appellant identifies SunPower Corporation as the real party in interest.
App. Br. 1.

3 Labels to elements are presented in bold font thru out this Decision,
regardless of their presentation in the original document.

2
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Fi3. 1

Solar cell 100 has a front side where metal contact 102 is located and
a backside on a same side as metal contact 110. Spec. 4, 1. 4-5. The front
side faces the sun during normal operation to collect solar radiation. Spec.
4,1. 5. Solar cell 100 includes a backside junction formed by a P-type doped
polysilicon emitter 108 serving as a P-type diffusion region and an N-type
silicon substrate 101 serving as an N-type diffusion region. Spec. 4, 1. 7-9.
The front side surface of the substrate 101 is randomly textured (labeled as
113) and includes N-type doped regions 105 and 106 formed in the
substrate. Spec. 4, 1. 12—-14. N-type doped region 105 provides low front
surface recombination and region 106 provides low contact resistance and
minimizes contact recombination. Spec. 4, 1. 14—17. Anti-reflective
coating of silicon nitride layer 103 is formed on the textured front side
surface of the substrate 101. Spec. 4, 11. 22-23. Passivating oxide 124 may
comprise silicon dioxide thermally grown on the front side surface of the
substrate 101. Spec. 5, 1l. 1-2. Polysilicon emitter 108 may be formed on
tunnel oxide layer 107. Spec. 5, 1. 4-5. Metal contact 110 electrically
connects to polysilicon emitter 108 and provides a positive polarity terminal

to allow an external electrical circuit to be coupled to and be powered by
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solar cell 100. Spec. 5, 1l. 10—14. On the front side of solar cell 100, metal
contact 102 electrically connects to region 106 through contact holes
through the silicon nitride layer 103 and provides a negative polarity
terminal to allow an external electrical circuit to be coupled to and be
powered by solar cell 100. Spec. 5, 11. 19-22.

Claim 1, reproduced below, illustrates the claimed subject matter:

1. A solar cell, comprising:

a substrate having a front surface that faces the sun to
collect solar radiation during normal operation and a back
surface opposite the front surface;

an oxide layer disposed on the front surface of the
substrate;

an anti-reflective coating on the oxide layer;

a tunnel dielectric disposed over the back surface of the
substrate;

an emitter disposed over the tunnel dielectric, the emitter
forming a backside junction with the substrate;

a doped diffusion region in the substrate;

a front electrode that is coupled to the doped diffusion
region on the front surface of the substrate; and

a back electrode that is coupled to the emitter on the back
surface of the substrate.

App. Br. 13 (Claims App.).
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REFERENCES
The Examiner relies on the following prior art in rejecting the claims
on appeal:

Meier et al. US 6,262,359 Bl July 17, 2001
(“Meier”)

Wenham et al. US 6,429,037 Bl Aug. 6,2002
(“Wenham”)

Foglietti et al. US 20002/0142500 A1 Oct. 3, 2002
(“Foglietti”)

Okayasu et al.
(“Okayasu”)* JP 07106611 Apr. 21, 1995

Borden WO 2009/094578 A2 July 30, 2009

Gan and Swanson, POLYSILICON EMITTERS FOR SILICON
CONCENTRATOR SOLAR CELLS, Stanford Electronics Laboratories,
Electric Power Research Institute, 1 Conf. Record of IEEE
Photovoltaic Specialists Conf., 245-250 (1990)

REJECTIONS
The Examiner maintains the following rejections under 35 U.S.C.
§ 103(a)®: (1) claims 1-4, 7, 9-12, and 14 over Meier in view of Okayasu,

Borden, and Wenham; and (2) claims 1-4, 7, 912, and 14 over Meier in
view of Okayasu, Foglietti, Gan, and Wenham. Final Act. 2—8.

* The Examiner refers to a human translation of Okayasu (see Final Act. 2)
to which Appellant does not object.

s Because this application was filed before the March 16, 2013, effective
date of the America Invents Act, we refer to the pre-AIA version of the
statute.
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OPINION

Rejection I over Meier in view of Okayasu, Borden, and Wenham

Appellant argues for patentability of claim 1 and its dependent claims
2—4 and 7 as a group, and for claim 9 and its dependent claims 10—12 as a
group. App. Br. 3—7. However, Appellant’s arguments regarding claim 9 do
not differ substantively from those made in support of patentability of claim
1. Compare App. Br. 3—6 with App. Br. 7. We, therefore, select claim 1 as
representative of the group. 37 C.F.R. § 41.37(c)(1)(iv).

With respect to claim 1, the Examiner finds that Meier teaches the
majority of the limitations. Final Act. 3. The Examiner finds that Meier
teaches a method of forming a junction consisting of a p-type emitter on an
n-type substrate which comprises using an aluminum electrode as a p-type
dopant material and driving the dopant in through annealing. Ans. 11 (citing
Meier col. 6, 11. 35-50). The Examiner further finds that Meier discloses the
presence of a front surface field formed through thermal diffusion and
comprised of the same type of dopant as the n-type substrate. /d. (citing
Meier col. 5, 11. 43-49).

The Examiner finds that Okayasu discloses an alternative method for
forming a doped emitter or a surface field on a dope substrate. /d. The
Examiner finds that Okayasu teaches depositing a doped polysilicon emitter
and dope surface field on a doped single crystalline substrate. /d. (citing
Okayasu 99 14, 43). The Examiner finds that Okayasu teaches that its
method of depositing doped polysilicon layers is preferable to that of
thermal diffusion (as taught in Meier) because it can be performed at lower
temperatures, preventing damage to the substrate, and allows more accurate

control of the emitter thickness. /d. (citing Okayasu 9 8).
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The Examiner concludes that one of ordinary skill in the art at the
time of the invention would have found it obvious to employ Okayasu’s
method of forming an emitter or surface field in Meier’s back junction solar
cell for the advantages articulated by Okayasu. Id. at 12.

The Examiner finds that Meier as modified by Okayasu does not
disclose a tunneling dielectric oxide between the emitter/front surface field
and the substrate. Final Act. 4. However, the Examiner finds that Borden
discloses that tunnel oxides can be used in solar cells between doped
polysilicon and monocrystalline substrates on both front and back surfaces
of the monocrystalline substrate. /d. The Examiner finds that Borden
teaches that the tunnel oxide prevent epitaxial growth of amorphous silicon
and provides a layer to protect the surface from plasma damage of the
deposited emitter layer. /d.° The Examiner concludes that it would have
been obvious to the skilled artisan to modify the interface between
polycrystalline layers and a monocrystalline substrate front and back surface
by having a tunneling oxide at the interfaces for the benefits expressed by
Borden. /d.

The Examiner provides annotated figures, reproduced on the next

page, in support of the rejection:

6 The Examiner cites to paragraph 15 of Borden in support of the finding,
however, the disclosure is found at paragraph 8.

7
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Ans. 10.

Figure A is a reproduction of Meier Figure 3D annotated by the
Examiner to identify a junction consisting of p-type emitter 220 formed on
n-type substrate 218 which comprises using aluminum electrode 222 as a p-
type dopant material. /d. at 11 (citing Meier col. 6, 11. 35-50). The dopants
are driven into the substrate through annealing. /d. Junction 224 is shown
on the backside of the solar cell. /d. Front surface field 216 (n+-type
emitter) comprises the same type of dopant as the n-type substrate and is
formed through thermal diffusion. /d. (citing Meier col. 5, 11. 43—49).
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Figure B illustrates the Examiner’s modification of Meier by
Okayasu. Figure B shows the result of modifying Meier such that the
emitter and surface field produced by Meier’s process are replaced with a p-
type polysilicon layer and a n-type polysilicon layer taught by Okayasu. See
Ans. 12.

Figure C shows modification of the combination of Meier and
Okayasu (Figure B) with tunnel oxide layers taught by Borden. In Figure C
a tunnel oxide layer is shown between the n+-polycrystalline layer and the
substrate and between the p-polycrystalline layer and the substrate.

Appellant argues that the combined references fail to teach a backside
junction emitter with a tunnel dielectric. App. Br. 3-5; see also Reply Br.
2—4. Appellant contends that the original structure has the backside junction
224 formed by n-type base layer 218 and p-type layer 220, both of which are
within the n-type single crystal silicon substrate. Reply Br. 3. Appellant
argues that an intervening layer (tunnel oxide layer) would block contact of
Meier’s aluminum layer contact layer 222 to substrate 218 to form p-type
layer 220.

We do not find Appellant’s arguments persuasive to show reversible
error. The rejection is based on combining Borden with the modified
structure that would result from altering Meier’s method with that of
Okayasu, not on applying Borden’s tunnel oxide layers to Meier’s structure.
See Ans. 11-12. The modified Meier solar cell does not require contact of
the aluminum layer with the substrate in order to form the p-type layer.
Rather, the p-type layer of the modified structure is formed by depositing a
doped polysilicon emitter on a doped single crystalline substrate. See

Okayasu 99 14, 43. Appellant’s argument against combining Meier directly
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with Borden thus fails to identify reversible error. In re Jung, 637 F.3d
1356, 1365 (Fed. Cir. 2011) (explaining that even if the examiner had failed
to make a prima facie case, the Board would not have erred in framing the
issue as one of reversible error because it has long been the Board’s practice
to require an appellant to identify the alleged error in the examiner’s
rejections). Each reference cited by the Examiner must be read, not in
isolation, but for what it fairly teaches in combination with the prior art as a
whole. See In re Merck & Co., Inc., 800 F.2d 1091, 1097 (Fed. Cir. 1986).
Appellant’s avoidance of Okayasu’s disclosures fails to consider the
combination of the entirety of the art cited by the Examiner.

Appellant argues that Okayasu teaches forming a back surface field
(BSF) layer that forms a high-low junction with a highly doped and lightly
doped layer having the same polarity on the backside of the solar cell. Reply
Br. 4. Appellant contends that the proposed modification uses Okayasu’s
teaching of forming a BSF layer on the solar cell backside for a totally
different function (forming a backside junction) in Meier. App. Br. 4; see
also Reply Br. 3. Appellant argues that Meier and Okayasu solve the same
problem: that of the conventional method of forming doped layers. App. Br.
5. According to Appellant, one of skill in the art would not have been
motivated to replace Meier’s contact diffusion method with the BSF
manufacturing method of Okayasu because Okayasu discloses the plasma
CVD method has advantages, but introduces particulates that deteriorate the
BSF layer. App. Br. 5.

Appellant again fails to persuade us of reversible error. The Examiner
employs Okayasu for its teaching of depositing a doped polysilicon layer on

a doped substrate. See Ans. 11. The rejection is not based on a finding that

10
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the BSF layer (as opposed to the doped polysilicon layer) can be substituted
for Meier’s p-type emitter. Okayasu discloses that the prior art plasma
CVD method has advantages, but introduces floating foreign substances that
are mixed in the n+ silicon layer of p+ silicon layer. Okayasu q 9.
However, Okayasu addresses preventing generation of floating foreign
substances in the inventive process. /d. § 16. “The prior art must be
considered as a whole for what it teaches.” Medichem, S.A. v. Rolabo, S.L.,
437 F.3d 1157, 1164 (Fed. Cir. 2006). Okayasu would have given the
skilled artisan adequate motivation to combine its teaching with that of
Meier in disclosing the problems associated with the thermal diffusion
method. /d. 996-S.

In disputing the rejection Appellant also argues that Meier’s original
structure has p-type layer 220 within the silicon substrate, whereas the
modified structure has the p-type layer external to the substrate. Reply Br.
3. However, other than a statement of that difference, Appellant does not
explain its importance.

Appellant contends that Meier’s original structure has no tunnel
dielectric, but the modified structure does. /d. Appellant argues that merely
because a tunnel oxide can be used between a polysilicon layer and a
monocrystalline substrate does not mean that one of ordinary skill would do
so. Id. at 4. Appellant urges that there is no teaching or suggestion in the
prior art that a polycrystalline layer with a tunnel oxide can be used on both
sides of the substrate, or whether such a solar cell structure would work or
have practical efficiency. /d.

Borden’s invention concerns polysilicon emitter solar cells and

includes forming a masking oxide layer on the front and back of the cell.

11
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Borden Abstract. The Examiner’s explanation of the reasons one of
ordinary skill in the art would have had to combine Borden’s tunnel oxide
with the modified Meier structure (preventing epitaxial growth of
amorphous silicon and providing a layer to protect the surface from plasma
damage of the deposited emitter layer) is sufficient when an allowance is
made for “the inferences and creative steps that a person of ordinary skill in
the art would employ.” KSR Int’l Co. v. Teleflex Inc., 550 U.S. 398, 418
(2007).

Appellant argues that claim 1 recites an oxide layer disposed on the
front surface of the substrate and an anti-reflective coating on the oxide
layer. App. Br. 6. Appellant contends that Meier discloses an anti-reflective
coating formed on the surface of the substrate (not on an oxide layer) and
Borden does not disclose an anti-reflective coating. Reply Br. 6.

The argument fails to show reversible error. Appellant attacks Meier
and Borden individually, ignoring that the rejection is based on the
combined references. “Non-obviousness cannot be established by attacking
references individually where the rejection is based upon the teachings of a
combination of references.” In re Merck & Co., Inc., 800 F.2d 1091, 1097
(Fed. Cir. 1986).

We sustain the rejection of claim 1 for the reasons given above. For
these same reasons, we sustain the rejection of claims 24, 7, 9—12, and 14.

Rejection 2 over Meier in view of Okayasu, Foglietti, Gan, and
Wenham

The Examiner’s findings and Appellant’s arguments in Rejection 2
regarding the combination of Meier and Okayasu are identical to those in

our discussion of Rejection 1 supra. We do not repeat them here.

12
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The Examiner finds that Foglietti discloses that polycrystalline growth
directly on crystalline silicon results in partial realignment of the
polycrystalline grains and this effect can be suppressed by growth of a thin
oxide. Final Act. 7 (citing Foglietti § 46). The Examiner finds that Gan
teaches that he presence of a stable thermal oxide between a polysilicon
emitter and a CZ layer. /d. The Examiner concludes that it would have been
obvious to one of ordinary skill in the art to modify the interface between the
doped polysilicon regions and the monocrystalline substrate by adding an
interfacial oxide as disclosed by Foglietti and Gan to allow for optimal
growth of the polysilicon region and result in recombination occurring

primarily at the oxide interface. /d.

Appellant’s arguments against combining Foglietti or Gan with the
modified Meier is substantially the same as that made in opposing Rejection

1. Compare App. Br. 10—11 with App. Br. 6-7.

For the reasons provided supra relating to Rejection 1, we do not find
Appellant’s arguments persuasive to show reversible error, and sustain

Rejection 2.

13
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DECISION
For the above reasons, the Examiner’s rejection of claims 1-4, 7, 9—
12, and 14 is affirmed.

No time period for taking any subsequent action in connection with

this appeal may be extended under 37 C.F.R. § 1.136(a)(1)(iv).

AFFIRMED

14
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Application No. Applicant(s)
. 14/504,771 COUSINS, Peter John
Notice of Abandonment Examiner Art Unit
DEVINA PILLAY 1726

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

This application is abandoned in view of:

1. (J Applicant's failure to timely file a proper reply to the Office letter mailed on
(a) (J A reply was received on (with a Certificate of Mailing or Transmission dated ), which is after the expiration of the
period for reply (including a total extension of time of month(s)) which expired on

(b) Oa proposed reply was received on , but it does not constitute a proper reply under 37 CFR 1.113 to the final rejection.
(A proper reply under 37 CFR 1.113 to a final rejection consists only of:(1) a timely filed amendment which places the
application in condition for allowance; (2) a timely filed Notice of Appeal (with appeal fee); or (3) if this is utility or plant
application, a timely filed Request for Continued Examination (RCE) in compliance with 37 CFR 1.114. Note that RCEs are not
permitted in design applications.)

() O A reply was received on but it does not constitute a proper reply, or a bona fide attempt at a proper reply, to the non-final
rejection. See 37 CFR 1.85(a) and 1.111. (See explanation in box 7 below).

(d) O No reply has been received.

2. [ Applicant's failure to timely pay the required issue fee and publication fee, if applicable, within the statutory period of three months
from the mailing date of the Notice of Allowance (PTOL-85).

(a) (J The issue fee and publication fee, if applicable, was received on (with a Certificate of Mailing or Transmission dated
}, which is after the expiration of the statutory period for payment of the issue fee (and publication fee) set in the Notice of
Allowance (PTOL-85).

(0) O The submitted fee of $ is insufficient. A balance of $ is due.

The issue fee required by 37CFR 1.18is $ . The publication fee, if required by 37 CFR 1.18(d), is $ .
(¢) (I The issue fee and publication fee, if applicable, has not been received.

3. 0 Applicant's failure to timely file corrected drawings as required by, and within the three-month period set in, the Notice of
Allowability (PTO-37).

(a) OJ Proposed corrected drawings were received on (with a Certificate of Mailing or Transmission dated ), which is
after the expiration of the period for reply.

(b) 3 No corrected drawings have been received.

4. [0 The letter of express abandonment which is signed by the attorney or agent of record or other party authorized under 37 CFR 1.33
(b). See 37 CFR 1.138(b).

5. [ The letter of express abandonment which is signed by an attorney or agent (acting in a representative capacity under 37 CFR
1.34) upon the filing of a continuing application.

6. ™} The decision by the Board of Patent Appeals and Interference rendered on 09 May 2019 and because the period for seeking court
review of the decision has expired and there are no allowed claims.

7. [ The reason(s) below:

/DEVINA PILLAY/
Primary Examiner, Art Unit 1726

Petitions to revive under 37 CFR 1.137, or requests to withdraw the holding of abandonment under 37 CFR 1.181, should be promptly filed to minimize
any negative effects on patent term.

U.S. Patent and Trademark Offi

pToE.in4;,nz (;eir'n?)r7_1f)e Notice of Abandonment Part of Paper No. 20190807
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

4 CHANGE OF Application Number | 14/504,771 N\
CORRESPONDENCE ADDRESS | Filing Date 2014-10-02
Application Erst Named Inventor | COUSINS, Peter J.
Address to: Art Unit 1757
g%r.]gios;i;)zgg for Patents Examiner Name Pillay, Devina
Alexandria, VA 223131450 Attorney Docket Number 801 23U82 /

Please change the Correspondence Address for the above-identified patent application to:

The address associated with

Customer Number: 1 441 87

OR
Firm or
Individual Name
Address
City State Zip
Country
Telephone Email

This form cannot be used to change the data associated with a Customer Number. To change the
data associated with an existing Customer Number use “Request for Customer Number Data Change” (PTO/SB/124).

| am the:

E:[ Applicant

E__-:] Attorney or agent of record. Registration Number 72360

ﬂ Registered practitioner named in the application transmittal papers who acts in a representative capacity
under 37 CFR 1.34. See 37 CFR 1.33(a)(1). Registration Number .

Signature / |5 ckson Ho/

Typed or Printed
hee or e Jackson Ho

Date 08-16-2022 TelePnone 408-331-1671

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications.
Submit multiple forms if more than one signature is required, see below*.

| D *Total of forms are submitted.

This collection of information is required by 37 CFR 1.33. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-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.

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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Electronic Acknowledgement Receipt

EFS ID: 46424039
Application Number: 14504771
International Application Number:
Confirmation Number: 3342
Title of Invention: FRONT CONTACT SOLAR CELL WITH FORMED EMITTER
First Named Inventor/Applicant Name: Peter John COUSINS
Customer Number: 74254
Filer: Jackson Ho/Julie Fosnaugh
Filer Authorized By: Jackson Ho
Attorney Docket Number: 10031.004211
Receipt Date: 16-AUG-2022
Filing Date: 02-0CT-2014
Time Stamp: 17:42:14
Application Type: Utility under 35 USC 111{a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B){tes)/ Mu“'. .Pages
Number Message Digest | Part/.zip| (ifappl.)
232047
1 Change of Address SO123U527ChaEr;gedCforresAddre no 3
SS_ p e4d9fa161b9a923c4b6bccda7600380b8872
Warnings:
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Information:

548048
Assignee showing of ownership per 37 S0123US2_AssnStmt373c_EF.
2 no 4
CFR3.73 pdf
18df02413409fba22b3388e03390c903bdc|

Warnings:

Information:

Total Files Size (in bytes){ 780095

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0O/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/AIA/96 (08-12)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

STATEMENT UNDER 37 CFR 3.73(c)
SUNPOWER CORPORATION

Applicant/Patent Owner:

Application No./Patent No.: 14/504,771 Filed/Issue Date: _10-02-2014

Titled: FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

SUNPOWER CORPORATION , g 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 one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| 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. |:| 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. |:| 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. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: Peter John Cousins To: SUNPOWER CORPORATION

The document was recorded in the United States Patent and Trademark Office at
Reel 020595 , Frame 0792 , 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 USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

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.

/Jackson Ho/ 08-16-2022

Signature Date

Jackson Ho 72,360

Printed or Typed Name Title or Registration Number

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

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

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

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

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

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

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

REC Exhibit 1005, Page 529 of 532



| ber
wsj

ghven in the application identified in the sdactied statament

OR

Sractitions

shrusiied tadow

gy Neuebias A,i Kg. 4 ﬁ 8?

L RaTC A SUSTOTES P

Magna

M

BHE SRR

Te o a \\\\,m-:t

The sddress sason

ok witde Cnstarries B,

o de the attanhed Bt ut

TFR I3

144187

e Mg antd Addreas

poration

A popy of thin fwmc togetberwith & stalarsnt woder 37 SFR 3731 {Farm PEOIA
Filed in sach spphcativs 8 whish this Tonm is used, The statementundar 3P CFR
The practitosers sppuintid in thiy fore, and must idestify the sppticsilon i whig

98 o sguivaiend) is veguived to be
Ta{e} ray be eompleted by vagal
i Powet alAtorpey s o Be fled,

SIGNATURE of Asﬁig}ﬁ&g& <'§§ 5(‘&0?’&

Semior P Coungel

Thw inciadiel whone sigratve and il s supg
) &5 S —————
Sigratares: e, e
Nane Mare Robingon
Tl

v Ao weslatiiics

Ty

my

SO0 T

8 s seiset oy

REC Exhibit 1005, Page 530 of 532



UNITED STATES PATENT AND TRADEMARK OFFIGE

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

PQO. Box 1450

Alexandria, Virgia 22313-1450

WWW.USDEO g0V

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/504,771 10/02/2014 Peter John COUSINS S0123US2
CONFIRMATION NO. 3342
144187 POA ACCEPTANCE LETTER

2636 N, Frst Srcet T

Suite 150

San Jose, CA 95134-2000
Date Mailed: 08/29/2022

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 08/16/2022.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

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

/atesfai/

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFIGE

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

PQO. Box 1450

Alexandria, Virgia 22313-1450

WWW.USDEO g0V

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/504,771 10/02/2014 Peter John COUSINS S0123US2
CONFIRMATION NO. 3342
144187 POWER OF ATTORNEY NOTICE

2636 N, Frst Srcet M

Suite 150

San Jose, CA 95134-2000
Date Mailed: 08/29/2022

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 08/16/2022.
* The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence
will be mailed to the new address of record(37 CFR 1.33).

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

/atesfai/

page 1 of 1
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