Doc Code: FALREQ

Document Description: Request First Action Interview PTOISBI413C (05-11)
Approved for use through 07/31/2012. OMB 0851-0031

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

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

REQUEST FOR FIRST ACTION INTERVIEW (FULL PILOT PROGRAM)

Attorney Docket Application Number

Number: 131815-255190_P167C2DC | (if known): Filing date: M ay 18. 2020
b

e amed Smith, David D. | Tte: SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR EFFICIENCY

APPLICANT HEREBY REQUESTS A FIRST ACTION INTERVIEW IN THE ABOVE-IDENTIFIED
APPLICATION. See Instruction Sheet on page 2.

1. The application must contain three (3) or fewer independent claims and twenty (20) or fewer total claims.

2.  The application must not contain any muitiple dependent claims.

3. By filing this request:

Applicant is agreeing {o make an election without fraverse if the Office determines that the claims are not
obviously directed to a single invention; and

Applicant is agreeing not o request for a refund of the search fee and any excess claims fee paid in the
application after the mailing or notification of the pre-interview communication prepared by the examiner.

4. Other gtiachments:

/Justin K. Brask/ bate  May 18, 2020

Signature

aerypey Justin K. Brask 61,080

Registration Number

Note: Signatures of ali the inventors or assignees of record of the entire inferest or their representative(s) are required in accordance with 37
CFR 1.33 and 11.18. Please see 37 CFR 1.4{d} for the form of the signature. If necessary, submit mulliple forms for more than one signature,
see below™,

D *Totalof ________ forms are submitted,

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
38 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 hours to complete, including gathering, preparing, and submitting the compieted
application form to the USPTO. Time will vary depending upon th Yividual case. Any comments on the amount of time you require fo complete this form and/or
suggestions for reducing this burden, shouid be sent to the Chi mation 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, calf 1-800-PT0-8199 and select option 2.
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PTO/SB/413C (05-11)
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 persons are required to respond to a cotlection of information uniess it dispiays a valid OMB control number.

instruction Sheet for Request for First Action Interview (Full Pilot Programj)
{Not to be Submitted o the USPTO)

A grantable request must meet the foflowing conditions:

1. The application must be a new non-reissue utility application filed under 35 U.S.C. 111(a) or an
international application that has entered the national stage in compliance with 35 U.8.C. 371(c}.

2. The application must contain three (3} or fewer independent claims and iwenty (20) or fewer total claims.
The application may not contain any multiple dependent claims.

3. The request must be filed electronically using the Office’s electronic filing system, EFS-Veb.

4. The claims must be directed to a single invention. If the Office determines that the claims are directed to
muliiple inventions (e.g., in a restriction requirement), the applicant must make an election without traverse.

5. The request must be filed at least one day before a first Office action on the merits of the application
appears in the Patent Application Information Retrieval (PAIR) system (i.e., at least one day prior to the
date when a first Office action on the merits, notice of allowability or allowance, or action under EX parte
Quayle, 1835 Dec. Commr Pat. 11 (1935) appears in the PAIR sysiem). Applicant may check the status of
the application using the PAIR system.

&. The request for a first action interview must include a statement that applicant agrees not to file a request
for a refund of the search fee and any excess claims fees paid in the application afier the mailing or
notification of the Pre-interview Communication. Any petition for express abandoenment under 37 CFR
1.138(d), and request for a refund of the search fee and any excess claims fees, filed after the mailing or
notification of the Pre-Interview Communication will not be granted.

For more information, see notice “Full First Action Interview Pilot Program” available on the
USPTO web site af iitiprwww. usplo.govipatonis/init_sventsfaipp fulljsp

Page 2
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Privacy Act Statement

The Privacy Act of 1874 {P.L. 93-579} requires that you be given cerlain information in connection
with your submission of the attached form relaied to a patent application or patent. Accordingly,
pursuanti to the requirementis 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 {o process and/or examine your submission related {o a palent 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.8.C. 552) and the Privacy Act (5 U.8.C 552a). Records
from this system of records may be disclosed to the Department of Justice to determine
whether disclosure of thase raecords is required by the Fresdom 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, magisirate, or administrative tribunai, including disclosures
to opposing counsel in the course of settiement negotiations.

3. Avrecord 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 requesied assistance from the Member with respect to the subject matier
of the record.

4.  Avrecord in this sysiem of records may be disclosed, as a rouiine use, 1o a contracior of the
Agency having need for the information in order o perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act 0f 1874, as
amended, pursuantto 5 U.S.C. 552a(m).

5. Avrecord 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 {0 the Palent Cooperation Treaty.

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

7. Avrecord from this sysiem of records may be disclosed, as a rouline use, {o 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 improvemenis in
records management praclices and programs, under authorily of 44 U.8.C. 2904 and 2908.
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)
direclive. Such disclosure shall not be used to make delerminations about individuals.

8. Avrecord 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.8.C. 151. Further, a record may be disciosed, 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 o public inspection or an
issued paient.

3. Avrecord from this sysiem of records may be disclosed, as a rouline use, {0 a Federal,
State, or local law enforcement agency, if the USPTO becomes aware of a violation or
potential violation of law or reguiation.

Page 3
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Electronic Acknowledgement Receipt

EFS ID: 39472788
Application Number: 16877255
International Application Number:
Confirmation Number: 2637

Title of Invention:

SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR EFFICIENCY

First Named Inventor/Applicant Name:

David D. Smith

Customer Number:

149776

Filer:

Justin K. Brask/Blanche Niksich

Filer Authorized By:

Justin K. Brask

Attorney Docket Number: 131815-255190_P167C2DC
Receipt Date: 18-MAY-2020
Filing Date:
Time Stamp: 19:24:47

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document s . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
132746
1 Application Data Sheet 7923P167C2DC_ADS.pdf no 9
ea98a7ca7aaa’911c48169fe6c8b7e1e0cdby
60e0
Warnings:
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Information:
This is not an USPTO supplied ADS fillable form
119852
2 7923P167C2DC_APPLN.pdf yes 23
985f01924f1c9c50604e37a6393566d 1ec70)
ecle
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 19
Claims 20 22
Specification 23 23
Warnings:
Information:
334838
3 Drawmgs-on[c)j/ bIaF:k and white line 7923P167C2DC_Figs.pdf no 6
rawin g s eda37c7ba%b8ebb70987ed5a8d39490e0b
69edcf
Warnings:
Information:
5276674
4 Qath or Declaration filed 7923P167C2DC_Decs.pdf no 3
709f9576e36c206f5b087f37ec172a3f07390)
Warnings:
Information:
568199
5 First Action Interview - Enrollment 7923P167C2DC_FALpdf no 3
Request
9a7f296866622081867c2c197436347bb17
Warnings:
Information:
Total Files Size (in bytes){ 6432309
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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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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. 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 contains a valid OMB control number.

Attorney Docket Number | 131815-255190_P167C2DC

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR EFFICIENCY

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:

[ 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
David D. Smith
Residence Information (Select One) (® US Residency (O Non US Residency () Active US Military Service
City | Campbell | State/Province | CA | Country of Residencd | US
Mailing Address of Inventor:
Address 1 426 N. Milton Avenue
Address 2
City Campbell | State/Province | CA
Postal Code 95008 | Countryi us
Inventor 2
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Tim Dennis
Residence Information (Select One) (® US Residency (O Non US Residency () Active US Military Service
City | Canton | State/Province | X | Country of Residencd | US
Mailing Address of Inventor:
Address 1 1032 Van Zandt County Road #2309
Address 2
City Canton | State/Province TX
Postal Code 75103 | Countryi us
Inventor 3
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Russelle De Jesus Tabajonda
Residence Information (Select One) (O US Residency (@ Non US Residency () Active US Military Service

EFS Web 2.2.13
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. 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 contains a valid OMB control number.

Attorney Docket Number | 131815-255190_P167C2DC

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR EFFICIENCY

City Banlic Cabuyao City, Laguna Country of Residence | PH

Mailing Address of Inventor:

Address 1 Block 10B Lot 11 Gran Seville Subdivision

Address 2

City Banlic Cabuyao City, Laguna | State/Province
Postal Code | | Country | PH

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

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

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

Customer Number 149776

Email Address

Application Information:

Title of the Invention SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR EFFICIENCY
Attorney Docket Number| 131815-255190_P167C2DC Small Entity Status Claimed [ ]
Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 6 Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
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 N

filed application

EFS Web 2.2.13
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. 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 contains a valid OMB control number.

Attorney Docket Number | 131815-255190_P167C2DC

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR EFFICIENCY

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

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

] 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: @® Customer Number | O Us Patent Practitioner | O Limited Recognition (37 CFR 11.9)

149776

Customer Number

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.
When referring to the current application, please leave the “Application Number” field blank.
Prior Application Status | Pending
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Continuation of 16228165 2018-12-20
Prior Application Status | Patented
Application . Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
16228165 Division of 15876927 2018-01-22 10170642 2019-01-01
Prior Application Status | Patented |
Application . Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
15876927 Continuation of 15213273 2016-07-18 9899542 2018-02-20
Prior Application Status | Patented |
Application . Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
15213273 Continuation of 14579935 2014-12-22 9520507 2016-12-13

EFS Web 2.2.13
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PTO/AIA/14 (02-18)
Approved for use through 11/30/2020. 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 contains a valid OMB control number.

L Attorney Docket Number
Application Data Sheet 37 CFR 1.76

131815-255190_P167C2DC

Application Number

Title of Invention | SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR EFFICIENCY

by selecting the Add button.

Additional Domestic Benefit/National Stage Data may be generated within this form

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. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(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).

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codé' (if applicable)

Add button.

Additional Foreign Priority Data may be generated within this form by selecting the

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition

Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March

[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inventor to file provisions of the AIA.

EFS Web 2.2.13
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. 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 contains a valid OMB control number.

Attorney Docket Number | 131815-255190_P167C2DC

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR EFFICIENCY

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

(1.

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

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

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

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

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.

EFS Web 2.2.13
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. 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 contains a valid OMB control number.

Attorney Docket Number | 131815-255190_P167C2DC

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR EFFICIENCY

Applicant Information:

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

Applicant 1

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

(® Assignee (O Legal Representative under 35U.S.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. X

Organization Name SunPower Corporation

Mailing Address Information For Applicant:

Address 1 77 Rio Robles

Address 2

City San Jose State/Province CA
Countrf | us Postal Code 95134
Phone Number Fax Number

Email Address

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

Assignee Information including Non-Applicant Assignee Information:

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

EFS Web 2.2.13
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. 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 contains a valid OMB control number.

Attorney Docket Number | 131815-255190_P167C2DC

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR EFFICIENCY

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

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

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country! Postal Code
Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).
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7. The solar cell of claim 1, further comprising:
a second emitter region having metal impurities formed over
the silicon substrate, wherein the second emitter region is formed over the
back side of solar; and

a second metal contact formed over the second emitter region.

8. The solar cell of claim 1, further comprising:
a second dielectric region formed over the silicon substrate,
wherein the second dielectric region is formed over the back side of solar;
a second emitter region having metal impurities formed over
the second dielectric region; and

a second metal contact formed over the second emitter region.

9. The solar cell of claim 8, wherein the second emitter region

comprises polysilicon.

10. A solar cell, the solar cell having a front side which faces the
sun during normal operation and a back side opposite the front side, the solar
cell comprising:

a silicon substrate, wherein a portion of the silicon substrate has

a dopant concentration of approximately less than or equal to 2x10!8

cm and wherein the portion of the silicon substrate is formed at the

front side of the solar cell;

a dielectric region formed over the silicon substrate, wherein
the dielectric region is formed over the back side of solar;

a first emitter region having metal impurities formed over the
dielectric region; and

a first metal contact formed over the first emitter region.

20

Petitioner Canadian Solar Inc., Ex. 1002, p. 16



Attorney Docket No. 131815-255190_P167C2DC

11. The solar cell of claim 10, wherein the portion of the silicon

substrate comprises N-type dopants.

12. The solar cell of claim 10, wherein the portion of the silicon

substrate comprises phosphorus.

13. The solar cell of claim 10, wherein the portion of the silicon

substrate comprises P-type dopants.

14. The solar cell of claim 10, wherein the portion of the silicon

substrate comprises boron.

15. The solar cell of claim 10, wherein the first emitter region

comprises polysilicon.

16.  The solar cell of claim 10, further comprising:
a second emitter region having metal impurities formed over
the dielectric region; and

a second metal contact formed over the second emitter region.

17. The solar cell of claim 16, wherein the second emitter region is

separate from the first emitter region.

18. The solar cell of claim 16, wherein a trench region separates the

first emitter region from the second emitter region.

19. The solar cell of claim 16, wherein the second emitter region

comprises polysilicon.

21
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20. The solar cell of claim 16, wherein the first emitter region
comprises a P-type doped polysilicon region and the second emitter region

comprises a N-type doped polysilicon region.

22
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ABSTRACT OF THE DISCLOSURE

A method of fabricating a solar cell can include forming a dielectric
region on a silicon substrate. The method can also include forming an emitter
region over the dielectric region and forming a dopant region on a surface of
the silicon substrate. In an embodiment, the method can include heating the
silicon substrate at a temperature above 900 degrees Celsius to getter
impurities to the emitter region and drive dopants from the dopant region to a

portion of the silicon substrate.

23
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SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR
EFFICIENCY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation of U.S. Patent Application No.
16/228,165, filed on December 20, 2018, which is a divisional of U.S. Patent
Application No. 15/876,927, filed on January 22, 2018, now U.S. Patent No.
10,170,642, issued on January 1, 2019, which is a continuation of U.S. Patent
Application No. 15/213,273, filed on July 18, 2016, now U.S. Patent No.
9,899,542, issued on February 20, 2018, which is a continuation of U.S. Patent
Application No. 14/579,935, filed on December 22, 2014, now U.S. Patent
No. 9,520,507, issued on December 13, 2016, the entire contents of which are

hereby incorporated by reference herein.

BACKGROUND

[0002] Photovoltaic (PV) cells, commonly known as solar cells, are
devices for conversion of solar radiation into electrical energy. Generally,
solar radiation impinging on the surface of, and entering into, the substrate of
a solar cell creates electron and hole pairs in the bulk of the substrate. The
electron and hole pairs migrate to p-doped and n-doped regions in the
substrate, thereby creating a voltage differential between the doped regions.
The doped regions are connected to the conductive regions on the solar cell to
direct an electrical current from the cell to an external circuit. When PV cells
are combined in an array such as a PV module, the electrical energy collect
from all of the PV cells can be combined in series and parallel arrangements to
provide power with a certain voltage and current.

[0003] Efficiency is an important characteristic of a solar cell as it is
directly related to the solar cell’s capability to generate power. Accordingly,

techniques for improving the fabrication process, reducing the cost of
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manufacturing and increasing the efficiency of solar cells are generally

desirable.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Figure 1 illustrates a flow chart representation of an example
method for fabricating of a solar cell, according to some embodiments.

[0005] Figures 2-4 illustrate cross-sectional views of example solar
cells during the fabrication process of Figure 1, according to some
embodiments.

[0006] Figure 5 illustrates a cross-sectional view of an example solar
cell, according to some embodiments.

[0007] Figure 6 illustrates a cross-sectional view of another example
solar cell, according to some embodiments.

[0008] Figure 7 illustrates a cross-sectional view of still another
example solar cell, according to some embodiments.

[0009] Figure 8 illustrates a graph of example surface passivation
measurements, according to some embodiments.

[0010] Figure 9 illustrates a graph of example 1/lifetime
measurements, according to some embodiments.

[0011] Figure 10 illustrates a graph of example efficiency

measurements, according to some embodiments.
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DETAILED DESCRIPTION

[0012] The following detailed description is merely illustrative in
nature and is not intended to limit the embodiments of the subject matter of the
application or uses of such embodiments. As used herein, the word
“exemplary” means “serving as an example, instance, or illustration.” Any
implementation described herein as exemplary is not necessarily to be
construed as preferred or advantageous over other implementations.
Furthermore, there is no intention to be bound by any expressed or implied
theory presented in the preceding technical field, background, brief summary
or the following detailed description.

[0013] This specification includes references to “one embodiment” or
“an embodiment.” The appearances of the phrases “in one embodiment” or
“in an embodiment” do not necessarily refer to the same embodiment.
Particular features, structures, or characteristics may be combined in any

suitable manner consistent with this disclosure.

[0014] Terminology. The following paragraphs provide definitions
and/or context for terms found in this disclosure (including the appended
claims):

[0015] “Comprising.” This term is open-ended. As used in the

appended claims, this term does not foreclose additional structure or steps.

[0016] “Configured To.” Various units or components may be
described or claimed as “configured to” perform a task or tasks. In such
contexts, “configured to” is used to connote structure by indicating that the
units/components include structure that performs those task or tasks during
operation. As such, the unit/component can be said to be configured to
perform the task even when the specified unit/component is not currently
operational (e.g., is not on/active). Reciting that a unit/circuit/component is
“configured to” perform one or more tasks is expressly intended not to invoke

35 U.S.C. §112, sixth paragraph, for that unit/component.
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[0017] “First,” “Second,” etc. As used herein, these terms are used as
labels for nouns that they precede, and do not imply any type of ordering (e.g.,
spatial, temporal, logical, etc.). For example, reference to a “first” emitter
region does not necessarily imply that this emitter region is the first emitter
region in a sequence; instead the term “first” is used to differentiate this
emitter region from another emitter region (e.g., a “second” emitter region).
In an embodiment, an emitter region can be a doped region of a solar cell for
collecting positive and negative charge carriers. In an example, the emitter
region can be a doped polysilicon region. In one example, the emitter region
can be a P-type doped polysilicon region or an N-type doped polysilicon
region.

[0018] “Based On.” As used herein, this term is used to describe one
or more factors that affect a determination. This term does not foreclose
additional factors that may affect a determination. That is, a determination
may be solely based on those factors or based, at least in part, on those factors.
Consider the phrase “determine A based on B.” While B may be a factor that
affects the determination of A, such a phrase does not foreclose the
determination of A from also being based on C. In other instances, A may be
determined based solely on B.

[0019] “Coupled” — The following description refers to elements or
nodes or features being “coupled” together. As used herein, unless expressly
stated otherwise, “coupled” means that one element/node/feature is directly or
indirectly joined to (or directly or indirectly communicates with) another
element/node/feature, and not necessarily mechanically.

[0020] In addition, certain terminology may also be used in the
following description for the purpose of reference only, and thus are not
intended to be limiting. For example, terms such as “upper”, “lower”,
“above”, and “below” refer to directions in the drawings to which reference is
made. Terms such as “front”, “back”, “rear”, “side”, “outboard”, and
“inboard” describe the orientation and/or location of portions of the

component within a consistent but arbitrary frame of reference which is made
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clear by reference to the text and the associated drawings describing the
component under discussion. Such terminology may include the words
specifically mentioned above, derivatives thereof, and words of similar import.
[0021] In the following description, numerous specific details are set
forth, such as specific operations, in order to provide a thorough understanding
of embodiments of the present disclosure. It will be apparent to one skilled in
the art that embodiments of the present disclosure may be practiced without
these specific details. In other instances, well-known techniques are not
described in detail in order to not unnecessarily obscure embodiments of the
present disclosure.

[0022] This specification first describes solar cell fabrication
techniques to improve solar cell lifetime, passivation and/or efficiency
followed by a description of example solar cells fabricated according to the
disclosed techniques. Various embodiments are provided throughout followed
by example results from the disclosed techniques.

[0023] Turning now to Figure 1, a method for fabricating a solar cell is
shown, according to some embodiments. In various embodiments, the method
of Figure 1 can include additional (or fewer) blocks than illustrated. For
example, in some embodiments, the silicon region formed at block 102 can be
heated to form a polysilicon region after step 102 but before to the heating step
of block 106.

[0024] At 100, a dielectric can be formed on a silicon substrate of a
solar cell. In some embodiments, the silicon substrate can be cleaned,
polished, planarized, and/or thinned or otherwise processed prior to the
formation of the dielectric region. In an embodiment, the silicon substrate can
be single-crystalline or a multicrystalline silicon substrate. In an embodiment,
the silicon substrate can be a N-type silicon substrate. In an embodiment, the
dielectric can be a tunnel oxide. In one embodiment, the dielectric can be
silicon dioxide. In an embodiment, the dielectric region can be grown and/or

formed through a thermal process.
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[0025] At 102, an emitter region can be formed over the dielectric
region. In an embodiment, the emitter region can be an amorphous silicon
region. In some embodiments, the amorphous silicon region can be grown
over the dielectric region. In an embodiment, the emitter region can be
polysilicon. In an embodiment, the emitter region can be grown and/or
formed through a thermal process. In an example, an amorphous silicon
region can be formed over the dielectric region and heated to form a
polysilicon region.

[0026] An emitter dopant region can be deposited over the emitter
region through a deposition process. The emitter dopant region can comprise
a dopant, such as a positive-type doping material such as boron or a negative-
type doping material such as phosphorous.

[0027] Although the dielectric region and/or the emitter region are
described as being grown by a thermal process or deposited through
conventional deposition process, respectively, as with any other formation,
deposition, or growth process step described or recited here, each layer or
substance can be formed using any appropriate process. For example, a
chemical vapor deposition (CVD) process, low-pressure CVD (LPCVD),
atmospheric pressure CVD (APCVD), plasma-enhanced CVD (PECVD),
thermal growth, sputtering, as well as any other desired technique can be used
where formation is described. Thus, and similarly, the emitter dopant region
can be formed on the substrate by a deposition technique, implant process,
sputter, or print process, such as inkjet printing or screen printing.

[0028] In an embodiment, a heating process can be performed to
drive dopants from the emitter dopant region to the emitter region. In one
example, the heating process can drive dopants from the emitter dopant region
to a polysilicon region to form a doped polysilicon region. In an embodiment,
the doped polysilicon region can be doped with a P-type dopant such as boron
or an N-type dopant such as phosphorus. In one example, the doped
polysilicon regions can be formed in alternating P-type and N-type regions. In

some embodiments, the heating to drive dopants from the emitter dopant
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region to the emitter region, can be performed at a temperature below 900
degrees Celsius.

[0029] At 104, a dopant region can be formed over a surface of the
silicon substrate. In an embodiment, the dopant region can be grown and/or
formed through a thermal process. In one example, the dopant region can be
formed over a surface, e.g., on the front side of a solar cell, and subsequently a
heating process can be performed to drive dopants into a portion of the silicon
substrate. In an embodiment, the portion of the silicon substrate can have a
dopant concentration of approximately less than or equal to 2x10'® em after
the heating process as discussed in block 106.

[0030] In one embodiment, the dopant region can be an N-type dopant,
e.g., phosphorus. In an embodiment, the surface of the silicon substrate over
which the dopant region is formed can be a front side, back side, or both on
the front and back sides of the solar cell. Figure 2 shows an example solar cell
having the dielectric region, emitter region and dopant region described above.
[0031] Although the dopant region is described as being grown by a
thermal process or deposited through conventional deposition process,
respectively, as with any other formation, deposition, or growth process step
described or recited here, each layer or substance can be formed using any
appropriate process. For example, a chemical vapor deposition (CVD)
process, low-pressure CVD (LPCVD), atmospheric pressure CVD (APCVD),
plasma-enhanced CVD (PECVD), thermal growth, sputtering, as well as any
other desired technique can be used where formation is described.

[0032] Figure 2 illustrates an example solar cell after forming the
dielectric region, emitter region, and dopant region, according to some
embodiments. In an embodiment, a dielectric region 210 can be formed over a
silicon substrate 202 of the solar cell 200. In an embodiment, the dielectric
region 210 can be a tunnel oxide. In one example, the dielectric region 210
can be silicon dioxide. In an embodiment, an emitter region 212 can be
formed on the dielectric region 210. In an embodiment and as noted above,

the emitter region 212 can be amorphous silicon or polysilicon. In an
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embodiment, the emitter region 212 can be a doped polysilicon. In an
example, the doped polysilicon can be N-type doped or P-type doped
polysilicon.

[0033] In an embodiment, a dopant region 216 can be formed on a surface
204 of silicon substrate 202. In an embodiment, the dopant region 216 can be
formed to dope the surface 204 (e.g., at block 106 below) to repel charge
carriers and prevent and/or reduce recombination at the surface 204 of the
solar cell 200. In an example, the surface 204, can be on a front side and/or a
back side of the solar cell. In one example, the dopant region 216 can be a N-
type dopant region, such as phosphorus. In an embodiment, the dopant region
216 can have positive or negative type dopants 222.

[0034] In an embodiment, the silicon substrate 202 can have
contaminants and/or impurities 220, for example metal contaminants and/or
metal impurities, such as iron, nickel and/or chromium among others. Metal
impurities can be detrimental to the electrical conduction of the solar cell as
these impurities can be sources of recombination, resulting in poor lifetime,
surface passivation and/or lower solar cell efficiency. In an embodiment, the
impurities 220 can be located at or near a surface 204 of the silicon substrate
202. In an embodiment, the impurities 220 can be located within the silicon
substrate 202 as shown. As referred throughout, contaminants and/or
impurities can be used interchangeably.

[0035] The emitter regions 212, e.g., polysilicon regions, can be a
good sink and/or trap for the metal impurities 220 discussed above. A
gettering process can be used to trap the metal impurities 220 in the emitter
regions 212, reducing recombination within the silicon substrate 202 and
improving overall solar cell lifetime. Oxides and/or tunnel oxides, such as the
dielectric region 210 of Figure 2, can be barriers to gettering of the metal
impurities 220 to emitter regions 212. In one example, heating at temperature
at 900 degrees Celsius or below can be insufficient to diffuse metal impurities
through a tunnel oxide and into a polysilicon region. Thus, in an embodiment,

heating at temperatures above 900 degrees Celsius can include gettering metal
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impurities 220 through the dielectric region 210, e.g., tunnel oxide, to into the
emitter region 212, e.g., polysilicon regions, as discussed in detail at 106 of
Figure 1 below.

[0036] At 106, the solar cell can be heated at a temperature above 900
degrees Celsius. In an embodiment, the heating can drive dopants from the
dopant region to a portion of the silicon substrate. In one embodiment, the
heating can include performing an annealing process on the silicon substrate.
In an example, the heating can drive dopants to the portion of the silicon
substrate located above the surface, as shown in Figure 3. In some
embodiments, the surface can be on the front side, back side or both on the
front and back side of the solar cell. In an embodiment, the heating can
include gettering contaminants, e.g. metal impurities and/or metal
contaminants, from the substrate to the emitter region. In an example, the
metal impurities and/or metal contaminants can be iron, nickel and/or
chromium among others.

[0037] In one example, the heating can include placing the solar cell in
thermal tool, e.g., a thermal furnace or oven among others, and raising the
temperature in the thermal tool to 975 degrees Celsius or above.

[0038] In an embodiment, the heating can be the last heating step in
the solar cell fabrication process. In one embodiment, the heating can be the
only heating step in the fabrication process. In some embodiments, at least
one other heating step can be performed before the heating process of block
106. In one example, the other heating process, aside from the heating process
of block 106, can include heating the solar cell to temperature below 900
degrees Celsius. In an example, the heating process below 900 degrees
Celsius can be performed before the heating process at 106. In an
embodiment, the heating performed at 106 can be performed at the highest
temperature among other heating steps performed in the solar cell fabrication
process. Figure 3 illustrates the heating process described above.

[0039] Figure 3 illustrates heating the solar cell of Figure 2, according to some

embodiments. In an embodiment, the heating 230 can include heating the
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solar cell 200 above 900 degrees Celsius. In an example, the heating can
include placing the solar cell 200 into a thermal tool, e.g., thermal furnace or
oven among others, and raising the temperature within the thermal tool to 975
degrees Celsius or higher. In an embodiment, the heating 230 can drive 234
the dopants 222 from the dopant region 216 to a portion 206 of the silicon
substrate 202. In an example, the dopant concentration of the portion 206 of
the silicon substrate 202 can be approximately less than or equal to 2x10'8 cm-
3 after the heating. In an embodiment, the portion 206 of the silicon substrate
202 can be above, as shown, the surface 204 of the silicon substrate 202. In an
embodiment, the heating 230 can getter 232 contaminants 220 from, or
nearby, the surface 204 of the silicon substrate 202 and/or from within the
silicon substrate 202 to the emitter region 212. In an embodiment, the heating
230 can getter 232 the containments 220 through the dielectric region 210 to
the emitter region 212.

[0040] At 108, a metal contact can be formed over the silicon
substrate. In an embodiment, the metal contact can be formed on the emitter
region. In some embodiments, the metal contact can be formed by a
metallization process. In one example, the metallization process can include
plating and/or electroplating the metal contact to the emitter region. In some
embodiments, the metal contact can be formed by printing and/or foil-based
metallization techniques. Figure 4 illustrates an example silicon substrate
after to forming the metal contact. Also Figure 4 illustrates a single metal
contact, for example, which can be on a front side or back side of the solar
cell. In an embodiment, multiple metal contacts can exist. In an example,
positive and negative metal contacts can be formed in an interdigitated pattern.
[0041] With reference to Figure 4, the solar cell of Figure 3 is shown
after forming a metal contact, according to some embodiments. In an
embodiment, the metal contact 242 can be formed on the emitter region 212,
e.g. over the silicon substrate 202. In an example, the metal contact 242 can
be formed by an electroplating process, printing process or a foil-based

metallization process among others. In an embodiment, the metal contact 242
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can be a positive or negative metal contact. As shown in Figure 4 a single
metal contact is illustrated for example, which can be on a front side or back
side of the solar cell. In an example, multiple metal contacts, e.g. some
positive and others negative, can exist. In one embodiment, the silicon
substrate 202 can have some impurities 221 remaining after the heating 230 of
Figure 3.

[0042] Figure 5 illustrates a cross-section of a portion of a solar cell
formed from the method of Figures 1-4, according to some embodiments. The
solar cell 300 can have a front side 301 which faces the sun during normal
operation and a back side 303 opposite the front side 301. The solar cell 300
can include a silicon substrate 302. In an embodiment, the silicon substrate
302 can be an N-type silicon substrate. In an embodiment, a portion 306 of
the silicon substrate 302 can have a doping concentration 322 of
approximately less than or equal to 2x10'8 cm.

[0043] The solar cell 300 can have a dielectric region 310 formed over
the silicon substrate 302. In an embodiment, the dielectric 310 can be a tunnel
oxide. In some embodiments, the dielectric region 310 can be silicon dioxide.
In an embodiment, the solar cell 300 can have first and second emitter regions
312, 314. In an example, the first and second emitter regions 312, 314 can be
P-type and N-type doped polysilicon regions, respectively. In an example,
impurities and/or contaminants 320, e.g. metal impurities 320 and/or metal
contaminants, can be located in the first and second emitter regions 312, 314
as shown. In one embodiment, the silicon substrate 302 can have some
impurities 321 remaining after the gettering process.

[0044] In an embodiment, the solar cell 300 can have first and second
metal contacts 342, 344 formed on the first and second emitter regions 312,
314, respectively. In some embodiments, a trench region 305 can be formed,
which can separate the first and second emitter regions 312, 314. In an
embodiment, the solar cell 300 can have a textured surface 304 on the front
side 301. In an example, the textured surface 304 can be a surface which can

provide additional light absorption. In an embodiment, the portion 306 of the
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silicon substrate 302 can be formed above a textured surface 304 as shown. In
some embodiments, the trench region 305 can also be textured, similar to the
textured surface 304, for additional light absorption from the back side 303 of
the solar cell 300. In some embodiments, an anti-reflective region (ARC) 318
can be formed over the textured surface 304 of the solar cell 300. In some
embodiments, the anti-reflective region 318 can be silicon nitride.

[0045] In an embodiment, the solar cell 300 can be a back contact
solar cell, for example, as shown in Figures 5 and 7.

[0046] With reference to Figure 6, a front contact solar cell formed
from the method of Figures 1-4 is shown, according to some embodiments.
The solar cell 400 can have a front side 401 which faces the sun during normal
operation and a back side 403 opposite the front side 401. The solar cell 400
can include a silicon substrate 402. In an embodiment, the silicon substrate
402 can be a N-type silicon substrate. In an embodiment, a portion 406 of the
silicon substrate 402 can have a doping concentration 422 of approximately
less than or equal to 2x10'® cm.

[0047] The solar cell 400 can have a dielectric 410 formed over the
silicon substrate 402. In an embodiment, the dielectric 410 can be a tunnel
oxide. In some embodiments, the dielectric 410 can be silicon dioxide. In an
embodiment, the solar cell 400 can have first and second emitter regions 412,
414. In some embodiments, the first emitter region 412 can be formed on the
back side 403 of the solar cell 400 and the second emitter region 414 can be
formed on the front side 401 of the solar cell 400. In an example, the first and
second emitter regions 412, 414 can be P-type and/or N-type doped
polysilicon regions.

[0048] In an embodiment, the solar cell 400 can have first and second
metal contacts 442, 444 formed on the first and second emitter regions 412,
414, respectively. In an embodiment, the solar cell 400 can have a textured
surface 404 on the front side 401. In an example, the textured surface 404 can
be a surface which can provide additional light absorption. In an embodiment,

the portion 406 of the silicon substrate 402 can be above a textured surface
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404 as shown. In some embodiments, an anti-reflective region (ARC) 418 can
be formed over the textured surface 404 of the solar cell 400. In some
embodiments, the anti-reflective region 418 can be silicon nitride.

[0049] In an example, impurities and/or contaminants 420, e.g. metal
impurities and/or contaminants, can be located in the first and second emitter
regions 412, 414. In one embodiment, the silicon substrate 402 can have some
impurities 421 remaining after the gettering process.

[0050] Figure 7 illustrates still another solar cell formed from the
method of Figures 1-4, according to some embodiments. The solar cell 500
can have a front side 501 which faces the sun during normal operation and a
back side 503 opposite the front side 501. The solar cell 500 can include a
silicon substrate 502. In an embodiment, the silicon substrate 502 can be a N-
type silicon substrate. In an embodiment, a portion 506 of the silicon substrate
502 can have a doping concentration 522 of approximately equal to or less
than 2x10'8cm?.

[0051] The solar cell 500 can have a dielectric region 510 formed over
the silicon substrate 502. In an embodiment, the dielectric 510 can be a tunnel
oxide. In an embodiment, the dielectric region 510 can be silicon dioxide. In
an embodiment, the solar cell 500 can have first and second emitter regions
512, 514. In an example, the first and second emitter regions 512, 514 can be
P-type and/or N-type doped polysilicon regions, respectively. In one
embodiment, the second emitter region 514 can be at least partially formed
over the first emitter region 512, as shown. In an embodiment, a second
dielectric region 513 can be formed over the first emitter region 512, e.g. to
insulate the first emitter region 512 from the second emitter region 514. In
some embodiments, the second dielectric region 513 can also be silicon
dioxide. In an embodiment, an opening 515 can isolate the second emitter
region 514 from the first metal contact 542.

[0052] In some embodiments, the dielectric region 510 and second

silicon region 514 can be formed over the back side 501 of the solar cell 500.
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[0053] In an example, impurities and/or contaminants 520, e.g. metal
impurities and/or contaminants, can be located in the second emitter region
512 as shown. In an example, the metal impurities 520 can be iron, nickel
and/or chromium among others. In one embodiment, the silicon substrate 502
can have some impurities 521 remaining after the heating process.

[0054] In an embodiment, the solar cell 500 can have first and second
metal contacts 542, 544 formed on the first and second emitter regions 512,
514, respectively. In one embodiment, the solar cell 500 can have a textured
surface 504 on the front side 501 and/or a textured surface 550 on the back
side 503 as shown. In an example, the textured surfaces 504, 550 can be
surfaces which can provide additional light absorption. In an embodiment, the
portion 506 of the silicon substrate 502 can be above a textured surface 504 as

shown. In some embodiments, an anti-reflective region 518 can be formed

over the textured surface 504 of the solar cell 500.

<
A Eeggog 2x10% em? non-poly 2fAlcm? ~3msec Baseline
<900 8.3 2 :
B 4x10 ecm non-poly SfA/cny ~10msec Baseline

D ;eggog 4x10"% em? poly StA/em? ~10msec | Baseline

Table 1. Example Processes for Solar Cell Fabrication

[0055] Turning now to Table 1, a table is shown listing Temperature
and Surface Dopant Concentration and output results, such as Gettering
Location, Surface Passivation, Lifetime and Efficiency, for example processes
of fabricating solar cells.

[0056] The method of Figures 1-4 is exemplified in Example Process
C of Table 1, where a surface, or a portion near the surface, of a silicon

substrate was doped at approximately less than or equal to 2x10'® cm™ and the
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solar cell of Example Process C heated to a temperature above 900 degrees
Celsius. The results from Example Process C are gettering in a polysilicon
region of the silicon substrate, improved surface passivation at approximately
5 fA/cm?, improved lifetime, e.g. typical of approximately 10 psec, and a >
0.5 % efficiency increase as compared to other solar cells, e.g. referenced as
the baseline efficiency.

[0057] In contrast, referring to Example Process A, a surface, or a
portion near the surface, of the silicon substrate was doped at approximately
less than or equal to 2x10'® cm™ and the solar cell of Example Process A
heated to a temperature below 900 degrees Celsius resulting in gettering in a
non-polysilicon region of the solar cell, good surface passivation at
approximately 2 fA/cm?, poor lifetime, e.g. typical of approximately 3 psec
and no considerable, e.g., < 0.5%, efficiency increase from the baseline.

[0058] In another example, referring to Example Process B, a surface
of the silicon substrate was doped at approximately 4x10'® cm™ and the solar
cell of Example Process B heated to a temperature below 900 degrees Celsius
resulting in gettering in a non-polysilicon region of the solar cell, poor surface
passivation at approximately 5 fA/em?, good lifetime, e.g. typical of
approximately 10 psec and no considerable, e.g. < 0.5%, efficiency increase
from the baseline.

[0059] In yet another example comparison, in Example Process D a
surface of the silicon substrate was doped at approximately 4x10'® cm and
the solar cell of Example Process D heated to a temperature above 900 degrees
Celsius also resulted gettering in a polysilicon region of the silicon substrate,
but poor surface passivation at approximately 5 fA/cm?, good lifetime, e.g.
typical of approximately 10 psec and no considerable, e.g. < 0.5%, efficiency
increase from the baseline.

[0060] In all Examples Processes A, B and D either the lifetime or
surface passivation only was improved, and the Example Process C resulted in

improved surface passivation, lifetime and efficiency.
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[0061] With reference to Figures 8-10, example surface passivation,
1/lifetime and efficiency measurements, respectively, for solar cells fabricated
using the methods of the Example Processes A and C of Table 1 is shown.
The results from Figures 8-10 show that the surface passivation, lifetime and
efficiency of solar cells fabricated using the method of Figures 1-4, e.g.,
Example Process C, have improved surface passivation, lifetime and higher
efficiency measurements as compared to the solar cells of Example process A.
[0062] Figure 8 illustrates a graph of surface passivation
measurements from solar cells fabricated using the Example Process A and C
from Table 1. As shown, the Example Process C has lower passivation results
as compared to Example Process A. Lower surface passivation is preferred
for high efficiency solar cells. Thus, the Example Process C has improved
surface passivation results as compared to Example Process A.

[0063] With reference to Figure 9, there is shown a graph of 1/lifetime
measurements from solar cells fabricated using the Example Process A and C
from Table 1. As shown, the Example Process C has higher lifetime, lower
1/lifetime results, as compared to Example Process A. Higher lifetime is
preferred for high efficiency solar cells. Thus, the Example Process C has
improved lifetime results as compared to Example Process A.

[0064] Figure 10 illustrates a graph of efficiency measurements from
solar cells fabricated using the Example Process A and C from Table 1. As
shown, the Example Process C has higher efficiency results as compared to
Example Process A. Higher solar cell efficiency conversion is preferred to
maximize the electricity conversion from collected light. Thus, the Example
Process C has improved efficiency results over Example Process A.

[0065] The results of Figures 8-10 demonstrate that a solar cell
fabrication technique of Figures 1-4 results in overall improvement for surface
passivation, lifetime and efficiency from other techniques, e.g. Example
Processes A, B and D.

[0066] Although specific embodiments have been described above,

these embodiments are not intended to limit the scope of the present
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disclosure, even where only a single embodiment is described with respect to a
particular feature. Examples of features provided in the disclosure are intended
to be illustrative rather than restrictive unless stated otherwise. The above
description is intended to cover such alternatives, modifications, and
equivalents as would be apparent to a person skilled in the art having the
benefit of this disclosure.

[0067] The scope of the present disclosure includes any feature or
combination of features disclosed herein (either explicitly or implicitly), or
any generalization thereof, whether or not it mitigates any or all of the
problems addressed herein. Accordingly, new claims may be formulated
during prosecution of this application (or an application claiming priority
thereto) to any such combination of features. In particular, with reference to
the appended claims, features from dependent claims may be combined with
those of the independent claims and features from respective independent
claims may be combined in any appropriate manner and not merely in the

specific combinations enumerated in the appended claims.
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CLAIMS

What is claimed is:

1. A solar cell, the solar cell having a front side which faces the
sun during normal operation and a back side opposite the front side, the solar
cell comprising:

a silicon substrate, wherein a portion of the silicon substrate has

a dopant concentration of approximately less than or equal to 2x10'8

cm and wherein the portion of the silicon substrate is formed at the

back side of the solar cell;
a first dielectric region formed over the silicon substrate,
wherein the first dielectric region is formed over the front side of solar;
a first emitter region having metal impurities formed over the
first dielectric region; and

a first metal contact formed over the first emitter region.

2. The solar cell of claim 1, wherein the portion of the silicon

substrate comprises N-type dopants.

3. The solar cell of claim 1, wherein the portion of the silicon

substrate comprises phosphorus.

4. The solar cell of claim 1, wherein the portion of the silicon

substrate comprises P-type dopants.

5. The solar cell of claim 1, wherein the portion of the silicon

substrate comprises boron.

6. The solar cell of claim 1, wherein the first emitter region

comprises polysilicon.
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< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
w Total " =
= (37 CF; Iav16(i)) Mins = OR |x =
=] Independent * Minus | *** =
E (37 orR 1.16(h) = OR |x =
<§( Application Size Fee (37 CGFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE($) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
w Total * Minus b =
> (37 oFn ?16@)) OR [x
% Independent Minus b = OR .
w (37 CFR 1.16(h))
<§E Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |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 OFFICE

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

PO, Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
16/877,255 05/18/2020 1757 0.00 131815-255190_P167C2DC 20
CONFIRMATION NO. 2637
149776 FILING RECEIPT
Schwabe Williamson & Wyatt/SunPower
PACWEST CENTER, SUITE 1900 O SRR

1211 SW FIFTH AVENUE
PORTLAND, OR 97204

Date Mailed: 05/28/2020

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

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

Inventor(s)

David D. Smith, Campbell, CA;

Tim Dennis, Canton, TX;

Russelle De Jesus Tabajonda, Banlic Cabuyao City, PHILIPPINES;
Applicant(s)

SunPower Corporation, San Jose, CA;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 16/228,165 12/20/2018 PAT 10658525
which is a DIV of 15/876,927 01/22/2018 PAT 10170642
which is a CON of 15/213,273 07/18/2016 PAT 9899542
which is a CON of 14/579,935 12/22/2014 PAT 9520507

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

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

Permission to Access Application via Priority Document Exchange: Yes

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

If Required, Foreign Filing License Granted: 05/26/2020

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/877,255

Projected Publication Date: To Be Determined - pending completion of Missing Parts
Non-Publication Request: No

Early Publication Request: No
Title

SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR EFFICIENCY
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
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

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

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

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

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof 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
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technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO, Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
16/877,255 05/18/2020 David D. Smith 131815-255190_P167C2DC
CONFIRMATION NO. 2637
149776 FORMALITIES LETTER
Schwabe Williamson & Wyatt/SunPower
PACWEST GENTER, SUITE 1600 O

1211 SW FIFTH AVENUE
PORTLAND, OR 97204
Date Mailed: 05/28/2020

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 application is informal since it does not comply with the regulations for the reason(s) indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

+ A substitute specification in compliance with 37 CFR 1.52, 1.121(b)(3), and 1.125, is required. The substitute
specification must be submitted with markings and be accompanied by a clean version (without markings) as
set forth in 37 CFR 1.125(c) and a statement that the substitute specification contains no new matter (see 37
CFR 1.125(b)). The specification, claims, and/or abstract page(s) submitted is not acceptable and cannot be
scanned or properly stored because:

« The application papers (including any electronically submitted papers) are not in compliance with 37 CFR
1.52 because pages 15 contain text that is unreadable or of insufficient clarity.
Application papers (including any electronically submitted papers) must be presented in a form having
sufficient clarity and contrast between the background of the paper and the writing thereon to permit the
Office to electronically reproduce the papers by use of digital imaging and optical character recognition.
See 37 CFR 1.52(a)(1)(v).

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

« The statutory basic filing fee is missing.
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+ 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.)

+ $ 300 basic filing fee.

+ $ 160 surcharge.

+$ 660 search fee.

+ $ 760 examination fee.

+ $(0) previous unapplied payment amount.

+$1880 TOTAL FEE BALANCE DUE.

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/AuthenticateUserLocalEPF.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.

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.

/dmnguyen/
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

Smith, et al. Examiner: Unassigned
Application No.: 16/877,255 Art Unit: 1757
Filed: May 18, 2020 Confirmation No.: 2637

For: SOLAR CELLS WITH IMPROVED
LIFETIME, PASSIVATION AND/OR
EFFICIENCY

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
PETITION UNDER 37 CFR §1.84(a)(2) TO ACCEPT COLOR DRAWINGS

Dear Examiner:

In reply to the Notice to File Missing Parts of Nonprovisional Application mailed
May 28, 2020, Applicants hereby submit a petition to accept color drawings in the above-
referenced application. The color drawings are necessary as the only practical medium
by which aspects of the claimed subject matter may be accurately conveyed.

In accordance with 37 CFR §1.84(a)(2)(i), the fee set forth in §1.17(h) is being
submitted herewith.

In accordance with 37 CFR §1.84(a)(2)(ii), one set of color drawings is submitted

since they are being filed electronically via EFS Web. No new matter has been

introduced.
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In accordance with 37 CFR §1.84(a)(2)(iii), an amendment to the specification is
hereby submitted to insert the following language as paragraph [0004] of the brief
description of the drawings:

The patent or application file contains at least one drawing
executed in color. Copies of this patent or patent application publication
with color drawing(s) will be provided by the Office upon request and

payment of the necessary fee.
In addition, the specification has been amended to include reference to

new Figure 11 as paragraph [0013], and both clean and marked up versions of a

substitute specification are submitted herewith.

App. No. 16/877,255 2 Examiner: Unassigned
Dkt No. 131815-255190_P167C2DC Art Unit: 1757
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CONCLUSION

The Examiner is respectfully requested to contact the undersigned by telephone if
it is believed that such contact would further the examination of the present application.
Pursuant to 37 C.F.R. 1.136(a)(3), the Applicant(s) hereby request and authorize
the U.S. Patent and Trademark Office to (1) treat any concurrent or future reply that
requires a petition for extension of time as incorporating a petition for extension of time
for the appropriate length of time and (2) charge all required fees, including extension of
time fees and fees under 37 C.F.R. 1.16 and 1.17, to Deposit Account No. 50-0393.
Respectfully submitted,

SCHWABE, WILLIAMSON & WYATT, P.C.

October 27, 2020 /Justin K. Brask/

Date Justin K. Brask
Reg. No. 61,080

1211 SW 5%, Ste. 1900

Portland, OR 97204

Telephone: (503) 222-9981

Facsimile: (503) 796-2900

App. No. 16/877,255 3 Examiner: Unassigned
Dkt No. 131815-255190_P167C2DC Art Unit: 1757
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RECEIVED 5/28/2020 6:59 AM

COPY

UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO, Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
16/877,255 05/18/2020 David D. Smith 131815-255190_P167C2DC
CONFIRMATION NO. 2637
149776 FORMALITIES LETTER
Schwabe Williamson & Wyatt/SunPower
PACWEST GENTER, SUITE 1600 O

1211 SW FIFTH AVENUE
PORTLAND, OR 97204
Date Mailed: 05/28/2020

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 application is informal since it does not comply with the regulations for the reason(s) indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

+ A substitute specification in compliance with 37 CFR 1.52, 1.121(b)(3), and 1.125, is required. The substitute
specification must be submitted with markings and be accompanied by a clean version (without markings) as
set forth in 37 CFR 1.125(c) and a statement that the substitute specification contains no new matter (see 37
CFR 1.125(b)). The specification, claims, and/or abstract page(s) submitted is not acceptable and cannot be
scanned or properly stored because:

« The application papers (including any electronically submitted papers) are not in compliance with 37 CFR
1.52 because pages 15 contain text that is unreadable or of insufficient clarity.
Application papers (including any electronically submitted papers) must be presented in a form having
sufficient clarity and contrast between the background of the paper and the writing thereon to permit the
Office to electronically reproduce the papers by use of digital imaging and optical character recognition.
See 37 CFR 1.52(a)(1)(v).

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

« The statutory basic filing fee is missing.
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COPY

+ 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.)

+ $ 300 basic filing fee.

+ $ 160 surcharge.

+$ 660 search fee.

+ $ 760 examination fee.

+ $(0) previous unapplied payment amount.

+$1880 TOTAL FEE BALANCE DUE.

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/AuthenticateUserLocalEPF.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.

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.

/dmnguyen/
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

Smith, et al. Examiner: Unassigned
Application No.: 16/877,255 Art Unit: 1757
Filed: May 18, 2020 Confirmation No.: 2637

For: SOLAR CELLS WITH IMPROVED
LIFETIME, PASSIVATION AND/OR
EFFICIENCY

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
AMENDMENT UNDER 37 CFR §1.84(a)(2)

Dear Examiner:

This is in reply to the Notice to File Missing Parts of Nonprovisional Application
mailed May 28, 2020. Applicants respectfully request the Examiner to enter this
Amendment and consider the following remarks.

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

Remarks/Arguments begin on page 6 of this paper.
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Amendments to the Specification:

Please insert the following language after the heading “BRIEF DESCRIPTION
OF THE DRAWINGS” on page 2 of the specification as paragraph [0004]:
[0004] The patent or application file contains at least one drawing executed in
color. Copies of this patent or patent application publication with color drawing(s) will

be provided by the Office upon request and payment of the necessary fee.

Please add the following description of new Figure 11 as paragraph [0013] on
page 2 of the specification:

[0013] Figure 11 illustrates example processes for solar cell fabrication.

Please delete “Table 1. Example Processes for Solar Cell Fabrication™ from page
14 of the specification. Table 1 is submitted concurrently herewith as new Fig. 11 in

accordance with 37 CFR §1.84(a)(2)(ii). No new matter has been introduced.

Please replace paragraph [0057] of the specification with the following amended
paragraph:
[0057] Turning now to Fablet Figure 11, a table is shown listing Temperature
and Surface Dopant Concentration and output results, such as Gettering Location,

Surface Passivation, Lifetime and Efficiency, for example processes of fabricating solar

cells.
App. No. 16/877,255 2 Examiner: Unassigned
Dkt No. 131815-255190_P167C2DC Art Unit: 1757

Petitioner Canadian Solar Inc., Ex. 1002, p. 61



Please replace paragraph [0058] of the specification with the following amended
paragraph:

[0058] The method of Figures 1-4 is exemplified in Example Process C of Fable
4 Figure 11, where a surface, or a portion near the surface, of a silicon substrate was
doped at approximately less than or equal to 2x10'® cm™ and the solar cell of Example
Process C heated to a temperature above 900 degrees Celsius. The results from Example
Process C are gettering in a polysilicon region of the silicon substrate, improved surface
passivation at approximately 5 fA/cm?, improved lifetime, e.g. typical of approximately
10 psec, and a > 0.5 % efficiency increase as compared to other solar cells, e.g.

referenced as the baseline efficiency.

Please replace paragraph [0063] of the specification with the following amended
paragraph:
[0063] With reference to Figures 8-10, example surface passivation, 1/lifetime
and efficiency measurements, respectively, for solar cells fabricated using the methods of
the Example Processes A and C of Fable+ Figure 11 is shown. The results from Figures
8-10 show that the surface passivation, lifetime and efficiency of solar cells fabricated
using the method of Figures 1-4, e.g., Example Process C, have improved surface
passivation, lifetime and higher efficiency measurements as compared to the solar cells of

Example process A.

Please replace paragraph [0064] of the specification with the following amended

paragraph:
App. No. 16/877,255 3 Examiner: Unassigned
Dkt No. 131815-255190_P167C2DC Art Unit: 1757
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[0064] Figure 8 illustrates a graph of surface passivation measurements from
solar cells fabricated using the Example Process A and C from Feblet Figure 11. As
shown, the Example Process C has lower passivation results as compared to Example
Process A. Lower surface passivation is preferred for high efficiency solar cells. Thus,
the Example Process C has improved surface passivation results as compared to Example

Process A.

Please replace paragraph [0065] of the specification with the following amended
paragraph:
[0065] With reference to Figure 9, there is shown a graph of 1/lifetime
measurements from solar cells fabricated using the Example Process A and C from Fable
4 Figure 11. As shown, the Example Process C has higher lifetime, lower 1/lifetime
results, as compared to Example Process A. Higher lifetime is preferred for high
efficiency solar cells. Thus, the Example Process C has improved lifetime results as

compared to Example Process A.

Please replace paragraph [0066] of the specification with the following amended
paragraph:
[0066] Figure 10 illustrates a graph of efficiency measurements from solar cells
fabricated using the Example Process A and C from Fable—t Figure 11. As shown, the
Example Process C has higher efficiency results as compared to Example Process A.

Higher solar cell efficiency conversion is preferred to maximize the electricity conversion

App. No. 16/877,255 4 Examiner: Unassigned
Dkt No. 131815-255190_P167C2DC Art Unit: 1757
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from collected light. Thus, the Example Process C has improved efficiency results over

Example Process A.

App. No. 16/877,255 5 Examiner: Unassigned
Dkt No. 131815-255190_P167C2DC Art Unit: 1757
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REMARKS

The following remarks are provided in response to the Notice to File Missing
Parts of Nonprovisional Application mailed May 28, 2020. Applicants hereby submit a
petition to accept color drawings in this application. The color drawings are necessary as
the only practical medium by which aspects of the claimed subject matter may be
accurately conveyed.

In accordance with 37 CFR §1.84(a)(2)(i), the fee set forth in §1.17(h) is being
submitted herewith.

In accordance with 37 CFR §1.84(a)(2)(ii), one set of color drawings is submitted
since they are being filed electronically via EFS Web. No new matter has been
introduced.

In accordance with 37 CFR §1.84(a)(2)(iii), amendments to the specification are
hereby submitted, along with clean and marked versions of a substitute specification.

In response to the Notice to File Missing Parts of Nonprovisional Application, the
basic filing fee, search fee, examination fee and surcharge fee, along with appropriate

extension of time fees are being submitted herewith.
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CONCLUSION

The Examiner is respectfully requested to contact the undersigned by telephone if
it is believed that such contact would further the examination of the present application.
Pursuant to 37 C.F.R. 1.136(a)(3), the Applicant(s) hereby request and authorize
the U.S. Patent and Trademark Office to (1) treat any concurrent or future reply that
requires a petition for extension of time as incorporating a petition for extension of time
for the appropriate length of time and (2) charge all required fees, including extension of
time fees and fees under 37 C.F.R. 1.16 and 1.17, to Deposit Account No. 50-0393.
Respectfully submitted,

SCHWABE, WILLIAMSON & WYATT, P.C.

October 27, 2020 /Justin K. Brask/

Date Justin K. Brask
Reg. No. 61,080

1211 SW 5%, Ste. 1900

Portland, OR 97204

Telephone: (503) 222-9981

Facsimile: (503) 796-2900
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X tis requested that any requisite fees be debited from Deposit Account 50-0393.
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Gigi Hoover

This

Daje 10-27-2020

jerned by 35 U.6.C. 122 and 37 CFF 1,14, Thi take 1 hourto
N 20d/or stggestions for reducing this Sniet fornation

en. should be s <
S8 SEND TO: Commissioner for Patents, P.O. Box

oiiection is estimated

J

Petitioner Canadian Solar Inc., Ex. 1002, p. 69



PCT/US2015/067220
PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file reference

FOR FURTHER see Form PCT/ISA/220
7923P167PCT ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/vear)
PCT/US2015/067220 21 December 2015 (21.12.2015) 22 December 2014 (22.12.2014)
Applicant

SUNPOWER CORPORATION

This International search report has been prepared by this International Searching Authority and is transmitted to the applicant according
to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of 3 sheets.

I:l It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of :

ZI the international application in the language in which it was filed

‘:I a translation of the intermational application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. I:I This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6his(a)).

c. [l With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. L
2. D Certain claims were found unsearchable (See Box No. 1)
3. D Unity of invention is lacking (See Box No. III)

4. With regard to the title,
the text is approved as submitted by the applicant.
l:l the text has been established by this Authority to read as follows:

5. With regard to the abstract,
& the text is approved as submitted by the applicant.
]:I the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority.
6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 1
as suggested by the applicant.
D as selected by this Authority, because the applicant failed to suggest a figure.
El as selected by this Authority, because this figure better characterizes the invention.
b. [:I none of the figures is to be published with the abstract.

Form PCT/ISA/210 (first sheet) (January 2015y
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US2015/067220

A. CLASSIFICATION OF SUBJECT MATTER
HO1L 31/04(2006.01)i, HO1L 31/0224(2006.01)i, HO1L 31/0368(2006.01)i, HO1L 31/14(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO1L 31/04; HO1L 21/322; HO1L 21/469; HO1L 31/0224; HO1L 31/18; HO1L 29/30; HO1L 31/0232; HO1L 23/58; HO1L 31/0368; HO1L
31/14

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS(KIPO internal) & keywords: solar cell, metal impurity, dielectric, emitter, metal contact,
heat, getter contaminants, and similar terms.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y JP 2011-166021 A (SHIN-ETSU CHEMICAL CO., LTD.) 25 August 2011 1-20
See paragraphs [0001]-100041, [0009]-10032], and [0048];
claim 1; and figures 1-3.

Y US 2012-0305060 A1 (JIANMING FU et al.) 06 December 2012 1-20
See paragraphs [0030]-[0056]1: claims 1 and 3; and figures 1-4.

Y US 2014-0166095 A1 (PAUL LOSCUTOFF et al.) 19 June 2014 10-11
See paragraphs [0012]-[00331; claim 7; and figures 1-13.

A US 2010-0105190 A1 (RAFEL FERRE 1 TOMAS) 29 April 2010 1-20
See paragraphs [0023]-[00301; claims 1-5; and figures la-lc.

A US 2008-0197454 A1l (JEAN PATRICE RAKOTONIANA et al.) 21 August 2008 1-20
See paragraphs [0034]-[0043}: claims 1 and 10; and figures 6-8.

A US 2008-0217747 A1l (MICHAEL P. CHUDZIK et al.) 11 September 2008 1-20
See paragraphs [0024]-[0059] and figures 1A-2B.

I:] Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E"  carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
29 April 2016 (29.04.2016) 29 April 2016 (29.04.2016)
Name and mailing address of the ISA/KR Authorized officer
; International Application Division

§ Korean Intellectual Property Office NHO, Ji Myong
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea i

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-8528

Form PCT/ISA/210 (second sheet) (January 2015y
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INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2015/067220
Patent document Publication Patent family Publication
cited in search report date member(s) date
JP 2011-166021 A 25/08/2011 JP 5338702 B2 13/11/2013
US 2012-0305060 Al 06/12/2012 CN 103650165 A 19/03/2014
EP 2715802 A2 09/04/2014
EP 2715802 A4 10/12/2014
US 2015-0236177 Al 20/08/2015
US 9054256 B2 09/06/2015
WO 2012-166974 A2 06/12/2012
WO 2012-166974 A3 18/04/2013
US 2014-0166095 Al 19/06/2014 AU 2013-362916 Al 18/06/2015
CN 104885232 A 02/09/2015
EP 2936570 Al 28/10/2015
KR 10-2015-0097647 A 26/08/2015
SG 11201504664 A 30/07/2015
TW 201432923 A 16/08/2014
WO 2014-100004 Al 26/06/2014
US 2010-0105190 Al 29/04/2010 CN 102197497 A 21/09/2011
EP 2180531 Al 28/04/2010
JP 2012-506629 A 15/03/2012
KR 10-2011-0086833 A 01/08/2011
TW 201030854 A 16/08/2010
US 8124502 BZ 28/02/2012
WO 2010-046284 Al 29/04/2010
US 2008-0197454 Al 21/08/2008 EP 2168149 Al 31/03/2010
EP 2168149 A4 28/12/2011
EP 2168149 B1 19/06/2013
WO 2008-101144 A1l 21/08/2008
US 2008-0217747 Al 11/09/2008 CN 101361173 A 04/02/2009
EP 1974372 A2 01/10/2008
EP 1974372 A4 09/12/2009
JP 2009-524239 A 25/06/2009
JP 5336857 B2 06/11/2013
KR 10-1144436 Bl 15/05/2012
KR 10-2008-0094894 A 27/10/2008
US 2007-0173008 Al 26/07/2007
US 7425497 B2 16/09/2008
US 7750418 B2 06/07/2010
WO 2007-087127 A2 02/08/2007
WO 2007-087127 A3 22/11/2007

Form PCT/ISA/210 (patent family annex) (January 2015)
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PCT/US2015/067220

PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

To:
VINCENT, LESTER J.

BLAKELY SOKOLOFF TAYLOR & ZAFMAN LLP 1279
OAKMEAD PARKWAY SUNNYVALE CA 94085 USA

PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Date of mailing
(day/month/vear) 29 April 2016 (29.04.2016)

Applicant's or agent's file reference
7923P167PCT

FOR FURTHER ACTION
See paragraph 2 below

International application No.

PCT/US2015/067220

International filing date (day/month/vear)
21 December 2015 (21.12.2015)

Priority date(day/month/year)
22 December 2014 (22.12.2014)

International Patent Classification (IPC) or both national classification and IPC
HOIL 31/04(2006.01)i, HOIL 31/0224(2006.01)i, HOIL 31/0368(2006.01)i, HO1L 31/14(2006.01)i

Applicant
SUNPOWER CORPORATION

2. FURTHER ACTION

For further options, see Form PCT/ISA/220.

1. This opinion contains indications relating to the following items:

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Reasoned statement under Rule 43bis. 1(a)(i) with regard to novelty. inventive step and industrial applicability;

VA BoxNo. I Basis of the opinion
D BoxNo. I Priority
[[] BoxNo.mr
D BoxNo. IV~ Lack of unity of invention
X] BoxNo.V
] citations and explanations supporting such statement
D BoxNo. VI  Certain documents cited
D Box No. VII  Certain defects in the international application
K{ Box No. VIII Certain observations on the international application

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority ("IPEA") except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66. 1bis(b) that written
opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the
IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing
of Form PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

Name and mailing address of the ISA/KR
- International Application Division

gKorean Intellectual Property Office
N 189 Cheongsa-ro, Seo-gu, Dagjeon,
35208, Republic of Korea
Facsmule No. +82-42-481-8578

Date of completion of this opinion | Authorized officer

29 April 2016 (29.04.2016)

NHO, Ji Myong

Telephone No. +82-42-481-8528

Form PCT/ISA/237 (cover sheet) (January 2015)
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International application No.
WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2015/067220

Box No. I Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of :
the international application in the language in which it was filed

D a translation of the international application into which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

2. D This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43his.1(a))

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has
been established on the basis of a sequence listing;

a. D forming part of the international application as filed:
D in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. D furnished together with the international application under PCT Rule 13fer. 1(a) for the purposes of international
search only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:
in the form of an Annex C/ST.25 text file (Rule 13rer.1(a)).
D on paper or in the form of an image file (Rule 137er.1(b) and Administrative Instructions, Section 713).

4, D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/US2015/067220

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N} Claims  1-20 YES
Claims NONE NO

Inventive step (IS) Claims NONE YES
Claims 1-20 NO

Industrial applicability (IA)  Claims 1-20 YES
Claims NONE NO

2. Citations and explanations :

Reference is made to the following documents:

D1: JP 2011-166021 A (SHIN-ETSU CHEMICAL CO., LTD.) 25 August 2011
D2: US 2012-0305060 Al (JIANMING FU et al.) 06 December 2012

D3: US 2014-0166095 Al (PAUL LOSCUTOFF et al) 19 June 2014

2.1 Novelty and Inventive Step
2.1.1 Concerning Claims 1-8
D1, which is considered to be the closest prior art to the subject matter of claims 1-8,
discloses a solar cell comprising:

a p-type silicon substrate 1 (see paragraphs [0003] and [0048]; and figure 1);

an n-type impurity diffusion layer 2 disposed over the substrate, the diffusion layer having
a metal impurity by high temperature heat treatment and forming in a single emitter structure
(see paragraphs [0003], [0020], and [0025]; and figure 1); and

an electrode 7 -electrically connected to the impurity diffusion layer (see paragraphs
[0003], [0009], and [0048]; and figure 1).

2.1.1.1 Independent Claim 1

Claim 1 differs from D1 in that a solar cell of claim 1 comprises a dielectric region over a
silicon substrate, wherein a portion of the silicon substrate has a dopant concentration of less
than or equal to 2*10" cm™. However, the difference can be casily derived from the feature of
D2 in analogous art (a quantum-tunneling-barrier layer (dielectric material is deposited) situated
above a base laver (SG-Si substrate 200), wherein a doping concentration of the base layer 304
can be between 1x10%/cm’® and 1x107/cm’(see paragraphs [0034] and [0046]; claim 1 and
figure 2B)). Accordingly, it would be obvious to a person skilled in the art to combine the
disclosures of D1 and D2, thereby arriving at the claim 1. Therefore, claim 1 is novel under
PCT Article 33(2), but lacks an inventive step under PCT Article 33(3).

Continued on Supplemental Box
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International application No.
WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY PCT/US2015/067220

Box No. VIII Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully
supported by the description, are made:
Claim 8 is worded in reference to 'the second emitter region' of claim 5. However, said 'second emitter region’ has not been
previously worded in claim 5. Therefore, claim 8 does not meet the requirement of PCT Article 6.
(NOTE : Referring to the description, it is understood that claim 8 is dependent on claim 6. Accordingly, this written opinion has
been established on the assumption that claim 8 refers to claim 6.)
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International application No.
WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY PCT/US2015/067220

Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of : Box No. V

2.1.1.2 Dependent Claims 2-8

Claims 2-8 are directly or indirectly dependent on claim 1.

The additional features of claims 2 and 3 can be easily derived from the features of D2
(emitter layer 206 is situated on the front side of the solar cell facing the incident sunlight
(see paragraph [0035]); it is also possible to fabricate tunneling junction solar cells with an
emitter layer situated on the backside of the solar cell (see paragraph [0053]); and a front-side

electrode and a back-side clectrode (see claim 1)).

The additional feature of claim 4 can be ecasily derived from the feature of D2 (the doping
concentration of base layer 304 can be between 1x10/cm® and 1x10"7/cm® (see paragraph
[0046])).

The additional feature of claim 5 is merely a matter of design option in view of the feature of
D2 (the emitter layer comprises at least one of amorphous-Si (a-Si) and amorphous-SiC (a-SiC)

(see claim 3)).

The additional featurcs of claims 6-8 are merely matters of design option in view of the
features of D2 (emitter layer 206 is situated on the front side of the solar cell facing the
incident sunlight (see paragraph [0035]); it is also possible to fabricate tunneling junction solar
cells with an emitter layer situated on the backside of the solar cell (see paragraph [0053]);

and a front-side electrode and a back-side clectrode (see claim 1)).

Accordingly, claims 2-8 would have been obvious to a person skilled in the art over DI in
view of D2. Therefore, claims 2-8 are novel under PCT Article 33(2), but lack an inventive
step under PCT Article 33(3).

2.1.2 Concerning Claims 9-15
D1, which is considered to be the closest prior art to the subject matter of claims 9-13,
discloses a method comprising:
forming a p-type silicon substrate 1 (see paragraphs [0003] and [0048]; and figure 1); and
forming n-type impurity diffusion layer 2 in a single emitter structure over the substrate,
the diffusion layer having a metal impurity by high temperature heat treatment, wherein the
high temperature heat treatment is 800-1050 °C (sec paragraphs [0019]-[0020] and [0025]; and
figure 1).
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2.1.2.1 Independent Claim 9

Claim 9 differs from D1 i that the method of claim 9 comprises the steps of: forming a
diclectric region on a silicon substrate; and forming a dopant region on a surface of the silicon
substrate. However, the differences can be easily derived from the feature of D2 in analogous
art (a quantum-tunneling-barrier layer (diclectric material is deposited) situated above a base
laver (SG-Si substrate 200), wherein a doping concentration of the base layer 304 can be
between 1x10%/cm® and 1x10"/cm® (see paragraphs [0034] and [0046]; claim 1; and figure
2B)). Accordingly, it would be obvious to a person skilled in the art to combine the
disclosures of D1 and D2 to arrive at claim 9. Therefore, claim 9 is novel under PCT Article
33(2), but lacks an inventive step under PCT Article 33(3).

2.1.2.2 Dependent Claims 10-11
Claims 10-11 are directly or indirectly dependent on claim 9.

The additional features of claims 10 and 11 are not explicitly disclosed in D1 and D2.
However, the features are merely matters of design option in view of D3 in analogous art
(forming a first emitter on the thin diclectric layer on a backside of the solar cell (see claim
7). forming a second emitter in the single crystalline silicon substrate on the backside the solar
cell (see claim 7); and forming a first metal contact connected to the first emitter and a
second metal contact connected to the second emitter on the backside of the solar cell (see

claim 7)).

Accordingly, claims 10-11 would have been obvious to a person skilled in the art over D1 and
D2 in view of D3. Therefore, claims 10-11 are novel under PCT Article 33(2), but lack an
inventive step under PCT Article 33(3).

2.1.2.3 Dependent Claims 12-15

Claims 12-15 are directly or indirectly dependent on claim 9.

The additional features of claims 12 and 13 can be easily derived from the feature of DI
(heating at 200 °C for 10 minutes to form n-type diffusion layer (see paragraph [0032])).

The additional feature of claim 14 is merely a matter of design option in view of the feature
of D2 (the emitter layer comprises at least one of amorphous-Si (a-Si) and amorphous-SiC
(a-SiC) (see claim 3)).
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The additional feature of claim 15 can be casily derived from the feature of D2 (an n-type

doped (using phosphorous) SG-Si wafer is selected (see paragraphs [0031] and [0036])).

Accordingly, claims 12-15 would have been obvious to a person skilled in the art over D1 in
view of D2. Therefore, claims 12-15 are novel under PCT Article 33(2), but lack an inventive
step under PCT Article 33(3).

2.1.3 Concerning Claims 16-20
D1, which is considered to be the closest prior art to the subject matter of claims 16-20,
discloses a method comprising:
forming a p-tvpe silicon substrate 1 (see paragraphs [0003] and [0048]. and figure 1); and
forming n-type impurity diffusion layer 2 in a single emitter structure over the substrate,
the diffusion layer having a metal impurity by high temperature heat treatment, wherein the
high temperature heat treatment is 800-10530 °C (sec paragraphs [0019]-[0020] and [0025]; and
figure 1).

2.1.3.1 Independent Claim 16

Claim 16 differs from D1 in that the method of claim 16 comprises the steps of forming a
dielectric region on a silicon substrate; forming a second emitter region having metal impurity
over the dielectric region on the back side of the solar cell; forming a dopant region on a
surface of the silicon substrate; and forming first and second metal contacts over the first and
second emitter regions, respectively. However, these features arc merely matters of design
option in view of D2 in analogous art (a quantum-tunneling-barrier layer (dielectric material is
deposited) situated above a base layer (SG-Si substrate 200), wherein a doping concentration of
the base layer 304 can be between 1x10%/cm® and 1x10"7/cm’ (see paragraphs [0034] and
[0046]; claim 1 and figure 2B); emitter layer 206 is situated on the front side of the solar cell
facing the incident sunlight (sce paragraph [0035]); it is also possible to fabricate tunncling
junction solar cells with an emitter layer situated on the backside of the solar cell (see
paragraph [0053]); and a front-side clectrode and a back-side clectrode (see claim 1))
Accordingly, it would be obvious to a person skilled in the art to combine the disclosures of
D1 and D2 to arrive at claim 16. Therefore, claim 16 i1s novel under PCT Article 33(2), but
lacks an inventive step under PCT Article 33(3).
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2.1.3.2 Depedent Claims 17-20

Claims 17-20 are directly or indirectly dependent on claim 16.

The additional features of claims 17 and 18 can be casily derived from the feature of DI
(heating at 200 °C for 10 minutes to form a n-type diffustion layer (sec paragraph [0032])).

The additional feature of claim 19 is merely a matter of design option in view of the feature
of D2 (the cmitter layer comprises at lcast one of amorphous-Si (a-Si) and amorphous-SiC
(a-SiC) (see claim 3)).

The additional feature of claim 20 can be easily derived from the feature of D2 (an n-type
doped (using phosphorous) SG-Si wafer is selected (sec paragraphs [0031] and [0036])).

Accordingly, claims 17-20 would have been obvious to a person skilled in the art over D1 in
view of D2. Therefore, claims 17-20 are novel under PCT Article 33(2), but lack an inventive
step under PCT Article 33(3).

2.2 Industrial Applicability
Claims 1-20 arc industrially applicable under PCT Article 33(4).
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1. Statement
Novelty (N) Claims  1-20 ‘ YES
Claims  NONE NO
Inventive step (IS) Claims ~ NONE YES
Claims 120 NO
Industrial applicability (IA)  Claims 1-20 ‘ YES
Claims NONE NO

2. Citations and explanations :

Reference is made to the following documents:

D1: JP 2011-166021 A (SHIN-ETSU CHEMICAL CO., LTD.) 25 August 2011
D2: US 2012-0305060 Al (JIANMING FU et al.) 06 December 2012

D3: US 2014-0166095 Al (PAUL LOSCUTOFF et al) 19 June 2014

2.1 Novelty and Inventive Step
2.1.1 Concerning Claims 1-8
D1, which is considered to be the closest prior art to the subject matter of claims 1-8,
discloses a solar cell comprising:

a p-type silicon substrate 1 (see paragraphs [0003] and [0048]; and figure 1);

an n-type impurity diffusion layer 2 disposed over the substrate, the diffusion layer having
a metal impurity by high temperature heat treatment and forming in a single emitter structure
(see paragraphs [0003], [0020], and [0025]; and figure 1); and

an electrode 7 electrically connected to the impurity diffusion layer (see paragraphs
[0003], [0009], and [0048]; and figure 1).

2.1.1.1 Independent Claim 1

Claim 1 differs from D1 in that a solar cell of claim 1 comprises a dielectric region over a
silicon substrate, wherein a portion of the silicon substrate has a dopant concentration of less
than or equal to 2*10"™ cm™ However, the difference can be easily derived from the feature of
D2 in analogous art (a quantum-tunneling-barrier layer (dielectric material is deposited) situated
above a base layer (SG-Si substrate 200), wherein a doping concentration of the base layer 304
can be between 1x10%/cm® and 1x10'/cm*(see paragraphs [0034] and [0046]; claim 1 and
figure 2B)). Accordingly, it would be obvious to a person skilled in the art to combine the
disclosures of D1 and D2, thereby arriving at the claim 1. Therefore, claim 1 is novel under
PCT Article 33(2), but lacks an inventive step under PCT Article 33(3).

Continued on Supplemental Box
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The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully
supported by the description, are made:
Claim 8 is worded in reference to 'the second emitter region' of claim 5. However, said 'second emitter region' has not been

previously worded in claim 5. Therefore, claim 8 does not meet the requirement of PCT Axticle 6. ‘
(NOTE : Referring to the description, it is understood that claim 8 is dependent on claim 6. Accordingly, this written opinion has

been established on the assumption that claim 8 refers to claim 6.)
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2.1.1.2 Dependent Claims 2-8
Claims 2-8 are directly or indirectly dependent on claim 1.

The additional features of claims 2 and 3 can be easily derived from the features of D2

(emitter layer 206 is situated on the front side of the solar cell facing the incident sunlight

(see paragraph [0035]); it is also possible to fabricate tunneling junction solar cells with an

emitter layer situated on the backside of the solar cell (see paragraph [0053]); and a front-side
. electrode and a back-side electrode (see claim 1)).

The additional feature of claim 4 can be easily derived from the feature of D2 (the doping -
concentration of base layer 304 can be between 1x10%/cm® and 1x10"/cm® (see paragraph
[0046])).

The additional feature of claim 5 is mercly a matter of design option in view of the feature of
D2 (the emitter layer comprises at least one of amorphous-Si (a-Si) and amorphous-SiC (a-SiC)

(see claim 3)).

The additional features of claims 6-8 are merely matters of design option in view of the
features of D2 (emitter layer 206 is situated on the front side of the solar cell facing the
incident sunlight (see paragraph [0035]); it is also possible to fabricate tunneling junction solar
cells with an emitter layer situated on the backside of the solar cell (see paragraph [0053]);
and a front-side electrode and a back-side electrode (see claim 1)).

- Accordingly, claims 2-8 would have been obvious to a person skilled in the art over DI in
view of D2. Therefore, claims 2-8 are novel under PCT Article 33(2), but lack an inventive
step under PCT Article 33(3).

2.1.2 Concerning Claims 9-15
D1, which is considered to be the closest prior art to the subject matter of claims 9-15,
discloses a method comprising:
forming a p-type silicon substrate 1 (see paragraphs [0003] and [0048]; and figure 1); and
forming n-type impurity diffusion layer 2 in a single emitter structure over the substrate,
the diffusion layer having a metal impurity by high temperature heat treatment, wherein the
high temperature heat treatment is 800-1050 °C (see paragraphs [0019]-[0020] and [0025]; and
figure 1).
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2.1.2.1 Independent Claim 9

Claim 9 differs from D1 in that the method of claim 9 comprises the steps of forming a
dielectric region on a silicon substrate; and forming a dopant region on a surface of the silicon
substrate. However, the differences can be easily derived from the feature of D2 in analogous
art (a quantum-tunneling-barrier layer (diclectric material is deposited) situated above a base
layer (SG-Si substrate 200), wherein a doping concentration of the base layer 304 can be
between 1x10%/cm’® and 1x10"/cm’ (see paragraphs [0034] and [0046]; claim 1; and figure
2B)). Accordingly, it would be obvious to a person skilled in the art to combine the
disclosures of D1 and D2 to arrive at claim 9. Therefore, claim 9 is novel under PCT Article
33(2), but lacks an inventive step under PCT Article 33(3).

2.1.2.2 Dependent Claims 10-11

Claims 10-11 arc directly or indirectly dependent on claim 9.

The additional features of claims 10 and 11 are not explicitly disclosed in D1 and D2,
However, the features are merely matters of design option in view of D3 in analogous art
(forming a first emitter on the thin dielectric layer on a backside of the solar cell (see claim
7);, forming .a second emitter in the single crystalline silicon substrate on the backside the solar
cell (see claim 7); and forming a first metal contact connected to the first emitter and a
second metal contact connected to the second emitter on the backside of the solar cell (see
claim 7)).

Accordingly, claims 10-11 would have been obvious to a person skilled in the art over D1 and
D2 in view of D3. Therefore, claims 10-11 are novel under PCT Article 33(2), but lack an
inventive step under PCT Article 33(3).

-

2.1.2.3 Dependent Claims 12-15
Claims 12-15 are directly or indirectly dependent on claim 9.

The additional features of claims 12 and 13 can be easily derived from the feature of D1
(heating at 200 °C for 10 nmunutes to form n-type diffusion layer (sec paragraph [0032])).

The additional feature of claim 14 is merely a matter of design option in view of the feature
of D2 (the emitter layer comprises at least one of amorphous-Si (a-Si) and amorphous-SiC
(a-SiC) (see claim 3)).

Continued on The Next Page
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The additional feature of claim 15 can be easily derived from the feature of D2 (an n-type
doped (using phosphorous) SG-Si wafer is selected (see paragraphs [0031] and [0036])).

Accordingly, claims 12-15 would have been obvious to a person skilled in the art over D1 in
view of D2. Therefore, claims 12-15 are novel under PCT Article 33(2), but lack an inventive
step under PCT Article 33(3).

=, 2.1.3 Concerning Claims 16-20
D1, which is considered to be the closest prior art to the subject matter of claims 16-20,
discloses a method comprising: :
forming a p-type silicon substrate 1 (see paragraphs [0003] and [0048]; and figure 1); and
forming n-type impurity diffusion layer 2 in a single emitter structure over the substrate,
the diffusion layer having a metal impurity by high temperature heat treatment, wherein the
high temperature heat treatment is 800-1050 °C (see paragraphs [0019]-[0020] and [0025]; and
figure 1).

2.1.3.1 Independent Claim 16

Claim 16 differs from D1 in that the method of claim 16 comprises the steps of: forming a
dielectric region on a silicon substrate; forming a second emitter region having metal impurity
over the dielectric region on the back side of the solar cell; forming a dopant region on a
surface of the silicon substrate; and forming first and second metal contacts over the first and
second emitter regions, respectively. However, these features are merely matters of design
option in view of D2 in analogous art (a quantum-tunneling-barrier layer (dielectric material is
deposited) situated above a base layer (SG-Si substrate 200), wherein a doping concentration of
the base layer 304 can be between 1x10'%cm® and 1x10'/cm® (see paragraphs [0034] and
[0046]; claim 1 and figure 2B); emitter layer 206 is situated on the front side of the solar cell
facing the incident sunlight (see paragraph [0035]); it is also possible to fabricate tunneling
junction solar cells with an emitter layer situated on the backside of the solar cell (see
paragraph [0053]); and a front-side electrode and a back-side electrode (see claim 1)).
Accordingly, it would be obvious to a person skilled in the art to combine the disclosures of
D1 and D2 to arrive at claim 16. Therefore, claim 16 is novel under PCT Article 33(2), but
lacks an inventive step under PCT Article 33(3).
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2.1.3.2 Depedent Claims 17-20

Claims 17-20 are directly or indirectly dependent on claim 16.

The additional features of claims 17 and 18 can be easily derived from the feature of D1
(heating at 200 °C for 10 minutes to form a n-type diffustion layer (see paragraph [0032])).

The additional feature of claim 19 is merely a matter of design option in view of the feature
of D2 (the emitter layer comprises at least one of amorphous-Si (a-Si) and amorphous-SiC
(a-SiC) (see claim 3)).

The additional feature of claim 20 can be easily derived from the feature of D2 (an n-type
doped (using phosphorous) SG-Si wafer is selected (see paragraphs [0031] and [0036])).

Accordingly, claims 17-20 would have been obvious to a person skilled in the art over DI in
view of D2. Therefore, claims 17-20 are novel under PCT Article 33(2), but lack an inventive
step under PCT Article 33(3).

2.2 Industrial Applicability
Claims 1-20 are industrially applicable under PCT Article 33(4).
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Abstract of CN1DZER40TT (A}

The invention relates o g preparation method of a CIGS (coppsr indium gallium
disslenids) thin-film solar cell The praparation method comprises the steps of. a)
praparing a molybdenum back aleclrode on a subsirate; b} preparing a CIGS absorbing
layer on the molybdenum back slectrods, ¢ conducting annealing treatment; d}
preparing an n2Se3 or InS buffer layer on the CIGS absorbing layer, &) preparing an
intrinsic zine oxide high-impedance layer on the In2S8e3 or Ind buffer layer; ) preparing
an indium tin oxids thin-film low-impedance layer on the infrinsic zinc oxide high-
impeadance layer; and g} preparing an aluminum electrode on the indium tin oxide thin-
film low-impedance layer.
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DESCRIPTION CN102694077

The invention relates to a method for preparing a copper indium gallium selenide thin film solar cell, comprising:
a) preparing a molybdenum back electrode on a substrate; b) preparing a copper indium gallium selenide
absorption layer on the molybdenam back electrode; ¢} performing annealing Processing; d) preparing an InSe
or ZnS buffer layer on the copper indium gallium selenide absorber layer; ¢) preparing an intrinsic zinc oxide
high resistance layer on the InSe or ZnS buffer layer; {) in the intrinsic zinc oxide high impedance A low-
irapedance layer of indium tin oxide film is prepared on the layer; g) an aluminum electrode is prepared on the
low-impedance layer of the indium tin oxide film.

Methaod for preparing copper indium gallium selenide thin film solar cell
Technical field:

The present invention relates to the field of solar cells, and more particularly to a method for preparing a copper
indium gallium selenide thin filr solar cell absorber layer.

Background technique:

As is well known, the copper indium gallium selenide compound has a chalcopyrite structure and can be
prepared as a material for solar power generation on a soft or rigid substrate, and the copper indium gallium
selenide thin filim solar cell thus produced has the advantages of high stability and low cost. . At present, the
energy available on the earth is becoming shorter and shorter, and it is an indisputable fact that petrochemical
energy will emit carbon and sutfur oxides during use, causing air pollution and aggravating the global warming
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effect of the earth. . Therefore, the development of pollution-free renewable energy is one of the top research
projects in the world. Solar energy is a pollution-free energy source and one of the best choices for renewable
energy. The developrment of solar energy is primarily the development of materials that produce high efficiency
conversion of solar energy into electrical energy.

The copper indium gallium selenide compound material is a compound semiconductor material having a
chalcopyrite structure, which is a direct band gap material, can absorb sunlight having a large wavelength range,
and has seli-modulating self-composition to form a pn junction, and is recognized. One of the best materials for
the absorption layer of solar cells, such as copper indium gallium diselenide (Ca{(In(Ga)Se2), referred to as CIGS,
is the semiconductor material with the highest light absorption capability. Due to the high light absorption rate
advantage of CIGS, the thickness of the CIGS absorber layer can be 1~2 ¢ m. Generally, the cost of CIGS
material is only .03 US dollars/watt in mass production manufacturing, so it is highly competitive and
promising. Solar power generation can be the same or even lower than traditional fossil fuel power generation.
Therefore, how to prepare a low-cost, high-efficiency copper indium gallinm selenide solar thin filim battery is
one of the most worthy research topics.

CIGS thin-film solar cells have two advantages: 1 is that the photoelectric conversion layer can be very thin, a few
microns; second, its band gap (forbidden band width) can be controlled by the ratio of Ga {(gallium) in the
proportion of copper indium gallium selenide compound. According to the prior art, the ratio of Ga and In has
the following relationship with the band gap (Eg), Eg{eV)=1.02+0.67y+0.11y(y-1}, wherein the atomic content
of y=hv/{Ga+In) proportion. The theory shows that a single bandgap solar cell can not make the maximum use
of solar energy, that is, the photon energy is too small to generate electron-hole pairs, and the photon with too
much energy can only excite an electron-hole pair, excess energy. It can only be converted into heat that is not
conducive to the efficiency of solar cells. Therefore, from the perspective of improving the efficiency of solar celis,
it is hoped that solar cells have a lot of band gaps to absorb as much solar energy as possible, and the tunable
characteristics of the band gap of CIGS compounds can precisely realize such an idea. The content ratio of Ga
can be adjusted in the preparation of the CIGS film. Increasing the ratio of Ga increases the band gap of the CIGS
compound.

The methods for preparing CIGS films have been described in the prior art as: (1) selenization, (2} lamination,
(3} multi-source (two or three source} evaporation, (4) sputtering, { 5} deposition method, (6} spray method,
{7} spin coating method, (8) vacuum heating synthesis method, and the like. And (1} selenization method, (2}
lamination method, (3} multi-source (two or three source} evaporation method, (4) sputtering method requires
vulcanization of CIGS film in a certain process flow or Selenization treatiment, by Sulphurization or selenization
treatment, S and Se atoms can be reacted with Cu-In-Ga by diffusion to form CulnGaSe compound, which is
called valcanization or selenization.

18-08-2019 2

Petitioner Canadian Solar Inc., Ex. 1002, p. 107



There are soroe disadvantages in the method of selenization to prepare a thin {ilmo solar cell baving a chalcopyrite
structure, such as a long production cycle, a large energy consumption, consumption of Se, a high toxicity of Se,
a poor distribution of Se, a gradient of Se, and the like.

In addition, for the gradient distribution process of regulating Ga, the above various processes are refatively
difficult to implement in one step. For example, the three-stage co-evaporation method developed by the NREL
laboratory in the United States realizes that the above-mentioned band gap gradient A or V-shaped band gap
gradient is jovolved iu the evaporation reaction in three different elements, aud the process is very complicated
and requires precise control in real time. Can be achieved. Although this method can prepare a solar thin {ilm
battery with high conversion efficiency, it is disadvantageous for low-cost, large-area, large-scale production.

Summary of the invention

The invention provides a preparation method of a copper indiam gallivm selenide thin film solar cell, which
comprises:

a) preparing a molybdenum back electrode on the substrate;

b) preparing a copper indium gallium selenide absorber layer on the molybdenum back electrode: using a
vacuum magnetron sputtering method, using a CulnxGal-xSe? alloy target for sputtering, and setting a
CuGaSe? alloy target with x=0 as the target 1, setting x=0.8 The CulnxGal-xSe2 alloy target of 0.6 is the target 2,
and the target 1 is first sputtered for 2 to 4 minutes at any high power density between high power density
4W/erm<2> to §W/cm<2>, and then The farget 1 and the target 2 are co-spuitered, and the initial power density
for sputtering the target 2 at this time is any low power density between 0.3 W/em<2> and 1 W/em<2>, and the
target 1 is The high power density for sputtering is set to continuously decrease in operation, and in the state
where the target 1 and the target 2 are co-sputiered, when the power density of the sputtering of the target 1is
continuously decreased, the target 2 is simulfancously The power density at which sputtering is performed is
continuously increasing, and finally, until the power density for sputtering of the target 1 is decreased to any low
power density between 0.3 W/em<2> and 1 W/em<2>, the target 2 is subjected to The power density of
sputtering is increased to any high power density between 4 W/em<2> and 8 W/em<2>, and the time for
performing co-sputtering is 30-60 minutes, so that Ga in the copper indium gallium selenide absorption layer
concentrated Gradient is formed, in which the concentration of the side absorbent fayer in contact with the
highest Mo back electrode, the lowest concentration at the opposite other side of the absorbent layer;

¢} annealing treatment: annealing the copper indium gallium selenide absorber layer in a vacuurn chamberina
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rapid heating manner, the teroperatare is 400~ Cio 600 C, and the annealing tiroe is 55 to 90 seconds;

d) preparing a buffer layer of In2Se3 or ZnS on the copper indium gallium selenide absorber layer, the thickuess
of which is 80 to 120 nim;

e} preparing an intrinsic zine oxide high-resistance layer on the In25e3 or ZnS buffer layer, having a thickness of
0.11005 vy

f} preparing a low-trupedance layer of indium tin oxide film on the intrinsic zinc oxide high-resistance layer,
having a thickness of 0.3 t0 0.8 pmy;

g} preparing an aluminum electrode on a low-impedance layer of an indium tin oxide film.

Wherein: the thickness of the copper indium galium selenide absorber layer is from 1.5 micrometers to 2
micrometers.

Wherein: in performing step b, the working pressure in the sputtering chamber is 1 > 10<-4>Tosr, and the
temperature of the substrate is maintained at any temperature between 350 C.and 450" C.

Wherein: in the performing step d}, using the vacuum magnetron sputtering method, using the In25e3 or ZnS
alloy target, the working pressure of the vacuurn raguetron sputtering is 1-5 X 10<-3> Torr and the Ar gasis
introduced, and the lining is performed. The temperature of the botfom is kept at room temperature.

Wherein: in the performing step ¢}, using the RF vacuum magnetron sputtering method, the target is intrinsic
zine oxide, and the working pressure of the RF vacuum magnetron sputtering is 1-5 X 10<-3> Torr, and the
operating frequency is 400K ~2MHz, and Ar gas is introduced, and the temperature of the substrate is kept at
ro0m femperature.

Among them: vacuum DC magnetron sputtering method, the target is indium tin oxide In203: Sn02, In203%:
SnO2 mass ratio is 9:1, vacuum DC magnetron sputtering working pressure is 1-5 X 10<-3 > Torr, and Ar gas
doped with 2% to 5% (2 was introduced, and the temperature of the substrate was kept at room temperature.
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According to the method of the present invention, the selenization-free process flow and the cadmium-free
In2Se3 or ZnS buffer layer can not only avoid the toxic gases of H2Se and H2S, but also use cadmium-free
compounds, which is environmentally friendly and can reduce costs, and enables the production process. The
equipment has the advantages of simple energy consumption and short production cycle.

Compared with the prior art, the present invention has the following advantages: all the processes of the present
invention are dry process processes, and the process does not use chernical solvents and solutions, The
absorption layer of the solar cell can be obtained in one step to obtain a stable crystalline absorption layer,
eliminating the need for an industrial process for selenization or vulcanization of the absorption layer, which
greatly shortens the production cycle, reduces production equipment, and avoids production processes.
Environmental pollution and potential dangers. The process steps of the present invention are simplified, energy
consumption is small, and thus production costs are reduced.

DRAWINGS

1 is a flow chart showing a method of preparing an absorption layer of a copper indiurmn gallium selenide thin film
solar cell of the present invention;

Figure 2 is a graph of secondary ion mass spectrometry {SIMS} analysis of a solar cell absorber layer prepared in
accordance with the method of the present invention.

Detailed ways

BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is a flow chart of a ethod for preparing an absorption

layer of a copper indivm gallium selenide thin film solar cell of the present invention, as shown in the figure:

The back electrode was first prepared on the substrate. The substrate may be selected from soda lime glass or
stainless steel sheets, and generally 1-3 mm thick soda lime glass or 0.2 mm thick stainless steel sheets are used. A
0.8 micron thick molybdenum (Mo} metal was deposited as a back electrode by magnetron sputtering.

Then, an absorption layer is prepared on the back electrode: the invention adopts dual-target co-sputtering to
prepare an absorption layer, and the target is a CulnxGal-xSe? alloy target. For convenience of explanation, a
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CuGaSe? alloy target with x=0 may be set as the target 1, and x is set. The CulnxGal-xSe? aloy target of 0.8 10
0.6 is the target 2, for example, Cu{In0.7Ga0.3)Se? alloy target 2. First, the target 1 is first sputtered for 2 to 4
minutes at any high power density between a high power deunsity of 4 W/em<2> and 8 W/em<2>>, and then the
target 1 and the target 2 are co-sputtered. The initial power density for sputtering the target 2 is any low power
density between 0.3 W/cm<2> and 1 W/em<2>, and the high power density for sputtering the target 1 isset to
be in operation. Continuous decrement. Since the target 1 and the target 2 are co-sputtered at this time, and in
order to ensure a gradient of Ga concentration in the copper indium gallium selenide absorption layer, the power
density of sputtering the target 1 and the target 2 is desigued as: When the target 1 is When the power density of
the sputtering is continuously decreased, the power density of sputtering on the target 2 is continuously
increased, and finally the power density until sputtering of the farget 1 is decreased to 8.3 W/em<Z> to T W/
With any low power density between cin<2>, the power density of sputtering of target 2 is increased to any high
power density between 4 W/em<2> and 8 W/em<2>, The co-sputtering time is performed for 30 to 60 minutes
so that the thickness of the copper indium gallium selenide absorber layer deposited on the molybdenum back
electrode is from 1.5 micrometers to 2 micrometers. The working pressure in the sputtering charnber is 1 x 10 < -
4 > Torr, and the temperature of the substrate is maintained at any temperature between 350~ Cand 450~ C.
According to this process, the Ga concentration in the copper indium gallium selenide absorbing layer is
gradientd, the concentration of the absorbing layer on the side in contact with the Mo back electrode is the
highest, and the concentration on the opposite side of the absorbing layer is the lowest.

Anncaling is then carried out: the copper indium gallium selenide absorber layer is annealed in a vacuum
chamber in a rapid heating manner at a temperature 0f 400 C 10600~ C and an annealing time of 55 to 90
seconds. No gas is required to pass through during the annealing process. The annealed copper indium galium
selenide absorber layer has a chalcopyrite structure, and local ion diffusion is carried out by thermal energy to
improve the crystallization state and improve the photovoltaic power generation efficiency of the main
absorption layer of the solar cell.

Then, a buffer layer is prepared on the absorption layer: the In25e3 or ZnS buffer layer is sputter deposited by
using a vacuum magnetron sputtering method using an In2Se3 or ZnS alloy target, and the working pressure of
the vacuum magnetron sputtering is 1-5 > 10<- 3> Torr and Ar gas was introduced, and the temperature of the
substrate was kept af room temperature. The In2Se3 or ZnS buffer layer is deposited to a thickness of 80 t0 120
nm.

Then, an intrinsic zinc oxide high-resistance layer is prepared on the buffer layer: the target is intrinsic zinc oxide
{Zn0) by RF vacuum magnetron sputtering, and the working pressure of the RF vacuum magnetron sputtering
is 1-5 X 10 <-3> Torr, the operating frequency is 400K~ 2MHz, and Ar gas is introduced, and the temperature
of the substrate is kept at roon ternperature. The intrinsic zine oxide high-resistance layer is deposited to a
thickness of .1t0 0.5 v m.
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Then, a low-impedance layer of indium tin oxide (1n203:5n02) film is prepared on the intrinsic zinc oxide
high-resistance layer: the target is indium tin oxide (In203:5n02), In203:5n02 by vacuum DC magnetron
sputtering. The mass ratio was 9:1, the working pressure of vacuum DC magnetron sputtering was 1-5 X 18<-3>
Torr, and Ar gas doped with 2% to 5% O2 was introduced, and the temperature of the substrate was kept at
room temperature. The low-impedance layer of the indiurn tin oxide film is depostied to a thickness 0f 0.3 10 0.8

[0 118

Finally, an aluminum electrode was prepared on the low-impedance layer of indivm fin oxide film: an Al
electrode was prepared by a sputtering method using an Al target, and finally a copper indium gallium selenide
thin film solar cell having a concentration gradient of Ga was obtained.

Figure 2 is a graph of secondary jon mass spectrometry {$IMS) analysis of a solar cell absorber layer prepared in
accordance with the methed of the present invention. The concentration of Ga was highest on the side of the Mo
back electrode and then decreased toward the surface of the CIGS film, indicating a band gap having a gradient

distribution.

Compared with the prior art, the present invention has the following advantages: all the processes of the present
invention are dry process processes, and the process does not use chemical solvents and solutions. The
absorption layer of the solar celf can be obtained in one step to obtain a stable crystalline absorption layer,
eliminating the need for a process of selenization or vulcanization of the absorption layer, which greatly shortens
the production cycle, reduces the production equipment, and avoids the production process. Environmental
pollution and potential dangers. The process steps of the present invention are simplified, energy consumption is
small, and thus production costs are reduced.
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CLAIMS CN102694077

A method for preparing a copper indium gallium selenide thin filr solar cell, comprising:

a) preparing a molybdenum back electrode on the substrate;

b) preparing a copper indium gallium selenide absorber layer on the molybdenum back electrode: using a
vacuum magnetron sputtering method, using a CulnxGal-xSe? alloy target for sputtering, and setting a
CuGaSe? alloy target with x=0 as the target 1, setting x=0.8 The CulnxGal-xSe2 alloy target of 0.6 is the target 2,
and the target 1 is first sputtered for 2 to 4 minutes at any high power density between high power density
4W/erm<2> to §W/cm<2>, and then The farget 1 and the target 2 are co-spuitered, and the initial power density
for sputtering the target 2 at this time is any low power density between 0.3 W/em<2> and 1 W/em<2>, and the
target 1 is The high power density for sputtering is set to continuously decrease in operation, and in the state
where the target 1 and the target 2 are co-sputiered, when the power density of the sputtering of the target 1is
continuously decreased, the target 2 is simulfancously The power density at which sputtering is performed is
continuously increasing, and finally, until the power density for sputtering of the target 1 is decreased to any low
power density between 0.3 W/em<2> and 1 W/em<2>, the target 2 is subjected to The power density of
sputtering is increased to any high power density between 4 W/em<2> and 8 W/em<2>, and the time for
performing co-sputtering is 30 to 60 minutes, so that Ga in the copper indium gallium selenide absorber layer
concenirated a gradient forming the highest concentration on the side of the absorption layer in contact with the
Mo back electrode and the lowest concentration on the opposite side of the absorption layer;

¢} annealing treatment: annealing the copper indium gallium selenide absorber layer in a vacuurn chamberina
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rapid heating manner, the teroperatare is 400~ Cio 600 C, and the annealing tiroe is 55 to 90 seconds;

d) preparing a buffer layer of In2Se3 or ZnS on the copper indium gallium selenide absorber layer, the thickuess
of which is 80 to 120 nim;

e} preparing an intrinsic zine oxide high-resistance layer on the In25e3 or ZnS buffer layer, having a thickness of
0.11005 vy

f} preparing a low-trupedance layer of indium tin oxide film on the intrinsic zinc oxide high-resistance layer,
having a thickness of 0.3 t0 0.8 pmy;

g} preparing an aluminum electrode on a low-impedance layer of an indium tin oxide film.

2.
The method according to claim 1, wherein the copper indium gallivm selenide absorbing layer has a thickness of

from15 ymto? pm

3.

The preparation method according to claim 1, wherein in the performing step b}, the working pressure in the
sputtering chamberis 1 X 10 < -4 > Torr, and the temperature of the substrate is maintained at 350~ C to 450
" Any temperature hetween C.

4.

The preparation method according to claim 1, wherein in the performing step i, the vacuum magnetron
sputtering method is used, and the working pressure of the vacuum magoetron sputtering is 1-5 X 10 by using an
In25e3 or ZnS alloy target. <-3> Torr was introduced and Ar gas was introduced, and the temperature of the
substrate was kept at room temperature.

5.

The preparation method according to claim 1, wherein in the performing step ), the target is intrinsic zinc oxide
by radio frequency vacuum magnetron sputtering, and the working pressure of the radio frequency vacuum
magnetron sputtering is 1- 5 X 10<-3> Torr, operating frequency is 400K ~2MHz, and Ar gas is introduced, and
the temnperature of the substrate is kept at room temperature.
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6.

The preparation method according to claim 1, wherein the target material is indium tin oxide In203:5n02,
In203:5n02 mass ratio is 9:1 by vacuum DC magnetron sputtering, vacuum DC magnetron sputtering The
working pressure was 1-5 x 10 < -> Torr, and an Ar gas doped with 2% to 5% O 2 was introduced, and the

temperature of the substrate was kept at room temperature.
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SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR
EFFICIENCY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation of U.S. Patent Application No.
16/228,165, filed on December 20, 2018, which is a divisional of U.S. Patent
Application No. 15/876,927, filed on January 22, 2018, now U.S. Patent No.
10,170,642, issued on January 1, 2019, which is a continuation of U.S. Patent
Application No. 15/213,273, filed on July 18, 2016, now U.S. Patent No.
9,899,542, issued on February 20, 2018, which is a continuation of U.S. Patent
Application No. 14/579,935, filed on December 22, 2014, now U.S. Patent
No. 9,520,507, issued on December 13, 2016, the entire contents of which are

hereby incorporated by reference herein.

BACKGROUND

[0002] Photovoltaic (PV) cells, commonly known as solar cells, are
devices for conversion of solar radiation into electrical energy. Generally,
solar radiation impinging on the surface of, and entering into, the substrate of
a solar cell creates electron and hole pairs in the bulk of the substrate. The
electron and hole pairs migrate to p-doped and n-doped regions in the
substrate, thereby creating a voltage differential between the doped regions.
The doped regions are connected to the conductive regions on the solar cell to
direct an electrical current from the cell to an external circuit. When PV cells
are combined in an array such as a PV module, the electrical energy collect
from all of the PV cells can be combined in series and parallel arrangements to
provide power with a certain voltage and current.

[0003] Efficiency is an important characteristic of a solar cell as it is
directly related to the solar cell’s capability to generate power. Accordingly,

techniques for improving the fabrication process, reducing the cost of
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manufacturing and increasing the efficiency of solar cells are generally

desirable.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The patent or application file contains at least one drawing

executed in color. Copies of this patent or patent application publication with

color drawing(s) will be provided by the Office upon request and payment of

the necessary fee.

[0604] [0005] Figure 1 illustrates a flow chart representation of an example
method for fabricating of a solar cell, according to some embodiments.

[0605] [0006] Figures 2-4 illustrate cross-sectional views of example solar
cells during the fabrication process of Figure 1, according to some
embodiments.

[0606] [0007] Figure 5 illustrates a cross-sectional view of an example solar
cell, according to some embodiments.

[0067] [0008] Figure 6 illustrates a cross-sectional view of another example
solar cell, according to some embodiments.

[0008] [0009] Figure 7 illustrates a cross-sectional view of still another
example solar cell, according to some embodiments.

[0609] [0010] Figure 8 illustrates a graph of example surface passivation
measurements, according to some embodiments.

[6010] [0011] Figure 9 illustrates a graph of example 1/lifetime
measurements, according to some embodiments.

[0041] [0012] Figure 10 illustrates a graph of example efficiency
measurements, according to some embodiments.

[0013] Figure 11 illustrates example processes for solar cell

fabrication.
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DETAILED DESCRIPTION

[6043] [0014] The following detailed description is merely illustrative in
nature and is not intended to limit the embodiments of the subject matter of the
application or uses of such embodiments. As used herein, the word
“exemplary” means “serving as an example, instance, or illustration.” Any
implementation described herein as exemplary is not necessarily to be
construed as preferred or advantageous over other implementations.
Furthermore, there is no intention to be bound by any expressed or implied
theory presented in the preceding technical field, background, brief summary
or the following detailed description.

[0614] [0015] This specification includes references to “one embodiment” or
“an embodiment.” The appearances of the phrases “in one embodiment” or
“in an embodiment” do not necessarily refer to the same embodiment.
Particular features, structures, or characteristics may be combined in any
suitable manner consistent with this disclosure.

[6045] [0016] Terminology. The following paragraphs provide definitions
and/or context for terms found in this disclosure (including the appended
claims):

[0016] [0017] “Comprising.” This term is open-ended. As used in the
appended claims, this term does not foreclose additional structure or steps.
[6047] [0018] “Configured To.” Various units or components may be
described or claimed as “configured to” perform a task or tasks. In such
contexts, “configured to” is used to connote structure by indicating that the
units/components include structure that performs those task or tasks during
operation. As such, the unit/component can be said to be configured to
perform the task even when the specified unit/component is not currently
operational (e.g., is not on/active). Reciting that a unit/circuit/component is
“configured to” perform one or more tasks is expressly intended not to invoke

35 U.S.C. §112, sixth paragraph, for that unit/component.
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{0648] [0019] “First,” “Second,” etc. As used herein, these terms are used as
labels for nouns that they precede, and do not imply any type of ordering (e.g.,
spatial, temporal, logical, etc.). For example, reference to a “first” emitter
region does not necessarily imply that this emitter region is the first emitter
region in a sequence; instead the term “first” is used to differentiate this
emitter region from another emitter region (e.g., a “second” emitter region).
In an embodiment, an emitter region can be a doped region of a solar cell for
collecting positive and negative charge carriers. In an example, the emitter
region can be a doped polysilicon region. In one example, the emitter region
can be a P-type doped polysilicon region or an N-type doped polysilicon
region.

[0019] [0020] “Based On.” As used herein, this term is used to describe one
or more factors that affect a determination. This term does not foreclose
additional factors that may affect a determination. That is, a determination
may be solely based on those factors or based, at least in part, on those factors.
Consider the phrase “determine A based on B.” While B may be a factor that
affects the determination of A, such a phrase does not foreclose the
determination of A from also being based on C. In other instances, A may be
determined based solely on B.

[0620] [0021] “Coupled” — The following description refers to elements or
nodes or features being “coupled” together. As used herein, unless expressly
stated otherwise, “coupled” means that one element/node/feature is directly or
indirectly joined to (or directly or indirectly communicates with) another
element/node/feature, and not necessarily mechanically.

[0021] [0022] In addition, certain terminology may also be used in the
following description for the purpose of reference only, and thus are not
intended to be limiting. For example, terms such as “upper”, “lower”,
“above”, and “below” refer to directions in the drawings to which reference is
made. Terms such as “front”, “back”, “rear”, “side”, “outboard”, and
“inboard” describe the orientation and/or location of portions of the

component within a consistent but arbitrary frame of reference which is made
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clear by reference to the text and the associated drawings describing the
component under discussion. Such terminology may include the words
specifically mentioned above, derivatives thereof, and words of similar import.
[0622] [0023] In the following description, numerous specific details are set
forth, such as specific operations, in order to provide a thorough understanding
of embodiments of the present disclosure. It will be apparent to one skilled in
the art that embodiments of the present disclosure may be practiced without
these specific details. In other instances, well-known techniques are not
described in detail in order to not unnecessarily obscure embodiments of the
present disclosure.

[0023] [0024] This specification first describes solar cell fabrication
techniques to improve solar cell lifetime, passivation and/or efficiency
followed by a description of example solar cells fabricated according to the
disclosed techniques. Various embodiments are provided throughout followed
by example results from the disclosed techniques.

[0024] [0025] Turning now to Figure 1, a method for fabricating a solar cell is
shown, according to some embodiments. In various embodiments, the method
of Figure 1 can include additional (or fewer) blocks than illustrated. For
example, in some embodiments, the silicon region formed at block 102 can be
heated to form a polysilicon region after step 102 but before to the heating step
of block 106.

[0025] [0026] At 100, a dielectric can be formed on a silicon substrate of a
solar cell. In some embodiments, the silicon substrate can be cleaned,
polished, planarized, and/or thinned or otherwise processed prior to the
formation of the dielectric region. In an embodiment, the silicon substrate can
be single-crystalline or a multicrystalline silicon substrate. In an embodiment,
the silicon substrate can be a N-type silicon substrate. In an embodiment, the
dielectric can be a tunnel oxide. In one embodiment, the dielectric can be
silicon dioxide. In an embodiment, the dielectric region can be grown and/or

formed through a thermal process.
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[0026] [0027] At 102, an emitter region can be formed over the dielectric
region. In an embodiment, the emitter region can be an amorphous silicon
region. In some embodiments, the amorphous silicon region can be grown
over the dielectric region. In an embodiment, the emitter region can be
polysilicon. In an embodiment, the emitter region can be grown and/or
formed through a thermal process. In an example, an amorphous silicon
region can be formed over the dielectric region and heated to form a
polysilicon region.

[0027] [0028] An emitter dopant region can be deposited over the emitter
region through a deposition process. The emitter dopant region can comprise
a dopant, such as a positive-type doping material such as boron or a negative-
type doping material such as phosphorous.

[0028] [0029] Although the dielectric region and/or the emitter region are
described as being grown by a thermal process or deposited through
conventional deposition process, respectively, as with any other formation,
deposition, or growth process step described or recited here, each layer or
substance can be formed using any appropriate process. For example, a
chemical vapor deposition (CVD) process, low-pressure CVD (LPCVD),
atmospheric pressure CVD (APCVD), plasma-enhanced CVD (PECVD),
thermal growth, sputtering, as well as any other desired technique can be used
where formation is described. Thus, and similarly, the emitter dopant region
can be formed on the substrate by a deposition technique, implant process,
sputter, or print process, such as inkjet printing or screen printing.

[0029] [0030] In an embodiment, a heating process can be performed to drive
dopants from the emitter dopant region to the emitter region. In one example,
the heating process can drive dopants from the emitter dopant region to a
polysilicon region to form a doped polysilicon region. In an embodiment, the
doped polysilicon region can be doped with a P-type dopant such as boron or
an N-type dopant such as phosphorus. In one example, the doped polysilicon
regions can be formed in alternating P-type and N-type regions. In some

embodiments, the heating to drive dopants from the emitter dopant region to
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the emitter region, can be performed at a temperature below 900 degrees
Celsius.

[0030] [0031] At 104, a dopant region can be formed over a surface of the
silicon substrate. In an embodiment, the dopant region can be grown and/or
formed through a thermal process. In one example, the dopant region can be
formed over a surface, e.g., on the front side of a solar cell, and subsequently a
heating process can be performed to drive dopants into a portion of the silicon
substrate. In an embodiment, the portion of the silicon substrate can have a
dopant concentration of approximately less than or equal to 2x10'® em after
the heating process as discussed in block 106.

[6031] [0032] In one embodiment, the dopant region can be an N-type dopant,
e.g., phosphorus. In an embodiment, the surface of the silicon substrate over
which the dopant region is formed can be a front side, back side, or both on
the front and back sides of the solar cell. Figure 2 shows an example solar cell
having the dielectric region, emitter region and dopant region described above.
[0032] [0033] Although the dopant region is described as being grown by a
thermal process or deposited through conventional deposition process,
respectively, as with any other formation, deposition, or growth process step
described or recited here, each layer or substance can be formed using any
appropriate process. For example, a chemical vapor deposition (CVD)
process, low-pressure CVD (LPCVD), atmospheric pressure CVD (APCVD),
plasma-enhanced CVD (PECVD), thermal growth, sputtering, as well as any
other desired technique can be used where formation is described.

[0033] [0034] Figure 2 illustrates an example solar cell after forming the
dielectric region, emitter region, and dopant region, according to some
embodiments. In an embodiment, a dielectric region 210 can be formed over a
silicon substrate 202 of the solar cell 200. In an embodiment, the dielectric
region 210 can be a tunnel oxide. In one example, the dielectric region 210
can be silicon dioxide. In an embodiment, an emitter region 212 can be
formed on the dielectric region 210. In an embodiment and as noted above,

the emitter region 212 can be amorphous silicon or polysilicon. In an
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embodiment, the emitter region 212 can be a doped polysilicon. In an
example, the doped polysilicon can be N-type doped or P-type doped
polysilicon.

[0634] [0035] In an embodiment, a dopant region 216 can be formed on a
surface 204 of silicon substrate 202. In an embodiment, the dopant region 216
can be formed to dope the surface 204 (e.g., at block 106 below) to repel
charge carriers and prevent and/or reduce recombination at the surface 204 of
the solar cell 200. In an example, the surface 204, can be on a front side
and/or a back side of the solar cell. In one example, the dopant region 216 can
be a N-type dopant region, such as phosphorus. In an embodiment, the dopant
region 216 can have positive or negative type dopants 222.

[0035] [0036] In an embodiment, the silicon substrate 202 can have
contaminants and/or impurities 220, for example metal contaminants and/or
metal impurities, such as iron, nickel and/or chromium among others. Metal
impurities can be detrimental to the electrical conduction of the solar cell as
these impurities can be sources of recombination, resulting in poor lifetime,
surface passivation and/or lower solar cell efficiency. In an embodiment, the
impurities 220 can be located at or near a surface 204 of the silicon substrate
202. In an embodiment, the impurities 220 can be located within the silicon
substrate 202 as shown. As referred throughout, contaminants and/or
impurities can be used interchangeably.

[0036] [0037] The emitter regions 212, e.g., polysilicon regions, can be a
good sink and/or trap for the metal impurities 220 discussed above. A
gettering process can be used to trap the metal impurities 220 in the emitter
regions 212, reducing recombination within the silicon substrate 202 and
improving overall solar cell lifetime. Oxides and/or tunnel oxides, such as the
dielectric region 210 of Figure 2, can be barriers to gettering of the metal
impurities 220 to emitter regions 212. In one example, heating at temperature
at 900 degrees Celsius or below can be insufficient to diffuse metal impurities
through a tunnel oxide and into a polysilicon region. Thus, in an embodiment,

heating at temperatures above 900 degrees Celsius can include gettering metal
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impurities 220 through the dielectric region 210, e.g., tunnel oxide, to into the
emitter region 212, e.g., polysilicon regions, as discussed in detail at 106 of
Figure 1 below.

[0637] [0038] At 106, the solar cell can be heated at a temperature above 900
degrees Celsius. In an embodiment, the heating can drive dopants from the
dopant region to a portion of the silicon substrate. In one embodiment, the
heating can include performing an annealing process on the silicon substrate.
In an example, the heating can drive dopants to the portion of the silicon
substrate located above the surface, as shown in Figure 3. In some
embodiments, the surface can be on the front side, back side or both on the
front and back side of the solar cell. In an embodiment, the heating can
include gettering contaminants, e.g. metal impurities and/or metal
contaminants, from the substrate to the emitter region. In an example, the
metal impurities and/or metal contaminants can be iron, nickel and/or
chromium among others.

[0038] [0039] In one example, the heating can include placing the solar cell in
thermal tool, e.g., a thermal furnace or oven among others, and raising the
temperature in the thermal tool to 975 degrees Celsius or above.

[0639] [0040] In an embodiment, the heating can be the last heating step in
the solar cell fabrication process. In one embodiment, the heating can be the
only heating step in the fabrication process. In some embodiments, at least
one other heating step can be performed before the heating process of block
106. In one example, the other heating process, aside from the heating process
of block 106, can include heating the solar cell to temperature below 900
degrees Celsius. In an example, the heating process below 900 degrees
Celsius can be performed before the heating process at 106. In an
embodiment, the heating performed at 106 can be performed at the highest
temperature among other heating steps performed in the solar cell fabrication
process. Figure 3 illustrates the heating process described above.

[0040] [0041] Figure 3 illustrates heating the solar cell of Figure 2, according

to some embodiments. In an embodiment, the heating 230 can include heating

10
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the solar cell 200 above 900 degrees Celsius. In an example, the heating can
include placing the solar cell 200 into a thermal tool, e.g., thermal furnace or
oven among others, and raising the temperature within the thermal tool to 975
degrees Celsius or higher. In an embodiment, the heating 230 can drive 234
the dopants 222 from the dopant region 216 to a portion 206 of the silicon
substrate 202. In an example, the dopant concentration of the portion 206 of
the silicon substrate 202 can be approximately less than or equal to 2x10'8 cm-
3 after the heating. In an embodiment, the portion 206 of the silicon substrate
202 can be above, as shown, the surface 204 of the silicon substrate 202. In an
embodiment, the heating 230 can getter 232 contaminants 220 from, or
nearby, the surface 204 of the silicon substrate 202 and/or from within the
silicon substrate 202 to the emitter region 212. In an embodiment, the heating
230 can getter 232 the containments 220 through the dielectric region 210 to
the emitter region 212.

[0041] [0042] At 108, a metal contact can be formed over the silicon
substrate. In an embodiment, the metal contact can be formed on the emitter
region. In some embodiments, the metal contact can be formed by a
metallization process. In one example, the metallization process can include
plating and/or electroplating the metal contact to the emitter region. In some
embodiments, the metal contact can be formed by printing and/or foil-based
metallization techniques. Figure 4 illustrates an example silicon substrate
after to forming the metal contact. Also Figure 4 illustrates a single metal
contact, for example, which can be on a front side or back side of the solar
cell. In an embodiment, multiple metal contacts can exist. In an example,
positive and negative metal contacts can be formed in an interdigitated pattern.
[0042] [0043] With reference to Figure 4, the solar cell of Figure 3 is shown
after forming a metal contact, according to some embodiments. In an
embodiment, the metal contact 242 can be formed on the emitter region 212,
e.g. over the silicon substrate 202. In an example, the metal contact 242 can
be formed by an electroplating process, printing process or a foil-based

metallization process among others. In an embodiment, the metal contact 242

11
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can be a positive or negative metal contact. As shown in Figure 4 a single
metal contact is illustrated for example, which can be on a front side or back
side of the solar cell. In an example, multiple metal contacts, e.g. some
positive and others negative, can exist. In one embodiment, the silicon
substrate 202 can have some impurities 221 remaining after the heating 230 of
Figure 3.

[0043] [0044] Figure 5 illustrates a cross-section of a portion of a solar cell
formed from the method of Figures 1-4, according to some embodiments. The
solar cell 300 can have a front side 301 which faces the sun during normal
operation and a back side 303 opposite the front side 301. The solar cell 300
can include a silicon substrate 302. In an embodiment, the silicon substrate
302 can be an N-type silicon substrate. In an embodiment, a portion 306 of
the silicon substrate 302 can have a doping concentration 322 of
approximately less than or equal to 2x10'8 cm.

[0044] [0045] The solar cell 300 can have a dielectric region 310 formed over
the silicon substrate 302. In an embodiment, the dielectric 310 can be a tunnel
oxide. In some embodiments, the dielectric region 310 can be silicon dioxide.
In an embodiment, the solar cell 300 can have first and second emitter regions
312, 314. In an example, the first and second emitter regions 312, 314 can be
P-type and N-type doped polysilicon regions, respectively. In an example,
impurities and/or contaminants 320, e.g. metal impurities 320 and/or metal
contaminants, can be located in the first and second emitter regions 312, 314
as shown. In one embodiment, the silicon substrate 302 can have some
impurities 321 remaining after the gettering process.

[0045] [0046] In an embodiment, the solar cell 300 can have first and second
metal contacts 342, 344 formed on the first and second emitter regions 312,
314, respectively. In some embodiments, a trench region 305 can be formed,
which can separate the first and second emitter regions 312, 314. In an
embodiment, the solar cell 300 can have a textured surface 304 on the front
side 301. In an example, the textured surface 304 can be a surface which can

provide additional light absorption. In an embodiment, the portion 306 of the

12
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silicon substrate 302 can be formed above a textured surface 304 as shown. In
some embodiments, the trench region 305 can also be textured, similar to the
textured surface 304, for additional light absorption from the back side 303 of
the solar cell 300. In some embodiments, an anti-reflective region (ARC) 318
can be formed over the textured surface 304 of the solar cell 300. In some
embodiments, the anti-reflective region 318 can be silicon nitride.

[0646] [0047] In an embodiment, the solar cell 300 can be a back contact
solar cell, for example, as shown in Figures 5 and 7.

[0047] [0048] With reference to Figure 6, a front contact solar cell formed
from the method of Figures 1-4 is shown, according to some embodiments.
The solar cell 400 can have a front side 401 which faces the sun during normal
operation and a back side 403 opposite the front side 401. The solar cell 400
can include a silicon substrate 402. In an embodiment, the silicon substrate
402 can be a N-type silicon substrate. In an embodiment, a portion 406 of the
silicon substrate 402 can have a doping concentration 422 of approximately
less than or equal to 2x10'® cm™.

[0048] [0049] The solar cell 400 can have a dielectric 410 formed over the
silicon substrate 402. In an embodiment, the dielectric 410 can be a tunnel
oxide. In some embodiments, the dielectric 410 can be silicon dioxide. In an
embodiment, the solar cell 400 can have first and second emitter regions 412,
414. In some embodiments, the first emitter region 412 can be formed on the
back side 403 of the solar cell 400 and the second emitter region 414 can be
formed on the front side 401 of the solar cell 400. In an example, the first and
second emitter regions 412, 414 can be P-type and/or N-type doped
polysilicon regions.

[0049] [0050] In an embodiment, the solar cell 400 can have first and second
metal contacts 442, 444 formed on the first and second emitter regions 412,
414, respectively. In an embodiment, the solar cell 400 can have a textured
surface 404 on the front side 401. In an example, the textured surface 404 can
be a surface which can provide additional light absorption. In an embodiment,

the portion 406 of the silicon substrate 402 can be above a textured surface
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404 as shown. In some embodiments, an anti-reflective region (ARC) 418 can
be formed over the textured surface 404 of the solar cell 400. In some
embodiments, the anti-reflective region 418 can be silicon nitride.

[0650] [0051] In an example, impurities and/or contaminants 420, e.g. metal
impurities and/or contaminants, can be located in the first and second emitter
regions 412, 414. In one embodiment, the silicon substrate 402 can have some
impurities 421 remaining after the gettering process.

[0051] [0052] Figure 7 illustrates still another solar cell formed from the
method of Figures 1-4, according to some embodiments. The solar cell 500
can have a front side 501 which faces the sun during normal operation and a
back side 503 opposite the front side 501. The solar cell 500 can include a
silicon substrate 502. In an embodiment, the silicon substrate 502 can be a N-
type silicon substrate. In an embodiment, a portion 506 of the silicon substrate
502 can have a doping concentration 522 of approximately equal to or less
than 2x10'8cm?.

[0052] [0053] The solar cell 500 can have a dielectric region 510 formed over
the silicon substrate 502. In an embodiment, the dielectric 510 can be a tunnel
oxide. In an embodiment, the dielectric region 510 can be silicon dioxide. In
an embodiment, the solar cell 500 can have first and second emitter regions
512, 514. In an example, the first and second emitter regions 512, 514 can be
P-type and/or N-type doped polysilicon regions, respectively. In one
embodiment, the second emitter region 514 can be at least partially formed
over the first emitter region 512, as shown. In an embodiment, a second
dielectric region 513 can be formed over the first emitter region 512, e.g. to
insulate the first emitter region 512 from the second emitter region 514. In
some embodiments, the second dielectric region 513 can also be silicon
dioxide. In an embodiment, an opening 515 can isolate the second emitter
region 514 from the first metal contact 542.

[0053] [0054] In some embodiments, the dielectric region 510 and second

silicon region 514 can be formed over the back side 501 of the solar cell 500.
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[0054] [0055] In an example, impurities and/or contaminants 520, e.g. metal
impurities and/or contaminants, can be located in the second emitter region
512 as shown. In an example, the metal impurities 520 can be iron, nickel
and/or chromium among others. In one embodiment, the silicon substrate 502
can have some impurities 521 remaining after the heating process.

[6055] [0056] In an embodiment, the solar cell 500 can have first and second
metal contacts 542, 544 formed on the first and second emitter regions 512,
514, respectively. In one embodiment, the solar cell 500 can have a textured
surface 504 on the front side 501 and/or a textured surface 550 on the back
side 503 as shown. In an example, the textured surfaces 504, 550 can be
surfaces which can provide additional light absorption. In an embodiment, the
portion 506 of the silicon substrate 502 can be above a textured surface 504 as
shown. In some embodiments, an anti-reflective region 518 can be formed

over the textured surface 504 of the solar cell 500.

A 210 em™ non-poly A lem?® ~3msec Baseline

b 410 em? poly SAfem® ~10msee | Baseline

[0056] [0057] Turning now to Fable— Figure 11, a table is shown listing
Temperature and Surface Dopant Concentration and output results, such as
Gettering Location, Surface Passivation, Lifetime and Efficiency, for example
processes of fabricating solar cells.

[6057] [0058] The method of Figures 1-4 is exemplified in Example Process
C of Fable—t Figure 11, where a surface, or a portion near the surface, of a

silicon substrate was doped at approximately less than or equal to 2x10'® cm™
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and the solar cell of Example Process C heated to a temperature above 900
degrees Celsius. The results from Example Process C are gettering in a
polysilicon region of the silicon substrate, improved surface passivation at
approximately 5 fA/cm?, improved lifetime, e.g. typical of approximately 10
psec, and a > 0.5 % efficiency increase as compared to other solar cells, e.g.
referenced as the baseline efficiency.

[0058] [0059] In contrast, referring to Example Process A, a surface, or a
portion near the surface, of the silicon substrate was doped at approximately
less than or equal to 2x10'® cm™ and the solar cell of Example Process A
heated to a temperature below 900 degrees Celsius resulting in gettering in a
non-polysilicon region of the solar cell, good surface passivation at
approximately 2 fA/cm?, poor lifetime, e.g. typical of approximately 3 psec
and no considerable, e.g., < 0.5%, efficiency increase from the baseline.

[0059] [0060] In another example, referring to Example Process B, a surface
of the silicon substrate was doped at approximately 4x10'® cm™ and the solar
cell of Example Process B heated to a temperature below 900 degrees Celsius
resulting in gettering in a non-polysilicon region of the solar cell, poor surface
passivation at approximately 5 fA/em?, good lifetime, e.g. typical of
approximately 10 psec and no considerable, e.g. < 0.5%, efficiency increase
from the baseline.

[0660] [0061] In yet another example comparison, in Example Process D a
surface of the silicon substrate was doped at approximately 4x10'® cm and
the solar cell of Example Process D heated to a temperature above 900 degrees
Celsius also resulted gettering in a polysilicon region of the silicon substrate,
but poor surface passivation at approximately 5 fA/cm?, good lifetime, e.g.
typical of approximately 10 psec and no considerable, e.g. < 0.5%, efficiency
increase from the baseline.

[0061] [0062] In all Examples Processes A, B and D either the lifetime or
surface passivation only was improved, and the Example Process C resulted in

improved surface passivation, lifetime and efficiency.
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[0062] [0063] With reference to Figures 8-10, example surface passivation,
1/lifetime and efficiency measurements, respectively, for solar cells fabricated
using the methods of the Example Processes A and C of Fable— Figure 11 is
shown. The results from Figures 8-10 show that the surface passivation,
lifetime and efficiency of solar cells fabricated using the method of Figures 1-
4, e.g., Example Process C, have improved surface passivation, lifetime and
higher efficiency measurements as compared to the solar cells of Example
process A.

[0063] [0064] Figure 8 illustrates a graph of surface passivation
measurements from solar cells fabricated using the Example Process A and C
from Fable— Figure 11. As shown, the Example Process C has lower
passivation results as compared to Example Process A. Lower surface
passivation is preferred for high efficiency solar cells. Thus, the Example
Process C has improved surface passivation results as compared to Example
Process A.

[0064] [0065] With reference to Figure 9, there is shown a graph of 1/lifetime
measurements from solar cells fabricated using the Example Process A and C
from Fable—t Figure 11. As shown, the Example Process C has higher
lifetime, lower 1/lifetime results, as compared to Example Process A. Higher
lifetime is preferred for high efficiency solar cells. Thus, the Example Process
C has improved lifetime results as compared to Example Process A.

[0065] [0066] Figure 10 illustrates a graph of efficiency measurements from
solar cells fabricated using the Example Process A and C from Fable—+ Figure
11. As shown, the Example Process C has higher efficiency results as
compared to Example Process A. Higher solar cell efficiency conversion is
preferred to maximize the electricity conversion from collected light. Thus,
the Example Process C has improved efficiency results over Example Process
A.

[0066] [0067] The results of Figures 8-10 demonstrate that a solar cell

fabrication technique of Figures 1-4 results in overall improvement for surface
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passivation, lifetime and efficiency from other techniques, e.g. Example
Processes A, B and D.

[0067] [0068] Although specific embodiments have been described above,
these embodiments are not intended to limit the scope of the present
disclosure, even where only a single embodiment is described with respect to a
particular feature. Examples of features provided in the disclosure are intended
to be illustrative rather than restrictive unless stated otherwise. The above
description is intended to cover such alternatives, modifications, and
equivalents as would be apparent to a person skilled in the art having the
benefit of this disclosure.

[0068] [0069] The scope of the present disclosure includes any feature or
combination of features disclosed herein (either explicitly or implicitly), or
any generalization thereof, whether or not it mitigates any or all of the
problems addressed herein. Accordingly, new claims may be formulated
during prosecution of this application (or an application claiming priority
thereto) to any such combination of features. In particular, with reference to
the appended claims, features from dependent claims may be combined with
those of the independent claims and features from respective independent
claims may be combined in any appropriate manner and not merely in the

specific combinations enumerated in the appended claims.
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CLAIMS

What is claimed is:

1. A solar cell, the solar cell having a front side which faces the
sun during normal operation and a back side opposite the front side, the solar
cell comprising:

a silicon substrate, wherein a portion of the silicon substrate has

a dopant concentration of approximately less than or equal to 2x10'8

cm and wherein the portion of the silicon substrate is formed at the

back side of the solar cell;
a first dielectric region formed over the silicon substrate,
wherein the first dielectric region is formed over the front side of solar;
a first emitter region having metal impurities formed over the
first dielectric region; and

a first metal contact formed over the first emitter region.

2. The solar cell of claim 1, wherein the portion of the silicon

substrate comprises N-type dopants.

3. The solar cell of claim 1, wherein the portion of the silicon

substrate comprises phosphorus.

4. The solar cell of claim 1, wherein the portion of the silicon

substrate comprises P-type dopants.

5. The solar cell of claim 1, wherein the portion of the silicon

substrate comprises boron.

6. The solar cell of claim 1, wherein the first emitter region

comprises polysilicon.
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7. The solar cell of claim 1, further comprising:
a second emitter region having metal impurities formed over
the silicon substrate, wherein the second emitter region is formed over the
back side of solar; and

a second metal contact formed over the second emitter region.

8. The solar cell of claim 1, further comprising:
a second dielectric region formed over the silicon substrate,
wherein the second dielectric region is formed over the back side of solar;
a second emitter region having metal impurities formed over
the second dielectric region; and

a second metal contact formed over the second emitter region.

9. The solar cell of claim 8, wherein the second emitter region

comprises polysilicon.

10. A solar cell, the solar cell having a front side which faces the
sun during normal operation and a back side opposite the front side, the solar
cell comprising:

a silicon substrate, wherein a portion of the silicon substrate has

a dopant concentration of approximately less than or equal to 2x10!8

cm and wherein the portion of the silicon substrate is formed at the

front side of the solar cell;

a dielectric region formed over the silicon substrate, wherein
the dielectric region is formed over the back side of solar;

a first emitter region having metal impurities formed over the
dielectric region; and

a first metal contact formed over the first emitter region.
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11. The solar cell of claim 10, wherein the portion of the silicon

substrate comprises N-type dopants.

12. The solar cell of claim 10, wherein the portion of the silicon

substrate comprises phosphorus.

13. The solar cell of claim 10, wherein the portion of the silicon

substrate comprises P-type dopants.

14. The solar cell of claim 10, wherein the portion of the silicon

substrate comprises boron.

15. The solar cell of claim 10, wherein the first emitter region

comprises polysilicon.

16.  The solar cell of claim 10, further comprising:
a second emitter region having metal impurities formed over
the dielectric region; and

a second metal contact formed over the second emitter region.

17. The solar cell of claim 16, wherein the second emitter region is

separate from the first emitter region.

18. The solar cell of claim 16, wherein a trench region separates the

first emitter region from the second emitter region.

19. The solar cell of claim 16, wherein the second emitter region

comprises polysilicon.
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20. The solar cell of claim 16, wherein the first emitter region
comprises a P-type doped polysilicon region and the second emitter region

comprises a N-type doped polysilicon region.
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ABSTRACT OF THE DISCLOSURE

A method of fabricating a solar cell can include forming a dielectric
region on a silicon substrate. The method can also include forming an emitter
region over the dielectric region and forming a dopant region on a surface of
the silicon substrate. In an embodiment, the method can include heating the
silicon substrate at a temperature above 900 degrees Celsius to getter
impurities to the emitter region and drive dopants from the dopant region to a

portion of the silicon substrate.
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SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR
EFFICIENCY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation of U.S. Patent Application No.
16/228,165, filed on December 20, 2018, which is a divisional of U.S. Patent
Application No. 15/876,927, filed on January 22, 2018, now U.S. Patent No.
10,170,642, issued on January 1, 2019, which is a continuation of U.S. Patent
Application No. 15/213,273, filed on July 18, 2016, now U.S. Patent No.
9,899,542, issued on February 20, 2018, which is a continuation of U.S. Patent
Application No. 14/579,935, filed on December 22, 2014, now U.S. Patent
No. 9,520,507, issued on December 13, 2016, the entire contents of which are

hereby incorporated by reference herein.

BACKGROUND

[0002] Photovoltaic (PV) cells, commonly known as solar cells, are
devices for conversion of solar radiation into electrical energy. Generally,
solar radiation impinging on the surface of, and entering into, the substrate of
a solar cell creates electron and hole pairs in the bulk of the substrate. The
electron and hole pairs migrate to p-doped and n-doped regions in the
substrate, thereby creating a voltage differential between the doped regions.
The doped regions are connected to the conductive regions on the solar cell to
direct an electrical current from the cell to an external circuit. When PV cells
are combined in an array such as a PV module, the electrical energy collect
from all of the PV cells can be combined in series and parallel arrangements to
provide power with a certain voltage and current.

[0003] Efficiency is an important characteristic of a solar cell as it is
directly related to the solar cell’s capability to generate power. Accordingly,

techniques for improving the fabrication process, reducing the cost of
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manufacturing and increasing the efficiency of solar cells are generally

desirable.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The patent or application file contains at least one drawing
executed in color. Copies of this patent or patent application publication with
color drawing(s) will be provided by the Office upon request and payment of
the necessary fee.

[0005] Figure 1 illustrates a flow chart representation of an example method
for fabricating of a solar cell, according to some embodiments.

[0006] Figures 2-4 illustrate cross-sectional views of example solar cells
during the fabrication process of Figure 1, according to some embodiments.
[0007] Figure 5 illustrates a cross-sectional view of an example solar cell,
according to some embodiments.

[0008] Figure 6 illustrates a cross-sectional view of another example solar
cell, according to some embodiments.

[0009] Figure 7 illustrates a cross-sectional view of still another example solar
cell, according to some embodiments.

[0010] Figure 8 illustrates a graph of example surface passivation
measurements, according to some embodiments.

[0011] Figure 9 illustrates a graph of example 1/lifetime measurements,
according to some embodiments.

[0012] Figure 10 illustrates a graph of example efficiency measurements,
according to some embodiments.

[0013] Figure 11 illustrates example processes for solar cell

fabrication.
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DETAILED DESCRIPTION

[0014] The following detailed description is merely illustrative in nature and is
not intended to limit the embodiments of the subject matter of the application
or uses of such embodiments. As used herein, the word “exemplary” means
“serving as an example, instance, or illustration.” Any implementation
described herein as exemplary is not necessarily to be construed as preferred
or advantageous over other implementations. Furthermore, there is no
intention to be bound by any expressed or implied theory presented in the
preceding technical field, background, brief summary or the following detailed
description.

[0015] This specification includes references to “one embodiment” or “an
embodiment.” The appearances of the phrases “in one embodiment” or “in an
embodiment” do not necessarily refer to the same embodiment. Particular
features, structures, or characteristics may be combined in any suitable manner
consistent with this disclosure.

[0016] Terminology. The following paragraphs provide definitions and/or
context for terms found in this disclosure (including the appended claims):
[0017] “Comprising.” This term is open-ended. As used in the appended
claims, this term does not foreclose additional structure or steps.

[0018] “Configured To.” Various units or components may be described or
claimed as “configured to” perform a task or tasks. In such contexts,
“configured to” is used to connote structure by indicating that the
units/components include structure that performs those task or tasks during
operation. As such, the unit/component can be said to be configured to
perform the task even when the specified unit/component is not currently
operational (e.g., is not on/active). Reciting that a unit/circuit/component is
“configured to” perform one or more tasks is expressly intended not to invoke
35 U.S.C. §112, sixth paragraph, for that unit/component.

[0019] “First,” “Second,” etc. As used herein, these terms are used as labels

for nouns that they precede, and do not imply any type of ordering (e.g.,
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spatial, temporal, logical, etc.). For example, reference to a “first” emitter
region does not necessarily imply that this emitter region is the first emitter
region in a sequence; instead the term “first” is used to differentiate this
emitter region from another emitter region (e.g., a “second” emitter region).
In an embodiment, an emitter region can be a doped region of a solar cell for
collecting positive and negative charge carriers. In an example, the emitter
region can be a doped polysilicon region. In one example, the emitter region
can be a P-type doped polysilicon region or an N-type doped polysilicon
region.

[0020] “Based On.” As used herein, this term is used to describe one or more
factors that affect a determination. This term does not foreclose additional
factors that may affect a determination. That is, a determination may be solely
based on those factors or based, at least in part, on those factors. Consider the
phrase “determine A based on B.” While B may be a factor that affects the
determination of A, such a phrase does not foreclose the determination of A
from also being based on C. In other instances, A may be determined based
solely on B.

[0021] “Coupled” — The following description refers to elements or nodes or
features being “coupled” together. As used herein, unless expressly stated
otherwise, “coupled” means that one element/node/feature is directly or
indirectly joined to (or directly or indirectly communicates with) another
element/node/feature, and not necessarily mechanically.

[0022] In addition, certain terminology may also be used in the following
description for the purpose of reference only, and thus are not intended to be
limiting. For example, terms such as “upper”, “lower”, “above”, and “below”
refer to directions in the drawings to which reference is made. Terms such as

29

“front”, “back™, “rear

29

, “side”, “outboard”, and “inboard” describe the
orientation and/or location of portions of the component within a consistent
but arbitrary frame of reference which is made clear by reference to the text

and the associated drawings describing the component under discussion. Such
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terminology may include the words specifically mentioned above, derivatives
thereof, and words of similar import.

[0023] In the following description, numerous specific details are set forth,
such as specific operations, in order to provide a thorough understanding of
embodiments of the present disclosure. It will be apparent to one skilled in the
art that embodiments of the present disclosure may be practiced without these
specific details. In other instances, well-known techniques are not described
in detail in order to not unnecessarily obscure embodiments of the present
disclosure.

[0024] This specification first describes solar cell fabrication techniques to
improve solar cell lifetime, passivation and/or efficiency followed by a
description of example solar cells fabricated according to the disclosed
techniques. Various embodiments are provided throughout followed by
example results from the disclosed techniques.

[0025] Turning now to Figure 1, a method for fabricating a solar cell is
shown, according to some embodiments. In various embodiments, the method
of Figure 1 can include additional (or fewer) blocks than illustrated. For
example, in some embodiments, the silicon region formed at block 102 can be
heated to form a polysilicon region after step 102 but before to the heating step
of block 106.

[0026] At 100, a dielectric can be formed on a silicon substrate of a solar cell.
In some embodiments, the silicon substrate can be cleaned, polished,
planarized, and/or thinned or otherwise processed prior to the formation of the
dielectric region. In an embodiment, the silicon substrate can be single-
crystalline or a multicrystalline silicon substrate. In an embodiment, the
silicon substrate can be a N-type silicon substrate. In an embodiment, the
dielectric can be a tunnel oxide. In one embodiment, the dielectric can be
silicon dioxide. In an embodiment, the dielectric region can be grown and/or
formed through a thermal process.

[0027] At 102, an emitter region can be formed over the dielectric region. In

an embodiment, the emitter region can be an amorphous silicon region. In
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some embodiments, the amorphous silicon region can be grown over the
dielectric region. In an embodiment, the emitter region can be polysilicon. In
an embodiment, the emitter region can be grown and/or formed through a
thermal process. In an example, an amorphous silicon region can be formed
over the dielectric region and heated to form a polysilicon region.

[0028] An emitter dopant region can be deposited over the emitter region
through a deposition process. The emitter dopant region can comprise a
dopant, such as a positive-type doping material such as boron or a negative-
type doping material such as phosphorous.

[0029] Although the dielectric region and/or the emitter region are described
as being grown by a thermal process or deposited through conventional
deposition process, respectively, as with any other formation, deposition, or
growth process step described or recited here, each layer or substance can be
formed using any appropriate process. For example, a chemical vapor
deposition (CVD) process, low-pressure CVD (LPCVD), atmospheric
pressure CVD (APCVD), plasma-enhanced CVD (PECVD), thermal growth,
sputtering, as well as any other desired technique can be used where formation
is described. Thus, and similarly, the emitter dopant region can be formed on
the substrate by a deposition technique, implant process, sputter, or print
process, such as inkjet printing or screen printing.

[0030] In an embodiment, a heating process can be performed to drive
dopants from the emitter dopant region to the emitter region. In one example,
the heating process can drive dopants from the emitter dopant region to a
polysilicon region to form a doped polysilicon region. In an embodiment, the
doped polysilicon region can be doped with a P-type dopant such as boron or
an N-type dopant such as phosphorus. In one example, the doped polysilicon
regions can be formed in alternating P-type and N-type regions. In some
embodiments, the heating to drive dopants from the emitter dopant region to
the emitter region, can be performed at a temperature below 900 degrees

Celsius.
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[0031] At 104, a dopant region can be formed over a surface of the silicon
substrate. In an embodiment, the dopant region can be grown and/or formed
through a thermal process. In one example, the dopant region can be formed
over a surface, e.g., on the front side of a solar cell, and subsequently a heating
process can be performed to drive dopants into a portion of the silicon
substrate. In an embodiment, the portion of the silicon substrate can have a
dopant concentration of approximately less than or equal to 2x10'® cm™ after
the heating process as discussed in block 106.

[0032] In one embodiment, the dopant region can be an N-type dopant, e.g.,
phosphorus. In an embodiment, the surface of the silicon substrate over which
the dopant region is formed can be a front side, back side, or both on the front
and back sides of the solar cell. Figure 2 shows an example solar cell having
the dielectric region, emitter region and dopant region described above.

[0033] Although the dopant region is described as being grown by a thermal
process or deposited through conventional deposition process, respectively, as
with any other formation, deposition, or growth process step described or
recited here, each layer or substance can be formed using any appropriate
process. For example, a chemical vapor deposition (CVD) process, low-
pressure CVD (LPCVD), atmospheric pressure CVD (APCVD), plasma-
enhanced CVD (PECVD), thermal growth, sputtering, as well as any other
desired technique can be used where formation is described.

[0034] Figure 2 illustrates an example solar cell after forming the dielectric
region, emitter region, and dopant region, according to some embodiments. In
an embodiment, a dielectric region 210 can be formed over a silicon substrate
202 of the solar cell 200. In an embodiment, the dielectric region 210 can be a
tunnel] oxide. In one example, the dielectric region 210 can be silicon dioxide.
In an embodiment, an emitter region 212 can be formed on the dielectric
region 210. In an embodiment and as noted above, the emitter region 212 can
be amorphous silicon or polysilicon. In an embodiment, the emitter region
212 can be a doped polysilicon. In an example, the doped polysilicon can be

N-type doped or P-type doped polysilicon.
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[0035] In an embodiment, a dopant region 216 can be formed on a surface 204
of silicon substrate 202. In an embodiment, the dopant region 216 can be
formed to dope the surface 204 (e.g., at block 106 below) to repel charge
carriers and prevent and/or reduce recombination at the surface 204 of the
solar cell 200. In an example, the surface 204, can be on a front side and/or a
back side of the solar cell. In one example, the dopant region 216 can be a N-
type dopant region, such as phosphorus. In an embodiment, the dopant region
216 can have positive or negative type dopants 222.

[0036] In an embodiment, the silicon substrate 202 can have contaminants
and/or impurities 220, for example metal contaminants and/or metal
impurities, such as iron, nickel and/or chromium among others. Metal
impurities can be detrimental to the electrical conduction of the solar cell as
these impurities can be sources of recombination, resulting in poor lifetime,
surface passivation and/or lower solar cell efficiency. In an embodiment, the
impurities 220 can be located at or near a surface 204 of the silicon substrate
202. In an embodiment, the impurities 220 can be located within the silicon
substrate 202 as shown. As referred throughout, contaminants and/or
impurities can be used interchangeably.

[0037] The emitter regions 212, e.g., polysilicon regions, can be a good sink
and/or trap for the metal impurities 220 discussed above. A gettering process
can be used to trap the metal impurities 220 in the emitter regions 212,
reducing recombination within the silicon substrate 202 and improving overall
solar cell lifetime. Oxides and/or tunnel oxides, such as the dielectric region
210 of Figure 2, can be barriers to gettering of the metal impurities 220 to
emitter regions 212. In one example, heating at temperature at 900 degrees
Celsius or below can be insufficient to diffuse metal impurities through a
tunnel oxide and into a polysilicon region. Thus, in an embodiment, heating at
temperatures above 900 degrees Celsius can include gettering metal impurities
220 through the dielectric region 210, e.g., tunnel oxide, to into the emitter
region 212, e.g., polysilicon regions, as discussed in detail at 106 of Figure 1

below.
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[0038] At 106, the solar cell can be heated at a temperature above 900 degrees
Celsius. In an embodiment, the heating can drive dopants from the dopant
region to a portion of the silicon substrate. In one embodiment, the heating
can include performing an annealing process on the silicon substrate. In an
example, the heating can drive dopants to the portion of the silicon substrate
located above the surface, as shown in Figure 3. In some embodiments, the
surface can be on the front side, back side or both on the front and back side of
the solar cell. In an embodiment, the heating can include gettering
contaminants, e.g. metal impurities and/or metal contaminants, from the
substrate to the emitter region. In an example, the metal impurities and/or
metal contaminants can be iron, nickel and/or chromium among others.

[0039] In one example, the heating can include placing the solar cell in
thermal tool, e.g., a thermal furnace or oven among others, and raising the
temperature in the thermal tool to 975 degrees Celsius or above.

[0040] In an embodiment, the heating can be the last heating step in the solar
cell fabrication process. In one embodiment, the heating can be the only
heating step in the fabrication process. In some embodiments, at least one
other heating step can be performed before the heating process of block 106.
In one example, the other heating process, aside from the heating process of
block 106, can include heating the solar cell to temperature below 900 degrees
Celsius. In an example, the heating process below 900 degrees Celsius can be
performed before the heating process at 106. In an embodiment, the heating
performed at 106 can be performed at the highest temperature among other
heating steps performed in the solar cell fabrication process. Figure 3
illustrates the heating process described above.

[0041] Figure 3 illustrates heating the solar cell of Figure 2, according to some
embodiments. In an embodiment, the heating 230 can include heating the
solar cell 200 above 900 degrees Celsius. In an example, the heating can
include placing the solar cell 200 into a thermal tool, e.g., thermal furnace or
oven among others, and raising the temperature within the thermal tool to 975

degrees Celsius or higher. In an embodiment, the heating 230 can drive 234
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the dopants 222 from the dopant region 216 to a portion 206 of the silicon
substrate 202. In an example, the dopant concentration of the portion 206 of
the silicon substrate 202 can be approximately less than or equal to 2x10'8 cm-
3 after the heating. In an embodiment, the portion 206 of the silicon substrate
202 can be above, as shown, the surface 204 of the silicon substrate 202. In an
embodiment, the heating 230 can getter 232 contaminants 220 from, or
nearby, the surface 204 of the silicon substrate 202 and/or from within the
silicon substrate 202 to the emitter region 212. In an embodiment, the heating
230 can getter 232 the containments 220 through the dielectric region 210 to
the emitter region 212.

[0042] At 108, a metal contact can be formed over the silicon substrate. In an
embodiment, the metal contact can be formed on the emitter region. In some
embodiments, the metal contact can be formed by a metallization process. In
one example, the metallization process can include plating and/or
electroplating the metal contact to the emitter region. In some embodiments,
the metal contact can be formed by printing and/or foil-based metallization
techniques. Figure 4 illustrates an example silicon substrate after to forming
the metal contact. Also Figure 4 illustrates a single metal contact, for
example, which can be on a front side or back side of the solar cell. In an
embodiment, multiple metal contacts can exist. In an example, positive and
negative metal contacts can be formed in an interdigitated pattern.

[0043] With reference to Figure 4, the solar cell of Figure 3 is shown after
forming a metal contact, according to some embodiments. In an embodiment,
the metal contact 242 can be formed on the emitter region 212, e.g. over the
silicon substrate 202. In an example, the metal contact 242 can be formed by
an electroplating process, printing process or a foil-based metallization process
among others. In an embodiment, the metal contact 242 can be a positive or
negative metal contact. As shown in Figure 4 a single metal contact is
illustrated for example, which can be on a front side or back side of the solar

cell. In an example, multiple metal contacts, e.g. some positive and others
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negative, can exist. In one embodiment, the silicon substrate 202 can have
some impurities 221 remaining after the heating 230 of Figure 3.

[0044] Figure 5 illustrates a cross-section of a portion of a solar cell formed
from the method of Figures 1-4, according to some embodiments. The solar
cell 300 can have a front side 301 which faces the sun during normal operation
and a back side 303 opposite the front side 301. The solar cell 300 can include
a silicon substrate 302. In an embodiment, the silicon substrate 302 can be an
N-type silicon substrate. In an embodiment, a portion 306 of the silicon
substrate 302 can have a doping concentration 322 of approximately less than
or equal to 2x10'® em.

[0045] The solar cell 300 can have a dielectric region 310 formed over the
silicon substrate 302. In an embodiment, the dielectric 310 can be a tunnel
oxide. In some embodiments, the dielectric region 310 can be silicon dioxide.
In an embodiment, the solar cell 300 can have first and second emitter regions
312, 314. In an example, the first and second emitter regions 312, 314 can be
P-type and N-type doped polysilicon regions, respectively. In an example,
impurities and/or contaminants 320, e.g. metal impurities 320 and/or metal
contaminants, can be located in the first and second emitter regions 312, 314
as shown. In one embodiment, the silicon substrate 302 can have some
impurities 321 remaining after the gettering process.

[0046] In an embodiment, the solar cell 300 can have first and second metal
contacts 342, 344 formed on the first and second emitter regions 312, 314,
respectively. In some embodiments, a trench region 305 can be formed, which
can separate the first and second emitter regions 312, 314. In an embodiment,
the solar cell 300 can have a textured surface 304 on the front side 301. In an
example, the textured surface 304 can be a surface which can provide
additional light absorption. In an embodiment, the portion 306 of the silicon
substrate 302 can be formed above a textured surface 304 as shown. In some
embodiments, the trench region 305 can also be textured, similar to the
textured surface 304, for additional light absorption from the back side 303 of

the solar cell 300. In some embodiments, an anti-reflective region (ARC) 318
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can be formed over the textured surface 304 of the solar cell 300. In some
embodiments, the anti-reflective region 318 can be silicon nitride.

[0047] In an embodiment, the solar cell 300 can be a back contact solar cell,
for example, as shown in Figures 5 and 7.

[0048] With reference to Figure 6, a front contact solar cell formed from the
method of Figures 1-4 is shown, according to some embodiments. The solar
cell 400 can have a front side 401 which faces the sun during normal operation
and a back side 403 opposite the front side 401. The solar cell 400 can include
a silicon substrate 402. In an embodiment, the silicon substrate 402 can be a
N-type silicon substrate. In an embodiment, a portion 406 of the silicon
substrate 402 can have a doping concentration 422 of approximately less than
or equal to 2x10'® ecm.

[0049] The solar cell 400 can have a dielectric 410 formed over the silicon
substrate 402. In an embodiment, the dielectric 410 can be a tunnel oxide. In
some embodiments, the dielectric 410 can be silicon dioxide. In an
embodiment, the solar cell 400 can have first and second emitter regions 412,
414. In some embodiments, the first emitter region 412 can be formed on the
back side 403 of the solar cell 400 and the second emitter region 414 can be
formed on the front side 401 of the solar cell 400. In an example, the first and
second emitter regions 412, 414 can be P-type and/or N-type doped
polysilicon regions.

[0050] In an embodiment, the solar cell 400 can have first and second metal
contacts 442, 444 formed on the first and second emitter regions 412, 414,
respectively. In an embodiment, the solar cell 400 can have a textured surface
404 on the front side 401. In an example, the textured surface 404 can be a
surface which can provide additional light absorption. In an embodiment, the
portion 406 of the silicon substrate 402 can be above a textured surface 404 as
shown. In some embodiments, an anti-reflective region (ARC) 418 can be
formed over the textured surface 404 of the solar cell 400. In some

embodiments, the anti-reflective region 418 can be silicon nitride.
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[0051] In an example, impurities and/or contaminants 420, e.g. metal
impurities and/or contaminants, can be located in the first and second emitter
regions 412, 414. In one embodiment, the silicon substrate 402 can have some
impurities 421 remaining after the gettering process.

[0052] Figure 7 illustrates still another solar cell formed from the method of
Figures 1-4, according to some embodiments. The solar cell 500 can have a
front side 501 which faces the sun during normal operation and a back side
503 opposite the front side 501. The solar cell 500 can include a silicon
substrate 502. In an embodiment, the silicon substrate 502 can be a N-type
silicon substrate. In an embodiment, a portion 506 of the silicon substrate 502
can have a doping concentration 522 of approximately equal to or less than
2x108 cm.

[0053] The solar cell 500 can have a dielectric region 510 formed over the
silicon substrate 502. In an embodiment, the dielectric 510 can be a tunnel
oxide. In an embodiment, the dielectric region 510 can be silicon dioxide. In
an embodiment, the solar cell 500 can have first and second emitter regions
512, 514. In an example, the first and second emitter regions 512, 514 can be
P-type and/or N-type doped polysilicon regions, respectively. In one
embodiment, the second emitter region 514 can be at least partially formed
over the first emitter region 512, as shown. In an embodiment, a second
dielectric region 513 can be formed over the first emitter region 512, e.g. to
insulate the first emitter region 512 from the second emitter region 514. In
some embodiments, the second dielectric region 513 can also be silicon
dioxide. In an embodiment, an opening 515 can isolate the second emitter
region 514 from the first metal contact 542.

[0054] In some embodiments, the dielectric region 510 and second silicon
region 514 can be formed over the back side 501 of the solar cell 500.

[0055] In an example, impurities and/or contaminants 520, e.g. metal
impurities and/or contaminants, can be located in the second emitter region

512 as shown. In an example, the metal impurities 520 can be iron, nickel
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and/or chromium among others. In one embodiment, the silicon substrate 502
can have some impurities 521 remaining after the heating process.

[0056] In an embodiment, the solar cell 500 can have first and second metal
contacts 542, 544 formed on the first and second emitter regions 512, 514,
respectively. In one embodiment, the solar cell 500 can have a textured
surface 504 on the front side 501 and/or a textured surface 550 on the back
side 503 as shown. In an example, the textured surfaces 504, 550 can be
surfaces which can provide additional light absorption. In an embodiment, the
portion 506 of the silicon substrate 502 can be above a textured surface 504 as
shown. In some embodiments, an anti-reflective region 518 can be formed
over the textured surface 504 of the solar cell 500.

[0057] Turning now to Figure 11, a table is shown listing Temperature and
Surface Dopant Concentration and output results, such as Gettering Location,
Surface Passivation, Lifetime and Efficiency, for example processes of
fabricating solar cells.

[0058] The method of Figures 1-4 is exemplified in Example Process C of
Figure 11, where a surface, or a portion near the surface, of a silicon substrate
was doped at approximately less than or equal to 2x10'8 cm and the solar cell
of Example Process C heated to a temperature above 900 degrees Celsius.
The results from Example Process C are gettering in a polysilicon region of
the silicon substrate, improved surface passivation at approximately 5 fA/cm?,
improved lifetime, e.g. typical of approximately 10 psec, and a > 0.5 %
efficiency increase as compared to other solar cells, e.g. referenced as the
baseline efficiency.

[0059] In contrast, referring to Example Process A, a surface, or a portion near
the surface, of the silicon substrate was doped at approximately less than or
equal to 2x10'® ¢cm™ and the solar cell of Example Process A heated to a
temperature below 900 degrees Celsius resulting in gettering in a non-
polysilicon region of the solar cell, good surface passivation at approximately
2 fA/cm?, poor lifetime, e.g. typical of approximately 3 psec and no

considerable, e.g., < 0.5%, efficiency increase from the baseline.
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[0060] In another example, referring to Example Process B, a surface of the
silicon substrate was doped at approximately 4x10'® cm™ and the solar cell of
Example Process B heated to a temperature below 900 degrees Celsius
resulting in gettering in a non-polysilicon region of the solar cell, poor surface
passivation at approximately 5 fA/cm?, good lifetime, e.g. typical of
approximately 10 psec and no considerable, e.g. < 0.5%, efficiency increase
from the baseline.

[0061] In yet another example comparison, in Example Process D a surface of
the silicon substrate was doped at approximately 4x10'® cm™ and the solar cell
of Example Process D heated to a temperature above 900 degrees Celsius also
resulted gettering in a polysilicon region of the silicon substrate, but poor
surface passivation at approximately 5 fA/cm?, good lifetime, e.g. typical of
approximately 10 psec and no considerable, e.g. < 0.5%, efficiency increase
from the baseline.

[0062] In all Examples Processes A, B and D either the lifetime or surface
passivation only was improved, and the Example Process C resulted in
improved surface passivation, lifetime and efficiency.

[0063] With reference to Figures 8-10, example surface passivation, 1/lifetime
and efficiency measurements, respectively, for solar cells fabricated using the
methods of the Example Processes A and C of Figure 11 is shown. The results
from Figures 8-10 show that the surface passivation, lifetime and efficiency of
solar cells fabricated using the method of Figures 1-4, e.g., Example Process
C, have improved surface passivation, lifetime and higher -efficiency
measurements as compared to the solar cells of Example process A.

[0064] Figure 8 illustrates a graph of surface passivation measurements from
solar cells fabricated using the Example Process A and C from Figure 11. As
shown, the Example Process C has lower passivation results as compared to
Example Process A. Lower surface passivation is preferred for high efficiency
solar cells. Thus, the Example Process C has improved surface passivation

results as compared to Example Process A.
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[0065] With reference to Figure 9, there is shown a graph of 1/lifetime
measurements from solar cells fabricated using the Example Process A and C
from Figure 11. As shown, the Example Process C has higher lifetime, lower
1/lifetime results, as compared to Example Process A. Higher lifetime is
preferred for high efficiency solar cells. Thus, the Example Process C has
improved lifetime results as compared to Example Process A.

[0066] Figure 10 illustrates a graph of efficiency measurements from solar
cells fabricated using the Example Process A and C from Figure 11. As
shown, the Example Process C has higher efficiency results as compared to
Example Process A. Higher solar cell efficiency conversion is preferred to
maximize the electricity conversion from collected light. Thus, the Example
Process C has improved efficiency results over Example Process A.

[0067] The results of Figures 8-10 demonstrate that a solar cell fabrication
technique of Figures 1-4 results in overall improvement for surface
passivation, lifetime and efficiency from other techniques, e.g. Example
Processes A, B and D.

[0068] Although specific embodiments have been described above, these
embodiments are not intended to limit the scope of the present disclosure,
even where only a single embodiment is described with respect to a particular
feature. Examples of features provided in the disclosure are intended to be
illustrative rather than restrictive unless stated otherwise. The above
description is intended to cover such alternatives, modifications, and
equivalents as would be apparent to a person skilled in the art having the
benefit of this disclosure.

[0069] The scope of the present disclosure includes any feature or
combination of features disclosed herein (either explicitly or implicitly), or
any generalization thereof, whether or not it mitigates any or all of the
problems addressed herein. Accordingly, new claims may be formulated
during prosecution of this application (or an application claiming priority
thereto) to any such combination of features. In particular, with reference to

the appended claims, features from dependent claims may be combined with
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those of the independent claims and features from respective independent
claims may be combined in any appropriate manner and not merely in the

specific combinations enumerated in the appended claims.
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CLAIMS

What is claimed is:

1. A solar cell, the solar cell having a front side which faces the
sun during normal operation and a back side opposite the front side, the solar
cell comprising:

a silicon substrate, wherein a portion of the silicon substrate has

a dopant concentration of approximately less than or equal to 2x10'8

cm and wherein the portion of the silicon substrate is formed at the

back side of the solar cell;
a first dielectric region formed over the silicon substrate,
wherein the first dielectric region is formed over the front side of solar;
a first emitter region having metal impurities formed over the
first dielectric region; and

a first metal contact formed over the first emitter region.

2. The solar cell of claim 1, wherein the portion of the silicon

substrate comprises N-type dopants.

3. The solar cell of claim 1, wherein the portion of the silicon

substrate comprises phosphorus.

4. The solar cell of claim 1, wherein the portion of the silicon

substrate comprises P-type dopants.

5. The solar cell of claim 1, wherein the portion of the silicon

substrate comprises boron.

6. The solar cell of claim 1, wherein the first emitter region

comprises polysilicon.
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7. The solar cell of claim 1, further comprising:
a second emitter region having metal impurities formed over
the silicon substrate, wherein the second emitter region is formed over the
back side of solar; and

a second metal contact formed over the second emitter region.

8. The solar cell of claim 1, further comprising:
a second dielectric region formed over the silicon substrate,
wherein the second dielectric region is formed over the back side of solar;
a second emitter region having metal impurities formed over
the second dielectric region; and

a second metal contact formed over the second emitter region.

9. The solar cell of claim 8, wherein the second emitter region

comprises polysilicon.

10. A solar cell, the solar cell having a front side which faces the
sun during normal operation and a back side opposite the front side, the solar
cell comprising:

a silicon substrate, wherein a portion of the silicon substrate has

a dopant concentration of approximately less than or equal to 2x10!8

cm and wherein the portion of the silicon substrate is formed at the

front side of the solar cell;

a dielectric region formed over the silicon substrate, wherein
the dielectric region is formed over the back side of solar;

a first emitter region having metal impurities formed over the
dielectric region; and

a first metal contact formed over the first emitter region.
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11. The solar cell of claim 10, wherein the portion of the silicon

substrate comprises N-type dopants.

12. The solar cell of claim 10, wherein the portion of the silicon

substrate comprises phosphorus.

13. The solar cell of claim 10, wherein the portion of the silicon

substrate comprises P-type dopants.

14. The solar cell of claim 10, wherein the portion of the silicon

substrate comprises boron.

15. The solar cell of claim 10, wherein the first emitter region

comprises polysilicon.

16.  The solar cell of claim 10, further comprising:
a second emitter region having metal impurities formed over
the dielectric region; and

a second metal contact formed over the second emitter region.

17. The solar cell of claim 16, wherein the second emitter region is

separate from the first emitter region.

18. The solar cell of claim 16, wherein a trench region separates the

first emitter region from the second emitter region.

19. The solar cell of claim 16, wherein the second emitter region

comprises polysilicon.

21

Petitioner Canadian Solar Inc., Ex. 1002, p. 180



Attorney Docket No. 131815-255190_P167C2DC

20. The solar cell of claim 16, wherein the first emitter region
comprises a P-type doped polysilicon region and the second emitter region

comprises a N-type doped polysilicon region.
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ABSTRACT OF THE DISCLOSURE

A method of fabricating a solar cell can include forming a dielectric
region on a silicon substrate. The method can also include forming an emitter
region over the dielectric region and forming a dopant region on a surface of
the silicon substrate. In an embodiment, the method can include heating the
silicon substrate at a temperature above 900 degrees Celsius to getter
impurities to the emitter region and drive dopants from the dopant region to a

portion of the silicon substrate.
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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
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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
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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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INFORMATION DISCLOSURE Filing Date | May 18, 2020
STATEMENT BY APPLICANT First Inventor | Smith, Davic D.
Ast Unit | 2820
{Noi for submission under 37 CFR 1.59) Exarniner Name | Unassignsd
\_ Attorney Docket No. | 131815-255100_F167C20C Conf. No. 2637 )
( DUTY OF DISCLOSURE STATEMENT )
in accordance with the duly of disclosure, enclosed is a copy of an Information Disclosure Statement (IDS) Citation Form
PTQ/SB/0E or PTO-1448, together with copies of the documents cited on that form, except for copies not required to be
submilted {a.g., copies of U.S. patents and U.S. published patent applications need not be enclosed). 1l is respectfully
requesied that the ciled references be considered and that the enclosed copy of PTO/SE/(Q8 be initialed by the Examiner io
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material to patentability.
> J
CERTIFICATION STATEMENT h

Please see 37 CFR 1.97 and 1.98 {0 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 staterment. See 37 CFR 1.97(e)(1).

OR

|:| That no item of information contained in the information disclosure statement was cited in g communication from a foreign
patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification after making
rgasonable inquiry, no item of information contained in the information disclosure statement was known 10 any individual

designated in 37 CFR 1.56(¢) more than three months prior to the filing of the information disclosure statement. See 37
CFR 1.97(e){(2).

OR
None

D The 1DS Filing Fee in the amount of $280.00 as set forth in 37 CFR 1.17(p) has been submilted herewith.
X #is requested that any requisite fees be debited from Deposit Account 50-0383.

SIGNATURE

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

Qignature | /dustin K. Brask/ Date (MM-DD-YYYY) | 12-10-2020
Name/Print | Justin K. Brask Registration Numbper | 61.080

{ heveby certify that this correspondence is being submitted electronically via EFS Web on the date shown belfow.

Daje 12-10-2020

35 U.S.0. 122 and 27 CF % 1.4, This take 1 hour to
suggestions for requcing this Sraet mformation

< e i be s el
S8 SEND TO: Commissioner for Patents, PO, Box

sitgction is estimated

J
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO, Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

[ APPLICATION NUMBER FILING OR 371(C) DATE | FIRSTNAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/877,255 05/18/2020 David D. Smith 131815-255190_P167C2DC
CONFIRMATION NO. 2637
149776 PUBLICATION NOTICE

Schwabe Williamson & Wyatt/SunPower

PACWEST GENTER, SUITE 1600 O
1211 SW FIFTH AVENUE

PORTLAND, OR 97204

Title:SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR EFFICIENCY

Publication No.US-2021-0043782-A1
Publication Date:02/11/2021

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
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

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

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

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

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

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

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWww.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/877,255 05/18/2020 David D. Smith 131815-255190_P167C2DC 2637
149776 7590 06/28/2021 | EXAMINER |
Schwabe Williamson & Wyatt/SunPower
PACWEST CENTER, SUITE 1900 TRAN, LONG K
1211 SW FIFTH AVENUE
PORTLAND, OR 97204 | ART UNIT | PAPER NUMBER |
2829
| NOTIFICATION DATE | DELIVERY MODE |
06/28/2021 ELECTRONIC

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

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

IPDocketing@SCHW ABE.com
ghoover @schwabe.com
mscardina@schwabe.com

PTOL-90A (Rev. 04/07)
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Address: COMMISSIONER FOR PATENTS
P.O. Box 1450
Alexandria, Virginia 22313-1450

APPLICATIONNO./ | FILING DATE FIRST NAMED INVENTOR/ ATTORNEY DOCKET NO.
CONTROL NO. PATENT IN REEXAMINATION
16/877,255 05/18/2020 Smith etal. 131815-255190_P16
EXAMINER
Schwabe Williamson & Wyatt/SunPower PACWEST CENTER, SUITE 1900 Long Tran
1211 SW FIFTH AVENUE
PORTLAND, OR 97204 ARTUNIT _ [PAPER
2829 20210624

DATE MAILED:

Please find below and/or attached an Office communication concerning this application or
proceeding.

Commissioner for Patents

Please see the attached decision pertaining to the petition to accept color drawings dated 27 October 2020.

/LAUREN R BELL/ /DEAN A REICHARD/
Primary Examiner, Art Unit 2816 TQAS, TC 2800

PTO-90C (Rev.04-03)
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Application/Control Number: 16/877,255 Page 2
Art Unit: 2816

UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
WWW.USpto.gov

Schwabe Williamson & Wyatt/SunPower
PACWEST CENTER, SUITE 1900

1211 SW FIFTH AVENUE
PORTLAND, OR 97204

In re Application of: David Smith
Serial No.: 16877255 :
Filed: May 18, 2020 : DECISION ON PETITION

Docket: 131815-255190_P167C2DC - UNDER 37 C.F.R. § 1.84(a)(2) TO
Title: SOLAR CELLS WITH IMPROVED ACCEPT COLOR DRAWINGS
LIFETIME, PASSIVATION AND/OR '
EFFICIENCY

This decision is in response to the petition under 37 CFR 1.84(a)(2) for acceptance of color
drawings, filed 27 October 2020.

The petition is DISMISSED.

Review of Facts

Applicant filed a petition requesting acceptance of color drawings on 27 October 2020.

Regulation and Practice
According to 37 CFR 1.84(a)(2) in part states:

“The Office will accept color drawings in utility patent applications only after granting a petition filed
under this paragraph explaining why the color drawings are necessary ... Any such petition must include the
following:

(i) The fee set forth in 37 C.F.R. §1.17(h);

(i1) One (1) set of the color drawings if submitted via the Office electronic filing system or three (3) sets of
the color drawings if not submitted via the Office electronic filing system; and

(iii)) An amendment to the specification (unless the specification contains or has been previously amended
to contain) the following language as the first paragraph of the brief description of the drawings:

“The patent or application file contains at least one drawing executed in color. Copies of this patent or
patent application publication with color drawing(s) will be provided by the Office upon request and payment of the

necessary fee.””

MPEP 608.02(VIII) in part states:
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Application/Control Number: 16/877,255 Page 3
Art Unit: 2816

“It is anticipated that such a petition will be granted only when the U.S. Patent and Trademark Office has
determined that a color drawing or color photograph is the only practical medium by which to disclose in a printed
utility patent the subject matter to be patented.”

Analysis and Decision

In accordance with 37 CFR 1.84(a)(2), the petition is deficient for the following reasons: it does
not appear that color drawings are present in the file wrapper. See 37 CFR 1.84(a)(2)(i1),
reproduced above.

Accordingly, the petition is DISMISSED.

Any request for reconsideration of this decision must be submitted within TWO (2) MONTHS
from the mail date of this decision. Any request not filed within two months of this decision may
be dismissed as untimely. See 37 CFR 1.181(f). Extensions of time under 37 CFR 1.136(a) are
NOT permitted. This is NOT a final agency action within the meaning of 5 U.S.C. § 704.

Any inquiry concerning this decision should be directed to Dean Reichard at (571) 272-1984. If
attempts to reach the undersigned are unsuccessful, you may contact Brian Sircus at (571) 272-
2058.

/Dean Reichard/
Dean Reichard, Quality Assurance Specialist
TC2800
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

Smith, et al. Examiner: Tran, Long K.
Application No.: 16/877,255 Art Unit: 2829
Filed: May 18, 2020 Confirmation No.: 2637

For: SOLAR CELLS WITH IMPROVED
LIFETIME, PASSIVATION AND/OR
EFFICIENCY

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
RENEWED PETITION UNDER 37 CFR §1.84(a)(2) TO ACCEPT COLOR DRAWINGS
Dear Examiner:

In reply to the Decision on Petition Under 37 CFR §1.84(a)(2) to Accept Color
Drawings mailed June 28, 2021, Applicants hereby submit a renewed petition to accept
color drawings in the above-referenced application. New Fig. 11 was drawn using
grayscale, the only practical medium by which aspects of the claimed subject matter may
be accurately conveyed. It is the only color figure submitted in this application. No new
matter has been introduced.

Accordingly, Applicants request new Fig. 11 be accepted and the dismissal be

vacated.
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CONCLUSION

The Examiner is respectfully requested to contact the undersigned by telephone if
it is believed that such contact would further the examination of the present application.
Pursuant to 37 C.F.R. 1.136(a)(3), the Applicant(s) hereby request and authorize
the U.S. Patent and Trademark Office to (1) treat any concurrent or future reply that
requires a petition for extension of time as incorporating a petition for extension of time
for the appropriate length of time and (2) charge all required fees, including extension of
time fees and fees under 37 C.F.R. 1.16 and 1.17, to Deposit Account No. 50-0393.
Respectfully submitted,

SCHWABE, WILLIAMSON & WYATT, P.C.

July 21, 2021 /Justin K. Brask/

Date Justin K. Brask
Reg. No. 61,080

1211 SW 5%, Ste. 1900

Portland, OR 97204

Telephone: (503) 222-9981

Facsimile: (503) 796-2900

App. No. 16/877,255 2 Examiner: Tran, Long K.
Dkt No. 131815-255190_P167C2DC Art Unit: 2829
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NEW SHEET

<900

deg-C 2x10"8 ¢cm-3 non-poly 2fAlcm?2 ~3msec | Baseline
569908 4x1018 cm=3 | non-poly 5fA/cm?2 ~10msec | Baseline

<900
deg-C

4x1018 cm-3

poly

5fA/cm?

~10msec
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Table 1. Example Processes for Solar Cell Fabrication

FIG. 11
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SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR EFFICIENCY

First Named Inventor/Applicant Name:

David D. Smith

Customer Number:

149776

Filer:

Justin K. Brask/Gigi Hoover

Filer Authorized By:

Justin K. Brask

Attorney Docket Number: 131815-255190_P167C2DC
Receipt Date: 21-JUL-2021
Filing Date: 18-MAY-2020
Time Stamp: 18:56:45

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document s . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

96288

S1117US4_P167C2DC_renewe
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Multipart Description/PDF files in .zip description
Document Description Start End
A petition from Applicant to accept Color Drawings or Color Photographs 1 2
Drawings-only black and white line drawings 3 3
Warnings:
Information:
Total Files Size (in bytes){ 96288

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
149776 7590 09/29/2021
Schwabe Williamson & Wyatt/SunPower TRAN, LONG K
PACWEST CENTER, SUITE 1900
1211 SW FIFTH AVENUE | ARTUNIT PAPERNUMBER |
PORTLAND, OR 97204 2829
DATE MAILED: 09/29/2021
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
16/877.255 05/18/2020 David D. Smith 131815-255190_P167C2DC 2637

TITLE OF INVENTION: SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR EFFICIENCY

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 12/29/2021

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
Page 1 of 3

PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

149776 7590 09/29/2021 Certificate of Mailing or Transmission

Schwabe Williamson & Wyatt/SunPower I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
PACWEST CENTER, SUITE 1900 addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
1211 SW FIFTH AVENUE the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
PORTLAND OR 97204 (Typed or printed name)
(Signature)
(Date)|
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

16/877,255 05/18/2020 David D. Smith 131815-255190_P167C2DC 2637

TITLE OF INVENTION: SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR EFFICIENCY

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 1272972021
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
TRAN, LONG K 2829 136-256000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2

O W " e 2 registered patent attorneys or agents. If no name is
Fee Address" indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

(98]

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual [ Corporation or other private group entity [ Government

4a. Fees submitted: (Jissue Fee (IPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

[ Electronic Payment via EFS-Web [ Enclosed check (I Non-electronic payment by credit card (Attach form PTO-2038)

(] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29
M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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‘, UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
16/877.255 05/18/2020 David D. Smith 131815-255190_P167C2DC 2637
149776 7590 09/29/2021 | EXAMINER |
Schwabe Williamson & Wyatt/SunPower TRAN, LONG K
PACWEST CENTER, SUITE 1900
1211 SW FIFTH AVENUE | ARTUNIT PAPERNUMBER |
PORTLAND, OR 97204 2829

DATE MAILED: 09/29/2021

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3

PTOL-85 (Rev. 02/11)
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
) » 16/877,255 Smith et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
LONG K TRAN 2829 Yes

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

1.4} This communication is responsive to Filing on 10/27/2020.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

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

3. The allowed claim(s) is/are 1-20 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

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

a) JAll b) (J Some* ¢) [J None of the:

1. [J Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.

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

* Certified copies not received:

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

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

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

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

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

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

2. Information Disclosure Statements (PTO/SB/08),
Paper No./Mail Date 10/27/2020 and 12/10/2020.

3.0 Examiner's Comment Regarding Requirement for Deposit 7. [0 Other .
of Biological Material

4.3 Interview Summary (PTO-413),
Paper No./Mail Date.

/LONG K TRAN/

Primary Examiner, Art Unit 2829

5. (J Examiner's Amendment/Comment
6. Examiner's Statement of Reasons for Allowance

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13)

Notice of Allowability Part of Paper No./Mail Date 20210916
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Application/Control Number: 16/877,255 Page 2
Art Unit: 2829

Notice of Pre-AlA or AlIA Status
1. The present application, filed on or after March 16, 2013, is being examined under the first
inventor to file provisions of the AIA.
Information Disclosure Statement
2. The Information Disclosure Statement filed on 10/27/2020 and 12/10/2020 have been
considered.
Allowable Subject Matter

3. Claims 1 - 20 are allowed.
4, The following is an examiner’s statement of reasons for allowance: Claims 1 - 20 are allowable
over the prior art of record because none of the prior art whether taken singularly or in combination,
especially when these limitations are considered within the specific combination claimed, to teach:

portion of the silicon substrate is formed at the back side of the solar cell and a first dielectric
region formed over the silicon substrate, wherein the first dielectric region is formed over the front side
of solar as recited in the independent claim 1; and portion of the silicon substrate is formed at the front
side of the solar cell; a dielectric region formed over the silicon substrate, wherein the dielectric region
is formed over the back side of solar; a first emitter region having metal impurities formed over the
dielectric region as recited in the independent claim 10.

Any comments considered necessary by applicant must be submitted no later than the payment of
the issue fee and, to avoid processing delays, should preferably accompany the issue fee. Such submissions

should be clearly labeled “Comments on Statement of Reasons for Allowance.”

/LONG K TRAN/
Primary Examiner, Art Unit 2829

September 21, 2021
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Notice of References Cited

Application/Control No. Applicant(s)/Patent Under
16/877,255 Reexamination
Smith et al.
Examiner Art Unit
LONG K TRAN 2829 Page 1 of 1

U.S. PATENT DOCUMENTS

* Coumzogsgimnr:lbi':jsﬁg Gode MMD- ?}\e(YY Name CPC Classification US Classification
* [ A | US-20130247981-A1 09-2013 YELUNDUR; VIJAY HO1L31/02167 136/259
* B | US-20100139763-A1 06-2010 Van Nieuwenhuysen; Kris HO1L31/1804 136/256

C

D

E

F

G

H

|

J

K

L

M

FOREIGN PATENT DOCUMENTS

* Countzoé:Sdme-el\T:rrll\lbL;TEiiL Code MI\/ID- $$YY Country Name CPC Classification

N

(6]

P

Q

R

S

T

NON-PATENT DOCUMENTS

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)

U

\

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. 20210916
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |i¢s77 255 Smith et al.
H “ “HH Examiner Art Unit
LONG K TRAN 2829
CPC
Symbol Type Version
HO1L 02008 F 2013-01-01
HO1L 1804 | 2013-01-01
HO1L 1864 | 2013-01-01
HO1L 022441 | 2013-01-01
HO1L 02167 | 2013-01-01
HO1L 0745 | 2013-01-01
HO1L 0747 | 2013-01-01
HO1L 3221 | 2013-01-01
HO1L 068 | 2013-01-01
HO1L 186 | 2013-01-01
HO1L 03682 | 2013-01-01
HO1L 0368 | 2013-01-01
HO1L 1872 | 2013-01-01
YO02E 547 A 2013-01-01
YO02P 50 A 2015-11-01
CPC Combination Sets
Symbol Type Set Ranking Version
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 20
/LONG K TRAN/ 21 September 2021 ) . -
Primary Examiner, Art Unit 2829 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 7
U.S. Patent and Trademark Office Part of Paper No.: 20210916
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |i¢s77 255 Smith et al.
H “ “HH Examiner Art Unit
LONG K TRAN 2829
INTERNATIONAL CLASSIFICATION
CLAIMED
HO1L 028
NON-CLAIMED
US ORIGINAL CLASSIFICATION
CLASS SUBCLASS
257 79
CROSS REFERENCES(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 20
/LONG K TRAN/ 21 September 2021 ) . -
Primary Examiner, Art Unit 2829 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 7
U.S. Patent and Trademark Office Part of Paper No.: 20210916
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Issue Classification

Application/Control No. Applicant(s)/Patent Under Reexamination
16/877,255 Smith et al.

Examiner Art Unit

LONG K TRAN 2829

Claims renumbered in the same order as presented by applicant (] CPA (3 T.D.

O R.1.47

CLAIMS

Final |Original|Final OriginallFinaI Original|Final |Original|Final

Original|Final |Original|Final |Origi

nal|Final |Original

NONE

(Assistant Examiner)

(Date) 20

Total Claims Allowed:

/LONG K TRAN/
Primary Examiner, Art Unit 2829

(Primary Examiner)

21 September 2021

O.G. Print Claim(s)

(Date) 1

O.G. Print Figure
7

U.S. Patent and Trademark Office
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Part of Paper No.: 20210916
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Application/Control No. Applicant(s)/Patent Under Reexamination
Search Nofes 16/877 255 Smith et al.
H“m“m “H“‘ ‘ HH“‘ o o
LONG K TRAN 2829
CPC - Searched*
Symbol Date Examiner
HO01L31/02008,1804,1872,1864,3068,022441 09/14/2021 LT
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner
257 79 09/14/2021 LT

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

the search.

Search Notes

Search Notes Date Examiner

H01L31/02008,1804,1872,1864,3068,022441.CPC. - Text Search 09/14/2021 LT

HO1L31/028.IPCR. - Text Search 09/14/2021 LT

257179 - Text Search 09/14/2021 LT

EAST Search 09/14/2021 LT

EAST Search 09/17/2021 LT

Interference Search 09/17/2021 LT

Interference Search

g?n?ngs/CPc US Subclass/CPC Group Date Examiner
US-PGPUB, USPAT -1 09/17/2021 LT

U.S. Patent and Trademark Office

Page 1 of 1

Part of Paper No.: 20210916
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UNITED STATES PATENT AND TRADEMARK OFFICE

Page 1 of 1

BIB DATA SHEET

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
P.O. Box 1450
Alexandria, Virginia 22313-1450
WWW.uspto.gov

CONFIRMATION NO. 2637

David D. Smith, Campbell, CA;
Tim Dennis, Canton, TX;
Russelle De Jesus Tabajonda, Banlic Cabuyao City, PHILIPPINES;

** CONTINUING DATA **+*errsrkinsnnrsriihski
This application is a CON of 16/228,165 12/20/2018 PAT 10658525
which is a DIV of 15/876,927 01/22/2018 PAT 10170642
which is a CON of 15/213,273 07/18/2016 PAT 9899542
which is a CON of 14/579,935 12/22/2014 PAT 9520507

*k FOREIGN APPLICATIONS kkkkkhkkkkkhkhhkkhhkkkkkhhkkkk
** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **

SERIAL NUMBER FILINSA%E 371(c) CLASS GROUP ART UNIT ATTORN'\I%-DOCKET
16/877,255 05/18/2020 136 2829 13[1815-255190_P167C2
RULE
APPLICANTS
SunPower Corporation, San Jose, CA;
INVENTORS

05/26/2020
Foreign Priority clairmed ves Mino STATEOR | SHEETS TOTAL |INDEPENDENT
35 USC 119(a-d) conditions met [ Yes N0 | (] Metafter COUNTRY |DRAWINGS | CLAIMS CLAIMS
Xglﬁlzg\fllzzged /é?::nig'gggrgiure Initials CA 6 20 2
ADDRESS
Schwabe Williamson & Wyatt/SunPower
PACWEST CENTER, SUITE 1900
1211 SW FIFTH AVENUE
PORTLAND, OR 97204
UNITED STATES
TITLE
SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR EFFICIENCY
U All Fees
FEES: Authority has b onin P U 1.16 Fees (Filing)
FILING FEE . Authority has been given in Paper - -
RECEIVED |No. to charge/credit DEPOSIT ACCOUNT  |[ 2117 Fees (Processing Ext. of time)
1980 No. for following: U 1.18 Fees (Issue)
|EI Other |
[Q Credit |

BIB (Rev. 05/07).
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EAST Search History

EAST Search History (Prior Art)

Ref Hits  SearchQuery ~ DBs Default Plural Time
# | | | |
P T . T
7 PGPUB; 716:18

S25 5 15/876927 US- OR ‘ON  2021/09/1
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é é (USPAT; ? f
-EPO; :
. DERWEN
T f

525 858 - HO01L31/02008,1804,1872,1864,3068,022441 : US- ‘OR : :2021/09/2
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“EPO; ;
‘DERWEN
T :

S26 :0 - S$259 emitter with ((poly adj (Si Silicon)) ‘Us- :AND ‘ON :2021/09/2
0o . polysilicon) ‘PGPUB; 009:40
? ‘USPAT;

‘USOCR;

FPRS;

‘EPO;

-JPO; .

DERWEN |

T %
IBM_TDB

$26 (13 - $259 and first near emitter near region and  US- .OR :2021/09/2 :

1 .second near emitter near region and side ‘PGPUB; ‘009:41
5 -near3 solar near cell "USPAT :

S26 11 first near emitter near region and second ‘US- :AND ‘ON  :2021/09/2

2 “near emitter near region and solar near cell PGPUB; ‘009:49

-and (first or second or top or bottom or {USPAT; 5 f
-upper or lower) near3 metal near3 contact  : EPO; :
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DERWEN

S27 14 i (Tabajonda near5 Russelle).in. ‘Us- ‘OR ON £2021/09/2
: f EPGPUB; 0 10:18

(USPAT; : %

‘USOCR;

FPRS;

“EPO;

{JPO; :

'DERWEN

T

IBM_TDB

S27 17,054 S276 S277 S278 US- OR ON  :2021/09/2
9 'PGPUB; 010:18
(USPAT; %
:USOCR;
'FPRS;
“EPO;
-JPC; ;
'DERWEN
T 5

S28 38 /5279 and first near emitter near region and : US- OR ON  2021/09/2
0o -second near emitter near region and solar  :PGPUB; :010:18
: _near cell and first and second “USPAT; : :

 DERWEN
T
IBM_TDB

S28 538 25280 ‘US- fOR ON i2021/09/2§
1 ‘PGPUB; ‘010:18
; % (USPAT; %
:USOCR;
FPRS;
“EPO;
-JPO; z
'DERWEN
T
IBM_TDB

S28 523,658 :solar near cell -US- ‘OR ‘ON :2021/09/2
2 ‘PGPUB; 010:23
"USPAT;
‘USOCR;
FPRS;
‘EPO;
-JPO;
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:IBM_TDB

S28 12,016  front near side near5 sun ‘Us- ‘OR ‘ON :2021/09/2
3 : ‘PGPUB; :010:24

{USPAT; ? :

{USOCR;

‘FPRS;

“EPO;

{JPO; :

‘DERWEN

T
‘IBM_TDB

528 682 152825283 (US- ‘WITH ON :2021/09/2
4 PGPUB; 010224
(USPAT; %
:USOCR;
FPRS;
“EPO;
JPO; ;
'DERWEN
T |

S28 538,060  solar near2 cell Us- OR  ON  2021/09/2
5 | PGPUB; g 010:27

 DERWEN
T
IBM_TDB

S28 8,503,23 substrate ‘US- ‘OR ‘ON :2021/09/2

6 9 ? PGPUB; :010:27

; (USPAT; %

:USOCR;

FPRS;

EPO;

JPO; 5

' DERWEN

T

; 5 IBM_TDB 3 : :

S28 :1,764,57 : (Si Silicon semiconductor) near3 S286 -US- ‘OR ‘ON :2021/09/2

7 5 ‘PGPUB; 010:27
: ‘USPAT; :

‘USOCR;

FPRS;

{EPO;

-JPO;
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:IBM_TDB

S28 171,215 S285 and S287 ‘US- OR ; 32021/09/25
8 : ‘PGPUB; :010:27

(USPAT; | |

{USOCR;

FPRS;

“EPO;

{JPO; :

'DERWEN

T
IBM_TDB

$28 160,568 : dop$3 near2 concentration ‘US- OR ‘ON  :2021/09/2
9 ‘PGPUB; :010:27
(USPAT; %
:USOCR;
FPRS;
“EPO;
JPO; ;
'DERWEN
T 5

S29 98,207  S287 and 5289 Us- OR 2021/09/2
0o PGPUB; 010:27

 DERWEN
T
IBM_TDB

S29 7,306  S288and 5290 US- OR 12021/09/2
1 | PGPUB; 1010:27
(USPAT; %
|USOCR;
FPRS;
“EPO;
PO,
'DERWEN
T
[IBM_TDB

$29 15,654  emitter with impurity US- OR ON  :2021/09/2
2 'PGPUB; 010:27
"USPAT;
‘USOCR;
'FPRS;
‘EPO;
-JPO;
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B
:IBM_TDB

S29 68,892  contact with emitter ‘US- ‘OR ‘ON  :2021/09/2
3 : ‘PGPUB; :010:27

(USPAT; % é

{USOCR;

FPRS;

“EPO;

{JPO; :

'DERWEN

T
IBM_TDB

S29 ;7,412 35292 and S293 (US- ‘OR ‘ON :2021/09/2
4 PGPUB; 01027
(USPAT; %
:USOCR;
FPRS;
“EPO;
-JPC; ;
'DERWEN
T :

S29 303 291 and 5294 Us- OR ON  2021/09/2
5 PGPUB; 1010:27

'DERWEN
: i T : : :
$29 1,346  HO1L31/02008,1804,1872,1864,3068,022441 : US- ‘OR ‘ON  :2021/09/2
6 . .CPC. AND emitter near region AND ‘PGPUB; ‘010:29
i @AD<"20141222" USPAT;, :
| USOCR;
FPRS;
‘EPO;
-JPO; :
'DERWEN
T
‘IBM_TDB

$29 13 /5296 AND first near emitter near region and  US- OR ON  2021/09/2
7 - second near emitter near region and side :PGPUB; :010:29
: _near3 solar near cell ‘USPAT;, : :

S29 117 first near emitter near region and second :US- ‘OR ‘ON  :2021/09/2
: “near emitter near region and solar near cell PGPUB; ‘010:31
“and first and second “USPAT; :
‘EPO;
'DERWEN
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S29 29 first near emitter near region and second ‘US- AND  'ON  :2021/09/2
9 _near emitter near region and solar near cell PGPUB; :010:35
: ~and ((first or second or top or bottom or “USPAT; : ?
_upper or lower or front or back) near3 metal : EPO; _
-near3 contact) ((dopant or dop$3) near2 ‘DERWEN
; - concentration) emitter T : 5 :
S30 (29 first near emitter near region and second -US- AND ‘ON  :2021/09/2
0 “near emitter near region and solar near cell PGPUB; :010:36
1 -and (first or second or top or bottom or {USPAT; 5 ?
“upper or lower) near3 metal near3 contact  EPO; ;
'DERWEN
T |

S30 10 silicon near substrate dopant near ‘US- 'AND ‘ON  :2021/09/2
1 concentration back near side solar near cell :PGPUB; :010:51
: ((dielectric near region) and (front near side :USPAT; : :
i near solar)) .EPO;
: 'DERWEN
T

S30 10 silicon near substrate dopant near US- AND ‘ON  :2021/09/2
2 _concentration back near side solar near cell PGPUB; :010:51
1 ((dielectric near region) and (front near side :USPAT; 5 f
-near solar)) ‘EPO; ;
% 'DERWEN
; ; T : : :
S30 10 silicon near substrate dopant near :Us- ‘AND ‘ON  :2021/09/2
3 concentration back near side solar near cell :PGPUB; :010:55
: ((dielectric near region) and (front near side :USPAT; : ?
i near solar)) emitter near region .EPO;
: 'DERWEN

S30 9 first near emitter near region and second US- AND ‘ON  :2021/09/2
4 -near emitter near region and solar near cell :PGPUB; ‘010:58
: -and (first or second or top or bottom or USPAT; 5 f
“upper or lower) near3 metal near3 contact  EPO; :
-and partial$4.cim. ‘DERWEN
; T :

S30 (10 :silicon near substrate dopant near -US- :AND ‘ON :2021/09/2
5 concentration back near side solar near cell :PGPUB; :011:01
: ((dielectric near region) and (front near side USPAT; : ?
i near solar)) metal near contact “EPO;
: 'DERWEN

S30 10 silicon near substrate dopant near ‘Us- AND ‘ON  :2021/09/2
6 _concentration back near side solar near cell :PGPUB; 011:02
? ((dielectric near region) and (front near side ‘USPAT; 5 :
_near solar)) metal near contact emitt$3 near :EPO; :
_region ‘DERWEN
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$31 1 16/877255 US- AND  ON  :2021/09/2
0o : ‘PGPUB; g 021:10
(USPAT; % 3
- USOCR;
“FPRS;
‘EPO;
-JPO; _
'DERWEN
T :

S31 %425 solar near cell ((front near side with fac$3  US- AND  ON  2021/09/2
3 -near3 sun) with (normal near operation)) ‘PGPUB; 02112

 DERWEN
T §
1BM_TDB

S31 10 solar near cell ((front near side with fac$3  : US- AND  ON  :2021/09/2
7 -near3 sun) with (normal near operation)) ‘PGPUB; 021:26
f  (silicon near substrate near5 dopant near ‘USPAT;, :
concentration) (dielectric region with (front  : USOCR;
-near side) with solar near cell) FPRS;
? “EPO;
:JPO; f
'DERWEN
T :
; ; IBM_TDB : : :
S31 659 . (dielectric near region with silicon near ‘US- :AND ‘ON  :2021/09/2
8 Substrate) ‘PGPUB; :021:30
f _USPAT; f :
:USOCR;
_FPRS;
‘EPO;
“JPO;
' DERWEN
T i
‘IBM_TDB |

S31 .10 solar near cell ((front near side with fac$3  : US- AND ‘ON  12021/09/2°
9 :near3 sun) with (normal near operation)) PGPUB; 021:30
f (silicon near substrate near5 dopant near ‘USPAT; ?
_concentration) (dielectric region with (front  USOCR;
i near side) with solar near cell) (dielectric -FPRS;
‘ near region with silicon near substrate) :EPO;
i {JPO; ;
:DERWEN
T é
'IBM_TDB
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S32 225 -emitter near region metal near impurity ‘US- AND ‘ON  :2021/09/2
o PGPUB; 021:32
(USPAT; %
:USOCR;
_FPRS;
‘EPO;
:JPO; _
'DERWEN
T :

S32 225  emitter near region metal near impurities ~ US- AND  ON  2021/09/2
1 PGPUB; 021:32

 DERWEN
T
1BM_TDB

S32 225 1S320 or S321 “US- AND  ON  :2021/09/2
2 : ‘PGPUB; 021:33
"USPAT; %
{USOCR;
‘FPRS;
“EPO;
PO;
'DERWEN
T
: ; IBM_TDB 3 : :
S32 10 solar near cell ((front near side with fac$3  : US- :AND ‘ON  :2021/09/2
5 “near3 sun) with (normal near operation)) ‘PGPUB; 021:34
 (silicon near substrate near5 dopant near ‘USPAT; :
. concentration) (dielectric region with (front  : USOCR;
-near side) with solar near cell) (dielectric FPRS;
- near region with silicon near substrate) ‘EPO;
(emitter near region metal near impurities)  :JPO;
: :DERWEN :
T
‘IBM_TDB |

S32 .10 solar near cell ((front near side with fac$3  : US- AND ‘ON  12021/09/2°
4 :near3 sun) with (normal near operation)) PGPUB; 021:36
f (silicon near substrate near5 dopant near ‘USPAT; ?
_concentration) (dielectric region with (front  USOCR;
i near side) with solar near cell) (dielectric -FPRS;
i near region with silicon near substrate) :EPO;
. (emitter near region metal near impurities)  JPO; :
i (metal near contact near5 emitter near .DERWEN
_region) T
E "IBM_TDB
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$32 10 153135324 US- AND  ON  :2021/09/2
? _PGPUB; 021:37

(USPAT; :

- USOCR;

_FPRS;

“EPO;

-JPO; _

'DERWEN

T :

$32 10 /5313 5318 5324 Us- AND  ON  2021/09/2
6 'PGPUB; 021:37

 DERWEN
T
1BM_TDB

S32 8 | $326 (first near metal near contact with first : US- AND ‘ON  :2021/09/2
7 - near emitter near region) ‘PGPUB; ‘021:47
f _USPAT; %

{USOCR;

FPRS;

“EPO;

:JPO; :

'DERWEN

T
:IBM_TDB ?

$32 7 115/213273 ‘US- .AND ‘ON  :2021/09/2
5 'PGPUB; 021:51

(USPAT; :

:USOCR;

“FPRS;

‘EPO;

-JPO;

'DERWEN

T

‘IBM_TDB

S32 2 :"9899542".pn. - US- :AND ‘ON :2021/09/2 .
9 ‘PGPUB; :022:01
| | USPAT; %

{USOCR;

FPRS;

EPO;

{JPO; :

DERWEN

T
'IBM_TDB

Petitioner Canadian Solar Inc., Ex. 1002, p. 224



' (US-20100105190-$ | US-20130247965-$
- US-20140166089-$ | US-20160126368-$ |
- US-20160181461-$ | US-20160268454-$ |
' US-20140166095-$ | US-7718888-$ | US-

‘Us-

- PGPUB;
- USPAT;
-EPO; ;
'DERWEN

| US-
 PGPUB;
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
WWW.USpto.gov

Schwabe Williamson & Wyatt/SunPower
1211 SW FIFTH AVENUE
PORTLAND, OR 97204

In re Application of:
Smith et al.
Serial No.: 16/877,255

) DECISION ON PETITION
Filed: May 18, 2020
. i UNDER 37 C.F.R. § 1.84(a)(2) TO
Docket: 131815-255190_P167C2DC ACCEPT COLOR DRAWINGS

Title: SOLAR CELLS WITH IMPROVED
LIFETIME, PASSIVATION AND/OR
EFFICIENCY

This decision is in response to the renewed petition under 37 CFR 1.84(a)(2) for acceptance of
color drawings, filed 21 July 2021.

The petition is DISMISSED AS MOOT.

Review of Facts

Applicant filed a petition requesting acceptance of color drawings on 21 July 2021.

Regulation and Practice
37 CFR 1.84(a)(2) states in part:

“The Office will accept color drawings in utility patent applications only after granting a petition filed
under this paragraph explaining why the color drawings are necessary ... Any such petition must include the
following:

(i) The fee set forth in 37 C.F.R. §1.17(h);

(i1) One (1) set of the color drawings if submitted via the Office electronic filing system or three (3) sets of
the color drawings if not submitted via the Office electronic filing system; and

(iii)) An amendment to the specification (unless the specification contains or has been previously amended
to contain) the following language as the first paragraph of the brief description of the drawings:

“The patent or application file contains at least one drawing executed in color. Copies of this patent or
patent application publication with color drawing(s) will be provided by the Office upon request and payment of the

necessary fee.””

MPEP 608.02(VIII) states in part:
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Application/Control Number: 16/877,255 Page 2
Art Unit: 2829

“It is anticipated that such a petition will be granted only when the U.S. Patent and Trademark Office has
determined that a color drawing or color photograph is the only practical medium by which to disclose in a printed
utility patent the subject matter to be patented.”

Analysis and Decision
In accordance with 37 CFR 1.84(a)(2), the petition is deficient for the following reasons:
It does not appear that color drawings are present in the file wrapper.

The grayscale drawing submitted 21 July 2021 (FIG. 11, previously submitted 27 October 2020)
is not a color drawing or color photograph. Therefore, a petition for acceptance of color drawings
is not necessary in this application.

Accordingly, the petition is DISMISSED AS MOOT.

Any request for reconsideration of this decision must be submitted within TWO (2) MONTHS
from the mail date of this decision. Any request not filed within two months of this decision may
be dismissed as untimely. See 37 CFR 1.181(f). Extensions of time under 37 CFR 1.136(a) are
NOT permitted. This is NOT a final agency action within the meaning of 5 U.S.C. § 704.

Any inquiry concerning this decision should be directed to Dean Reichard at (571) 272-1984. If
attempts to reach the undersigned are unsuccessful, you may contact Brian Sircus at (571) 272-
2058.

[Dean Reichard/
Dean Reichard, Quality Assurance Specialist
TC2800
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PTO/SB/47 (03-09)

Approved for use through 03/31/2012. OMB 0651-0016

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.

“FEE ADDRESS” INDICATION FORM

Address to: Fax to:

Mail Stop M Correspondence 571-273-6500
Commissioner for Patents -OR -

P.O. Box 1450

Alexandria, VA 22313-1450

INSTRUCTIONS: The issue fee must have been paid for application(s) listed on this form. In addition,

only an address represented by a Customer Number can be established as the fee address for maintenance
fee purposes (hereafter, fee address). A fee address should be established when correspondence related to
maintenance fees should be mailed to a different address than the correspondence address for the application.

When to check the first box below: If you have a Customer Number to represent the fee address. When
to check the second box below: If you have no Customer Number representing the desired fee address,
in which case a completed Request for Customer Number (PTO/SB/125) must be attached to this form. For
more information on Customer Numbers, see the Manual of Patent Examining Procedure (MPEP) § 403.

For the following listed application(s), please recognize as the “Fee Address” under the provisions of 37 CFR
1.363 the address associated with:

Customer Number: 0001 97

OR

D The attached Request for Customer Number (PTO/SB/125) form.

PATENT NUMBER APPLICATION NUMBER
(if known)

16/877,255

Completed by (check one):

D Applicant/Inventor /Justin K. Brask/
Signature
Attorney or Agent of record _61.080 Justin K. Brask
(Reg. No.) Typed or printed name
D Assignee of record of the entire interest. See 37 CFR 3.71. 503-222-9981
Statement under 37 CFR 3.73(b) is enclosed. Requester’s telephone number
(Form PTO/SB/96)
|:| Assignee recorded at Reel Frame December 27, 2021
Date

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more that one
signature is required, see below*.

* Total of _t forms are submitted.

This collection of information is required by 37 CFR 1.363. 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 colle ction is estimated to take 5 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alex andria, VA 22313- 1450. DO NOT SEND COMPLETE D FORMS TO THIS A DDRESS.
SEND TO: Mail Stop M Correspondence, 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.

2. Avrecord 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. Arrecord 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. Arrecord 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.
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Electronic Patent Application Fee Transmittal

Application Number: 16877255

Filing Date: 18-May-2020

Title of Invention: SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR EFFICIENCY
First Named Inventor/Applicant Name: David D. Smith

Filer: Justin K. Brask/Gigi Hoover

Attorney Docket Number: 131815-255190_P167C2DC

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sul:’-s'l'g(tsa\)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 1200 1200
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Description Fee Code Quantity Amount SulLJ’-s'I'g(t;)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1200

Petitioner Canadian Solar Inc., Ex. 1002, p. 237



Electronic Acknowledgement Receipt

EFS ID: 44612574
Application Number: 16877255
International Application Number:
Confirmation Number: 2637

Title of Invention:

SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR EFFICIENCY

First Named Inventor/Applicant Name:

David D. Smith

Customer Number:

149776

Filer:

Justin K. Brask/Gigi Hoover

Filer Authorized By:

Justin K. Brask

Attorney Docket Number: 131815-255190_P167C2DC
Receipt Date: 27-DEC-2021
Filing Date: 18-MAY-2020
Time Stamp: 17:31:41

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $1200

RAM confirmation Number E2021BQH32570356
Deposit Account 500393

Authorized User Gigi Hoover

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

37 CFR 1.16 {National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 {(Document supply fees)
37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 {Miscellaneous fees and charges)

File Listing:
Document .. . File Size(Bytes Multi Pages
“ Document Description File Name ile Size( y v " I. . 9
Number Message Digest | Part/.zip| (ifappl.)
17038
S1117US4_P167C2DC_Comme
1 Miscellaneous Incoming Letter nts_on_Reasons_for_Allowanc no 1
e 12272021 ,pdf 6b91ee4b55438802e408862e4c7744a6f8e]
- 5b9b7
Warnings:
Information:
162054

S1117US4_P167C2DC_lIssue_F¢
- = - - 1
2 Issue Fee Payment (PTO-85B) e_paid_12272021.pdf no

€a983dbb8775955a7921223a16bee3fc0cS|
Teb6f

Warnings:

Information:

132504

S$1117US4_P167C2DC_MFee_a
i - — — 2
3 Maintenance Fee Address Change ddress_change_12272021.pdf no

b586bb78ec49ff10409f672fc58a32422903

Warnings:
Information:
38308
4 Fee Worksheet (SB06) fee-info.pdf no 2
ed6236d50d1122cd73113140bccd5315a1]
36da

Warnings:

Information:

Total Files Size (in bytes){ 349904
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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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of:
Smith, et al. Examiner: Tran, Long K.
Application No.: 16/877,255 Art Unit: 2829
Filed: May 18, 2020 Confirmation No.: 2637
For: SOLAR CELLS WITH IMPROVED

LIFETIME, PASSIVATION AND/OR
EFFICIENCY

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

COMMENTS ON EXAMINER’S STATEMENT OF REASONS FOR ALLOWANCE

Dear Examiner:

This is in response to the Notice of Allowance mailed September 29, 2021.
Applicants respectfully disagree with the Examiner’s Statement of Reasons for Allowance
to the extent that all the limitations recited by the Examiner are not present in all of the
claims.

To the extent that there is any implication that the patentability of the claims rests
on the recitation of a single feature, Applicants respectfully disagree with the Examiner’s
Statement because it is the combination of features that makes the claims patentable.
Accordingly, Applicants submit that the claims of the present application are allowable

because each of the claims recites a combination of features that are not taught or suggested

by the prior art.
Respectfully submitted,
SCHWABE, WILLIAMSON & WYATT, P.C.
December 27, 2021 /Justin K. Brask/
Date Justin K. Brask
Reg. No. 61,080
PacWest Center
1211 SW Fifth Avenue
Suite 1900

Portland, OR 97204
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

149776 7590 09/29/2021 Certificate of Mailing or Transmission

Schwabe Williamson & Wyatt/SunPower I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
PACWEST CENTER, SUITE 1900 addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
1211 SW FIFTH AVENUE the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
PORTLAND. OR 97204 Glgl Hoover (Typed or printed name)|
/Gigi Hoover/ (Signature)
December 27, 2021 (Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

16/877,255 05/18/2020 David D. Smith 131815-255190_P167C2DC 2637

TITLE OF INVENTION: SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR EFFICIENCY

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 12/29/2021
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
TRAN, LONG K 2829 136-256000
1. Changse of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). (() lr)a';gg[gaér;sa(l)é 1l‘lnpa ttl(z/ 31 ;f:glstered patent attorneys |Schwabe, Williamson & Wyatt, P.C.

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

X "Fee Address" indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
SunPower Corporation San Jose, CA

(98]

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual Xl Corporation or other private group entity [ Government

4a. Fees submitted: Xlissue Fee (IPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

X1 Electronic Payment via EFS-Web [ Enclosed check (I Non-electronic payment by credit card (Attach form PTO-2038)

XJ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 500393

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29
M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature _/Justin K. Brask/ Date _ December 27, 2021
Typed or printed name _Justin K. Br ask Registration No. __61080
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.0. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/877,255 02/15/2022 11251315 131815-255190_P167C2DC 2637
149776 7590 01/26/2022

Schwabe Williamson & Wyatt/SunPower
PACWEST CENTER, SUITE 1900

1211 SW FIFTH AVENUE
PORTLAND, OR 97204

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 13 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

INVENTOR(s) (Please see PAIR WEB site hitp://pair.uspto.gov for additional inventors):

David D. Smith, Campbell, CA;
Tim Dennis, Canton, TX;
Russelle De Jesus Tabajonda, Banlic Cabuyao City, PHILIPPINES;

APPLICANT(s) (Please see PAIR WEB site http:/pair.uspto.gov for additional applicants):

SunPower Corporation, San Jose, CA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of:
Smith, et al. Application No.: 16/877,255
Patent No.: 11,251,315 Filing Date: May 18, 2020
Issue Date: February 15, 2022
For: SOLAR CELLS WITH IMPROVED

LIFETIME, PASSIVATION AND/OR
EFFICIENCY

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
REQUEST FOR CERTIFICATE OF CORRECTION
Dear Sir/Madam:
Enclosed is a Certificate of Correction for the above-identified Letters Patent.

This request for correction is made under the provisions of 37 C.F.R. 1.323. The fee for

providing a certificate of correction is submitted herewith.
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CONCLUSION

Pursuant to 37 C.F.R. 1.136(a)(3), the Applicant(s) hereby request and authorize
the U.S. Patent and Trademark Office to (1) treat any concurrent or future reply that
requires a petition for extension of time as incorporating a petition for extension of time
for the appropriate length of time and (2) charge all required fees, including extension of
time fees and fees under 37 C.F.R. 1.16 and 1.17, to Deposit Account No. 50-0393.

Respectfully submitted,

SCHWABE, WILLIAMSON & WYATT, P.C.

July 14, 2023 /Justin K. Brask/

Date Justin K. Brask
Reg. No. 61,080

1211 SW 5%, Ste. 1900

Portland, OR 97204

Telephone: (503) 222-9981

Facsimile: (503) 796-2900

App. No. 16/877,255 2 Patent No.: 11,251,315
Dkt No. 131815-255190_P167C2DC Issue Date: February 15, 2022
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PTO/SBI44 (06-07)

Approved for use through 03/31/2023. OMB 0651-0033

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

Under the Paperwork Reduction Act of 1885, no persons are ragquired to respond to a collection of information unless it displays a valid OMB control number.
{Aiso Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 1 of _1_
PATENT NO. - 11,251,315
APPLICATION NO.. 16/877.255
ISBUE DATE © February 18, 2022
INVENTORES)  gmith, et al.

itis ceriified that an error appears or errers appear in the above-identified patent and that said Letiers Patent
is hiereby corrected as shown below:

Column 10, Hine 58, insert - the - after "of", insert -- cell ~ after "solar” and befors the semicolon.

MAILING ADDRESS OF SENDER (Please do not use Customer Number below):

Schwabe, Williamson & Wyatt, P.C.
1211 SV 5th, Ste. 1800
Portland, OR 87204

This collection of information is required by 37 CFR 1.322, 1323, and 1.324.
{and by the USPTQO to procass) an application. \.onﬂdent!qmy is govermnad b
O?'ﬂ})!k‘t“ including gathering, preparing, and submitting the completed appilication form to the USPTu Tlmv will vary depending upon the individual case. Any
comments on the amoum of time you require 1o complete this form and/or suggestions for reducing this burdern, shiould be sent to the Chief Information Officer,
U.8. Patent and Trademark Office, U.5. Department of Commarca, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SERD FEES OR COMPLETED
FORMS TO THIS ADDREQS SEND TO: Atention Certificate of Corrections Branch, Commissioner for Patents, P.G. Box 1458, Alexandria,
VA 223131450,

The information is required to ebtan or retain a benefit by the public which is to fils
5 14. This collection is estimated o take 1.0 hour to

if you need assistance in completing the form, calf 1-800-PT(0-8188 and sefect oplion 2.
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Privacy Act Statement

The Privacy Act of 1974 {P.L. 93-579} requires thal you be given ceriain information in connaction
with your submission of the attached form relaled o a patent application or patent. Accordingly,
pursuani to the requirements of the Act, please be advised that: (1) the general authority for the
coliection of this information is 35 U.S.C. 2{1){2); (2) furishing of the information soficited is voluntary;
and (3} the principal purpose for which the information is used by the U.S. Palent and Trademark
QOffice is 10 process and/or examine your submission refated to a patent application or patent. if you do
not furnish the requested information, the U.S. Paleni 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 subjed! 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.8.C. 552) and the Privacy Act (5 U.8.C 552a). Records from
this system of records may be disclosed to the Department of Justice o determine whether
disclosure of these records is required by the Fresdom of Information Act.

2. A vrecord from this system of records may be disclosed, as a routine use, in the course of
presenting evidence {0 a courl, magistrale, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negoliations.

3. Arecord in this system of records may be disclosed, as a routine use, {o a Member of
Congress submilting a request involving an individual, to whom the record partains, 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 rouling use, 10 a contracior of the
Agency having nead for the information in order fo perform a contract. Recipients of
information shall be required to comply with the requiremeants of the Privacy Act of 1874, as
amended, pursuantto 5 U.S.C. 552a(m).

5. Arecord related to an intemnational Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, 1o the inlernational Bureau of the
World inteflectual Property Organization, pursuant to the Palent Cooperation Treatly.

8. Avrecord in this system of records may be disclosed, as a rouline use, {o another federal
agency for purposes of National Securily review (35 U.S.C. 181) and for review pursuant o
the Atomic Energy Act (42 U.S.C. 218{c})).

7. Avrecord from this system of records may be disclosed, as a rouline use, 10 the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibifity to recommend improvements in records management
pracilices and programs, under authority of 44 U.8.C. 2804 and 2808, Such disclosure shatl
be made in accordance with the GSA regulations governing inspection of records for this
purpese, and any other relevant (L.e., GSA or Commerce) directive. Such disclosure shali not
be used to make determinations aboul individuals.

3. Avrecord from this system of records may be disclosed, as a routine use, to the public afier
either publication of the application pursuant {o 35 U.8.C. 122(b} or issuance of a palent
pursuant io 35 U.S.C. 151, Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, 10 the public if the record was filed in an application which
became abandonad or in which the proceedings were terminated and which application is
referenced by either a published application, an application open {o public inspection or an
issued patent.

9. Arscord from this system of records may be disclosed, as a routine uss, to a Federal, Slate,
or focal law enforcement agency, if the USPTO becomes aware of g violation or potential
viciation of law or regulation.
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Electronic Patent Application Fee Transmittal

Application Number:

16877255

Filing Date:

18-May-2020

Title of Invention:

SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR EFFICIENCY

First Named Inventor/Applicant Name:

David D. Smith

Filer:

Justin K. Brask/Gigi Hoover

Attorney Docket Number:

131815-255190_P167C2DC

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sul:’-s'l'g(tsa\)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

CERTIFICATE OF CORRECTION 1811 1 160 160
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Description Fee Code Quantity Amount SulLJ’-s'I'g(t;)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 160
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Electronic Acknowledgement Receipt

EFS ID: 48298541
Application Number: 16877255
International Application Number:
Confirmation Number: 2637

Title of Invention:

SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR EFFICIENCY

First Named Inventor/Applicant Name:

David D. Smith

Customer Number:

149776

Filer:

Justin K. Brask/Gigi Hoover

Filer Authorized By:

Justin K. Brask

Attorney Docket Number: 131815-255190_P167C2DC
Receipt Date: 14-JUL-2023
Filing Date: 18-MAY-2020
Time Stamp: 17:54:20

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $160

RAM confirmation Number E20237DH55475425
Deposit Account 500393
Authorized User Gigi Hoover

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

37 CFR 1.16 {National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 {(Document supply fees)
37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 {Miscellaneous fees and charges)

File Listing:
Document . . File Size(Bytes Multi Pages
“ Document Description File Name ile Size( y v " I. . 9
Number Message Digest | Part/.zip| (ifappl.)
161790
. . S$1117US4_P167C2DC_Request
1 Request for Certificate of Correction - by no 4
_fo r_COC_O71 42023pdf 19fdbad1e611552bcb96fb25d52a%a30531
80aa
Warnings:
Information:
38304
2 Fee Worksheet (SB06) fee-info.pdf no 2
0e78f99d6555f98bcd6f07d82ae51ealdb7d
fob7
Warnings:
Information:
Total Files Size (in bytes){ 200094

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
CERTIFICATE OF CORRECTION

PATENT NO. :11,251,315 B2 Page 1 of 1
APPLICATION NO. : 16/877255

DATED : February 15, 2022

INVENTOR(S) : Smith et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

@,
5 .

Column 10, Line 58, insert -- the -- after “of”, insert -- cell -- after “solar” and before the

Signed and Sealed this
Eighth Day of August, 2023

Kotnevine Y21 % Vidad_

Katherine Kelly Vidal
Director of the United States Patent and Trademark Office
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