
Doc Code: FALREQ 
Document Description: Request First Action Interview PT01ss1413c (05-11) 

Approved for use through 07/31/2012. 0MB 0651-0031 
U.S. Patent and Trademark Ollice; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995. no persons are required to respond to a co!lection of information uniess it dispiays a valid 0MB control number. 

REQUEST FOR FIRST ACTION INTERVIEW (FULL PILOT PROGRAM) 

Attorney Docket Application Number 
Number: 131815-255190_P167C2DC (if known): Filing date: May 18, 2020 

FirS
t 

Named Sm'1th Dav'1d O Title: SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR EFFICIENCY Inventor: , • 

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 multiple dependent claims. 

3. By filing this request: 

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

Applicant is agreeing not to 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 attact1rnents: ------------------------------

Signature /Justin K. Brask/ Date May 18, 2020 

Registration Number 61 , 080 
Note: Signatures of ali the inventors or assignees of record of the entire interest or their representative(s) are required in accordance with 37 
CFR 1.33 and 11. 18. Please see 37 CFR 1.4(d) for tile form of the signature. If necessary, submit multiple forms for more than one signature, 
see below*. 

□ *Total of ___ 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 
35 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 the individual case. Any comments on the amount of time you require to complete this form and/or 
suggestions for reducing this burden. shouid be sent to the Cl1ief Information Officer. U.S. Patent and Trademark Office. U.S. Department of Commerce. P.O. Box 
1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. 
Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing tfle form, ca/11-800-PTO-9199 and select option 2. 
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PTO/SB/413C (05-11) 
Approved for use through 07/31/2012. ONlB 0651-0031 

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF CONlNlERCE 
Under the Paper✓✓ork Reduction Act of 1995, no persons are required to respond to a co!leciion oi information uniess !t dispiays a valid OMS control number 

Instruction Sheet for Request for First Action Interview (Full Pilot Program) 
(Not to be Submitted to the USPTO) 

A grantable request must meet the following 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.S.C. 371 (c). 

2. The application must contain three (3) or fewer independent claims and twenty (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-Web. 

4. The claims must be directed to a single invention. If the Office determines that the claims are directed to 
multiple 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, 1935 Dec. Comm'r Pat. 11 (1935) appears in the PAIR system). Applicant may check the status of 
the application using the PAIR system. 

6. 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 after the mailing or 
notification of the Pre-Interview Communication. Any petition for express abandonment 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 at http:/,1wv,.,w.uspto,gov/patentslinit eventslfaipp fuf!,jsp 
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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 Depariment 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 periains, 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 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

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

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

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

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

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

EFSID: 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-MA Y-2020 

Filing Date: 

Time Stamp: 19:24:47 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

132746 

1 Application Data Sheet 7923Pl 67C2DC_ADS.pdf no 9 
ea98a7ca7aaa7911 c48169fe6c8b7e 1 eOcdt 

60e0 

Warnings: 
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Information: 

This is not an USPTO supplied ADS fillable form 

119852 

2 7923Pl 67C2DC_APPLN.pdf yes 23 
98Sf01924f1 c9c50604e37a6393566d 1 ec70 

ecOe 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Specification 1 19 

Claims 20 22 

Specification 23 23 

Warnings: 

Information: 

334838 

3 
Drawings-only black and white line 

7923Pl 67C2DC_Figs.pdf no 6 
drawings 

eda37c7ba9b8ebb70987ed5a8d39490e0b 
69edcf 

Warnings: 

Information: 

5276674 

4 Oath or Declaration filed 7923Pl 67C2DC_Decs.pdf no 3 
709f9 57 6e3 6c206f5 b087f37 eel 72a3f07 3 9( 

4b1 

Warnings: 

Information: 

568199 

5 
First Action Interview - Enrollment 

7923Pl 67C2DC_FAl.pdf 3 no 
Request 

9a7f296866622081867c2c1 97436347bb 17 
107b 

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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Data Sheet 37 CFR 1. 76 
Attorney Docket Number 131815-255190_P167C2DC 

Application Number 

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

The application data sheet is part of the provisional or non provisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1. 76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 !? Rirn~Yi ?l 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

David D. Smith 

Residence Information (Select One) @ US Residency 0 Non US Residency 0 Active US Military Service 

City Campbell I State/Province I CA I Country of ResidencJ I us 

Mailing Address of Inventor: 

Address 1 426 N. Milton Avenue 

Address 2 

City I Campbell I State/Provi nee I CA 

Postal Code I 95008 I Countryi I us 

Inventor 2 !f iijin~~ l 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Tim Dennis 

Residence Information (Select One) @ US Residency 0 Non US Residency 0 Active US Military Service 

City Canton I State/Province I TX I Country of ResidencJ I us 

Mailing Address of Inventor: 

Address 1 1032 Van Zandt County Road #2309 

Address 2 

City I Canton I State/Provi nee I TX 

Postal Code I 75103 I Countryi I us 

Inventor 3 ! l~m~~i l 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Russelle De Jesus Tabajonda 

Residence Information (Select One) 0 US Residency @ Non US Residency 0 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. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Data Sheet 37 CFR 1. 76 
Attorney Docket Number 131815-255190_P167C2DC 

Application Number 

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

City I Ban lie Cabuyao City, Laguna I country of Residence i IPH 

Mailing Address of Inventor: 

Address 1 Block 1 OB Lot 11 Gran Seville Subdivision 

Address 2 

City I Banlic Cabuyao City, Laguna I State/Province I 
Postal Code I I Countryi I PH 

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

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

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

Customer Number 149776 

Email Address I 

Application Information: 

~@:j ti 

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

Attorney Docket Number 131815-255190_P167C2DC I Small Entity Status Claimed □ 
Application Type Non provisional 

Subject Matter Utility 

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

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

EFS Web 2.2.13 
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PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Data Sheet 37 CFR 1. 76 
Attorney Docket Number 131815-255190_P167C2DC 

Application Number 

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

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

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

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

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: @ Customer Number I O US Patent Practitioner 10 Limited Recognition (37 CFR 11.9) 

Customer Number 149776 

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 ! lijffi~i~ I 
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 !Riiili@iijl 
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 ! Riffl~ijij I 
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 !Riffl~ijij I 
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. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Data Sheet 37 CFR 1. 76 
Attorney Docket Number 131815-255190_P167C2DC 

Application Number 

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

Additional Domestic Benefit/National Stage Data may be generated within this form 
by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. 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 POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1). 

! R~m~¥~ I 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

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

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

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

0 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 

EFS Web 2.2.13 
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PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Data Sheet 37 CFR 1. 76 
Attorney Docket Number 131815-255190_P167C2DC 

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 
D 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 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is 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. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Data Sheet 37 CFR 1. 76 
Attorney Docket Number 131815-255190_P167C2DC 

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. 

I? @j~@ ?I 
@ Assignee lo Legal Representative under 35 U.S.C. 117 lo Joint Inventor 

0 Person to whom the inventor is obligated to assign. 10 Person who shows sufficient proprietary interest 

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

I 
Name of the Deceased or Legally Incapacitated Inventor: I 
If the Applicant is an Organization check here. ~ 
Organization Name I Sun Power Corporation 

Mailing Address Information For Applicant: 

Address 1 77 Rio Robles 

Address 2 

City San Jose State/Province CA 

Country I 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. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Data Sheet 37 CFR 1. 76 
Attorney Docket Number 131815-255190_P167C2DC 

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 
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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 2x1018 

cm-3 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 
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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. 

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 

Petitioner Canadian Solar Inc., Ex. 1002, p. 19



FO,'q_MINGA DIELECTRIC REGION /' :.CC 
ON A SI LICQN SUSSTHATE 

FORMING AN EMITTER REGION ,,_..."- /(f_.,,_9 

OVER THE DIELECTRIC REGION 

f'0,-9.M ING A D-OPAN1' REGION .,-~- /[4 
ON A :SURFACE OF THE SI LI CON 

SUBSTRATE 

HEAT ING THE SOLAR 
CELt AT A ,.-,"- //0. 

TEMPERATURE ABOVE 900 
DEGREES CELSIUS TO GETlER 

CONTAMINANTS TO THE 
EMITTER REGION AND DRIVE 
DOPANlS FROM THE DOPANT 

REGION TO A POR1lON or 

FORMING A METAL CONlACT "/ lt\-5" 
OVER THE 8 ILICOO SUB:STRATE 

Petitioner Canadian Solar Inc., Ex. 1002, p. 20



2/6 

222 

( V230 
) ) ,--200 

220 220 220 220 

2/2 
210-~----+------'1~-------,.------+------+-----+---t 

I 

232~ 232~ 
I I 

I 
I 
I 
I 
I 
I 

202 

222: 222 2221 2221 222 

- -2-;L/-y-1--r---y-1--r- t- - 2-;4. 

204 

DG.3 

Petitioner Canadian Solar Inc., Ex. 1002, p. 21



3/6 

242 

220 220 

212 
210-~----------------------1 

2/6 204 

HG.4 

~JOO 

JOJ~ 

342 344 
305\ 

3/4 
3/0 3/0 

320 

~32/ 302 

HG.5 

Petitioner Canadian Solar Inc., Ex. 1002, p. 22



.. ~-,.,.~ _? 
.-..,•:v· .• •• 

Petitioner Canadian Solar Inc., Ex. 1002, p. 23



5/6 

HG.8 
Example Process 

280 

- 260 
~ 
Q) 240 :r: -
Q) 220 
E 
~ 

-2 200 
~ -"'"'"" 180 

160 

140 
A C 

HG.9 
Example Process 

Petitioner Canadian Solar Inc., Ex. 1002, p. 24



6/6 

24.8 ,.. 

24.6 

-~ 24.4 - V 

~ 24.2 C: 
Q) 
·o 
&:::: 24 
UJ 

23.8 

23.6 
A C 

Example Process 

HG.IO 

Petitioner Canadian Solar Inc., Ex. 1002, p. 25



Title of 
htv&nfa:m 

l:l~""el<m PTOJ}J;<, iOO-l.l} M "'-S<l>Md t>y t3.'skot,·, $«c«nll, fay!<>< & 28fr,,,.•'1 
A~rrJred kK~\!! ti~~ 0:)113.0.014 t)?~ DetS,1--0001 

U.S >'>ll~>1l i>r.<!T,..,;aml:<lt Off;::~. IJ.S. O!:f',\,IZ!MEr.r Of COMM!iRC!i 
Ur-~! ~X< f~~fW~)"~ f{~}";l~r.-n .. ~ti r..t 1~. ~n p~i'$il~ ~rs ffi.tl.'l~'l~d ~) rns~~n~ ma t~~~fro >}f Q/f~t"118~t1 •~1~$ :l ~~ta:~s & v&id OM8 ~(b1frc; ~,~qnt~ 

OE CLAR.A TION (37 CFR 1.63} FOR UTlUTY OR DESIGN APPLICATION USING AN 
APPUCATtON DATA SHEET (37 CFR 1.76} 

SOLAR CELLS WffH IMPROVED LIFETIME, PASS!VAT!ON AND/OR EFFlC!ENCY 

As the be!ow named inventor, I hereby declare that 

This declara!lon D The attached aµpHcaUon, or 
is directed to: 

ffil United States ;;1pplk;ation or PCT intemationai application number 
__ 14!519.Jl35 _____ ~--------.. filed on ..... 12124(2014 ...................................... . 

The above~iderltified application was made or authorized to be made by me. 

! believe !hat I am the origin.a! inventor or an original jolnt inventor of a claimed invention in the apµ!ic~ilkm. 

! hereb~· .aci<no,1,,,fedge that any wlllftd false statement made in !hls declaration is pt.mishab!e trnder 18 U $. C. 1001 by 
fine or imprisornnent of not more than five {5) years, or both. 

WARNfNG: 
Pe1Jtioner/apµlicant i:s c~H..rtioned to avoid submltfog personal information in documents filed i,1 a patent .applk:ation 
that may contribute to identity theft Persona! information such as social security numbers, bank account numbers, or 
credit car<l numbers (other than a check or credit card authorization form PTO--2038 submitted for payment purposes) 
Is never required by the US PTO to support a petition or an application. If this type of personal information ls included 
in documents submitted ti:i the USPl'O, petlti<mersfappllcants shou!d consider redacting such personal information 
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent 
app!icatkm is ava!!ab!e to the public after publication of the appHcatlon (un!ess a non-publication request in 
compliance with 37 CFR 1-2.13(a) is made in the application) or issuance of a patent. furthermore, the record from 
an abandoned app!ic.alion may also be available to the public if the appHcation is referenced ln a pubHshed 
application or an issued patent {see 37 CFR 1.14). Checks and credit card authoriz:atlon forms PTO~2038 submitted 
for payment purposes ar€, not retalned in the appHcation file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

. Note: An app!ic.~tkm data sh1'lm {PTOiSBl14 or equivalent), inc!w::lmg naming the ent!re lnven!lve entil'y, mu~,t aro:)mp1au,y !hls form 
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OECLARA TION {37 CFR 1.63} FOR UTILITY OR OESHlN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1.76} 

Title of SOLAR CELLS VV!TH IMPROVED LIFETIME, PASS!VA TION AND/OR EFPlClENCY 

lmt&ntion 

As the below named inventor, ! hereby declare that 

This declaration O The attached applicatkm, or 
is directed to: 

jg! United Slates application or PCT lntemationa! app!icstion number 
14/5t.9.935 filed on ---1Mi~i~01~4~. ____ _ 

The above-identified application was made or authorized to be made by me. 

! believe that! am the orlglnal inventor or an original joint inventor of a claimed inventlcn in the app!lcation. 

! hereby acknovv!edge that any wmful fu!se statement made in this declaration is punishable under 18 U.S.C. 1001 by 
fine or imprisonment of not more than five (5} years, or both. 

WARNING: 
Petitioner/applicant is c..aufo:med to avoid submlffing personal information ln documents filed in a patent app!lcation 
that may contribute to identity theft. Personal information such as social securitt numbers, bank account numbers, or 
credit card numbers (other than a check or credit card authorization form PT0-2038 submitted for payment purposes) 
is never rt.>quired by the USPTO to support a petition or an application. If this type of personal infonnation ls included 
in documents submitted to the US PTO, petiUoners!app!lcants should consider redacting such persona! information 
l'fom the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent 
application is available to the pubffc after pub!katlon of the app!lcation (unless a non~pub!icatlon request in 
compHance wlth 37 CFR 1.213(a) is made ln the application) or issuance of a patent. Furthermore, the record from 
an abandoned application may also be avai!ab!e to the public if the application ls referenced in a published 
application or an issued patent (see 37 CFR 1.14). Checks and credit card a.utholizatlon forms PT0-203.8 submitted 
for payment purposes are not retained ln the appiication me and therefore a.re not publicly avaHab!e. 

LEGAL NAME OF INVENTOR 

Nots; An application data sheet {PTO/SS/i 4 or eqwh,alent), including naming the e,"ltira inventlve entity, must .accompany this form 
or must have been previously filed, Use an additional PTO/A!A/01 form for each additional inventor. 
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l DECLARATION {37 CFR 1.63) FOR UTILITY OR OESlGN APPLICATION USING AN 
APPUCATION DATA SHEET {37 CFR 1,76) 

Title of SOLAR CELLS V\llTH IMPROVED UFETlME, PASSIVATION AND/OR EFF!C!ENCY 

- fnvenfam 

As the be!ow named inventor, l hereby declare that 

Thls declaration 
i.s dire<:ted to: 

0 The attac.-:herl application, or 

~ United States application or PCT lnterm~tlorial application nwnber 
... J4JS79,935 ........ -~------ filed on --•---12122/2014 .................................... -. 

The abov&--identifiad app!1catinn 1,,\1as made or autti.,:-irized to be made by me. 

I 

I ! believe that l am the original inventor or an orl;;iina! _iolnt inventor of a claimed irwentkm in the appfo::atlon. 

! hereb1-• acknowledge that any wmfu! false staterm~nt made in this dec!aratlon i$ punishabie under 18 U.S.C, 1001 by 
tine or imprisonment of not morf.:: than r1ve (S) years. m both. 

WARNING: 
Petitlo11er/app!lcant is c,;iutioned to .avoid submitll11g personal information in documents filed ln a patent application 
that rHic!Y ci::mtribute to identity theft Persona! information such as soclal :security numbers, bank account numbers, or 
credit card numbers {other than a check or cradlt card authorization form PT0-2038 submitted for payment purposes} 
is never required by the USPTO tn support a petition or an application, lf this type of pers.ona:! inforrnanon ls included 
in docl,ments submttted to the USPTO, petmoners.,'appHe,~11ts should consider redacting sue:'1 perstmal information 
rrom the doc,Jments before submrttirig 1hem to the USPTO, Pemioneriapplicant ls advised that the record of a patent 
application is av;;ii!ab!e to the pwt:iHc after publication of the application (unless a non•pl1b!ic;1tion request ln 
compliance wifu 37 CFR 1.2"i3(a) is made ln the application} or issuance of a patent Furthem1ore. the reoorrl from 
an ;;1Mm:lon1:Kl application may aiso b1:i ;;ivailable to the public lf the app!lcation ts refen,mced ln a published 
applk:ation or an issued patent {see 37 CFR 1.14}, Checks and credit card authorization furms PT0-2038 £.Hbmltted 
for payment pmpo~;es are not retained in the application flle and therefore are not putiHcty available, 

LEGAL NAME OF lNVENTOR 
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Attorney Docket No. 131815-255190_P167C2DC 

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 2x1018 cm-3 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 

8 

Petitioner Canadian Solar Inc., Ex. 1002, p. 36



Attorney Docket No. 131815-255190_P167C2DC 

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 97 5 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 2x1018 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 2x1018 cm-3. 

[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 2x1018 cm-3. 

[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 surf ace 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 2xl018 cm-3. 

[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. 

D 

[0055] 

> 900 
deg-C 

4xl0 18 cm-3 poly 5fA/cm2 ~lOmsec 

Table 1. Example Processes for Solar Cell Fabrication 

Baseline 

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 2x1018 cm-3 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/cm2, improved lifetime, e.g. typical of approximately 10 µsec, 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 2x1018 cm-3 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/cm2, poor lifetime, e.g. typical of approximately 3 µsec 

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 4x1018 cm-3 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/cm2, good lifetime, e.g. typical of 

approximately 10 µsec 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 4x1018 cm-3 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/cm2, good lifetime, e.g. 

typical of approximately 10 µsec 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, 

I/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, Band 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 2x1018 

cm-3 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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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/ AuthenticateUserLocal EP F. htm I 

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

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

/dmnguyen/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Smith, et al. 

Application No.: 16/877,255 

Filed: May 18, 2020 

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

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

Examiner: Unassigned 

Art Unit: 1757 

Confirmation No.: 2637 

PETITION UNDER 37 CFR §l.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 
Dkt No. 131815-255190_Fl67C2DC 

2 Examiner: Unassigned 
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. l.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. 

October 27, 2020 
Date 

1211 SW 5th
, Ste. 1900 

Portland, OR 97204 
Telephone: (503) 222-9981 
Facsimile: (503) 796-2900 

App. No. 16/877,255 
Dkt No. 131815-255190_Fl67C2DC 

Respectfully submitted, 

SCHWABE, WILLIAMSON & WYATT, P.C. 

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

3 Examiner: Unassigned 
Art Unit: 1757 
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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/ AuthenticateUserLocal EP F. htm I 

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

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

/dmnguyen/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Smith, et al. 

Application No.: 16/877,255 

Filed: May 18, 2020 

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

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

Examiner: Unassigned 

Art Unit: 1757 

Confirmation No.: 2637 

AMENDMENT UNDER 37 CFR §l.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 Ta-ble 1 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 
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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 +able 

-l Figure 11, where a surface, or a portion near the surface, of a silicon substrate was 

doped at approximately less than or equal to 2xl018 cm-3 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/cm2
, improved lifetime, e.g. typical of approximately 

10 µsec, 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, I/lifetime 

and efficiency measurements, respectively, for solar cells fabricated using the methods of 

the Example Processes A and C of Ta-ble l 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: 
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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 Table l 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 I/lifetime 

measurements from solar cells fabricated using the Example Process A and C from T-able 

-l Figure 11. As shown, the Example Process C has higher lifetime, lower I/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 IO illustrates a graph of efficiency measurements from solar cells 

fabricated using the Example Process A and C from Table l 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 
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from collected light. Thus, the Example Process C has improved efficiency results over 

Example Process A. 
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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. 

App. No. 16/877,255 
Dkt No. 131815-255190_Fl67C2DC 

6 Examiner: Unassigned 
Art Unit: 1757 

Petitioner Canadian Solar Inc., Ex. 1002, p. 65



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. l.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. 

October 27, 2020 
Date 

1211 SW 5th
, Ste. 1900 

Portland, OR 97204 
Telephone: (503) 222-9981 
Facsimile: (503) 796-2900 

App. No. 16/877,255 
Dkt No. 131815-255190_Fl67C2DC 

Respectfully submitted, 

SCHWABE, WILLIAMSON & WYATT, P.C. 

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

7 Examiner: Unassigned 
Art Unit: 1757 
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PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 

PCT/US2015/067220 

Applicant's or agent's file reference 
FOR FURTHER see Form PCT/ISA/220 

7923Pl67PCT ACTION as well as, where applicable, item 5 below. 

International application No. International filing date (day/monthiyear) (Earliest) Priority Date (day/month/year) 

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. ------D 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: 

IZ! 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 l2.3(a) and 23. l(b)) 

b. D 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 43.6bis(a)). 

c. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I. 

2. D Certain claims were found unsearchable (See Box No. II) 

3. D Unity of invention is lacking (See Box No. III) 

4. With regard to the title, 

IZ! the text is approved as submitted by the applicant. 

D the text has been established by this Authority to read as follows: 

5. With regard to the abstract, 

IZ! the text is approved as submitted by the applicant. 

D 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 

IZI as suggested by the applicant. 

D as selected by this Authority, because the applicant failed to suggest a figure. 

D as selected by this Authority, because this figure better characterizes the invention. 

b. D none of the figures is to be published with the abstract. 
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INTERNATIONAL SEARCH REPORT I 
International application No. 
PCT/US2015/067220 

A. CLASSIFICATION OF SUBJECT MATTER 

H0lL 31/04(2006.0l)i, H0lL 31/0224(2006.0l)i, H0lL 31/0368(2006.0l)i, H0lL 31/14(2006.0l)i 

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

B. FIELDS SEARCHED 

J\1inimum documentation searched (classification system followed by classification symbols) 
HOIL 31/04; HOIL 21/322; HOIL 21/469; HOIL 31/0224; HOlL 31/18; HOIL 29/30; HOIL 31/0232; HOIL 23/58; HOIL 31/0368; HOlL 
31/14 

Documentation searched other than 1ninimum 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) 
eKONlPASS(KIPO internal) & keywords: solar cell, metal impurity, dielectric, emitter, metal contact, 
heat, getter contaminants, and similar terms. 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Categoiy* Citation of document, with indicatioIL 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]-[0004], [0009]-[0032], and [0048]; 

claim l; and figures 1-3. 

y us 2012-0305060 Al (JIANMING FU et al.) 06 December 2012 1-20 
See paragraphs [ 0030]-[ 0056]; claims 1 and 3; and figures 1-4. 

y US 2014-0166095 Al (PAUL LOSCUTOFF et al.) 19 June 2014 l(}-11 
See paragraphs [0012]-[0033]; claim 7; and figures 1-13. 

A US 2010-0105190 Al (RAFEL FERRE I TO~ll\S) 29 April 2010 1-20 
See paragraphs [0023]-[0030]; claims 1-5; and figures la-le. 

A US 2008-0197454 Al (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 Al (MICHAEL P. CHUDZIK et al.) 11 September 2008 1-20 
See paragraphs [0024]-[0059] and figures lA-2B. 

D Fmther documents are listed in the continuation of Box C. ~ See patent family annex. 

* Special categoties of cited documents: "T" later document published after the international filing date or ptiotity 
"A" document defining the general state of the att which is not considered date and not in conflict with the application but cited to understand 

to be of particular relevance the ptinciple or theory underlying the invention 
"E" earlier application or patent but pnblished 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 ptiotity 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 refemng 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 ptior to the international filing date but later "&" document member of the same patent family 
than the ptiotity 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 ,._.:,."-·:~ ., ..... ,. 

B International Application Division £-1c-.._, ... ~~;-~-~~~ 

Korean Intellecmal Property Office NHO, Ji Myong (l~:11il~\t) ' 189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea 
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~
).~~",:&.d~~~ 
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Patent document Publication Patent family Publication 
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US 8124502 B2 28/02/2012 
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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 

International application No. 

PCT /US2015/067220 

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 accom1t the rectification of an obvious mistake authorized by or notified 
to this Authority under Rule 91 (Rule 43bis. l(a)) 

3. D 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 fonn 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 13ter. l(a) for the purposes of international 
search only in the form of an Annex C/ST.25 tex, file. 

c. D furnished subsequent to the international filing date for the purposes of international search only: 

D in the form of an Annex C/ST.25 text file (Rule 13ter. l(a)). 

D on paper or in the form of an image file (Rule 13ter. l(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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International application No. 

PCT /US2015/067220 

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

1. 

2. 

Statement 

Novelty (N) Claims 1-20 

Claims NONE 

Inventive step (IS) Claims NONE 

Claims 1-20 

Industrial applicability (IA) Claims 1-20 

Claims NONE 

Citations and explanations : 

Reference is made to the following documents: 

DI: 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 

YES 

NO 

YES 

NO 

YES 

NO 

D 1, which 1s considered to be the closest pnor 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 l); 

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 l); 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 D 1 m that a solar cell of claim 1 compnses a dielectric reg10n over a 

silicon substrate, wherein a portion of the silicon substrate has a dopant concentration of less 

than or equal to 2*10 18 cm-3
. 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 1 x 1015 /cm3 and 1 x 1017 /cm3(see paragraphs [0034] and [0046]; claim 1 and 

figure 2B)). Accordingly, it would be obvious to a person skilled m the art to combine the 

disclosures of Dl 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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Box No. VIII Certain observations on the international application 

International application No. 

PCT /US2015/067220 

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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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. 

International application No. 

PCT /US2015/067220 

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

( emitter layer 206 1s situated on the front side of the solar cell facing the incident sunlight 

(see paragraph [0035]); it 1s 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 1 x 1015/cm3 and 1 x 1017/cm3 (see paragraph 

[0046])). 

The additional feature of claim 5 is merely a matter of design option m 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 m view of the 

features of D2 ( emitter layer 206 1s 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 Dl m 

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 

Dl, which 1s considered to be the closest pnor 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 l); 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). 

Continued on The Next Page 
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2.1.2.1 Independent Claim 9 

International application No. 

PCT /US2015/067220 

Claim 9 differs from D 1 m that the method of claim 9 compnses the steps of: forming a 

dielectric reg10n on a silicon substrate; and forming a dopant region on a surface of the silicon 

substrate. However, the difference~ can be easily derived from the feature of D2 in analogous 

art (a quantum-tunneling-barrier layer (dielectric material 1s deposited) situated above a base 

layer (SG-Si substrate 200), wherein a doping concentration of the base layer 304 can be 

between 1 x 1015/cm3 and 1 x 1017/cm3 (see paragraphs [0034] and [0046]; claim l; and figure 

2B)). Accordingly, it ,vould be obvious to a person skilled m the art to combine the 

disclosures of D 1 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 m D 1 and D2. 

However, the features are merely matters of design option m v1e,v of D3 m 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 Dl and 

D2 m 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 D 1 

(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 m VIew of the feature 

of D2 (the emitter layer compnses 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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International application No. 

PCT /US2015/067220 

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 Dl m 

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 

Dl, which 1s considered to be the closest pnor 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 l); 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 Dl m that the method of claim 16 composes the steps of: forming a 

dielectric region on a silicon substrate; forming a second emitter region having metal impurity 

over the dielectric reg10n 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 reg10ns, 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 l x 1015/cm3 and 1 x 1017/cm3 (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 1s 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 m the art to combine the disclosures of 

Dl 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). 

Continued on The Next Page 
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2.1.3.2 Depedent Claims 17-20 

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

International application No. 

PCT /US2015/067220 

The additional features of claims 17 and 18 can be easily derived from the feature of D 1 

(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 m VIew of the feature 

of D2 (the emitter layer compnses 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 Dl m 

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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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 

International application No. 

PCT /US2015/067220 

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. l(b )) 

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

3. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has 
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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. 
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filed or does not go beyond the application as filed, as appropriate, were furnished. 
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International application No. 

PCT/US2015/067220 

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

1. 

2. 

Statement 

Novelty (N) Claims 1-20 

Claims NONE 

Inventive step (IS) Claims NONE 

Claims 1-20 

Industrial applicability (IA) Claims 1-20 

Claims NONE 

Citations and explanations : 

Reference is made to the following documents: 

Dl: 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 

YES 

NO 

YES 

NO 

YES 

NO 

Dl, 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 tlie 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 l); 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 D 1 m 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*1018 cm-3
. 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 lxl015/cm3 and lxl017/cm3(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 Dl 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). 
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Box No. VIII Certain observations on the international application 

International application No. 

PCT/US2015/067220 

The following observations on the clarity of the claims, description, and drawings or on the question whether the claims me fully 
supported by the description, me 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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2.1.1.2 Dependent Claims 2-8 

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

International application No. 

PCT/US2015/067220 

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 lxI015/cm3 and lx1017/cm3 (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 features of claims 6-8 are merely matters of design option m 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 Dl m 

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 

D 1, 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 I (see paragraphs [0003] and [0048]; and figure l); 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, wherem the 

high temperature heat treatment is 800-1050 °C (see paragraphs [0019]-[0020] and [0025]; and 

figure 1). 

Continued on The Next Page 
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2.1.2.1 Independent Claim 9 

International application No. 

PCT/US2015/067220 

Oaim 9 differs from D 1 m that the method of claim 9 compnses 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 difference§. can be easily derived from the feature of D2 in analogous 

art (a quantum-tunneling-barrier layer (dielectric material 1s deposited) situated above a base 

layer (SG-Si substrate 200), wherein a doping concentration of the base layer 304 can be 

between Ix 1015 /cm3 and 1 x I 0 17 /cm3 (see paragraphs [0034] and [0046]; claim 1; and figure 

2B)). Accordingly, it would be obvious to a person skilled rn the art to combine the 

disclosures of D 1 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 rn DI 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 Dl 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 D 1 

(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 m 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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International application No. 

PCT/US2015/067220 

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 l); 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 D 1 m 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 1 x 1015/cm3 and 1 x 1017 /cm3 (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 

DI 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. 

International application No. 

PCT /US2015/067220 

The additional features of claims 17 and 18 can be easily derived from the feature of D 1 

(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 m view of the feature 

of D2 (the emitter layer compnses 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 Dl 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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The invention relates to a preparation method of a CIGS (copper indium galliurri 
diselenide) thin-filrn solar cell. The preparation method cornprises the steps of: a) 
preparing a molybdenum back electrode on a substrate; b) preparing a CIGS absorbing 
layer on the molybdenum back electrode; c) conducting annealing treatment: d) 
preparing an ln2Se3 or ZnS buffer layer on the CIGS absorbing layer; e) preparing an 
intrinsic zinc oxide high-impedance layer on the ln2Se3 or ZnS buffer layer; f) preparing 
an indium tin oxide thin-film low-impedance layer on the intrinsic zinc oxide high­
impedance layer; and g) preparing an aluminum electrode on the indium tin oxide thin­
film lrn.v-impedance layer. 
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DESCRIPTION CN102694077 

The invention relates to a method for preparing a copper indium gaHium 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 molybdenum back electrode; c) performing annealing Processing; d) preparing an lnSe 

or ZnS buffer layer on the copper indium gallium selenide absorber layer; e) preparing an intrinsic zinc oxide 

high resistance layer on the InSe or ZnS buffer layer;[) in the intrinsic zinc oxide high impedance A low-­

impedance 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. 

Method 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 film 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 film 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 sulfur 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 development 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 

chalcopylite structure, which is a direct band gap material, can absorb sunlight having a large wavelength range, 

and has self-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 (Cu (InGa)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 11 m. Generally, the cost of CIGS 

material is only 0.03 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 gallium selenide solar thin film 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 (gaHlum) 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.lly(y-1), wherein the atomic content 

ofy=In/(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 excHe 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 cells, 

it is hoped that solar cells have a lot of band gaps to absorb as much solar energy as possible, and the tunable 

characterlstlcs of the band gap of CIGS compounds can precisely realize such an ldea. 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 prepaling 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 treatment, by Sulphurization or selenization 

treatment, Sand Se atoms can be reacted with Cu-ln--Ga by diffusion to form CulnGaSe compound, which is 

called vulcanization or selenization. 
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There are some disadvantages in the method of selenizatlon to prepare a thin film solar cell having a chakopyrite 

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 addHion, for the gradient distribution process of regulating Ga, the above various processes are relatively 

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 involved in the evaporation reaction in three different elements, and the process is very complicated 

and requires precise control in real time. Can be achieved. Although this method can prepare a solar thin film 

battery wHh 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 indium gallium 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 CuinxGal-xSe2 alloy target for sputtering, and setting a 

CuGaSe2 alloy target with x"O as the target 1, setting xcc,0.8 The CuinxGa l-xSe2 alloy target of0.6 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 /cm<2> to 8W icm<2>, and then The target 1 and the target 2 are co-sputtered, and the initial power density 

for sputtering the target 2 at this time is any low power density between 0.3 W /cm<2> and 1 W /cm<2>, and the 

target 1 is The high power densHy for sputtering is set to continuously decrease in operation, and in the state 

where the target 1 and the target 2 are co-sputtered, when the power density of the sputtering of the target 1 is 

continuously decreased, the target 2 is simultaneously The power density at which sputtering is performed is 

continuously increasing, and finally, unHl the power density for sputtering of the target 1 is decreased to any low 

power density between 0.3 W icm<2> and 1 W /cm<2>, the target 2 is subjected to The power density of 

sputtering is increased to any high power density between 4 W/cm<2> and 8 W/cm<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 layer in contact with the 

highest Mo back electrode, the lowest concentration at the opposite other side of the absorbent layer; 

c) annealing treatment annealing the copper indium gallium selenide absorber layer in a vacuum chamber in a 
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rapid healing manner, the temperature is 400 ' C to 600 ° C, and the annealing time is 55 to 90 seconds; 

d) preparing a buffer layer of ln2Se3 or ZnS on the copper indium gallium selenide absorber layer, the thickness 

of which is 80 to 120 nm; 

e) preparing an intrinsic zinc oxide high--resistance layer on the In2Se3 or ZnS buffer layer, having a thickness of 

0.1 to 0.5 11 m; 

t) preparing a low-impedance layer of indium tin oxide film on the intrinsic zinc oxide high-resistance layer, 

having a thickness of0.3 to 0.8 r1 m; 

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

Wherein: the thickness of the copper indium gallium 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> Torr, 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 ln2Se3 or ZnS 

alloy target, the working pressure of the vacuum magnetron sputtering is 1-5 X 10<-3> Torr and the Ar gas is 

introduced, and the lining is performed. The temperature of the bottom is kept at room temperature. 

Wherein: in the performing step e), using the RF vacuum magnetron sputtering method, the target is intrinsic 

zinc 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 

room temperature. 

Among them: vacuum DC magnetron sputtering method, the target is indium tin oxide In203: Sn02, In203: 

Sn02 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% 02 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 chemical solvents and solutlons. The 

absorption layer of the solar cdl 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 productlon processes. 

Environmental pollution and potential dangers. The process steps of the present invention are simplified. energy 

consumption is small, and Hms production costs are reduced. 

DRAWINGS 

1 is a flow chart showing a method of preparing an absorption layer of a copper indium gallium selenlde 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 method for preparlng an absorption 

layer of a copper indium 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 CuinxGal-xSe2 alloy target. For convenience of explanation, a 
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CuGaSe2 alloy target wHh x=O may be set as the target 1, and xis set. The CuinxGa1-xSe2 alloy target of 0.8 to 

0.6 is the target 2, for example, Cu(In0.7Ga0.3)Se2 alloy target 2. First, the target 1 is first sputtered for 2 to 4 

minutes at any high power density between a high power density of 4 W/cm<2> and 8 W/cm<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 /cm<2>, and the high power density for sputtering the target 1 is set to 

be in operatlon. Continuous decrement. Since the target 1 and the target 2 are co-sputtered at thls time, and in 

order to ensure a gradient of Ga concentration in the copper indium gallium seknide absorption layer, the power 

density of sputtering the target 1 and the target 2 is designed as: When the target 1 is When the power density of 

the sputtering ls continuously decreased, the power density of spuUerlng on the target 2 is continuously 

increased, and finally the power density until sputtering of the target 1 is decreased to 0.3 W/cm<2> to 1 W/ 

With any low power density between cm<2>, the power density of sputtering of target 2 is increased to any high 

power density between 4 W /cm<2> and 8 W /cm<2>. The co-sputterlng tlme 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 chamber is 1 x 10 < --

4 >Torr.and the temperature of the substrate is maintained at any temperature between 350 " C and 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 ln contact with the Mo back electrode is the 

highest, and the concentration on the opposite side of the absorbing layer is the lowest. 

Annealing 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 of 400 C to 600 ° C and an annealing time of 55 to 90 

seconds. No gas is required to pass through during the armeallng process. The annealed copper indium galllum 

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 cdl. 

Then, a buffer layer is prepared on the absorption layer: the In2Se3 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 X 10<- 3> Torr and Ar gas was introduced, and the temperature of the 

substrate was kept at room temperature. The In2Se3 or ZnS buffer layer is deposited to a thickness of 80 to 120 

nm. 

Then, an intlinsic zinc oxide high-resistance layer is prepared on the buff er layer: the target is intrinsic zinc oxide 

(ZnO) 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 room temperature. The intrinslc zinc oxide high-resistance layer is deposited to a 

thickness ofOJ to 0.5 p. m. 
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Then, a low-impedance layer of indium tin oxide (ln2O3:SnO2) film is prepared on the intrinsic zinc oxide 

high-resistance layer: the target is indium tin oxide (In2O3:SnO2), In2O3:SnO2 by vacuum DC magnetron 

sputtering. The mass ratio was 9:1, the working pressure of vacuum DC magnetron sputtering was 1-5 X 10<-3> 

Torr, and Ar gas doped with 2% to 5% 02 was introduced, and the temperature of the substrate was kept at 

room temperature. The low-impedance layer of the indium tin oxide film is deposited to a thickness of0.3 to 0.8 

Finally. an aluminum electrode was prepared on the low-impedance layer of indium tin oxide fllrn: an Al 

electrode was prepared by a sputtering method using an Al target, and finally a copper indium gallium selenide 

thin film solar ceH having a concentration gradient of Ga was obtained. 

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. 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 hand gap having a gradient 

distribution. 

Compared with the prior art the present invention has the following advantages: aH 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 ceH 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 CNl.02694077 

L 
A method for preparing a copper indium gallium selenide thin film solar cdl, 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 CuinxGal-xSe2 alloy target for sputtering, and setting a 

CuGaSe2 alloy target with x"O as the target 1, setting xcc,0.8 The CuinxGa l-xSe2 alloy target of0.6 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 /cm<2> to 8W icm<2>, and then The target 1 and the target 2 are co-sputtered, and the initial power density 

for sputtering the target 2 at this time is any low power density between 0.3 W /cm<2> and 1 W /cm<2>, and the 

target 1 is The high power densHy for sputtering is set to continuously decrease in operation, and in the state 

where the target 1 and the target 2 are co-sputtered, when the power density of the sputtering of the target 1 is 

continuously decreased, the target 2 is simultaneously The power density at which sputtering is performed is 

continuously increasing, and finally, unHl the power density for sputtering of the target 1 is decreased to any low 

power density between 0.3 W icm<2> and 1 W /cm<2>, the target 2 is subjected to The power density of 

sputtering is increased to any high power density between 4 W/cm<2> and 8 W/cm<2>, and the time for 

performing co-sputtering is 30 to 60 minutes, so that Ga in the copper indium gallium selenide absorber layer 

concentrated 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; 

c) annealing treatment annealing the copper indium gallium selenide absorber layer in a vacuum chamber in a 
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rapid healing manner, the temperature is 400 ' C to 600 ° C, and the annealing time is 55 to 90 seconds; 

d) preparing a buffer layer of ln2Se3 or ZnS on the copper indium gallium selenide absorber layer, the thickness 

of which is 80 to 120 nm; 

e) preparing an intrinsic zinc oxide high--resistance layer on the In2Se3 or ZnS buffer layer, having a thickness of 

0.1 to 0.5 11 m; 

t) preparing a low-impedance layer of indium tin oxide film on the intrinsic zinc oxide high-resistance layer, 

having a thickness of0.3 to 0.8 r1 m; 

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 gallium selenide absorbing layer has a thickness of 

from 1.5 i, m to 2 µ m. 

3. 
The preparation method according to claim 1, wherein in the performing step b), the working pressure in the 

sputtering chamber is 1 X 10 < -4 > Torr, and the temperature of the substrate is maintained at 350 ' C to 450 

Any temperature between C. 

4. 
The preparation method according to claim 1, wherein in the performing step d), the vacuum magnetron 

sputtering method is used, and the working pressure of the vacuum magnetron sputtering is 1-5 X 10 by using an 

In2Se3 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 e), 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 Hk-3> Torr, operating frequency is 400K--2MHz. and Ar gas is introduced. and 

the temperature of the substrate is kept at room temperature. 
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6. 
The preparation method according to dairn 1, wherein the target material is indium tin oxide In203:Sn02, 

ln203:Sn02 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% 0 2 was introduced, and the 

temperature of the substrate was kept at room temperature. 
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=!_!;:".Q.j-±-,1;­
Fl 7.f'..1.XJI'-: 

[0002J :0:J}'rf~J )~fl, iifili~t%f1iJHt,11~J1Jl=ff:wJlr1Hf rs ¥J, fir ~1 %u%r1r-:!tk}trJtrx!U}t l'rJlt i~J:: ff, 
'l +17[JL,vlf--",. -b ,,, -1-+,1·:1 ' ,, ,-;.., -c1-,,-, '[''f;'i-,'~"•-,JJ;±kfj·•<-----1,_. .-,., ±,' L-. Fl -jc• • •:fa. • 1·,- "-,I '! J-li- t· r---r 
);,i ,1,',. J1--1 fJl".;x. It!. dJ;r/1 / ,'i-, EB JJt r!JU Jox. 1IJ t1~ FU t;:}~l"I r-w"'~ k Ht=:, tt!Jttui_ Fl ?~'! 11:f;15:E, tt~JjJG_;.iqi'J 1/L; .r,,i, o 6 

~ u· :t'lE. ~ !· lij" ;fij FB WJ i'Jt Jj)j( El 1@ H:1 d> , rm -1i' 1-t i'lt )})j( {±: 1t FB j:1 tl 4t 3'1t: tifl Tit~ , (iff~ RS ~il 1-t ~J ;ft JJX ±~ 
1U'5 * # JUJII ?&!J±ltiJ:1t iYJ f_a_'~B:ZFl, lt±lti Jjjt iYJ :£f :t~/~1-t tt {iJ }1· '1{£ , ~ r~:~ fb~ 1~ $ &'J J:lI * T o ft:1 
JJ:'t.:r1=/'fr~y,~: ;c},_1, E'r/,1-11J ·11i·;'l- j'/fyJj;i _g. '1'11~'1,r i+J [# :7-... j£l f1~1#•J3J:~;l_,fJq:;1W p 7 -· . rfii i,-r;r1 ;'/f .g.+{E; td_'-! l'lJ ~f 

#/ ~A,_/l_.1...,1../r,.--I.J I .:T:-~,-,,_J.1/,.J'>/"-J------ r:J!J ___ #;;r!--l ---,r~-..1 R~,TI 1/, ,/"r=l/4 __ 0 !il.J,/,, H1.J .. _t/'-J-/l.J,-,//l ... l-l n,_. 

i~~, ;E r:1 J ~ 'r: i'J~ ;!),~ f1fJ fa 11:ii1:t:ff. z ~" ).\. fll:J ~~ t¥J ::J-f '& :fij m Wt'W ({<]ff!::!+ 1i 1=1 J ~J ~ 1:i:'.ft A [:(l:J ~E j~_j 

5\<1z::c:~;ttH~l:ix ~ i'l~~{Ji;tl't" 
[0003] 

'tj_ ~l:.HJTI 1[tr ,;,i:g 1 { ;~-'J r~J te) ), • t'i.1 r,- !Zf-1 w. n f'1 ::t:, (_1 ; ~ ;-t:;; !'_] o. £-l=l r;r,J" [; r lT? r.17 n --
11 

f± t'-1{1 ~·cJ;: ,H: Wt- /, \ ~ 11. E't.(-1 -1'- , r✓ LJ 1/.><.,. -•'-1'))<.. t-- ..... -to u_ ~r__A,_ ...... ~~J,,A-...r·- )LJ1 -1:::L);=:~~<F3 ~-- ... J~J,.,....'-- !------1 _ ... ,:;j .,,J::-'.!..).J~ _A;l;.,.,J_x..i, 1-- ..-·r---:r ~--!__,'f'-J Lt., ?-L--1--\ v -1 J 

JI,- -'i ---I.-. '1[1 L,l:, cl [ ',-I 1111, "''J I=! 'f- -! hid ', 1r11l -l-1r1 ,q r-m l•f.f - ·i:;iffi ( --, ( T c· •. C ' '"'' 'fh ('lG' .-. ,-1- R IF),]),\_ !)1:1 Fk cf,'1111, ".!X. ti' JW:1+ i(i -1;"r :::: __ - - ' 1h ~1d:i~it:L"I L:1'- . IJl''I 'cu\ l11 ,a) ()8:)' 1'11) -vJ, . ::-, ' /J b 

~;J A~ 1w: i$i ft n& 0,:\zjl jJ ITT :''f's~ 1*~;.j ~4" EB f- c rn s st ~ ft fQ{ L& f-1)ty}', 1t y~, c IGS fQhly:Jz[ ff(} 
JJ~Jn.'-1+ ('2 µ m ernu, U- ·{19.J'J:!.~Mr=fi~, tr:IB.r' {$Ll:illi:S1, CIGS ;j;;j;¥4ffJ ~ ffl H ~'1Z 0. 03 *_ft/ 
7c,·, :H· f,[!; ,8. tf-£s--f-t'-J}-:, t~·m ·1'"* ll] t/,i: 'f; ~1r -iiT ~'.I l?r1f fl,~ ll(J Ti Li' ·J:W{t'i. 'f!r ~ii )'P •t-};1=111,J t:t z;.;· rn1·cr" tL. .J.-L--.... 11.1..A,,..,. .. .,....,i:~ ..,! /L,7:.- ,--'fj_±~ Y. .. /-.\. 1-- ,.JU,,,,,~ -e. .. ---" -1 ,-z,_,,._(n. ,,.~-~ ,._;.,.,,., ,,_......, ~ _.:t...:/+ 1r1=1, 122. __ --r_~~->'-. •~'1-

r+r rtj, 1·~•'fi/" 'ct" i ~'·L-.bfr,i-,'•,t''+l'""-~-1•·-f- ''"'''""fj+<-rh'·.t-. B R-'--'-R/±·"r,1_:,f''-'-rj·--"=fr,i-,'ffifl"' 0J .U: ~jJf JCJ Ii% ;irlk\}Jx>+:, i\=!J J-°)0-1'" ll'J 'fi~'fb1 t~JJlt/ ;,.\. flt:. 1-\!I-, ~ Cf.:31_1_'., ;it: ti f:IV .El~ 1Jl1;:)' J • & qJ ·71~ 11'.J ~~.if!l 

:Z,-·o 

[ 0004 J c I GS 1f- 11j )\ fll:l flt rtii itt~ ~4 0l3. -i' it l'.i. : 1 R:. Yt E~ 4~ i'ffi: fi nJ ~.J 1~ 1', :J;,1 JL 1tk* ; =-¾. Jt: 
;+1,'r'1·; :1i§' ( ~-cl+1·1r- ·"/ii' J--fr ' Ii]. r :i ;w ;-s+ G'1 \,. £}:-r '1 ;t_c t1g1 !.~:fl t,if •i~1:ir1 .I,, ·2'-Mrs r'J{J {41! .. ~1·-~ ,t,:.,f:1;~ +'.;, . -ui ~rr1,1 ~;tt ' :,,-.J~ ,•:J' .J /t'...4 /.-"'-. / I::-::/\ N11 ,..._:l_ ( . }/..)'- / LL :,!HJ -r]!~I t✓._J'- r 11.... I 1 1--'J ~ V ... !---- -==- ,:?['\: h~!,, J_j___.,_ (, 'll-- vr:; ~ /o..l_,--~=3 ..,1_>:_ 

;ii':, Ga;ff1 In ff:Jbi'.:1Yui="Htn'~ (Eg) -ffZE~irfstJt:*, Eg(eV)=l.02+0.67y+0. lly(y-l),;lt; 

u=-In / (\ r,·," + T rt\ "'·:-<J~i ( .. f',;_,',l [J'1'Erl J'.eH ;;,;.;1,1 i::JR }j'L -,H\'ls!"Ji'r'.-t lt[\t! Fl~$ ~11 ;.r~~FJ-'t;.ii½+· f£f,~ 1'if trj-(1f1j 9 J - / .'--L --'--'-/L1:J,,,,,~ •---!;g:_::_ U/_,o ..J-+..n_,_~/l1_rJ, '•'" ,, _ _,'\,rJJj,...._ ~,:id , _ _...L_,. ! u..o-tX.-J ..... IL'-,_......_i1:J-'T_/-t:J 

J\.f3f1 ~~, ili.~J/:;ir::;t rf1l!:J: 1J, l'Jf.Jr ±~ T fg-=f -- .,~, icx~-, t~:e:Js: k 1:fj :Ytrlli ri, t~i!J:59.:.--'i'· 
I@, - 3"'./(xt' ~ * ffj ~t{i3.·fH1M+1{t.1Jx)F;¥1J T* 131:l ~[". 1!!i1JJ,1~f¥B¢J1:~\ TI'rH::~ 0 l11Ji:tJA-!'M i%::t[5f:l 
it!. i•tl& %of. fi},_J 1r~ Ii•~/~ , ri- ~0. 11:z ~~ rt 11 ~-111 ~ RS ,m; wi;-t u Fi tg: rQ0. L& ~ ~ fi},_J :t:: 11u tm, ·rm c T Gs f-t 
1tt1ff]'il1~~(:]¢ff1J -tmJt~H1+&tr&{f1T l::,{~:fJ/liJllllt ffJt'i!~ 0 fr iM ½ C IGS ?Jf.Hl"4at-flT ~' iJlijTf Ga fj<J/@;- ~it 
L.' ,-r< !-1¼-f (' 'I- 1-.:, J-rJ ('. -, .-. , I, Al!-,r,ir'•·,j;;,s:-m· -,H- lyJ,6,__ ~1 _, __ _ d:: 1:'Jlj O Jic1 JJrl JO. [-J,J l-G i;'J[ ' ,Hr~ h, q •WJ d'J '1s-·w·m 0W, ;i_',; N r\c/J G 

•• ] _-.-•-• --t----+,-'·'• rh ---• ,-1 +r-.,, .. , .(7 "I"~ ,,;,, n-++- f-rh---+-- ··--L- --'-• -iffi--;b· I I' _,_1,·1.1, , ' ( ,\ -s.-: B' ' (' 3' -9' 
L0005 .tj!/,-1'! AfYlA 'T Ci RJ~ rfjJ-i'i';· L uS i'-W-/11% r:i'J /J 1t, ±:~ t-J : \, ) !JUI ii ... YE:, .',!,) ~ 1~ Yl:, .: ) 03'7 

-'vi':':(::if_,;-,---:;,f5) fli'f',,;j·'·- (,~'i ;,ij!f.8-;~,,+ (r::') ,0',::tf;!1,1J- ('1.:') nlfi•>'iL'_,;,,',J-c (7'\ f,~,),;,,,H· N) li:i'.oi/)[1--J)LAr.-P: 
:.,.:r,.,,._ _ __ ., .1,,;J, .--?-c:-...J,..x._, __ ,, ,±,, i;,'!Xi7.J~'l/-,.,, ,,d,1 i,1u!J/,1,.._,., ,u/ _,.,,-1.1J"-i1-~~ ,; _,..1,kf..r.r.J"--t/..~' \c, ~~-. ___ L,n---lH,-.r11.l,X, 

[0006] 
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[0007] 

i.f Fl't'~;flll" 1£r.tr117'T~:z1:2!i1't r1i ~:l iM%r i111lHftf 1.,P*<:i'tJ ::tr5f:l 8'Uw n~ ~tr.}tt, {B 151-/f:;:;¥1] T1l\nt:,4t, A Uri 
f5(, feYU~ 1-t i¥J Jt;_F" 

[0008] 

[0009] 

[0010] 

-•+ttm l :fr• ''m o '+j: /,~ -j-<- 'CilJ' R' (1 1- n- A, ---i:::- '-1-', -•+ttm l '1+ /,~'CH:'"' {1/- r' -,!-- ,-,-, f_L, 'k L,c±. 'i'n \1 ,[; '}-j' J ' >t l"'J n-+ ,-, ' 
)\'Jrt~ -'i>1'1'[,LJ;_:1T,,',l1i0G7J'Ji:i-J-v\;~ 1, 1X'J1t~ JtrfTtitdffi:i-J,7Ff-'-\-'r;JU.:£;'.!;-J,fu{;~,x,(r ,--=;JJt; 1'' l-l'J/)'j 

ie 2 ;!ft th11tUJ'1 l'rb rJJ * ~ ,1:! !fliJ ;~ii1Jt iffil :i:~ , ~ Hi J"Li~ xJ ie 1 ;!ft ti" i1IJ:t~'1 st rJJ * ~ ,1:! Hi 1jgQ ~~ o. :1w; 
Clll

2 ~ i w / "ill? --', l'fi1 tJ{JfI: ~"-,cJrC J;l-1 ;,l,;~ ~J?i F_Jf y•fl!D ? -i lt;;icl:"ITT5· ~-J- ~7'JJj1 ;:k~ -~~ f{f ,~j:r,'61:;; 1J1,1,r /cr,,2 ~ .sw· /c1n? 
.:.....i....... __ ff; v A- .JI= : ,"G.,-lk.\. ,--.1~LU,.,,.,._f/)~ ,u _, ,!.2!·1-..J l;\''-l~'"J !-• 1/J~W,_ ......... ~ ~--1..:..i....... - : .u ____,______._ , 

7'- i's] (-1{111 w -r~,; J-f, 5,g;;-_~~Z/F~ -tb 1···-1° J±JIT[+;J;!-;f E~{1 [-r,+ i'sj '-b '.,'0-•-,(,) ~':,./;,frt, {,!, Jfl,:-,,4:lrTT 4:IJ,li'J;f_ J;[fh ~~\ i1{f I+ r+i r:1<J c:,-c" ~i:; 
·---~• - .-•"' 1L,L:., -J /J--i-- ,_1._J _,.,. ___ ., ,,,, ,i - /---.,/),JG ✓✓ -,! ,__, j · .,/:; - - ,_ /_J I .9 ,JCT ✓ 1,- -, I----, !,_.'.,~f'IJ~ /,_,;t.,,. i;,,,, _ _, l ~ - _U, ,,i ..... 

ltHifjY>fflf;[!f, lt1:E l~rt~t&~ t5 Mo 'ij $,;fiz1tffil:!Ji'lb~w1~s{J~:t<lt~ ,'i~,, 1:Ei~rQti&~i'l<J,mM!¥3~1911J 
tfJ 1-t{J!tEif[!;; ; 
[0011 J c) iJ-lfT ilA_)drLFr. : tt:Jl ";~'"ff. i*j l:l ttcJifJrl:-¼'~ tT .=r:t.:x14irJ'fl11 t~1i~Q)} *~;~ HHJ' ilI)dd::ffr., 
11;yEl,11£ ~ 4owc i'i: 600 "C , ili):Jfr r1u 7'7 55 ~5 90 ;ft ; 
[0012] 

[0013] 

[0014] 

[0015] 

[0016] 

[0017] Jt 
1r: 350"C¥ 450"C:LfrlJftJ{T:~~lilil)Jt" 

[0018] Jl :1:f:JkiAf ~t~Jli:i d) rt1 , :fUfflJ'l-S~frttt~ililUtit, ~U§ fo2SP3 gli; ZnS g-{t:,EL ft~·;~rrit 
p,"ff,H 'I I,,{/cI1:c /-'+-, rx l-)-3T -l+'i'b • ~ J:---,+ '-'-~ 'f ,,-, -r·-'-±- J-,-'--'s l_n;,x;-;,,•iB·L- i p 'Ji /J /'J i ---a _ I. • orr :tr J-fil 1\ hr -"VJ/f'> t'J ,~ ~'J1/utf.\t;'.,f-:f',f'tf:'t'_ ;\JJL o 
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[0021] 

[0022] 

[0023] 

[0024] 

[0025] 

[0026] 

ffl l--3mrn ~1¥1t11Jf15~~.st:X-1§- 0. 2mm !1f-))~%JHl~;IW'r4" :'Kffltr~f:;~ili~~Jy1_;jJU!t 0. 8 J,?~>K~R'Sttl 
(Mo) ~,~frc:j,J~·~m D 

[0027] 

if 8W/cni2 zJs]L¥}{-f;~~1iJjJ>$<.I•};ffl'x~-,['l J 5t~&l-t 2 4 7_tfLi1 ,tJt~jtfxtrrl J :f~LfEI, 2 jzf1i::ttiif& 
U,j· ,U,t:J-.f·v,f·;tµJ 2 r±t-::iT--,:m!',cr:,j•L'j{J1·~n-/,.'(c:Ch5¾~';2:jlFf;-; 0 '3\\'/,·,n12 ?;:;.; iW/,,1n~ z-' 1'ri]h:-,'.','t.i<11·r.r::r},::i-i,.ii:f,f,t~f ·r-1,-J 

~ 7j , JLL ~~ j /'I.J Tu ' ,(21 'j f}\,Xi?'j ~ 1- •:(1--1 .,,7J --~--LL.I/_,,,.._/:.; ~ ., l / 1....,.u _.1__._ _l_ n I .._, -- ~· 'J_L ,b-, ~--! ..,,' h,\i ,,.J --i-~ LL! 1_v._ 1 Ii 

x1~~l 1 :Ul tnll% M ~~J1'tii' JJl :~s 1&Hi ti 'a 1& iEL fl:rt1 3!.Ut Jfil {Ji;lL lii JUJ;J.>(t rfll 1 ;fl] !f C 2 ill 1[ :jljft~ 

~1,f,· ii'· t.:; Mo i'J· '" N7r J'1;,-llirh r.i<r - 1fllii tt.J ,)•t.; 1Fft lt~ -1~~1-, i, +,: ;:~rnn Li,1,-r 1:_i~~ ,,.,~JtB x,t 'f1, - A1W rr-J~'t{ ft;" 11t;1·r.r:" l,X..,.-:--" ./ r .... Y::::,t,_x,_J:=,.....,}tl..u-i--'v 1/Hl----l fl\. . .,...._~-..,... - ~---~/.A ~Y.,./--~1-=-1- ,l=t- -..!/...! il,~H 11-",_)J_ ... tx, •',\i--

[ oo 2s J M'i Jfi iii: i f- jH :k. !it Fl : t±: ,it!;:''.~ iAJ I:), ttc j! !Jri }!,~ 1J ::i:~ x;J- tl11J 4[£i t~ ~lli ~~- i& fif Jll 1J ~~ j( !z.t 
:E.E!l, JtirrH!t :3/;J 400 °C '.'r~ 600°C, HL,l:.S-0HfiJ :3/;J 55 ji 90 " {fl~)d1f~ +Jffi * JJIAfI111Y '9,1;$:o 
f2i1JJR)<.3d:J•ffi rt-J 4:r~ 4:[1;] ti{~~ u)1 J1;1r i~4:r~Ht tJJ,}t0, #3Jli'iJ!.~ i'l~ill:ir NU~r;,~ f :rt MY, -ri i'fti tt1 

f,1 ,Lb.}._~ tr•J -.'T-'-• :?cJ \'l!::. th ;,ih -+-iJP, dfr r ,,, f.J• ' 1 ' cb ·''1:1 ,,1.7 
Bs·V",L~-" VE r,=o ,A\_ !0H W', 't:dt!:LI: /)!. '1)(..,1z;; J(, 01:l.it ''t!,'..>\."'-;'1''- o 

[0029] ~!l~if[I&4J.:Jfil t.{tJ~t;f?rj:,H! :3fLlrHJ(.~@Hi'.¥]lUJ1:t, *ffJ In"Se? ELX ZnS 1~-~lfi~, 
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HlffITTHtA&f~Hif,(:E'i)Hiln f~Ti:t In:Se3 ~1<: ZnS tJJ-1,ti~ErJln'.fJUJ&fJ 80 ii 120 trt!;/C 

[0030] ~tt % {EfJlJ,p ~ t. iM·l* 1iE/t1l1t'ff ;~j rn.tJ'[Jz ; ;fiJ m M tm~3": {il~ }1iF&M ft, ¥E 
H 1/v 4',: {iE !l 'f.t f'f ( ZnO), M Jl. ~;:; fi~ W i~1¾ ~t ff-J [ 1"f. J=I jJ };J 1-5 X 10 3Torr, [ 1"f. i~l :,r:{ 'f..; 
400C2MHz, Jt Ji:RA Ar /~1;$:, f'J~Stiii./if;i;:ti}'ff:'fEUg.G fYrlfJt;:tJE'r(.1t'r-¥ ,~;✓ rmtJt~ ITTffUfUJ& 
'f O l ~ ') 5 :;,i,1._,u. :: '1 ~ ~ t_ ~ 1- 'JJlX/1~ o 

"00 31 ] 'T -'-c'- ¥i * ,I,. /T ~ _,{ I/ !,;·'· ·c'r f:'f' + •• ,--o -'!:rJ /5{ ·=1 n, '·[TL(,bl ( ' () • s·· n \ $ W'; ·('I- rw1 1·;'· I'"' *'] l+I L . -f }-~;•c:r 11: '}'- {left .. ,t_,-ff 1·,"11 J.t_-b}t;~ rr,• ,,r i', ,~, Ti'J v·m . J_l12 ·3.' n"2 / i'J·/Jc\li: !.,1,. "l.i.'.f;Lz;; : /I'' .m 

;ti~~J"Ut[MHS".fJ~~Ht~, $BM 71'r(f-tti~¥~ On/,03 : sno2 ), In203 : SnO, i'ltI1ldi tt71 9 : L ;ti~~]'[ 
:'ff,-if;!i{11,,ITTF- tf,et'1<r r 1-"r" ff;·+, ''b l-'7 X 10-<;,r,-,-,•y• ±r:;,-r, /'\.;l:jj::it 2'!1,-, z;,; 'J(Vi(' i:'1{1 Ar· t~-f f-*· J;f-J,~-: t'J{J•i~ f~F1i_,;I. 
t.L.f•h!,:J_J_.l,1¼,.%J~i-=l'J--L-1r~---"--/-1/~1 1- ,_,_!_...L,/! J.112 l~ 1=::,1 

1 ,3 _-=r::, • ;( '2 l=-i.1 .Lt \11/-f', 1.1,k¼!----l 1ffi11X /I'-

[0032] 

~~J *~~~™~tl#ffl~~~~tt~=*~~m~~ ~~~~~~~.I~ 
u lffi T-1trn 1-t $1i11u s r;grnt" i;: m ~~ ~ m ~r1 P& ,1xm mu ~;fUH- • t,Jifr: ep jfr fJ fu~!\ JEttf 1fl1 rr-J 
11,Fr wJt ~' A-~ :fl}. ~[;1fE[/{-tnl} ilfsr i~-i!f Ji<frllii' v,_g_f: l:f-,1"1· 1 [, i'/J .:r:_· ~:!:;flJ;-t I+, -r+-~1i'f *r -J-

7 
fl· ;·_t,:JWl /:!'fl' {'T-/i,>J- .1+-_-,/i.'. 

,:,x... ,_,,,-,../?.:;, 'I 111..,i _"9:. -· ,.,,,_ LX-,.✓--",•--.;.--1- . ~ -1_ .. !:~X.'H ~ 11_ ... , '---' _::c, ✓- / .._,,,,n ... :n::::1, .. .1. _--=t. CJ )j )gx-L,... .-=-t'# 

~4.ili~~7~~rl~~~~~~~~ffl~~~~" *~~~I~W~~~.~~~~ 

J 
V.•'' 1c, --r g.. --'-- t '' 

I\, 1'¢1L~ .J :tr"- iJ>'. 
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PTOiAIA/22 (10-20) 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S. Patent anrJ Trademark Office; U.S DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displavs a valit1 OMS control number. 

Docket Number (Optional) 

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) 131815-255190_P167C2DC 

Application Number 
161877 255 ) 

I Filed May 18, 2020 

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

1757 I Examiner Unassigned 

Tt1is is a request under ttie provisions of 37 CFR 1.136(a) to extend ttie period for filing a reply in the above-identified application. 

The requested extension and fee are as follows {check time period desired and enter the appropriate fee below): 

□ 
□ 
0 
□ 
□ 

Fee 

One month (37 CFR 1. i7(a)(1}) $220 

Two months (37 CFR 1. 17(a}(2}) $640 

Three monilis (37 CFR 1.17(a}(3)) $1,480 

Four montt1s (37 CFR 1.17(a)(4)) $2,320 

Five months (37 CFR 1.17(a}(5}) $3,160 

Applicant asserts small entity status. See 37 CFR 1.27. 

Applicant certifies micro enliiy status. See 37 CFR 1.29. 

Small Entity Fee 

$320 

$740 

$1,160 

$1.580 

Micro Entity Fee 

$55 

$160 

$370 

$580 

$790 

Form PTO/S8/15A or B or equivalent must either be enclosed or have been submitted previously. 

A check in the amount of the fee is enclosed. 
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Attorney Docket No. 131815-255190_P167C2DC 

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. 

2 
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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. 

[OOQ4] [0005] Figure 1 illustrates a flow chart representation of an example 

method for fabricating of a solar cell, according to some embodiments. 

[()()()SJ [0006] Figures 2-4 illustrate cross-sectional views of example solar 

cells during the fabrication process of Figure 1, according to some 

embodiments. 

[4:M:M:l6] [0007] Figure 5 illustrates a cross-sectional view of an example solar 

cell, according to some embodiments. 

[OOQ+] [0008] Figure 6 illustrates a cross-sectional view of another example 

solar cell, according to some embodiments. 

[00981 [0009] Figure 7 illustrates a cross-sectional view of still another 

example solar cell, according to some embodiments. 

[004:)9.] [0010] Figure 8 illustrates a graph of example surface passivation 

measurements, according to some embodiments. 

[001()] [0011] Figure 9 illustrates a graph of example 1/lifetime 

measurements, according to some embodiments. 

[00111 [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 

[OOH] [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. 

[0014] [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. 

[4:M:)1.S] [0016] Terminology. The following paragraphs provide definitions 

and/or context for terms found in this disclosure (including the appended 

claims): 

[001'] [0017] "Comprising." This term is open-ended. As used in the 

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

[001+] [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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f(MHS] [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. 

[002()] [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. 

[OOM] [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. 

[~] [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. 

[4:M:li4] [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. 
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[()()U] [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. 

[002-1-] [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. 

[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. 

[~] [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 2x1018 cm-3 after 

the heating process as discussed in block 106. 

[OOM] [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. 

[()()JJ] [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. 

[OOM] [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. 

[()()3S] [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 
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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. 

[~] [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 97 5 degrees Celsius or above. 

[0039] [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. 

[0044:l] [0041] Figure 3 illustrates heating the solar cell of Figure 2, according 

to some embodiments. In an embodiment, the heating 230 can include heating 
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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 2x1018 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. 

[4:M:lG] [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 
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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. 

[004J] [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 2x1018 cm-3. 

[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. 

[()()4.S] [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 
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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. 

[00%] [0047] In an embodiment, the solar cell 300 can be a back contact 

solar cell, for example, as shown in Figures 5 and 7. 

[0041] [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 2x1018 cm-3. 

[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 surf ace 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. 

[OOSC:l] [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. 

[()()S.1] [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 2xl018 cm-3. 

[()()g] [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. 

[()()g] [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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[()()S4] [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. 

[()()SS] [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. 

~ 

aeg-G 
lOmsee 

Tehle 1. Exemple Pmcesses fer Seier Cell F'cthrieetien 

Baseline 

[~] [0057] Turning now to Table 1 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. 

[4:M:lS+] [0058] The method of Figures 1-4 is exemplified in Example Process 

C of Table 1 Figure 11, where a surface, or a portion near the surface, of a 

silicon substrate was doped at approximately less than or equal to 2x1018 cm-3 
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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/cm2, improved lifetime, e.g. typical of approximately 10 

µsec, and a > 0.5 % efficiency increase as compared to other solar cells, e.g. 

referenced as the baseline efficiency. 

[OOSS] [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 2x1018 cm-3 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/cm2, poor lifetime, e.g. typical of approximately 3 µsec 

and no considerable, e.g.,< 0.5%, efficiency increase from the baseline. 

[OOS9] [0060] In another example, referring to Example Process B, a surface 

of the silicon substrate was doped at approximately 4x1018 cm-3 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/cm2, good lifetime, e.g. typical of 

approximately 10 µsec and no considerable, e.g. < 0.5%, efficiency increase 

from the baseline. 

[4:M:)&()] [0061] In yet another example comparison, in Example Process D a 

surface of the silicon substrate was doped at approximately 4x1018 cm-3 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/cm2, good lifetime, e.g. 

typical of approximately 10 µsec and no considerable, e.g. < 0.5%, efficiency 

increase from the baseline. 

[OOQ.] [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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[4:M:l6i] [0063] With reference to Figures 8-10, example surface passivation, 

I/lifetime and efficiency measurements, respectively, for solar cells fabricated 

using the methods of the Example Processes A and C of Table 1 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. 

[()()6J] [0064] Figure 8 illustrates a graph of surface passivation 

measurements from solar cells fabricated using the Example Process A and C 

from Table 1 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 Table 1 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. 

[4:M:)(:e] [0066] Figure 10 illustrates a graph of efficiency measurements from 

solar cells fabricated using the Example Process A and C from Tools 1 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. 

[()()66] [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, Band D. 

[4:M:Ut+] [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 2x1018 

cm-3 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 2x1018 

cm-3 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., 

4 

Petitioner Canadian Solar Inc., Ex. 1002, p. 163



Attorney Docket No. 131815-255190_P167C2DC 

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 

"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 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 2x1018 cm-3 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 97 5 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 2x1018 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 2x1018 cm-3. 

[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 2x1018 cm-3. 

[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 

2xl018 cm-3. 

[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, 

Surf ace 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 2x1018 cm-3 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/cm2, 

improved lifetime, e.g. typical of approximately 10 µsec, 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 2x1018 cm-3 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/cm2, poor lifetime, e.g. typical of approximately 3 µsec 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 4x1018 cm-3 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/cm2, good lifetime, e.g. typical of 

approximately 10 µsec 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 4x1018 cm-3 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/cm2, good lifetime, e.g. typical of 

approximately 10 µsec 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, Band 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 2x1018 

cm-3 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 2x1018 

cm-3 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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The publication may be accessed through the USPTO's publically available Searchable Databases via the 
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/. 

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set 
forth in 37 CFR 1.19(a)(1 ). Orders for copies of patent application publications are handled by the USPTO's 
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 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

16/877,255 05/18/2020 

149776 7590 06/28/2021 

Schwabe Williamson & Wyatt/SunPower 
PACWEST CENTER, SUITE 1900 
1211 SW FIFTH A VENUE 
PORTLAND, OR 97204 

FIRST NAMED INVENTOR 

David D. Smith 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

131815-255190_P167C2DC 2637 

EXAMINER 

TRAN.LONGK 

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@SCHWABE.com 
ghoover@schwabe.com 
mscardina@schwabe.com 

PTOL-90A (Rev. 04/07) 
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APPLICATION NO./ 
CONTROL NO. 
16/877,255 

FILING DATE 

05/18/2020 

UNITED STATES DEPARTMENT OF COMMERCE 
U.S. Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 

FIRST NAMED INVENTOR/ 
PATENT IN REEXAMINATION 
Smith et al. 

ATTORNEY DOCKET NO. 

131815-255190_P16 

EXAMINER 
Schwabe Williamson & Wyatt/SunPower PACWEST CENTER, SUITE 1900 Long Tran 
1211 SW FIFTH AVENUE 
PORTLAND, OR 97204 ART UNIT 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/ 
Primary Examiner, Art Unit 2816 

PTO-90C (Rev.04-03) 

/DEAN A REICHARD/ 
TQAS, TC 2800 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

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 
Docket: 131815-255190_P167C2DC 
Title: SOLAR CELLS WITH IMPROVED 

LIFETIME, PASSIVATION AND/OR 
EFFICIENCY 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA22313-1450 

www.uspto.gov 

DECISION ON PETITION 
UNDER 37 C.F.R. § 1.84(a)(2) TO 

ACCEPT COLOR DRAWINGS 

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. § l. l 7(h); 
(ii) 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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"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)(ii), 
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 1.18l(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. 

Application No.: 16/877,255 

Filed: May 18, 2020 

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

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

Examiner: Tran, Long K. 

Art Unit: 2829 

Confirmation No.: 2637 

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. l.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. 

July 21, 2021 
Date 

1211 SW 5th
, Ste. 1900 

Portland, OR 97204 
Telephone: (503) 222-9981 
Facsimile: (503) 796-2900 

App. No. 16/877,255 
Dkt No. 131815-255190_Fl67C2DC 

Respectfully submitted, 

SCHWABE, WILLIAMSON & WYATT, P.C. 

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

2 Examiner: Tran, Long K. 
Art Unit: 2829 
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NEW SHEET 

Surface 
Gettering Surface t 

1p Dppant ~-
location Passivation 

,u ... , ·" ., 
Gone. 

A < 900 
2x1018 cm-3 2fA/cm2 

deg-G non-poly ~3msec Baseline 

B < 900 4x1018 cm-3 non-poly 5fA/cm2 ~10msec Baseline 
deg-G 

G _5900 2x1O18 ':i 
poly 2fA/cm2 H10nisec +0.5% 

"' 
deg-C abs. 

D 
< 900 4x1018 cm-3 poly 5fA/cm2 ~10msec Baseline 
deg-G 

Table 1. Example Processes for Solar Cell Fabrication 

FIG. 11 
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Electronic Acknowledgement Receipt 

EFSID: 43312915 

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: 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 I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

96288 
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d_petition_07212021.pdf 
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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 Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
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 

149776 7590 09/29/2021 

Schwabe Williamson & Wyatt/SunPower 
PACWEST CENTER, SUITE 1900 

EXAMINER 

TRAN,LONGK 

1211 SW FIFTH A VENUE ART UNIT PAPER NUMBER 

PORTLAND, OR 97204 2829 

DA TE 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 PREY. 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. 
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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 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

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. 

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

149776 7590 09/29/2021 

Schwabe Williamson & Wyatt/SunPower 
PACWEST CENTER, SUITE 1900 
1211 SW FIFTH A VENUE 
PORTLAND, OR 97204 

APPLICATION NO. FILING DATE 

16/877,255 05/18/2020 

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. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

(Typed or printed name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

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 

nonprovisional UNDISCOUNTED $1200 

EXAMINER ART UNIT 

TRAN,LONGK 2829 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

136-256000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1200 12/29/2021 

2 ______________ _ 

3 ______________ _ 

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

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

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. Fees submitted: □Issue Fee □Publication Fee (if required) □Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

0 Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

0 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) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

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

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

Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of3 

0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 

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

Petitioner Canadian Solar Inc., Ex. 1002, p. 203



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

16/877,255 05/18/2020 

149776 7590 09/29/2021 

Schwabe Williamson & Wyatt/SunPower 
PACWEST CENTER, SUITE 1900 
1211 SW FIFTH A VENUE 
PORTLAND, OR 97204 

FIRST NAMED INVENTOR 

David D. Smith 

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

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

131815-255190_P167C2DC 2637 

EXAMINER 

TRAN.LONGK 

ART UNIT PAPER NUMBER 

2829 

DA TE 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 l(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement 
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent 
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial 
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term 
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior 
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration 
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process 
outlined in 37 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. 
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0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget 
approval before requesting most types of information from the public. When 0MB approves an agency request to 
collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration date for the 
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform 
the public about the 0MB Control Number's legal significance in accordance with 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 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 0MB control number. 

Privacy Act Statement 

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

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

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

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

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

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 
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EXAMINER /LONG K TRAN/ DA TE CONSIDERED 09/17/2021 

Based on PTOtS8/08A(08-G6)- Substitute Disclosure Statement Form {PT0-I449) 
• EXAMl!'JER: initial if reference considered. whether or not citation is in conformance with MPEP 609. Draw iine through citation if not in conformance and not considered. include copy of this form with next co1r1rnunication to 

appiicant.1 ,a.ppiicant's unique citation designation nu1r1ber (optional) 2 Applicant is to piace a check mark here if English !anguage Transiation is attached 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH, /L,K.T/ 

i 
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Receipt date: 12/10/2020 16/877,255 - GAU: 2829 

Scl,sMute for form 1449A/PTO 
Comp!efe if Known 

Application Number 16/877,255 

INFORMATION DISCLOSURE Filing Date May 18. 2020 

STATEMENT BY APPLICANT First Named inventor Smith, David D. 
(Use as many sh6ets as nec6ssa.-y) Group Art Unit 2829 

Examiner Name Unassigned 

St1eet 1 of i Attorney Docket No: 131815-255190 P167C2OC 

US PATENT DOCUMENTS 
Pages, Columns, 

Publication Lines, Where Relevant 
Examiner Cite USP Document or Issue Date Name of Patentee or Applicant Passages or Relevant 
Initial' No 1 Number MM-DD-YYYY of cited Document Figures Ai:ipear 

/L"K.'['/ us 2014/360571 12-11-2014 Ji, et al. 

FOREIGN PATENT DOCUMENTS 
Foreign Patent Document Pages, Columns, Lines, 

Examiner Cite Country Code/Number/K•nd Code Publication Date Name of Patentee or Applicant of Where Relevant Passages 
Initials* No 1 iii knowni MM-DD-YYYY cited Document or Relevant Fii:iures Appear T' 

OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS 
Include name of the author (in CAPITAL LETTERS), title of the article {when appropriate), title of the item (book, T' 

Examiner Cite magazine, journal, serial, symposium, catalog, etc.), date, page{sj, volume-issue number(sj, publisher, city and/or 
Initials* r~o 1 countrv where 1,ublishe,t 

/L .K" T' 
Official Communication from European Patent Application No. 15874267.6 (Attorney 
Docket No. S 1 ii 7-EP) dated December 8, 2020, 15 egs. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /L.K.T/ 

EXAMINER /LONG K TRAN/ DA TE CONSIDERED 09/17/2021 
Ba3eci on PT01S8/08A(08-G6)- Substitute Disdo3ure Statement Forni {PT0-1449) 

• EXAMl!\JER: initial if reference cvr.::;idered. whether or not citation !3 ;n confmmance with MPEP 6D'3. Draw iir.e U1rough citation if not in cor.forrnance and not considered. include copy of!his form with r.e;..'1: c01rn,1unieation to 
applicant. o .a.pp:icant's unique citation de::;ignat;on number \optional) :z Appliear.t !::; to pi ace a check mark he1e ;f Engli3h !anguage Trar.sia!ion i::; attached 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
COMMISSIONER FOR PATENTS 
P.O.BOX 1450 
ALEXANDRIA VA22313-1451 

PRESORTED 
FIRST-CLASS MAIL 

U.S. POSTAGE PAID 
POSTEDIGITAL 

NNNNN 

Schwabe Williamson & Wyatt/SunPower 
PACWEST CENTER, SUITE 1900 
1211 SW FIFTH AVENUE 
PORTLAND, OR 97204 

Courtesy Reminder for 
Application Serial No: 16/877,255 

Attorney Docket No: 
131815-255190 P167C2DC 
Customer Number: 149776 
Date of Electronic Notification: 09/29/2021 

This is a courtesy reminder that new correspondence is available for this 
application. If you have not done so already, please review the 
correspondence. The official date of notification of the outgoing 
correspondence will be indicated on the form PTOL-90 accompanying the 
correspondence. 

An email notification regarding the correspondence was sent to the following 
email address(es) associated with your customer number: 

IPDocketing@SCHWABE.com 
ghoover@schwabe.com 
mscardina@schwabe.com 

To view your correspondence online or update your email addresses, please 
visit us anytime at https://ppair-my.uspto.gov/pair/PrivatePair. 
If you have any questions, please email the Electronic Business Center (EBC) 
at EBC@uspto.gov or call 1-866-217-9197. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

16/877,255 05/18/2020 

149776 7590 10/28/2021 

Schwabe Williamson & Wyatt/SunPower 
PACWEST CENTER, SUITE 1900 
1211 SW FIFTH A VENUE 
PORTLAND, OR 97204 

FIRST NAMED INVENTOR 

David D. Smith 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

131815-255190_P167C2DC 2637 

EXAMINER 

TRAN.LONGK 

ART UNIT PAPER NUMBER 

2829 

NOTIFICATION DATE DELIVERY MODE 

10/28/2021 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@SCHWABE.com 
ghoover@schwabe.com 
mscardina@schwabe.com 

PTOL-90A (Rev. 04/07) 
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APPLICATION NO./ 
CONTROL NO. 
16/877,255 

FILING DATE 

05/18/2020 

UNITED STATES DEPARTMENT OF COMMERCE 
U.S. Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 

FIRST NAMED INVENTOR/ 
PATENT IN REEXAMINATION 
Smith et al. 

ATTORNEY DOCKET NO. 

131815-255190_P16 

EXAMINER 
Schwabe Williamson & Wyatt/SunPower PACWEST CENTER, SUITE 1900 LONG TRAN 
1211 SW FIFTH AVENUE 
PORTLAND, OR 97204 ART UNIT PAPER 

2829 20211025 

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 renewed petition to accept color drawings dated 21 July 2021. 

/NATHAN MILAKOVICH/ 
Primary Examiner, Art Unit 2848 

PTO-90C (Rev.04-03) 

/DEAN A REICHARD/ 
TQAS, TC 2800 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

Schwabe Williamson & Wyatt/SunPower 
1211 SW FIFTH AVENUE 
PORTLAND, OR 97204 

In re Application of: 
Smith et al. 
Serial No.: 16/877,255 
Filed: May 18, 2020 
Docket: 131815-255190_P167C2DC 
Title: SOLAR CELLS WITH IMPROVED 

LIFETIME, PASSIVATION AND/OR 
EFFICIENCY 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA22313-1450 

www.uspto.gov 

DECISION ON PETITION 
UNDER 37 C.F.R. § 1.84(a)(2) TO 

ACCEPT COLOR DRAWINGS 

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. § l. l 7(h); 
(ii) 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 
Art Unit: 2829 

Page 2 

"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 1.18l(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/4 7 (03-09) 
Approved for use through 03/31/2012. 0MB 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 0MB control number. 

"FEE ADDRESS" INDICATION FORM 

Address to: Fax to: 
Mail Stop M Correspondence 571-273-6500 
Commissioner for Patents -OR-
P .0. 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: 

0 Customer Number: 1000197 I 
OR 

□ 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 

0 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) 

D 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*. 

0 * Total of 1 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 collection is estima led to take 5 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on 
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313- 1450. DO NOT SEND COMPLETED FORMS TO THIS A DDRESS. 
SEND TO: Mail Stop M Correspondence, Commissioner for Patents, P .0. Box 1450, Alexandria, VA 22313-1450. 

ff you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 

] 
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Privacy Act Statement 

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

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

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

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

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

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

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

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

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

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

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

USO($) 

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 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1200 
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Electronic Acknowledgement Receipt 

EFSID: 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 E2021 BQH32570356 

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 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

17038 
S1117US4_Pl 67C2DC_Comme 

1 Miscellaneous Incoming Letter nts_on_Reasons_for _Al lowanc no 1 

e_ 12272021.pdf 6b91ee4b55438802e408862e4c7744a6f8e 
Sb9b7 

Warnings: 

Information: 

162054 

2 Issue Fee Payment (PTO-85B) 
S1117US4_P167C2DC_lssue_FE 

no 1 
e_paid_ 12272021.pdf 

ea983dbb8775955a 7921223a 16bee3fc0c5 
1eb6f 

Warnings: 

Information: 

132504 

3 Maintenance Fee Address Change 
S1117US4_Pl 67C2DC_MFee_a 

no 2 
ddress_change_ 12272021.pdf 

bS 86bb 78ec4 9ff1 04 b9f6 72fc58a3 2 422 903 
4606 

Warnings: 

Information: 

38308 

4 Fee Worksheet (5B06) fee-info.pdf no 2 
ed6236d50d1122cd73113140bccd531 Sa1 

236da 

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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Smith, et al. 

Application No.: 16/877,255 

Filed: May 18, 2020 

Examiner: Tran, Long K. 

Art Unit: 2829 

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. 

December 27, 2021 

Date 

PacWest Center 
1211 SW Fifth Avenue 
Suite 1900 
Portland, OR 97204 

Respectfully submitted, 
SCHWABE, WILLIAMSON &WYATT,P.C. 

/Justin K. Brask/ 

Justin K. Brask 
Reg. No. 61,080 
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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 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

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. 

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

149776 7590 09/29/2021 

Schwabe Williamson & Wyatt/SunPower 
PACWEST CENTER, SUITE 1900 
1211 SW FIFTH A VENUE 
PORTLAND, OR 97204 

APPLICATION NO. FILING DATE 

16/877,255 05/18/2020 

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. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

Gigi Hoover (Typed or printed name) 

/Gigi Hoover/ (Signature) 

December 27, 2021 (Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

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 

nonprovisional UNDISCOUNTED $1200 

EXAMINER ART UNIT 

TRAN,LONGK 2829 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

i8l "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. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

136-256000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1200 12/29/2021 

1Schwabe, Williamson & Wyatt, P.C. 

2 ______________ _ 

3 ______________ _ 

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE 

SunPower Corporation 
(B) RESIDENCE: (CITY and STATE OR COUNTRY) 

San Jose, CA 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual !Kl Corporation or other private group entity O Government 

4a. Fees submitted: IXIIssue Fee □Publication Fee (if required) □Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

J8l Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

l8l 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) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

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

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

Authorized Signature /Justin K. Brask/ 

Typed or printed name ~J_u_s_t_in_K_._B_ra_s_k ______________ _ 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of3 

0MB 0651-0033 

Date December 27, 2021 

Registration No. -~6~1~0~8~0 ___________ _ 

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

Petitioner Canadian Solar Inc., Ex. 1002, p. 242



UNITED STATES PA TENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

APPLICATION NO. ISSUE DATE 

16/877,255 02/15/2022 

149776 7590 01/26/2022 

Schwabe Williamson & Wyatt/SunPower 
PACWEST CENTER, SUITE 1900 
1211 SW FIFTH A VENUE 
PORTLAND, OR 97204 

PATENT NO. 

11251315 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

131815-255190_Pl67C2DC 

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) 

CONFIRMATION NO. 

2637 

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 http://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. 

Patent No.: 11,251,315 

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 

Application No.: 16/877,255 

Filing Date: May 18, 2020 

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. 

July 14, 2023 
Date 

1211 SW 5th
, Ste. 1900 

Portland, OR 97204 
Telephone: (503) 222-9981 
Facsimile: (503) 796-2900 

App. No. 16/877,255 
Dkt No. 131815-255190_Fl67C2DC 

Respectfully submitted, 

SCHWABE, WILLIAMSON & WYATT, P.C. 

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

2 Patent No.: 11,251,315 
Issue Date: February 15, 2022 
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PTO/SB/44 {09-07} 
Approved for use through 03i31i2023. 0MB 0651-0033 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act oi 1995, no persons are required to respond to a coilection of information un!ess it displays a valid 0MB controi number. 

(Aiso Form PTO-' 050) 

PATENT NO. 

APPLICATiON NO.: 

ISSUE DATE 

INVENTOR(S} 

UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

1 ·1,251,315 

'i 6/877 ,255 

February 15, 2022 

Smith, et al. 

Page _i_ of _1_ 

It is certified that an error appears or errors appear in the above-identified patent and that said Letters Patent 
is hereby corrected as shown below: 

Column iO, line 58, insert -- H1e -- after ''of", insert -- cell -- after ''solar" and before the semicolon. 

MAILING ADDRESS OF SENDER (Please c!o not use Customer Number below): 

Schwabe, Williamson & Wyatt, P.C. 
1211 SW 5th, Ste. 1900 
Portland, OR 97204 

This collection of inforn1ation is required by 37 CFR 1.322, 1 .:323, and 1.324. Ti1e information is required to obtain or retain a benefit by the public wllictI is to file 
(and by tile USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1. 14_ Tllis collection is estimated to take 1.0 t1our to 
o:implete, inc!uding gathering, preparing, and submitting the completed appiication form to the USPTO. Time will vary depending upon the individual case. Any 
comments on tile amount of lime you require lo complete this form and/or suggestions for reducing lllis burden, should be sent lo ttIe CtIief information Officer, 
U.S. Patent and Trademark Office, U.S. Department ol Commerce, P.O. Bex 1450, A!exandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 

If you need assistance in completing tfle form, call 1-800-.PTO--9199 and select option 2. 
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Privacy Act Statement 

The Privacy Act ot· 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 ofihis information is 35 U.S.C. 2(b)(2); (2) lurnishing of the information solicited is voluntary; 
and (3) the principal purpose for whict1 the information is used by the U.S. Patent and Trademark 
otfice is to process and/or examine your submission related to a patent application or patent. If you do 
not lurnish 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 tl1e 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 me 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 tl1e record pertains, when the 
individual has requested assistance from me Member with respect to the subject matter of the 
record. 

4. A record in tllis system of records may be disclosed, as a routine use, to a contractor ol tile 
Agency having need for tt1e 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 tl1e International Bureau of the 
World Intellectual Property Organization, pursuant to tile Patent Cooperation Treaty. 

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

7. A record from tl1is system of records may be disclosed, as a routine use, to tl1e 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 sl1all 
be made in accordance with the GSA regulations governing inspection of records for tllis 
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 tt1is system of records may be disclosed, as a routine use, to tt1e public after 
eitl1er publication of the application pursuant to 35 U.S.C. 122(b} or issuance of a patent 
pursuant to 35 U.S.C. 151. Furtller, 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 whicl1 application is 
referenced by either a published application, an application open to public inspection or an 
issued patent. 

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

USO($) 

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 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 160 
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Electronic Acknowledgement Receipt 

EFSID: 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 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

161790 

1 Request for Certificate of Correction 
S1117US4_Pl 67C2DC_Request 

no 4 
_for_COC_07142023.pdf 

19fdba41 e611552bcb96fb25d52a9a30531 
80aa 

Warnings: 

Information: 

38304 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
Oe 78f99d 655 5 f98bcd 6f07 d 82ae 51 ea 1 db 7 c 

f9b7 

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 Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PATENT NO. 
APPLICATION NO. 
DATED 
INVENTOR(S) 

UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

: 11,251,315 B2 
: 16/877255 
: February 15, 2022 
: Smith et al. 

Page 1 of 1 

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 

Column 10, Line 58, insert -- the -- after "of', insert -- cell -- after "solar" and before the";". 

Signed and Sealed this 
Eighth Day of August, 2023 

Katherine Kelly Vidal 
Director of the United States Patent and Trademark Office 
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