PTO/SB/08a (07-09)

Approved for use through 07/31/2012. OMB 0651-0031

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

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

4 Substitute for form 1449A/PTO Complete if Known )
Application Number NEW
INFORMATION DISCLOSURE Filing Date
STATEMENT BY APPLICANT First Named Inventor Jungmin Ha
Art Unit Not Yet Assigned
(Use as many sheets as necessary) Examiner Name Not Yet Assigned
\ Sheet | 1 | of | 4 Attorney Docket Number | 1630-1332PUS2 )
U.S. PATENT DOCUMENTS
Examiner | Cite Document Number Publication Date Name of Patentee or Pages, columns, Lines, Where
initial * No. ) > MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant
Number - Kind Code  (if known) Figures Appear
1 US-2009/0205712 - A1 08-20-2009 COUSINS
2 | US-2011/0100459 - A1 05-05-2011 YOON et al.
3 US-2011/0275175 - At 11-10-2011 MINSEK et al.
4 | US-2012/0298175 - A1 11-29-2012 VAN ROOSMALEN et al.
5 US-2012/0318340 - A1 12-20-2012 HENG et al.
6 US-2014/0073106 - A1 03-13-2014 ISOGAI
7 US-2014/0299187 - A1 10-09-2014 CHANG et al.
8 US-2015/0086729 - A1 03-26-2015 Gortzen et al.
9 | US-2015/0129037 - A1 05-14-2015 NAM et al.

FOREIGN PATENT DOCUMENTS

Examiner | Cite Foreign Patent Document o Pages, columns, Lines, Where]
i | No 1 [ — | Ao gae Name o Felemessr [oleven Passages e R
Code Number "Kind Code (if known) Document Figures Appear T
10 |KR  10-1442011-B1 09-29-2014 1
11 [KR  10-2011-0059366 - A 06-02-2011 T
12 |KR  10-2012-0120260 - A 11-01-2012 ]
13 |KR  10-2015-0053551 - A 05-18-2015 B
14 |CN 103703567 -A 04-02-2014 !
15 |JP 2000-340812-A 12-08-2000 T
Examiner Date
Signature Considered

* EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
Considered. Include copy of this form with next communication to applicant. 1. Applicant’s unique citation design number (optional). 2 See Kinds Codes of
USPTO patent Documents. at www.uspto.gov or MPEP 801.04. 3. Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4. For
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 5. Kind of document by
the appropriate symbols as indicated on the document under WIPQO Standard ST. 16 if possible. 6. Applicant is to place a check mark here if English language
Translation is attached.
This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete,
including gathering, preparing, and submitting the completed application form 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, 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 assisstance in completing the form, call 1-800-PTO-9199 (1-800-786.9199) and select option 2.
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Approved for use through 07/31/2012. OMB 0651-0031

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

Under the Paperwork reduction Act of 1995, no persons are required to respond to a collection of information uniess it contains a valid OM8 control number.

4 Substitute for form 1449A/PTO Complete if Known )
Application Number NEW
INFORMATION DISCLOSURE Filing Date
STATEMENT BY APPLICANT First Named Inventor Jungmin Ha
Art Unit Not Yet Assigned
(Use as many sheets as necessary) Examiner Name Not Yet Assigned
k Sheet | 2 | of l 4 Attorney Docket Number | 1630-1332PUS2 )
U.S. PATENT DOCUMENTS
Examiner | Cite Document Number Publication Date Name of Patentee or Pages, columns, Lines, Where
initial No. ) I MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant
Number - Kind Code “ (if known) Figures Appear

FOREIGN PATENT DOCUMENTS

Examiner { Cite Foreign Patent Document o Pages, columns, Lines, Where
Code Number "Kind Code (if known) Document Figures Appear T
16 |WO  2009/094578 - A2 07-30-2009 T
17 |JP 2009-295715 - A 12-17-2009 -
18 |WO  2010/151478 - A1 12-29-2010 ]
19 |JP 2010-186862 - A 08-26-2010 | kT |
20 [JP 2011-181963-A 09-15-2011 |
21 [P 2011-512689-A 04-21-2011 1
Examiner Date
Signature Considered

* EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
Considered. Include copy of this form with next communication to applicant. 1. Applicant’s unique citation design number (optional). 2 See Kinds Codes of
USPTO patent Documents. at www.uspto.gov or MPEP 901.04. 3. Enter Office that issued the document, by the two-letter code (WIPQ Standard ST.3). 4. For
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 5. Kind of document by
the appropriate symbois as indicated on the document under WIPO Standard ST. 16 if possible. 6. Applicant is to place a check mark here if English language
Translation is attached.
This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete,
including gathering, preparing, and submitting the compieted application form 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 Chief Information Officer, U.S. Patent
and Trademark Office, 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 assisstance in completing the form, call 1-800-PTO-9199 (1-800-786.9199) and select option 2.
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PTO/SB/08a (07-09)

Approved for use through 07/31/2012. OMB 0651-0031

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

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

) )
( Substitute for form 1449A/PTO Complete if Known
Application Number NEW
INFORMATION DISCLOSURE Filing Date
STATEMENT BY APPLICANT First Named Inventor Jungmin Ha
Art Unit Not Yet Assigned
(Use as many sheets as necessary) Examiner Name Not Yet Assigned
k Sheet I 3 I of | 4 Attorney Docket Number | 1630-1332PUS2 )
U.S. PATENT DOCUMENTS
;gamiper Cite Document Number Publication Date Name of Patentee or Pages, columns, Lines, Where
initial No. ) 2. MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant
Number - Kind Code “ (if known) Figures Appear

FOREIGN PATENT DOCUMENTS

Examiner | Cite Foreign Patent Document . Pages, columns, Lines, Where]
Initial * No. t S Y . ) Pr:?/lxl.c;g??vDyaY‘e N:g';iggriaé?fgﬁzdw Relevant Passages or Relevant
Code Number “Kind Code (if known) Document Figures Appear T
22 |[WO  2013/094052 - A1 06-27-2013 ]
23 [P 2014-203999 - A 10272014 | 1 1] ]
24 |JP 2014-204128-A 10-27-2014 |
25 |JP 2014-523653 - A 09-11-2014 ]
26 |JP 2014-53452 - A 03-20-2014 i
27 |CN  201812825-U 04-27-2011 o
Examiner Date
Signature Considered

* EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
Considered. Include copy of this form with next communication to applicant. 1. Applicant’s unique citation design number (optional). 2 See Kinds Codes of
USPTO patent Documents. at www.uspto.gov or MPEP 901.04. 3. Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4. For
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 5. Kind of document by
the appropriate symbols as indicated on the document under WIPO Standard ST. 16 if possible. 6. Applicant is to place a check mark here if English language
Translation is attached.
This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application, Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete,
including gathering, preparing, and submitting the completed application form the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form andfor suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, 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 assisstance in completing the form, call 1-800-PTO-9199 (1-800-786.9199) and select option 2.
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U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

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

\

Substitute for form 1449A/PTO Complete if Known
Application Number NEW

INFORMATION DISCLOSURE Filing Date
STATEMENT BY APPLICANT First Named Inventor | Jungmin Ha

Art Unit Not Yet Assigned
(Use as many sheets as necessary) Examiner Name Not Yet Assigned
\_ Sheet l 4 | of | 4 Attorney Docket Number | 1630-1332PUS2 )
U.S. PATENT DOCUMENTS
Examiner Cite Document Number Publication Date Name of Patentee or Pages, columns, Lines, Where
initial No. B MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant
Number - Kind Code “ (if known) Figures Appear

FOREIGN PATENT DOCUMENTS

Examiner | Cite Foreign Patent Document o Pages, columns, Lines, Where|
Initial * Nt [ 7 N P’:/Jlmlcggo;lY%ige Name of Pat;aréee or Relevant Passages or Relevant|
) ount 4. : -DD- Applicant of Cited
Code Number " Kind Code (if known) Document Figures Appear T
28 |CN 203760493 - U 08-06-2014 T
29 |EP  2787541-A1 10082014 [ b 1
30 |EP 2797124 -A1 10-29-2014 ]
]
|
1
Examiner Date
Signature Considered

* EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
Considered. Inciude copy of this form with next communication to applicant. 1. Applicant’s unique citation design number (optional). 2 See Kinds Codes of
USPTO patent Documents. at www.uspto.gov or MPER 801.04. 3. Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4. For
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 5. Kind of document by
the appropriate symbols as indicated on the document under WIPO Standard ST. 16 if possible. 6. Applicant is to place a check mark here if English language
Transiation is attached.
This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file {and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete,
including gathering, preparing, and submitting the completed appiication form 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, 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 assisstance in completing the form, call 1-800-PTO-9199 (1-800-786.9199} and select option 2.
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PTO/AIA/15 (03-13)
Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless it displays a valid OMB control number,
Attorney Docket No. 1630-1332PUS2 \

UTILITY
PATENT APPLICATION First Named Inventor | Jungmin HA

SOLAR CELL AND METHOD FOR MANUFACTURING

TRANSMITTAL Title THE SAME

\ (Only for new nonprovisional applications under 37 CFR 1.53(b)) Express Mail Label No. J
APPLICATION ELEMENTS Commissioner for Patents
See MPEP chapter 600 concerning utility patent application contents, ADDRESS TO: P.O. Box 1450
Alexandria, VA 22313-1450
1.[] Fee Transmittal Form ACCOMPANYING APPLICATION PAPERS
(PTO/SB/17 or equivalent)
2. D Applicant asserts small entity status. 10. D Assignment Papers
See 37 CFR1.27 {cover sheet & document(s))

3. D Applicant certifies micro entity status. See 37 CFR1.29. Name of Assignee

Applicant must attach form PTO/SB/15A or B or equivalent.

4. Specification [Total Pages 59 ] 11. [:] 37 CFR 3.73(c) Statement Power of Attorney
Both the claims and abstract must start on a new page. (when there is an assignee)
(See MPEP § 608.01(a) for information on the preferred arrangement} 12 D English Translation Document
5.1/ ] Drawing(s) (35 U.5.C.113)  [Total Sheets _18 ] {if applicable)
6. Inventor’s Oath or Declaration [Total Pages 3 ] 13. Information Disclosure Statement
(including substitute statements under 37 CFR 1.64 and assignments {PTO/SB/08 or PTO-1449)
serving as an oath or declaration under 37 CFR 1.63(e)) D Copies of citations attached
a. D Newly executed (original or copy) 14. D Prefiminary Amendment
b. A copy from a prior application (37 CFR 1.63(d)) 15 D Return Receipt Postcard
7. Application Data Sheet  * see note below. (MPEP § 503) (Should be specifically itemized)
See 37 CFR 1.76 (PTO/AIA/14 or equivalent) 16. D Certified Copy of Priority Document(s)
8. D CD-ROM or CD-R {if foreign priority is claimed)
in duplicate, large table, or Computer Program (Appendix) 17 D Nonpublication Request

[] tandscape Table on CD Under 35 U.5.C. 122(b)(2)(8)(i). Applicant must attach form PTO/SB/35

9. Nucleotide and/or Amino Acid Sequence Submission or equivalent.

(if applicable, items a. - c. are required) 18. Other:|pTO/AIA/82A - Transmittal for Power of Attorney

a. D Computer Readable Form (CRF)

b. L__] Specification Sequence Listing on:
i D CD-ROM or CD-R (2 copies); or

ii. D Paper

c. D Statements verifying identity of above copies

*Note: (1) Benefit claims under 37 CFR 1.78 and foreign priority claims under 1.55 must be included in an Application Data Sheet (ADS).
{2) For applications filed under 35 U.S.C. 111, the application must contain an ADS specifying the applicant if the applicant is an
assignee, person to whom the inventor is under an obligation to assign, or person who otherwise shows sufficient proprietary
interest in the matter. See 37 CFR 1.46(b).

19. CORRESPONDENCE ADDRESS

The address associated with Customer Number: 02292 OR D Correspondence address below
Name
Address
City /,5‘ State Zip Code
Country m /) Y ,/Tg(ephone Email
[ . L ]
dlenature 4 ' 5[«/5@!«, MDA BILODEAL | % JUL 0.6 2017
Name i e ~y Registration No.
(print/Type) |ESther H- Chong USPTO #42,325 (Attorney/agent) | 40953 )

This collection of information is required by 37 CFR 1.53(b). The information is required to obtain or retain a benefit by the public which is to file {and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TQ: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, cail 1-800-PT0-9199 and select option 2. IS ﬁ@
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PTO/SB/17 (03-13)

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

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

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

Complete if known
FEE TRANSMITTAL Fopiction Norer_[NEW Cort No: WA
Filing Date Concurrently Herewith

[] Applicant asserts small entity status. See 37 CFR 1.27. First Named Inventor Jungmin HA

D Applicant certifies micro entity status. See 37 CFR 1.29. Examiner Name Not Yet Assigned
Form PTO/SB/15A or B or equivalent must either be enclosed or have Uni -

been submitted previously. Art Unit Not Yet Assigned

\JOTAL AVMOUNT OF PAYMENT | (5) 1,600.00 Practitioner Docket No. | 1630-1332PUS2

METHOD OF PAYMENT (check all that apply)
D Check [Z] Credit Card D Money Order D None D Other (please identify):

Birch, Stewart, Kolasch &

Deposit Account Deposit Account Number: 02-2448 Deposit Account Name: Birch, LLP
For the above-identified deposit account, the Director is hereby authorized to (check all that apply):
]:] Charge fee(s) indicated below [:| Charge fee(s) indicated below, except for the filing fee

Charge any additional fee(s) or underpayment of fee(s) Credit any overpayment of fee(s)
under 37 CFR 1.16 and 1.17
WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide credit card
information and authorization on PTO-2038.

FEE CALCULATION
1. BASIC FILING, SEARCH, AND EXAMINATION FEES (U = undiscounted fee; S = small entity fee; M = micro entity fee)
FILING FEES SEARCH FEES EXAMINATION FEES
Application Type us) s(s} M ($) uis sis) M (S} uis) s(s) M ($) Fees Paid (S}
Utility 280 140* 70 600 300 150 720 360 180 1.600.00
Design 180 90 45 120 60 30 460 230 115
Plant 180 90 45 380 190 95 580 290 145
Reissue 280 140 70 600 300 150 2,160 1,080 540
Provisional 260 130 65 0 0 0 0 0 0

* The $140 small entity status filing fee for a utility application is further reduced to $70 for a small entity status applicant who files the application via EFS-Web.
2. EXCESS CLAIM FEES

Fee Description Undiscounted Fee {$)  Small Entity Fee ($)  Micro Entity Fee ($)
Each claim over 20 {including Reissues) 80 40 20
Each independent claim over 3 (including Reissues) 420 210 105
Multiple dependent claims 780 390 195
Total Claims Extra Claims Eee ($) Eee Paid ($

20 -20 or HP = X = 0.00 Multiple Dependent Claims
HP = highest number of total claims paid for, if greater than 20. Fee (3) Fee Paid (S)
Indep. Claims Extra Claims Fee ($) Fee Paid ($) 0.00

1 -3 orHP = X = 0.00

HP = highest number of independent claims paid for, if greater than 3.
3. APPLICATION SIZE FEE

If the specification and drawings exceed 100 sheets of paper (excluding electronically filed sequence or computer listings under 37 CFR 1,52(e)),
the application size fee due is $400 ($200 for small entity) (5100 for micro entity) for each additional 50 sheets or fraction thereof. See 35 U.S.C.
41{a)(1)(G) and 37 CFR 1.16(s).

Total Sheets Extra Sheets Number of each additional 50 or fraction thereof Fee ($) Fee Paid ($)
77 -100= /50= {round up to a whole number) X = 0.00
4, OTHER FEE(S) Fees Paid (8}

Non-English specification, $130 fee (no small or micro entity discount) ﬂ_

Non-electronic filing fee under 37 CFR 1.16(t) fOﬂtility application, $400 fee ($200 small or micro entity)

Other (e.g., late ﬂlﬂg surcharge)

( SUBMITTED BY ﬂJ j D

. ; Registration No.
Signature :\{“/\J/ ﬂ% L OO0 Fahhey/agent) 40953 Telephone 703-205-8000
L7

_Name (Print/Type) | Esther H. Chong USPTO #42,325 oae JUL 062017 )

This collection of information is required by 37 CFR 1.136. 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, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2. % @»ﬁ*

DAVID AL BILODEAU
IBPTO #42,325

Petitioner Canadian Solar (USA) Inc., Ex. 1006, p. 6



Docket No.: 1630-1332PUS2

(Patent)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Patent Application of;
Jungmin HA et al.
Application No.: NEW Confirmation No.: Not Yet Assigned
Filed: Concurrently Herewith Art Unit: Not Yet Assigned
For: SOLAR CELL AND METHOD FOR Examiner: Not Yet Assigned

MANUFACTURING THE SAME

INFORMATION DISCLOSURE STATEMENT

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

Dear Commissioner:

Applicant(s) hereby submit(s) an Information Disclosure Statement for consideration by

the Examiner.

L. LIST OF PATENTS, PUBLICATIONS OR OTHER INFORMATION
The patents, publications, or other information submitted for consideration by the Office

are listed on the attached PTO/SB/08.

II. COPIES
O a. Copies of foreign patent documents, non-patent literature and other information

are provided.

BIRCH, STEWART, KOLASCH & BIRCH, LLP EHC/BFF/kwb

Petitioner Canadian Solar (USA) Inc., Ex. 1006, p. 7



Application No.: NEW Docket No.: 1630-1332PUS2
Page 2 of 5

™ b. REFERENCES PREVIOUSLY CITED OR SUBMITTED: Copies of any

information not provided can be found in one or more of the following applications which has
been relied upon for an earlier filing date under 35 U.S.C. § 120:

U.S. Application No. and U.S. Filing Date

14/953,264 filed November 27, 2015

III.  CONCISE EXPLANATION OF THE RELEVANCE/OTHER INFORMATION
[ a. NON-ENGLISH LANGUAGE DOCUMENTS: A concise explanation of the

relevance of all non-English language patents, publications, or other information listed on the
attached PTO/SB/08 form(s) is indicated thereon by a check mark at column T to designate the
submission of one or more of the following: an English language abstract (as a partial
translation); a machine-generated translation; a full or partial translation; and/or a statement of

relevance.

O b. ENGLISH LANGUAGE SEARCH REPORT OR FOREIGN PATENT OFFICE
COMMUNICATION: An English language version of the search report or Foreign Patent Office

communication that indicates the degree of relevance is attached.

O c. OTHER: The following additional information is provided.

IV. STATEMENT UNDER 37 C.E.R. § 1.97(e)
The undersigned hereby states that:

O a. Each item of information contained in the IDS was first cited in any
communication from a foreign patent office in a counterpart foreign application not more than
three months prior to the filing of the IDS. See 37 C.F.R § 1.97(e)(1). This statement does not
relate to English language counterparts not listed in a communication from the foreign patent
office. Such English language counterparts are provided to aid the Examiner’s consideration of

non-English items first cited in the communication from the foreign patent office; or

BIRCH, STEWART, KOLASCH & BIRCH, LLP EHC/BFF/kwb

Petitioner Canadian Solar (USA) Inc., Ex. 1006, p. 8



Application No.: NEW Docket No.: 1630-1332PUS2
Page 3 of §

O b. No item of information contained in the IDS was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person
signing the certification after making reasonable inquiry, no item of IDS was known to any
individual designated in 37 C.F.R. § 1.56(c) more than three months prior to the filing of the
IDS. See 37 C.F.R § 1.97(e)(2); or

(] c. Some of the items of information in the IDS were cited in a communication from
a foreign patent office. Such items were first cited in a communication from a foreign patent
office in a counterpart foreign application not more than three months prior to the filing of this
IDS. See 37 C.F.R. § 1.97(e)(1). This statement does not relate to English language counterparts
not listed in a communication from the foreign patent office. Such English language counterparts
are provided to aid the Examiner’s consideration of non-English items first cited in the
communication from the foreign patent office. As to the remaining items of information, to the
knowledge of the person signing the certification after making reasonable inquiry, such
remaining items were not known to any individual designated in 37 C.F.R. § 1.56(c) more than

three months prior to the filing of this statement. See 37 C.F.R. § 1.97(e)(2).

V. STATEMENT UNDER 37 C.F.R. § 1.704(d)(1)
Patent Term Adjustment Reduction Should Not Apply

1 The undersigned hereby states:

This Information Disclosure Statement is in compliance with 37 C.F.R. §§ 1.97 and 1.98
and will not be considered a failure to engage in reasonable efforts to conclude prosecution
(processing or examination) of the present application under 37 C.F.R. § 1.704(c)(6), (c)(8),
(©)(9), or (¢)(10), because each item of information contained in the Information Disclosure
Statement:

O (i) Was first cited in any communication from a patent office in a counterpart

foreign or international application or from the Office, and this communication was not

received by any individual designated in § 1.56(c) more than thirty days prior to the
filing of the information disclosure statement (see 37 C.F.R. § 1.704(d)(1)(i)); or

BIRCH, STEWART, KOLASCH & BIRCH, LLP EHC/BFF/kwb
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Application No.: NEW Docket No.: 1630-1332PUS2
Page 4 of §

O (i) Is a communication that was issued by a patent office in a counterpart
foreign or international application or by the Office, and this communication was not
received by any individual designated in § 1.56(c) more than thirty days prior to the
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P.O. Box 747 ¢ Falls Church, Virginia 22040-0747
Telephone: (703) 205-8000 ¢ Facsimile: (703) 205-8050 ¢ Email: mailroom@bskb.com

DECLARATION AND ASSIGNMENT
FOR PATENT AND DESIGN APPLICATIONS

UNITED STATES PATENT RIGHTS, OR
UNITED STATES PLUS ALL FOREIGN PATENT RIGHTS

Titleof Invention - = GO AR CELL AND METHOD FOR MANUFACTURING THE SAME

As a below named inventor (hereinafter designated as the undersigned), I hereby declare that:
This declaration is directed to the application attached hereto.

:fgﬁ:a:‘m not = If the application is not attached hereto, the application is as identified by the attorney docket number as
© set forth above and/or the following:

Enter Appln. No. - = {Jpited States Application Number or PCT International Appln. No. 14/953,264

EnterFiling Date = filed on November 27, 2015

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

1 believe that I am the original inventor or an original joint inventor of a claimed invention in the
application.

T have reviewed and understand the contents of the above-identified application, including the claims.

I acknowledge the duty to disclose information which is material to patentability as defined in Title 37,
Code of Federal Regulations § 1.56.

WHEREAS, the undersigned has invented certain new and useful improvements described in the
application identified.

Insert Name ® WHEREAS, LG ELECTRONICS INC.
of Assignee

Insert Address = of 128, Yeoui-daero, Yeongdeungpo-gu, Seoul, 07336, Republic of Korea

of Assignee
its heirs, successors, legal representatives and assigns (hereinafter designated as the Assignee) is desirous
of acquiring the entire right, title and interest in and to said invention and in and to any Letters Patent(s)
that may be granted therefor in the United States of America and

?};;‘riggzg ®[] in any foreign countries.

NOW, THEREFORE, for good and valuable consideration, the receipt of which is hereby acknowledged,
the undersigned has sold, assigned and transferred, and by these presents does (do) sell, assign and
transfer unto said Assignee the full and exclusive right to the said invention in the United States of
America, its territories, dependencies and possessions and the entire right, title and interest in and to any
and all Letters Patent(s) which may be granted therefor in the United States of America, its territories,
dependencies and possessions, and if the box above is designated, in any and all foreign countries; and to
any and all divisions, reissues, continuations, conversions and extensions thereof for the full term or
terms for which the same may be granted.
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The undersigned agrees to execute all papers necessary in connection with this application and any continuing,
divisional, conversion or reissue applications thereof and also to execute separate assignments in connection with such
applications as the Assignee may deem necessary or expedient.

The undersigned agrees to execute all papers necessary in connection with any interference which may be declared
concerning this application or continuation, division, conversion or reissue thereof or Letters Patent(s) or reissue patent
issued thereon and to cooperate with the Assignee in every way possible in obtaining and producing evidence and
proceeding with such interference.

The undersigned agrees to execute all papers and documents and to perform any act which may be necessary in
connection with claims or provisions of the International Convention for the Protection of Industrial Property or similar
agreements.

The undersigned agrees to perform all affirmative acts which may be necessary to obtain a grant of (a) valid United States
of America patent(s) or a grant of (a) valid United States of America and any foreign patent(s) to the Assignee and to vest
all rights therein hereby conveyed to said Assignee as fully and entirely as the same would have been held by the
undersigned if this Assignment and sale had not been made.

The undersigned hereby authorizes and requests the Patent and Trademark Office Officials in the United States of
America and in any foreign countries to issue any and all Letters Patent(s) resulting from said application or any
continuing, divisional conversion or reissue applications thereof to the said Assignee, as Assignee of the entire interest,
and hereby covenants that he has the full right to convey the entire interest herein assigned, and that he has not executed
and will not execute, any agreement in conflict herewith.

The undersigned hereby grants the law firm of Birch, Stewart, Kolasch & Birch, LLP the power to insert any further
identification which may be necessary or desirable in order to comply with the rules of the U.S. Patent and Trademark
Office.

The undersigned hereby covenants that no assignment, sale, agreement or encumbrance has been or will be made or
entered into which would conflict with this assignment.

The undersigned hereby acknowledges that any willful false statement made in this declaration is punishable under
18 U.S.C. § 1001 by fine or impriscnument of not more than five (5) years, or both.

In witness whereof, executed by the undersigned on the date opposite the undersigned name.

LEGAL NAME OF INVENTOR

InventorsName  © Inyentor: Jungmin HA Date: 21§, 3,2

Inventor's Signature = Signamre; W .

An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form.
Use a separate form for each inventor; or check the box below and complete the attached page(s) to list additional inventors.

Additional inventors are being named on the 1 supplemental sheet attached hereto.
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SUPPLEMENTAL SHEET FOR ADDITIONAL INVENTORS
DECLARATION AND ASSIGNMENT Supplemental Sheet Page 1 of 1

LEGAL NAME OF JOINT INVENTOR, IF ANY
tventorsName [nventor: Sungjin KIM Dater 201 é L3
Inventor's Signature = Gjomature: W A

I S

LEGAL NAME OF JOINT INVENTOR, IF ANY
IwentorsName @ Inventor: Juhwa CHEONG Date: polb 3.2
Inventor's Signature © Sigmature: .

LEGAL NAME OF JOINT INVENTOR, IF ANY
Invento’sName  ®Ipventor; Junyong AHN /7 Date: 20! é - 3.
Inventor's Signature  <Sjgmature;

LEGAL NAME OF JOINT INVENTOR, IF ANY
InventorsName  ®Inventor: Hyungwook CHOI ‘ A Date: 20/4 NN
Inventor's Signature  ®Gignature:

c/

LEGAL NAME OF JOINT INVENTOR, IF ANY
IventorsName  @Inventor: Wonjae CHANG Date: 20/6, 3, 2
Inventor's Signature  9Gjgnature; Q} Z

LEGAL NAME OF JOINT INVENTOR, IF ANY
InventorsName  2Inventor: Jaesung KIM Date: voléd. b, 2
taventor's Signature  <Gjgnature: A/ / 4 m £ Sy A/ 6/) .

LEGAL NAME OF JOINT INVENTOR, IF ANY
Inventor's Name <[nventor: Date:
Inventor's Signature *Gigmature:

LEGAL NAME OF JOINT INVENTOR, IF ANY
Inventor's Name ®Inventor: . . Date:
Inventor's Signature @ Gignature:
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SOLAR CELL AND METHOD FOR MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application is a Continuation of U.S. Patent Application No. 14/953,264

filed on November 27, 2015, which claims priority to and the benefit of Korean Patent
Application No. 10-2014-0168624 filed in the Korean Intellectual Property Office on
November 28, 2014 and Korean Patent Application No. 10-2015-0122846 filed in the
Korean Intellectual Property Office on August 31, 2015, the entire contents of all these

applications are incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002] Field of the Invention

[0003] Embodiments of the present invention relate to a solar cell and a method for

manufacturing the same.

[0004] Discussion of the Related Art

[0005] Recently, as the exhaustion of existing energy resources, such as petroleum and
coal, is expected, there is a growing interest in alternative energy sources which will
replace the existing energy resources. A solar cell as the alternative energy sources
generates electric power from solar energy and has been in the spotlight because the
solar cell uses energy resources that are abundant and the solar cell has no problem from
an environmental pollution point of view.

[0006] A solar cell includes substrates made of semiconductors having different
conductive types, such as a p type and an n type, a second conductive type
semiconductor region (or emitter layer), and electrodes respectively connected to the
substrates and the second conductive type semiconductor region. A p-n junction is
formed at the interface of the substrate and the second conductive type semiconductor
region.

[0007] When light is incident on such a solar cell, a plurality of electron-hole pairs are
generated from the semiconductors. The generated electron-hole pairs are separated
into electrons and holes. The separated electrons and holes move toward the n type
semiconductor and the p type semiconductor, for example, toward the second
conductive type semiconductor region and the substrate, respectively, and are collected

by the electrodes electrically connected to the substrates and the second conductive type
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semiconductor region. The electrodes are connected by lines, thereby obtaining power.

SUMMARY OF THE INVENTION

[0008] A solar cell according to an example of the present invention includes a

semiconductor substrate, a tunnel layer on the first surface of the semiconductor
substrate, a first conductive type semiconductor region on the tunnel layer and
configured to include impurities of a first conductive type, a second conductive type
semiconductor region on a second surface which is the opposite surface of the
semiconductor substrate and configured to include impurities of a second conductive
type opposite the first conductive type, a first passivation film on the first conductive
type semiconductor region, a first electrode formed on the first passivation film and
connected to the first conductive type semiconductor region through an opening portion
formed in the first passivation film, a second passivation film on the second conductive
type semiconductor region, and a second electrode formed on the second passivation
film and connected to the second conductive type semiconductor region through an
opening portion formed in the second passivation film.

[0009] In this instance, the first electrode may include a plurality of first finger
electrodes spaced apart from each other and extended in parallel in a first direction, and
the second electrode may include a plurality of second finger electrodes spaced apart
from each other and extended in parallel in the first direction.

[0010] Furthermore, the first electrode may further include a first bus bar configured to
interconnect the plurality of first finger electrodes, and the second electrode may further
include a second bus bar configured to interconnect the plurality of second finger
electrodes.

[0011] In this instance, the first conductive type semiconductor region may be made of
a polycrystalline silicon material, and the second conductive type semiconductor region
may be made of a single crystal silicon material.

[0012] Furthermore, an isolation portion for preventing a contact between the first
conductive type semiconductor region and the second conductive type semiconductor
region may be formed on any one of the first surface, side, and second surface of the
semiconductor substrate.

[0013] For example, the isolation portion may exclude the tunnel layer and the first

conductive type semiconductor region, and may be in the edge portion of any one of the
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first surface, side, and second surface of the semiconductor substrate. The first
passivation film may cover any one of the first surface, side, and second surface of the
semiconductor substrate along with the isolation portion.

[0014] In this instance, the width of the isolation portion may be | nm to 1 mm. The
thickness of the edge region in the first conductive type semiconductor region may be
progressively decreased toward the isolation portion.

[0015] Furthermore, the first passivation film may include a side portion extending up
the side of the semiconductor substrate.

[0016] Moreover, the second passivation film may include a side portion formed on the
side surface of the semiconductor substrate. The side portion of the first passivation
film on the side of the semiconductor substrate may be on the side portion of the second
passivation film.

[0017] Furthermore, a first boundary surface in which the first conductive type
semiconductor region and the first electrode come into contact with each other may be
closer to the semiconductor substrate than a second boundary surface in which the first
conductive type semiconductor region and the first passivation film come into contact
with each other.

[0018] In this instance, a plurality of metal crystals extracted from the first electrode
may be in an electrode forming region which belongs to the first conductive type
semiconductor region and in which the first electrode may be formed. That is, the
metal crystals may not be in a non-forming region which belongs to the first conductive
type semiconductor region and in which the first electrode may not be formed.
Furthermore, the metal crystals may not be in the tunnel layer.

[0019] The plurality of metal crystals may be in direct contact with the first electrode
or may be spaced apart from the first electrode.

[0020] In this instance, all of the plurality of first finger electrodes and the first bus bar
may be connected to the first conductive type semiconductor region through the first
passivation film.

[0021] In this instance, all of the plurality of first finger electrodes and the first bus bar
may have a single layer or double layer structure. In some embodiments, the plurality
of first finger electrodes may have a single layer structure, and the first bus bar may
have a double layer structure.

[0022] In this instance, the plurality of metal crystals may be in a region which belongs
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to the first conductive type semiconductor region and in which the plurality of first
finger electrodes is formed and a region which belongs to the first conductive type
semiconductor region and in which the first bus bar is formed.

[0023] In some embodiments, the plurality of first finger electrodes may be connected
to the first conductive type semiconductor region through the first passivation film.
The first bus bar may be configured to not penetrate the first passivation film and may
be formed on the back surface of the first passivation film.

[0024] In this instance, the plurality of metal crystals may be in a region which belongs
to the first conductive type semiconductor region and in which the first finger electrodes
are formed. The plurality of metal crystals may not be in a region which belongs to
the first conductive type semiconductor region and in which the first bus bar is formed.
[0025] In this instance, the plurality of first finger electrodes and the first bus bar may
have different compositions. For example, a content of a frit glass per unit volume
which is included in the plurality of first finger electrodes may be greater than a content
of a frit glass per unit volume which is included in the first bus bar.

[0026] Furthermore, a content of a frit glass per unit volume which is included in the
plurality of first finger electrodes may be identical with a content of a frit glass per unit
volume which is included in the first bus bar.

[0027] Furthermore, content of a metal material per unit volume which is included in
the plurality of first finger electrodes may be greater than content of a metal material per
unit volume which is included in the first bus bar.

[0028] Furthermore, a method for manufacturing a solar cell according to an example
of the present invention includes a tunnel layer forming operation of forming a tunnel
layer on the first surface of a semiconductor substrate, an intrinsic semiconductor layer
forming operation of forming an intrinsic semiconductor layer on the tunnel layer
formed on the first surface of the semiconductor substrate, a first conductive type
semiconductor region forming operation of forming a first conductive type
semiconductor region by doping impurities of a first conductive type into the intrinsic
semiconductor layer formed on the first surface of the semiconductor substrate, a
second conductive type semiconductor region forming operation of forming a second
conductive type semiconductor region by doping impurities of a second conductive type
into the second surface of the semiconductor substrate, a first passivation film forming

operation of forming a first passivation film on the first conductive type semiconductor
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region, and an electrode forming operation of forming a first electrode connected to the
first conductive type semiconductor region and a second electrode connected to the
second conductive type semiconductor region.

[0029] In this instance, the method may further include the operation of forming an
opening portion in the first passivation film after the first passivation film forming
operation.

[0030] The operation of forming the opening portion in the first passivation film may
be performed by thermal treatment in the electrode forming operation.

[0031] The electrode forming operation may include a first electrode forming operation
of forming the first electrode. The first electrode forming operation may include
printing a paste for first finger electrodes for forming the first finger electrodes and a
paste for a first bus bar for forming the first bus bar on the first passivation film and
performing thermal treatment on the pastes. During such a thermal treatment process,
the paste for the first finger electrodes and the paste for the first bus bar may perforate
the first passivation film and may be connected to the first conductive type
semiconductor region. In this instance, the opening portion may be formed in the first
passivation film.

[0032] In the first electrode forming operation, the highest temperature for the thermal
treatment may be between 795°C to 870°C.

[0033] In the first electrode forming operation, the paste for the first finger electrodes
and the paste for the first bus bar may be printed through a single process. In this
instance, a material included in the paste for the first finger electrodes may be identical
with a material included in the paste for the first bus bar.

[0034] Furthermore, in some embodiments, in the first electrode forming operation, the
paste for the first finger electrodes and the paste for the first bus bar may be printed
using separate printing processes. In this instance, a material included in the paste for
the first finger electrodes and a material included in the paste for the first bus bar may
be different.

[0035] Furthermore, the tunnel layer forming operation may include forming the tunnel
layer on the first and second surfaces of the semiconductor substrate. The intrinsic
semiconductor layer forming operation may include forming the intrinsic semiconductor
layer on the tunnel layers formed on the first and second surfaces of the semiconductor

substrate. The method may further include a removing operation of removing the

Petitioner Canadian Solar (USA) Inc., Ex. 1006, p. 39



Attorney Docket No. 1630-1332PUS2

tunnel layer and the intrinsic semiconductor layer or the first conductive type
semiconductor region placed at least on the second surface of the semiconductor
substrate prior to the second conductive type semiconductor region forming operation
after the first conductive type semiconductor region forming operation.

[0036] The removing operation may include forming an isolation portion by removing
the tunnel layer placed on one side of the semiconductor substrate and an edge portion
of the first conductive type semiconductor region. The first passivation film may
cover the first surface of the semiconductor substrate along with the isolation portion.
[0037] More specifically, the removing operation may include forming a mask layer
having a smaller area than the semiconductor substrate on the first conductive type
semiconductor region on the other side of the semiconductor substrate, etching the first
conductive type semiconductor region and the tunnel layer placed in a portion in which
the mask layer has not been formed, and removing the mask layer.

[0038] Furthermore, the method may further include forming a second passivation film
covering the second conductive type semiconductor region between the operation of
forming the second conductive type semiconductor region and the operation of forming
the first passivation film. The second passivation film may be placed on the side of the
semiconductor substrate, and the first passivation film may be placed on the second

passivation film.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] The accompanying drawings, which are included to provide a further
understanding of the invention and are incorporated in and constitute a part of this
application, illustrate embodiments of the invention and together with the description
serve to explain the principle of the invention.

[0040] FIGS. 1 to 3 are diagrams illustrating a solar cell according to a first
embodiment of the present invention;

[0041] FIG. 4 is a cross-sectional view of a solar cell for illustrating a modified
example of the first embodiment of the present invention;

[0042] FIGS. 5 to 7 depict a solar cell according to a second embodiment of the
present invention;

[0043] FIG. 8 depicts a comparison example different from the second embodiment of

the present invention;
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[0044] FIG. 9 is a diagram illustrating a solar cell according to a third embodiment of
the present invention;

[0045] FIG. 10 is a comparison example photograph of the degree of the deterioration
of a semiconductor substrate 100 according to firing temperatures in a thermal treatment
process, which was taken through photo luminescence (PL), if the material of a paste for
first bus bar is the same as the material of a paste for first finger electrodes;

[0046] FIG. 11 is photograph of the degree of the deterioration of the semiconductor
substrate according to firing temperatures in a thermal treatment process, which was
taken through photo luminescence (PL), if the material of the paste for the first bus bar
is different from the material of the paste for the first finger electrodes in accordance
with the third embodiment of the present invention;

[0047] FIG. 12 is a flowchart illustrating an example of a method for manufacturing a
solar cell according to a first embodiment of the present invention;

[0048] FIGS. 13A to 13J are cross-sectional views of the method for manufacturing a
solar cell according to the flowchart of FIG. 12;

[0049] FIG. 14 is a diagram illustrating a modified example of the method for
manufacturing a solar cell according to the first embodiment;

[0050] FIG. 15 is a diagram illustrating another modified example of the method for
manufacturing a solar cell according to the first embodiment;

[0051] FIG. 16 is a flowchart illustrating an example of a method for manufacturing a
solar cell according to a second embodiment of the present invention; and

[0052] FIG. 17 is a flowchart illustrating an example of a method for manufacturing a

solar cell according to a third embodiment of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0053] Embodiments of the present invention are described more fully hereinafter with

reference to the accompanying drawings. As those skilled in the art would realize, the
described embodiments may be modified in various different ways, all without
departing from the spirit or scope of the present invention. In order to clarify a
description of the present invention, a description of parts not related to the description
is omitted, and the same reference numbers are used throughout the specification to
refer to the same or like parts.

[0054] In the drawings, the thickness of layers and an area has been enlarged for better
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understanding and ease of description. When it is described that a part, such as a layer,
film, area, or substrate, is “over” or “on” another part, the part may be “directly” on
another part or a third part may be present between the two parts. In contrast, when it
is described that a part is “directly on” another part, it means that a third part is not
present between the two parts. Furthermore, when it is described that a part is
“generally” formed on another part, it means the part is not formed on the entire surface
(or front surface) of another part and is also not formed in part of the edge of the entire
surface.

[0055] Furthermore, expressions, such as "the first" and "the second", are used to
distinguish one part from the other part, and the present invention is not limited thereto.
[0056] Furthermore, a “front surface” may be one surface of a semiconductor substrate
on which direct light is incident, and a “back surface” may be the opposite surface of
the semiconductor substrate on which direct light is not incident or on which reflected
light other than direct light may be incident.

[0057] Furthermore, if two values are the same, it means that the two values are the
same within an error range of 10% or less.

[0058] Solar cells and methods for manufacturing the same according to embodiments
of the present invention are described in detail below.

[0059] FIGS. 1 to 3 are diagrams illustrating a solar cell according to a first
embodiment of the present invention.

[0060] FIG. 1 is a partial perspective view of the solar cell according to the first
embodiment of the present invention, FIG. 2 is the entire cross-sectional view of the
solar cell according to the first embodiment of the present invention, and FIG. 3 is the
entire plan view of the back surface of the solar cell according to the first embodiment
of the present invention.

[0061] Furthermore, FIG. 4 is a cross-sectional view of a solar cell for illustrating a
modified example of the first embodiment of the present invention.

[0062] As shown in FIG. 1, an example of a solar cell according to an embodiment of
the present invention includes a semiconductor substrate 100, a second conductive type
semiconductor region 120, an anti-reflection layer 130, a tunnel layer 160, a first
conductive type semiconductor region 170, a first passivation film 190A, a second
passivation film 190B, a second electrode 140, and a first electrode 150.

[0063] In FIG. 1, the solar cell according to an embodiment of the present invention
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has been illustrated as including the anti-reflection layer 130 and the second passivation
film 190B, but the anti-reflection layer 130 and the second passivation film 190B may
be omitted in some embodiments. However, an example in which the anti-reflection
layer 130 and the second passivation film 190B are included in the solar cell is
described below because better efficiency is obtained if the anti-reflection layer 130 and
the second passivation film 190B are included from a viewpoint of efficiency of the
solar cell.

[0064] The semiconductor substrate 100 may be made of a crystalline semiconductor
including a single semiconductor material (e.g., a group 4 element). For example, the
semiconductor substrate 100 may be made of a single crystal or polycrystalline
semiconductor (e.g., single crystal or polycrystalline silicon). In particular, the
semiconductor substrate 100 may be made of a single crystal semiconductor (e.g., a
single crystal semiconductor wafer, more specifically, a single crystal silicon wafer).
[0065] If the semiconductor substrate 100 is made of a single crystal semiconductor
(e.g., single crystal silicon) as described above, the solar cell is based on the
semiconductor substrate 100 made of a single crystal semiconductor having less defects
because it has high crystallizability. Accordingly, the solar cell can have excellent
electrical characteristics. In embodiments of the invention, crystallizability may refer
to a degree to which a material may be crystallize or crystallizable, for example.

[0066] Furthermore, the front surface and/or back surface of the semiconductor
substrate 100 may be textured and may have concave-convex portions. For example,
an external surface of the concave-convex portions may be formed of the (111) face of
the semiconductor substrate 100 and may have a pyramid shape having an irregular size.
[0067] If the concave-convex portions are formed in the front surface of the
semiconductor substrate 100 by texturing as described above and thus the surface
roughness of the front surface is increased, the reflectance of light incident through the
front surface of the semiconductor substrate 100 can be reduced.

[0068] Accordingly, an optical loss can be minimized because the amount of light
which reaches a pn junction formed by a base region 110 and the first or second
conductive type semiconductor region 170 or 120 is increased. In the present
embodiment, the concave-convex portions have been illustrated as being formed in the
front and back surfaces of the semiconductor substrate 100, thereby effectively

preventing the reflection of light incident through both surfaces.
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[0069] However, the present invention is not limited to the example. Accordingly, as
shown in FIG. 4, the concave-convex portions may be formed only in the front surface
of the semiconductor substrate 100, and concave-convex portions may not be formed in
the back surface of the semiconductor substrate 100.

[0070] In this instance, the back surface of the semiconductor substrate 100 in which
the tunnel layer 160 is formed may be formed to have smaller surface roughness than
the front surface thereof so that the tunnel layer 160 is formed more stably and
uniformly. Alternatively, the present invention may be modified in various ways, for
example, concave-convex portions may not be formed in the front and back surfaces of
the semiconductor substrate 100.

[0071] Referring back to FIG. 2, in the present embodiment, the semiconductor
substrate 100 may include the base region 110 doped with impurities of a first or second
conductive type at a low doping concentration and configured to have the first or second
conductive type.

[0072] In this instance, the base region 110 of the semiconductor substrate 100 may
have a lower doping concentration, higher resistance, or lower carrier concentration
than one of the first and second conductive type semiconductor regions 170 and 120,
which has the same conductive type as the base region 110.

[0073] The first conductive type semiconductor region 170 having the first conductive
type may be placed on one surface (e.g., the back surface) of the semiconductor
substrate 100. For example, the tunnel layer 160 may be formed on the semiconductor
substrate 100, and the first conductive type semiconductor region 170 may be formed
on the tunnel layer 160.

[0074] In this instance, the tunnel layer 160 may be disposed on the back surface of
the semiconductor substrate 100 and may have a direct contact with the semiconductor
substrate 100.

[0075] Such a tunnel layer 160 may be generally formed in portions other than an
isolation portion I in the back surface of the semiconductor substrate 100. In this
instance, “generally formed” may include “generally formed closely” and “some areas
are not inevitably formed.” Accordingly, the tunnel layer 160 can be easily formed
because a separate patterning process is not required. However, the present invention
is not limited to such an example.

[0076] Such a tunnel layer 160 may generate a tunneling effect. More specifically,

10
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the tunnel layer 160 may function as a kind of barrier for electrons and holes.

[0077] That is, the tunnel layer 160 may not transmit minority carriers. After the
minority carriers are accumulated in a portion neighboring the tunnel layer 160, only
majority carriers having energy of a speciﬁc level or higher may pass through the tunnel
layer 160. The majority carriers having energy of a specific level or higher may easily
pass through the tunnel layer 160 by a tunneling effect.

[0078] Furthermore, the tunnel layer 160 may also function as a diffusion barrier for
preventing the dopant of the first conductive type semiconductor region 170 from being
diffused into the semiconductor substrate 100. The tunnel layer 160 may include
various materials through which majority carriers can be tunneled. For example, the
tunnel layer 160 may include oxides, nitrides, a semiconductor, and a conductive
polymer.

[0079] In particular, the tunnel layer 160 may be formed of a silicon oxide (SiOx)
layer including silicon oxide. The reason for this is that the silicon oxide layer has an
excellent passivation characteristic and carriers can easily tunnel through the silicon
oxide layer.

[0080] In some embodiments, the tunnel layer 160 may be made of a dielectric
material including SiCx having strong durability even in a high temperature process or
may be made of SiNx, hydrogenated SiNx, AlOx, SiON, or hydrogenated SiON.

[0081] Furthermore, in order to sufficiently implement the tunneling effect, the
thickness of the tunnel layer 160 may be smaller than the thickness of each of the first
and the second passivation films 190A and 190B and the first and the second conductive
type semiconductor regions 170 and 120.

[0082] For example, the thickness of the tunnel layer 160 may be 0.5 nm ~ 2.5 nm.
In this instance, the tunnel layer 160 may be formed by an oxidation process, an
LPCVD process, or a PECVD deposition process, for example.

[0083] The thickness of the tunnel layer 160 is limited to the range of 0.5 nm ~ 2.5 nm
in order to implement the tunneling effect. The range of 0.5 nm ~ 2.5 nm may be
slightly exceeded. In this instance, however, the tunneling effect may be reduced.
[0084] More specifically, the tunnel layer 160 is formed to have the thickness of 0.5
nm or higher because it is practically very difficult to form the tunnel layer 160 having a
thickness of less than 0.5 nm. Furthermore, the tunnel layer 160 is formed to have the

thickness of 2.5 nm or less because the tunneling effect is meager if the thickness
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exceeds 2.5 nm.

[0085] The first conductive type semiconductor region 170 may be placed on the back
surface of the semiconductor substrate 100, may include impurities of the first
conductive type having a higher concentration than the impurities of the first conductive
type included in the semiconductor substrate 100, and may include a polycrystalline
silicon material.

[0086] That is, the first conductive type semiconductor region 170 may be formed on
the back surface of the tunnel layer 160 formed on the back surface of the
semiconductor substrate 100 and may be isolated from the semiconductor substrate 100,
as shown in FIG. 1.

[0087] The first conductive type semiconductor region 170 may be brought into
contact with and formed on the tunnel layer 160, thereby simplifying the structure of the
solar cell and maximizing the tunneling effect of the tunnel layer 160.

[0088] If the first conductive type semiconductor region 170 is not formed within the
semiconductor substrate 100, the first conductive type semiconductor region 170 is
formed on the back surface of the semiconductor substrate 100, but spaced apart from
the semiconductor substrate 100 as shown in FIGS. 1 and 2, and the first conductive
type semiconductor region 170 includes a polycrystalline silicon material formed on the
back surface of the tunnel layer 160, the open voltage Voc of the solar cell can be
further improved.

[0089] Furthermore, the first conductive type semiconductor region 170 is not formed
within the semiconductor substrate 100, but is formed outside the semiconductor
substrate 100. Accordingly, the characteristics of the semiconductor substrate 100 can
be prevented from being deteriorated because thermal damage to the semiconductor
substrate 100 is minimized in the process of forming the first conductive type
semiconductor region 170 from a viewpoint of a manufacturing process. Accordingly,
an embodiment of the present invention can further improve efficiency of the solar cell.
[0090] The thickness of the first conductive type semiconductor region 170 may be 50
nm ~ 500 nm.

[0091] The first conductive type semiconductor region 170 may include the same
semiconductor material (more specifically, a silicon semiconductor material) as the
semiconductor substrate 100. Accordingly, a difference between the characteristics of

the second conductive type semiconductor region 120 and the semiconductor substrate
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100 can be minimized because the second conductive type semiconductor region 120
has similar characteristics as the semiconductor substrate 100.

[0092] In this instance, since the first conductive type semiconductor region 170 is
formed on the semiconductor substrate 100 separately from the semiconductor substrate
100, the first conductive type semiconductor region 170 may have a crystal structure
different from the crystal structure of the semiconductor substrate 100 so that it is easily
formed on the semiconductor substrate 100.

[0093] For example, the first conductive type semiconductor region 170 may be
formed by doping impurities of the first conductive type into an amorphous silicon
material, a fine crystal silicon material, or a polycrystalline silicon material which may
be easily manufactured using various methods, such as deposition.

[0094] In particular, if the first conductive type semiconductor region 170 includes a
polycrystalline silicon material, carriers can smoothly move because the first conductive
type semiconductor region 170 has excellent electrical conductivity and the tunneling of
carriers can be smoothly generated in the tunnel layer 160 made of oxide.

[0095] The second conductive type semiconductor region 120 is placed on the
opposite surface of the semiconductor substrate 100, for example, on the front surface
of the semiconductor substrate 100 on which light is incident. The second conductive
type semiconductor region 120 may include impurities of the second conductive type
which is opposite the conductive type of the semiconductor substrate 100, for example,
a conductive type of an n type.

[0096] For example, in the present embodiment, the second conductive type
semiconductor region 120 may be formed into a doping region formed by doping
impurities of the second conductive type into part of the semiconductor substrate 100.
[0097] For example, the second conductive type semiconductor region 120 may be
formed by diffusing the impurities of the second conductive type into the front surface
of the semiconductor substrate 100. In this instance, the second conductive type
semiconductor region 120 may be made of the same silicon material as the
semiconductor substrate 100.

[0098] For example, if the semiconductor substrate 100 is formed of a wafer made of a
polycrystalline silicon material, the second conductive type semiconductor region 120
may also be made of a polycrystalline silicon material. Furthermore, the second

conductive type semiconductor region 120 in which the semiconductor substrate 100 is
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formed of a wafer made of a single crystal silicon material may also be made of a single
crystal silicon material.

[0099] The base region 110 and the second conductive type semiconductor region 120
may have the same crystal structure and semiconductor material as the semiconductor
substrate 100, but may have different conductive types or different doping
concentrations.

[00100] More specifically, if the base region 110 has the first conductive type, the
base region 110 and the second conductive type semiconductor region 120 may have
different conductive types. If the base region 110 has the second conductive type, the
second conductive type semiconductor region 120 may have a higher doping
concentration than the base region 110.

[00101] If the base region 110 has the first conductive type, the first conductive type
semiconductor region 170 having the first conductive type has the same conductive type
as the semiconductor substrate 100 and may form a back surface field (BSF) region
which has a higher doping concentration than the semiconductor substrate 100 and
forms a BSF. The second conductive type semiconductor region 120 having the
second conductive type has a conductive type different from that of the base region 110
and may form an emitter region forming a pn junction along with the base region 110.
[00102] Accordingly, the second conductive type semiconductor region 120 forming
the emitter region is placed on the front surface side of the semiconductor substrate 100,
thereby being capable of minimizing the path of light regioned with the pn junction.
[00103] However, the present invention is not limited to the example. For example,
if the base region 110 has the second conductive type, the first conductive type
semiconductor region 170 forms the emitter region, and the second conductive type
semiconductor region 120 has the same conductive type as the semiconductor substrate
100 and may form a front surface field (FSF) region which has a higher doping
concentration than the semiconductor substrate 100 and forms a FSF.

[00104] A p type dopant used as the impurities of the first or second conductive type
may include group 3 elements, such as boron (B), aluminum (Al), gallium (Ga), and
indium (In). An n type dopant used as the impurities of the first or second conductive
type may include group 5 elements, such as phosphorous (P), arsenic (As), bismuth (Bi),
and antimony (Sb). However, the present invention is not limited to the examples, and

various dopants may be used as the impurities of the first or second conductive type.
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[00105] In the present embodiment, the first conductive type semiconductor region
170 formed separately from the semiconductor substrate 100 may be placed on the back
surface side of the semiconductor substrate 100, and the second conductive type
semiconductor region 120 forming part of the semiconductor substrate 100 may be
placed on the front surface side of the semiconductor substrate 100.

[00106] If the first conductive type semiconductor region 170 having a crystal
structure different from that of thc scmiconductor substratc 100 is placed on the front
surface side of the semiconductor substrate 100, the amount of light reaching the pn
junction may be reduced because the absorption of light in the first conductive type
semiconductor region 170 is increased. Accordingly, the first conductive type
semiconductor region 170 may be placed on the back surface side of the semiconductor
substrate 100, but the present invention is not limited thereto.

[00107] The passivation films 190A and 190B may be generally formed on the first
and the second conductive type semiconductor regions 170 and 120 other than opening
portions 102 and 104 respectively corresponding to the first and the second electrodes
150 and 140. Each of the passivation films 190A and 190B may be formed of an
undoped passivation film not separately including a dopant.

[00108] More specifically, the first passivation film 190A may be generally formed on
(e.g., brought into contact with) the portions of the first conductive type semiconductor
region 170 other than the opening portion 102. The second passivation film 190B may
be generally formed on (e.g., brought into contact with) the portions of the second
conductive type semiconductor region 120 other than the opening portion 104.

[00109] Furthermore, the anti-reflection layer 130 may be placed on the second
passivation film 190B.

[00110] The passivation films 190A and 190B are brought into contact with and
formed on the first and the second conductive semiconductor regions 170 and 120,
thereby being capable of immobilizing defects present in the first and the second
conductive type semiconductor regions 170 and 120.

[00111] Accordingly, the open voltage Voc of the solar cell can be increased because
the recombination sites of minority carriers are removed. The anti-reflection layer 130
can reduce the reflectance of light incident on the front surface of the semiconductor
substrate 100.

[00112] Accordingly, the amount of light reaching the pn junction formed at the
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interface of the base region 110 and the first conductive type semiconductor region 170
can be increased because the reflectance of light incident through the front surface of
the semiconductor substrate 100 is lowered. Accordingly, the short circuit current Isc
of the solar cell can be increased. As a result, efficiency of the solar cell can be
improved because the open voltage and short circuit current of the solar cell are
increased by the passivation films 190A and 190B and the anti-reflection layer 130 as
described above.

[00113] For example, the passivation film 190A, 190B or the anti-reflection layer 130
may have a single film selected from the group consisting of a silicon nitride film, a
silicon nitride film including hydrogen, a silicon oxide film, a silicon oxynitride film, an
aluminum oxide film, MgF,, ZnS, TiO,, and CeO; or may have a multi-layer structure
in which two or more films selected from the group are combined.

[00114] For example, if a contacted conductive semiconductor region of the first and
the second conductive semiconductor regions 170 and 120 has an n type, a
corresponding one of the first and the second passivation films 190A and 190B may
include a silicon oxide film or a silicon nitride film having fixed positive charges. If
the contacted conductive semiconductor region has a p type, the corresponding
passivation film may include an aluminum oxide film having fixed negative charges.
Furthermore, the anti-reflection layer 130 may include silicon nitride, for example.
[00115] More specifically, in an embodiment of the present invention, the first
passivation film 190A brought into contact with the first conductive type semiconductor
region 170 may be formed of a silicon nitride film, may have a refractive index of 1.9 ~
2.1, and may have a thickness of 30 nm ~ 50 nm.

[00116] Furthermore, the second passivation film 190B brought into contact with the
second conductive type semiconductor region 120 may have a dual-layer structure in
which an aluminum oxide film and a silicon nitride film are sequentially stacked on the
second conductive type semiconductor region 120. In this instance, the aluminum
oxide film may have a refractive index of 1.5 ~ 1.7 and a thickness of 5 nm ~ 10 nm.
The silicon nitride film of the second passivation film 190B may have a refractive index
of 1.9 ~ 2.1 and a thickness of 70 nm ~ 120 nm.

[00117] However, the present invention is not limited to the examples. The
passivation films 190A and 190B and the anti-reflection layer 130 may include various

materials.
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[00118] The first electrode 150 is placed on (e.g., brought into contact with) on the
first conductive type semiconductor region 170 and electrically connected to the first
conductive type semiconductor region 170. The first electrode 150 may be electrically
connected to the first conductive type semiconductor region 170 through the opening
portion 102 formed in the first passivation film 190A (i.e., by penetrating the first
passivation film 190A).

[00119] In this instance, the first electrode 150 penetrates the first passivation film
190A and is connected to the first conductive type semiconductor region 170, but may
be connected to a surface of the first conductive type semiconductor region 170.

[00120] Likewise, the second electrode 140 is placed on (e.g., brought into contact
with) the second conductive type semiconductor region 120 and electrically connected
to the second conductive type semiconductor region 120. The second electrode 140
may be electrically connected to the first conductive type semiconductor region 170
through the opening portion 104 formed in the second passivation film 190B and the
anti-reflection layer 130 (i.e., through the second passivation film 190B and the anti-
reflection layer 130).

[00121] The first and the second electrodes 150 and 140 may include various
materials (more specifically, metal) and may have various shapes.

[00122] For example, the first electrode 150 may include a plurality of first finger
electrodes 151 and a plurality of first bus bars 153, as shown in FIG. 1.

[00123] The plurality of first finger electrodes 151 may be spaced apart from each
other on the back surface of the first conductive type semiconductor region 170, may be
extended in a first direction x, and may collect carriers moved toward the first
conductive type semiconductor region 170.

[00124] Furthermore, the plurality of first bus bars 153 may be placed on the same
layer as the plurality of first finger electrodes 151 on the first conductive type
semiconductor region 170, may electrically connect the plurality of first finger
electrodes 151, and may be extended in a second direction y crossing the plurality of
first finger electrodes 151.

[00125] Furthermore, the second electrode 140 may include a plurality of second
finger electrodes 141 and a plurality of second bus bars 143, as shown in FIG. 1.

[00126] The plurality of second finger electrodes 141 may be placed on the second

conductive type semiconductor region 120, may be electrically connected to the second
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conductive type semiconductor region 120, may be spaced apart from each other, and
may be extended in the first direction x.

[00127] The plurality of second finger electrodes 141 may collect carriers, for
example, holes moved toward the second conductive type semiconductor region 120.
[00128] Furthermore, the plurality of second bus bars 143 may be placed on the same
layer as the plurality of second finger electrodes 141 on the second conductive type
semiconductor rcgion 120, may clectrically connect the plurality of sccond finger
electrodes 141, and may be extended in the second direction y crossing the plurality of
second finger electrodes 141.

[00129] In the solar cell having such a structure, the tunnel layer 160 and the first
conductive type semiconductor region 170 placed on the back surface of the
semiconductor substrate 100 may be spaced apart from the edge of the back surface of
the semiconductor substrate 100 (or the side of the semiconductor substrate 100) at a
first distance D1.

[00130] Accordingly, the area of each of the tunnel layer 160 and the first conductive
type semiconductor region 170 may be smaller than the area of the semiconductor
substrate 100. The first distance D1 may mean the shortest distance of distances
between the edge of the back surface of the semiconductor substrate 100 and the tunnel
layer 160 and the first conductive type semiconductor region 170.

[00131] That is, the isolation portion I in which the tunnel layer 160 and the first
conductive type semiconductor region 170 (including the first electrode 150 connected
to the first conductive type semiconductor region 170 in addition to the tunnel layer 160
and the first conductive type semiconductor region 170) are not formed may be placed
at the edge of the back surface of the semiconductor substrate 100. In this instance, the
first passivation film 190A may be formed to cover one surface of the semiconductor
substrate 100, including the isolation portion L.

[00132] The isolation portion I may block a contact between the first conductive type
semiconductor region 170 and the second conductive type semiconductor region 120 in
any one of the first surface, side, and second surface of the semiconductor substrate 100.
For example, the isolation portion I may function as an edge isolator for isolating the
first conductive type semiconductor region 170 from the edge of the back surface of the
semiconductor substrate 100.

[00133] That is, when the second conductive type semiconductor region 120 is formed,
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the impurities of the second conductive type may be diffused into the side of or the edge
of the back surface of the semiconductor substrate 100, and thus the first conductive
type semiconductor region 170 and the second conductive type semiconductor region
120 may be unwantedly short-circuited in the side of or the edge of the back surface of
the semiconductor substrate 100. In the present embodiment, such a problem can be
fundamentally prevented by removing the first conductive type semiconductor region
170 from thc cdge of the back surfacc of the semiconductor substrate 100.

[00134] Furthermore, the area of the second conductive type semiconductor region
120 can be maximized because the second conductive type semiconductor region 120 is
generally formed on the front surface of the semiconductor substrate 100.

[00135] The isolation portion I may be formed in the entire edge of the back surface
of the semiconductor substrate 100 and may have a closed shape, as shown in FIG. 3.
Furthermore, a specific step or operation is present between portions in which the
isolation portion I and the tunnel layer 160 and the first conductive type semiconductor
region 170 have been formed.

[00136] For example, the first distance D1 (i.e., the width of the isolation portion I)
may be 1 mm or less. If the first distance D1 exceeds 1 mm, efficiency may be
deteriorated because the area of the first conductive type semiconductor region 170 is
reduced. For example, the first distance D1 may be 1 nm to 1 mm. If the first
distance D1 is less than 1 mm, the effect of the isolation portion I may not be sufficient.
However, the present invention is not limited to the above values. The first distance
D1 may have a different value depending on the size of the semiconductor substrate 100,
for example.

[00137] The first conductive type semiconductor region 170 may have a shape having
a smaller area as the first conductive type semiconductor region 170 becomes distant
from the semiconductor substrate 100. In this instance, the side of the first conductive
type semiconductor region 170 may be formed to be not vertical to the semiconductor
substrate 100 (e.g., approximately slanted) as the first conductive type semiconductor
region 170 becomes distant from the semiconductor substrate 100.

[00138] That is, as shown in FIG. 2, the thickness of the edge region of the first
conductive type semiconductor region 170 may be gradually decreased toward the
isolation portion I.

[00139] For example, the area of the first conductive type semiconductor region 170
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may be reduced as the first conductive type semiconductor region 170 becomes distant
from the semiconductor substrate 100, so the side of the first conductive type
semiconductor region 170 may be formed to be rounded. The side of the tunnel layer
160 may be placed so that it is extended along with the side of the first conductive type
semiconductor region 170 and may have a rounded shape similar to the first conductive
type semiconductor region 170.

[00140] The reason for this is that a wet process is used in the process of forming the
isolation portion I by removing the first conductive type semiconductor region 170 and
the tunnel layer 160. This is described later. In some embodiments, the sides of the
first conductive type semiconductor region 170 and the tunnel layer 160 may have
various shapes in addition to the rounded shape.

[00141] Furthermore, the first passivation film 190A placed on the back surface side
of the semiconductor substrate 100 may be placed on the first conductive type
semiconductor region 170 in the portion in which the tunnel layer 160 and the first
conductive type semiconductor region 170 are present and may come into contact with
the back surface of the semiconductor substrate 100 in the isolation portion I.

[00142] That is, the first passivation film 190A may be directly brought into contact
with and formed on the back surface of the semiconductor substrate 100 near the edge
of the semiconductor substrate 100, may be extended from the edge of the
semiconductor substrate 100, may be brought into contact with and formed on the sides
of the tunnel layer 160 and the first conductive type semiconductor region 170 while
covering the sides, may be extended from the sides, and may be brought into contact
with and formed on the top surface of the first conductive type semiconductor region
170 while covering the top surface.

[00143] In an embodiment of the present invention, in the process of manufacturing
the solar cell, the isolation portion I may be formed by removing the tunnel layer 160
and the first conductive type semiconductor region 170 placed in the edge of the back
surface of the semiconductor substrate 100.

[00144] Accordingly, the first passivation film 190A may be formed to cover an edge
portion of the back surface of the semiconductor substrate 100 which has been exposed
by removing the tunnel layer 160 and the second conductive type semiconductor region
160, that is, the isolation portion .

[00145] Accordingly, the isolation portion I can prevent a passivation characteristic
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from being deteriorated. In this instance, the structure of the solar cell and the process
of manufacturing the solar cell can be simplified because the first passivation film 190A
is used without forming a separate film for protecting the isolation portion I.

[00146] Furthermore, the first passivation film 190A may include a side portion
190Aa extended up to the top of the side of the semiconductor substrate 100. If the
side portion 190Aa of the first passivation film 190A is used, the first passivation film
190A may be formed to cover the upper side of the back surface of the semiconductor
substrate 100 generally and stably.

[00147] Furthermore, the second passivation film 190B and the anti-reflection layer
130 may include side portions 190Ba and 130a extended up to the top of the side of the
semiconductor substrate 100.

[00148] In this instance, the second passivation film 190B may be placed close to the
semiconductor substrate 100 on the side of the semiconductor substrate 100, and the
first passivation film 190A may be placed on the second passivation film 190B.

[00149] More specifically, the side portion 190Ba of the second passivation film 190B
may come into contact with the side of the semiconductor substrate 100. The side
portion 130a of the anti-reflection layer 130 may come into contact with the side portion
190Ba of the second passivation film 190B. The side portion 190Aa of the first
passivation film 190A may come into contact with the side portion 130a of the anti-
reflection layer 130.

[00150] Accordingly, the second conductive type semiconductor region 120 can be
stably passivated because the second passivation film 190B is first formed and the first
passivation film 190A is then formed in the process of forming the first passivation film
190A. This is described in more detail later.

[00151] However, the present invention is not limited to the example. For example,
at least one of the side portions 190Aa, 190Ba, and 130a may not be provided on the
side of the semiconductor substrate 100, or sequence in which the side portions 190Aa,
190Ba, and 130a are stacked may be changed.

[00152] A plane shape of the first electrode 150 is described in detail with reference to
FIG. 3, and a plane shape of the second electrode 140 is then described in detail.

[00153] Referring to FIG. 3, the first electrode 150 may include the plurality of first
finger electrodes 151 spaced apart from each other at a specific pitch. In FIG. 3, the

first finger electrodes 151 have been illustrated as being parallel and as being parallel in
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the edge of the semiconductor substrate 100, but the present invention is not limited
thereto.

[00154] Furthermore, only one first bus bar 153 may be included. As shown in FIG.
3, a plurality of the first bus bars 153 having a pitch greater than the pitch between the
first finger electrodes 151 may be included.

[00155] The width of the first bus bar 153 may be greater than the width of the first
finger electrode 151, but the present invention is not limited thereto. Accordingly, the
width of the first bus bar 153 may be the same as or smaller than the width of the first
finger electrode 151.

[00156] When viewed from a cross section, both the first finger electrodes 151 and
first bus bar 153 of the first electrode 150 may be formed to penetrate the first
passivation film 190A. That is, the opening portion 102 may be formed in accordance
with all of the first finger electrodes 151 and first bus bar 153 of the first electrode 150.
[00157] However, the present invention is not limited to the example. For example,
the first finger electrodes 151 of the first electrode 150 may be formed to penetrate the
first passivation film 190A, and the first bus bar 153 may be formed on the first
passivation film 190A. In this instance, the opening portion 102 may be formed to
have a shape corresponding to the first finger electrodes 151, but may not be formed in
a portion in which only the first bus bar 153 is placed.

[00158] As described above, in the present embodiment, the isolation portion [ may be
formed in the portion in which the tunnel layer 160 and the first conductive type
semiconductor region 170 are not formed along the edge of the semiconductor substrate
100. Accordingly, the first electrode 150 formed on the first conductive type
semiconductor region 170 may not be formed in the isolation portion I.

[00159] Accordingly, the ends of the first finger electrodes 151 and bus bar 153 of the
first electrode 150 may be spaced apart from the edge of the semiconductor substrate
100 at least at the first distance D1.

[00160] Furthermore, the second finger electrodes 141 and second bus bar 142 of the
second electrode 140 may be respectively formed in accordance with the first finger
electrodes 151 and first bus bar 153 of the first electrode 150.

[00161] The contents described in connection with the first finger electrodes 151 and
first bus bar 153 of the first electrode 150 may be applied to the second finger electrodes

141 and second bus bar 142 of the second electrode 140 without a change except the
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contents described in connection with the isolation portion L.

[00162] Furthermore, the contents related to the first passivation film 190A in the first
electrode 150 may be applied to the second passivation film 190B and the anti-
reflection layer 130 in the second electrode 140 without a change.

[00163] In this instance, the width and pitch of the first finger electrodes 151 and first
bus bar 153 of the first electrode 150 may be the same as or different from the width and
pitch of the second finger clectrodes 141 and second bus bar 142 of the second electrode
140.

[00164] However, the present invention is not limited to the example. For example,
the first electrode 150 and the second electrode 140 may have different plane shapes and
may be modified in various ways.

[00165] As described above, in the present embodiment, since the first and the second
electrodes 150 and 140 of the solar cell have a specific pattern, the solar cell has a bi-
facial structure in which light may be incident on the front and back surfaces of the
semiconductor substrate 100.

[00166] Accordingly, efficiency of the solar cell can be improved because the amount
of light used in the solar cell is increased. However, the present invention is not
limited to the bi-facial structure. For example, the solar cell may have a structure in
which the first electrode 150 is generally formed on the back surface side of the
semiconductor substrate 100 and may have various structures.

[00167] In this instance, if the isolation portion I is formed on the back surface of the
semiconductor substrate 100, the first conductive type semiconductor region 170 and
the second conductive type semiconductor region 120 can be effectively prevented from
being unnecessarily interconnected.

[00168] Furthermore, a surface of the semiconductor substrate 100 on which the
isolation portion I is placed may be covered and passivated by the first passivation film
190A covering the first conductive type semiconductor region 170.

[00169] Accordingly, problems attributable to surface recombination can be
minimized because the isolation portion I is passivated by such a simple structure.
That is, efficiency and reliability of a solar cell can be improved and a defective ratio of
the solar cell can be reduced by the simple structure.

[00170] In the first embodiment of the present invention, an example in which the first

electrode 150 penetrates the first passivation film 190A and the first electrode 150 is
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connected to the first conductive type semiconductor region 170, but is connected to a
surface of the first conductive type semiconductor region 170 has been described.
[00171] In some embodiments, however, the first electrode 150 penetrates the first
passivation film 190A and is connected to the first conductive type semiconductor
region 170, but at least part of the first electrode 150 may be depressed and formed in
the first conductive type semiconductor region 170. This is described in more detail
below.

[00172] FIGS. S to 7 depict a solar cell according to a second embodiment of the
present invention.

[00173] FIG. 5 is a cross-sectional view of the solar cell taken along line II-II of
FIG. 1. Furthermore, FIG. 6 is an enlarged view of a portion K in FIG. 5, and FIG. 7 is
a real photograph of a contact portion between the first electrode 150 and the first
conductive type semiconductor region 170.

[00174] Furthermore, FIG. 8 depicts a comparison example different from the second
embodiment of the present invention.

[00175] A description of contents redundant with the contents described with
reference to FIGS. 1 to 4 is omitted.

[00176] For reference, in FIG. 5, a region that belongs to the first conductive type
semiconductor region 170 and that is placed in the space between the first finger
electrode 151 and the tunnel layer 160 is called a finger forming region 170A1. A
region that belongs to the first conductive type semiconductor region 170 and that is
placed in the space between the first bus bar 153 and the tunnel layer 160 is called a bus
bar forming region 170A2. The remaining regions of the first conductive type
semiconductor region 170 other than the finger forming region 170A1 and the bus bar
forming region 170A2 is called a non-forming region 170B. Furthermore, the finger
forming region 170A1 and the bus bar forming region 170A2 are collectively called an
electrode forming region 170A.

[00177] In the solar cell according to the second embodiment of the present invention,
at least part of the first electrode 150 may penetrate the first passivation film 190A and
may be depressed into the first conductive type semiconductor region 170 and
electrically connected to the first conductive type semiconductor region 170, as shown
in FIGS. 5 and 6.

[00178] For example, both the first finger electrode 151 and first bus bar 153 of the
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first electrode 150 may be depressed and formed in the first conductive type
semiconductor region 170.

[00179] In other words, as shown in FIG. 6, the location of a first boundary surface
BS1 in which the first conductive type semiconductor region 170 and the first electrode
150 come into contact with each other may be more depressed and formed toward the
semiconductor substrate 100 than the location of a second boundary surface BS2 in
which the first conductive typc scmiconductor region 170 and the first passivation film
190A come into contact with each other.

[00180] Accordingly, the distance between the semiconductor substrate 100 and the
first boundary surface BS1 may be smaller than the distance between the semiconductor
substrate 100 and the second boundary surface BS2.

[00181] In this instance, all of the plurality of first finger electrodes 151 and the first
bus bar 153 may be formed to have a single layer or double layer structure. In some
embodiments, the plurality of first finger electrodes 151 may be formed to have a single
layer structure, and the first bus bar 153 may be formed to have a double layer structure.
[00182] In FIG. 6, the first finger electrode 151 has been illustrated as being an
example. Like the first finger electrode 151, the first bus bar 153 may have the same
structure in which it has been depressed into the first conductive type semiconductor
region 170.

[00183] As described above, the structure in which the first electrode 150 has been
depressed into the first conductive type semiconductor region 170 may be formed when
a paste for the first electrode perforates the first passivation film 190A and penetrates
the first conductive type semiconductor region 170 in a thermal treatment process in the
state in which the paste for the first electrode for forming the first electrode 150 has
been patterned and formed on the back surface of the first passivation film 190A.
[00184] If the first electrode 150 is formed by the process of printing and thermally
treating the paste for the first electrode as described above, there are advantages in that a
cost is relatively low compared to a plating method and a process time can be reduced.
[00185] In this instance, a difference TBS between the heights of the first boundary
surface BS1 and the second boundary surface BS2 may be set to 1 nm ~ 20 nm. The
difference between the heights of the first and the second boundary surfaces BSI and
BS2 may vary depending on the time taken for the thermal treatment process for

forming the first electrode 150 and content of frit glass included in the paste for the first
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electrode.

[00186] FIGS. 5 and 6 have illustrated an example in which all of the plurality of first
bus bars 153 and the plurality of first finger electrodes 151 forming the first electrode
150 have been depressed into the first conductive type semiconductor region 170.
[00187] However, the present invention is not necessarily limited to the example.
For example, only the plurality of first finger electrodes 151 of the first electrode 150
may bc depressed and formed in the first conductive type semiconductor region 170.
The example in which only the plurality of first finger electrodes 151 has been
depressed into the first conductive type semiconductor region 170 as described above is
described in detail later with reference to FIG. 9 and related drawings.

[00188] Accordingly, in the solar cell according to an embodiment of the present
invention, as shown in FIG. 6, the first electrode 150 may be depressed into the first ‘
conductive type semiconductor region 170, and the first conductive type semiconductor
region 170 and the first electrode 150 may come into contact with each other in the first
boundary surface BS1 of the first conductive type semiconductor region 170.

[00189] In this instance, as shown in FIG. 5, a plurality of metal crystals MC extracted
from the first electrode 150 may be placed in the electrode forming region 170A of the
first conductive type semiconductor region 170 in which the first electrode 150 has been
formed, as described above.

[00190] For example, as shown in FIG. 6, the plurality of metal crystals MC extracted
from the first finger electrode 151 may be placed in the finger forming region 170A1 of
the first conductive type semiconductor region 170 in which the first finger electrode
151 is formed.

[00191] Only the electrode finger forming region 170A1 of the electrode forming
region 170A of the first conductive type semiconductor region 170 has been illustrated
in FIG. 6. Likewise, the plurality of metal crystals MC extracted from the first bus bar
153 may be placed in the bus bar forming region 170A2, as shown in FIG. 5.

[00192] The plurality of metal crystals MC has relatively low resistance compared to
the first conductive type semiconductor region 170 made of polycrystalline silicon.
Accordingly, as shown in FIG. 6, carriers which have moved from the semiconductor
substrate 100 to the first conductive type semiconductor region 170 through the tunnel
layer 160, for example, electrons may directly move to the first electrode 150 through

the metal crystals MC or may jump between the metal crystals MC and the metal
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crystals MC and move to the first electrode 150.

[00193] Accordingly, the plurality of metal crystals MC may function to help carriers
to move to the first electrode 150 more easily.

[00194] Accordingly, the metal crystals MC may narrow a substantial distance
between the semiconductor substrate 100 and the first electrode 150 due to its low
resistance.

[00195] Furthcrmorc, when the first clectrode 150 is connected to the first conductive
type semiconductor region 170, the metal crystals MC are formed in the direction of the
semiconductor substrate 100 on the basis of the first boundary surface BS1, that is, the
boundary of the first electrode 150 and the first conductive type semiconductor region
170. Accordingly, contact resistance between the first electrode 150 and the first
conductive type semiconductor region 170 can be further lowered.

[00196] Accordingly, if the plurality of metal crystals MC is further included in the
first conductive type semiconductor region 170 between the first electrode 150 and the
tunnel layer 160 as in the embodiment of the present invention shown in FIG. 6,
efficiency of the solar cell can be further improved.

[00197] As shown in FIG. 5, the metal crystals MC may be placed in the electrode
forming region 170A of the first conductive type semiconductor region 170 in which the
first electrode 150 has been formed, but may not be placed in the non-forming region
170B of the first conductive type semiconductor region 170 in which the first electrode
150 has not been formed.

[00198] The reason why the metal crystals MC are placed in the electrode forming
region 170A of the first conductive type semiconductor region 170, but are not placed in
the non-forming region 170B of the first conductive type semiconductor region 170 as
described above is that metal extracted from the first electrode 150 during the thermal
treatment process for forming the first electrode 150 is recrystallized to form the
plurality of metal crystals MC.

[00199] For example, the plurality of first electrodes 150 may be formed to include at
least one conductive metal material. In this instance, the conductive metal material
included in the plurality of first electrodes 150 may be at least one selected from the
group consisting of nickel (Ni), copper (Cu), silver (Ag), aluminum (Al), tin (Sn), zinc
(Zn), indium (In), titanium (Ti), and gold (Au) and a combination of them, for example,

but may include other conductive metal materials.
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[00200] In this instance, the plurality of metal crystals MC may include the same
metal material as a metal material included in the first electrode 150 because the metal
crystals MC are formed when the metal material included in the first electrode 150 is
extracted and recrystallized.

[00201] Accordingly, if the first electrode 150 includes silver (Ag), for example, the
metal crystals MC may also include silver (Ag).

[00202] Furthermore, as shown in FIGS. 6 and 7, the metal crystals MC are placed in
the first conductive type semiconductor region 170, but may not be placed in the tunnel
layer 160.

[00203] That is, if the metal crystals MC are placed in the tunnel layer 160 as in the
comparison example of FIG. 8, the functions of the tunnel layer 160 may be deteriorated.
If the metal crystals MC penetrate the back surface of the semiconductor substrate 100
through the tunnel layer 160, an open voltage (Voc) characteristic appearing due to the
structure of the semiconductor substrate 100 — the tunnel layer 160 - the first conductive
type semiconductor region 170 may be deteriorated, thereby being capable of
deteriorating the semiconductor substrate 100.

[00204] If the semiconductor substrate 100 is deteriorated as described above, a
characteristic of the semiconductor substrate 100, for example, a characteristic, such as
a carrier life time, may be deteriorated.

[00205] If the metal crystals MC are placed in the first conductive type semiconductor
region 170, but are not placed in the tunnel layer 160 as in the embodiment of the
present invention, however, the deterioration of the characteristic described above can
be prevented.

[00206] As shown in FIG. 6, some metal crystals MC1 of the plurality of metal
crystals MC may have a direct contact with the first electrode 150. Furthermore, at
least one metal crystal MC2 of the plurality of metal crystals MC may be spaced apart
from the first electrode 150 and placed in the first conductive type semiconductor region
170.

[00207] In this instance, the length LMC of the plurality of metal crystals MC from
the first electrode 150 to the direction of the tunnel layer 160 may be 2/3 or less of the
thickness of the first conductive type semiconductor region 170. If the length LMC of
the metal crystals MC is limited to 2/3 of the thickness of the first conductive type

semiconductor region 170 as described above, damage to the tunnel layer 160 or the
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semiconductor substrate 100 attributable to the excessive length LMC of the metal
crystals MC can be prevented.

[00208] Some of the plurality of metal crystals MC may have a reduced width WMC
from the first electrode 150 to the direction of the tunnel layer 160. That is, as shown
in FIG. 6 or 7, the width WMC in the surface direction (X, y) of a portion that belongs to
the metal crystal MC and that neighbors the first electrode 150 may be smaller than the
width of a portion that belongs to the metal crystal MC and that is adjacent to the
semiconductor substrate 100.

[00209] Such a size of the metal crystal MC may be determined in proportion to a
firing temperature of the thermal treatment process for forming the first electrode 150.
[00210] That is, the length or width of the metal crystal MC is characterized in that it
is increased as the firing temperature of thermal treatment process for forming the first
electrode 150 rises and it is reduced as the firing temperature of thermal treatment
process for forming the first electrode 150 drops. The length or width of the metal
crystal MC may be increased as the width of the first electrode 150, that is, the source of
the metal crystal MC, is increased.

[00211] If the firing temperature of the thermal treatment process for forming the first
electrode 150 is excessively low, however, contact resistance between the first electrode
150 and the first conductive type semiconductor region 170 may be increased.

[00212] Accordingly, in the second embodiment of the present invention, an example
in which all of the first finger electrodes 151 and first bus bar 153 of the first electrode
150 have been depressed into the first conductive type semiconductor region 170 and
the metal crystals MC have been formed in both the finger forming region 170A1 and
bus bar forming region 170A2 of the first conductive type semiconductor region 170
has been described. In order to further improve efficiency of the solar cell, only the
first finger electrodes 151 may be depressed into the first conductive type
semiconductor region 170 and the metal crystals MC may be placed only in the finger
forming region 170A1, but may not be placed in the bus bar forming region 170A2.
This is described in detail below with reference to FIGS. 9 to 11.

[00213] FIG. 9 is a diagram illustrating a solar cell according to a third embodiment of
the present invention.

[00214] In a description related to FIG. 9, a description of portions redundant with the

contents described in connection with the second embodiment is omitted, and portions
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different from the contents of the second embodiment are chiefly described.

[00215] As shown in FIG. 9, in the solar cell according to the third embodiment of the
present invention, at least part of the first electrode 150 may be depressed and formed in
the first conductive type semiconductor region 170, but only the plurality of first finger
electrodes 151 of the first electrode 150 may penetrate the first passivation film 190A
and may be depressed and formed in the first conductive type semiconductor region 170.
[00216] In this instance, the metal crystals MC may be formed only in the finger
forming region 170A1 of the first conductive type semiconductor region 170, and the
plurality of first bus bars 153 may not be depressed into the first conductive type
semiconductor region 170, but may be formed on the back surface of the first
passivation film 190A.

[00217] Accordingly, the metal crystals MC may not be formed in the bus bar forming
region 170A2 of the first conductive type semiconductor region 170.

[00218] As described above, only the plurality of first finger electrodes 151 of the first
electrode 150 may penetrate the first passivation film 190A and may be depressed into
the first conductive type semiconductor region 170 so that the metal crystals MC are
formed only in the finger forming region 170A1 of the first conductive type
semiconductor region 170, and the first bus bar 153 may be formed on the first
passivation film 190A.

[00219] As described above with reference to FIGS. 6 to 8, if the metal crystals MC
are not formed in the bus bar forming region 170A2 of the first conductive type
semiconductor region 170 as described above, the metal crystals MC are not placed in
the tunnel layer 160, and thus there can be prevented the phenomenon in which the
semiconductor substrate 100 is deteriorated because the metal crystals MC penetrate the
tunnel layer 160 and are connected to the semiconductor substrate 100.

[00220] More specifically, the width of the first bus bar 153 is relatively greater than
the width of the first finger electrode 151 as described above with reference to FIGS. 1
and 5. Accordingly, in the thermal treatment process, the metal crystals MC having a
relatively great length or width may penetrate the tunnel layer 160 and may be short-
circuited with the semiconductor substrate 100, as shown in FIG. 8. Accordingly, the
semiconductor substrate 100 may be deteriorated. If the metal crystals MC are not
formed in the bus bar forming region 170A2 of the first conductive type semiconductor

region 170, such a deterioration phenomenon can be prevented.
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[00221] Accordingly, the solar cell according to the third embodiment of the present
invention has a structure in which only the first finger electrodes 151 of the first finger
electrodes 151 and first bus bar 153 of the first electrode 150 penetrate the first
passivation film 190A and are depressed and formed in the first conductive type
semiconductor region 170. Accordingly, only the first conductive type semiconductor
region 170 and the first finger electrodes 151 come into contact with each other in the
first boundary surface BS1 of the first conductive type scmiconductor region 170, the
plurality of metal crystals MC may be placed only in the finger forming region 170A1
which belongs to the electrode forming region 170A of the first conductive type
semiconductor region 170 and in which the first finger electrode 151 is formed, and the
plurality of metal crystals MC may not be placed in the bus bar forming region 170A2
of the first conductive type semiconductor region 170 which overlaps the first bus bar
153.

[00222] To this end, in an embodiment of the present invention, the plurality of first
finger electrodes 151 and the plurality of first bus bars 153 may have different
compositions.

[00223] More specifically, content of frit glass per unit volume, which is included in
the plurality of first bus bars 153, may be smaller than content of frit glass per unit
volume, which is included in the plurality of first finger electrodes 151, or content of frit
glass may not be included in the plurality of first bus bars 153.

[00224] Accordingly, in the thermal treatment process for forming the first electrode
150, while the plurality of metal crystals MC is extracted into the finger forming region
170A1 when the first finger electrode 151 penetrates the first passivation film 190A and
is depressed into the first conductive type semiconductor region 170, the first bus bar
153 can be prevented from penetrating the first passivation film 190A and from being
depressed into the first conductive type semiconductor region 170 or such a depression
can be minimized.

[00225] Moreover, although the first bus bar 153 penetrates the first passivation film
190A and is depressed into the first conductive type semiconductor region 170, the
deterioration phenomenon in which the metal crystals MC extracted from the first bus
bar 153 penetrate the tunnel layer 160 and are short-circuited with the semiconductor
substrate 100 as shown in FIG. 8 can be prevented.

[00226] In this instance, the deterioration of the semiconductor substrate 100 may be

31

Petitioner Canadian Solar (USA) Inc., Ex. 1006, p. 65



Attorney Docket No. 1630-1332PUS2

checked from FIGS. 10 and 11.

[00227] FIG. 10 is a comparison example photograph of the degree of the
deterioration of the semiconductor substrate 100 according to firing temperatures in the
thermal treatment process, which was taken through photo luminescence (PL), if the
material of a paste for the first bus bar is the same as the material of a paste for the first
finger electrode. FIG. 11 is photograph of the degree of the deterioration of the
scmiconductor substratc 100 according to firing temperatures in the thermal treatment
process, which was taken through photo luminescence (PL), if the material of a paste
153P for the first bus bar is different from the material of a paste for the first finger
electrodes in accordance with the third embodiment of the present invention.

[00228] From the PL images showing the open voltages Voc of the semiconductor
substrate 100, the deterioration phenomenon occurring because the metal crystals MC
penetrate the tunnel layer 160 and are short-circuited with the semiconductor substrate
100 depending on the temperature of the thermal treatment process can be checked.
[00229] As some region of the semiconductor substrate 100 becomes darker in the PL
image, it means the open voltage is reduced and thus the deterioration of the
semiconductor substrate 100 is increased. As some region of the semiconductor
substrate 100 becomes brighter, it means that the open voltage is sufficiently high and
thus the deterioration of the semiconductor substrate 100 is reduced or is not present.
[00230] More specifically, if a shade region is increased in the PL image as the
temperature of the thermal treatment process rises, it means that the open voltage is
reduced and the deterioration of the semiconductor substrate 100 is increased because
the metal crystals MC penetrate the tunnel layer 160 and are short-circuited with the
semiconductor substrate 100. If a shade region is not increased in the PL image as the
temperature of the thermal treatment process rises, it means that the open voltage is
sufficiently high and the deterioration of the semiconductor substrate 100 is small or is
almost not present because the metal crystals MC do not penetrate the tunnel layer 160
or the semiconductor substrate 100.

[00231] In FIGS. 10 and 11, images of the paste 153P for the first bus bar having a
relatively great width have been illustrated, but images of a paste for the first finger
electrodes having a very small width are not illustrated. The paste for the first finger
electrodes may intersect the paste 153P for the first bus bars and may be formed.

[00232] FIG. 10 shows an instance where the paste 153P for the first bus bars having
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the same material as the paste for the first finger electrodes was used, and FIG. 11 shows
an instance where the paste 153P for the first bus bars having a material different from
the material of the paste for the first finger electrodes as described above with reference
to FIG. 9 was used.

[00233] In FIG. 10, the paste 153P for the first bus bars and the paste for the first
finger electrodes have the same material. Accordingly, the paste 153P for the first bus
bars may also penctrate the first passivation film 190A and may be depressed and
formed in the first conductive type semiconductor region 170, so the metal crystals MC
may be formed in the bus bar forming region 170A2 of the first conductive type
semiconductor region 170.

[00234] Accordingly, if the temperature of the thermal treatment process for forming
the first electrode 150 is relatively low, for example, about 820°C or 795°C as shown in
(c) and (d) of FIG. 10, the semiconductor substrate 100 is not deteriorated because there
is almost no metal crystal MC which is extracted from the paste for the first electrode
and subsides into the first conductive type semiconductor region 170. In this instance,
efficiency of the solar cell may be reduced because contact resistance of the first finger
electrodes 151 may be relatively high.

[00235] If the temperature of the thermal treatment process for forming the first
electrode 150 is relatively high, for example, about 870°C or 845°C as shown in (a) and
(b) of FIG. 10, the shade region is increased in the semiconductor substrate 100 and the
deterioration of the semiconductor substrate 100 is relatively increased.

[00236] The reason for this is that the deterioration of the semiconductor substrate 100
is increased because the metal crystals MC extracted from the paste 153P for the first
bus bars are placed in the first conductive type semiconductor region 170 and such
metal crystals MC penetrate the tunnel layer 160 and are connected to the
semiconductor substrate 100.

[00237] As described above with reference to FIG. 9, if the first finger electrodes 151
and the first bus bar 153 are made of different materials in accordance with the third
embodiment of the present invention, it may be seen that the shade region of the
semiconductor substrate 100 is rarely increased even in (a) and (b) of FIG. 11 in which
the temperature of the thermal treatment process is relatively high as well as in (¢) and
(d) of FIG. 11 in which the temperature of the thermal treatment process is relatively low.

[00238] The reason for this is that the semiconductor substrate 100 is not deteriorated
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because the paste 153P for the first bus bars does not penetrate the first passivation film
190A or although the paste 153P for the first bus bars penetrates the first passivation
film 190A and connects to the first conductive type semiconductor region 170 and thus
the metal crystals MC are formed in the first conductive type semiconductor region 170,
the metal crystals MC are not placed in the tunnel layer 160 if the paste 153P for the
first bus bars and the paste for the first finger electrodes are made of different materials.
[00239] As described above, the solar ccll according to the third embodiment of the
present invention can prevent the deterioration of the semiconductor substrate 100 and
have further improved efficiency because the solar cell maintains a sufficient high open
voltage Voc by forming the first finger electrodes 151 and the first bus bar 153 using
different materials.

[00240] The structures of the solar cells according to embodiments of the present
invention have been described so far. Hereinafter, methods for manufacturing solar
cells are described.

[00241] FIG. 12 is a flowchart illustrating an example of a method for manufacturing
a solar cell according to a first embodiment of the present invention. FIGS. 13A to 13]
are cross-sectional views of the method for manufacturing a solar cell according to the
flowchart of FIG. 12.

[00242] Furthermore, FIG. 14 is a diagram illustrating a modified example of the
method for manufacturing a solar cell according to the first embodiment. FIG. 15 isa
diagram illustrating another modified example of the method for manufacturing a solar
cell according to the first embodiment.

[00243] As shown in FIG. 12, an example of the method for manufacturing a solar cell
according to the first embodiment of the present invention may include a tunnel layer
forming step (operation) S1, an intrinsic semiconductor layer forming step (operation)
S2, a first conductive type semiconductor region forming step (operation) S3, a
removing step (operation) S4, a second conductive type semiconductor region forming
step (operation) S5, an anti-reflection layer and second passivation film forming step
(operation) S6, a first passivation film forming step (operation) S7, and an electrode
forming step (operation) S8.

[00244] In this example, the removing step S4 and the anti-reflection layer and second
passivation film forming step S6 have been illustrated as being included. In some

embodiments, the removing step S4 and the anti-reflection layer and second passivation
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film forming step S6 may be omitted.

[00245] An example in which the removing step S4 and the anti-reflection layer and
second passivation film forming step S6 are included, for convenience of description, is
described below.

[00246] As a preliminary step (operation) for manufacturing a solar cell according to
the first embodiment of the present invention, the concave-convex portions may be
formed by performing a texturing process on the front and back surfaces of the
semiconductor substrate 100, as shown in FIG. 13A.

[00247] Wet or dry texturing may be used as the texturing technique for the
semiconductor substrate 100.

[00248] The wet texturing may be performed by dipping the semiconductor substrate
100 into a texturing solution and is advantageous in that the process time is short. The
dry texturing may be performed by cutting a surface of the semiconductor substrate 100
using a diamond grill or a laser.  In the dry texturing, the concave-convex portions may
be uniformly formed, but the process time is long and the semiconductor substrate 100
may be damaged.

[00249] In addition, the semiconductor substrate 100 may be textured using reactive
ion etch (RIE). As described above, in an embodiment of the present invention, the
semiconductor substrate 100 may be textured using various methods.

[00250] For a simple illustration, concave-convex portions have been illustrated as
being not formed on the side of the semiconductor substrate 100 by the texturing.
Furthermore, it may be difficult to clearly recognize the concave-convex portions by the
texturing because the semiconductor substrate 100 has a very small thickness.

[00251] However, the present invention is not limited to the above description. For
example, the concave-convex portions according to the texturing may be provided on
the side of the semiconductor substrate 100. Furthermore, the texturing of the
semiconductor substrate 100 may be performed in a subsequent process.

[00252] As shown in FIG. 12, the tunnel layer forming step S1 for forming the tunnel
layer 160 on one surface of the semiconductor substrate 100 may be performed in the
state in which the concave-convex portions have been provided in the semiconductor
substrate 100 as described above.

[00253] In the tunnel layer forming step S1, for example, as shown in FIG. 13B, the

tunnel layer 160 may be generally formed on one surface and the other surface of the
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semiconductor substrate 100. In this instance, the tunnel layer 160 may also be
generally formed on the side of the semiconductor substrate 100.

[00254] If the tunnel layer 160 is generally formed on the surfaces of the
semiconductor substrate 100 as described above, the tunnel layer 160 formed on the
other surface (i.e., the front surface) and side of the semiconductor substrate 100 may be
removed in the removing step S4.

[00255] If the tunnel layer 160 is formed on only onc surfacc of thc scmiconductor
substrate 100, the removing step S4 may be omitted.

[00256] In this instance, the tunnel layer 160 may be formed by thermal oxidation,
chemical oxidation, or deposition (e.g., an atmospheric pressure chemical vapor
deposition (APCVD) method or a low-pressure chemical vapor deposition (LPCVD)
method), for example. Additionally, after the tunnel layer 160 having a thin thickness
is formed, the thickness or density of the tunnel layer 160 may be increased by
subsequent thermal treatment within a furnace.

[00257] However, the present invention is not limited to such methods. The tunnel
layer 160 may be formed by various other methods. In this instance, the tunnel layer
160 may be formed of a silicon oxide layer.

[00258] For example, in the present embodiment, the tunnel layer 160 may be formed
in a gas atmosphere, including a source gas, at a temperature higher than normal
temperature and pressure smaller than atmospheric pressure. In the present
embodiment, the source gas includes an oxygen gas, and thus the tunnel layer 160 may
be formed of an oxide layer.

[00259] More specifically, at a high temperature, the tunnel layer 160 may be formed
of a thermal oxide (e.g., thermal silicon oxide) layer formed by a reaction of oxygen and
the semiconductor material (e.g., silicon) of the semiconductor substrate 100.

[00260] In the present embodiment, the source gas does not include all source
materials forming the tunnel layer 160, but may include only an oxygen gas of the oxide
forming the tunnel layer 160 and may not include other source materials.

[00261] For example, if the tunnel layer 160 includes silicon oxide, it includes only an
oxygen gas as the source gas, but does not include a gas including silicon, that is, other
source material. Accordingly, the tunnel layer 160 may be formed by a thermal
oxidation process in which oxygen included in the oxygen gas is diffused into the

semiconductor substrate 100 and reacts with the semiconductor material.

36

Petitioner Canadian Solar (USA) Inc., Ex. 1006, p. 70



Attorney Docket No. 1630-1332PUS2

[00262] In some embodiments, in a deposition process, a silane (SiH4) gas including
silicon, together with an oxygen gas including oxygen, may be supplied as the source
gas. In this instance, oxygen separated from the oxygen gas may chemically react with
silicon separated from the silane gas by thermal decomposition, thereby being capable
of forming silicon oxide. When the tunnel layer 160 is formed, a gas atmosphere may
include various gases in addition to the oxygen gas, that is, the source gas.

[00263] Furthermore, pressure when the tunnel layer 160 is formed may be lower than
atmospheric pressure. In this instance, although the tunnel layer 160 is formed by a
thermal oxidation process using a relatively high temperature (e.g., 600°C or more), the
tunnel layer 160 can maintain low growth speed due to the low pressure. Accordingly,
the thickness of the tunnel layer 160 can be significantly reduced.

[00264] For example, when the tunnel layer 160 is formed, a temperature may be set
to 600°C to 800°C and pressure may be set to 600 Torr or less in order to effectively
control the thickness of the tunnel layer 160.

[00265] As described above, in the present embodiment, when the tunnel layer 160 is
formed, both the temperature and pressure need to be controlled. Accordingly, the
tunnel layer 160 according to the present embodiment may not be formed in a
conventional furnace whose pressure cannot be controlled, and the tunnel layer 160 has
to be formed in an apparatus whose temperature and pressure can be controlled.

[00266] Accordingly, in the present embodiment, the tunnel layer 160 may be formed
by a thermal oxidation process within deposition apparatus. In this instance, since low
pressure needs to be implemented, the tunnel layer 160 may be formed in a low-
pressure chemical vapor deposition apparatus.

[00267] An intrinsic semiconductor layer 170’ formed on the tunnel layer 160 is
formed by a deposition apparatus. Accordingly, if the tunnel layer 160 is formed in the
deposition apparatus, the tunnel layer 160 and the intrinsic semiconductor layer 170’
can be formed by an in-situ process for consecutively forming the tunnel layer 160 and
the intrinsic semiconductor layer 170’ in the same deposition apparatus (more
specifically, a low-pressure chemical vapor deposition apparatus).

[00268] If the tunnel layer 160 and the intrinsic semiconductor layer 170’ are formed
by an in-situ process as described above, a manufacturing cost and a manufacturing time
can be significantly reduced because the manufacturing process is significantly

simplified.
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[00269] A temperature within the deposition apparatus is controlled by applying heat
(e.g., heating) or removing heat (e.g., cooling) for a long time, and a lot of time is taken
to stabilize the temperature. In contrast, a gas atmosphere and pressure may be
controlled by the type and amount of gas supplied to the deposition apparatus.
Accordingly, a gas atmosphere and pressure can be more easily controlled than a
temperature.

[00270] In the present embodiment, a difference between a temperature at which the
tunnel layer 160 is formed and a temperature in the process of depositing the intrinsic
semiconductor layer 170° may be set to 200°C or less (i.e., 0°C to 200°C). More
specifically, a difference between a temperature at which the tunnel layer 160 is formed
and a temperature in the process of depositing the intrinsic semiconductor layer 170’
may be set to 100°C or less (i.e., 0°C to 100°C).

[00271] The reason for this is that a difference between a temperature at which the
tunnel layer 160 is formed and a temperature in the process of depositing the intrinsic
semiconductor layer 170’ can be reduced because the tunnel layer 160 is formed at low
pressure and thus the temperature at which the tunnel layer 160 is formed can be
relatively raised. Accordingly, efficiency of the in-situ process of consecutively
forming the tunnel layer 160 and the intrinsic semiconductor layer 170’ can be further
improved because a temperature that is relatively difficult to control can be maintained
without a great change or variance as described above.

[00272] In contrast, a gas atmosphere in the process of depositing the intrinsic
semiconductor layer 170’ may be different from a gas atmosphere when the tunnel layer
160 is formed, and pressure in the process of depositing the intrinsic semiconductor
layer 170° may be the same as or different from pressure when the tunnel layer 160 is
formed. This is described in more detail later in a subsequent description of the
deposition process of the intrinsic semiconductor layer 170°.

[00273] After the tunnel layer forming step S1 is completed as described above, the
intrinsic semiconductor layer forming step S2 for forming the intrinsic semiconductor
layer 170° on the tunnel layer 160 formed on one surface of the semiconductor substrate
100 may be performed as shown in FIG. 12.

[00274] For example, as shown in FIG. 13C, in the intrinsic semiconductor layer
forming step S2, the intrinsic semiconductor layer 170’ may be generally formed on the

tunnel layer 160 formed on one surface and the other surface of the semiconductor
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substrate 100. In this instance, the intrinsic semiconductor layer 170° may also be
generally formed on the tunnel layer 160 placed on the side of the semiconductor
substrate 100.

[00275] If the intrinsic semiconductor layer 170’ is placed on both sides of the
semiconductor substrate 100 as described above, the doping and damage of the front
surface of the semiconductor substrate 100 can be effectively prevented in the process
of doping the intrinsic semiconductor layer 170’ in order to form the first conductive
type semiconductor region 170.

[00276] In the present embodiment, the intrinsic semiconductor layer 170’ may be
formed by chemical vapor deposition. More specifically, the intrinsic semiconductor
layer 170’ may be formed by low-pressure chemical vapor deposition.

[00277] Accordingly, the intrinsic semiconductor layer 170’ may be formed by the
tunnel layer 160 and the in-situ process as described above, but the present invention is
not limited thereto. The in-situ process may not be applied to the tunnel layer 160 and
the intrinsic semiconductor layer 170°.

[00278] A gas used in the process of depositing the intrinsic semiconductor layer 170’
may include a gas (e.g., a silane gas) including a semiconductor material which forms
the intrinsic semiconductor layer 170°. In the present embodiment, since the intrinsic
semiconductor layer 170° is deposited so that the gas atmosphere has the intrinsic
property, the gas atmosphere may include only the gas including the semiconductor
material.

[00279] Accordingly, a supply gas can be simplified, and the purity of the formed
intrinsic semiconductor layer 170’ can be improved, but the present invention is not
limited thereto. A separate gas for accelerating the deposition process of the intrinsic
semiconductor layer 170’ or improving the characteristics of the intrinsic semiconductor
layer 170’ may be further used.

[00280] Furthermore, in the deposition process of the intrinsic semiconductor layer
170°, the size of a crystal grain and crystallizability may be controlled by injecting the
gas, including the semiconductor material, along with a nitrogen oxide (N,O) gas and/or
an oxygen (O;) gas.

[00281] The deposition temperature of the intrinsic semiconductor layer 170’ may be
the same as or lower than a temperature when the tunnel layer 160 is formed. In

particular, if the deposition temperature of the intrinsic semiconductor layer 170 is
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lower than a temperature when the tunnel layer 160 is formed, a characteristic of the
intrinsic semiconductor layer 170’ which directly takes part in photoelectric conversion
can become uniform.

[00282] In some embodiments, the deposition temperature of the intrinsic

e 70
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semiconductor layer 170" may be 500 C. Such a deposition temperature is
suitable for depositing the intrinsic semiconductor layer 170’ having a crystal structure
different from that of the semiconductor substrate 100.

[00283] The temperature of the tunnel layer 160 is set to be the same as or similar to
the deposition temperature of the intrinsic semiconductor layer 170’ as described above.
Accordingly, the process can be simplified because the time taken to control a
temperature and the time taken to stabilize a temperature are not required.

[00284] Furthermore, deposition pressure of the intrinsic semiconductor layer 170’
may be lower than atmospheric pressure, for example, 600 Torr or less (e.g., 1 Torr to
600 Torr). To maintain the deposition pressure less than 1 Torr may be limited on the
nature of the process, and the deposition pressure of less than 1 Torr may be difficult to
apply to actual mass production because the process time of the intrinsic semiconductor
layer 170’ is greatly increased.

[00285] If the deposition pressure exceeds 600 Torr, the uniformity of the intrinsic
semiconductor layer 170’ may be deteriorated. In some embodiments, the deposition
pressure of the intrinsic semiconductor layer 170° may be the same as or smaller than
pressure when the tunnel layer 160 is formed.

[00286] In particular, if the deposition pressure of the intrinsic semiconductor layer
170’ is smaller than pressure when the tunnel layer 160 is formed, a characteristic of the
intrinsic semiconductor layer 170° which directly takes part in photoelectric conversion
can become uniform.

[00287] This is described in more detail. A gas including a semiconductor material
(e.g., silicon) is thermally decomposed and the semiconductor material is deposited on
the tunnel layer 160, thereby being capable of forming the intrinsic semiconductor layer
170°.

[00288] If a temperature and/or pressure of the intrinsic semiconductor layer 170’ are
increased in order to increase deposition speed, the distribution of crystallizability
within the intrinsic semiconductor layer 170’ is increased. If the distribution of

crystallizability within the intrinsic semiconductor layer 170’ is increased, the
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characteristics of the intrinsic semiconductor layer 170’ may not become uniform
because the crystallizability of the intrinsic semiconductor layer 170’ takes part in
moving speed of carriers.

[00289] In contrast, the tunnel layer 160 is formed in a very thin thickness, and the
crystallizability of the tunnel layer 160 does not have an influence on the characteristics
of the tunnel layer 160. Although the intrinsic semiconductor layer 170’ needs to be
formed in a thicker thickness than the tunnel layer 160, the deposition temperature
and/or pressure of the intrinsic semiconductor layer 170’ are set to be smaller than those
when the tunnel layer 160 is formed in order to improve the characteristics of the
intrinsic semiconductor layer 170°.

[00290] However, the present invention is not limited to such an example. A gas
atmosphere, temperature, and pressure of the intrinsic semiconductor layer 170’ may be
changed in various ways.

[00291] As described above, the intrinsic semiconductor layer 170’ may be formed by
changing the type of gas supplied after the tunnel layer 160 is formed and controlling
the amount of a supplied gas.

[00292] For example, the intrinsic semiconductor layer 170’ may be formed by
removing a gas (e.g., an oxygen gas, a nitrogen gas, or a chlorine gas), used when the
tunnel layer 160 is formed after the tunnel layer 160 is formed, by pumping and purging,
and then injecting a gas (e.g., a gas including a semiconductor material) for forming the
intrinsic semiconductor layer 170°.

[00293] Accordingly, the process of forming the tunnel layer 160 and the intrinsic
semiconductor layer 170’ can be simplified. Furthermore, if the semiconductor
substrate 100 on which the tunnel layer 160 has been formed is taken out from an
apparatus after the tunnel layer 160 is formed as in a prior art, there is a problem in that
the tunnel layer 160 is contaminated by impurities or the thickness of the tunnel layer
160 is increased due to an additional oxidation.

[00294] In the present embodiment, the tunnel layer 160 is not externally exposed
until the intrinsic semiconductor layer 170’ is formed because the intrinsic
semiconductor layer 170’ is consecutively formed in an apparatus in which the tunnel
layer 160 has been formed. Accordingly, a problem occurring because the tunnel layer
160 is externally exposed before the intrinsic semiconductor layer 170’ is formed can be

prevented.
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[00295] For reference, if plasma-enhanced chemical vapor deposition (PECVD) is
used, a separate crystallization annealing process needs to be performed so that the
intrinsic semiconductor layer 170’ has a polycrystalline structure after it is formed.
Accordingly, the structure becomes complicated, and performance may be deteriorated.
Furthermore, since PECVD is a one-sided process, it may be difficult to generally form
the intrinsic semiconductor layer 170’ on both sides of the semiconductor substrate 100.
[00296] Thereafter, as shown in FIG. 12, the first conductive type semiconductor
region forming step S3 may be performed.

[00297] In the first conductive type semiconductor region forming step S3, the first
conductive type semiconductor region 170 may be formed by doping impurities of the
first conductive type into the intrinsic semiconductor layer 170 formed on one surface
of the semiconductor substrate 100.

[00298] More specifically, in the first conductive type semiconductor region forming
step S3, as shown in FIG. 13D, a first conductive type semiconductor region 170’a may
be formed on the entire surface of the semiconductor substrate 100 by doping impurities
of the first conductive type into the intrinsic semiconductor layer 170’ formed on the
entire surface of the semiconductor substrate 100.

[00299] In this instance, in the present embodiment, the impurities of the first
conductive type may be doped using a thermal diffusion method. The reason for this is
that the thermal diffusion method is capable of doping while minimizing the
deterioration of the characteristics of the tunnel layer 160. In contrast, if an ion
implantation method is used, the characteristics of the tunnel layer 160 may be
deteriorated due to activation thermal treatment performed at high temperature after ion
implantation.

[00300] For example, as shown in FIG. 13D, the first conductive type semiconductor
region 170’a may be generally formed by thermal treatment in a gas atmosphere
including the impurities of the first conductive type.

[00301] If the first conductive type semiconductor region 170’a has an n type, thermal
treatment may be performed in a gas atmosphere including POCI;. If the first
conductive type semiconductor region 170’a has a p type, thermal treatment may be
performed in a gas atmosphere including BBrs.

[00302] The process of forming the first conductive type semiconductor region 170’a

can be simplified using a gas including the impurities of the first conductive type as
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described above. In this instance, doping may be performed on the front surface and
side of the semiconductor substrate 100 in addition to the back surface of the
semiconductor substrate 100 due to such a process.

[00303] In the present embodiment, since portions of the intrinsic semiconductor layer
170’ to be removed in a subsequent process are present on the front surface and side of
the semiconductor substrate 100, a problem in that the front surface and side of the
semiconductor substrate 100 are unnecessarily doped with the impurities of the first
conductive type can be fundamentally prevented.

[00304] In an alternative embodiment, that is, a modified example, as shown in FIG.
14, the first conductive type semiconductor region 170’a may be formed by forming a
first doping layer 210, including impurities of the first conductive type, on the intrinsic
semiconductor layer 170’ placed at least on the back surface side of the semiconductor
substrate 100 and diffusing the impurities of the first conductive type included in the
first doping layer 210 through thermal treatment.

[00305] For example, the first doping layer 210 may include phosphorous silicate
glass (PSG) or boron silicate glass (BSG). The first doping layer 210 may be easily
formed by deposition.

[00306] For example, the first doping layer 210 may be formed by atmospheric
pressure chemical vapor deposition and may be formed on the back surface and/or side
of the semiconductor substrate 100, but may not be formed on the front surface of the
semiconductor substrate 100. Accordingly, the first conductive type semiconductor
region 170’a may be formed on only the back surface and/or side of the semiconductor
substrate 100, and the intrinsic semiconductor layer 170’ may remain intact on the front
surface of the semiconductor substrate 100.

[00307] Next, as shown in FIG. 13E, a mask layer 202 may be formed on the first
conductive type semiconductor region 170’a placed on the back surface side of the
semiconductor substrate 100 so that the mask layer 202 corresponds to the first
conductive type semiconductor region (170 in FIG. 13F) to be left other than the
isolation portion (I in FIG. 13F, hereinafter the same).

[00308] More specifically, the area of the mask layer 202 may be smaller than that of
the semiconductor substrate 100. Accordingly, the first conductive type semiconductor
region (170 in FIG. 13F) that remains other than the isolation portion I may have a

smaller area than the semiconductor substrate 100 by removing an unwanted portion of
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the first conductive type semiconductor region 170a.

[00309] For example, the mask layer 202 may be spaced apart from each side (or the
edge) of the semiconductor substrate 100 at a specific second distance D2. If the area
of the mask layer 202 is the same as or greater than the area of the semiconductor
substrate 100, it may be difficult to effectively remove the unwanted portion of the first
conductive type semiconductor region 170’a which is adjacent to the side of the
semiconductor substrate 100 on the back surface side of the semiconductor substrate
100.

[00310] The second distance D2 may be controlled so that the first distance D1
between the first conductive type semiconductor region 170°a and the edge of the back
surface of the semiconductor substrate 100 has a required value. For example, the
second distance D2 may have a value of 1 mm or less (e.g., 1 nm to 1 mm) so that the
first distance D1 has a value of 1 mm or less (e.g., I nm to 1 mm), but the present
invention is not limited thereto. The second distance D2 may have values other than 1
mm or less.

[00311] The mask layer 202 may include a material which is not removed in the
process of removing part (i.e., the edge D2 of the other surface, side, or one surface of
the semiconductor substrate 100) of the first conductive type semiconductor region
170’a including the semiconductor material.

[00312] For example, the mask layer 202 not etched by an etch solution which is used
in the process of removing part of the first conductive type semiconductor region 170’a
may include oxide, nitride, or resin. For example, the mask layer 202 may be formed
of a silicon nitride layer so that the mask layer 202 is formed by a simple process.
[00313] As shown in FIG. 12, the removing step S4 may be performed prior to the
second conductive type semiconductor region forming step S5 after the first conductive
type semiconductor region forming step S3.

[00314] In the removing step S4, for example, the tunnel layer 160 and the intrinsic
semiconductor layer 170° or the first conductive type semiconductor region 170’a
placed on the other surface of the semiconductor substrate 100 in FIG. 13E may be
removed.

[00315] Furthermore, in the removing step S4, portions of the first conductive type
semiconductor region 170a and the tunnel layer 160 not covered by the mask layer 202

in FIG. 13E may be removed, so the isolation portion I may be formed.
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[00316] The tunnel layer 160 and the first conductive type semiconductor region
170’a are moved as described above, so the tunnel layer 160 and the first conductive
type semiconductor region 170, such as those shown in FIG. 13F, may be formed.
[00317] In the removing step S4, wet etch using an alkali solution (e.g., a KOH
solution), for example, may be performed on the first conductive type semiconductor
region 170’a and the tunnel layer 160.

[00318] In accordance with such wet etch, the first conductive type semiconductor
region 170’a and the tunnel layer 160 placed in the isolation portion I on the front
surface, side, or back surface of the semiconductor substrate 100 can be removed by a
simple and easy process.

[00319] The first conductive type semiconductor region 170’a may be removed
selectively and easily using the alkali solution. The tunnel layer 160 having a very
small thickness, albeit being an oxide, may also be removed when the first conductive
type semiconductor region 170’a is removed.

[00320] Accordingly, as shown in FIG. 13F, the first conductive type semiconductor
region 170 and the tunnel layer 160 each formed to have a smaller area than the
semiconductor substrate 100 and spaced apart from the edge of the back surface of the
semiconductor substrate 100 at the first distance D1 may be formed.

[00321] The first conductive type semiconductor region 170 and the tunnel layer 160
may have a shape having an area reduced as they become distant from the
semiconductor substrate 100 and the sides thereof may be formed to be rounded by the
wet etch.

[00322] However, the present invention is not limited to the above description. Part
of the first conductive type semiconductor region 170 and the tunnel layer 160 may be
removed by various methods, such as RIE and dry etch, and the first conductive type
semiconductor region 170 and the tunnel layer 160 may have a different shape.

[00323] The mask layer 202 may be removed after part of the first conductive type
semiconductor region 170 and the tunnel layer 160 is removed so that the isolation
portion 1 is formed. The mask layer 202 may be removed by various methods
depending on a material.

[00324] For example, if the mask layer 202 includes an oxide or a nitride, it may be
removed by a process using diluted hydrofluoric acid. The mask layer 202 may be

removed by a separate process or may be naturally removed by a cleaning process
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including a solution including diluted hydrofluoric acid.

[00325] After the removing step S4 is performed as described above, as shown in FIG.
12, the second conductive type semiconductor region forming step S5 for forming the
second conductive type semiconductor region 120 by doping impurities of the second
conductive type on the other surface of the semiconductor substrate 100 may be
performed.

[00326] More specifically, as shown in FIG. 13G in the second conductive type
semiconductor region forming step S5, the second conductive type semiconductor
region 120 may be formed by doping impurities of the second conductive type on the
front surface side of the semiconductor substrate 100.

[00327] The second conductive type semiconductor region 120 may be formed by
known various methods. For example, the second conductive type semiconductor
region 120 may be formed by a thermal diffusion method. The reason for this is that
the thermal diffusion method is capable of doping while minimizing the deterioration of
the characteristics of the tunnel layer 160. In contrast, if an ion implantation method is
used, the characteristics of the tunnel layer 160 may be deteriorated due to activation
thermal treatment performed at high temperature after ion implantation.

[00328] If the thermal diffusion method is used, in the second conductive type
semiconductor region forming step S5, as shown in FIG. 13G, the second conductive
type semiconductor region 120 may be formed on the front surface of the
semiconductor substrate 100 by forming a capping film 204 on the side and back
surface of the semiconductor substrate 100 and performing thermal treatment in a gas
atmosphere including impurities of the second conductive type.

[00329] If the second conductive type semiconductor region 120 has a p type, the
thermal treatment may be performed in a gas atmosphere including BBr;. If the
second conductive type semiconductor region 120 has an n type, the thermal treatment
may be performed in a gas atmosphere including POCl;.  After the second conductive
type semiconductor region 120 is formed through such thermal treatment, the capping
film 204 may be removed. Various films capable of preventing the doping of the
impurities of the second conductive type may be used as the capping film 204. The
capping film 204 may be removed by a removing method depending on a material.
[00330] In the second conductive type semiconductor region forming step S5, for

another example, as shown in FIG. 15, the second conductive type semiconductor region
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120 may be formed by forming a second doping layer 310, including impurities of the
second conductive type, on the front surface of the semiconductor substrate 100 and
diffusing the impurities of the second conductive type, included in the second doping
layer 310, into the semiconductor substrate 100 through thermal treatment.

[00331] The second doping layer 310 may include boron silicate glass (BSG) or
phosphorous silicate glass (PSG). The second doping layer 310 may be easily formed
by deposition. In this instance, the second doping layer 310 may be formed by
atmospheric pressure chemical vapor deposition and may not be formed on the back
surface of the semiconductor substrate 100.

[00332] Thereafter, as shown in FIG 12, the anti-reflection layer and second
passivation film forming step S6 may be performed.

[00333] In the anti-reflection layer and second passivation film forming step S6, the
second passivation film 190B and the anti-reflection layer 130 may be sequentially
formed on the second conductive type semiconductor region 120.

[00334] In the anti-reflection layer and second passivation film forming step S6, for
example, as shown in FIG. 13H, the second passivation film 190B and the anti-
reflection layer 130 may be sequentially formed on the side of the semiconductor
substrate 100 in addition to the front surface of the second conductive type
semiconductor region 120.

[00335] The second passivation film 190B or the anti-reflection layer 130 may be
formed by various methods, such as a vacuum deposition method, a chemical vapor
deposition method, spin coating, screen printing, or spray coating.

[00336] If one-sided deposition, such as plasma-enhanced chemical vapor deposition
(PECVD), is used when the second passivation film 190B or the anti-reflection layer
130 is formed, the second passivation film 190B or the anti-reflection layer 130 may be
formed on only the front surface and/or side of the semiconductor substrate 100.
Accordingly, a separate patterning process for the second passivation film 190B or the
anti-reflection layer 130 is not required.

[00337] Thereafter, as shown in FIG. 12, the first passivation film forming step S7 for
forming the first passivation film 190A on the first conductive type semiconductor
region 170 may be performed.

[00338] For example, as shown in FIG. 131, the first passivation film 190A may be

formed on the first conductive type semiconductor region 170 placed on the back

47

Petitioner Canadian Solar (USA) Inc., Ex. 1006, p. 81



Attorney Docket No. 1630-1332PUS2

surface side of the semiconductor substrate 100, the isolation portion I placed in the
edge of the back surface of the semiconductor substrate 100, and the second passivation
film 190B and the anti-reflection layer 130 placed on the side of the semiconductor
substrate 100.

[00339] Accordingly, after edge isolation according to the isolation portion [ is
performed, the isolation portion I may also be passivated while the first passivation film
190A is formed without a scparatc process.

[00340] The first passivation film 190A may be formed by various methods, such as a
vacuum deposition method, a chemical vapor deposition method, spin coating, screen
printing, or spray coating.

[00341] If one-sided deposition, such as plasma-enhanced chemical vapor deposition
(PECVD), is used when the first passivation film 190A or the anti-reflection layer 130 is
formed, the first passivation film 190A may be formed on only the back surface and/or
side of the semiconductor substrate 100. Accordingly, a separate patterning process
for the first passivation film 190A is not required.

[00342] In the present embodiment, an example in which the second passivation film
190B covering the front surface side of the semiconductor substrate 100 is first formed
and the first passivation film 190A covering the back surface side of the semiconductor
substrate 100 is then formed has been described.

[00343] In this instance, the characteristics of the first conductive type semiconductor
region 170 can be prevented from being deteriorated or damaged in the process of
forming the first passivation film 190A. The reason for this is that the characteristics
of the first conductive type semiconductor region 170 may be very important, in
particular, if the first conductive type semiconductor region 170 is an emitter region.
[00344] However, the present invention is not limited to the example. For example,
after the first passivation film 190A covering the back surface side of the semiconductor
substrate 100 is formed, the second passivation film 190B covering the front surface
side of the semiconductor substrate 100 may be formed.

[00345] In this instance, the first passivation film 190A covering the back surface side
of the semiconductor substrate 100 may be placed on (e.g., brought into contact with)
the side of the semiconductor substrate 100, and the second passivation film 190B
covering the front surface side of the semiconductor substrate 100 may be placed on

(e.g., brought into contact with) on the first passivation film 190A.
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[00346] After the first passivation film 190A is formed as described above, as shown
in FIGS. 12 and 13J, the electrode forming step S8 for forming the first electrode 150
connected to the first conductive type semiconductor region 170 and the second
electrode 140 connected to the second conductive type semiconductor region 120 may
be performed.

[00347] The electrode forming step S8 may include the step (operation) of forming
the opening portion 102 in the first passivation film 190A. Accordingly, in the
electrode forming step S8, the first and the second opening portions 102 and 104 may
be formed in the first and the second passivation films 190A and 190B by a patterning
process, for example. Next, the first and the second electrodes 150 and 140 may be
formed while the first and the second opening portions 102 and 104 are filled with metal
for forming the first and the second electrodes 150 and 140.

[00348] In this instance, the first and the second opening portions 102 and 104 may be
formed by laser ablation using a laser or various methods using an etch solution, an etch
paste, and a photo process. Furthermore, the first and the second electrodes 150 and
140 may be formed by various methods, such as a plating method or a deposition
method.

[00349] Accordingly, the isolation portion I can be formed by a simple process, and a
problem attributable to surface recombination can be prevented by passivating the
isolation portion I using the first passivation film 190A. Accordingly, productivity can
be improved because a defective ratio of solar cells is reduced through a simple process.
[00350] In some embodiments, in the electrode forming step S8, the first and the
second electrodes 150 and 140 may be formed by coating pastes for forming the first
and the second electrodes 150 and 140 on the first and the second passivation films
190A and 190B using screen printing and then using a thermal treatment method, such
as fire through or laser firing contact (or laser firing contact).

[00351] If the first electrode and the second electrode are formed using a printing
method and a thermal treatment method as described above, the first and the second
opening portions 102 and 104 are naturally formed when the first and the second
electrodes 150 and 140 are formed. Accordingly, the manufacturing process can be
further simplified because a separate process for forming the first and the second
opening portions 102 and 104 is not required.

[00352] An example in which the first electrode and the second electrode are formed
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using a printing method and a thermal treatment method as described above is described
in more detail below.

[00353] FIG. 16 is a flowchart illustrating an example of a method for manufacturing
a solar cell according to a second embodiment of the present invention. FIG. 17 is a
flowchart illustrating an example of a method for manufacturing a solar cell according
to a third embodiment of the present invention.

[00354] The remaining steps (operations) of FIGS. 16 and 17 other than a first
electrode forming step are the same as those of FIGS. 12 and 13A to 15, and thus
different portions are chiefly described.

[00355] Accordingly, as in the manufacturing method of the first embodiment, each of
the methods for manufacturing a solar cell according to the second embodiment and
third embodiment of the present invention may include the tunnel layer forming step S1,
the intrinsic semiconductor layer forming step S2, the first conductive type
semiconductor region forming step S3, the removing step S4, the second conductive
type semiconductor region forming step S5, the anti-reflection layer and second
passivation film forming step S6, the first passivation film forming step S7, and the
electrode forming step S8.

[00356] The remaining steps (operations) other than the electrode forming step S8
may be the same as those of the first embodiment, and thus a description thereof is
omitted.

[00357] In the second embodiment or the third embodiment, the electrode forming
step S8 may include the step of forming the first electrode and the step of forming the
second electrode. In this instance, the step of forming the second electrode may be the
same as that of the method for manufacturing a solar cell according to the first
embodiment of the present invention, or the first electrode forming step S8 according to
the second embodiment or the third embodiment may be applied to the step of forming
the second electrode without a change. Accordingly, in an embodiment of the present
invention, a detailed description of the method for forming the second electrode is
omitted because it is not specially limited.

[00358] The step of forming the first electrode in the second embodiment or the third
embodiment is described in detail because it is different from that in the first
embodiment.

[00359] In the method for manufacturing a solar cell according to the second
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embodiment or the third embodiment, the first electrode forming step S8 may include a
process for printing a paste for the first finger electrodes for forming the first finger
electrodes and a paste for the first bus bar for forming the first bus bar on the first
passivation film 190A and a thermal treatment process.

[00360] In the thermal treatment process, the paste for the first finger electrodes and
the paste for the first bus bar may perforate the first passivation film and may be
connected to the first conductive type semiconductor region.  Accordingly, the step of
forming the opening portion in the first passivation film may be performed during the
thermal treatment process of the electrode forming step.

[00361] More specifically, in the method for manufacturing a solar cell according to
the second embodiment of the present invention, a first electrode forming step S8A may
include a process S8A1 for printing the paste for the first finger electrodes and the paste
for the first bus bar on the first passivation film 190A through a single printing process
and a thermal treatment process S8A2.

[00362] In this instance, a material included in the paste for the first finger electrodes
for forming the first finger electrodes 151 and a material included in the paste for the
first bus bar for forming the first bus bar 153 may be the same.

[00363] Thereafter, the paste for the first finger electrodes and the paste for the first
bus bar perforate the first passivation film 190A and are connected to the first
conductive type semiconductor region 170 through the thermal treatment process.
Accordingly, the paste for the first finger electrodes and the paste for the first bus bar
may be partially depressed into the first conductive type semiconductor region 170 and
then fired, thereby forming the first finger electrodes 151 and the first bus bar 153, such
as those shown in FIG. 5.

[00364] Furthermore, during the thermal treatment process, metal may be extracted
from the paste for the first finger electrodes and the paste for the first bus bar and
recrystallized. Accordingly, the metal crystals MC may be formed in the electrode
forming region 170A of the first conductive type semiconductor region 170.

[00365] In this instance, the highest temperature of the thermal treatment process may
be between 700°C to 900°C, more specifically, between 795°C to 870°C.

[00366] If the highest temperature of the thermal treatment process is 795°C or more,
the paste for the first finger electrodes and the paste for the first bus bar can perforate

the first passivation film 190A and can be connected to the first conductive type
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semiconductor region 170.

[00367] If the highest temperature of the thermal treatment process is 870°C or less,
the metal crystals MC recrystallized when metal is extracted from the paste for the first
finger electrodes and the paste for the first bus bar can be prevented from penetrating
the tunnel layer 160.

[00368] Furthermore, in the method for forming a solar cell according to the third
embodiment of the present invention, a first electrode forming step S8B may include a
process S8B1 for printing the paste for the first finger electrodes on the first passivation
film 190A in order to form the first finger electrodes 151, a process S8B2 for printing
the paste for the first bus bar having a material different from the material of the paste
for the first finger electrodes on the first passivation film 190A in order to form the first
bus bar 153, and a thermal treatment process S8B3, as shown in FIG. 17.

[00369] In FIG. 17, the process S8B1 for printing the paste for the first finger
electrodes has been illustrated as being first performed and the process S8B2 for
printing the paste for the first bus bar has been illustrated as being then performed, but
sequence of the two processes may be reversed.

[00370] As described above, the first finger electrodes 151 and the first bus bar 153,
such as those shown in FIG. 9, may be formed through the first electrode forming step
S8, such as that shown in FIG. 17.

[00371] As described above, in the method for forming a solar cell according to the
third embodiment of the present invention, the paste for the first finger electrodes and
the paste for the first bus bar may be performed by the separate printing processes S§B1
and S8B12.

[00372] Furthermore, in this instance, a material included in the paste for the first
finger electrodes and a material included in the paste for the first bus bar may be
different.

[00373] More specifically, content of frit glass per unit volume which is included in
the paste for the first bus bar may be smaller than content of frit glass per unit volume
which is included in the paste for the first finger electrodes, or frit glass may not be
included in the paste for the first bus bar.

[00374] The reason for this is that while the paste for the second finger electrodes
perforates the first passivation film 190A and is depressed into the first conductive type

semiconductor region 170 in the thermal treatment process for forming the first
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electrode 150, the paste for the first bus bar perforates the first passivation film 190A,
but is rarely depressed into the first conductive type semiconductor region 170 although
it is connected to the first conductive type semiconductor region 170 or the paste for the
first bus bar does not perforate the first passivation film 190A.

[00375] In this instance, the metal crystals MC may not be formed in the bus bar
forming region 170A2 of the first conductive type semiconductor region 170, and the
semiconductor substrate 100 can be prevented from being deteriorated.

[00376] Furthermore, content of frit glass per unit volume which is included in the
plurality of first finger electrodes 151 may be the same as content of frit glass per unit
volume which is included in the second electrode 140.

[00377] After the paste for the second electrode is coated, the second electrode 140
may also perforate the anti-reflection layer 130 and may be connected to the second
conductive type semiconductor region 120. If content of frit glass per unit volume
which is included in the paste for the second finger electrodes is the same as that
included in the second electrode 140, speed at which the paste for the second electrode
perforates the anti-reflection layer 130 and is depressed into the second conductive type
semiconductor region 120 and speed at which the paste for the second finger electrodes
perforates the first passivation film 190A and is depressed into the first conductive type
semiconductor region 170 in the same thermal treatment process may become
approximately the same.

[00378] Accordingly, temperatures in the thermal treatment processes for forming the
second electrode 140 and the first electrode 150 may become the same, and speed at
which the first finger electrodes 151 are depressed into the first conductive type
semiconductor region 170 can be limited.

[00379] Furthermore, content of a metal material per unit volume which is included in
the plurality of first finger electrodes 151 may be greater than content of a metal
material per unit volume which is included in the plurality of first bus bars 153.

[00380] For example, content of a metal material per unit volume which is included in
the plurality of first finger electrodes 151 may be 80 wt% or more to 95 wt% or less.
Content of a metal material per unit volume which is included in the plurality of first
bus bars 153 may be 60 wt% or more 80 wt% or less.

[00381] If content of a metal material per unit volume which is included in the first

finger electrodes 151 is 80 wt% or more 95 wt% or less as described above, the metal
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crystals MC can be sufficiently formed as described above with reference to FIG. 6 and
resistance of the first finger electrodes 151 having relatively narrow widths can be
sufficiently lowered in the state in which the paste for the second finger electrodes has
perforated the first passivation film 190A and is depressed into the first conductive type
semiconductor region 170.

[00382] Furthermore, if content of a metal material per unit volume which is included
in the first bus bar 153 is 60 wt% or more 80 wt% or less, the metal crystals MC may
not be formed in the bus bar forming region 170A2 of the first conductive type
semiconductor region 170 due to the metal material included in the paste for the first
bus bars although part of the paste for the first bus bars perforates the first passivation
film 190A and is connected to the first conductive type semiconductor region 170, or
the metal crystals MC may not be formed in the tunnel layer 160 as described above
with reference to FIG. 7 although the metal crystals MC are formed in the bus bar
forming region 170A2.

[00383] Furthermore, content of a metal material per unit volume which is included in
the plurality of first finger electrodes 151 may be the same as content of a metal
material per unit volume which is included in the second electrode 140.

[00384] If the first finger electrodes 151 and the first bus bar 153 having different
materials are formed as described above, the deterioration of the semiconductor
substrate 100 can be prevented, and the deterioration of efficiency of the solar cell can
be further prevented.

[00385] As described above, the deterioration of the semiconductor substrate 100 may
be generated during the thermal treatment process for forming the first electrode 150.
If a temperature in the thermal treatment process is too low, the deterioration of
efficiency of the solar cell can be prevented because contact resistance of the first
electrode 150 is excessively increased.

[00386] The embodiments of the present invention have been described in detail
above, but the scope of the present invention is not limited thereto. The scope of the
present invention also includes a variety of modifications and changes which are
defined in the appended claims and which will be performed by those skilled in the art

using the basic concept of the present invention.
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WHAT IS CLAIMED IS:

1. A method for manufacturing a solar cell, comprising:

a tunnel layer forming step of forming a tunnel layer on a first surface of a
semiconductor substrate;

a first conductive type semiconductor region forming step of forming a first
conductive type semiconductor region on the first surface of the semiconductor
substrate;

a second conductive type semiconductor region forming step of forming a
second conductive type semiconductor region by doping impurities of a second
conductive type into a second surface of the semiconductor substrate;

a first passivation film forming step of forming a first passivation film on the
first conductive type semiconductor region; and

an electrode forming step of forming a first electrode connected to the first
conductive type semiconductor region and a second electrode connected to the second

conductive type semiconductor region.

2. The method of claim 1, further comprising a step of forming an

opening portion in the first passivation film after the first passivation film forming step.

3. The method of claim 2, wherein the step of forming the opening
portion in the first passivation film is performed by thermal treatment in the electrode

forming step.

4. The method of claim 3, wherein the electrode forming step comprises a
first electrode forming step of forming the first electrode, and

wherein the first electrode forming step comprises printing a paste for first
finger electrodes for forming the first finger electrodes and a paste for a first bus bar for
forming the first bus bar on the first passivation film and performing thermal treatment

on the pastes.

5. The method of claim 4, wherein in the first electrode forming step, a

highest temperature for the thermal treatment is between 795 to 8700,
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6. The method of claim 4, wherein in the first electrode forming step, the
paste for the first finger electrodes and the paste for the first bus bar are printed through

a single process.

7. The method of claim 6, wherein a material included in the paste for the
first finger electrodes is identical with a material included in the paste for the first bus

bar.

8. The method of claim 4, wherein in the first electrode forming step, the
paste for the first finger electrodes and the paste for the first bus bar are printed using

separate printing processes.

9. The method of claim 8, wherein a material included in the paste for the
first finger electrodes and a material included in the paste for the first bus bar are

different.

10. The method of claim 1, further comprising an intrinsic semiconductor
layer forming step of forming an intrinsic semiconductor layer on the tunnel layer
formed on the first surface of the semiconductor substrate between the tunnel layer
forming step and the first conductive type semiconductor region forming step, and,

in the first conductive type semiconductor region forming step, impurities of a
first conductive type is doped into the intrinsic semiconductor layer formed on the first

surface of the semiconductor substrate.

11. The method of claim 1, wherein the first surface of a semiconductor

substrate is a back surface of a semiconductor substrate.

12. The method of claim 1, wherein the tunnel layer forming step
comprises forming the tunnel layer on the first and second surfaces of the

semiconductor substrate.
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13. The method of claim 1, further comprising a removing step of
removing the tunnel layer and the first conductive type semiconductor region placed at
least on the second surface of the semiconductor substrate prior to the second
conductive type semiconductor region forming step after the first conductive type

semiconductor region forming step.

14. The method of claim 1, the first conductive type semiconductor region

is formed by a thermal expansion of impurities of a first conductive type.

15. The method of claim 13, wherein the removing step comprises forming
an isolation portion by removing the tunnel layer placed on a first side of the
semiconductor substrate and an edge portion of the first conductive type semiconductor

region.

16. The method of claim 15, wherein the first passivation film covers the

first surface of the semiconductor substrate along with the isolation portion.

17. The method of claim 15, wherein the removing step comprises:

forming a mask layer having a smaller area than the semiconductor substrate on
the first conductive type semiconductor region on a second side of the semiconductor
substrate;

etching the first conductive type semiconductor region and the tunnel layer
placed in a portion in which the mask layer has not been formed; and

removing the mask layer.

18. The method of claim 1, further comprising forming a second
passivation film covering the second conductive type semiconductor region between the
step of forming the second conductive type semiconductor region and the step of

forming the first passivation film.
19. The method of claim 18, wherein the second passivation film is placed

on a side of the semiconductor substrate, and the first passivation film is placed on the

second passivation film.
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20. The method of claim 1, wherein the first electrode is a front electrode
positioned on a front surface of the semiconductor substrate, and the second electrode is

a back electrode positioned on a back surface of the semiconductor substrate.
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ABSTRACT

A method for manufacturing a solar cell can include a tunnel layer forming step
of forming a tunnel layer on a first surface of a semiconductor substrate, a first
conductive type semiconductor region forming step of forming a first conductive type
semiconductor region on the first surface of the semiconductor substrate, a second
conductive type semiconductor region forming step of forming a second conductive
type semiconductor region by doping impurities of a second conductive type into a
second surface of the semiconductor substrate, a first passivation film forming step of
forming a first passivation film on the first conductive type semiconductor region and
an electrode forming step of forming a first electrode connected to the first conductive
type semiconductor region and a second electrode connected to the second conductive

type semiconductor region.
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city |[eoul ||Country of Residence i kK |

Mailing Address of Inventor:

Address 1 | G ELECTRONICS INC. IP GROUP
Address 2 51, Gasan digital 1-ro, Geumcheon-gu
City ‘ Peoul | state/Province | ‘
Postal Code | [153-802 | Countryi | kR
Inventor |7
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
| E| IJaesung | I(IM ‘ El
Residence Information (Select One) US Residency (8 Non US Residency Active US Military Service
City |Beoul ||Country of Residence i Kr |

Mailing Address of Inventor:

Address 1 | G ELECTRONICS INC. IP GROUP

Address 2 61, Gasan digital 1-ro, Geumcheon-gu

City ‘ ISeouI I State/Province | ‘
Postal Code ‘ |153-802 ‘ Countryi ‘ ‘KR

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

generated within this form by selecting the Add button.

Correspondence Information:

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

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

Customer Number 12292

Email Address mailrcom@bskb.com | | Add Email | [Remove Email
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Attorney Docket Number | 1630-1332PUS2

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | SOLAR CELL AND METHOD FOR MANUFACTURING THE SAME

Application Information:

Title of the Invention SOLAR CELL AND METHOD FOR MANUFACTURING THE SAME

Attorney Docket Number| [1630-1332PUS2 Small Entity Status Claimed [ ]

Application Type Nonprovisional -
Subject Matter Utility -
Total Number of Drawing Sheets (if any) 18 Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.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 demestic 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 7

filed application

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

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

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: e Customer Number US Patent Practitioner | (O Limited Recognition (37 CFR 11.9)

Customer Number 12292
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. Attorney Docket Number | 1630-1332PUS2
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SOLAR CELL AND METHOD FOR MANUFACTURING THE SAME

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number" field blank.

Prior Application Status | Pending -

Filing or 371(c) Date

Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Continuation of ~| 14/953264 P015-11-27
Additional Domestic Benefit/National Stage Data may be generated within this form Add
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 Ofiice to
automatically attempt retrieval pursuant to 37 CFR 1.55(i){(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Code (if applicable)
[10-2014-0168624 kr po14-11-28
Remove
Application Number Countryi Filing Date (YYYY-MM-DD) Access Cocie'I (if applicable)
[i0-2015-0122846 kr po15-08-31
Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

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

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 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 AlA.
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Attorney Docket Number | 1630-1332PUS2

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SOLAR CELL AND METHOD FOR MANUFACTURING THE SAME

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 correspending 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-cut of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQ), the Japan Patent Office
(JPQ), the Korean Intellectual Property Office (KIPQO), the State Intellectual Property Office of the People’s Republic of
China (SIPQ), 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)

().

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

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

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

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

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
IX] 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.
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Attorney Docket Number | 1630-1332PUS2

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SOLAR CELL AND METHOD FOR MANUFACTURING THE SAME

Applicant Information:

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

Applicant |1

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

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

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

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

B

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name | | 5 £| ECTRONICS INC.

Mailing Address Information For Applicant:

Address 1 28, Yeoui-daero, Yeongdeungpo-gu

Address 2

City Seoul State/Province

Country | kR Postal Code 07336
Phone Number Fax Number

Email Address

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

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | SOLAR CELL AND METHOD FOR MANUFACTURING THE SAME

Assignee |1

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

If the Assignee or Non-Applicant Assignee is an Organization check here. X
Organization Name | § 5 F| EGTRONICS INC.
Mailing Address Information For Assignee including Non-Applicant Assignee:
Address 1 128, Yeoui-daero, Yeongdeungpo-gu
Address 2
City Seoul I State/Province
Countryi KR I Postal Code 07336
Phone Number | Fax Number
Email Address
Additional Assignee or Non-Applicant Assignee Data may be generated within this form by Fvm

selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants whe have heen given
power of attorney (e.g., see USPTO Form PTQO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |/David Bilodeau/ Date (YYYY-MM-DD)| p017-07-06
First Name Pavid Last Name ‘ ‘Bilodeau Registration Number 2325
Additional Signature may be generated within this form by selecting the Add button.
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. Attorney Docket Number | 1630-1332PUS2
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SOLAR CELL AND METHOD FOR MANUFACTURING THE SAME

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.5.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and {3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandenment 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 US.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to cpposing counsel in the course of settdlement negoetiations.

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

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

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

6.  Arecord in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.5.C. 181)
and for review pursuant to the Atomic Energy Act (42 US5.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the G5A 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. Arecord 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.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.4, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential violation of law or regulation.
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

SOLAR CELL AND METHOD FOR MANUFACTURING THE SAME

First Named Inventor/Applicant Name:

Jungmin HA

Filer:

David Alan Bilodeau

Attorney Docket Number:

1630-1332PUS2

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount SulL)’-S'I'[c;(t:)l in
Basic Filing:
UTILITY APPLICATION FILING 1011 1 280 280
UTILITY SEARCH FEE 1111 1 600 600
UTILITY EXAMINATION FEE 1311 1 720 720
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Description Fee Code Quantity Amount Sul:’-s'l';(t;)l in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1600
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Electronic Acknowledgement Receipt

EFS ID: 29707959
Application Number: 15643180
International Application Number:
Confirmation Number: 7835
Title of Invention: SOLAR CELL AND METHOD FOR MANUFACTURING THE SAME
First Named Inventor/Applicant Name: Jungmin HA
Customer Number: 2292
Filer: David Alan Bilodeau/ROLONDA LEE
Filer Authorized By: David Alan Bilodeau
Attorney Docket Number: 1630-1332PUS2
Receipt Date: 06-JUL-2017
Filing Date:
Time Stamp: 17:34:10

Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $1600
RAM confirmation Number 070717INTEFSW17351000
Deposit Account 022448
Authorized User ROLONDA LEE

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)
File Listing:
Document .. . File Size(Bytes Multi Pages
Document Description File Name ize( y i . . 9
Number Message Digest | Part/.zip| (ifappl.)
6190024
2017-07-06-
1 ContinuationApplication-1630- yes 93
1 332PU52_pdf 239aa261481c7e083061765282825bbe753)
2132d
Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal of New Application 1 1
Miscellaneous Incoming Letter 2 2
Transmittal Letter 3 7
Information Disclosure Statement (IDS) Form (SB08) 8 11
Power of Attorney 12 13
Oath or Declaration filed 14 16
Drawings-only black and white line drawings 17 34
Specification 35 88
Claims 89 92
Abstract 93 93
Warnings:
Information:
1823320
2017-07-06-
icati 10
2 Application Data Sheet ADS-1630-1332PUS2.pdf no
9d0761d3f8d8b383c1fb65f509982d781b5
706a4
Warnings:
Information:
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34768

3 Fee Worksheet (SB06) fee-info.pdf no 2

575d9abf1c64e4ccAbbceed070f82e109563]
1b2a

Warnings:

Information:

Total Files Size (in bytes){ 8048112

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WwWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMS |
15/643,180 07/06/2017 2827 1600 1630-1332PUS2 20 1
CONFIRMATION NO. 7835
2292 FILING RECEIPT
BIRCH STEWART KOLASCH & BIRCH, LLP
AT O B

Suite 100 East
FALLS CHURCH, VA 22042-1248

Date Mailed: 07/17/2017

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Jungmin HA, Seoul, KOREA, REPUBLIC OF;
Sungijin KIM, Seoul, KOREA, REPUBLIC OF;
Juhwa CHEONG, Seoul, KOREA, REPUBLIC OF;
Junyong AHN, Seoul, KOREA, REPUBLIC OF;
Hyungwook CHOI, Seoul, KOREA, REPUBLIC OF;
Wonjae CHANG, Seoul, KOREA, REPUBLIC OF;
Jaesung KIM, Seoul, KOREA, REPUBLIC OF;
Applicant(s)
LG ELECTRONICS INC., Seoul, KOREA, REPUBLIC OF;
Assignment For Published Patent Application
LG ELECTRONICS INC., Seoul, KOREA, REPUBLIC OF

Power of Attorney: The patent practitioners associated with Customer Number 02292

Domestic Priority data as claimed by applicant
This application is a CON of 14/953,264 11/27/2015 PAT 9722104

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)

REPUBLIC OF KOREA 10-2014-0168624 11/28/2014

REPUBLIC OF KOREA 10-2015-0122846 08/31/2015

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: No
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual
property Office that participates in the Priority Document Exchange (PDX) program or contains a proper Request to
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt
to electronically retrieve these priority documents.

If Required, Foreign Filing License Granted: 07/13/2017

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/643,180

Projected Publication Date: 10/26/2017
Non-Publication Request: No

Early Publication Request: No
Title

SOLAR CELL AND METHOD FOR MANUFACTURING THE SAME
Preliminary Class
365
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.
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For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

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

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

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

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

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

Application or Docket Number

Substitute for Form PTO-875 15/643,180
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE(S$) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c}) N/A N/A N/A N/A 280
SEARCH FEE
(37 CFR 1.16(K). (), or (m) N/A N/A N/A N/A 600
EXAMINATION FEE
(87 CFR 1.16(0), (p), or ()} N/A N/A N/A N/A 720
TOTAL CLAIMS ]
(37 CFR 1.16(i)) 20 minus 20= OR [« 80 - 0.00
INDEPENDENT CLAIMS .
(37 CFR 1.16(h) 1 minus 3 = X 420 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1600
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE($) FEE(S)
E AMENDMENT PAID FOR
i Total . i w -
s (37 CFg1a.16(|)) Minus X OR |«x =
2 Independent * Minus | *** =
E (37 orR 1.16(h)) x OR |«x =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFR 1.16()) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE($)
E AMENDMENT PAID FOR
L Total Minus = =
= (37 CFCF>Ha.15(i)) X OR |x =
% Independent Minus | *** = X = OR |«x =
w (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

™ If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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o

EHE TEsH] AFelal, ok Z2 A EHE 0.6mm ~ 2.6mm HWHE Tw
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dolAl= A4 sbeehd, Hdge adt 24 4 v

oy FAMoR, HYEF(160)9 FA(TIE)E 0.5mm oo s 212 A
Az oz 0.6m HEOR HYF(160)S FAHse AL AAHOE o offil,
B9 %(160)9) FA(TI60)E 2.5mm ©)8tE 3t AL 2. 6mE Hold:s 49 €4
g ERE 7o dojuA FL g Y] wEeld.

o], o9 2L HYEE(160)L ¥EA 7]W(110)8 T mHo) tid )

Aol A 715 R AN FaT Qv

kv

S, I AAR170)= B 2A 1R FH EH Yo YRk, A

1 =34 g9 EeEo] veA 7H1I0RY Z¥e® aEHy, ad 4

= o8} 7L FY AAFITNE T 1 2 T 29 TAE vk} Zo], umg
A A)B(110)9] FHe] FAE BHEE160)9 FH Yo gMd=o, vnH 7%
(110)7} oA =)o} FAE F Ut

F QAAR(170)7F BrEA Z)9(110) Woll dAYA @i, & 1 2 5 20

E=AE HRel ol R AARR70)7) WAl 7] (110)¢] FH ol FAdHH,
HEA 7111003 A ASsA @3 ol4sef, HEF(160)9 F 9o 12
4 Azl Adz 9dE By, HE A A Agoo) & H FEAA

AT,

obgel, BEA YE(110) Wel F HARQT0OE FASHA Far wEA
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AR08 AFol R AAF70)E FAemE, Az 2AY FH AAN
17002 Bt BgolAl, WEd] B0 WF FE4e AngE 5 Qo
BEA Z)R(110)e) E4e] AREE AL BAT 4 AT Hed, B 12 % 2

o =AE vhel AL B WA= BES o FAANEL 5 A

<67 olg} ZHe Fm AAF(170)9 FA(TL70)E 50nm ~ 500nm Ale]Z2 JAMH
T AT,
<68 A2 A=0150)2 F9 QAAF-170)¢] T Holl wiHR s, FH AR N7

0l AV|Hoz AAFS Quf, )¢ FE A2 AF(150)2 = 1 2 E 2] EA

9 ouhsh o], Bl A2 M7 ABFSD) N B A2 ¥AN(15)E TP &

<69> ol71M, Fe A2 FA A=06D2 FH AAFA70)9] FH e M=

AFe AL WFLE WoIPE F 9or], TA AATAN) HOE oFH

<70> aeli, B9 A2 MAan(183)s F9 AARA70) M Hee A2 3

71 ASA5DF T4 Sl AAsz, H9 A2 P71 ASA5DE A= A74e

2 @2AAE, Bae) A2 97 ASFA5DH @Ashs A2 By ow Mol 9
% g,
71> olgh ZE BHo A2 MAH(5)E MY ANE ME AANYE AHAY

E(WE=ADg d250, A2 37 A=FA5D o8l F35He] o] Fdh= Aol
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A2 w2=uk(153) 9] de] WEke Al H2vk(143)e] deo] HEFH F
A2 A A50509 do] HFE Al FA A504D9] o] WFH F

om, A2 AZ(150)9] AAe Al A=(140)9] AAF} FAT = Qo).

A2 A=F(150)2 T AAR(170) Yo &£ T BFL(19

el A TR BFE(190)9] ol A2 HF(150)e @8] HE Al

=

& WEdstel A YA dAE FAE Fete] IHE

—=

, A2 A A5 9 &2 ddE, 150um ~ 400um Alold ¢ gle

A2 W2uE(163)Y Z2 A2 FA JA=006DY ZFR 24 FAEHE, lom ~

>

3mm Abole] SN AFH & Ak T, olo] weA @FHE AL o,

2 %% M2 S Q)
A REE(190)2 = 1 8 = 2 m=AE upe} Zo], FH A
(17009 A FellA A2 A=(150)0] FAAH G2 AT A G Ao 94X
& 9
< FH REH190) FHA AR FHdEd 5 o, ¥F wE
o F449 7 o, FH AARAI09 54& nwste 54 14
3=

£ & BEE(190)9 4L SiCx, Si0x, silicon nitride (SiNx),
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hydrogenerated SiNx, aluminum oxide (AlOx), silicon oxynitride (SiON) &
hydrogenerated SION ¥ Hoj& stuz A€ 4 ot

<78> ol¢g} ZF2 FH REUHI190)2 FH AAF(170)8 FH IS FHAHel4

Se 7158 $9% F A,

<79> 18 = 20A, o]gt 22 TS e & AAded nhE ' dAAe F

<80~ Bk ARz dlo] zAlEe] whAl HRY(130)F o ER(120)8 B v
Aol WEA 71F(110) ez JAEA W oA o] o wrmAle] wrEAl 7]3(11
OelA AA-AF go] ZAGTE. ofw, WAL HAG(130)] 93] wmA s)%
(110) 2.2 YJALs= Weo] whAl E4o] Fojgo] A 7|3(110) o2 YA+ 2
9] oFo) F7heith.

<81 ol AA-AFT AL T=A 1T110)F oW EHE(12009] p-nF Frel 25
Aw BgHe 453 A4z, odF B9, p39 =14 HU9E e odvEHT
(12009t nde A4 B zZe wEd R0Eoz 77 olEdit)
oA, uEHRE(120)Foz o)Fd AFES Al A AF4D s 3= o
Al M2 (143) 2 AGH T, NEA 7](110)9) FA Kol AAF FH AANR

(170 o &g Axes A2 A A=506Ddd s FHEo] A2 HAuH(163)E A

N

28 & g

=

<82 ob2e], Alw AAF Hd AA 7o) A1, 2 wavk(143, 153)2 A= ¢
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HAYE(MEA)E 2R ARt 524 A3, o] & 9RolA AHo 0§

G, B 2yl mE HY dxe = 1 WA T 39 ZAE viel Zo], A2
AF(150)9] FHole d¥e FH AAR-(170) WHE 5o FHE & Aok, F
A Loz, A2 A=(150)2 FAd= A2 F7 A50151D 3 A2 v28k(163) &2
F7F 9 AAF-70) WRE EdEe] dAE F A

ChAl ke, F9 A0k A2 Ad=5(150)0) A& & Al A
ABsHe] 9 AATAT0) £H BREL(190)0] A& AEshs A2 AATES
)BT B 7)R(110) BFeR o Adistd FAH 94T 5 Ak,

T 3M= A2 3A A5061DE dHE BASAT, A2 M8 %
A2 FA A506DF AR FH AAF(70) W2 F9d 98 722
7HE e

oj¢} o], A2 AF(150)0] FR HAF(170) WHF= FUHE A4S A2
A50150)% BAF7] AT A2 A5 FHol2EE FH HET(190)9 FHA FHE

date] 34 A dxd F sl A2 A= HolRE FH BRE®
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flo
_|El

(190)e &3 3 AARF170) W52 AFstEA H54 o vebd ¢ s 4

|t}
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X
[\Ne]
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A},
<88> o714, Al AAAGBID T A2 AARBS2)9 Fo] ZolE lnm ~ 20nm ARo)
2 H4AE £ gdod, o9 7L AL, 2 AAABSL, BS2)9 o] Ao (TBS)= A2

A=01650)5 FAsH7] A Az 3Ae AlF 2 A2 A5 o] B

bl

=
el Zel(glass frit)e] @&l e g3 5 .

<89> =1 UlA = 3elAE A2 AF(160)E FAsHE 599 A2 ¥ 2uk(153) ¢
o A2 A AF(15D E¥7F F9 AARA70) RE F98 498 dEAE
EASEAT, BEAl oo A= AL ofi, A2 AF(150) F HFTY A2
B7 AFDT FH AARA0) WRE el gAE FE v o
Zol, B A2 FA A505D% FH AAF170) WEE FedE 7 s
AE 26 olslel Al Bl FAgor it

<90> wihal, B o@ve] mE BY AAET k3o =AE ukep o], A2 AS
(150)°] F# AAF-Q70) 5= =], - AAFA70)9 A1 FAABSD
oA T AAF70)e} A2 A=060)2 AR J5TE 5 A

<91> ojwf, W 20| mAlE upe} Fol FR AAF(170) FolA A2 Z=(150)¢]

F445

rr

A% 94 A0 Bl F5 AAWUOE W EFT 5 ¢

<92> del2, = 3o Z=AIE wkeh o], FH AAR70) SoAA A2 FA A=

-

(15D)e] FAE= A I G 700F) 0
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A M)

o
i

e

259 F

b

A, = 3AE T AAR170)9 A FA A9 (17004) FolA A= A
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A GA9T00R) T AR e, Hauk g4 GH1T700B) N FLEHA Hpe

<03 Fag, & 28 FEIW, FH AAFA70) FAAM, A2 A A=(1561DF

HES(160) Atele] 2ol fAste 9 AARQ70)9 992 34 FA4

l

of
a8

(1700F)elet ki, A2 w2=uH(153)9F HYS(160) Atele] & 7ol 91438k

i
g

AAS-(170) 8 A2 MAank @4 G4 1700B) o2t star, F9H AA5-(170)

ol
=2

ofl

A ogA gAd 39700 3 Wank g4 99(1700B)S A% YA 99g A1)
P4 dd(17oNO)olet . ol d, FA ¥A AHA(1700F)F wmp dA Ay
(1700B)-2 T3] A= P4 49 (17004) o]} 3},

<ot ojg} Be Bo] ga AAMO)L THAAR AeEom AAHE T AAR

(170)¢k wlarste] Gehqoz Aol wol, = 30 =AlE whe} o], WA 7]

)

(110 e =258 HESA60)& F3Hste] F7 AAFQ70)E o]eF AHeof, &
So] HAEo] & AANOS B39 A2 AF(150)e.z AFH oAU, &5
ARZUOF T4 AFWUCO) AtelE HEste] A2 AF(150)28 o5 + vt w
A, o9k e B F& AAMUOES Adelrs A2 AFU0) Lz B 4o
A 05T F AEE ReFE ATs @ 5 Qo

<95 uepA, oleh g2 oE AAMOZ W AZem Qe A 7|3
(11007 A2 A=(150) Apole] A=<l 7elE& Bth F3& 5 drt.

<96 Ee, 4 29002 A2 AF(1650)0] FA AAF(170)e] HEE o, A2

A50150)F F91 AAF(170)8) ABAR] Al AARBSD S F4HLE wEd 7]
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(110) ¥gFez FAH7] mIol, A2 A=(150)3 F HAF(170) Alol9] A=

Ade BY Y& 5

At

of TAE B owrgi o] A2 45015003 EEF(160) Aol

o FH AAR0) WPl BEY F4 AHMOL ¥ Egss A%, B 47

olek gel,

18

& ARAMNOLS T AAR70) A A2 A=F(150)0] dA

(1700A) el A 8kal, FH AAF(170) FollA A2 d=(150)

g 497Nl F5 20O AAA Fe F

a5 A0l T AAFA70) Fold A= FAH I

(17000 Y50, B g FAI70N0) o= YRsHA] L= AL o9 7L B

7o 75 ZAFWCO) ] A2 HW=(160)s FAdsy] A% 47

=(160) . =78 WAL F50] AZAASE ] FAE 7

delZ, B9 A2 d=5(150)2 Holx stue] =44 & =de £99)

o @44+ A

delz, YWAND,

A7|A, B4 A2 AF(180)d 28Y= =AM 55 222

T (Cw), (Ag), EFHE@AD, F406n), odn), U7

(In), BBk (T1), w(Aw) 3 oS¢ 2FOE o]Fofzl ZoziE Yy ok

sl 4 QAT

o)99) BhE BAY B 2A= o|Feid 7 9

AZIA, Hae 54 Z2AWU0S A2 A=0150) s F457] A% A &
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ATF. wERA,

el #1A sk A5

T(160)s THEsto] WA |R(110)9 FH vFE AFH= A

Qe Aelo] wolz

d5(160) o= AAA &= A5, ol g2
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ol A= A2 H=0150)0 Egdd 55 =do] wAug QA HTA I

, A2 A=(150)e Egdd 55 249 $d% 55 228 1EE€
del=, A2 A=(150)0] 2(Ag)& st . 5 A2HUOE

F ek,

2k 4o =AY kel o], 5 20O F1 A A R-(170)

Wel= AXSAL, HEF60) Wl ANSA e 5 qleh,

TAE Hulo]e} go] o]&l 7o & AANC) ] B EZF(160)
HY3(160)9 71%°] AHsd & di, 55 2400 H4a

A 7]

o

’

(110) 2 B€=(160) - F9H AAR70)E F48 Fx 98 ygus AW A

(Vo) HA o] AdtE o], WA 7|9 (110)0] dztd + AUt

WA Z1E(110) 0] dRE = A, WAl 719(110)9] 54,

E}A(carrier life time)¥} &2 EAo] A3td 5 A},

Y Zol wg AAWC) ] T AAF-(170) dell= # A 8HA]

Jim

g ARE BALT 5 9

57 gF A4WN09 F dF0CDs = 3o =AE vk}
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A7)A, B30 54 2AWMCO) 2 A2 AF(150) 025 H EYEF(160) Fio

Zo] AoJ(LNC) 7y TR A F(170) FA9) 2/3 o8t 4 glvk. o]k Feo], =

I

ZAAMCI Aol (LNO)E T AAR(170) FA 9 2/3 oz A= AS F&
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WEA 713 (110) &
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o], & AARWUCINA A2 AF(150) o] <lAF BREo) | W (x, v) Z(WMC)
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Hldsted 27170 2Add 5 v
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TAE wpeh Zo], B ool A2 dAlde whE B AR A2 A

ARt FE AARA0) WRE FYAA 5, A2 AF50

Rl A F-(170)

o
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G
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2 W2uF(153) FoA] A2 A7 AF(1BDE T BEE(190)S Eu £ AAR
(170) -2 dd=e] dAdd 25 7HAa Jderz, F9 AARA70)9] Al

AARMBSDAA T AAFA70)9F A2 FA A=15D% M= FEea, 79

AAF70)9) A= A A 9(17008) F A A2 B7) AF(151)0] FAEHE= 27
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dYse S5 Az gFhes U4 T 5+ Ak

o= Slste], Al AF(40)H A2 AF50)0E AT A AR B
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material containing impurities of the second conductive
type, a first slectrode connected to the semiconductor
substrate, and a second electrode configured {o pass
through the dopant layer and connected fo the emitler
region.

FIG 1
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Description

CROSS-REFERENCE TO RELATED APPLICATION

{0001} This application claims priority to and the benefit
of Karean Patent Application No, 10-2014-0152372 filed
in the Korean Intellectual Property Office on November
4, 2014, the entire contents of which are incorporaled
nierein by referance,

BACKGROUND OF THE INVENTION

Field of the Invention

[o0082] The present disclosure reiates to a solar celf
and a method for manufacturing the same.

Bescription of the Related Art

[O003] Recenily, as existing energy scurces such as
petroleum and coal are expected tobe dapleted, interests
in alternative energy sources for replacing the existing
energy sources are increasing. Among the alternative
energy scurces, solar celis for generating electric energy
from solar energy have been particularly spotlighted.

{0004] A solar cell generally inciudes semiconductor
parts, which respectively have different conductive types,
for exampie, a p-type and an n-type and thus form a p-
i junction, and electrodes respectively connecied to the
semiconducior parts of the different conductive types.

{0005} Whenlightis incidenton the solar oell, a piurality
of electron-hole pairs are produced in the semicondusctor
parts and are separated into elsctrons and holes by the
incident light. The slectrons move to the n-iype semicon-
ductor part, and the holes move {o the p-type semicon-
ductor part. Then, the siectrons and the holes are col-
lected by the different electredes respectively connected
s the n-type semiconductor part and the p-lype semi-
conductor part. The electrodes are connected o each
other using electric wires to thereby obtain electric power.

SUMMARY OF THE INVENTION .

{8008 In one aspect, there is a solar call including a
semiconductor substrate containing impurities of a first
conductive type, a tunne! laver positioned on the semi-
conductor substrate, an emitter region positioned on the
tunnet layer and containing impurities of a second con-
ductive type opposite the first conductive type, a dopant
layer positioned on the emitler region and formed of a
dielectric material containing impurities of the second
conductive type, a first electrode connected to the sem-
iconducior substrate, and a second electrode configured
to pass through the dopant layer, and connected io the
emitier region.

{0007} A doping concentration of the second conduc-
tive type impurilies contained in the emitter region in a
first portion of the emitter region contacting the second
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electrode may te higher than the doping concentration
in a second portion of the emitter region contacting the
tunnel layer.

[0008] A doping concentration of the sacond conduc-
five type impurities contained in the emitter region may
increase in the emitter region in going away from the
tunnel layer.

{0008} More specifically, a first doping concentration
of the second conductive type impurities in the first por-
tion of the emitter region contacting the second elacirade
may be higher than a second doping concentration of the
second conductive type impurities in the second portion
of the emitter region contacting the tunnel layer.

{0010} Forexample, the first doping soncentration may
be 5*101%cm3 o §*10%%em®, and the second doping
concentration may be 5*10%8/cm? to 5*1020/em3.
{00141 The doping conceniration of the emitter region
may successively decrease linearly or nonfinearly in the
emitter region in going from the first portion to the second
portion.

{8812] The emilter region may be formed of a polycrys-
talline silicon material. A crystallinity of the amitter region
may increase in the emitler region in going away from
the tunne! fayer,

[8313] A thickness of the emitter region may be 50 nm
to 180 nm, and a thickness of the dopant fayer may be
25 nm ko 150 nm.

[0014] The solar cell may further include a hydrogen
injection layer positioned on a back surface of the dopant
layer and formed of a dielectric material conlaining hv-
drogen at a higher concentration than that of the dopant
layer.

{B015)  The solar celt may further include a front surface
fleld region positioned on a front surface of the semicon-
ductor subslrate and containing impurities of the first con-
ductive type at a higher concentration than that of the
semiconductor substrate. The tunnal layer, the emitter
region, and the dopant layer may be positioned on a back
surface of the semiconductor substrate.

{0018} In ancther aspect, there is a method for manu-
facturing a solar cell, the method including a layverforming
operation of sequentially forming 2 tunnal layer, an in-
trinsic amorphous silicon layer, and a dopant layeron a
back surface of a semiconductor substrate formed of a
crystalline silicon material containing impurities of a first
conductive type, the dopant laver being formed of a die-
lectric materiai containing impurities of a second condue-
tive type opposite the first conductive type; a thermal
processing operation of, after the layer farming operation,
farming a froni surface fleld region on a front surface of
the semiconductor substrate through one successive
thermal process, in which a temperature in a furnace is
maintained or raised, rscrysiallizing the infrinsic amor-
phous silicon layer into an intrinsic polycrystalling silicon
layer, and diffusing and activating the impurities of the
second conduclive type of the dopant laver into the re-
crystallized intrinsic polycrystaiiine silicon laver to form
an emitter region; and an slectrode forming cperation of,
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after the thermal processing operation, forming & first
elecirnde connected io the front surface of the semicon-
ductor substrate and forming a second electrode con-
nected to the emitter region.

(00471 ThsSayer forming uperation My faw thee Inghade:

apracass far Torming a-cappiag faysr faryriad wha distes
tric peaterial ot pontaining buptrities of e sevand o
duative typaon @ bask Surfane of e dopani laven
[0618]  The methad may Rutbat helids, betvaen s
tharmal processing Specalke and thie slecirodatorming
aperatioh; &n Gparation o remodig 8 cappiby layer
formad on 5 baok sirfase of the ssptionadustar sub=
sirate and an oxide layer formed on a front surface of the
front surface field region in the thermal processing oper-
ation: and an operation of forming a hydrogen injection
fayes v of a digtectric layer containing hydrogen on
the Back siwfhte of the dapant layer, on which the cap-
sl faver Basnoverd
O8] The forming of the emitter region niay inchsd
H chahyaiidgenatinn prapess for e maving hydrdgen o
tainad in the intrinsic amorphous silicon layer; a recrys-
intiization mrocesy Tor raceyetallizing e 'mrm’kic FEQE
phvus siffonn ayar o e infringic ;ac:dy cryst Y
heyatrand sb smillerragion achvaling process wmu{ubv
ngandautivating hi“?n“j}i}ﬁ““‘i(?{ $Hs yacund suarhithee
xam. cordained inthe dopantiayer into the raoivsiatized

intrinaic palyorystallt na-shicon fayar.
Do20)  Thederming of iha front strface field region may
it a ot aurface ik rayion-aetivating process for

:*ffusir\, and nchiviing impinitiss of he st mnduvaive
frgnirdothe froni surface ot sarnicondusior subsirate.
The frontsurises Skl ragion activaling grocess muy be
performed along with the emitter region activating proc-
ess.
[0024] The thirraat processing gperation may include
a first thermal feacess for maintalaing the temperature
of the furnace at a first temperature, a second thermal

[28

proness forchangingthe temperaturg ofthe fursadeiron
the first lemoaraberstoa sscond lenperatirs higherthat

the g temparaties, @ third thermiad ogdsen o pdire
pintig the lamparatuen of e furnass atthesaedadigm-
garaturs, a fowrth thanuslprogess G chatging e em-
dasaturs of the Rurnace ot e satond fempasiurg to
athird iesmps:mmre,h*ghéw ihar e seoond lehiperaiure,
and a fifth tharmat process for maintaining the tempera-
ture of the furnace at the third temperature.

(0622} The first to fifth thermal processes may be sue-
cassivaly performed i thesaros furmace,

0833 A sscopil ermal prodass e of thy second
Sy iveal pronass may bs unger han a fostd hermat proge
was tinve of the Sirst haovst Provess.and & $HIG thermat
procgss time of the thirg thermal process. The third ther-
mal pradass ime may be aqug! (o or longer than the first
thermal process time.

[0024] For exampty, the first thermal grogess may
maintain the temperature of the furnace ai tha first tem-
perature of 350 °C to-483°C for & minules {0 15 minutes.
The third thermal progasg may maintain the termnperature

A e719A2 >

Petitioner Canadian Solar (USA) Inc., Ex. 1006, p. 215

(&1

26

30

35

of ihe furnace at the second temperature of 500 °Cio
600 °C for 10 minutes to 20 minutes.

10025]  The seednd termad provass oy increase the
temperaiure of the furadts fom ihn firgf tomperature 0
the' nenand feniperaiure Tor 18 minulea i 25 pedbuies:
ovee] Theiith Hermal priosgs niay maintain the tam-
pataiure of e Tueoe ol the tind tamparature of 800
SE3 e 1000 70 OIS miinutes o 20 minttes: The fourth
thermal process may increase the temperaiurs of the fur-
nace from ihe second temperature to the third tempera-
ture for 5 minutes to 15 minutes.

{0027} The dehydrogenation process may be per-
formed through the first to third thermal processes. The
recrystalliization process may be performed through the
fourth thermal process.

{00281 The sptier region adtivating grecess and the
sant aurface fiald region activalivig provess may be per-
formed through the fifth thermal process.

{5029} Thesohwcellandthe methiod for manufagiwing
the same according to the presantiinciosure are oo afig-
ured so that the doping conceniration of impurities of the
second conductive type contained in the emilter region
increases as the emitter region is far away from the tunnel
yar. Heseea recdmibinatinn of sartigrs § the amilter
raghn oEn ba rodudad; and contsel ctinmoisnistic be-
fwmen the el regionand e sgonnd wettronie san
be further improved.

{0030]  Fufthermore, the methodfor sranutacturing the
et cell dovnrding to the pressit disclogure simuftane-
ously Sore e frant swiace fald repion and the smitier
region thiclgh ong spccensig thermal prosess ofwihish
a tempiraturs b maintainetdar ralsed, and {hvns oun fues
ther reduce manufacturing time.

BRIEF DESCRIPTION OF THE DRAWINGS

{{mm} Tha aoeompenying deawings, whichare inchud

A4 to provide a further understonding of the inverdion anad
earea Hearporated i anid sanstitete s pat of thig speciB-
oation. Hustate embodiredtils of s nveniion sl o
gether with the description serve to expiain the principles
of the invention. In the drawings:

£1GS. 1 and 2 illustrate a solar cell according to an
example entbodiment of the invention:

FiG, 3 ilusirates adoping congentration of an emitter
region of the solarsall shown in FiG. 1;

FI6. 4 illustrates adoping concentration of anemitter
region accarding to a comparative exa muple different
from an example embodiment of the invention;
FIG. 5 is a flow chart Hllustrating a method for man-
wfacturing a solar cell according to an example em-
nodiment of the invention:

FIGS. BA io 8 depicts reference figures of each
stage iluskatad in the flow shartof FIG. 5; and
FIG. 7 itusirates changes in stomperature overtime
in a thermal processing operation of & method for
manufacturing a solar cefl according to an exampie
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embodiment of the invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0832] Reference will now be made in detaill to embod-
iments of the invention, exampies of which are ilustrated
in the accompanying drawings. This invention may, how-
ever, be embodied in many different forms and should
riot e construed as fimited 1o the embodiments set forth
herein. Wherever possible, the same reference numbers
wiii be Used throughout the drawings to refer to the same
or like parts. itwill be noled that a detailed description of
known arts will be omitted if it is determined that the de-
tailed description of the known arts can obscure the em-
bodimernits of the invention.

{0033} In the drawings, the thickness of layers, films,
pansis, regions, stc., are exaggerated for clarity. It will
be undarstoad that when an elernent such as a layer,
film, region, or substrate is referred (o as being "on” an-
other elemant, it can be directly on the other element or
intervening elements may aiso be present. in contrast,
whean an element is referred to as being “directly on” an-
aother eiement, there are nc intervening slemsnts
present, Further, it will be understood that when an ele-
ment such as a layer, film, region, or substrate is referrad
tc as being "entirely” on other element, it may be on the
entire surface of the other element and may notbeon a
portion of an edge of the other element.

[0034] In the following description, a ™front surface"
may be one surface of a semiconductor substrate, on
which light is directly incident, and a "back surface” may
be a surface cpposite the one surface of the semicon-
ductor subsirate, on which light is not directly incident or
reflective light may be incident.

{0035] Exemplary embodiments of the invention are
described with reference to FIGS. 1o 7.

{0838} FIGS. 1 and 2 illustrate a solar cell according
to an example embodiment of the invention. More spe-
cifically, FIG. 1 is a partial perspaciive view of the solar
cell aceording o the embodiment of the invention, and
FIG. 2 is a cruss-sectional view taken along fine -} of
FiG. 1.

[0037]  As shown in Fi3S. 1 and 2, a solar celi accord-
ing i the embodiment of the invention may include a
semiconducior substrate 110, atunnellayer 180, an emit-
ter region 120, a depant layer 180, a hydrogen injection
layer 190, a front surface field region 170, a passivation
layer 131, an anti-reflection layer 133, a first siecirode
140, and a second electrods 150,

{0038} in the embodiment disclosad herein, the anti-
reflection layer 133, the passivation layer 131, and ihe
hydrogen injection layer 190 may be omitted, if desired
or necessary. However, when the solar cell includes the
anti-reflection layer 133, the passivation iayer 131, and
the hydrogen injection laver 180 as shown in FIGS. 1 and
2, efficiency of the sciar cell may be further improved.
Thus, the embodiment of the invention is described using
the solar celt including the antireflection layer 133, the
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passivation layer 131, and the hydrogen injection iayer
190 as an example.

{6039] The semiconductor substrate 110 may be
formed of crystaifine silicon material containing impurities
of a first conductive type. For example, the semiconduc-
tor substrate 110 may be formed using a single crystal
wafer or a polyerystalline wafer.

{0840] The impurities of the first conductive type may
be p-lypa impurities, for example, impurilies of a group
it element, such as boron (B), gallium (Ga), and indium
(in}. Alternatively, the impurilies of the first conductive
type may be n-type impurities, for example, impurities of
agroup V element, such as phasphorus (P), arsenic (As}),
and antimony (8L}, The impurities of the first conductive
type may be doped on the semiconducior substrate 110,
In the following description, the embodiment of the in-
vention is described using an example where the first
conrdductive type is the n-type.

{80411 A front surface of the semiconducior subsirate
110 may be textured to form a textured surface corre-
sponding 1o an uneven surface having a piurality of un-
even portions or having uneven characteristics, so as to
minimize a reflectance of incident iight.

{00421 When light is incident on the semiconducior
aubstrate 110, electron-hole pairs are produced in the
semiconductor substrate 110,

[0043] The tunnel layer 160 may be entirely formed on
one surface, for example, a back surface of the semicon-
ductor subsirate 110. The funnel layer 160 may pass
through carriers produced in the semiconducior sub-
strale 110 and may perform a passivation function with
respect {0 the back surface of the semiconductor sub-
strate 110.

{00447  The tunnel layer 160 may be formed of a die-
lectric material. More specifically, the tunnel layver 180
may be formed of silicon carbide (SICx) or silicon oxide
{SiOx} having strong durability st a high temperature
equal to or higher than 600 °C. in addition, the tunne!
tayer 160 may be formed of silicon nitride (SiNx), hydro-
genated SiNx, aluminum oxide (A0}, silicon oxynitride
{SION}, or hydrogenated SION.

[8045] Unlike this, if the tunnel layer 1680 is formed of
a material including amorphous silicon (a-8i), the tunnel
layer 160 cannot obtain a desired tunneling effect be-
cause amorphous silicon is weak or susceptible to the
high temperature equal fo or higher than 800 °C.
f00481 A thickness of the tunnei layer 180 may be 0.5
nm o 2.5 nim.

{0047} The emilter region 120 may directly conlact the
tunnel laver 160 and may be positioned on the entire
back surface of the tunnel layer 1680,

{0048} The emitter region 120 may be formed by dop-
ing impurities of a second conductive type opposite the
first conductive type on a polyorystalline silicon material
tayer. Forexample, the emitter region 120 may be formed
of polycrystailine silicon material containing impurities of
the second conductive lype.

[8048] Incther words, the emitter region 120 may con-
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tain impurities of the second conductive type, for exam-
ple, pdype impuriliss, For exsyuple, the emitier régin
120 way contain impurities of s group 1H element, stich
as boron (B), gallium (Ga), and indium {in}.

[0050] Thewmitisr ragion 120 may form a p-n forelian
along with thessamiceaeion substrdie 110 with the fyn
nelieeer 150 Interposed Wistnbalwas s, itanoting sxam-
ple, ¥ ihe ficsh oondicivetypent the senioondicior subs
steate 116 s e potypa, the amitier Fagion 128 may be
of the n-typa,

[051]  The polycrystafiing silicon seintoriat fayer of the
wmitter region 120 may bedbtained by raopyatatiizing an
smamhous sifison material layer.

Accordingly, the polycrystalline siiicon material
of the emiiter region 120 may have almost the same crys-
tallinity throughing e snilter ragion 120, Allernatively,
the crystalfiniy of the polycryataliine siliven meaterist of
the emiltor fagion 120 may reraase as s enitler region
120 is far away from the tunnel layer 160. '

[0053] Namsly, the crysballinity in a first portion ¥T1 of
the emitterregior 120 sonngeted to the senant alstirode
158 May bereiatively high, and the orestalinily ¥ 8 s
ard partfon PTR of the enitter region 120 closer tothe
fannat faver 4 GO than the First portion BY1 misy Betrdia-
fively low.

§00541  Acnordingly. 8 pottadt resiStance tetwesn tha
emitiprraginn 180 and the seennd disclrods 56 gy be
furthar imgraved by the relatively. higher srstaliinily in

st Hest portion PTT of the smitler ragion 128 sennsaied

io the second elestrode 150,

[00ns] When lne smitder repion 120 including the ve-
orysiaiiizad polycrvstating <iiton siaterial is formed at
the' back stitface of thatubret nyer 18 in a siatn where
the tunnel layer 160 is positioned on the back surface of
the semiconductor substrate 110, an open-circuit voltage
of the sofar cell may be further improved, and a damage
of the semiconductor substrate 110 resuiting from heat
gengrated in a manuflliting process of the solar cell
msy be minimized. Henog, the solar cell with tigh effi-
cignty may be %m;}iggmeni;e(i.

{08861 A thickness T1 a0 afthe emitter region 120 may
be 50 nm {e 180 nm.

[6057]  When the thickoses T120 of the emitter region
120 is equal to.orgraaterthan 50 nm, a function of the
emitter reqion 120 oring the p-n junctian along with the
semicondicior sdbsirate 110 may be sefwred. Whenthe
thickness T120 of the emitter ragion 120 is equal to or
less than 150 nm, a process tme may be minimized
shraugh the optimization of the iHickngss TI2& of the
esiting region 120 while the functisi of the emitias region
126 iz maintained. Other thicknesses may be usad for
the emiiter region 120.

{00581 A duping sabrenationof the im purities.of the
sernd coriduative tvpe sontaled in the emitter vegion
120 may increase as the emitter region 120 is far away
from the tunnel laver 180, rlence, carriers are recom-
bired in the second portion PT2 of the emitter region 120
relatively closer to the semiconductor su bstrate 110 due
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to the impurities of the second conductive typs, and &
loas amount of carriers may be further reduced. As a
result, passivation characteristic may be further im-
proved, Further the contactrenistanns batwauthe amit
inrregion 120 ane e sdonnd efeckada 158 roay by fur
ey iniproved in tha fest parlich PT 1o he emillar saging
320 consreied to e shoitil lentdn 150 dug loangd
ativaly Righer doping clndehination.

{0688] Changes in the daging coneeniration of the-
aritier rEQIGR 120 will be veparstely desgribed in detsil
with reference to FIG. 3.

(0080} Tha dopant layer 18G1s positioned on the.amit:
ter région 138 .and may contaln impurities of the second
conductive type. A dislectric material of the dopant iayer
180 may include at least one of silicon nitride {SiNx},
silicon oxide {SiOx), silicon oxynitride (SIOxNy), silicon
carbitde (SI0K), or atuminuntodioe (IS Thus, e dos
pany wver 180 may contain SR vaniaining toron {8y
as an sxaenpie of the impsites of the senond oondudiive
typs. .

F00641  The dupent leyer 180 anetions 1 difuse the
mpurities ofthe segong vordustive lypecantained in the
dintegttie materiel inlo go inteingin: polvshysisting aificon
layer in a praeess for forming the amittes Fasion 120 After
the emitter seglon 120 is formed, the dopard layer 180
receives hydrogen from the hydrogen injection layer 180
formed on a back surface of the dopant layer 180 and
may perform a passivation function with respsct to the
hack surface of the emitter region 120,

{0062} A thickness of the dopant fayer 180 may be 25
nm to 150 nm. When the thickness of the dopant layer
1804 S UaTo ny (ranter an 38 s g minimum snout
of Enpuriiesof the savand condustivatype o bediffused
ko the sritter saglan 120 may be seowred, Wihern the
thickness of the dopant layer 180 is equal to or lass than
150 nm, the process time may be minimized through the
optinization of ths fhisknesy of the dopant layer 180 while
an amatnt of ivpwiiey of the second conductive type is
propary secuged. Further, o sffusion speedathydrogen
cantained inthe Intrinsic polvorystalling sificon ey for
forming the emilter regicnﬁ 20 may be properly controlled
in a dehydrogenation process. Other thickngsses may
be used for the dopant layer 180.

[0063] The hydrogen injection fayst 198 nusitioned on
the back surface of the dopant laer180wiay beformed
of a dilectric matarial containing hydrogen at a higher
concentration than the dieiectric material of the dopant
fayer 1840

00641 Atter the feerintinh o the miting region 128 is

. the hydragen Wjection isyss 190 may be
Vthe baek surises of the dopant laver 1800 In
an electrode forming operation invoiving a thermal
provesging, Hydrogan of e high concerdration S
tainenin the hydrogerinjegtinn layer 190 oaybe fiffuset
into the dopant layer 180, so that the dopant layer 180
has the passivation function.

[0065] The hydrogen injoction leyery 180 may have a
refractive index different ivart the dagant layer 18U so

R
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{hat light, which is incident on the solar cell and is trans-
mitled by the semiconductor substrate 110, is again in-
cident on the semiconductor substrate 110.

{0068} The dielectric material of the hydrogen injection
layer 190 may inciude at leastone of SiNX, SiOx, SiOxNy,
SiCx, or AlOx.

{0087} The froni surface field region 170 is posilioned
at the front surface of the semiconductor substrate 110
and may be more heavily doped than the semicondustor
substrate 110 with Irmpurities of the first conductive type.
{0088] The front surface field region 170 may be
formed by diffusing impurities of the first condustive type
inta the front surface of the semiconductor substrate 116,
Heneoe, the front surface field region 170 may be formed
of the same corysialline silicon maleriai as the semicon-
ductor substrate 110.

[0088] For example, when the semiconductor sub-
strate 110 s formed of a single crystal silicon material,
the front surface field region 170 may be formed of the
single crystal silicon material. Alternatively, when the
iconductor subsirate 110 is formad of a polyerystal-
line silicon material, the front surface field region 170 may
be formed of the poiyerystalline silicon material

{0070] The passivation layer 131 is positioned directly
on a froni surface of the front surface fiekd region 170
and may parform a passivation function with respect {o
the front surface of the front swiface field region 170. The
passivation faver 137 may be formed of a dirlectric ma-
terial containing hydrogen. For example, the passivation
tayer 131 may be formed of at least one of SiNk, Si0Ox,
SiOxNy, or AlOX.

{0071} The antireflection layer 133 is positicned on a
front surface of the passivation layer 131, The anti-re-
fiaction laver 133 may improve transmission of light inci-
dent on the solar cell and reduce a reflectance of the
fight. Hence, the anti-reflection layer 133 may make a
large amount of light be incident on the semiconductor
substrate 110,

fO072} The anti-reflection layer 133 may be formed of
a dielectric materiai containing hydregen. For exampie,
the anti-reflection layer 133 may be formed of at least
ane of SiNx, Si0x, SiOxMy, or AlOx.

[0073] Thefirsi alectrode 140 s positioned on the front
surface of the semiconducior substrate 110, The first
alectrode 140 may pass through the anti-reflection layer
133 and the passivation layer 131 and may be connactad
o the front suriaee field region 170.

{80741 The first elecirode 140 may include a plurality
of first finger elecirodes 141 and a plurality of first bus
tars 142 connected o the plurality of first finger elec-
trodes 141,

{0075} The first finger slectrodes 141 may te electri-
cally and physically connected to the front surface ficld
region 170. The first finger electrades 141 may be sep-
arated from one another and may exiend in paralie] with
one another in afirstdirection x. The firstfinger electrodes
141 may coliect carriers (for example, elecironsg) moving
to the front surface fieid region 170.
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{0078} The first bus bars 142 may be electrically and
physically connected to the emilter ragion 120 ang may
extend in parallel with one another in 3 second direction
y crossing the first finger electrodes 141,

{0077} The first bus bar 142 may be positioned on the
same layer as the first finger electrode 141 and may be
electrically and physically connectad to the first finger
electrode 141 at a location crassing the first finger elec-
frods 141,

{8078] As shown in FiG. 1, the pluraiity of first finger
electrodes 141 may have a stripe shape axtending in the
first direction x, and the piurality of first bus bars 142 may
have a stripe shape exiending in the second direction y.
Henee, the first electrode 140 may have a lattice shape
al the Tront surface of the semiconductor substrate 110.
[0078]  The plurality of first bus bars 142 may coliect
not enly carrier moving from the front surface field region
170 contacting the first bus bars 142 but also carriers
collected by the plurality of first finger electrodes 141.
{0080 The first bus bars 142 have to collect carriers
collected by the first finger electrodes 141 crossing the
firat bus bars 142 and have o move the collected carriers
in a desirad direction. Therefore, a width of each first bus
bar 142 may be greater than a width of each first finger
electrade 141.

{0081} The plurality of first bus bars 142 may be con-
nected to an external device and may output the collected
carriers {for example, electrons) to the external device.
{00821 The plurality of first finger slectrodes 141 and
the plurality of first bus bars 142 of the first slectrode 140
may be formed of at least one conductive malerial, for
example, silver {Ag).

{8083} The second electroda 180 is positioned on the
back surface of the semiconducior substrate 110, The
second eigctrode 150 may pass through the dopant layer
180 and the hydrogen injection layer 190 and may be
connecied o the emitier region 120.

[0084] As shown in FIGS. 1 and 2, the second slec-
trode 150 may include a plurality of second finger alec-
trodes 151 and a plurality of second bus bars 152 con-
nacied to the piurality of second finger electrodes 151 in
the same manner as the first electrode 140. The second
glactrode 150 may have the same pattern as the first
elactrode 140. Other patterns may be usad for the second
elactrade 150,

{0085} The second electrode 150 may collect carriers
{for example, holes) moving 1o the emilter region 120.
{0088} FIGE. 1 and 2 show that the emitier region 120
is positionad on the back surface of the semiconductor
substrate 110 and the front surface field region 170 is
positioned an the front surface of the semiconductor sub-
strate 110, as an exampie. In ancther example, the emit-
ter region 120 may be positioned cn the froni surface of
the semiconductor substrate 110, and the front surface
field region 170 may be positionad on the back surface
of the semiconductor substrate 110. The ancther exam-
ple may be equatlly appiied to the embodiment of the in-
veniion.




11 EP 3018718 A2 12

{00871 In the solaresll aceording to the embodiment
of the invention, the daging concentration of the impuri-
tims of the second conductive type contained in the emit-
ter region 120 may entirely increase a8 the emitter region
120 is far away from the tunnel layer 1 §0.

{0088} This is described in detail below with reference
o FiG. 3.

0B89S FIG R ilustrdlesa saping congeniration ol ihe
it reglonof the ‘shlal sal showh i FIG. ¥ PG4
Rustrates 8 doping sondanifation of &n emitizr saginn
snvanding ko & compsitive s cmplg:diffarent from e
embodiment of the invention.

(00U More spesitieally, FRESCS gt & Show 838X
amplaal wdoping canoaniraiion gependirgonihneess
ss_zctésﬁ of {ha eraitar rogion 120 ami the semivandiuctor
cubstrate 110, i FIGS. & snd 4 xais denplewa depth
foward the sesdianducinr subistnds 1HQ foarthe baek
surface of the emitter region 120 contacting the second
slecirode 150, and y-axis denotes a doping concenira-
tion.

[aBg1} FIG. 3 shows anexsnye of the dapingsancen-
traticrwhen the thickness T1E0 of the emilled region 120
is gbout 150 nm, for example. However, the thickness
T120 of the emilter region 120 may be variously deter-
mined batwenn 5B and 150 nm. Further e doping
concentration shawe B FIG. 3 is merely an sxaiviple and
ihiis may - hevarioualy changed:

[0e82]  Asshowndn FRY S, the doping coripantration
of e emitter reglun 120 rocurding B the emtndiment
of the invention may be higher than a doping concentra-
fion of the semiconductor substrate 110.

[O0R3Y  Adstdoping sonveniration G o seosnd corp
ductive ype impuritise in thefirat porlion BT {8t »;ie.‘s_}i b
ot 6 et} of the wniter mgivn 128 wan tacting tha ssennd
sledtrode 158 may be figher fHan xsusend doping oon-
centration G2 of second conductive type im purities in the
second portion PT2 (at a depth of 150 nm) of the emitter
vegion 120 sorteting the wunngt lager 1880

(0084} Thafiest portinn PT1E tes @ oontest portion
&7 e eritier reglony 120 and e ssopndislecitode 150
S pantist nortiors of the endiler regian 120 and ke
dopant layer 180. The second porlion PT2 indicates a
contact partion of the emitter reginn 120 and the funnel
wyat 180. '

[0OR8Y  In FIG. 3, for exampte; the first dapityg concen-
tration G1 is 1.27102YcmS, and the senand daging con-
centration C2 is 1.3*10%0em3. However, the first doping
concentration G1 may be determined between
540 18em3 and 59102V em3, anid the second doping con-
canfratios C2 may be detertired between 514 ¥em®
and 5+1020/cm® and may be lower than the first doping
concentration C1.

{o09E]  The dopity tOrobairatinn e amitinrragion
128 may therease wy the emitter reglon 120 1s I away
fromthe ione! Rysr 1800ors spasii caliy axthegmilter
reglon 10 Goas from We first gatlicr BT 10 the nendind
parian PTZ, five deping aencertration of the amithss 1.
gian 20y sunceasively dewrenie finsarhdor Honn.
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{6087} inFIG. 3, forexam ple, as the emitier region 120
goes from the first portion BT1 to the second portion PT2,
the doping concentration of the emitter region 120 suc-
cessively and nonlinearly decreases from the first doping
soncentration C1 o the second doping concentration C2.
However, the doping concentration of the emitter region
120 may successively and linearly decrease.

[0098] The characteristic of the emitter region 120, in
which the doping concentration of the emitter region 120
increases as the emitter region 120 is far away from the
tunnel layer 180, may be generated in a thermal process-
ing operation of diffusing the second conductive type im-
purities of the dopant layer 180 into 2 polycrystaiiine sil-
icon layer recrystaliized through a process for recrystal-
lizing an intrinsic amorphous silicon layer into a polycrys-
talline silicon layer by performing one successive thermal
process, of which the teraperature changes, in a stale
whera an intrinsic amorphous silicon layer is firstly
formed. Hence, the emitter region 120 is formed.
{0089} o e senund porfind PIR ofife eitleraagiun
1P rahdively close tothe sdmicandianorsebateaied 18,
cartlers oy B¢ racombined ¢ aptrites, and v bes
amount of cariers gy e furthar raducsd due to e
sbove characteristic of the emiiter region 120, in which
the doping concenifation of the emitter yagiwy 120 in-
cresues as the emilier region 120 is far wway from the
wunnatiagsr 180: Hencs, the passivalion characieristie
@y be futitat imtroved. I the test gpriion BT of e
eniltar faglon A28 connestes o e second plesttodes
150, ha sontast ravistance beliveen the amilter » ot
130 and ihe setond wiscliode 150 rowy by furlier ine
proved due to the relatively higher doping conceniration
of the emitter region 120,

{01007 Uniler e ambodimant of the invantion ghawn
WOEIG. 3, in e comparaiive sxampleof FIG. 4, wha
igtrties of e secand sonductive type aredifusedin
4 state an inttinsio polyaryatalie: alicon layer i depas-
ited and formed, a doping concentration of the emitter
region 120 fose Rt AR ITe4sE an the amitter g
gion 128 goes-from the first plrtion P11 o the saopes
gortion FTR: In s instanne, the doping sunganiration
of the aoitler cogdnn 120 slightly thanges, bl iy natirely
unifarm around 1.57162%/cmS,

[0101] Iy be difficudtfor the eoinparative prample
of FIG. 4 in sesure e same effectas the embudiment
of the invention. Namely, when the comparative example
increases the goping concentration so as to improve the
contact characteristic between the emitter region 120and
the sacond elecirode 150, an amount of carriers recom-
wined in the emitier region 120 may increase because
the doging sorvaniration of the amittar Fogpian 1RO Haal
arsases. Henge. he sharavieristic of the atht:

e characteristic of the srillisr ra
contant resisiance betwean the enitier region Y2l and
ihe second electrode 150 may increase. Hence, charac-
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teristic of a short circuit current of the solar cell may be
reduced.

{01021 So far, the embodiment of the invention de-
scribed an example of the structure of the solar cell. Here-
inafter, the embodiment of the invention will describe an
exampls of a method for manufacturing the solar cell.
{0103} FIG. 5 is a flow chart illustrating a method for
manufacturing the solar cell according to the embadiment
of the invention. FIGS. 8A to 6E depicts reference figures
of each stage illustrated in the flow chart of FIG. 5.
[0104] As shown in FIG. 8, the method for manufac-
turing the solar cell according to the embodiment of the
inventicn may include a layer forming operation S1, a
thermal prosessing operation S2, an operation 83 of re-
moving a capping layer and an oxide layer, a hydrogen
injection layer forming operation S4, and an electrode
forming operation S5,

{01058} The operalion 83 for removing a capping laver
and an oxide layer and the hydrogen injection layer far-
mation operation 54 may be omitted, if necessary or de-
sired. However, when the method for ma nufacturing the
solar cell includes the operations 83 and 84, tha efficien-
¢y of the solar cell thus manufactured may be further
impraved. Thus, the embodiment of the invention is de-
soribed using the method for manufacturing the solar cell
including the operations S3 and 84 as an sxample.
{01081 As shown in FiB. 5, in the layer forming opera-
tion 81, a tunnsel layer forming process P1, an inirinsic
amaorphous silicon layer forming process P2, a dopant
layer forming process P3, and a capping iayer forming
process P4 may be performed.

{01071 More specifically, referring to FIG. 84, in the
tunnel layer forming process 21, SiGx or SIOx may be
deposited on the back surface of the semicanductor sub-
strate 110formed of crystalline silicon material containing
impurities of the first conductive type to form the tunnel
layer 160 on the entire back surface of the semiconductor
substrate 110.

{0108] Next, In the intrinsic amorphous silicon layer
forming process P2, an intrinsic amorphous silicon iayer
120A may be formed on the entire back surface of the
tunnel layer 160 through the deposition. in this instance,
a thickness of the intrinsic amorphous silicon layer 120A
may be determined between 50 nm and 150 nm.
fG100] Next, in the dopant iayer forming process P3,
the dopant laver 180 formed of a dieleclric material con-
taining impuritles of the second conductive type, for ex-
ample, boron (B) may be formad on an entire back sur-
face of the intrinsic amorphous silicon layer 120A. inthis
instance, a thickness of tha dopant iayer 180 may be
delermined between 25 nm and 150 nm.

[0140]  Next, a capping layer CAP formed of a dielaciric
material not containing impurities of the second conduc-
tive type may be formad on the entire back surface of the
dopantiayer 180. The dislectric material forming the cap-
ping layer CAP may be at least one of SiOx, SiNx, Si-
OxNy, ar SiCx not containing impurities of the second
conductive type. For example, it may be more advanta-
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geaus in the manufacturing process that the capping lay-
er CAP is formed of SiOx so as to easily perform the
subsequent operation 83 of removing the capping layer
and the oxide layer.

{0111} In a front surface field region forming process
PS5 of the subsequent thermal processing operation 82,
the capping layer CAP may prevent impurities of the first
conductive type from being diffused into the intrinsic
amorphous siiicon layer 120A. When a dehydrogenation
process P81 of the subsequent thermal processing op-
aration 82 is performed, the capping lsyer CAP may con-
irof an amount and a spead of hydrogen emitted from the
intrinsic amorphous sificon faver 1204,

{04121 Inthis instance, a sum of a thickness of the cap-
ping layer CAP and the thickness of the dopant layer 180
may be determined between 50 nm and 150 nm.
{81131 Thus, when the thickness of the dopant layer
180 is 150 nm, the capping layer forming process P4 may
be omitted.

{0114} The tunnel fayer forming process P1, the intrin-
sic amarphous silicon layer forming process P2, the do-
pant layer forming process P3, and the capping layer
forming process P4 of the layer forming operation $1
may be performed in-sity,

f8115] Namely, the processes P1 to P4 of the layer
forming operation 81 may be successively performed
while moving in 8 vacuum state belween chambers, in
which each of the processes P1{ to P4 is performed in a
vacuum siate without being expesed in an atmosphers
between the processes P1 to P4. Hence, the process
time may be further reduced.

{0116} it is preferable, but not required, that the layer
forming operation 81 may be performed using a plasma
enhanced chemical vapor deposition (PECVE) method
performed al a temperature equal to of lower than 300
°C. Alternatively, an atmospheric pressure chemical va-
por deposition (APCVD) method or a low pressure chem-
ical vapor depasition {(LPCVYD) method may be used.
[2117] After the layer forming operation S1 Is per-
formed, the thermal processing operation S2 may be per-
formed,

[8118] The thermal processing operation 82 may be
performad in 3 furnace through one successive thermat
process, 80 as to form the front surfacs field region 170
and the emitter region 120.

{01181 The one successive thermal process, of which
atemperature is maintained or raised, is to successively
provide a thermal process, of which a temperature is
mainfained or raised without a fall in the temperature dur-
ing a pericd of the thermal processing operation S2.
When the temperature falis, one cycle of one thermal
pracessing operation S2 is completed. The thermal proc-
esas for maintaining or raising the temperature may be
parformed several times.

[2420] Accordingly, the thermai processing operation
32 according fo the embodiment of the invention forms
the froni surface field region 170 and the emiiter region
120 through only the one stccessive thermal process, in
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which the temperature does not fall and is maintained or
raised, in one furnace. Hence, manufacturing time may
pe further reduced.

{01211 The successive thermal process, of which the
temperature is maintained or raised, is described in detail
tater with reference to FiG. 7.

[0122] Inthethermal processing operation 32, the front
surface field region forming process PS5 for forming the
front surface field region 170 on the front surface of the
semiconductor substraie 110 and an emitter region form-
ing process P6 for recrystallizing the intrinsic amorphous
silicon layer 120A into an intrinsic polycrystalline silicon
layer 120C and diffusing impurities of the second con-
ductive type of the dopant layer 180 into the recrystaiiized
intrinsic polycrystalline silicon iayer 120C to form the
amitter region 120 may be performed together.

§0423} The front suface field region forming process
RS may include an impurity injection process P51 and a
front surface field region activating process P52,
(01241 Intheimpurity injection process P51, POCI;gas
containing impurities of the first condustive type may be
injected inta the furnace. In the front surface field region
activating process P52, as shown in FiG. 6B, phosphorus
{P) corresponding to impurities of the first conductive typs
in the POCH, gas may ba diffused into the frant surface
of the semiconductor subsirate 110 and activated.
[0128] In this instance, phosphorus (P) of the POCl,
gas may be prevenied from being diffusad intc the intrin-
sic amorphous silicon layer 1204 or the intrinsic poly-
crystaliine silicon layer 120C by the capping layer CAP
and the dopant layer 180 onthe back surface of the sem-
iconductor substrate 110,

[0126] Thefrontsurface fieid region aciivaling process
P52 may be performed through a thermal process of 800
°C to 1000 °C.

{01271 An oxide layer SOL may be unnecessarily
formed onthe front surface of the front surface field region
170 in the froni surface field region aclivating process
P52, The oxide layer SOL may be removed tagether
when the capping layer CAP is remaved later.

{01281 The embodimentofthe invention described that
the front surface fieid region forming process PS of the
thermal processing operation $2 in the flow chart shown
in FiG. 5 inciudes the impurity injection process P51 for
injecting the POCI; gas containing impurities of the first
conductive type into the furnace, as an example. How-
aver, a dopant saurce may be formed.

[6428] Namely, the frant surface field region forming
process PS5 may apply & dopant paste containing impu-
rities of the first conductive type or form the dopant paste
on the front surface of the semicanductor subsirate 110
in 2 SOD (spin on dopant) method instead of performing
the impurity injection process P51 before the thermal
processing operation 32 after the layer forming operation
$1, and then may diffuse and activate the impurities of
the first conductive type into the front surface of the sem-
iconductor substrate 110 in the front surface field region
activating process P52 of the thermal processing aper-
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o oS siicon Iayar 1208 inxiher words, the dehys

ation 82.

0130] Altsonativaly, the ont surfage held ragioa b
g process PR MYy grave iha dopaniga
formad on the frant sirfaoe of the SBmicondueiu Ay
strate 110 onto the front surface of the semiconductor
substrate 110 using a laser irradiation device before ihe
thermal processing operation S2 after the layer forming
cperation S1, and then may perform the front surface
Held regich dotivating pradess PE2.

[5131]  Next the ainilter reglon Torming proness By
sy includs the dahydeogenalion provass PHI aracnys-
toiization praces P82, arefar smltiar rogion wotvating
procass PR3,

048R The dehydrogention progess £ lna thermd
g bydicgen oonlsines nthe infrinsia

Givgeriation process PET diffuses hydregen containadin
W6 indrinake prcenious siicon Jayer 1204 by inureasing
a temperaice of the furnzes and distharges hydrogsn
ta the owtsiie of the intribsie amorphaty: silicon bayer
120A through the dopant layer 180 and the capping layer
CAP.

[0933]  When anarmount or & speed f disthargny of
s hyrogen cantalinad inibedniy srpHous sfffonny

3

sy S2080y excasively large, the Infringis amorphious
sificon layer 120A oy be damaged. OO conlrany
whenthaamouritar T apass b srasll, e mapulh asiuring
time may increase. It is preferable, but not reguired, that
the temperatiire in the furtings is optimized so as tc op-
timize the afdunt or the shead of the discharging of the
hydrogen.

{{)134} In this instafics, ihe temperature in the furnace
nay B8 controlled batween 380 °C and 800 °C, for ex-
ample.

{0135] The reerysialization process P62 is g proceas
for recrystallizing the intripgigamarphous siticon Inyer
1204 into the intrinsic polycrystatiine silicon layer 120C.
The regrysiafiization process P62 may be performead by
further moreasing the temperature of the furnace when
the dehydrogenation process P81 is almost completed.
in the recrystallization propess FEZ; the Intrfaic ama-
chous silicon layer 1204 My 8k to be retrysialiized
vetween aboul 800 °C and 850 °C.

L

{09368]  Thug he Ferrystalication prosess PEI may ba
performen alat stisre Higher i the deldeldngen

Atios poness P bt may U succassiyay parinemad
subgeyuent o ths dehdragenaivn gabess PaY, The

cporystaiization process PER may beperformed by e
creavingine Wporshent the Tornmos Ry shod 800 G

fy AOR0 SRR & tempataturg of the debydroganation
praosss BEt.

137 Through Beresyystalizalion procesy a2, dhe
erystatiization of thir in s amosphous: siinen lyer
1208 ey Siart frony e fiest porlion PTY contadting tha
dopsntiaver 180 and may by procesded foweard the san-
ond porticn PTR santanting Wi luone! laver 1 &,

(1381 Thus e orystatindy of the sl partion BT
tigy be pigher than ihe crysiatiinityiof the seond podian

Sy
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PT2. Further, as the emitler region 120 goes from the
first portion PT1 {o the second portion PT2, the crystai-
linity may gradually decrease. Howsver, a reduction pat-
tern of the crystalfinily may be differently formed depend-
ing on time and the temperature of the recrystallization
process P62,

[0138] The emitter region activating process P83 is a
process for diffusing and activating impurities of the sec-
ond condustive type containad in the dopant laver 180
shown in FIG. 8B inio the recrystailized intrinsic poiyerys-
talline silicon layer 1200, The emitter region activating
process P83 may be performed by maintaining a maxi-
mum temperature of the recrysiallization process P82,

{01407 Namely, the emitter region activating process
P&3 may pe parformad by maintaining the temperature
of the furnace at 800 °C to 1000 °C.

{0141} The emitter region 120, in which impurities of
the second conductive type are doped on the inirinsic
polyeryst e silicon layer 1200 through the emitter re-
gion activaling process PA3, may be compileted.

{61421 During the emitter region aclivaling process
P83, the recrystallization process P62 may be continu-
ausly performed. Because impurities of the second con-
ductive type are diffused from the first portion PT1 con-
tacting the dopant layer 180 toward the second portion
PT2 contacting the tunnel layer 180¢, the first doging con-
caniration C1 of the {irst portion PT1 may be higher than
the second doping concentration C2 of the sscond por-
tion PT2. The doping concentration of the second con-
ductive lype impurities may successively decrease as
the emitier region 120 goes from the first portion PT1 {o
the secand portion PT2.

f0143} Asdescribed above, the thermal processing cp-
eration 82 for simultanecusly forming the amitter region
120 and the front surface field region 170 may be per-
formed through one successive thermal process, of
which the teraperatura is maintained or raised. The one
successive thermal process, of which the temperature is
maintained or raised, may greatly reduce the manufac-
uring time of the solar cell and may improve the efficiency
of the solar celi.

{01441 AsshowninFIG. 5, after the thermai processing
operation 82 is completed, the operation 83 of removing
the capping layer and the oxide layer and the nydrogen
injection layer forming operation 84 may be performed
before the electrode forming operation 85, However, the
above operations are not necessary, and some of the
above opaerations may be amitted.

{01451 Inthe operation S3 of removing the capping lay-
er and the oxide laver, as shown in FIG. 8C, the capping
fayer CAP formed on the back surface of the semicon-
ductor substrate 110 and the oxide layver SOL formed on
the front surface of the semiconductar substrate 110 in
tha thermal processing operation $2 may be removad
using = general etchant removing the oxide layer SOL.

[3148] In the embodiment disclosed herein, when the
capping laver CAR is formad of, for exampie, SICx, the
operation S3 of removing the capping layer and the oxids

GUIBYIBAR -

Hd

5

24

25

30

38

40

45

50

i1y

Petitioner Canadian Solar (USA) Inc., Ex. 1006, p. 222

layer may be more easily performed using the same eich-
ant as the etchant removing the oxide layer SOL.
{0147} if the capping layer CAP is omitted in the layer
forming operation 81, the aperation of remaving the cap-
ping layer CAP may be omitied.

{8148} Next, inthe hydrogen injection layer forming op-
eration 84, as shown in FIG. 80, the hydrogen injection
layer 190 which is formed of the dieleciric material con-
taining hydrogen at the high conceniration, may be
formed on the back surface of the dopant layer 180, on
which the capping layer CAP is removed.

[0149} Because the hydrogen injection fayer 190 con-
tains hydrogen at the high concentration, the passivation
function of the dopant layer 180 and the tunnai layer 160
may be improvad by supplying hydrogen o the dopant
layer 180 and the tunnel fayer 180 in the subsequent
slectrode forming oparation $5.

[G150] In this instance, a hydrogen conceniration of
the hydrogen injeclion layer 190 may be equaitoor higher
than a hydrogen concentration of the dopant layer 180,
to which hydrogen is supplied.

[0151] Further, as shown in FiG. 8D, a first electrode
paste P40 for forming the first electrode 140 and a sec-
ond siecirode paste P130 for forming the second elen-
frode 150 may be respectively paterned and applied on
the front surface and the back surface of the semicon-
ductor substrate 110 in a state where the passivation
layer 131 and the anti-reflection layer 133 are formed on
the front surface of the front surface field region 170,
{01521 Next, za shown in FIGS. 5 and 6E, in the elec-
irode forming operation S§, the firsi electrode paste P 140
may pass through the passivation layer 131 and the anti-
reflection fayer 133 through the thermal processing of
the semiconductor subsirate 110 to form the first slec-
frode 140 connected to the front surface of the semicon-
ductor substrale 110. Further, the second electrode
paste P150 may pass through the hydregen injection lay-
er 190 and the dopant layer 180 through the thermal
processing of the semiconductor substrate 110 o form
the sacond elecirode 150 connectad to the emitter region
120.

{61531 The embodimeant of the invention mainly de-
scribed the meathod forming sach of the components of
the solar cell 5o as to describe the method for manufac-
turing the solar cell. Hereinafter, one successive thermal
process, of which the temperature of the thermal
processing operation 82 is maintainad or raised, is de-
scribed in detail.

[0154] FIiG. 7 illustrates changes in atemperature over
time in the thermal procassing operation S2 of the method
for manufacturing the solar cell according to the embod-
iment of the invention.

[0185] As shown in FIG. 7, a pluraiity of thermal proc-
2sses may constitute one thermal processing cperation
$2. Namely, the plurality of thermal processes may form
one oycie of the thermal processing operation S2.
{0158} Thethermaiprocessing operation S2 according
o the embodiment of the invention may include first lo
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sixth thermal processes HT1 to HT6. More specifically,
as shown in FIG. 7, the ternperature of the thermat
procassing gparation S2 does not fall and is maintainad
or raivetin e fieat to fifth thermal processes HT1ioHTS
and falls in the sixth thermal process HT6. Hence, one
successive thermal operation $2, of which the tempera-
ture changes, may be performed.

(01571 Thefirstto sixth thermal processes HT1to HTE
may be successively performed in the same furnace.
10158] Wiore speciiicadly, as shown IRFHEE 7, a temper-
ature of the furnace i ike first thermal progess HT1 may
be maintained at a first temperature K1, and the temper-
ature of the furnace in the second thermal process HTZ
may ingrgase from the fitel tembaraiirg K1 to a second
temperaiure K2 higher han the st temperature K1. The
temperature of the furnace in the third tharmal progess
HT3 may Be maintaiisd at the second temperaturs K2.
[0159] Thedlehydrogenation pEdGRes #8171 of the intrin-
sic semicondisiar layer may be perinemad in the first to
third thermal processes HT1 o HT3.

[048037 In the embodiment disciosad harain, a second
thermal process time T2 of the sacond iharmal process
HT2 may be longer than a first hermal provess time T1
of the first thermal process HT1 and a third thermal proc-
aes time T2 of the third thermal process HT3, and the
third thermal process time T3 may be equal to or longer
than the first thermal process time T1.

101617 ‘Mora speciingliy, as shown in FIG. 7 the first
thermal procese HTH may rdintain the lemperstsre of
ihe furnage af the fiest lemparabre K1 of 350G A 450
°C for the first thermal process time T1 of 5 minutes to
15 minutes. The third thermal process HT3 may maintain
the temperatura of the furnace atthe second temperature
K2 of 500 °C to 600 °C for the third thermal process time
T2 of 10 minutes to 20 minutes, which is equaito or longer
than the first thermal process timeT 1.

[0162] Thussdong ermalprosess MY ray InorRasg
the temperaiure of thy furiace rom the firal tempergtute
K1 1o the seiuid tempneatiuee K forithe seoond ihermal
praness time T2 of 15 minutes 10 25 minutes, which is
teingler than the first thermal process timeT1 and the third
thermal process timeT3.

{0163} Thesfehydrogenation procesa P81 of the intrin-
sic amorghaug silicon layer 1204 may be optimally per-
formed depending on the temperature and the process
time of the first to third thermal processes HT1 to HT3.
[0164] The fourth thermal process HT4 may increase
the ternperature of the furnace from the second temper-
ature K2 to a third temperature K3 of 800 *C 10 1000°C
higher than the second temperature K2 for a fourih ther-
mal process time T4 of 5 minutes 1o 18 minuies.
{0168]  The intingis amorphotis siiar leyer T2GA may
e recryRtaliza tedugty the fatnth thenmot prosess HT4
and ey b olarges 0k e idnsis nolve ryatgtiine sil-
ioon e 100,

(e8] Theifithertal pracvess TS sy aisisdnthe
ternparatuis of e furnace 8t the third lempatature K3
AESES U6 10 000 AC for a B thermal prossss tra TS
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of 15 minutes to 30 minutes, thereby diffusing and acti-
vating boron (B) corresponding to the second conduclive
type impurilies of the dopant layer 180 into the recrysial-
iized intrinsic polycrystaliine silicon layer 120C. Hence,
the emitter region 120 may be formed. Further, phaspho-
rus {P) corresponding to the first congiugiive type impu-
rities of POCIy gasir cted into the frfgce may be dif-
fused and activated into the front surface of the semicon-
ductar substrate 110 to form the front surface field region
170,

[6167)  Namsly: the recrystaiiization process PE2 and
the emitter negitki activating prasess PE3 may be contin-
yously performed together in the fifth thermal process
HTS.

[0168] As deboribed abiove, the msthod for manuing:
turing thersolas 831 acoasding 1o the ambudiment of the
invention may simultanecusly perform the amitter region
activating process P83 and the front surface field region
activating process P52 through the fifth thermal process
HTS.

[01638] Next, the sixththermai process HT8 may reduce
the temperature of the furnace from the third temperature
K3 to the first temperature K1 for a sixth thermal process
time T8. Hence, one thermal processing operation 52
may ba completed. The sixth thermal process time TG s
not particularly limited.

[0470] Themeihas for manufactufifig the solar celf ac-
cording to ihe embodiment of the invantion may diffuse
and activate the first conductive type impurities and the
second conductive type impurities through only one ther-
mal process of the high temperature, uniike the aaneral
manufacturing method using at lsast two ithermal proc-
esses performed at a high ternperature equat to or higher
than 800 °C. Hence, 3 degradation of the semiconductor
substrate 110 may be prevented, and an apen-circuit
voltage and the efficiency of the solar celi may be further
wapravadi

©IY1] The smbadimant oithe fnvention may diffuse
i noivate fo sesend condutive type impurities at the
same tme as ithe recrystallization of the intrinsic aror-
phous silicon layer 1204 infeifie intringic polydrystailine
siticon layer 120C. Thus, thedoping covicantration of the
emitter region 120 may increase as the emitier ragion
120 ig far away from the tunnel layer 160,

0472]  Actomiingly. the aeipodinentol e invention
may further shnplfe: the manuiacieing procass of the

sutar cell and may furlher apfove e affisisney of the

solar ol

[0173] Although emudddiments have bawn dagoriied
with reference to a nuivitier of Huslatis embindimanis
thereof, it should be understood that numerous other
raadifications and embodiments can be devised by those
skilled in the art that will fall within the scope of the prin-
ciples of this disclosure. More particutarly, various vari-
stions and modifications are possible in the component
parts and/or arrangements of the subject combination
arrangement within the scope of the disclosure, the draw-
ings and the appended claims. in addition to variations
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and modifications in the component parts and/or arrange-
ments, aiternative uses will aiso be apparent to thoss
skilled in the art.

Claims

1.

2.

A solar cell comprising:

a semicenductor substrate containing impurities
of & first conductive type;

a tunnai layer positioned on the semiconductor
subsirate;

an emitier region positioned on the tunnel layer
and containing impurities of a second condue-
iive type opposite the first conductive typs;

a dopant layer positionaed on the emitter region
and formed of a diglectric material containing
impurities of the second conductive iype;
afirst electrode connected to the semiconducior
subsirale; and

a second elecirode configured to pass through
the dopant laver, and connected to the emitter
region.

The solar celi of claim 1, wherein a doping concen-
ration of the second conductive type impurities con-
iained in the emitter region in a first portion of the
emiiter region contacling the second electrode is
higher than the doping conceniration in g second
portion of the emitter region contacting the tunnal
layer,

wharein & first doping concentration of the second
conductive type impurities in a first portion of the
emitter ragion contacting the second electrode is 5%
10%%em? to 5% 10?2Yem3, and

wherein 8 second doping concentration of the sec-
ond conductive type impurities in a second portion
of the emitter region contacting the {unnel laver is
lower than the first doping concentration, and is
5%108/cm to 5210%%cm?,

The solar celi of claim 1 or 2, wherain a doping con-
centration of the second conductive type impurities
contained in the emitter reglon increasas in the amit-
ter region in going away from the tunnel fayer, and
wherein the doping concentration of the emitter re-
gion successively decreases linearly o nonlinearly
in the emitier region in going from the first portion to
the second portion.

The solar cell of any one preceding claim, wherein
the emitter ragion is formed of a polyerystaifine sifi-
con material, and

wherein a erystallinity of the emilter region increases
in the emitter region in going away from the tunnel
ayer,
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8.

The solar cell of any one preceding claim, wherein
a thickness of the emitter region is 50 nm 0 150 nim,
and

wherein a thickness of the dopant layeris 25 am to
150 nm.

The solar cell of any one preceding claim, further
comprising

a hydrogen injection layer positioned on a back sur-
face of the dopant layer and formed of a dieleciric
materiai containing hydrogen at a higher concentra-
fion than that of the dopant layer, and

a front surface field region positicned on a front sur-
face of the semiconducior substrate and containing
impurities of the first conductive typs at a higher con-
centration than that of the semiconductor sutsirate,
wherein the tunnel layer, the emitter region, and the
dopantiayer are positioned on a back surface of the
semiconducior substrate.

A method for manufacturing a solar cell, the method
comprising:

alayer forming operation of sequentially forming
atunneliayer, anintrinsic amorphous silicon lay-
er, and a dopant layer on a back surface of a
semiconductor subsirate formed of a crystaliine
silicon material containing impurities of a first
conductive type, the dopant layer being formed
of a dielectric material containing impurities of a
second conductive type apposite the first con-
ductive type;

a thermat processing operation of, after the faver
forming operation, forming a front surface fisld
region on a front swrface of the semiconductor
substrate through one successive thermal proe-
ass, in which a temperature in a furnaca is main-
lgined or raised, recrystaliizing the intrinsic
amorphous silicon layer into an intrinsic poly-
crystalline silicon layer, and diffusing and acti-
vating the impurities of the second conductive
type of the dopant layer into the recrystailized
intrinsic polycrysialline silicon layer to form an
emiiter region; and

an electrode forming operation of, after the thar-
mal processing operation, forming a first elec-
irode connactad io the front surface of the sem-
iconductor subsirate and forming a second elec-
irade conneciad to the emitter region.

The methed of claim 7, wherein the layer forming
operation further includes a process for forming a
capping fayer formad of a dislectric material not con-
taining impurities of the sscond conductive type on
a back surface of the dopant laver.

The methad of claim 8, further comprising, between
the thermal processing operation and the electrods
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forming operation:

anoperaticnof removing a capping layer formed
on the back surface of the semiconductor sub-
strate and an oxide layer formed on a front sur-
face of the front surface field region in the ther-
mal processing operation; and

anaperation of forming a hydrogen injection lay-
er formed of a dielectric layer containing hydro-
gen on the back surface of the dopant layer, on
which the capping layer is removed.

18, The method of any one of ciaims 7 to 8, wherein the

forming of the emitter region includes:

adehydrogenation process for ramaving hydro-
gen contained in the intrinsic amorphous silicon
layer;

a recrystallization process for recrystallizing the
intrinsic amorphous siticon layer into the infrinsic
polyerystalling silicon layer; and

an emitter region activating pracess for diffusing
and activating the impurilies of the second con-
ductive type contained in the dopant layer into
the recrystallized intrinsic polycrystaliine silicon
iayer, and wherein the forming of the front sur-
face field region includes a front surface field
region activating process for diffusing and acti-
vating impurities of the first conductive type into
the front surface of the semiconductor substrate,
and

wherein the front surface field region activating
process is performed along with the emiiler re-
gion activating process, and

wherein the thermal processing operation in-
ciudes:

a first thermal process for maintaining the
ternperature of the furnace at a first temper-
ature;

a second thermai process for changing the
temperature of the furnace from the first
temperature to a second temperature high-
er than the first temperature;

a third thermal process for maintaining the
tempsrature of the furnace at the second
temperature;

a fourth thermail process for changing the
temperature of the furnace from the second
temperature o a third temperature higher
than the second temperature; and

a fifth thermal process for maintaining the
temperature of the furnace at the third tem-
perature.

44. The method of claim 10, wherein the first to fifth ther-

mal processes are successively performed in the
same furnace,
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12,

13.

14.

18.

24

wherein a second thermal process time of the sec-
ond therma! process is longer than a first thermal
process time of the first thermal process and a third
thermal process time of the third thermal process,
and

wherein the third thermal process time is equal to of
longer than the first thermal process time.

The method of claim 10 or 11, wherein the first ther-
mal process maintains the temperature of the fur-
nace at the first temperature of 350 °C 1o 450 °C for
5 minutes to 15 minutes,

wherein the third thermal process maintains the tem-
perature of the furnace at the second temperature
of 500 °C to 600 °C for 10 minutes to 20 minutes,
wherein the second thermal process increases the
temperature of the furnace from the first temperature
to the second temperature for 15 minutes to 25 min-
utes,

wherein the fifth thermal process maintains the tem-
perature of the furnace at the third temperature of
200 °C to 1000 °C for 15 minutes ta 30 minules, and
wherein the fourth thermal process increases the
temperature of the furnace from the second temper-
ature to the third temperature for 5 minutes 1o 15
minutes.

The method of any one of claims 10 to 12, wherein
the dehydrogenation process is performed through
the first to third thermal processes.

The method of any one of claims 10 to 13, wherein
the recrystallization process is performed through
the fourth thermal process.

The method of any one of claims 10 to 14, wherein
ihe emitter region activating process and the front
surface fisld region activating process are performed
through the fifth thermal process.
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Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Docket No.: 1630-1332PUS2

(Patent)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Patent Application of:
Jungmin HA et al.

Application No.: 15/643,180 Confirmation No.: 7835

Filed: - July 06, 2017 Art Unit: 1758

For: SOLAR CELL AND METHOD FOR Examiner: CHERN,

MANUFACTURING THE SAME CHRISTINA

INFORMATION DISCLOSURE STATEMENT

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

Dear Commissioner:

Applicant(s) hereby submit(s) an Information Disclosure Statement for consideration by

the Examiner.

L. LIST OF PATENTS, PUBLICATIONS OR OTHER INFORMATION

The patents, publications, or other information submitted for consideration by the Office

are listed on the attached PTO/SB/08.

I1. COPIES

%} a. -Copies of foreign patent documents, non-patent literature and other information

are provided.

BIRCH, STEWART, KOLASCH & BIRCH, LLP EHC/BFF/adb
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Application No.: 15/643,180 Docket No.: 1630-1332PUS2
Page 2 of §

1 b. REFERENCES PREVIOUSLY CITED OR SUBMITTED: Copies of any

information not provided can be found in one or more of the following applications which has

been relied upon for an earlier filing date under 35 U.S.C. § 120:
U.S. Application No. and U.S. Filing Date

III. CONCISE EXPLANATION OF THE RELEVANCE/OTHER INFORMATION
O a. NON-ENGLISH LANGUAGE DOCUMENTS: A concise explanation of the

relevance of all non-English language patents, publications, or other information listed on the
attached PTO/SB/08 form(s) is indicated thereon by a check mark atb column T to designate the
submission of one or more of the following: an English language abstract (as a partial
translation); a machine-generated translation; a full or partial translation; and/or a statement of

relevance.

| b. ENGLISH LANGUAGE SEARCH REPORT OR FOREIGN PATENT OFFICE
COMMUNICATION: An English language version of the search report or Foreign Patent Office

communication that indicates the degree of relevance is attached.

4] c. OTHER: The following additional information is provided.

A copy of the European Office Action, dated July 7, 2017, for European
Application No. 15003390.0 is provided.

IV. STATEMENT UNDER 37 C.F.R. § 1.97(e)
The undersigned hereby states that:

M a. Each item of information contained in the IDS was first cited in any
communication from a foreign patent office in a counterpart foreign application not more than
three months prior to the filing of the IDS. See 37 C.F.R § 1.97(e)(1). This statement does not
relate to English language counterparts not listed in a communication from the foreign patent
office. Such English language counterparts are provided to aid the Examiner’s consideration of

non-English items first cited in the communication from the foreign patent office; or

BIRCH, STEWART, KOLASCH & BIRCH, LLP EHC/BFF/adb
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O b. No item of information contained in the IDS was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person
signing the certification after making reasonable inquiry, no item of IDS was known to any
individual designated in 37 C.F.R. § 1.56(c) more than three menths prior to the filing of the
IDS. See 37 C.F.R. § 1.97(e)(2), or

[ c. Some of the items of information in the IDS were cited in a communication from
a foreign patent office. Such items were first cited in a communication from a foreign patent
office in a counterpart foreign application not more than three months prior to the filing of this
IDS. See 37 C.F.R. § 1.97(e)(1). This statement does not relate to English language counterparts
not listed in a communication from the foreign patent office. Such English language counterparts
are provided to aid the Examiner’s consideration of non-English items first cited in the
communication from the foreign patent office. As to the remaining items of information, to the
knowledge of the person signing the certification after making reasonable inquiry, such
remaining items were not known to any individual designated in 37 C.F.R. § 1.56(c) more than

three months prior to the filing of this statement. See 37 C.F.R. § 1.97(e)(2).

V. STATEMENT UNDER 37 C.F.R. § 1.704(d)(1)
Patent Term Adjustment Reduction Should Net Apply

[0  The undersigned hereby states:

This Information Disclosure Statement is in compliance with 37 C.F.R. §§ 1.97 and 1.98
and will not be considered a failure to engage in reasonable efforts to conclude prosecution
(processing or examination) of the present application under 37 C.F.R. § 1.704(c)(6), (c)(8),
(€)(9), or (c)(10), because each item of information contained in the Information Disclosure
Statement:

] @) Was first cited in any communication from a patent office in a counterpart

foreign or international application or from the Office, and this communication was not

received by any individual designated in § 1.56(c) more than thirty days prior to the
filing of the information disclosure statement (see 37 C.F.R. § 1.704(d)(1)(i)); or

BIRCH, STEWART, KOLASCH & BIRCH, LLP EHC/BFF/adb
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] (i)  Is a communication that was issued by a patent office in a counterpart
foreign or international application or by the Office, and this communication was not
received by any individual designated in § 1.56(c) more than thirty days prior to the
filing of the information disclosure statement (see 37 C.F.R. § 1.704(d)(1)(ii)).

VI.  FEES
O a. This Information Disclosure Statement is being filed concurrently with the filing

of a new patent application or Request for Continued Examination. No fee is required.

M b. This Information Disclosure Statement is being filed within three months of the
filing date of an application. See 37 C.F.R. § 1.97(b)(1) and 37 C.F.R. § 1.97(b)(2). No fee is

required.

1 c. This Information Disclosure Statement is being filed before the mailing date of a
first Action on the merits. See 37 C.F.R. § 1.97(b)(3). No fee is required. If a first Office Action
on the merits has issued, please consider this IDS under 37 C.F.R. § 1.97(c) and see the
statement under 37 C.F.R. § 1.97(e) above. If no statement has been made, charge our deposit

account for the required fee.

1 d. This Information Disclosure Statement is being filed before the mailing date of a
Final Office Action or before the mailing date of a Notice of Allowance or before an action that
otherwise closes prosecution in the application. See 37 C.F.R. § 1.97(c)(1).

I No statement. The fee as required by 37 C.F.R. § 1.17(p) is provided.

or

| See the above statement. No fee is required.
O e. This Information Disclosure Statement is being filed on or after the mailing date
of a Final Office Action, on or after the mailing date of a Notice of Allowance, or on or after an

action that otherwise closes prosecution in the application (see 37 C.F.R. § 1.97(d)), see the
statement above. The fee as required by 37 C.F.R. § 1.17(p) is provided.

BIRCH, STEWART, KOLASCH & BIRCH, LLP EHC/BFF/adb
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VII.  PAYMENT OF FEES

O The required fee is listed on the attached Fee Transmittal.

%| No fee is required.

If the Examiner has any questions concerning this IDS, please contact the undersigned. If
it is determined that this IDS has been filed under the wrong rule, the USPTO is requested to
consider this IDS under the proper rule and charge the appropriate fee to Deposit Account No.
02-2448.

SEP 212017
Dated: Respectfully submitted,

By &‘Q‘H:eﬁ\(vw -

Esther H. Chong

Registration No.: 40953

BIRCH, STEWART, KOLASCH & , LLP
8110 Gatehouse Road, Suite 100 East

Falls Church, VA 22042

703-205-8000

Attachment(s):

M PTO/SB/08

M Document(s)

M Foreign Patent Office Communication(s)
[0 Foreign Search Report(s)

0 Fee

O Other:

BIRCH, STEWART, KOLASCH & BIRCH, LLP
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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

PO. Box 1450

Alexandria, Virginia 22313-1450

WwWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/643,180 07/06/2017 Jungmin HA 1630-1332PUS2
CONFIRMATION NO. 7835
2292 PUBLICATION NOTICE

BIRCH STEWART KOLASCH & BIRCH, LLP

8110 Gatehouse Road RO RV
Suite 100 East 000000095038528

FALLS CHURCH, VA 22042-1248

Title:SOLAR CELL AND METHOD FOR MANUFACTURING THE SAME

Publication No.US-2017-0309761-A1
Publication Date:10/26/2017

NOTICE OF PUBLICATION OF APPLICATION

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

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

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

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

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

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

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

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

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.“SPlO.gOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

. | EXAMINER |
2292 7590 03/02/2018
BIRCH STEWART KOLASCH & BIRCH, LLP CHERN, CHRISTINA
8110 Gatehouse Road
Suite 100 East | ART UNIT PAPER NUMBER |
FALLS CHURCH, VA 22042-1248 1758
DATE MAILED: 03/02/2018
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. |  CONFIRMATION NO.
15/643,180 07/06/2017 Jungmin HA 1630-1332PUS2 7835

TITLE OF INVENTION: SOLAR CELL AND METHOD FOR MANUFACTURING THE SAME

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

nonprovisional UNDISCOUNTED $1000 $0 $0 $1000 06/04/2018

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

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

HOW TO REPLY TO THIS NOTICE:

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

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

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

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

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

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

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

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commlssmner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (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
ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
1cated 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

malntenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) apers. Each additional paper, such as an assignment or formal drawing, must
ﬁave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

2292 7550 03/02/2018 I hereby certify that this Fee(s) Transmittal is being deposited with the United
BIRCH STEWART KOLASCH & BIRCH, LLP States Postal Service with sufficient postage for first class mail in an envelope
> postag P
8110 Gateh Road addressed to the Mail Stop ISSUE FEE address above, or being facsimile
alchousc koa transmitted to the USPTO (571) 273-2885, on the date indicated below.

Suite 100 East
FALLS CHURCH, VA 22042-1248

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
15/643,180 07/06/2017 Jungmin HA 1630-1332PUS2 7835
TITLE OF INVENTION: SOLAR CELL AND METHOD FOR MANUFACTURING THE SAME
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $1000 $0 $0 $1000 06/04/2018

| EXAMINER | ART UNIT [ crasssuscrass |
CHERN, CHRISTINA 1758 136-255000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) The names of up to 3 registered patent attorneys
[J Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/ S%/ 122) attached. . . . 2
(2) The name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.
3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

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

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

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

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

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

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

| Applicant changing to regular undiscounted fee 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 Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.“SPlO.gOV

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
15/643,180 07/06/2017 Jungmin HA 1630-1332PUS2 7835
2292 7590 03/02/2018 | EXAMINER |
BIRCH STEWART KOLASCH & BIRCH, LLP CHERN, CHRISTINA
8110 Gatehouse Road
Suite 100 Bast | ART UNIT PAPER NUMBER |
FALLS CHURCH, VA 22042-1248 1758

DATE MAILED: 03/02/2018

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

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

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

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

Page 3 of 3
PTOL-85 (Rev. 02/11)

Petitioner Canadian Solar (USA) Inc., Ex. 1006, p. 251



OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

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

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

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

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

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

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

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

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

7. 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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Application No. Applicant(s)

15/643,180 HA ET AL.
Notice of Allowability Examiner At Unit [ 208 (et nventer © F1e)

Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
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DETAILED ACTION
EXAMINER’S AMENDMENT
1. An examiner's amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.

Authorization for this examiner's amendment was given in an interview with
Bradford Fritz (# 63,406) on 2/20/2018.

The application has been amended as follows:

Please see attached claim listing amendments.

2. Claims 1-11, 14, and 17-20 are allowed.
3. The following is an examiner’s statement of reasons for allowance:

The closest prior arts are considered to be represented by Heng et al. (US
2012/0318340) and Chang et al. (US 2014/0299187).

While Heng and Chang teach some of the claimed features of the method as
recited in the claims, the references, alone or in combination, do not teach or render
obvious the claimed features of the removing step as recited and the first passivation
film covering the first surface of the semiconductor substrate along with the isolation
portion.

Therefore, the claims were found to be allowable over the prior arts of record.

Any comments considered necessary by applicant must be submitted no later

than the payment of the issue fee and, to avoid processing delays, should preferably
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examiner should be directed to CHRISTINA CHERN whose telephone number is
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Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Jennifer Michener can be reached on (571) 272-1424. The fax phone
number for the organization where this application or proceeding is assigned is 571-

273-8300.
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first) with (passivati$2) and (rear back USPAT; 11:50
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EXAMINER’S AMENDMENT

1. (Currently Amended) A method for manufacturing a solar cell, comprising:
a tunnel layer forming step of forming a tunnel layer on a first surface of a

semiconductor substrate, a second surface of the semiconductor substrate and a side of

the semiconductor substrate;

a first conductive type semiconductor region forming step of forming a first
conductive type semiconductor region on the first surface of the semiconductor

substrate and the second surface of the semiconductor substrate;

a second conductive type semiconductor region forming step of forming a
second conductive type semiconductor region by doping impurities of & the second
conductive type into the secondaseeend surface of the semiconductor substrate;

a_removing step of removing the tunnel layer and the first conductive type

semiconductor region placed at least on the second surface of the semiconductor

substrate prior to the second conductive type semiconductor region forming step after
the first conductive type semiconductor region forming step:

a first passivation film forming step of forming a first passivation film on the
first conductive type semiconductor region; and

an eclectrode forming step of forming a first electrode connected to the first
conductive type semiconductor region and a second electrode connected to the second
conductive type semiconductor region,

wherein the removing step further comprises forming an isolation portion by
removing the tunnel layer on the side of the semiconductor substrate and an edge

portion of the first conductive type semiconductor region, and

wherein the first passivation film covers the first surface of the semiconductor

substrate along with the isolation portion.

2. (Original) The method of claim 1, further comprising a step of forming an

opening portion in the first passivation film after the first passivation film forming step.
3. (Original) The method of claim 2, wherein the step of forming the opening

portion in the first passivation film is performed by thermal treatment in the electrode

forming step.

Petitioner Canadian Solar (USA) Inc., Ex. 1006, p. 264



Attorney Docket No. 1630-1332PUS2

4. (Currently Amended) The method of claim 3, wherein the electrode forming
step comprises a first electrode forming step of forming the first electrode, and

wherein the first electrode forming step comprises printing a paste for—first
finger-eleetrodes for forming the-first finger electrodes and a paste for-a-firstbus-barfor
forming the—a first bus bar on the first passivation film and performing thermal

treatment on the pastes.

5. (Currently Amended) The method of claim 4, wherein in the first electrode
forming step, a highest temperature for the thermal treatment is between 795° C to 870°

CI95—te-870—.

6. (Original) The method of claim 4, wherein in the first electrode forming step,
the paste for the first finger electrodes and the paste for the first bus bar are printed

through a single process.

7. (Currently Amended) The method of claim 6, wherein a material #neluded-in
the paste for the first finger electrodes is identical swth-to a material ineladed-in the

paste for the first bus bar.

8. (Original) The method of claim 4, wherein in the first electrode forming step,
the paste for the first finger electrodes and the paste for the first bus bar are printed

using separate printing processes.

9. (Currently Amended) The method of claim §, wherein a material ineluded-in
the paste for the first finger electrodes and a material ineluded-in the paste for the first

bus bar are different.

10. (Currently Amended) The method of claim 1, further comprising an
intrinsic semiconductor layer forming step of forming an intrinsic semiconductor layer
on the tunnel layer formed on the first surface of the semiconductor substrate between
the tunnel layer forming step and the first conductive type semiconductor region

forming step, and,
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in the first conductive type semiconductor region forming step, impurities of &
the first conductive type is doped into the intrinsic semiconductor layer formed on the

first surface of the semiconductor substrate.

11. (Currently Amended) The method of claim 1, wherein the first surface of &

the semiconductor substrate is a-the back surface of a-the semiconductor substrate.

12. (Canceled)

13. (Canceled)

14. (Original) The method of claim 1, the first conductive type semiconductor

region is formed by a thermal expansion of impurities of a first conductive type.

15. (Canceled)

16. (Canceled)

17. (Currently Amended) The method of claim lelaim—15, wherein the
removing step further comprises:

forming a mask layer having a smaller area than the semiconductor substrate on
the first conductive type semiconductor region on the first surfacea—second-side of the
semiconductor substrate;

etching the first conductive type semiconductor region and the tunnel layer
plaeed-in a portion in which the mask layer is not has-netbeen formed; and

removing the mask layer.

18. (Currently Amended) The method of claim 1, further comprising forming an
additionala-seeend passivation film covering the second conductive type semiconductor
region between the step of forming the second conductive type semiconductor region

and the step of forming the first passivation film.

19. (Currently Amended) The method of claim 18, wherein the
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additionalseeend passivation film is placed-formed on a-the side of the semiconductor
substrate, and the first passivation film is plaeed—formed on the additionalsecend

passivation film.

20. (Currently Amended) The method of claim 1, wherein the first electrode is a
front electrode positioned on the seconda—frent surface of the semiconductor substrate,
and the second electrode is a back electrode positioned on the firsta-baek surface of the

semiconductor substrate.
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PUS2.pdf 9766e5c321705f1505257da302bcb26eed1
eeb57
Warnings:
Information:
30178
2 Fee Worksheet (SB06) fee-info.pdf no 2
7fad72d24bfbe7d03aeebS5546ed20f272a5 1)
azcl
Warnings:
Information:
Total Files Size (in bytes)1 333359

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

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

P.O.Box 1450

Alexandria, Virginia 22313-1450

WwWw.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
15/643,180 07/03/2018 10014419 1630-1332PUS2 7835
2292 7590 06/13/2018
BIRCH STEWART KOLASCH & BIRCH, LLP
8110 Gatehouse Road

Suite 100 East
FALLS CHURCH, VA 22042-1248

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Jungmin HA, Seoul, KOREA, REPUBLIC OF;

LG ELECTRONICS INC., Seoul, KOREA, REPUBLIC OF;
Sungjin KIM, Seoul, KOREA, REPUBLIC OF;

Juhwa CHEONG, Seoul, KOREA, REPUBLIC OF;
Junyong AHN, Seoul, KOREA, REPUBLIC OF;
Hyungwook CHOI, Seoul, KOREA, REPUBLIC OF;
Wonjae CHANG, Seoul, KOREA, REPUBLIC OF;

Jaesung KIM, Seoul, KOREA, REPUBLIC OF;

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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507548531 10/18/2022
PATENT ASSIGNMENT COVER SHEET

Electronic Version v1.1 EPAS ID: PAT7595422
Stylesheet Version v1.2

SUBMISSION TYPE: NEW ASSIGNMENT
NATURE OF CONVEYANCE: ASSIGNMENT
CONVEYING PARTY DATA
Name Execution Date
JUNGMIN HA 03/02/2016
SUNGJIN KIM 03/02/2016
JUHWA CHEONG 03/02/2016
JUNYONG AHN 03/02/2016
HYUNGWOOK CHOI 03/02/2016
WONJAE CHANG 03/02/2016
JAESUNG KIM 03/02/2016
RECEIVING PARTY DATA
Name: LG ELECTRONICS INC.
Street Address: 128, YEOUI-DAERO, YEONGDEUNGPO-GU
City: SEOL
State/Country: KOREA, REPUBLIC OF
Postal Code: 07336
PROPERTY NUMBERS Total: 5
Property Type Number
Application Number: 16250463
Patent Number: 10230009
Patent Number: 10014419
Patent Number: 11239379
Patent Number: 11133426
CORRESPONDENCE DATA
Fax Number: (703)770-7900
Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail.
Phone: (703) 770-7901
Email: docket_ip@pillsburylaw.com, chad.hammerlind@pillsburylaw.com,
amanda.childs@pillsburylaw.com, nicole.banks@pillsburylaw.com
Correspondent Name: PILLSBURY WINTHROP SHAW PITTMAN LLP
Address Line 1: P.O. BOX 10500
Address Line 2: ATTN. DOCKETING DEPT.
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Address Line 4: MCLEAN, VIRGINIA 22102

ATTORNEY DOCKET NUMBER: 066061-0571463
NAME OF SUBMITTER: NICOLE BANKS
SIGNATURE: /Nicole Banks/
DATE SIGNED: 10/18/2022
This document serves as an Oath/Declaration (37 CFR 1.63).

Total Attachments: 3

source=066061-0571463 Parent Assignment - Inventors to LG#page3.tif
source=066061-0571463 Parent Assignment - Inventors to LG#page4.tif
source=066061-0571463 Parent Assignment - Inventors to LG#pageb.tif

Petitioner Canadian Solar (USA) Inc., Ex. 1006, p. 283



Attorney Docket No. 1630-1332PUS1

BIRCH, STEWART, KOLASCH & BIRCH, LLP

P.C. Box 747 ¢ Falls Church, Virginia 22040-0747
Telephone: (703) 205-8000 * Facsimile: (703) 205-8050 ¢ Email: mailroom@bskb.com

DECLARATION AND ASSIGNMENT
FOR PATENT AND DESIGN APPLICATIONS

UNITED STATES PATENT RIGHTS, OR
UNITED STATES PLUS ALL FOREIGN PATENT RIGHTS

Title of Invention % SOL AR CELL AN METHOD FOR MANUFACTURING THE SAME

As a below named inventor (hercinafter designated as the undersigned), I hereby declare that:

This declaration is directed to the application attached hereto.

Applicationnot =

o e If the application is not attached hereto, the application is as identified by the attorney docket number as

set forth above and/ or the following:

Enter Appln. No. = [Jnited States Application Number or PCT International Appln. No. 14/953,264

EnterFilingDate - = filedon November 27, 2015

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

I believe that I am the original inventor or an original joint inventor of a claimed invention in the
application.

I have reviewed and understand the contents of the above-identified application, including the claims.

1 acknowledge the duty to disclose information which is material to patentability as defined in Title 37,
Code of Federal Regulations § 1.56.

WHEREAS, the undersigned has invented certain new and useful improvements described in the
application identified.

Insert Name ® WHEREAS, LG ELECTRONICS INC.

of Assignee

Eﬁsiligﬁﬁf“  of 128, Yeoui-daero, Yeongdeungpo-gu, Seoul, 07336, Republic of Korea
its heirs, successors, legal representatives and assigns (hereinafter designated as the Assignee) is desirous
of acquiring the entire right, title and interest in and to said invention and in and to any Letters Patent(s)
that may be granted therefor in the United States of America and

f:piigg’a‘f: *[] in any foreign countries.

NOW, THEREFORE, for good and valuable consideration, the receipt of which is hereby acknowledged,
the undersigned has sold, assigned and transferred, and by these presents does (do) sell, assign and
transfer unto said Assignee the full and exclusive right to the said invention in the United States of
America, its territories, dependencies and possessions and the entire right, title and interest in and to any
and all Letters Patent(s) which may be granted therefor in the United States of America, its territories,
dependencies and possessions, and if the box above is designated, in any and all foreign countries; and to
any and all divisions, reissues, continuations, conversions and extensions thereof for the full term or
terms for which the same may be granted.

Pagel BSKB-DECASSIGN(09-12)
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Attorney Docket No. 1630-1332PUS1

The undersigned agrees to execute all papers necessary in connection with this application and any continuing,
divisional, conversion or reissue applications thereof and also to execute separate assignments in connection with such
applications as the Assignee may deem necessary or expedient.

The undersigned agrees to execute all papers necessary in connection with any interference which may be declared
concerning this application or continuation, division, conversion or reissue thereof or Letters Patent(s) or reissue patent
issued thereon and to cooperate with the Assignee in every way possible in obtaining and producing evidence and
proceeding with such interference.

The undersigned agrees to execute all papers and documents and to perform any act which may be necessary in
connection with claims or provisions of the International Convention for the Protection of Industrial Property or similar
agreements.

The undersigned agrees to perform all affirmative acts which may be necessary to obtain a grant of (a) valid United States
of America patent(s) or a grant of (a) valid United States of America and any foreign patent(s) to the Assignee and to vest
all rights therein hereby conveyed to said Assignee as fully and entirely as the same would have been held by the
undersigned if this Assignment and sale had not been made.

The undersigned hereby authorizes and requests the Patent and Trademark Office Officials in the United States of
America and in any foreign countries to issue any and all Letters Patent(s) resulting from said application or any
continuing, divisional conversion or reissue applications thereof to the said Assignee, as Assignee of the entire interest,
and hereby covenants that he has the full right to convey the entire interest herein assigned, and that he has not executed,
and will not execute, any agreement in conflict herewith.

The undersigned hereby grants the law firm of Birch, Stewart, Kolasch & Birch, LLP the power to insert any further
identification which may be necessary or desirable in order to comply with the rules of the U.S. Patent and Trademark
Office.

The undersigned hereby covenants that no assigrunent, sale, agreement or encumbrance has been or will be made or
entered into which would conflict with this assignment.

The undersigned hereby acknowledges that any willful false statement made in this declaration is punishable under
18 U.S.C. § 1001 by fine or imprisonment of not more than five (5) years, or both.

In witness whereof, executed by the undersigned on the date opposite the undersigned name.

LEGAL NAME OF INVENTOR

Inventor'sName 2 Tpventor: ]’ungmm HA Date: 1016\ % . L

Invenior's Signature @ Signature: W .

An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form.
Use a separate form for each inventor; or check the box below and complete the attached page(s) to list additional inventors.

X Additional inventors are being named on the 1 supplemental sheet attached hereto.

Page2 BSKB-DECASSIGN-SINGLE (09-12)
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SUPPLEMENTAL SHEET FOR
DECLARATION AND ASSIGNMENT

Inventor's Name

2 Inventor:

LEGAL NAME OF JOINT INVENTOR, IF ANY

Sungjin KIM

Attorney Docket No. 1630-1332PUS1

ADDITIONAL INVENTORS
Supplemental Sheet Page 1 of 1

Date: lv’é_ 1.

Inventor's Signature = Signature: /’4//37- w’

Inventor’s Name

2 Inventor:

174

LEGAL NAME OF JOINT INVENTOR, IF ANY

Juhwa CHEONG

Date: ?Ozé ‘;)

Inventor’s Signature < Signamre: ﬁ/

Inventor's Name

Inventor’s Signature

Inventor's Name

Inventor’s Signature

Inventor's Name

Inventor’s Signature

Inventor's Name

Inventor’s Signature

Inventor's Name

Inventor's Signature

Inventor's Name

Inventor’s Signature

LEGALNAME OF JOINT INVENTOR, IF ANY

ZInventor: Junyong AHN ) Date: _zo)é C 3.
“Signature:
LEGAL NAME OF JOINT INVENTOR, [F ANY
Date:  20/6, 3. 2

“Inventor: Hyungwook CHOI =
hY

“Signature: .
o/
LEGAL NAME OF JOINT INVENTOR, IF ANY
“Inventor: Wonjae CHANG Date: 2016, 3 2
@Signature: % .
LEGAL NAME OF JOINT INVENTOR, IF ANY
“Inventor: [aesung KIM ___ Date: rolb. b, 2
“Signature: K /M ﬂ f 5 (‘//(/ 67,
LEGAL NAME OF JOINT INVENTOR, IF ANY
“Inventor: Date:
=Signature:
LEGAL NAME OF JOINT INVENTOR, IF ANY
“Inventor: Date:
*Signature:
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

POWER OF ATTORNEY BY ASSIGNEE
(REVOCATION OF PRIOR POWERS AND EXCLUSION OF INVENTIVE ENTITY)

In re PATENTS/PATENT application(s) assigned to:
Assignee:  Shangrac Jinko solar Technology Development Go., LTD

Address: NO. 3 YINGEIN ROAD, SHANGRAQ ECONOMIC AND TECHNICAL
DEVELOPMENT ZONE, HANGXI PROVINGE, CHINA

The above assignee (hereinafler "Assignee®) hereby revokes all powers of attorney
previcusly given and hereby appoints and authorizes the attormneys associated with

Customer Number 809808
{(the customer number associated with the attornays of
Pillshury Winthrop Shaw Pittman LLP)

o prosecute and transact all business in the U.8. Patent and Trademark Office
connected with the following matters, and any applications claiming priority 1o one or
more of the following matters; and to the exclusion of the inventive entity or any prior
assigneeas:

1.8, Patent Application No. Filing Date
OF
U.8. Patent No, 1
US12/812010 201077/ 14
USISM7611] 20167321
LUSHH/560384 2019974
LS E7/540083 ' 2021/122
USE4/478935 ) 2014795
US14/622034 2015/2/13
US16/456575 - 2019/6428
US16/36621 2019/6/28
US14/793427 2015¢7/7
US16/179664 WIS/
US14/806455 F61SI7622
USTE407812 ' 20174017
US16/597108 2G19/10/9
1815/025076 _ J018/3/19
US17/522083 2021116
LRT16/504995 2019/7/8
US1S5/142664 20164420
LS15/019478 20187313
Page 1
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USB16/250463

2011417

USF/880260 20238716
LIR7838761 [EO1LA3
USB426723 201344420
US93435%0 2016/5/LF
US7RIR426 2080/12428
VIS§232128 0127731
VST 7498 2011/4/19
US8999740 W45
HJRT838762 20H0/1 123
US7985610 201147426
S8S13734 2013/8/20
US8203072 2012/6/18
USS507789 2013813
LISE48 {847 279
LISE253813 2012/8/28
PRAGRE392 21443725
LIRBTT2630 20145778
LISSI06084 164455
USE723618 201445413
USYsSR3653 201773728
1IS§363857 2012/9/11
1IS8039734 201H/10/18
LIS96UR293 2477704
89070798 INISG0
EIRO478680 2016/10/28
LIS9947381 1 20184717
US9691819 200746427
US8884158 2084741 1211
US9172119 2085/109/27
YIS9337359 2016/541
US14784385 2020/9/22
SREA20927 13416
LIRB012531 20119406
LRD0D0291 Z085/4/7F
LI59935212 IPIRA
LIS10%64827 202143730
UISY853178 20112420
LISS586835 2013411419
1ISE835744 0149/ 1a
US10866472 2020/2/18
LIRBS23018 2013/943
IJSREA4AG51S 20 V78S
JISREAT484 2019772
US2064999 2015/6/23
LSO30887S 2016411729
US{9I2N3s 201471216
USHOG51331 02045412
LS9 148961 /629
USH166070 2015187260

LISD385256

2016/7/5

Page 2
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USBSOT7788 201378413
I89383248 2016/7/3
USROS2569 01572410
1IS9362752 2016/6/7
1189099607 2015/8/4
1158748218 201446780
UR8607475 20144415
US10090428 201871042
USDOTITAR 2018/5/15
R 0424685 201979524
LISO076905 2015/7/7
LISY38616% 2016/5/31
LS 10680122 20265619
URR119001 2012/2/21
USR0S IS4 201773428
USHRI§1543 2019/1715
USH157662 2015/10/13
LIS8418417 0134716
LISO147787 2015/9/29
1IS969R291 20177744
USI0121915 201841176
URE927854 2015/1/6
US2608113 20177328
US 10446697 01910718
US9117963 2015/8/25
 US9660120 2017/5/23
USE0340412 2019572
11S8§093876 2015/3/31
LS960R294 301777/4
USO80323 201872413
IS10153390 2018712711
LI%9768336 2017/9/10
USTH236403 201919
UST10304974 019528
US1130944 102 2022/4/19
USI132¢172R2 2022/5/10
1SG583648 20172028
1159553226 201741724
US10475944 200%/11/12
LIROUHN200 00850
USi0164130 201812425
US1120873353 02112414
LS10170646 20197171
US10566487 2020428
USH947810 FOLRAAITT
USO722104 20 ETI8
US10014419 2018/7/3
US 10230000 2019/3/12
US11239379 20037271
LISTHIA3426 202119428
UST1164984 2021411/2

Page 3
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Direct correspondence o the address associated with Customer Number 003809,

Assignes hereby authorizes the aforesaid attorneys to accept and follow instructions
fromits authorized representatives, Beijing Uni-intel Patent and Trademark Law Firm,
as o any actions {o be taken in the U.S. Patent and Trademark Office regarding the
above-identified application. In the event of a change in the person(s) from whom
instructions may be taken, the aforesaid altorneys will be so notified by Assignee.

The undersigned confirms that he or she is authorized to act on behalf of the assignee.

Shangrao Jinko solar Technology Development Co, LTD

Signhed: )Qx-w‘l{z{&- Li

Name: Xiande Li
Title: Fresident
Date: 2022.09.21

Page 4
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Page 1 of 2

UNITED STATES oxandria VA AdaTox 1480
PATENT AND TRADEMARK OFFICE AN, Y o o

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
15/643,180 11/07/2022 02:16:54 PM ET 1630-1332PUS2

Title of Invention
SOLAR CELL AND METHOD FOR MANUFACTURING THE SAME

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT # 10014419
under 35 USC 111(a)

CONFIRMATION # 7835 FILED BY Nicole Banks
PATENT CENTER # 61150534 FILING DATE  07/06/2017
CUSTOMER # 2292 FIRST NAMED  Jungmin HA
INVENTOR
CORRESPONDENCE - AUTHORIZED BY Chad Hammerlind
ADDRESS
Documents TOTAL DOCUMENTS: 2
DOCUMENT PAGES  DESCRIPTION SIZE (KB}
68081 Fower of Altorney - 4 Fower of Altorney 877 KB

Shangrao Jinko solar
Tachnology Development
Co., LTD filed
O7NOQVEG22 pdt

93

06806 1-0571520 Stalement Assignee showing of ownership 114 KB
unﬁeri GFR 373¢ filed per 37 CFR 373

Digest

DOCUMENT MESSAGE DHGEST{SHA-513}
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Page 2 of 2

(3886061 Power of Altorney - O331ECBTTTAQDER4T7R0152E0DODARZ2E825ACCEBEY182E2B78R
Shangrao Jinko solar FEZ78T1A4FOUBFCEROCE4FFE287ABDOFF3BA0SA3244170D2C

Technology Development Co,, AETA490E0CFZ732B3A6BDE0CTIF4AES
LTD filed OVNQOVZ0E2 pdt

066061-0571520 Slatement SEAZEABDDTEATODA4BACEABASFATTBBETI 3CFEEE4ASTCAT2E
under 37 CFR 373¢ filed QOFEEFTFRCEDAZEED404DT7C2ATESEASF 1330EBORB364B5656F
OYNOV2022 pdf JEDFE2TFO4ZcBARRCEFOSRF37R0CH0

This Acknowledgaement Receipt svidences receipt on the noted data by the USPTO of the indicated documenis, charactert
oy tha apgirani,, ¢ including page counts, \Mi are apphcable. It serves as evidence of receipt similar (o a Post Card, a3
LR 508

New Applications Under 35 US.G. 11

i a new application is being Hlsd and the application includes the necessary componenis for filing dale {ses 37 (5-""9 183k}
and MPEP 508}, a Filing Receipt (37 CFR 1.54) wili be issuad in due course and the date shown on this Acknowladgermant
Raceipt will asis the filing date of the application

BHSH

Nationa! Stage of an international Application under 38 US.G, 371

{i a timaly submission to enter the nadional stage of an international appbication is compiliant with the conditions ¢ 35 U.S.C.
371 and other applicable requirements & Form PCT/DO/EQ/SOS indicaling acscaptance of the application as a national stags
subnmission under 35 WSO 371 will be issuad in addition 10 the Filing Recelpl, in due course.

New International Application Filed with the USPTO as a Receiving Offfce

E* a new internalional appiication is baing filed and the ntermational application includes the necessary compoenants for an
irfarnational Hing date (sae PCT Article 11 and MPEF 1810), a Notification of the International Application Number and of the

Erziematxmai Filing Date (Form PCTAROM0S) will be issuad In dus course, subject 1o prescriptions conceming nalional securily,

and the date shown on this Ackrowledgament Receipt will establish the inlernational filing date of the application.
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PTO/AIA/96 (08-12)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

STATEMENT UNDER 37 CFR 3.73(c)
Shangrao Jinko solar Technology Development Co., LTD

Applicant/Patent Owner:

Application No./Patent No.: 10,014,419 Filed/Issue Date: July 03,2018
Titled: SOLAR CELL AND METHOD FOR MANUFACTURING THE SAME

Shangrao Jinko solar Technology Development Co., LTD a corporation

{(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

I:] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:
1. From: INVENTORS To: LG ELECTRONICS INC.

The document was recorded in the United States Patent and Trademark Office at

Reel 061448 , Frame 0929 , or for which a copy thereof is attached.

2 From: LG ELECTRONICS INC. To: Shangrao Jinko solar Technology Development Co., LTD

The document was recorded in the United States Patent and Trademark Office at
Reel 061572 , Frame 0487 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

4. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
5. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:] Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Chad Hammerlind/ November 7, 2022

Signature Date

Chad Hammerlind 67,565

Printed or Typed Name Title or Registration Number
[Page 2 of 2]
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Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 223131450

WWW.USPLO.gOV
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/643,180 07/06/2017 Jungmin HA
CONFIRMATION NO. 7835
909 POA ACCEPTANCE LETTER
Pillsbury Winthrop Shaw Pittman, LLP

PO Box 10500

O A
McLean, VA 22102

Date Mailed: 11/10/2022

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 11/07/2022.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/nrhayden/
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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

PO. Box 1450

Alexandria, Virginia 22313-1450

WwWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/643,180 07/06/2017 Jungmin HA 1630-1332PUS2
CONFIRMATION NO. 7835
2292

POWER OF ATTORNEY NOTICE
BIRCH STEWART KOLASCH & BIRCH, LLP

8110 Gatehouse Road RO A QA e
Suite 100 East

Falls Church, VA 22042-1248

Date Mailed: 11/10/2022

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 11/07/2022.

* The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

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.

/nrhayden/
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