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Application Number

Filing Date
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First Named Inventor | Oliver SCHULTZ-WITTMANN et al.
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Examiner Name |

Attorney Docket Number ‘3304_0018

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns,Lines where
- Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code of cited Document .
Figures Appear
1 6194763 B1 2001-02-27 Hisamoto et al.
2 6924179 B2 |200508-02 |Ohetal.
3 7202143 B1 2007-04-10 Naseem et al.
4 6210991 B1 2001-04-03 Wenham et al.
5 5665607 A 1997-09-09 | Kawama etal.
6 6821875 B1 2004-11-23 Wenham et al.
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove

Examiner
Initial*

Cite No

Publication
Number

Kind
Code?

Publication
Date

Name of Patentee or Applicant
of cited Document

Pages,Columns,Lines where
Relevant Passages or Relevant
Figures Appear
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Examiner Name |

Attorney Docket Number

3304.001B

1 20080001169 Al 2008-01-03 Lochtefeld

2 20060213548 Al 2006-09-28 Bachrach et al.

3 20080072959 Al 2008-03-27 Chen et al.

4 20030136440 Al 2003-07-24 Machida et al.

5 20070295399 Al 2007-12-27 Carlson, David E.

6 20080311697 Al 2008-12-18 Reber, Stefan

7 20100105190 Al 2010-04-29 Ferre i Tomas, Rafel
8 20090178711 Al 2009-07-16 Joo et al.

9 20100136768 Al 2010-06-03 Biro et al.

10 20100227431 Al 2010-09-09 Rana, Virendra V.
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STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

Filing Date

2015-08-19

First Named Inventor | Oliver SCHULTZ-WITTMANN et al.
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Examiner Name |

Attorney Docket Number

‘ 3304.001B

If you wish to add additional U.S. Published Application citation information please click the Add button. Add
FOREIGN PATENT DOCUMENTS Remove
Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind [ Publication Applicant of cited where Relevant s
Initial* No | Number3 Code? j Code4| Date Pp Passages or Relevant
Document h
Figures Appear
1 JP2003-298078 JP A 2003-10-17 EBARA Corp. English Abstract Only
2 JP2006-128630 JP A 2006-05-18 Sanyo Electric Co., Ltd. | English Abstract Only
3 WQO2007/125903 WO A1l 2007-11-08 Fukushima et al. English Abstract Only
4 WO2008/028625 WO A2 2008-03-13 |Biroetal English Abstract Only
5 WO02008115814 WO A2 2008-09-25 | Carlson et al. English Document
If you wish to add additional Foreign Patent Document citation information please click the Add button ~ Add
NON-PATENT LITERATURE DOCUMENTS Remove
. . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite S . . )
e e (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s}, TS
Initials No . - .
publisher, city and/or country where published.
1 SCHULTZ, O. et al., "Deielctric Rear Surface Passivation for Industrial Multicrystalline Silicon Solar Cells”, 2006 IEEE D
4th World Conference on Photovoltaic Energy Conversion, Vol. 1, May 7-12, 2006 (pages 885-889).
DeWOLF, S. et al., "Surface Passivation Properties of Boron-Doped Plasma-Enhanced Chemical Vapor Deposited
2 Hydrogenated Amorphous Silicon Films on P-Type Crystalline Si Substrates”, Applied Physics Letters, Vol. 88, Issue |:|

2, January 2006 (1 page; Abstract Only).

EFS Web 2.1.17

Mundra Solar PV Ltd., Ex. 1002
Page 5




Application Number
Filing Date 2015-08-19
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STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Oliver SCHULTZ-WITTMANN et al.
Art Unit ‘
Examiner Name |

Attorney Docket Number ‘ 3304.001B

3 TUCCI, M. et al., "Laser Fired Back Contact for Silicon Solar Cells", Thin Solid Films, Vol. 516, Issue 20, Auugst 30, D
2008 (1 page; Abstract Only).
4 BAU et al, "Application of PECVD-SIC as Intermediate Layer in Crystalline Silicon Thin-Film Solar Cells", 3rd World |:|

Conference on Photovoltaic Energy Conversion (2003).

5 SCHULTZ-WITTMANN et al., International Search Report for PCT/JS2010/031868, dated August 18, 2010 (4 pages). |:|

6 SCHUTLZ-WITTMANN et al., Patent Examination Report No. 1, for Australian Patent Application No. AU2010-239265, D
dated August 19, 2013 (4 pages).

7 SCHULTZ-WITTMANN et al., Examination Report No. 2 for Australian Application No. AU2010-239265, dated January n
22, 2014 {3 pages).

8 SCHULTZ-WITTMANN et al., Patent Examination Report No. 3 for Australian Patent Application No. AU2010-239265, D

dated March 6, 2014 (3 pages).

If you wish to add additional non-patent literature document citation information please click the Add button  Add
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*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in confermance and not considered. Include copy of this form with hext communication to applicant.

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

Filing Date 2015-08-19

INFORMATION DISCLOSURE

First Named Inventor | Oliver SCHULTZ-WITTMANN et al.

STATEMENT BY APPLICANT At U
rt Unit ‘

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

Attorney Docket Number ‘ 3304.001B

CERTIFICATION STATEMENT

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

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

OR

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

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

[ ] See attached certification statement.
[] The fee set forth in 37 CFR 1.17 (p) has been submitied herewith.

A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1 .4(d) for the
form of the signature.

Signature /Kevin P. Radigan, Esq./ Date (YYYY-MM-DD) 2015-08-19

Name/Print Kevin P. Radigan, Esq. Registration Number 31789

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 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.C. 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 infarmation 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 terminaticn of proceedings or abandonment of the application or expiration of the patent.

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

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.8.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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PATENT ABSTRACTS OF JAPAN
(11)Publication humber : 2003-298078
(43)Date of publication of application : 17.10.2003

(5DInt.Cl. HO1L 31/04

(21)Application number : 2002~096229 (71)Applicant : EBARA CORP

(22)Date of filing : 29.03.2002 (72)Inventor : MISHIMA TAKAHIRO

ISHIKAWA NAOKI

(54) PHOTOELECTROMOTIVE ELEMENT

(57)Abstract:

PROBLEM TO BE SOLVED: To provide a

photoelectromotive element such as a solar cell or the

like that is superior in electric characteristics such as

power generation efficiency or the like, by adopting a

low—-temperature process to keep a semiconductor

substrate with a long carrier life time and high quality.

SOLUTION: A rear—side joint type solar cell is provided e {8

with a PN joint and an electrode on the opposite surface 13 " 13 w13 T

to the light incident surface of a semiconductor A { { { { 12

substrate 11, and it is also provided with an intrinsic = : .

semiconductor film 12 of 20.1 nm and <50 nm in ' 17

thickness, P— an N—-type conductive semiconductor L 515 15

layers 13 and 14 thereon, and electrodes 15 and 16

thereon, on the entire surface with the PN joint.
http://www19.ipdl.inpit.go.jp/PA1/result/detail/main/w3WqnqaDA415298078P1 .htm 2013/12/11

Mundra Solar PV Ltd., Ex. 1002

Page 9



w2 2 B %

(19) RAEHRFFT (J P)

A H @

(1) #FFHEANE S

$$BH2003 — 298078
(P2003—298078A)

43)ABRE  YER154E10817H (2003. 10.17)

61)Int.Cl’ [V E S F 1 F-v1-b" (B%)
HO1L 31/04 HO1lL 31/ A G5F051
BEFER F#R FHRAOK9 OL (& 6 H)
1) HEEs KFEi2002 — 96229( P2002—96229) (TDHEEA 000000239
B ER BT
(22) e YR 144E 3 §29H (2002. 3. 29) HEEAHKHNOEEN1%1 8

TORYIE =m HH4
SORBAHRXRMEIISEL S #lat
HERSHERTN

GARYE BN BB
WERAHXPMEN1E18 K4t
HESMERTN

(TOREA 100091498
At ER B (134

F#—A(BE) SF051 AAD2 AAO3 AAD4 AAOS CAOS

CA14 DAO3 DAO7 DA20 HAO3

(54) [RBIOAM] JLEEHET

(57) [FW)

[FE] KEBELB v AZMAWAI LT, KELF
YT AT A LA S50 HE B8R EAR D IRE
EHEF L, ChiC K D REYBTOEINRHEICEN T
KBt ZE 0B hETFR2RET 5,

[FRRFER] SRR 1 1 DXASTE & R DEIC
PNESLEMAK L EGESHABEm B,

T. FIEd PNBEEREET  2E2MKIC, 0. 1 nmilk
50 nmETOREOEMLRERK 2 &, B LCP
MEIUNOBEGFEEE1 3, 148, ZHEEHE
BLIcR-E®E1 5, 16&xEA .

....................................................... \,18
1814 13 1413 1
) S 2 6 ’ ( 12

17

Mundra Solar PV Ltd., Ex. 1002

Page 10



1
URTeARD#ER)
GERIE 1] SEEHR O ASTH & RN OHIZ PN

BALEMATER L EiiBS AR RIC BT, bl
EPN#EEERTSE2MEIC., 0. 1nmlE50n
mUFOBEDE M LEERE . B LICPHBIUN
HOEREFEERB L, ZFORB LRI EELE
iz 1= LM L T 2 ENHEARGRENET.
G5RE 2] fEC PRV & U NEIOEE e kg
IRV 7B . IOBRICRHEICHERNTEELZC L
AR L T BHFERE | BEONEENET
(GARIE3)  ARCEMRD A S B AR E 3 B4
GREEAREIRTH B T L BRI E T AR 1 BlROX
HHNET.

GEREA4]  AEdEEEERE LT, JERSSS |
B, ERIFEMAS | SRS i AT ORISR, ¥
BIERESR S | CHE, FRIEMRS i C/WMERS i
T ORGEREA AW e LR E 3 5FERIE 1 iR
HENHET.

(FERFS5) alRcEMEARE, MECVDERWY
TR LI & 25 e ¢ 5FERIA 1 TRONER LR
Fo

(FERIHGE]  RURCHEEER DI AR I RHP -
ZiA T2 BT E T BRI | SO CREN#
¥

GERIE7)  RURCHEEEIR OV ASTHIC AT

BiR e FOHEBRIDBAKA - L ER#H L T 5FRE
1 WO EBENFRF

(R 8)  Wic B AR O YA S T I Ik H ik
R A 72T L R4 E T 2R 1 sdfioyeitEh#E
o

(GERE9) —HHEBOIBABSERZEML. Al
SHRODE b —EICE M IR S R
L. %RECPRBL NI F—7 U8B
YRR HDCHR L TR T2 2 L 2R E 955
HEHETOMERE,

[FeAOF M2 3HHE]

[0001]

FEADIE T BET1F) ATERIE, AR & R D
M P NS L EAOEREER Ut BB aiRiGE
HMEOHREBHEFICETEEDTH S,

[0002)

(e nEf] TEMICKBICEEIN TV 3 AIEER
&, JEER (TEATZ7R) YUaVHMRERWEED
BBV, LALEDMS, COLSEREEBIERIR
MIEVHSREREDRPEVE VS ENH B, T TC
DRBEDTS, v ) I VEEREEBHEEERIC, *
Bk IR BEHOIERBR Y IV BEHELTPN
EERERL., ChICKONREBNOERMEREZN LE
EAENIHEENTV S,

[0003]) coOkIkERRIY aVERE, FEHESH

2

10

20

30

40

50

72*

KR2003—-298078

2
VY AVREDHERTESEER LB, BES
OV BEEBOFRMNT, FEiMELOFIEIC K b YER
Fr U TOEBAPELCT, HEShSMHERZRIRT S
CENRBTHDLVIMEND -, COXIERE
FERBRYT B0, SRSV aVvEREIEEGY ) O
VEEORMICAMIFRSRYEERBEEER L. AR
FERTBHEAD TN TV,
[0004]) &7z, —RRCKFBHIL, HAHTERICE
PRSI fH A . YA & RO EIC R =Bl e DT
HNEBHEROHELTWS, COkH, HASEMIE
U 7B IAERRIC X A YEDERIENEEL., CD/-HRE
RIRANEL B LWV IENSH -T2 D&k 7
SRR B o6, FEARTIIC BHERZREEE T,
ER O NS & KA TRl P NBEAEEK L.
PEHIUNBIERTIEREZTNTERL, PE
ENB L AZHIHOERKIC 7 EEES AR ER
BN T W3,
[0005] LA, BEBESUAGERTIE, P§
HEMOEIBATER LIcF v ) 7HRROBELGE
KEEIhZPNEBREETEETS I, KEhF+
V754754 LT 5aMERGRIEFEEERD
WETHB, Lh LMD, EiliEasRKRGEoR:E
THRTE., BRts SRS O&HE Y D XD HE
THBIH, FY VT IATR2ALLDEBEL, HFLE
REDBREOMESRONEHN LV SHENS S,
[0006)
(REPMRR L &5 & T 23] ARHHEE BRL-BE
WKEATRENELOT, KELAHE IO AZHNS T
ET. REBRFYUTIATEALRETHEME LY
BRERORER R L, ChicX DREHNROEVK
BREMEDONEEAETZRUTI L EHNET S,
[o007])
(AR RS 27D DOFER] RFEHONEENHET
13, PEAERONEASNE L KFOMIC P NES L EE
EEM L - ERESHARERICS VT, P NES
EERTAHESMEIC, 0. 1 nmllE5 0 nml{TOM
EOREMLEEEE, ZE I PRBIUNMOEEN
MOB(KRE L | A ISR R B A T b
R E T, T T, At PRBRUNYOEEMSY
B LR - EARG, BOEKICREICENTRE
TBHEEMFELY,
[0008]) %/, BEfEEERE, FS5AYCVDE
T3 C VD EMWTER T2 2 EMFE L, R
MR CVDEMNS T EAFE LV, Efe, FEEHER
OGS TRIC EAR & R EEROBERITI S L 9L
TH &V,
[0009] EMYEAKREETF X CVDE i3
CVDZEMWTHERL, ZTOHIMFEEB I PIBX
UNZIOROEKIC R HICER T HE B K UEBR L R
WRIBAE SO ATEMT 5 LT, FEERRDOF

Mundra Solar PV Ltd., Ex. 1002

Page 11



3
YT IAT A LEBORETHRFT S LA AJREL
2B, ChICED, HARSUNRENZRTLLTORA
WRENERZEDORBIFTAETEMESBON S, FC,
MIECVDEMAVEC & T, BHIREIC Bk #%
TEBH LT, BEROEEERIENEL TS LN
TX5,
[0010]
[RHORHDOFRE] LI, FREHORMIEEICDNT
MMINEESRB UM LHPET 5.
(001 1) B, FRAO—EMHHEDNEEHE
THIRY, CONBRBNRTIIABERTHD, FlRE
NI M SR LR 1 1 OEITIC P NS L TR
ZBiE LRSI ORMER TH 5. fiaMELEEE
EiR1 1, BIXEESHY 100 pmBEDT Ry
DOz ThBABZNBICRHYY F—T Uiz ) v B
BERTHD ., COREAICESELERE 2 2/AT
W3, £z, BREISEERRD 1 LT, VRVEH
SRV TE &V,
(001 2) RABBERFIBHEZTY O VERI.
FREREICRE I N Y IV EREBR L5 DEh
5. FIEAMOESIICh-> TEGSRES LIFsc L
T, BOER CO—MR) OBSEFREIYTEETS
ZENTES, L. COMSELIY RLANL M
ATH LB LT, RROBRERGINCG| LTS
EMTES, LT, BOFROBHETEYILTETH
Widdckickh, BEX 150 pumll FOER— ME
ROMERFLRBHEHIV IVERNELND, TD
FHICOVTIE, AHBAORE2000—-2753 1
55 EBRIhLY,
[001 3) EffEkmpi1 213, EXH 0. 1 nmlY
L. 50 nml{ToESTHNIEEREE (TELT 7
) BTHB, FLT, TOEMEFEERIE. IERS
Yavi, RSV AV EMERIYOVEE
DT ORGER, 2RI SRIES Y a U, £
BRI ) OV e SR aVBEONTOf
ERETHD, TORMELEFERIL, BERMCHERE
ThHb, TOREEPNESHICHUZ LT, kF Sy
N— g VIRAH O, HREBEN LR T2FDOHTH
FHORBMNATHETH S,
[0014] cOEMFEEE] 20, MECVDES
7S5 ARCVDTERT BT EMFELLY, MIECV
D, @2 (a) IRd &I, BIETEEREEAS
RICHABIBRER 2 |, &SRR 2 2. JBEHROE
]2 3, BRANVE2 AFERMA D, CT. ik
22, BUTARTFUERBEV T T UEORME LS
00~2400CIMBALT, DRHAZRERILLTH
2 3DXRETHERERBEEELTI2EDTH B, &
LT, B3 (b) IRTSIXCVDERR.
w2 5, 2 6RIICEAIRER?2 7 XD EAEEL 24t

3)

10

20

30

40

H2003—-298078

4
TRPORETAFICREIE &, Thic Xk h BBENROR
2 3DEHLICTHARERBELAERT 26D TH S,
CTOE3 (a) WWRTHEC VDI, B3 (b) ©x
TT7SATCVDELHEKT B L, BENSERADY
FAREA—IMNEEALEE LAV, BBOBEDHE
HThOEIR VBB, AF—LT7 v THBRETHS
HOREANH B, Fic. KESEED, flZlds~10n
m/ R EE L, TEIT 7 AT O VERH
B Y 3 VRO K T REAE WA U AR
TRLNS,
(0015) coOAEMPEKE 20FREIIE, PRI
THiM) R — 7 U= SRR EAE | 38, NIICRHm
R—7 U7 EMNOEE | 4 EHATHICAEXTHREE
NTWa, TOFEEE13, 143, PIREAZLT
A ERVTHECVDERRITIAICVDIL D
RENIHERBELE VI VETH D, FEERE
3, 14 LIcEZFNFNEML 5, 1 6EBEIhATY
B, TNHOBEMLT S5, 1613, FAIEHESOEEMES
—A+EAZ)—VHRNC K D232 =KL, ThE
ESE L TR EN S, PRBIUENEICENFRS
MR —F U REEE 1 3, 1 4R, MIAIERY 4
I REBICE ORI 1| 7IC& g E N TV 3, il
fRER 1 1 OFEASHEHICIES | ND S %2 KRS EE
1 8 WEETNT VS,
[0016] K3, TOKBEHOERFEBERAIC
ARLEKTHD, PRINEARE 1 3IcHERT52EML 5
&, NEEERE ] 4ICERTHER] 6 &0, Mok
RIEREICHENTHWCHEFICEBENTWS, 2HD
MOWEROERE | 53 ZOBRTHLEHRH 5 alc
FL., SROMOMEIROERE 1 6137 DHIBTH 5 R
H16allZNETNEEIN TV 3, oT, TOXER
BMOEREBENIHFHOEEL 5a, 16 afiTHOE
ENnb.
[0017] Rz, COXBBEHORE FOF”IcOV
THHEET S, OARBEHE. B 1 | OSEmANC A
CVDEMIETIRXTCVDTEMEINEEOIHERE
) avE CREARED 1 2 2HA. ZORMIHE
CVDERRFTIAICVDTEME N PREBIUN
BICAHM F—7 U811 3, 1 4 &2 Ty
5, o T, B EAEE ] 2 LB PEKRE 1 3,
1 4 RHICHECVDERII TS AT CVDEDERRT
Ot AW ELEINERERAVTWS, ZLT, #ig
1 7TOEK. BXUEML 5, | 6DERL. ZhF
A7V —VARIFIC X DD 2=V RERL, <
N ERHIEKIR O 4 0 0 CREEOINRTF( LA X D
BLTW3, fE->T, 3XTOTOEAA4 0 0°CHKH
DIRIRLIRIC K DRV ENZ DT, FEEER |
LIZBWTREERFYUTSATRA LR 2E5E
HAREEFOEEMTFTZCLHTES, FLT. F0

HRIBET. RENROHADF 28275 X=tl 50 HEANIGBABEBHEFELEVOT, Shic k3R

_3_

Mundra Solar PV Ltd., Ex. 1002

Page 12



5
BEARELT. AVRENESORFRCELBRREHS
#5035,

[0018) EM¥EHEE1 2, BLXUPRBIUNE
OETFMLEEB 1 3, 1413, FhFhEECVDE
AVWTHERT ST EAFE LY. MECVDIEBNT

. EREES100~400CREETHD. KBS
LR TH B, FERIR 1 | BA AT E=R1T %

Ve Ez, BIREOKET Y HIVOEFEIR X D EHAER
DREEZE B L TRMIBMEE G T % 25 ORHA
$B. Fle, TIARCVDERKD, TTARICLD
HA=IRZIHNOT, THICXOFEERER]1 1O
FrVTIATEA LD HFETEHI LM TE S,
[0019] K43, RIHAOMOKBIHEOILEES]
EIRTT, CORMFEICE TR, BR1 1 OMA
HERANC H EMHEEE 2 02 HA TV D, TOMOBE
i, BUISRTE 1 ORBRELRKRTH D, CC

T, BEMEEEAR 2 0, AR Ay oo sk sk 1
2 LHBFICEAR 1 | oFE@HmB XTAIAICERT S
EMFFE LY, ChICKD, RV aVERI 1O
KAHENE & CRES FOXRmMAEN LEKETED
nackicky, RAEMEERL T, EXNEEER
+EEBENTES,

[0020] B5&, ARFEHOHEICMORBREOIIEL
BAETETRY, COEMERECBNTIE, ERL 10
HABHAICER 1 1 ERANBEHOB2 | ZHA T
5, TOR2 1id, NBEOEEERR 1 1T L TR
HEMOPRETHY . RNEFEWEMIC L D ERON
MEREMHLTE Y ) TEBAZMLTS28EELEL
TWh, chlc kb, ABREHMREDHTNEER W
LB EHNAETH B,

[0021]) &z, K6%2BRLTARHOKETNHE
FOBEATICDWTHET 5, £9. ®6 (a) IIxR
T &Ilc, NRIORSMEZIESHBE) VIR 1
EFHMTE, chid, ERLEXSIF YRy oo
THRSERRYRVBEREAVSENTES, £L
T RCHEHEITOREICHE LB EEEEREL.
REEBERTIKEICT S, R, K6 (b)) KR LD
I, i C VDIC X IFERESE YOV 2, 20
ERR 1 1 OREGHICHERT 5. COEEE. 0. 1
nmlES5 0 nmlFAFELVWA, —flELT10n
mEBEICEKT 2. COFBREESY IVEOERE
Ho—Fliz, XDLEDTHS.

HAFHR :SiH1=20sccm

AR SiH4/He=1:10

KEFE/: 1Pa

HikiEE:250°C

J4AVMEAE:1800C

[0022) Kkiz. W6 (c) WRT LI, AECY
DIC L DIEEREELEYIVE 1 3EBKRTS, T
THEESVIVE 3B PRTHI, MRS 3

@

10

20

30

40

30

—4—

#M2003—298078

6
OnmBELT3, COPHMIHERIY aVEL,
HAFE: Sill1a=20scecm. BzHs=1sc¢c
cm (1%, H: &) .
AL SiH4/He=1:10,
WEEH: 1Pa,
EiRiRE : 250°C,
TA4ZAMEE D 1800C,
KEDERLTVAS,
[0023]) &ic, ®6 (d) ITRTEIICNEDOIER
REEMIV VB 1 4 BEKT 5. CRERRICAX
WWRAZEROTEEBES Y IVE 1 3 OMICHONEIK
KT B X S ICBBOFITI A — V2K T %, HE
EHZE3 0 nmEETHS, DR,
HAFE: SiHa=20sccm, PHai=1scc
m (1%, Hz &HR) .
HA: SiH4/H2=1:10,
EFE? 1 Pa,
KRR 2 50°C,
T4 7AVMEE 18007,
IKEDERL T3,
[0024]) iz, W6 (e) WTRT LI, R 1
7 RERT B, Chid, BIZERY I REER—X b
BRIV —VERESFCLD, SEEVIVEL 3
1 4 ORICESHAAT, 25 0 CLUTDIRE TMRRE(L
THIEIEIDEKT . TOFER 1 7ORRICK
h, MHEES & Ui AT R LT 5. 2LT.
K6 (f) IRT&Iic, FIRIEMX—A+EAZY—
VHRNC X DAL, chZEEkIC 2 5 0 CLAT DL
AKIR THNEREM LT 52 Lic &k b, B 3ISRTHOMEIR
OXRBEICHBL =B/ Z2—>15, 16, 15a, 1
6 a BRI D,
(0025]) Ak, LETIRICHEVT, RRELENH
i1 | OXmICRFEBEREER TS EMFEL
Vo REFIERE, FIAIEERER/ Sy ZEICED S i
3 N+ EENFETH Y. FIZIEHRES 0 nmBEICE
KT %, Fle, RSIKRT LS, FEAER ] 1 0¥
AN B & SO B ER OB EFITD LI L
TE KWV, Thid, FEEER 1 1S5 CHEMIE
EREAA VEAZOREICIDERL THL T ehF
FLWL,
[0026] %, LILEMETARRADERER D—
BERERAZHLDT, AFRADBELRBT S L]
2 OEREBHIATIRERC L I3 TH %,
[o027]
[FEEADENE] U EFIA L & S IcARERIC LN, #
HEEROF Y V754 T RALDBAEL, REDHRE
OETWRHEIC BN EE RS AR ENEONEES
ATERMHTE S,
(1 e D 5] B 7 AT )
(X 1) RFO—LMIBEONEE R T ORISR

Mundra Solar PV Ltd., Ex. 1002

Page 13



(5 #B92003-298078
7 8
ZRIMENTH 5. %,
[K2) (a) B CVDEERTETHD., (b) (575 D]
B75 X< CVDiEERTETHS, 11 S SRR AR
(K3] K1 OXEEHETFOEROEBHEMZRTE 12, 20 SRS S TFN
THs, 13 PRIEEM VOB
[ 4] FFBEOMOREIEEDEET R T ONHIEHS 14 NREEE ) avE
BERTWEK TH 5, 15, 16 EHE
(X5] RIEAAD MO IHERIEDNIL RN £ T ORISR 17 Haks)e
2RI AR TH 5, 18 B 5B 1
(K 6) AHRAODARBNRFOMEIEZRINTSH 10 21 RAHRELE
(K1) (®2]
18 (a) 21 (b) 25
B w0 5 e
- ’ '2225;***¢¢*HH AL A LIS L
7 0® 0% oo o° .'i
voBow R R AR AT NSO M
[ - ] [
5 |
24 26
(3] (®4) (®5)

Mundra Solar PV Ltd., Ex. 1002



(a)

(b)

(c)

(d)

(e)

(f)

(6

17

(K6]
~—11
20
~—11
N2
20
T~
—m@——@"—m‘\m
13 13 13
20
™1
—@ww 12
13 14 1 14 13
~ 20
11
= = 12
13 14 13 14
20
13 14 13 14 13 T~
( ( [ L L
Ty 12
15 16 15 16 15
_6_

HBR2003—298078

Mundra Solar PV Ltd., Ex. 1002
Page 15



Searching PAJ 1/1 R—

PATENT ABSTRACTS OF JAPAN

(11)Publication number : 2006-128630
(43)Date of publication of application : 18.05.2006

(51)Int.Cl. Ho1L  31/04 (2006. 01)

(21)Application number : 2005-257818 (71)Applicant : SANYO ELECTRIC CO LTD
(22)Date of filing : 06.09.2005 (72)Inventor : TERAKAWA AKIRA

(30)Priority
Priority number : 2004284569  Priority date : 29.09.2004  Priority country : JP

T

(54) PHOTOVOLTAIC DEVICE

(67)Abstract:

PROBLEM TO BE SOLVED: To prevent the
deterioration of output characteristics of a solar battery
in a heating process after forming an amorphous
semiconductor thin film layer by a plasma CVD method.
SOLUTION: A photovoltaic device is formed with a
substantially intrinsic amorphous silicon layer containing
hydrogen between an n—type single crystal silicon

substrate and a p—type amorphous silicon layer " )
containing hydrogen. A trap layer whose hydrogen - L

. . . 0 . i L
concentration is lower than that of the intrinsic N 2

amorphous silicon layer is formed between the p—type
amorphous silicon layer and the intrinsic amorphous
silicon layer. By this trap layer, hydrogen diffusion from
the intrinsic amorphous layer to the p—type amorphous
silicon layer is prevented.
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BEHERERYEABERBLORTMEMBICEVWT., METESAESERLEEABEE O K
EMELODKEEEPNBENVLTI Yy TR TERTEZENTES,

(001 6]

R >ic, MTESEAERARLPEABEBELIOKREEL D KRBENEV
wITBRERIBLT, KELHODFAEREBR T A LBTESL, ZLT. Mit b7 v
TRICLY, Bt A ESAER L EABERBS OMEAETFRIH I N ZFERERLEAER
BADKZHRBERNRMITZENTEE,

[o0017]

M broIy 7BR, EENCEEXFRERLECERB TR TSR ENTZ S,
[o018]

HiEZ by 7RE. MENEFHBE A EFRERYLEREEB LAY OMETHEH
DAY R —TENTVTE &,

[0019]

Eh, CORMEB., nWELFCVIVERE, COBEBEEIYVIVERLICRISN
DZREFPTHITDHHEAMNICAHAE AERE VB, CoREREREC Y T VE L
RIoNZKEXFHEIT D pHFRKRHA VI VEE., A pHEREIVIVBLIHLE
HarEFGE Vo rYyBeoHeRIoh, fENAEEE YV yENLHp BFER
B VO VEBAOKZBLEBRENHT 2 KEMBMBIARE. 2HA L LERERBLET 5,
(o0 20]

rRo&sic., CoOREG, KFELHOHMEARICED., AESERE VI VEI SN
HpHFRKATVIVENOKREHRZNH THLATEDE, ZOKR. FRFEYY 2
VEBOMELUBOMATIE TABEROBAREDK T2MH T ENTE S,
(0021)

MR kELRMHESRR, M pHFEREYVaVyBLiicH EEAERE VO EL
ORMEHECHENT, MLESEREFE YV I MOKEABRE LD RERED & HEEXMH
BTERTEZIENTES,

[0022]

FRoE>K, fMAESEAZEREYVIACEEIOARHE N GBRELRHAREZR TSI L
T, KELHMHEEZERITAILENTES, ZTLT, KEBENERELFAMICID
ERAESEVIVEISHE pHERCVIVEBENOKZRRBENH TS LNT
E B,

[0023]

Fhe, M kKHZBBMEFEE, Mdp MWEMAYV VB LM EZENESY O
VEBEORAEBIKBVWT., MLEMAEREL VI CBOKEREL D KERENTR
ETEDHIEpHEOFMYUNF—TENRHETERT A ENTES,

(002 4]

Farox3ic, MEEEAEREYYVIVEBIDKEEENSRBEE DL p B OAHM
MBR—TENEHBEERFIZ LT, KELLEMOHWHEABEEZEH T AL TES, £L
T, Bk, AMAFREI VI VYEIrOHMALpHIEREY Y I VYEANDKENR
BEMHTEZENTES,

[0025]

M RKEHBMEIERE, ficpAERE VY FEHAFRBLMEZEE A FSE >
VDIaAVBEORBEFCBVLWT, M EERIERE VI VYEOKERELODKEREN
By TBTERLTE XV,

[o026]

LREOXI, MPEELZFEREAI VI VEOKARELDKLARENENS vy TE
BRI BLT, KELHRIDHERZHBN T ALY TEZ, ZLT. Mif by TR
o, EfEZEREYVaVYELOHRp EIFKEY VI VEANDKELBZIH TS

10

20

30

40

50

Mundra Solar PV Ltd., Ex. 1002

Page 21



(6) JP 2006-128630 A 2006.5.18

LW TES,

fo027)

MErFTy 7EE., EENCEEZESEC VI VB TERT I ENTEDS, ZLT

COBRE, FowvTTRBOKEGZ I nmlESnmM T, #EFLLE I nmME2 nmld
TFled s & &,

{00 28]

ML by 7BBpEOFRMP F—TEINEHRBEIVIVETERTDZENTE
3, LT, COBRE. +FrSyTEBOBEERO. I1nmME3nmkM, FELLEO.
SnmUEZ2nmUTIIKTSEXN,

[REXERT2EZDOREDEEE]

[0029]

LT, CORORBIEEILDE, IMEPSRLTHBAT S, 9. CORFEAMNEMHE
NZU I THEONXNEENZEBRKDERIKKEVIHET S, M1 &, COEHANBHI
ZH.I.T. BEONEENEBEEL2RIHMBYFERTH 3.

[o030])

CONBEB|EBEIT, R1KRT XK., HREVFEEFEERLLT,. H1Q - cmhOEK
HBELWIOOpmOFERLEAT R LG, (100) HEAFTAnWEMGEHLY O
Y (C—=S i) k1 (UF, nBEHRVIYERI EWVWD) ZHATVWD, nBHE
BMEIJYVIVERIOEXRmMICE., B e mAL# T mOETEZETLALHLADOLD D
ESIy FEKMOAEREN TV, ConBHEEE Y HIKR1 Lk, RFFS5 X
TCVDHEIKIDKEEZEZFETAEEANICEYN L REFERERBELLT, 3 nm~2
50 nmOERAEAFTZUHHEMNICEHED | MIEREYUIY (a—S i ' H) B2AER
ThTtwag, £/, i BMEKEYYVaryB2Licld, kKEEBETLIRETFHHINLFE
REYEAGEERBELT. 95 nmOEHE2F T2 pRERKEIVIVEINERETAT
W3,

[o031]

FLTC, pHEFHEIVIVYE3I LK., M1 00 nmDEHEET LYW BEHEE
LT, COLEMmPEETIZ. ITO (Indiume thin Oxicide)
AN T2 PR ARy RFBEREIDERTATNS, TO1TTOME4E., Sn0O, (Eik
B) ZHEMLEIn,0, (A Y TLEBIEY) KXo TERKETNTWV S,

[003 2]

COITOMAD FHOFREEBHICRBR-—A ML L LEZMEROESHS BER S A
T3,

[003 3]

T/, nMBEHEFRCIVIVEKRIOTHLELCRE., U5 nmOEAZATZREMICHE
O REEHAI VI VEENAEREINT VWS, i WEREYVIVES EICE, #20n
MOEIZZETLZ2nHERZEVVIVETHIERNETIATVS, COXSEnHHEELZD Y
aVERIOTFTEHLEKE., i MIEKEIVIVEGEIUnBHIIEZEL VI CETHNIEER
FEREhsacelckbh, WbwWw3BSF (Back Surface Field) #&
BEREENTWVWSE, Fic, nBIERKEIVary@B7LECE. 1 00nmOERESET S
BAMEPEERL LT, COEMPBETRITOBEIMT Rty ANy EiEickD
BRENTW3, COTTOESWE., SnO,ZHMULAEZI n,0, &> TEREATL
36
[003 4]

COTTOBSOD LHEOFEEBICEBR—A IO L LWEROEEMINPERE N
TW3,

[0035]

LFRUEEENEEBOMERIC ODOVWTUTIRENS, FH LA WOoHHEY ¥
ERIFHEZEF Yy N—ICHEAL, BELXEE (200CHUTF) Icm#A L., EkFmicf
ETA3KDEBNBRET S, R, KEHAZEAL, 7S ATKBRIDERETO ¥
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D=z YT %1T 5,

[0036])

F0H%. 5> (SiH,) HARUKEHRABZHEALT/ Y F—70 i WIEFEHEV
AVE2EERT D, BT, ST HHRA, KEHA, BXKUF—EVYITHRELTY
£52 (B,Hy) HAZEALTpHOIEEIVIVEIZER L Tp nBEENTHE
ha, S5, EMEWMI4ELEULUTEILS VY ILBEBEANRNYyZFEICLS, £EBS5 &L
THERP AV —VAIRMBELTERL, COREMEHRRLTEBBS PIERIN B,
[o037]

B, ERI1ORMMIC /Y F—=70 i WEKBEYVIVEG6, nMoEFEY I
B7. BIXUEGEEES, 9 FRLTVDREBSFREREEZEFERLTE IV, TDL
¥, pEHRBRAEMRTAEFKOVTEREEMN (nRA) »E5EXLTEEIVL. R/ (p
) »S5ERLTE XV,

[003 8]

o, BREpHEL, BUK/ YF—7OFBHEAIVIVYE, nHoOEKEY Y Y
B, BLXUOBILA YU LBE. BEEEE, Blilk /Y F—70kEEVIIVE, p
BMOFREL V2 VEBEBIUCEGEEBEZFER I 2B 2 ARICMOFLAS. K1
HEEBEHAEEE L TOKEEMERBORIELRE ) IYEOERSZHEEZRT,

[0039]
[£1]
BREGE
SLER HEIREE EA Ry —EE
® BERA A
(C) (Pa) (mW/cm?2)
TR F L 150~180 | Hg: 100sccm 30~100 3~30
H: : 0~100sccm
i-type a-Si 150~180 40~120 5~15
SiH4 : 40scem
=&
H: : 0~100scem
p-type a-Si 150~180 | SiHs: 40scem 40~120 5~15
B2Hg(2%) : 20scem
K F N 170 H2 : 100scem 50 3~30
i-type a-Si 170 SiH, : 40scem 40 8.33
Hs : 0~100scem
B 2
SiH4 : 40scem
n-type a-Si 170 40 8.33
PHa(1%) : 40sccm
(PH3/SiHs : 1%)
[0040]

B ULzEsic, pMHEKREAYYVIVMI, i MEGEVaAYEZZZTNThERHN
feL=fEskDH. 1. T. BEOKBEHICBV TR, KFEEEVN p KAV IVE
3Eh i BMERHIVIAYBE2O0AMEL H2TW5,

[00 4 1]

K2, #koH. 1. T. BE0ABEMOpHIEKE VB3I L i BFERKEY
VIaAVE2 LORMEHRDKERE S 0774 LEHRRAMICRALELEDOTH S, p BIEH
ByVarvE3&kns i HERKEYVIAVE2OANKERBENEL, pRIEKETY O
vEICiREFEYIVaAVE2LORmAESICE., i BMERKRHE VYR (iB) 2h
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CpREFHEYVIYE (pE) 3kkAab>» TADKFBESENMNER TN TS, TD
e, pERIFREIVICEIL I BEREVIVB2ZLORBLERBILTDLNLDE
BHEROEZDOHERPEY 2 —L{ELOBOITIZA— P IEAYOBEMBICE T, &
PoK£ZR | HEKAS VI VE2rL pHERBHA VIV EINERLHELEZ>T S
(00 42]

K3, ZORKPFOFE 1 ORBEEREICEBIZH. 1. T. BEOKBEMD pRIERHE
VavEE i BEGECVICVEBLORATEBOKERBE 07 7 AV EBEXNICTRL
FHEDTHB. CORMIIKRT XS, TCOFRMOW 1 ORBEECT T, ELIE
i, i MEKEVAYB2ALpHIEREIVIVEIKAI> TKEEENEL &
51, FOKEBEAREFLLE TS, $4hbb., i HIEKHAVIVYEB2DKE
BEIOPDHEFA VI VEIOKAREZ S LTAKRLERARMFAHXZEXL TV S
s THOESIKERT AT LT, pHERELYVIAVEIHANDKELREHIET S &SI
BRLTWVW3,

(00 43]

pHIESZHEIVIAVYEBIROKFEREEZ | BFERKE VI YEB2 LD RLTEIIE,
UTFToAZEEHRHVWTERTIE X W,

(1) pHERBECVIVEIOERNOEKREE Y | MIEKE VI yB2O0ERKEX
DHELST B, (2) pHIFERKHALVIVEIOERHOKEFKEL | BREKHEI VO
VEB2OEEBHEIDEELT S, (3) pREREVVIVEIOERKOKBEANE |
RMEZEIVIVB20ERLVEELTS, (4) pBIEFEL VI VEIOEKE
ODRFHBFEAEBHZ I WERHEVIAVE2O0BRBIDEEL T 5,

[0 44)]

pHEFEHI VI VEBIOEKKROKEARERZ | HESH VI YB2O0FRKRLD
LELLTHERLTCORFADIB | ORBRERZERLL. 2R EWNO p WIS
aVE3IL i RMEREIYVIYEB2ORGBMERENZRT., BEEMNOEFHFRIRIERT
ZHICIDER L, £/, i MESEYVIVYE23HBEETI O0nm, pRELHES Y O
VEBIRBEESnmlicLTEFENRThOBEEEMR L,

f0045]
(2]
TRk k%
B Eh NU—EE
L EAREE s
) (Pa) (mW/cm?2)
7k FA0E 170 H. : 100sccm 50 15
H : 100sccm
i- -Si 170 50 15
4 type a-5i SiH, : 40scem
!
H: : 400sccm
p-type a-Si 170 SiH4 : 40sccm 50 15
B2H(2%) : 20scem
[00 46]

R2KHVWIORHEOE 1 OLRMBELZ pRERE VI VEOERFOKERTHE 2
i RIEHHE VA VEOERREDEECLTERLE, K4, TORFHDOE 1 O X
HHE L R EBeZHARL. SIMSICED, BFOKFRBET o7 74V HELLBR
ERT, RERMBRIRAULKEOFRETHERLLLUAZIE 1 OXBREELBAUZHETER
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L, M4, B1O0ORBHREBICETAH. 1. T. #EOKBEMES IMS THIEL
EpBEKETVIVEI L i RWFEREV VI VB2ZLORAMBDOKEZRET DT 7 A
NWERTHRTH .

foo47]

BEKAWES IMS¥BE., KE (H) 79 & (F) ORELHERZUTLE&HT 3
e MIERY YT NREYILTTAALAY (Cs') ZRELTCKEEHENTKET A
FAALAY (H) | 79ERAFRAAAETY (F7) . YVary<eA4F+rAA44> (Si )
D2XRAFHEAEAY ML, KEBEEEF [H] /[Si ], 7vEEBEER [F 1 7
[Si ] ELTEBLTWVWS, ZHEL, YUIVEERS5. 0X10%*,/ cm’TH 5,
¥/, MEEBIZ. ULVAC—PHI (Physical electronic I
ncorporation) HEDADEPTLIO10ZB\, /A4 BHELRLF] k
e VTIiTol,

[00 48]

MA4akKRTSIMSTRHELEKERE O 774005, H2LH3OEAR LMK
DKEBETO 7 7ANEHRTE, CORPOF 1 DEMERICBVTER., | HIFERE
YD VB2 L pEESEYVIYBILAN > TEOKERENEEZES, pBIER
HoUary@3shi MEKREIVIAVEZ2XOKFRBENTGS BT WBRI LN B,
{0049)]

B, BFIORBRER. YANUOCEBKL -5 pUEREIVIVEIDKEERE
AEVEDICKELEHZH LT3 RCMAT, pRIFEKEIVIVEI TOXRINEAEX
MAZTL B REEFRIENTIIRLH 5.

[Oo050]

RIS, CORPOFB2OELMIPREICODE S RUKNE62SRBLTHBATE, W51, C
NDHPAOFE2DEMIVEILBWYSH., 1. T. BEOoOKBEHwopRIEFEIVaVEL
I MEREYVAYBEORMEFEDOKELBRE T o7 74V EHMANICTILELDTH B
[0D05 1]

BSIIKRT LI, FE2ORMEBRER, pREIKEVIEIOEREZZEELTWVWS
c BlIOREHEETE., pHERKETVIVEI2ZAOKERELZFDZOKHLT, C
OFE2OoREHEETE., pHERKREIVIYEIO I MIERES Y TV 20Vl o5 E
31 OAEKEEELLT, BER3I23RKEBLEASOKERECRELTVS,
[o0052])

COE20RMHEOEHE., MMEROpBEREYV I B3 1D0FrY (B) F—
TEENMBEHES (<1, 0Oat. %) . ®B¥EB3I 20K R (B) F-T7RBEIN K
M@y (>2. 0at. %) BEKAHTHS, 5¥E6, COM2OLEBEHEEORIGE
BIOEMPREEAZRKRE i BMEKEVVICEIPL pHIERKE VI YEBNDKEILHE
BiIETE 5D, BiEMOpHIEZTHELVIVEIIHALEHXMOFERZEL Y IVEI 20
DKEDWLEMNELCLTLES. LhL, B¥HOEEEZVIVE32EFR DY (B) #
ERFHEVOT, MBOIHBKEK ISFABY (B) O—&ARTEMRILLTE T NAL AKYE
NDOEHILEBRNPNELTES,

{005 3]

E2ODEMPEOEREZSEEZRIKLRT., CORMOGHIB XS, pRIYYITVES3
1, pWMUaOYE32OB, HefidZ®ALLTHAEEX LTS, B, HyiEZ p
BEZEIVIAVBI1LD pHERKREYVIVEIZ2ZOANREL L, B, KEFKRAE
BpHBEFEIVIVYBEI 10/ E2ELl Lit, BEMOFH IR ICRTRMEK XD FK
Lo /., iBFEKFEYYVIYE2EBERE10nm, pRIEFEYVICE3I 1, 32
BFNFNEE4Aomic LTEEERL 2,

[0054)]
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[%3]
(4% s
i’z FARIREE EAH T —EE
" ERA R )
‘) (Pa) (mW/cm?)
K FRINE 170 H: : 100sccm 50 15
H: : 100sccm
i~ -Si 170 50 15
i-type a-5i SiHy : 40scem
Si Hz : 400sccm
wm | P ‘:‘1 At 170 | SiH:20scem 50 15
@1 B2Hs: 10sccm
. Hsz : 100sccm
p-type a-Si 170 | SiHa: 40scem 50 15
®2) B2He(2%) : 40sccm
[o0055]

FLT, B20LMRELRIEBLAEMEL, SIMSIKEy, BAOKZEE O
TrANVMELE., TOMRZEZREICTRT, H6Ek, B2OURMBEERICHITSH.T.T.
EORKBEMMZS IMSTRHELEpRIFEZEIYVIVE3 1, 32, i HIERKREY O
VEZ2ZELORMEHOSDKEEE I a7 7 AN ERTHRTHS, MESOLRHFRE1I DOEMH
FRELALTH 3,

[0056]

KMeDSITMSTHELEKEZEE a7 741bhs, K2 K5 DHEAKE FAEKDHE
BT 74N EERTE, pHEKFE VI VED i REKHHEYV I XBITEVHE O
FEI 1 DOHBKERBELLT, BEFI 23N KREBCLASOKFZFREOAREE ¥
TWadIEeEHhgh s,

o005 7]

RiZ, COHEFAOBIORBMBLEICODE, RTRUNIZBB L THHT I, K7,
CORMPOEIDOEMBELBIALI.THEOKRBEMOpHFERKEA VI VYEE | B
FREYVaVBEORBEFEOKEZRBE 07 7 AN EHRNBWICRLELDTH S,
(00581

BE3oEmpEER, pHERKE VYV IVYEI LI RHERKEYVAVB2 LOREEHEK
CKEHRBEMEESEE LT, BE2 nmEBEOBKEREO I HMES Yy TEIIAREBL
dOTH3, COBEIORBEHEETIX, i MFEKEVary@Eehrs iy 7TES
INDKEMBEIELZ2H, TOEBIpHUFESEEIVIVEETEIRE AL,
[o059]

BIDRMBIHLEOERFZFHZRAKLTRT, BERAMOXHFRIRIKAITRHFLALTH S
o Ef, 1By SEIZAEAGOL i BERKREYV I VB2EBEELIOnm, i BT
yZE33@2nm, pHEIEFEVIVEIEEES nmic LTREZEKL .
{0060]

20

30

40

Mundra Solar PV Ltd., Ex. 1002

Page 26



(11) JP 2006-128630 A 2006.5.18

(& 4]
TR &N
poL:: & EAH Ry — g
BRI ERAR
C) (Pa) (mW/em?)
kFOE 170 H2 : 100sccm 50 15
H: : 100sccm
i-type a-Si 170 50 15
SiH4 : 40scem
_— 1;type a-Si 170 SiH, : 40sccm 50 15
b7 v 7F&(33)
H2 : 100scem
p-type a-Si 170 SiH4 : 40scem 50 15
B:2Hes(2%) : 40scem
(006 1]

iRy TEBI3IZHOKERELY i BIEKEVIVEBLIOLEELSTEIEH., TOH
SORMBMIELETIE., i MbSyTEBI3ZOKREFTREELILED, ZOENMNCLLUTON
ENDH B,

(o006 2]

(1) pHEBEIVAVEORRAKOEREBEEBLZ | WIEBEVICBOEMRE XD
L ET 5, (2) pHERKEYVaYEOREREKOKERAREL | HIEKFHEV2VE
DEEBELIDLELST S, (3) pHEREAZVAVEOEXKMOKRBEAEZ | MEHE
YA VEBOEREBEDERKLST S, (4) pRIEKEYVIVEDERBEORFRAE
hEiRHERGEYVIAVBEOREKREEIDLEK T 3,

{006 3]

FIDRMPREERREBLEZAEZEL, SIMSIK &Y, BhokERES a7 7 1)
WMELl, ZTOMRERKSICIRT, M8, HIDWEHEEICBISI. 1. T. HED
ABE®REZS IMSTHELALpREREY VB3, i WSy B33 i WESR
B UOVB2 EORTEHROOKEBBE I 0 7 7 AV ERTRTH S, MESOXMHFEE
| DEHBELRALTHS. AESORHEIB 1 ORBEREELRALTH 3,

{006 4]

M8DSIMSTHELLEKEBE a7 7406, HI2ERTOMAR L RKOHE
BT 77 AV ERBTE, i BEKREYVICE2ILODKELERE Ny B3 3T
HETERCLEADLNSB,

o006 5]

Rz, CORFOBAOEMBMBEKLDE, MIKUHI1 02ZRHLTHKBT S, Mo

COHBEOMADRBKEEEBICB AR I.THEORBEERMO pIFERHEI VI YBE
MIEFEL VI VEBEORTBABOKRBE o7 7 AV ERHANIKRLELDOTH S,
[0066]

pHMERBE Y aYEI LI MNERKREYVAYB2LORMEMSO 1 BMIEFEHV a v
B2OKEBEBBERINLI.TABEMNOREETCEELYRIEYT, i MIERE VY E2D
B (pHMEKHEYVIVEIMH) OKREBEELZRSTEIELTHAHAELEEZR LTES
TENRDGHh TS, LELEEIDOERBERBEICh RO M THD., pHIELEEY
VIaAVBINDOKEZELREBILTZIENTESDN, HABFEPPERTFTLTILE?. %
CC,. COFEADEBEETE, BKE2nomBEOFFy B3 4R Yy (B) # F—
FLlf, T &, HWHEERZBRTFTEEBZ3 AL pREREIYVIVBINDKEKRIKE
BERBILTEIEHNTES,
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(o066 7]

BAIODEBPEOERFHZESKTRT. BEARAORHRIRIKARIRZHLALCTH 3
o Fl, iMEREVIVEZEEREIOnm., FIYT7TE34E30. 5nm, pBIE
BHVYVayEIRBEE6nmic LTHREERKL &,

[006 8]
[£5]
EREGS
4088 ERRE EAH NY —5
ERA A
C) (Pa) (mW/cm?)
7K SR A0LHEE 170 H: : 100sccm 50 15
H2z : 100sccm
i-type a-Si 170 50 15
SiH, : 40scem
SiH4 : 40
#4 170 + + ATcem 50 15
b7 v 7E(34) B2Hs(2%) : 10sccm
H: : 100scem
p-type a-Si 170 SiHs : 40sccm 50 15
B:Hg(2%) : 40sccm
[o069]

WADOEMPEERKREBLELEZAEL, SIMSKEY, BhokZRBEETa T 7 4L
MELF. ZOHFERZRI10KRT, M1 0, MA4A0EBEEEBICBYAH. 1. T.
BEOKBEMES IMSTRELLZpREFE L VIVEI, PI v T3 4E& 1 BER
B YaVEB2LOoRMBSOKZRBE T T 7 ANV ERIRTHS. MEFORHKETH
1 OEHEELALTH2., IEFOZXHRIE I OEEBELRLUTH 3.

(0070]

H1O0DSIMSTMELEKERET a7 74025, H2EKIOHEKAK L MED
BWEISOUI 7 ANEHERATE, | HEREIVIVE2IOOKELHI NS v TES 4
THETEZLNDDL S,

(o071}

R, LT LECOEBEOFINOGHAOKRBEHREKIAH. IT. T. SEOKBEM
HEBLRROKBEHEBEHEL., KEPT250C, IWHWORT = —LVEFWV, *
OFUEELERNTLUEEREXRGCIKTT,

(o007 2]
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{#6]
Voe (V) Isc (A/cm?2) FF. Pmax (W)

EE L2 0.706 3.820 0.772 2.082
PEREEM | 7= AR | 0684 3.811 0.753 1.963
ZLR -3.12% -0.24% -2.46% -5.72%
T 0.709 3.880 0.762 2.096
w1 T=—N%EE | 0.700 3.869 0.752 2.037
RN R -1.27% -0.28% -1.31% -2.84%
b 0.707 3.850 0.769 2.090
%2 =L | 0.699 3.835 0.758 2.032
RIGF e TinE -1.13% -0.39% -1.43% -2.78%
DA 0.698 3.810 0.760 2.020
®3 FTo—NRE | 0.691 3.796 0.751 1.970
R Eie® -1.00% -0.37% -1.18% -2.48%
I 0.707 3.790 0.775 2.080
. T | 0701 3.783 0.7617 2.034
RN L= -0.85% -0.18% -1.08% -2.21%

(o007 3]

HeLOLHHNLB LS, TORFOEIHLLBEA4OEMEREDKSIK, pHERZHEHYV Y
aVEE i MEFRAS VI VBEOMIKAKREHMEERERIZ LT, MRMBAIK X
HPHEHNEBEOBTA2ARBICNH TR EPBRTCE, £, GEMNBZIT--TEMH
HHOETAME TESZCEHhL, EEMELTEARKROMEEMFR T3 EAAMEL
o, BEREBEFNSMKKTE S,

(007 4)

R, PSSy 733, Py T RBAAOREERLIE, HEOEER AN, T
E3ORMERICETS i RSy SEBIZOBEEBLELIYTH Y VELS K
BEMEEEZEERLE, i MYy TEIZOBEER2A2bEEZUANATEZRLIZEREZY
THY Y TN EERLE, FLT. 87NV EREPFT250C, 3HMORT -V %
TV, TONEELE, 2R, 72— IVEBEFELPRATLZ, TOBRBELZRTRUTRIL I BV
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Verfahren zur simultanen Dotierung und Oxidation von

Halbleitersubstraten und dessen Verwendung

Die Erfindung betrifft ein Verfahren zur simultanen
Dotierung und Oxidation von Halbleitersubstraten so-
wie derart hergestellte dotierte und oxidierte Halb-
leitersubstrate. Weiterhin betrifft die Erfindung die
Verwendung dieses Verfahrens zur Herstellung von So-
larzellen.

Moderne Solarzellenkonzepte enthalten zum einen
oberflidchennah dotierte Bereiche beispielsweise zur
Erzeugung des pn-Ubergangs oder sog. Front- oder
Backsurfacefields. Hier kann beispielsweise eine
Phosphoreindiffusion in p-dotiertes Silicium zur
Emittererzeugung angewendet werden. Des Weiteren wei-
sen exzellente Solarzellen dielektrisch passivierte
Oberfldchenbereiche auf, die die Rekombination der
erzeugten Ladungstrigerpaare unterdricken und auch

die optischen Eigenschaften des Halbleiterbauelemen-
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tes vorteilhaft beeinflussen. Derartige Schichten
kénnen mit PVD-Verfahren oder durch thermische Pro-
zesse erzeugt werden. Im Falle von Siliciumdioxid auf
Silicium wird eine thermische Oxidation unter Beisein
von Sauerstoff und fur eine feuchte Oxidation unter
zusdtzlichem Beisein von Wasserdampf durchgefihrt.
Gegenwirtig werden diese Prozessschritte sequentiell
durchgeflhrt, wodurch der Herstellungsprozess bei-
spielsweise von Solarzellen verkompliziert wird, da
er mindestens einen thermischen Diffusionsprozess und
einen Oxidationsprozess enthdlt. Werden diese Schrit-
te sequentiell ausgefihrt, ist mit weiteren zusatzli-
chen Schritten zu rechnen, die gewdhrleisten, dass in
den Prozessschritten nur die dafir vorgesehenen Be-
reiche der Wafer bearbeitet werden, z.B. Maskierungs-

oder Atzschritte.

Im Folgenden sollen die einzelnen Verfahrensschritte,
die fur die die Solarzellenherstellung von Bedeutung

sind, kurz erlautert werden.

Eine Diffusion von Dotieratomen kann auf unterschied-
liche Weise erfolgen. Gemeinsam ist allen aus dem
Stand der Technik bekannten Prozessen, dass eine Do-
tierstoffgquelle vorliegt, aus der der Dotierstoff un-
ter geeigneten Bedingungen in das Silicium Ubertritt.
Diese Dotierquelle kann in der gasfdrmigen Atmosphére
vorliegen, z.B.POCl,, oder kann durch geeignete Ver-
fahren abgeschieden werden, z.B. kann Phosphorsaure
aufgespriht werden. Des Weiteren kdénnen CVD-Prozesse

eingesetzt werden um dotierte Schichten zu erzeugen.

Beim Vorgang der Ionenimplantation werden die Dotier-
atome in den Wafer implantiert. Der Wafer wird dazu
hochenergetischen, Dotieratome enthaltenden, Teil-
chenstrahlen ausgesetzt. Die Atome dringen dann in
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den Wafer ein und es wird die Dotierung in einem
nachfolgenden Annealingschritt bei erhdhter Tempera-
tur aktiviert und nach Wunsch umverteilt. Bei der Ak-
tivierung bewegen sich die in das Kristallgitter ein-
getriebenen Atome auf freie Gitterpladtze und kénnen
dann als Dotierstoff dienen. Bei der Umverteilung
verandert sich durch Diffusion der Dotieratome das
Konzentrationsprofil der Dotieratome durch Diffusion
innerhalb des Halbleiters. In beiden Fallen liegt
wahrend der thermischen Behandlung keine &ufere Do-
tieratomgquelle mehr vor und der Teilchenstrahl ist

abgeschaltet.

Die thermische Oxidation von Silicium ist in der
Halbleitertechnologie weit verbreitet. Im Wesentli-
chen wird in sauerstoffhaltiger Atmosphdre an der
Oberflache des Si-Kristalls befindliches Silicium bei
erhdhten Temperaturen oxidiert. Dieses Oxid bildet
mit dem darunter liegenden Siliciumsubstrat eine
Si0,/Si Grenzfliche. WAhrend des Oxidwachstums wird
Silicium in Oxid umgesetzt und die Grenzfldche ver-
schiebt sich so, dass die SiO;-Schichtdicke wachst.
Dabei nimmt die Wachstumsrate ab, da die oxidierenden
Atmosphdrenbestandteile durch immer dicker werdende
Oxidschichten an die Si0,/Si Grenzfldche diffundieren
miissen. Die Kinetik dieser Reaktion hangt wvon der
Kristallorientierung, Dotierung und von den oxidie-
renden Atmosphdrenbestandteilen ab. Beispielsweise
kann durch Hinzugabe von Wasserdampf (Feuchtoxidati-
on) die Oxidation beschleunigt werden. Auch DCE
(trans-1,2-dichlorocethylene) kann die Reaktionsge-
schwindigkeit beeinflussen (O. Schultz, High-Effi-
ciency Multicrystalline Silicon Solar Cells, Disser-
tation an der Universitat Konstanz, Fakultat f£ur Phy-
sik (2005), S. 103). Weiterhin ist die Kinetik sehr

stark von der Temperatur, die bei der Oxidation vor-
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herrscht, bestimmt.

Die Si0,/8i Grenzfldche kann bei geeigneter Prozess-
filhrung so ausgebildet werden, dass sie passiviert
ist. Das bedeutet, dass die Rekombinationsrate der
Minorit&tsladungstriger gegenluber einer unpassivier-
ten Oberflidche reduziert ist (O. Schultz, High-
Efficiency Multicrystalline Silicon Solar Cells, Dis-
sertation an der Universitit Konstanz, Fakultat fur
Physik (2005), S. 104 ff.).

Als Gettern bezeichnet man einen Prozess, bei dem ge-
zielt Verunreinigungen von einem Bereich des Halblei-
ters in einen anderen uUberfihrt werden kénnen (A.A.
Istratov et al., Advanced Gettering Techniques in UL-
SI Technology, MRS Bulletin (2000), S. 33-38). Dieser
Vorgang kann durch unterschiedliche Verfahren reali-
siert werden. Eines ist das Phosphorgettern. Wahrend
einer Phosphordiffusion entstehen Siliciumzwischen-
gitteratome, die die Beweglichkeit von vielen Verun-
reinigungstypen erhdhen. Durch die hdéhere Ldslichkeit
dieser Komponenten in hochdotierten Siliciumberei-
chen, sammeln sich diese wahrend des Hochtemperatur-
schrittes folglich in diesen Arealen und das Volumen

des Halbleiters wird gereinigt.

Da wdhrend der reinen Oxidation kein Gettern beobach-
tet wird, ist dieser Prozess besonders anfdllig fur
Verunreinigungen, die sich entweder auf oder in dem
Substrat befinden, in verunreinigten Prozess- und
Handlingsgerdten bzw. in verunreinigten Prozessgasen

oder Prozesshilfsmitteln.

Ausgehend hiervon war es Aufgabe der vorliegenden Er-
findung, die bekannten Verfahren zur Herstellung von
Solarzellen hinsichtlich der einzelnen Verfahrens-
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schritte zu optimieren und eine einfachere Herstel--

lung zu ermdéglichen.

Diese Aufgabe wird durch das Verfahren mit den Merk-
malen des Anspruchs 1 und das hiernach hergestellte
dotierte und oxidierte Halbleitersubstrat mit den
Merkmalen des Anspruchs 29 geldst. Weiterhin wird die
Verwendung mit den Merkmalen des Anspruchs 30 bereit-
gestellt. Die weiteren abhdngigen Ansprlche zeigen
vorteilhafte Weiterbildungen auf.

Erfindungsgema wird ein Verfahren zur simultanen Do-
tierung und Oxidation von Halbleitersubstraten be-
reitgestellt, bei dem zumindest eine Oberflache des
Halbleitersubstrats zumindest bereichsweise mit min-
destens einer einen Dotierstoff enthaltenen Schicht
beschichtet wird. Es kdénnen auch mehrere Dotierstoffe
in der mindestens einen Dotierstoff-Schicht enthalten
sein. Im Anschluss erfolgt dann eine thermische Be-
handlung in einer Atmosphare, die ein Oxidationsmit-
tel fUr das Halbleitermaterial enthdlt, wodurch eine
Diffusion des Dotierstoffs in das Volumen des Halb-
leitersubstrats ermdglicht wird. Bel der thermischen
Behandlung erfolgt ebenso eine partielle Oxidation
der nicht mit der Dotierstoff-Schicht beschichteten
Oberflédchenbereiche des Halbleitersubstrats. Es kén-
nen so auf einfache Weise zwei Prozessschritte ver-
bunden werden, was zur Vereinfachung des Gesamtpro-

zesses fuhrt.

Vorzugsweise besteht die den Dotierstoff enthaltende

Schicht aus einem Material oder enthdlt ein Material,
das ausgewahlt ist aus der Gruppe bestehend aus amor-
phem Silicium, Siliciumdioxid, Siliciumcarbid, Sili-

ciumnitrid, Aluminiumoxid, Titandioxid, Tantaloxid,

dielektrischen Materialien, keramischen Materialien,
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Materialien enthaltend organische Verbindungen, die
im Diffusionsprozess chemisch verdnderbar sind,
nicht-stdchiometrischen Abwandlungen dieser Materia-
lien und Mischungen dieser Materialien. Unter nicht-
stdchiometrischen Abwandlungen sind beispielsweise im
Hinblick auf Siliciumnitrid Zusammensetzungen zu ver-
stehen, die von dem stéchiometrischen Verhaltnis

Si3N4 abweichen.

Ebenso ist es méglich, wie aus der Halbleitertechno-
logie bekannt, Substanzen einzusetzen, die beispiels-
weise zundchst in flussiger oder pastdser Form vor-
liegen. Diese werden dann auf dem Halbleiter depo-
niert, beispielsweise durch Aufschleudern, Spruhen,
Tauchbeschichten, Drucken oder CVD. Im Anschluss kann
dann ein Trockenschritt folgen, in dem ein Teil der
organischen Bestandteile austritt. In einem weiteren
Schritt kann dann die Substanz in eine glasartige
Konsistenz Uberfuhrt werden, die dann im nachfolgen-
den Hochtemperaturprozess als Diffusionsquelle oder
auch als Barriere dient. Derartige Substanzen kdnnen
nach dem bekannten Sol-Gel-Verfahren hergestellt und

verarbeitet werden.

Der Dotierstoff wird vorzugsweise ausgewahlt aus der
Gruppe bestehend aus Phosphor, Bor, Arsen, Aluminium

und Gallium.

Vorzugsweise weist die den Dotierstoff enthaltende
Schicht einen Konzentrationsgradienten hinsichtlich
des Dotierstoffs auf, wobei in dem dem Halbleitersub-
strat zugewandten Bereich eine hdhere Dotierstoff-

Konzentration herrscht.

Hinsichtlich der Beschichtung des Halbleitersubstrats
bestehen verschiedene Alternativen. So sieht eine
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erste bevorzugte Variante vor, dass das Halbleiter-
substrat auf einer Oberflache mit einer einen Dotier-
stoff enthaltenden Schicht durchgangig beschichtet
wird und anschlieflend durch thermische Behandlung mit
einer ein Oxidationsmittel enthaltenden Atmosphéire
eine partielle Oxidation der nicht-beschichteten
Oberflachen, z.B. der Rlckseite des Halbleitersub-
strats, erfolgt. Eine andere Variante sieht vor, dass
eine oder mehrere Oberflédchen des Halbleitersubstrats
lediglich bereichsweise mit einer einen Dotierstoff
enthaltenden Schicht beschichtet werden, wodurch auch
unbeschichtete Bereiche zuruckbleiben. Im anschlie-
Renden Oxidationsschritt erfolgt dann eine partielle
Oxidation der nicht-beschichteten Oberflachen des

Halbleitersubstrats.

Grundsatzlich ist es so, dass das erfindungsgemafie
verfahren mit beliebigen Prozessschritten, die fur
die Bearbeitung von Halbleitersubstraten und insbe-
sondere bei der Herstellung von Solarzellen bekannt
sind, zu beliebigen Zeitpunkten kombiniert werden
kénnen. So ist es z.B. mdglich, dass das Halbleiter-
substrat vor der Beschichtung mit der den Dotierstoff
enthaltenden Schicht zumindest bereichsweise behan-
delt wurde. Ebenso ist es aber auch mdglich, dass
eine Behandlung nach der Beschichtung mit der den Do-
tierstoff enthaltenden Schicht und vor der thermi-
schen Behandlung durchgefihrt wird. Die Behandlungs-
schritte sind hierbei vorzugsweise ausgewahlt aus der
Gruppe bestehend aus einer nasschemischen oder tro-
ckenchemischen Bearbeitung, einer thermischen Bear-
beitung, einer Beschichtung, einer mechanischen Bear-
beitung, einer lasertechnischen Bearbeitung, einer
Metallisierung, einer Siliciumbearbeitung, einer Rei-
nigung, einer nass- oder trockenchemischen Texturie-

rung, einer Beseitigung der Texturierung sowie Kombi-
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nationen aus den genannten Behandlungsschritten. Es
gibt hier eine Vielzahl von Kombinationen zwischen
den genannten Behandlungsschritten. Beispielsweise
kénnen die Halbleitersubstrate nach der Beschichtung
mit dem Dotierstoff mit dem Ziel bearbeitet werden,
die unbeschichteten Bereiche fur die thermische Be-
handlung vorzubereiten. Dies kann beispielsweise um-
fassen, dass bestehende Texturen ganz oder teilweise
eingeebnet werden oder dass verschiedene Reinigungs-
vorgénge durchgefuhrt werden. Die Reinigung kann da-
bei sowohl nasschemischer wie trockenchemischer Natur
sein. Ein anderes Beispiel betrifft die zumindest be-
reichsweise Entfernung von bestehenden Beschichtungen
mit dem Ziel, eine Strukturierung der Beschichtung zu
erreichen oder aber auch, um parasitare Beschichtun-

gen auf beispielsweise der Rickseite zu entfernen.

Eine weitere bevorzugte Variante sieht vor, dass vor
der thermischen Behandlung das beschichtete Halblei-
tersubstrat nass- oder trockenchemisch behandelt
wird. Ebenso besteht die Mdglichkeit, die unbeschich-
teten Teile des Halbleiters zu &tzen, wadhrend die Be-
schichtung den restlichen Halbleiter maskiert. Auf
diese Weise kdnnen geeignete Ausgangsbedingungen fur
die thermische Oxidation geschaffen werden, insbeson-
dere kann so eine sehr hohe Passivierungsqualitdt er-

zielt werden.

Eine bevorzugte Variante sieht vor, dass auf dem
Halbleitersubstrat mindestens eine weitere Beschich-
tung aufgebracht ist. So kann z.B. die den Dotier-
stoff enthaltende Schicht auf der vom Halbleitersub-
strat abgewandten Seite mit einer Deckschicht als
Diffusionsbarriere fur den Dotierstoff versehen sein,
um ein Austreten des Dotierstoffs zu verhindern. Die-

se Deckschicht besteht vorzugsweise aus einem Materi-
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al, das ausgewdhlt ist aus der Gruppe bestehend aus
amorphem Silicium, Siiiciumdioxid, Siliciumcarbkid,
Siliciumnitrid, Aluminiumoxid, Titandioxid, Tantal-
oxid, dielektrischen Materialien, keramischen Materi-
alien, Materialien enthaltend organigsche Verbindun-
gen, die im Diffusionsprozess chemisch verdnderbar
sind, nicht-stdchiometrischen Abwandlungen dieser Ma-
terialien und Mischungen dieser Materialien. In einer
weiteren bevorzugten Variante kann die Deckschicht
auch mehrlagig aufgebaut sein, wobei die unterschied-

lichen Lagen aus verschiedenen Materialien bestehen.

In einer bevorzugten Variante kann die mindestens
eine Beschichtung in der Weise erfolgen, dass das Be-
schichtungsmaterial in flissiger oder pastdser Form
auf dem Halbleitersubstrat oder den bereits auf dem
Halbleitersubstrat aufgebrachten Beschichtungen abge-
schieden wird. Dies kann vorzugsweise durch Auf-
schleudern, Sprihen, Tauchbeschichten, Drucken oder
CVD-Verfahren erfolgen. Im Anschluss kann dann ein
Trockenschritt erfolgen, in dem ein Teil der organi-
schen Bestandteile entfernt wird. In einem weiteren
Schritt kann dann das Beschichtungsmaterial in eine
glasartige Konsistenz Uberfihrt werden und dient bei
dem nachfolgenden Hochtemperaturprozess als Diffusi-
onsquelle oder auch als Barriere. Derartige Beschich-
tungsmaterialien kénnen ebenso nach dem Sol-Gel-
Verfahren hergestellt und verarbeitet werden. Ebenso
kdnnen aber auch Beschichtungsverfahren und Dotie-
rungsverfahren, wie sie aus dem Stand der Technik be-
kannt sind, angewendet werden. Hierzu wird auf S.K.
Ghandhi, VLSI Fabrication Principles: Silicon and
Gallium Arsenide, 2. Auflage (1994), Kapitel 8. S.

510-586, verwiesen.
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Eine weitere erfindungsgemdfie Variante sieht vor,
dass zwischen Halbleitersubstrat und der mindestens
einen Dotierstoff-Schicht mindestens eine weitere
Schicht aufgebracht ist, durch die die Diffusion des
Dotierstoffs in das Volumen des Halbleitersubstrates
nicht vollstandig unterdrlckt bzw. behindert wird.
Beispielsweise bildet sich auf Silicium Ublicherweise
eine native Siliciumdioxidschicht, die so dinn ist,
dass eine Dotierung des Silicium dadurch nicht mas-
kiert wird. Ebenso ist es mdglich, dass andere
Schichten aus vorherigen Prozessen oder Prozess-
schritten noch vorhanden sind, durch die die Diffusi-

on aber nicht unterdrilickt wird.

Die thermische Behandlung bei dem erfindungsgemafen
Verfahren erfolgt vorzugsweise in einem Rohrofen oder
einem Durchlaufofen. Grundsédtzlich ist es aber auch
denkbar, dass die thermische Behandlung direkt in ei-
nem PECVD-Reaktor durchgefihrt wird. Die thermische
Behandlung erfolgt dabei vorzugsweise bei Temperatu-

ren im Bereich von 600 bis 1150 °C.

Hinsichtlich des Oxidationsschrittes bestehen ver-
schiedene Verfahrensvarianten. So kann eine trockene
Oxidation unter Verwendung von Sauverstoff als Cxida-
tionsmittel durchgefihrt werden. Eine weitere bevor-
zugte Variante sieht vor, dass eine feuchte Oxidation
durchgefihrt wird, d.h. es wird Sauerstoff als Oxida-
tionsmittel in Gegenwart von Wasserdampf eingesetzt.
Die flir die Oxidation eingesetzte Atmosphdre kann
darltiber hinaus weitere Verbindungen zur Steuerung des
Oxidationsprozesses enthalten. Ebenso kénnen der At-
mosphdre Verbindungen zur Reinhaltung derselben zuge-
setzt werden. Hierzu zahlt insbesondere trans-1,2-

Dichlorethan.
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Das Halbleitersubstrat besteht vorzugsweise aus Sili-
cium, Germanium oder Galliumarsenid. Ebenso kdnnen
auch bereits dotierte Halbleitersubstrate, die z.B.
mit Phosphor, Bor, Arsen, Aluminium und/oder Gallium
dotiert sind, eingesetzt werden. Es ist aber insbe-
sondere bevorzugt, dass das Halbleitersubstrat in den
oberflachennahen Bereichen neben bereits vorhandenen
Dotierungen hdchstens eine geringfiigige Dotierung
aufweist, die aus der zuvor abgeschiedenen Dotier-
stoffquelle stammt und durch eine zus&dtzliche thermi-
sche Behandlung vor der simultanen Diffusion und Oxi-
dation gebildet worden ist. Bei der abschliefienden
thermischen Behandlung wird dann die Diffusion dieser

Dotierstoffe wverstarkt.

Es ist ebenso m&églich, dass das Halbleitersubstrat
bereits vor Durchfiihrung des erfindungsgemafen Ver-
fahrens zumindest bereichsweise Strukturen, z.B. in .
Form einer Maskierung, aufweist, die eine thermische
Oxidation des Halbleitersubstrats in diesen Bereichen

unterdrlicken oder behindern.

Eine weitere erfindungsgemdfle Variante sieht vor,
dass bei dem Verfahren durch Anreicherung von Verun-
reinigungen in dotierten Bereichen im Halbleitersub-
strat ein Getterprozess durchgeflihrt wird. Dies ist
insbesondere bei der Dotierung mit Phosphor im ther-
mischen Prozess mdoglich. Gettern findet bei der Phos-
phordiffusion als Nebeneffekt statt. Die Verunreini-
gungen diffundieren in die Bereiche hoher Phosphor-
konzentrationen, da sie dort besser 1léslich sind als
im Ubrigen Volumen. Dort nehmen sie weniger Einfluss
auf das Halbleiterbauelement. Bei einem reinen Oxida-
tionsprozess, wie es aus dem Stand der Technik be-
kannt ist, kommt es dagegen nicht zu einem Gettervor-

gang, sodass hier sehr hohe Reinheitsanforderungen
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eingehalten werden missen. Somit weist das erfin-
dungsgemiafRe Verfahren gegenlber dem Stand der Technik
auch den Vorteil auf, dass hinsichtlich der Rein-
heitsbedingungen nicht derartig hohe Anforderungen
einzuhalten sind, was auf den parallel ablaufenden

Gettervorgang zurickzufihren ist.

Erfindungsgemdfs wird ebenso ein dotiertes und oxi-
diertes Halbleitersubstrat bereitgestellt, das nach
dem zuvor beschriebenen Verfahren herstellbar ist.

Verwendung findet das zuvor beschriebene Verfahren

insbesondere bei der Herstellung von Solarzellen.

Die Erfindung soll im Folgenden an dem konkreten Bei-
spiel von einem Bor-dotierten Siliciumsubstrat als
Halbleitersubstrat und einem phosphorhaltigen Silici-
umdioxid als Dotierstoffquelle dargestellt werden.

Der Siliciumwafer 1 wird beispielsweise in einer sog.
PECVD-Beschichtungsanlage mit einem Phosphorhaltigen
Siliciumoxid 2 einseitig beschichtet (Fig. 1).

Das Siliciumoxid 2 dient als Phosphorquelle und
Schicht 3 als Barriere gegen austretenden Phosphor.
Die andere Seite der Scheibe verbleibt unbeschichtet.
Die so beschichtete Scheibe kann nun noch gereinigt
werden, um die unbeschichtete Seite fur den nachfol-
genden thermischen Prozess vorzubehandeln. Diese Rei-
nigung kann nass- oder trockentechnisch durchgefihrt
werden. Sind in dieser Reinigung Schritte enthalten,
die die Schicht 3 angreifen, sind diese Schritte so
kurz zu wahlen, dass die Eigenschaft der Schicht 3
als Diffusionsbarriere zu dienen nicht verloren geht.
Entsprechend kann auch die Schicht geeignet dick aus-
gebildet werden.
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AnschlieRend erfolgt nun ein Hochtemperaturschritt.
Dieser Schritt ist im Wesentlichen dadurch gekenn-
zeichnet, dass auf der mit Schicht 2 beschichteten
Seite der Phosphor aus Schicht 2 in das Silicium ein-
dringt und eine geeignete Dotierkonzentration 4 in
dem Wafer erreicht wird. Simultan bildet sich auf den
nicht beschichteten Bereichen des Wafers ein ther-
misch gewachsenes Siliciumdioxid 5 aus (Fig. 2). Die-
ses Siliciumdioxid entsteht, wenn die Atmosphdre in
dem Ofen, in welchem der Hochtemperaturprozess durch-
gefiihrt wird, Sauerstoff enth&lt. Zusdtzlich zum Sau-
erstoff kénnen auch Wasserdampf oder andere geeignete
Substanzen in der Atmosphére enthalten sein, die den
Oxidationsprozess ermdglichen oder vorteilhaft beein-
flussen, beispielsweise beschleunigen. Die oben ge-
nannten Schichten 2 und 3 kdnnen auch zu einerxr
Schicht zusammengefasst werden, die einen geeigneten
Verlauf der Konzentration des Dotierstoffes aufweist,
so dass verhindert wird, dass dieser in unerwlinschtem
MaRBe aus der Schicht in die Prozessatmosphdre aus-
tritt. Im Wesentlichen muss die Schicht lediglich auf
geeignete Weise gewdhrleisten, dass die zu oxidieren-
de Seite nicht durch austretenden Dotierstoff unvor-

teilhaft beeinflusst wird.

Wie bereits zuvor beschrieben, ist auch die bereichs-
weise Beschichtung méglich. Dies kann durch Verwen-
dung entsprechender Masken oder auch durch gezieltes
RUckatzen erfolgen. In Fig. 3 ist ein Siliciumwafer 1
vor der thermischen Behandlung zur gimultanen Diffu-
sion und Oxidation dargestellt. Eine erste Oberfléache
weist hier Bereiche mit einer phosphorhaltigen Sili-
ciumoxidschicht 2 auf. Das Siliciumoxid 2 dient dabei
als Phosphorquelle. Gleichzeitig sind auf diesen Be-

reichen Deckschichten aus Siliciumdioxid 3 abgeschie-
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den. Durch die thermische Behandlung zur Diffusion
und Oxidation erh&lt man dann einen Aufbau, wie er in
Fig. 4 dargestellt ist. Dieser Hochtemperaturschritt
bewirkt, dass auf der mit Schicht 2 beschichteten
Seite der Phosphor aus Schicht 2 in den Siliciumwafer
1 eindringt und eine geeignete Dotierkonzentration 4
in dem Wafer erreicht wird. Simultan bildet sich auf
den nicht beschichteten Bereichen des Wafers ein

thermisch gewachsenes Siliciumdioxid 5 aus.

Die oben beschriebene Erfindung kann auf vielfaltige

Weise, beispielsweise fur die Herstellung von Solar-

zellen, eingesetzt werden. Zwei mégliche Prozessvari-
anten sind im Folgenden dargestellt:

Prozessvariante A

Es wird zundchst eine rickseitige geeignete Deck-
schicht aufgebracht und danach ein Atzschritt durch-
gefihrt, bei dem die Schichten 2 und 3 entfernt wer-
den. Die Deckschicht schlitzt dabei die darunter lie-
gende Schicht 5. Die Materialwahl fir diese Schicht
ist sehr frei. Die Schicht kann beispielsweise aus
einem Dielektrikum, einem Metall, einexr Keramik oder
einem Schichtsystem bestehen. AnschlieRfend wird auf
der Vorderseite des Wafers eine Antireflexionsschicht

7 abgeschieden (Fig. 5).

Danach wird mit einem geeigneten Verfahren, z.B. mit
einem lLaser, das rlUckseitige Schichtsystem lokal ge-
6ffnet (Fig. 6).

AnschlieRend wird mit einem geeigneten Verfahren auf
der Vorderseite und auf der Rlckseite in frei wéhlba-
rer Reihenfolge eine geeignete Kontaktpaste angeord-

net, z.B. mittels Siebdruck. Es k&énnen auf der Rluck-
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seite auch Pasten kombiniert werden, die eine einfa-
che spatere Verschaltung der Solarzellen in Modulen

erlauben (Fig. 7).

Im darauf folgenden Schritt werden die Kontakte aus-
gebildet, indem die Siliciumscheibe einem geeigneten
thermischen Prozess ausgesetzt wird. Dieses sog. Kon-
taktsintern kann beispielsweise in-einem Sinterofen

durchgefihrt werden, wie er bereits jetzt in der So-
larzellenproduktionstechnologie bekannt ist (Fig. 8).

Der Herstellungsprozess der Solarzelle ist nun im We-
sentlichen abgeschlossen. Auch hier kénnen weitere
Prozessschritte ein- oder angefiigt werden, mit denen
das Bauelement veredelt wird. Beispielsweise kdnnen
eingangs nasschemische Oberfldchenvorbehandlungen
stattfinden, um die Reflexion der Siliciumscheibe
durch eine sog. Texturierung zu reduzieren. Daruber
hinaus kénnen thermische Ausheilschritte oder Laser-

prozesse zur Kantenisolation angewendet werden.

Prozessvariante B

Nach Abscheidung der Antireflexionsschicht gemaR Fig.
3 in Variante A, wird hier die Kontaktpaste auf der
Vorderseite angeordnet. Die Scheibe wird anschliefend
in einem geeigneten thermischen Prozess behandelt,
wobei sich der Vorderseitenkontakt ausbildet

(Fig. 9).

AnschliefBend wird auf der RuUckseite der Solarzelle
eine geeignete Metallschicht angeordnet. Dieser
Schritt kann auch mit dem vorherigen kombiniert wer-
den. Es ist allerdings hier wesentlich, dass die Me-
tallschicht die darunter liegende Schichtfolge nicht
bis zum Silicium durchdringt (Fig. 10) .
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Abschliefend wird die riickseitige Metallschicht mit
einem Laser derart bearbeitet, dass sie an dafir vor-
gesehenen Bereichen die darunter liegende Schichtfol-
ge durchdringt und einen elektrischen Kontakt zum Si-
licium herstellt. Ist die Metallschicht beispielswei-
se aluminiumhaltig, so kann sie auch eine lokale p++
Dotierung an den Stellen der Laserbearbeitung ausbil-
den (Fig. 11). '

Der Herstellungsprozess der Solarzelle ist nun im We-
sentlichen abgeschlossen. Auch hier kénnen weitere
Prozessschritte ein- oder angefigt werden, mit denen
das Bauelement veredelt wird. Beispielsweise kénnen
eingangs nasschemische Oberflichenvorbehandlungen
stattfinden, um die Reflexion der Siliciumscheibe
durch eine sog. Texturierung zu reduzieren. DarlUber
hinaus kénnen thermische Ausheilschritte oder Laser-

prozesse zur Kantenisolation angewendet werden.
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Patentanspriche

Verfahren zur simultanen Dotierung und Oxidation
von Halbleitersubstraten, bei dem zumindest eine
Oberfliche des Halbleitersubstrats zumindest be-
reichsweise mit mindestens einer mindestens ei-
nen Dotierstoff enthaltenden Schicht beschichtet
wird und anschlieBend durch eine thermische Be-
handlung in einer ein Oxidationsmittel fur das
Halbleitermaterial enthaltenden Atmosphire eine
Diffusion des Dotierstoffs in das Volumen des
Halbleitersubstrats ermdéglicht und eine Oxidati-
on der nicht mit der Dotierstoff-Schicht be-
schichteten Oberflichenbereiche des Halbleiter-

substrats erfolgt.

Verfahren nach Anspruch 1,

dadurch gekennzeichnet, dass die den Dotierstoff
enthaltende Schicht aus einem Material besteht
oder ein Material enthdlt, das ausgewahlt ist
aus der Gruppe bestehend aus amorphem Silicium,
Siliciumdioxid, Siliciumcarbid, Siliciumnitrid,
Aluminiumoxid, Titandioxid, Tantaloxid, di-
elektrische Materialien, keramische Materialien,
Materialien enthaltend organischen Verbindungen,
die im Diffusionsprozess chemisch veradnderbar
sind, nicht-stéchiometrischen Abwandlungen die-
ser Materialien und Mischungen dieser Materia-

lien.
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Verfahren nach einem der vorhergehenden Anspri-
che,

dadurch gekennzeichnet, dass der>Dotierstoff
ausgewahlt ist aus der Gruppe bestehend aus

Phosphor, Bor, Arsen, Aluminium und Gallium.

Verfahren nach einem der vorhergehenden Anspri-
che,

dadurch gekennzeichnet, dass die den Dotierstoff
enthaltende Schicht einen Konzentrationsgradien-
ten hinsichtlich des Dotierstoffs aufweist, wo-
bei in dem dem Halbleitersubstrat zugewandten
Bereich eine hdéhere Dotierstoff-Konzentration

herrscht.

Verfahren nach einem der vorhergehenden Ansprii-
che,

dadurch gekennzeichnet, dass das Halbleitersub-
strat auf einer Oberfldche des Halbleitersub-
strats mit mindestens einer mindestens einen Do-
tierstoff enthaltenden Schicht beschichtet wird
und anschlieflend durch eine thermische Behand-
lung in einer ein Oxidationsmittel fUr das Halb-
leitermaterial enthaltenden Atmosphdre eine Dif-
fusion des Dotierstoffs in das Volumen des Halb-
leitersubstrats ermdglicht und eine Oxidation
der nicht mit der Dotierstoff-Schicht beschich-
teten Oberfladchen des Halbleitersubstrats er-
folgt.

Verfahren nach einem der vorhergehenden Anspri-
che,
dadurch gekennzeichnet, dass mindestens eine

Oberflédche des Halbleitersubstrats bereichsweise
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mit mindestens einer mindestens einen Dotier-
stoff enthaltenden Schicht beschichtet wird und
anschlieRend durch eine thermische Behandlung in
einer ein Oxidationsmittel flir das Halbleiterma-
terial enthaltenden Atmosphdre eine Diffusion
des Dotierstoffs in das Volumen des Halbleiter-
substrats ermdéglicht und eine Oxidation der
nicht-beschichteten Oberflachenbereiche des

Halbleitersubstrats erfolgt.

Verfahren nach einem der vorhergehenden Ansprii-
che,

dadurch gekennzeichnet, dass das Halbleitersub-
strat vor der Beschichtung mit der den Dotier-
stoff enthaltenden Schicht zumindest bereichs-

weise behandelt wurde.

verfahren nach einem der vorhergehenden Anspru-
che,

dadurch gekennzeichnet, dass nach der Beschich-
tung mit der den Dotierstoff enthaltenden
Schicht und vor der thermischen Behandlung min-
destens ein weiterer Behandlungsschritt des
Halbleitersubstrats erfolgt.

Verfahren nach einem der beiden vorhergehenden
Angpruche,

dadurch gekennzeichnet, dass die Behandlungs-
schritte ausgewahlt sind aus der Gruppe beste-
hend aus einer nasschemischen oder trockenchemi-
schen Bearbeitung, einer thermischen Bearbei-
tung, einer Beschichtung, einer mechanischen Be-
arbeitung, einer lasertechnischen Bearbeitung,

einer Metallisierung, einer Siliciumbearbeitung,
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einer Reinigung, einer nass- oder trockenchemi-
schen Texturierung, einer Beseitigung der Textu-
rierung sowie Kombinationen aus den genannten

Behandlungsschritten.

Verfahren nach einem der vorhergehenden Anspri-
che,

dadurch gekennzeichnet, dass auf dem Halbleiter-
substrat mindestens eine weitere Beschichtung

aufgebracht ist.

Verfahren nach einem der vorhergehenden Anspri-
che,

dadurch gekennzeichnet, dass die den Dotierstoff
enthaltende Schicht auf der vom Halbleitersub-
strat abgewandten Seite mit einer Deckschicht
als Diffusionsbarriere fUr den Dotierstoff ver-

sehen ist.

Verfahren nach dem vorhergehenden Anspruch,
dadurch gekennzeichnet, dass die Deckschicht aus
einem Material besteht oder ein Material ent-
halt, das ausgewdhlt ist aus der Gruppe beste-
hend aus amorphem Silicium, Siliciumdioxid,
Siliciumcarbid, Siliciumnitrid, Aluminiumoxid,
Titandioxid, Tantaloxid, dielektrische Materia-
lien, keramische Materialien, Materialien ent-
haltend organischen Verbindungen, die im Diffu-
sionsprozess chemisch veranderbar sind, nicht-
stdchiometrischen Abwandlungen dieser Materia-

lien und Mischungen dieser Materialien.
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Verfahren nach einem der beiden vorhergehenden
Anspruche,
dadurch gekennzeichnet, dass die Deckschicht

mehrlagig aufgebaut ist.

Verfahren nach einem der vorhergehenden Anspri-
che,

dadurch gekennzeichnet, dass die mindestens eine
Beschichtung in der Weise erfolgt, dass das Be-
schichtungsmaterial in flissiger oder pastdser
Form auf dem Halbleitersubstrat oder bereits
vorliegenden Beschichtungen abgeschieden wird.

Verfahren nach dem vorhergehenden Anspruch,
dadurch gekennzeichnet, dass die abgeschiedene
Schicht getrocknet sowie anschlieflend in eine

glasartige Konsistenz Uberfihrt wird.

Verfahren nach dem vorhergehenden Anspruch,
dadurch gekennzeichnet, dass die Abscheidung des
Beschichtungsmaterials durch Aufschleudern,
Sprithen, Tauchbeschichten, Drucken und/oder CVD
erfolgt.

Verfahren nach einem der beiden vorhergehenden
Ansprluche,
dadurch gekennzeichnet, dass mindestens ein Be-

schichtungsmaterial aus einem Sol-Gel besteht.

Verfahren nach einem der vorhergehenden Anspru-
che,
dadurch gekennzeichnet, dass zwischen Halblei-

tersubstrat und der mindestens einen Dotier-
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stoff-Schicht mindestens eine weitere Schicht
aufgebracht ist, durch die die Diffusion des Do-
tierstoffs in das Volumen des Halbleitersub-
strats nicht vollst&ndig unterdrickt wird.

Verfahren nach einem der vorhergehenden Anspri-
che,

dadurch gekennzeichnet, dass die thermische Be-
handlung in einem Rohrofen oder einem Durchlauf-

ofen erfolgt.

Verfahren nach einem der vorhergehenden Anspru-
che,

dadurch gekennzeichnet, dass die thermische Be-
handlung bei einer Temperatur im Bereich von 600
bis 1150 °C durchgefihrt wird.

Verfahren nach einem der vorhergehenden Anspru-
che,

dadurch gekennzeichnet, dass eine trockene Oxi-
dation unter Verwendung von Sauerstoff als Oxi-
dationsmittel durchgefiuhrt wird.

Verfahren nach einem der vorhergehenden Anspriu-

che,

dadurch gekennzeichnet, dass eine feuchte Oxida-
tion unter Verwendung von Sauerstoff als Oxida-

tionsmittel in Gegenwart von Wasserdampf durch-

gefthrt wird.

Verfahren nach einem der vorhergehenden Anspru-
che,
dadurch gekennzeichnet, dass die fiur die Oxida-
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tion eingesetzte Atmosphire weitere Verbindungen
zur Steuerung der Oxidation oder zur Reinhaltung
der Atmosphare, insbesondere trans-1,2-
Dichlorethen enth&alt.

Verfahren nach einem der vorhergehenden Anspru-
che,

dadurch gekennzeichnet, dass das Halbleitersub-
strat aus Silicium, Germanium oder Galliumarse-
nid besteht.

Verfahren nach einem der vorhergehenden Ansprii-
che,

dadurch gekennzeichnet, dass das Halbleitersub-
strat mit Phosphor, Bor, Arsen, Aluminium

und/oder Gallium dotiert ist.

Verfahren nach einem der vorhergehenden Anspriu-
che,

dadurch gekennzeichnet, dass das Halbleitersub-
strat in den oberfladchennahen Bereichen neben
bereits vorhandeneﬁ Dotierungen hdchstens eine
geringfligige Dotierung aufweist, die aus der zu-
vor abgeschiedenen Dotierstoffgquelle stammt und
durch eine zus&tzliche thermische Behandlung vor
der simultanen Diffusion und Oxidation gebildet

worden ist.

Verfahren nach einem der vorhergehenden Anspru-
che,

dadurch gekennzeichnet, dass das Halbleitersub-
strat zumindest bereichsweise Strukturen auf-

weist, die eine thermische Oxidation des Halb-
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leitersubstrats in diesen Bereichen unterdricken

oder behindern.

Verfahren nach einem der vorhergehenden Anspri-
che,

dadurch gekennzeichnet, dass bei dem Verfahren
ein Getterprozess durch Anreicherung von Verun-
reinigungen in den dotierten Bereichen im Halb-

leitersubstrat erfolgt.

Dotiertes und oxidiertes Halbleitersubstrat her-
stellbar nach einem der vorhergehenden Anspru-

che.

vVerwendung des Verfahrens nach einem der Anspru-

che 1 bis 28 zur Herstellung von Solarzellen.
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Solar Cells

This application claims the benefit of U.S. Provisional Patent Application 60/895,
217, filed on March 16, 2007.

Background of the Invention

This invention relates to new photovoltaic cells, also sometimes referred to herein
as solar cells. More particularly, this invention relates to new photovoltaic cells that are
highly efficient in converting light energy, and particularly solar energy, to electrical
energy, and where such cells have electrical contacts on the back surface. This

invention is also methods for making such cells.

One of the most important aspects of a photovoltaic cell is its efficiency in
converting sunlight into electrical current. The art is in need of photovoltaic or solar cells
that are highly efficient, and that are also easy to manufacture. The present invention

provides for such solar cells and a method for their manufacture.

Although photovaoltaic cells can be fabricated from a variety of semiconductor
materials, silicon is generally used because it is readily available at reasonable cost and
because it has the proper balance of electrical, physical and chemical properties for use
in fabricating photovoltaic cells. In a typical procedure for the manufacture of
photovoltaic cells using silicon as the selected semiconductor material, the silicon is
doped with a dopant of either positive or negative conductivity type, formed into either
ingots of monocrystalline silicon, or cast into blocks or "bricks" of what the art refers to
as a multicrystalline silicon, and these ingots or blocks are cut into thin substrates, also
referred to as wafers, by various slicing or sawing methods known in the art. These
wafers are used to manufacture photovoltaic cells. However, these are not the only
methods used to obtain suitable semiconductor wafers for the manufacture of

photovoltaic cells.

By convention, and as used herein, positive conductivity type is commonly
designated as "p" or "p-type" and negative conductivity type is designated as "n" or
"n-type". Therefore, "p" and "n" are opposing conductivity types.

The surface of the wafer intended to face incident light when the wafer is formed
into a photovoltaic cell is referred to herein as the front face or front surface, and the
surface of the wafer opposite the front face is referred to herein as the back face or back

surface.
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In a typical and general process for preparing a photovoltaic cell using, for
example, a p-type silicon wafer, the wafer is exposed to a suitable n-dopant to form an
emitter layer and a p-n junction on the front, or light-receiving surface of the wafer.
Typically, the n-type layer or emitter layer is formed by first depositing the n-dopant onto
the front surface of the p-type wafer using techniques commonly employed in the art
such as chemical or physical deposition and, after such deposition, the n-dopant, for
example, phosphorus, is driven into the front surface of the silicon wafer to further
diffuse the n-dopant into the wafer surface. This "drive-in" step is commonly
accomplished by exposing the wafer to high temperatures. A p-n junction is thereby
formed at the boundary region between the n-type layer and the p-type silicon wafer
substrate. The wafer surface, prior to the phosphorus or other doping to form the emitter

layer, can be textured.

In order to utilize the electrical potential generated by exposing the p-n junction to
light energy, the photovoltaic cell is typically provided with a conductive front electrical
contact on the front face of the wafer and a conductive back electrical contact on the
back face of the wafer. Such contacts are typically made of one or more highly
electrically conducting metals and are, therefore, typically opaque. Since the front
contact is on the side of the photovoltaic cell facing the sun or other source of light
energy, it is generally desirable for the front contact to take up the least amount of area
of the front surface of the cell as possible yet still capture the electrical charges
generated by the incident light interacting with the cell. Even though the front contacts
are applied to minimize the area of the front surface of the cell covered or shaded by the
contact, front contacts nevertheless reduce the amount of surface area of the

photovoltaic cell that could otherwise be used for generating electrical energy.

The art therefore needs photovoltaic cells that have high efficiency, can be
manufactured using large scale production methods, and, preferably, in order to
increase efficiency, do not have electrical contacts on the front side or surface of the
wafer, thereby maximizing the available area of the front surface of the cell for
converting light into electrical current. The present invention provides such a
photovoltaic cell. The photovoltaic cells of this invention can be used to efficiently

generate electrical energy by exposing the photovoltaic cell to the sun.
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Summary of the Invention

In one aspect this invention is a photovoltaic cell comprising a semiconductor
wafer comprising a front, light receiving surface and an opposite back surface, a
passivation layer on at least the back surface, a doped layer opposite in conductivity
type to the wafer over the passivation layer, an induced inversion layer, a dielectric layer
over the doped layer, and one or more localized emitter contacts and one or more
localized base contacts on at least the back surface extending at least through the
dielectric layer. Preferably, the localized emitter contact or contacts and localized base
contact or contacts are all on the back surface of the photovoltaic cell. The localized

emitter contact and localized base contacts are suitably laser fired contacts.

In another aspect this invention is a neutral surface photovoltaic cell comprising a
semiconductor wafer comprising a front, light receiving surface and an opposite back
surface, a neutral passivation layer on at least the back surface, a dielectric layer over
the passivation layer, and one or more localized emitter contacts and one or more
localized base contacts on at least the back surface extending at least through the
dielectric layer. Preferably, the localized emitter contacts and localized base contact or
contacts are all on the back surface of the photovoltaic cell. The localized emitter
contacts and localized base contacts are suitably laser fired contacts. By neutral surface
we mean that the cell does not have a purposely induced inversion layer and,

preferably, does not have an inversion layer.

This invention is also a method for making such photovoltaic cells.

Brief Description of the Drawings

Figure 1 is an energy band diagram showing how an induced inversion layer in a
silicon wafer “bends” the conduction and valance bands near the wafer surface so the

Fermi level is closer to the conduction band.

Figure 2 is a cross-section view of a portion of a photovoltaic cell in accordance

with an embodiment of this invention having an induced inversion layer.

Figure 3 is a cross-section view of a portion of a photovoltaic cell in accordance

with an embodiment of this invention having a neutral surface.

Figure 4 is view of the back surface of a photovoltaic cell in accordance with an

embodiment of this invention showing a back contact having interdigitated fingers.

Mundra Solar PV Ltd., Ex. 1002

Page 94



10

15

20

25

30

WO 2008/115814 PCT/US2008/057068
4

Detailed Description of the Invention

The following is a description of embodiments of the present invention but such

embodiments are not to be construed as limiting the scope of this invention.

A semiconductor wafer useful in the method of this invention for preparing
photovoltaic cells preferably comprises silicon and is typically in the form of a thin, flat
shape. The silicon may comprise one or more additional materials, such as one or more
semiconductor materials, for example germanium, if desired. For a p-type wafer, boron
is widely used as the p-type dopant, although other p-type dopants, for example,
aluminum, gallium or indium, will also suffice. Boron is the preferred p-type dopant.
Combinations of such dopants are also suitable. Thus, the dopant for a p-type wafer can
comprise, for example, one or more of boron, aluminum, gallium or indium, and
preferably it comprises boron. If an n-type silicon wafer is used, the n-type dopants can
be, for example, one or more of phosphorus, arsenic, antimony, or bismuth. Suitable
wafers are typically obtained by slicing or sawing silicon ingots, such as ingots of
monocrystalline silicon, to form monocrystalline wafers, such as the so-called
Czochralski (C;) silicon wafers. Suitable wafers can be obtained by slicing or sawing
ingots of silicon as described in U.S. Patent Applications Publication Nos. 2007/0169684
A1 and 2007/0169685 A1, for example, silicon referred to therein as monocrystalline
silicon, cast monocrystalline silicon, near-monocrystalline silicon, and geometric muilti-
crystalline silicon. Suitable wafers can also be made by slicing or sawing blocks of cast,
multi-crystalline silicon. Silicon wafers can also be pulled straight from molten silicon
using processes such as Edge-defined Film-fed Growth technology (EFG) or similar
techniques. Although the wafers can be any shape, wafers are typically circular, square
or pseudo-square in shape. "Pseudo-square” means a predominantly square shaped
wafer usually with rounded corners. The wafers used in the photovoltaic cells of this
invention are suitably thin. For example, wafers useful in this invention can be about 10
microns thick to about 300 microns thick. For example, they can be about 10 microns up
to about 200 microns thick. They can be about 10 microns up to about 30 microns thick.
If circular, the wafers can have a diameter of about 100 to about 180 millimeters, for
example 102 to 178 millimeters. If square or pseudo-square, they can have a width of
about 100 millimeters to about 150 millimeters with rounded corners having a diameter
of about 127 to about 178 millimeters. The wafers useful in the process of this invention,

and consequently the photovoltaic cells made by the process of this invention can, for
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example, have a surface area of about 100 to about 250 square centimeters. The doped
wafers that are useful in the process of this invention can have a resistivity of about 0.1

to about 20 ohm.cm, typically of about 0.5 to about 5.0 ohm.cm.

The wafers used in the photovoltaic cells of this invention preferably have a
diffusion length (L) that is greater than the wafer thickness (t). For example, the ratio of L
to t is suitably greater than 1. It can, for example be greater than about 1.1, or greater
than about 2. The ratio can be up to about 3 or more. The diffusion length is the average
distance that minority carriers (such as electrons in p-type material) can diffuse before
recombining with the majority carriers (holes in p-type material). The L is related to the

2 \where D is the diffusion

minority carrier lifetime 1 through the relationship L = (Dr)
constant. The diffusion length can be measured by a number of techniques such as the
Photon-Beam-Induced Current technique or the Surface Photovoltage technique. See
for example, “Fundamentals of Solar Cells”, by A. Fahrenbruch and R. Bube, Academic
Press, 1983, pp. 90-102, which is incorporated by reference herein, for a description of

how the diffusion length can be measured.

Although the term wafer, as used herein, includes the wafers obtained by the
methods described, particularly by sawing or cutting ingots or blocks of single crystal or
multi-crystalline silicon, it is to be understood that the term wafer can also include any
other suitable semiconductor substrate or layer useful for preparing photovoltaic cells by
the process of this invention. Any damage created by sawing or cutting wafers from
ingots can be removed by etching the wafers in sodium hydroxide (NaOH) at an
elevated temperature; for example, a solution of 40 wt % NaOH in water at about 80°C.
The wafers can be cleaned by, for example, using a standard RCA clean followed by a

dip in dilute hydrofluoric acid (HF) for example, about 5% wt% HF in water.

The front surface of the wafer is preferably textured. Texturing generally
increases the efficiency of the resulting photovoltaic cell by increasing light absorption.
For example, the wafer can be suitably textured using chemical etching, plasma etching,
laser or mechanical scribing. If a monocrystalline wafer is used, the wafer can be etched
to form an anisotropically textured surface by treating the wafer in an aqueous solution
of a base, such as sodium hydroxide, at an elevated temperature, for example about
70°C to about 90°C for about 10 to about 120 minutes. The aqueous solution may
contain an alcohol, such as isopropanol. A multicrystalline wafer can be textured by

mechanical dicing using beveled dicing blades or profiled texturing wheels. In a
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preferred process a multicrystalline wafer is textured using a solution of hydrofluoric
acid, nitric acid (HNO3) and water. Such a texturing process is described by Hauser,
Melnyk, Fath, Narayanan, Roberts and Bruton in their paper "A Simplified Process for
Isotropic Texturing of MC-Si", Hauser, et al., from the conference "3™ World Conference
on Photovoltaic Energy Conversion", May 11-18, Osaka, Japan, which is incorporated
by reference herein in its entirety. The textured wafer is typically subsequently cleaned,
for example, by immersion in hydrofluoric and then hydrochloric acid with intermediate
and final rinsing in de-ionized water, followed by drying. The back surface of the wafer
may or may not be textured depending on the thickness of the wafer and the

light-trapping geometry employed.

Prior to texturing a wafer, the wafer can be subjected to phosphorus and/or
aluminum gettering. For example, gettering can be accomplished by forming a heavily
doped n-type layer (n* layer) by, for example, phosphorus diffusion on one or both sides
of the wafer. This can be accomplished, for example, by exposing the wafer to a gas
such as POCI;, for 30 minutes at 900°C to 1000°C. Such gettering will increase the
diffusion length of the wafer. After formation of the heavily doped n-type layer or layers,
they can be removed by, for example, etching using acids such as HF and HNO; or a
mixture thereof, or strong bases such as NaOH. One embodiment of this invention
would involve forming a heavily doped n-type layer on the front of the wafer to getter
impurities and then subsequently removing it during the texture etching of the front

surface as described above.

l. The Induced-Inversion-Layer Back-Contact Photovoltaic Cell

In one aspect, this invention is a back contact photovoltaic cell comprising an
induced inversion layer. This cell comprises passivated, more suitably, well-passivated
silicon wafer surfaces and also preferably comprises an induced emitter, also referred to
herein as an induced inversion layer, in conjunction with localized contacts that are,
preferably, fired through a dielectric layer. By localized we mean that the contacts do not
occupy the total back surface of the photovoltaic cell and, preferably, the total area of all
the localized contacts is only a small percentage of the total area of the back surface of
the photovoltaic cell, such as no more than about 5 percent, or no more than about 3 or

2 percent of the total area of the back surface of the photovoltaic cell.
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The silicon wafers, which can be either p-type or n-type, are preferably cleaned
and the front surface may be textured. Then, at least the back surface of the wafer, or
the front and back surfaces of the wafer, or all surfaces of the wafer, are coated with
one or more, preferably thin, passivating layers, for example, a layer of amorphous
silicon (a-Si:H) that is up to about 30 nanometers (nm) thick, for example, about 4 to
about 30 nm thick. The passivation layer can be about 10 nm thick. This passivation
layer may also be an undoped, or so-called intrinsic layer of an a-Si:H alloy such as
a-SiN,C,O,:H comprising varying amounts of carbon, nitrogen and oxygen. There may
be one or more of such layers to form the passivation layer where the total thickness of
the single layer or all the layers is about 4 to about 30 nm. The values of x, y and z can
be such that they each vary from about 0 to less than about 0.66. However, in the case
of nitrogen and oxygen, the composition may be close to stoichiometric, so that instead
of it being a-Si:H it is more nearly the composition of silicon nitride in the case of adding
N, or silicon dioxide in the case of adding O . Layers of a-Si:H with or without added C,
N or O that are deposited by plasma enhanced chemical vapor deposition (PECVD),
also typically contain 5 — 20 at.% of hydrogen. Ammonia can be used as a suitable
source of nitrocgen. Low molecular weight hydrocarbons, most suitably methane, are
suitable sources of carbon. Oxygen gas is a suitable source of oxygen, but other oxygen
containing gases such as CO; or N;O may also be used as a source of oxygen. Such
a-Si:H layer can be applied by any suitable method such as, for example, by PECVD in
an atmosphere of silane. Most suitably, it is applied by PECVD in an atmosphere
containing about 10% silane in hydrogen, and most suitably it is applied at low

temperatures such as, for example, about 100°C to about 250°C.

Without intending to be bound by a theory of operation, this passivation layer is
added to passivate defects near the surface of the silicon wafer. After such passivation
layer or layers are applied, the wafer silicon surface recombination velocity should be
< 100 cm/s for the coated silicon wafer surfaces, for example, < 40 cm/s, and preferably
<10 cm/s. The surface recombination velocity (S) at the surface of a silicon wafer is
determined by measuring the effective lifetime of a wafer (ter) using techniques such as
photoconductive decay (the effective lifetime can be measured using the microwave
photoconductive decay technique with the WT-2000 Wafer Tester made by Semilab)
and by also determining the bulk lifetime (1) of the silicon used to make the wafer, and

then using the expression 1/ter = 1/1, + 2S5/W where W is the sample thickness to
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determine S. The bulk lifetime can be determined by measuring the effective lifetime of
a similar silicon wafer having extremely well passivated surfaces so that tex = 5. The
silicon surfaces can be extremely well passivated by, for example, by immersing the
wafer in a solution of 10% hydrogen fluoride (HF) in water for a few minutes at room
temperature before measuring the lifetime. For silicon surfaces with aluminum

back-surface field contacts, S is usually > 1,000 cm/s.

After adding the one or more passivating layers, one or more, preferably, thin
layers of a doped layer having a conductivity type or doping opposite to that of the wafer
is applied to at least the back surface of the wafer. The doped layer or layers can be
applied to both the back and front surfaces of the wafer, and can be applied to all
surfaces of the wafer. Such doped layer, preferably, heavily doped a-Si:H , is for
example, about 10 to about 30 nm thick, of a conductivity type opposite to the wafer. If
the wafer is p-type, the doped layer such as an a-Si:H layer can be doped with, for
example, one or more of phosphorus, arsenic, antimony or bismuth. If the wafer is
n-type, the layer can be doped with, for example, one or more of boron, aluminum,
gallium or indium. The doped layer may also be an alloy such as phosphorus-doped
a-SiCy:H for generating an inversion layer in a p-type wafer, and boron-doped a-SiCy:H
for generating an inversion layer in an n-type wafer. The concentration of dopant, such
as, for example, phosphorus, can be about 0.1 to about 1.0 atomic % (at.%). The doped
layer can also be a doped alloy a-SiNyCyO.:H, where x can be in the range of about O to
about 0.2 and y and z can be in the range of about 0 to about 0.05. The doped layer can
be applied in any suitable manner such as, for example, by PECVD. Without intending
to be bound by a theory of operation, the passivation layer capped by a doped layer
induces an inversion layer or induced emitter in the silicon wafer. The passivation and
doped layers can be deposited on all surfaces of the wafer, that is the front, back, and
edges of the wafer. Preferably, the inversion layer is adjacent to all surfaces of the
wafer. Again, without intending to be bound by a theory of operation, such inversion
layer generated over the entire surface of the wafer would minimize any polarization or
charging effects that might occur in operating photovoltaic modules having photovoltaic
cells made in accordance with this embodiment of the invention. An inversion layer is
created in silicon when sufficient charge is induced near the surface so that the minority
carriers in the bulk become the majority carriers near the surface. In the case of p-type

silicon, where holes are the majority carriers and the Fermi level is close to the valence
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band, one can induce an inversion layer by locating a layer containing fixed positive
charge near the silicon surface or by locating an n’, for example, phosphorus-doped,
silicon layer near the surface of the silicon wafer. Figure 1 shows an energy band
diagram for the case where an intrinsic layer of undoped a-Si:H is deposited on p-type
crystalline silicon and then a phosphorus doped (n*) layer of a-Si:H is deposited on the
intrinsic a-Si:H layer. In this case, the phosphorus-doped a-Si:H layer will induce an
inversion layer containing negative charge (excess electrons) near the surface of the
p-type crystalline silicon. Thus, as shown in Figure 1, the conduction and valence bands
(Ec and Ey, respectively) will bend such that the Fermi level (Ef), in equilibrium, will be
closer to the conduction band near the surface. In another example, the fixed positive
charge in silicon nitride deposited by PECVD, which typically has a charge density of
about 2 x 10" cm™, will induce a negatively charged or inversion layer near the surface
of a p-type wafer, which causes the conduction band near the surface to move closer to
the Fermi level. However, it is desirable to induce a strong inversion layer, so the
preferred embodiment would employ a heavily doped layer, such as a heavily doped
layer of a-Si:H or an a-Si:H alloy containing, for example, carbon. For example, in the
case of a p-type wafer, the doped layer can be an a-Si:H layer or a a-SiCy:H layer (y is >
0) that can be 30 nm thick and containing about 0.5 to about 2.0 at.% n-type dopant,
such as 1.0 at.% of an n-type dopant such as phosphorus, and in the case of an n-type
wafer the doped layer can be an a-Si:H layer or a a-SiC,:H layer (y is > 0) that can be
30 nm thick and containing 0.5 to about 2.0 at.% p-type dopant, such as about 1.0 at.%
a of p-type dopant such as boron. By a “strong” inversion layer, we mean, preferably, an
inversion layer where the amount of induced charge causes the wafer surface to
become degenerate or very conductive, such as an electrical conductivity that is close to

metallic.

In another embodiment, the passivation layer and doped layer can be replaced
by one or more lightly doped layers. For example, a lightly doped layer of a-Si:H. In the
case of a p-type wafer, the layer can be a-Si:H, and the layer can be about 10 to about
50 nm thick, and the layer can contain about 0.01 to about 0.3 at.% n-type dopant, such
as one or more of phosphorus, arsenic, antimony, or bismuth. For example, a layer of
a-Si:H that is 30 nm thick and containing about 0.1 at.% of phosphorus. In the case of
an n-type wafer, the layer can be a-Si:H, and the layer can be about 10 to about 50 nm

thick, and the layer can contain about 0.01 to about 0.3 at.% p-type dopant, such as one
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or more of boron, aluminum, gallium, or indium. For example, a layer of a-Si:H that is 30
nm thick and containing about 0.1 at.% of boron. In this case, the lightly doped a-Si:H
layer forms a heterojunction with silicon, and as before, the doped layer induces an

inversion layer in the silicon wafer.

One or more layers of dielectric material, such as a layer silicon nitride, for
example is then deposited on the front of the wafer, more preferably on the front and
back of the wafer, and most preferably, all surfaces of the wafer. If deposited by
PECVD, the silicon nitride can be a-SiN,:H where x is suitably about 0.4 to about 0.57.
The dielectric layer can be up to about 90 nm thick, for example, about 70 to about 90
nm thick. The dielectric may also be other materials such as a-SiN,C,0,:H deposited by,
for example, PECVD, and comprising varying amounts of carbon, nitrogen and oxygen.
The values of x, y and z can be such that they each vary from about O to less than about
0.66. The relative amounts of carbon, nitrogen and oxygen in the a-SiN,C,0O,:H may be
selected to minimize light absorption in the dielectric layer and to optimize light coupling
into the silicon wafer. In the preferred case, the dielectric layer on the front and its
thickness are selected to minimize light absorption in the dielectric and to optimize the
light coupling into the silicon wafer, and the type of dielectric layer on the back and its
thickness are selected to enhance reflection of weakly absorbed radiation back into the
silicon wafer. In both cases, the composition of the dielectric layer on the front surface
may be graded to optimize the light trapping. Grading means that the composition of the
dielectric, for example the concentration of carbon and/or nitrogen in the dielectric on
the front surface of the wafer, changes by decreasing from the part of the dielectric layer
closest to the front to the part of the dielectric layer closest to the doped layer. Thus, the
dielectric constant of the graded layer on the front surface would decrease from the
outer surface to the doped layer of the sample so as to reduce reflection at the front
surface. At the back surface alternating layers of dielectric materials with different
dielectric constants can be deposited to optimize reflection of weakly absorbed radiation
back into the silicon wafer. For example, a layer of SiNs:H, where X is about 0.4 to about
0.57, might be deposited on the doped layer and then overcoated with a layer of
a-Si0;:H, where z is about 0.5 to about 0.66, with the thicknesses of the layers selected
to minimize reflection. In most cases, the dielectrics and thicknesses of the dielectric

layers on the front of the cells would be selected to minimize light absorption in the
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layers and to minimize reflection from the cells when encapsulated in a photovoltaic

module.

The photovoltaic cells in accordance with embodiments of this invention have
localized electrical contacts, preferably only on the back surface of the wafer. These
localized contacts extend through at least the dielectric layer, and preferably through the
doped layer and the passivation layer (or the lightly doped, thicker layer if that layer is
used to replace the combination of the passivation and doped layers) and into the silicon
wafer. In one embodiment of the invention, materials, such as a metal or non-metal, that
can form localized n* contacts, or pastes or inks that contain n-type dopants, such as
one or more of As, Bi, P or Sb; and materials, such as a metal or non-metal, that can
form localized p* contacts, or pastes or inks that contain p-type dopants, such as one or
more of Al, B, Ga or In, are applied in a pre-selected pattern on the wafer to form the
localized contacts. One of the advantages of this invention is that the these localized
base and emitter contacts can, as will be described in more detail below, be readily
formed on the wafer by treating the back surface of the wafer after the passivation layer,
doped layer (or the lightly doped, thicker layer if that layer is used to replace the
combination of the passivation and doped layers), and dielectric layer have been
applied. The pattern is preferably formed by applying the materials locally, that is, in a
manner so that the material is applied only where it needs to be rather than in, for
example, a manner that covers the entire surface of the wafer. The pattern is preferably
selected so that, ultimately, the localized contacts can be easily electrically connected,
as described in more detail below, to form two separate photovoltaic cell electrical
contacts, one that is the positive electrical contact for the photovoltaic cell and the other
the negative electrical contact. The material can be applied onto the dielectric layer on
the back surface of the wafer in a series of separated dots or short lines, or in some
other pattern such as a continuous line. A series of separated dots is preferred. One
such preferred pre-selected pattern is an interdigitated finger pattern on, preferably, only
the back dielectric layer, where the first part of the interdigitated finger pattern is the
material comprising the p-type material for the p* localized contacts and the other,
second part of the interdigitated finger pattern is material comprising the n-type material
for the n* localized contacts. By interdigitated finger pattern we mean a pattern where a
first set of, preferably parallel, rows or “fingers” of the material are applied between a

second set of such “fingers”. The material can be applied in a series of isolated “dots” or
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short lines, or in some other pattern, to form each finger. As series of separated dots is
preferred. Such interdigitated finger pattern can be visualized by placing the fingers of a
hand between, but separated from, the fingers of another hand, in an alternating
manner. One hand and its fingers would form one contact and the other hand, the other
contact. The interdigitated finger patterns of dots or lines will be overcoated with an

interdigitated pattern of conductive fingers to collect the photogenerated current.

A laser, other source of radiation, or a source of heat, or other suitable method,
can be used to fire the p-type and n-type materials through the dielectric, through the
doped and through the passivation layers forming both p* and n* localized contacts to
the silicon wafer. Laser firing can be accomplished using, for example, a Nd-YAG laser.
For example, the laser can be a Q-switched, Nd-YAG laser having a pulse duration of,
for example, about 10 to about 200 nanoseconds. If the p-type and n-type materials are
deposited as separated dots, or separated short lines and then fired as described
above, the localized emitter and base contacts so formed will also be separated from

each other on the wafer.

In another embodiment, the localized p* and n* contacts are formed by thermal
treatment, such as a rapid thermal processing, but in this case the passivation, doping
and dielectric layers should be able to withstand the thermal processing, for example,
where the passivation and doping layer might comprise a-SiC,:H alloy where y can be in
the range from about 0 to about 0.2. For example, a composition might be 75 at.% Si,
15 at.% C and 10 at.% H. In this case, the layers on the surface of the wafer could be
first opened, for example by etching, through the dielectric, doped and passivation
layers (or the lightly doped, thicker layer if that layer is used to replace the combination
of the passivation and doped layers) in a pre-selected pattern as described above so
that the p-type and n-type material being used to form the contacts can be placed in
contact with the silicon wafer in those opened regions. The opened regions, such as in
the shape of separated round holes, or short lines or other suitable shape, could also be
formed using laser ablation. Alternatively, the dopant-containing material can be applied
locally on top of the dielectric layer in a pre-selected pattern as described above if it can
be thermally fired through the dielectric, doped and passivation layers (or the lightly
doped, thicker layer if that layer is used to replace the combination of the passivation
and doped layers) and on or into the silicon layer beneath the dielectric, doped and

passivation layers. A rapid thermal processing can be accomplished by heating the
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silicon at least in the region where the desired p* or n* localized contact is to be formed
for a short time period, such as about 5 seconds to about 2 minutes at a temperature of,
for example, about 700°C to about 1000°C.

The dopant-containing materials used to form the localized contacts can be
metals, such Al, Ga or In, for p* contacts, and Sb, As or Bi, for n* contacts, deposited by
or more methods such as vapor deposition, or they can be alloys such as, for example
Sn-Sb, Sn-Bi for the n"contacts, or Sn-In, Al-Si for the p"contacts. The
dopant-containing materials used to form the localized contacts can be inks or pastes
comprising compounds, such as one or more of SbN or AsP, that can form n* contacts
or one or more of B,Si or AIB, , that can form p* contacts, or organometallic compounds
containing, for example, one or more of B, Al, Ga or In, that can form p" contacts or one
or more of P, As, Sb, Bi that can form n’ contacts. The number of such localized
contacts and the spacing and shape of the localized contacts will, preferably, be

selected to achieve optimal photovoltaic cell performance.

Minority carriers that may collect in the inversion layer during the operation of the
photovoltaic cell may leak to the base contacts, that is, the p* localized contacts in a
p-type wafer and the n* localized contacts in an n-type wafer. Such leakage would
decrease the efficiency of the photovoltaic cell in converting light energy into electrical
energy. These base contacts are ohmic contacts to the wafer that allow the collection of
majority carriers. This leakage or shunting can be prevented or minimized by, for
example, electrically isolating the base contact from the inversion layer. This electrical
isolation can be accomplished by, for example, adding an insulation layer between at
least part of and preferably all of the base contact and the inversion layer. The insulation
layer is preferably a dielectric material, such as one or more of SiO,, intrinsic a-Si:H, or
SiNxCyOz:H, where the values of x, y and z can be such that they each vary from about
0 to less than about 0.66. If the base contacts are “point” contacts, such as, for example,
a contact made by laser or thermally firing a dot or short line of the material used to form
the contact through the dielectric, doped and passivation layers, the electrical isolation
can be accomplished by forming a ring or collar of electrically insulating material, such
as one or more dielectric materials mentioned above, around the base contacts. Such
an isolation ring or collar can be made by depositing a layer or region of the selected
dielectric material in the form of, for example, an ink or paste over the dielectric layer in

the areas where the base contacts will be formed. Then, using, for example, a laser, the
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dielectric material can be fired or fused through at least the dielectric layer and the
doped layer. The dielectric material could be fired or fused through the dielectric layer,
for example, silicon nitride, the doped layer, and the passivation layer all the way to the
wafer and even into the silicon wafer to some extent. The material used to form the base
contacts can then be deposited over the same area and then, as describe above, fired
through the dielectric material using a laser and thereby forming the base contact having
a ring or collar of dielectric material surrounding the material used to form the base
contact so there is no significant inversion layer induced in the silicon wafer in the
vicinity of the isolation ring or collar. Such isolation ring can also be formed by a rapid
thermal processing step where the dielectric material use to form the isolation ring is, for
example, a glass frit paste or ink that fuses through at least the dielectric layer and the
doped layer so that no significant inversion layer is formed in the silicon in the vicinity of
the isolation ring. At least a portion, and preferably all of the base contacts have an

insulation layer electrically isolating the base contact from the inversion layer.

A pre-selected pattern, such as an interdigitated finger pattern described above,
comprising an electrically conductive material, or a material that will become electrically
conductive after subsequent thermal or other treatment, is deposited over the localized
emitter contacts and over the localized base contacts to separately electrically connect
each set of contacts so that electric current can be collected from the operating

photovoltaic cell.

For example, the pre-selected, electrically conductive pattern can comprise silver,
aluminum or other suitable metal, and the silver, aluminum or other suitable metal can
be applied to the wafer by one or more deposition methods. For example the pattern
can be applied by applying an aluminum containing paste or inkjet printing a silver
containing ink. Firing or otherwise thermally treating such pastes would convert it into a

stable, electrically conducting contact.

In one embodiment, using a p-type wafer, for example, the base and emitter
localized contacts, the isolating rings and the electrically conductive pattern, for
example, an interdigitated finger pattern, that electrically connects the localized contacts
can be formed using a multi-headed, inkjet printer. In such embodiment, one head
prints, for example, dots or other suitable shapes of an ink containing an n-type contact
material such as antimony, another head prints an interdispersed array of dots

containing a p-type contact material such as aluminum, another head prints a ring of
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material to be used to form the isolation ring around the p-type dots (for a p-type wafer),
and another head prints the pattern of electrically conductive material, such as
interdigitated fingers of silver containing paste or ink, with a first pattern, such as a finger
pattern, over the p-type dots (or other suitable shapes) and the associated isolation
rings, and a second pattern over the n-type dots (or other suitable shapes), such as a
finger pattern, electrically separated from the first pattern. Then a laser is used to fire the
n* contacts and to simultaneously fire both the p* contacts and the material for forming
the isolation rings to form the localized emitter contacts and localized base contacts
having the isolation ring, respectively. In another embodiment, again using a p-type
wafer as an example, one print head of a multi-headed inkjet printer would first print the
isolation ring material onto the dielectric layer, another head prints a first pattern, for
example, finger pattern, of p-type material such as an Al-containing ink over the isolation
ring material, another head prints a second pattern, for example, finger pattern, of an n-
type material, such as an Sb-containing ink, separated from the first pattern, and then
another head prints a electrically conductive material such as a Ag-containing ink in an
interdigitated finger pattern over both the patterns of p-type and n-type materials. Then a
laser is used to form n* localized contacts in selected regions of the patterns containing
the n-type materials and another laser beam is used to both form p* localized contacts
in the central regions of the isolation ring material as well as fusing the isolation ring
material at least into the dielectric and doped layers as mentioned above. Alternatively,
as also mentioned above, the localized contacts might be formed by rapid thermal
processing, but, preferably, in this case conditions for the rapid thermal processing
should be selected so that the material used to form the electrically conducting patterns

that electrically connect the localized contacts does not fire through the dielectric layer.

In the case of laser-fired contacts, a thermal annealing step may be used to
optimize the performance of the photovoltaic cell. Such annealing can be accomplished,
for example, by heating the cell to a temperature of about 300°C to about 450°C, for
about 5 to about 60 minutes, for example, at about 350°C for 30 minutes. It can be
annealed by rapid thermal processing, for example, at about 700°C to about 1000°C, for
about 5 seconds to about 2 minutes, for example, at about 700°C for about 1 minute. In
both cases, the passivation and dielectric layers selected must be able to tolerate such

annealing step.
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1. The Neutral Surface Back-Contact Photovoltaic Cell

In another aspect, this invention is a photovoltaic cell referred to herein as a
neutral surface back-contact photovoltaic cell. That is, there is no purposely induced
charge or band bending near the surface of the wafer that could induce shunting or

current leakage near the localized contacts.

To form the neutral surface back-contact photovoltaic cell, a passivation layer
that contains no or no significant fixed charges is applied to the wafer, such as a layer of
a-Si:H. It can be one or more such layers. The passivation layer or layers can be applied
on the back surface of the wafer, on the back and the front surfaces of the wafer, or to
all surfaces of the wafer. The wafer can be p-type or n-type. Such neutral passivation
layer or layers can be as described above for the passivation layers for the induced
inversion layer cell; however, for this aspect of the invention, the passivation layer or
combination of passivation layers, such as a layer of a-Si:H, may be thicker than the
passivation layer or layers for the induced inversion layer cell. For example, such neutral
passivation layer or combination of such layers can be up to about 100 nm thick; for
example about 4 to 100 nm thick. The neutral passivation layer on the back surface of
the wafer should be thick encugh to provide dielectric isolation of the pattern of
electrically conductive material on the back of the wafer from the silicon wafer outside
those regions where localized contacts are formed. Also, the neutral passivation layer
should be thick enough to greatly reduce or eliminate the formation of an inversion layer
or an accumulation layer at the surface of the wafer. Without intending to be bound by a
theory of operation, it is believed an a-Si:H passivation layer, if made thick enough, can
provide enough charge of the opposite polarity to compensate the charge in any
dielectric layer that is deposited over the a-Si:H layer. The deposition of such dielectric
layer is described in more detail below. For example, SiNyH deposited by PECVD
typically has a positive charge density of about 2 x 10'? cm™ while SiO, typically has a
positive charge density of about 10" cm™. Thus, a thin a-Si:H passivation layer, for
example, a layer about 5 to about 50 nm thick, can be used in conjunction with an SiO»
dielectric layer to prevent a significant inversion layer from forming in the p-type silicon
wafer, while a much thicker passivation a-Si:H layer, for example about 30 to about 100
nm thick, would need to be used with a SiNx:H dielectric layer to prevent a significant
inversion layer from forming in the p-type silicon wafer. The thickness of the a-Si:H layer

will depend on the conductivity of the a-Si:H, which is determined by the deposition
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conditions such as substrate temperature, residual impurities, and other variables. In
another embodiment of the neutral surface back-contact photovoltaic cell, a layer of
intrinsic a-Si:H could be used as both a passivation layer and as a dielectric layer, and
in this case the thickness of the a-Si:H might be about 40 to about 100 nm thick.

A thin, doped layer can also be used over the passivation layer or layers in the
neutral surface back-contact photovoltaic cell, such as, preferably, a layer of doped
a-Si:H, to assure a neutral surface condition in the silicon wafer so that there is no
significant inversion or accumulation layer. The dopant can be one or more of a p-type
dopant such as boron, aluminum, gallium, indium or one or more of an n-type dopant
such as phosphorus, arsenic, antimony and indium. The amount of dopant can be
experimentally determined by determining the zero band bending condition using, for
example, surface photovoltage measurements. The magnitude of photovoltage will
depend on the amount of band bending and the polarity of the photovoltage will depend
on the direction of the band bending. The photovoltage will be close to zero when the
band bending is close to zero. An inversion layer can occur, for example, when a layer
containing fixed positive charge, such as a layer of SiNy:H, is located near the surface of
a p-type wafer so that minority carriers, that is, electrons in a p-type wafer or holes for
an n-type wafer, dominate near the surface and the conduction and valence bands bend
so that the Fermi level is brought close to the conduction band. One or more thin layers,
for example, about 4 to about 20 nm thick, lightly doped with one or more of a p-type
dopant, for example, boron, aluminum, gallium or indium, can be used to compensate or
negate the fixed positive charge that might exist in the dielectric layer. The layer can be
a-Si:H. For example, for a dielectric layer of SiN,:H with a fixed positive charge density
of about 2 x 10" cm™, a thin layer of a-Si:H doped with boron can be used to assure
that no inversion layer or accumulation layer occurs in the silicon wafer. The thin doped
layer might contain, for example, about 0.001 at.% p-type dopant, such as boron, to
about 0.1 at.% p-type dopant, depending on the thickness of the doped layer and the
amount of fixed positive charge in the dielectric layer. Such a doped layer or layers, if
used, is preferably optimized in terms of thickness, dopant type and dopant
concentration to assure that the conduction and valence band bending near the surface
of the silicon wafer is at or essentially zero. Conversely, if the dielectric layer should
contain fixed negative charge, then one or more thin layers, for example, about 4 to

about 20 nm thick lightly n-doped an n-type dopant, such as one or more of phosphorus,
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arsenic, antimony or bismuth, at a doping level of about 0.001 at.% n-type dopant to
about 0.1 at.% n-type dopant, is preferably applied over the passivation layer or layers.
Preferably, the thickness of the n-doped layer would depend on the doping level and on
the fixed negative charge in the dielectric layer, and is, preferably selected to assure

that no or substantially no charge is induced at the silicon wafer surface.

One or more layers of dielectric material are applied to the wafer over the
passivation layer and, if present, over the thin doped layer in the neutral surface
back-contact photovoltaic cell. The one or more dielectric layers can be applied to the
back surface of the wafer, to the back and front surfaces of the wafer, or to all surfaces
of the wafer. Such dielectric layer or layers can be as described above for the dielectric
layer for the induced inversion layer cell, but may be optimized, for example, by
depositing the dielectric under conditions so that there is no or essentially no fixed
charge in the dielectric, so that no significant conduction or valence band bending or
induced charge occurs in the silicon. A neutral surface with no significant band bending
can usually be achieved with the deposition of intrinsic a-Si:H on a well-cleaned silicon
wafer. As mentioned above, SiNy:H typically has a positive charge density of about 2 x
10'2 cm™ while SiO; typically has a positive charge density of about 10" cm™. As also
mentioned above, any charge in the dielectric layer could be negated or compensated

by using an appropriate doped layer.

The localized contacts for this neutral surface, back-contact photovoltaic cell can
be applied in a manner as described above for the induced inversion layer cell. As
described above for the induced inversion layer cell, such localized contacts are
preferably formed on the wafer for the neutral surface back-contact photovoltaic cell
after the deposition of the layers described above on the back face of the wafer. Thus,
the base and emitter contacts for the neutral surface back-contact photovoltaic cell
extend through the dielectric layer and preferably through the passivation layer (and thin

doped layer if used.)

Isolation rings, as described above for the induced inversion layer cell, are
optional for this neutral surface, back-contact photovoltaic cell. However, if used, they

can be formed as described above for the induced inversion layer cell.

The electrical contacts formed from electrically conductive material that
electrically connects the emitter localized contacts on neutral surface back-contact

photovoltaic cell, and electrically connects the localized base contacts on neutral
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surface back-contact photovoltaic cell, can be applied to the back surface of the
photovoltaic cell as described above for the induced inversion layer cell. The pattern can
be, for example, in the form of interdigitated fingers, or some other suitable pattern. If
laser firing is used to form the localized contacts, a thermal annealing step as described
above for the induced inversion layer cell might be required to optimize the performance

of the photovoltaic cell.

Certain embodiments of the photovoltaic cells of this invention will now be
described with respect to Figures 2 and 3. However, it is to be understood that these are

not the only embodiments of this invention.

Figure 2 shows a cross section view of a section of an induced inversion layer,
back-contact photovoltaic cell 1 in accordance with an embodiment of this invention.
Figure 2 shows a p-type silicon wafer 5 of the type suitable for manufacturing solar cells.
Such wafers are known to those of skill in the art. However, it is to be understood that

such wafer can also be n-type.

Figure 2 shows an intrinsic passivation layer 10 made from amorphous silicon
(2-Si:H) deposited on wafer 5. This layer can be deposited on the wafer 5 by any
suitable means such as, for example, plasma enhanced chemical vapor deposition
(PECVD). It can be about 4 to about 30 nm thick and, as shown in Figure 2, can be

applied on all surfaces of the wafer 5.

After depositing the intrinsic passivation fayer, a doped layer 15 is applied having
a doping opposite to that of the wafer. Since the silicon wafer 5 in Figure 2 is p-type, the
doped layer 15 as shown in Figure 2 is n-type. In this example, the doped layer 15 can
be doped a-Si:H, for example, a-Si:H doped with phosphorus. The doped layer 15 can
be about 10 to about 30 nm in thickness and the concentration of dopant, such as, for
example, phosphorus, can be about 0.1 to about 1.0 at.%. The doped layer 15 can also
be an alloy of a-Si:H with carbon, nitrogen and /or oxygen. The doped layer 15 can be
deposited by any convenient method such as, for example, by PECVD. As shown in

Figure 2, such doped layer can be deposited on all surfaces of the wafer.

After depositing the doped layer 15, a layer of dielectric material 20 is deposited.
Such layer can be, for example, a layer of SiNy:H, for example, a layer about 70 to about
90 nm thick and where the value x can be about 0.4 to about 0.57 at.%. Such layer can
be deposited by PECVD.
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Figure 2 shows an inversion layer 25 depicted as a dashed line around the inside
perimeter of the silicon wafer. As discussed above, the inversion layer contains a high
concentration of induced charge; for example, in the case of a p-type wafer, the induced
charge in the inversion layer consists of electrons. This excess of electrons near the
surface can be described by a local bending of the conduction and valence bands so
that the Fermi level is brought close to the conduction band, thus creating an induced

junction.

In the case of an n-type wafer, an inversion layer can be generated by depositing
a thin passivating layer of, for example, a-Si:H and then a layer of a-Si:H doped with a
p-type dopant such as , for example, boron. This doped layer can be about 10 to about
30 nm in thickness and the concentration of dopants, such as, for example, boron, can
be about 0.1 to about 1.0 at.%. The doped layer can also be an alloy of Si:H with
carbon, nitrogen and/or oxygen. This doped layer can be deposited by any convenient

method such as, for example, by PECVD.

In the next steps, localized emitter contacts 35 and localized base contacts 40
are formed on the back side of the wafer, that is, the side of the wafer opposite to the
side that will be the front, light receiving side of the completed photovoltaic cell. Arrows
30 depict light impinging on the light receiving side of induced-inversion-layer,

back-contact photovoltaic cell 1.

The localized contacts can be formed, for example, by first depositing a metal by,
for example, one or more deposition or plating methods, or by depositing a conductive
material containing a dopant, for example aluminum, for forming local p* contacts. The
conductive material may be a paste or, more preferably, an ink. The metal or conductive
material is preferably applied as separated dots, separated short lines, or in other
suitable shapes such as continuous lines. The deposited metal or conductive material is
subsequently treated so that the metal or conductive material containing the dopant
reaches through the dielectric layer, the doped layer, the passivation layer and into the
silicon wafer in localized regions. This can be accomplished by, for example, firing the
metal or conductive material containing the dopant with a laser or other suitable source
of heat such as an ion beam or electron beam. If a laser is used, it can be a Q-switched,
Nd-YAG laser having a pulse duration of, for example, about 10 to about 200
nanoseconds. In this process, the metal or conductive material containing the dopant is

locally heated by, for example, the laser beam and the heated, preferably molten, metal
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or conductive material with dopant penetrates through the layers below and forms the
base 40 and emitter 35 contacts with the silicon wafer. For a p-type wafer the metal or
conductive material used to form the base contacts can be as described above and is
suitably aluminum or an aluminum-containing material. If the wafer is p-type the emitter
contacts can be made using a metal such as antimony or bismuth, or a metal such as tin
containing a dopant such as phosphorus, antimony or bismuth. In Figure 2, the base
contacts 40 can be made of aluminum and the emitter contacts 35 can be made of

antimony.

In the case of localized emitter contacts 35, a contact can also be made by firing
a metal through the dielectric layer into the doped layer, but in this case the intrinsic
a-Si:H layer is preferably thin, for example, about 4 to 10 nm thick, so that minority

carriers can move from the silicon wafer into the doped layer.

Contacts made in such manner are referred to as point contacts. However, they
need not be in the shape of a point or dot. They can be any shape such as an oval or

have a linear shape, such as a line shape.

In one preferred method, the localized base and emitter contacts are made by
depositing a metal-containing material in the form of an ink in a desired pattern on the
surface of the wafer. The pattern can be separated lines, dots, or some other suitable
shape or pattern. The ink can be dried by, for example, heating prior to being fired to

form the contacts.

In one such method the ink is deposited in the form of a pattern of separated dots
on the back surface of the wafer. One set of separated dots comprises a material for
forming the emitter contacts and the other set of dots comprises a material for forming
the base contacts. The dots are then treated with a laser beam to fire the metal through
the layers beneath the dots and into the silicon wafer to form the contacts.

It is preferable to electrically insulate or isolate the outer portions of the base
contact 40 from the inversion layer 25. Such insulation can be achieved by including an
isolation ring 45 around the outer portion of the base contacts 40. Such isolation ring 45
is shown in Figure 2. Such isolation ring can be formed by opening holes in the
passivation , doped and dielectric layers with , for example, a laser, by mechanical
means, or by masking and etching the layers , and then filing the holes with a suitable

dielectric material such as silicon dioxide. The metal or conductive material containing a
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dopant used to form the base contact 40 can be deposited over the hole having the
dielectric material contained therein, and the metal or conductive material containing a
dopant is then, for example, fired through the dielectric by using a laser or other suitable
method, and the dielectric material will form a ring or collar 45 around the contact
thereby isolating it from the inversion layer 25. Alternatively, the isolation ring can be
formed by first depositing dielectric material for forming the isolation ring, and then
depositing the material used to form the base contact. Then, in one firing step using, for
example, a laser, the base contact material is fired through the dielectric material and
through the passivation layer, the doped layer and the dielectric layer to form the base
contact with the silicon wafer, and having a ring or collar of insulating dielectric material

45 surrounding the contact as shown, for example, in Figure 2.

In the preferred method of making the photovoltaic cells of this invention, the
metal containing materials used to form the contacts are deposited on the wafer in the
form of an ink, and where the deposition is accomplished using a printer, and preferably
an ink jet printer or an aerosol jet printer, and more preferably an ink jet printer that is
controlled by a computer so that the specific pattern of printing the inks can be

programmed and controlled by the computer.

The collection of localized base contacts are electrically connected to each other
and the collection of localized emitter contacts are electrically connected to each other
so that the electrical current generated by exposing the photovoltaic cell to light can be
collected. This can be done by, for example, applying a layer of an electrically
conducting metal, such as silver, in a first pattern over and in electrical contact with the
base contacts, and a second pattern over and in electrical contact with the emitter
contacts, where the first pattern and the second pattern are not electrically connected.
Such a pattern can be applied by one or more deposition methods such as the
deposition of the metal as a vapor, or electrochemically using appropriate masks, or
screen-printed using appropriate masks. Preferably, the patterns are deposited as an
ink, preferably using an inkjet or aerosol jet printer as described above. Figure 2 shows
a cross-section of such pattern 60 over emitter contacts 35 and a cross-section of such
pattern 50 over base contacts 40. One preferable pattern is an interdigitated finger
pattern as shown in Figure 4, where back surface of photovoltaic cell 1 has one set of
fingers 50 that contact the base contacts 40, and the another set of interdigitated fingers

60 that contact the emitter contacts 35, and a space 70 that electrically separates
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fingers 50 and 60. In another embodiment, dopant-containing inks for forming the base
and the emitter contact are deposited in a desired pattern such as a pre-selected pattern
of separated dots. As described above, in the regions where the base contacts will be
formed, a dielectric material can be deposited first to provide for the formation of an
isolation ring. Thereafter, a layer of electrically conducting material, such as an ink
containing silver, can be applied by, for example, ink jet printing a suitable pattern, such
as an interdigitated pattern of fingers, over the areas where the pattern for the emitter
and base contacts were printed, one set of fingers covering and connecting the dots for
the base contacts, and one set of fingers covering and connecting the dots for the
emitter contacts. The contacts are then formed by laser firing, as described above, the
area of the fingers where the dots are printed to form the base and emitter contacts with

the wafer.

As a final step, the wafer can be annealed by, for example, heating the wafer to a
temperature of about 350°C for 15 to 60 minutes or by rapid thermal processing, for

example, about 700°C for 1 minute.

Figure 3 shows a cross section of a neutral-surface back-contact photovoltaic cell
1 in accordance with an embodiment of this invention. Figure 3 shows a p-type silicon
wafer 5. Such wafer can also be n-type. As in Figure 2, arrows 30 in Figure 3 depict light
impinging on the front, light receiving side of the neutral-surface, back-contact

photovoltaic cell 1.

Figure 3 shows also intrinsic passivation layer 15 made from a-Si:H. This
passivation layer can be deposited as described above with respect to Figure 2 for the
induced-inversion-layer back-contact photovoltaic cell. It can be about 4 to about 100
nm thick and, as shown in Figure 3, can be applied only on the back surface of the

wafer but can be on the front surface of the wafer as well.

As shown in Figure 3, a layer of dielectric material 20 is deposited on the wafer.
Such layer can be, for example, a layer of SiNy:H, for example, a layer about 70 to about
90 nm thick. The value x can be in the range of about 0.4 to about 0.57. Such layer can
be applied as described above with respect to Figure 2 for the induced-inversion-layer
back-contact photovoltaic cell. Such layer can function as an anti-reflective coating on
the front surface of the layer and as a dielectric layer on the back surface of the layer.
The layer 20 on the front surface and the layer 20 on the back surface of the wafer 5 as
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shown in Figure 3 can be deposited separately or at the same time. If the dielectric
layers are deposited separately, then it is preferable to deposit SiNx:H., where the value
X can be about 0.4 to about 0.57, on the front surface to act as an antireflection layer
and to deposit a-SiO,:H on the back surface, where the value z can be about 0.5 to

about 0.66, to optimize the reflection of weakly absorbed infrared light back into the cell.

In the next steps, the emitter contacts 35 and base contacts 40 are formed on the
back side of the wafer. These contacts can be formed as described for the induced

inversion layer, back-contact photovoltaic cell.

The collection of localized emitter contacts are electrically connected to each
other and the collection of localized base contacts are electrically connected to each
other so that the electrical current generated by exposing the photovaltaic cell to light
can be collected. This can be done by, for example, the methods described above for
applying the interdigitated pattern of conducting material using patterns 50 and 60 as

shown in Figures 3 and 4.

As a final step, the wafer can be annealed by, for example, heating the wafer to a
temperature of about 350°C for 15 to 60 minutes or by rapid thermal processing, for

example, at about 700°C for about 1 minute.

Only certain embodiments of the invention have been set forth and alternative
embodiments and various modifications will be apparent from the above description to
those of skill in the art. These and other alternatives are considered equivalents and

within the spirit and scope of the invention.

U.S. Provisional Patent Application 60/895,217, filed on March 16, 2007, is

incorporated by reference herein in its entirety.

Mundra Solar PV Ltd.,

Ex. 1002
Page 115



10

15

20

25

30

WO 2008/115814 PCT/US2008/057068
25

That which is claimed is:

1. A photovoltaic cell comprising a semiconductor wafer comprising a front,
light receiving surface and an opposite back surface, a passivation layer on at least the
back surface, a doped layer opposite in conductivity type to the wafer over the
passivation layer, an induced inversion layer, a dielectric layer over the doped layer, and
one or more localized emitter contacts and one or more localized base contacts on at

least the back surface extending at least through the dielectric layer.

2. The photovoltaic cell of Claim 1 wherein the one or more localized emitter
contacts and the one or more localized base contacts are all on the back side of the

photovoltaic cell.

3. The photovoltaic cell of Claim 1 wherein the one or more localized emitter
contacts and the one or more localized base contact are laser fired contacts.

4, The photovoltaic cell of Claim 1 wherein at least a portion of the base
contacts comprise an insulation layer electrically isolating the base contact from the

inversion layer.

5. The photovoltaic cell of Claim 1 wherein the semiconductor wafer

comprises p-type silicon.

6. The photovoltaic cell of Claim 1 wherein the semiconductor wafer

comprises n-type silicon.

7. The photovoltaic cell of Claim 1 wherein at least a portion of the localized
base contacts extend through the dielectric layer, the doped layer and the passivation

layer.

8. A photovoltaic cell comprising a semiconductor wafer comprising a front,
light receiving surface and an opposite back surface, a passivation layer on at least the
back surface, a doped layer opposite in conductivity type to the wafer over the
passivation layer, a dielectric layer over the doped layer, and one or more localized
emitter contacts and one or more localized base contacts on at least the back surface
extending at least through the dielectric layer.

9. A neutral surface photovoltaic cell comprising a semiconductor wafer
comprising a front, light receiving surface and an opposite back surface, a neutral

passivation layer on at least the back surface, a dielectric layer over the passivation
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layer, and one or more localized emitter contacts and one or more localized base

contacts on at least the back surface extending at least through the dielectric layer.

10.  The photovoltaic cell of Claim 9 wherein the localized emitter contact and

localized base contacts are all on the back surface of the photovoltaic cell.

11.  The photovoltaic cell of Claim 9 wherein the wherein the one or more
localized emitter contacts and one or more localized base contacts are laser fired

contacts.

12.  The photovoltaic cell of Claim 9 wherein the neutral passivation layer is

a-Si:H and is up to about 100 nm thick.

13.  The photovoltaic cell of Claim 12 wherein the a-Si:H is at least about
40 nm thick.

14. A method for manufacturing a photovoltaic cell comprising a
semiconductor wafer comprising silicon, a front surface and a back surface, the method

comprising:

a) depositing a passivation layer on the front and back surfaces of the

wafer:

b) depositing a doped layer opposite in conductivity type to the wafer

on at least the back surface of the wafer and over the passivation

layer;
c) depositing a dielectric layer over at least the doped layer; and
d) forming localized base and emitter contacts on at least the back

surface of the wafer and extending at least through the dielectric

layer.

15.  The method of Claim 14 wherein the base contacts further comprise a

layer of insulating material around at least a portion of the base contact.

16. The method of Claim 14 wherein the photovoltaic cell comprises an
induced inversion layer and the insulating material electrically insulates the base contact

from the inversion layer.
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17. The method of Claim 14 wherein the localized base contacts and the
localized emitter contacts are formed on the back surface of the photovoltaic cell in an

interdigitated finger pattern.

18. The method of Claim 14 wherein a first pattern of electrically conducting
material is deposited on the back surface of the electrically connecting the base
contacts, and a second pattern of electrically conducting material is deposited on the

back surface electrically connecting the emitter contacts.

19. The method of Claim 14 wherein the base and emitter contacts are laser

fired contacts.

20. A method for manufacturing a photovoltaic cell comprising a

semiconductor wafer comprising silicon, a front surface and a back surface, the method

comprising:

a) depositing a passivation layer on at least the back surface of the
wafer;

b) depositing a dielectric layer on at least the back surface of the wafer
and over the passivation layer; and

C) forming localized base and emitter contacts on at least the back
surface of the wafer extending at least through the dielectric layer.

21.  The method of Claim 20 wherein the dielectric layer is on the front and the

back surface of the wafer.

22. The method of Claim 20 wherein the passivation layer comprises a-Si:H
and is about 4 to about 100 nm thick.

23. The method of Claim 20 wherein the passivation layer and the dielectric

layer is combined as one layer that is at least about 40 nm thick.

24. The method of Claim 20 wherein the passivation layer and dielectric layer
comprise a-Si:H.
25. The method of Claim 20 wherein a thin doped layer is deposited over the

passivation layer and is between the passivation layer and the dielectric layer.

26. The method of Claim 25 wherein the thin doped layer comprises doped
a-Si:H and is about 4 to about 20 nm thick.
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HIGH-EFFICIENCY SOLAR CELL STRUCTURES
AND METHODS OF MANUFACTURE

Related Application Information

[0001] This application is a divisional of U.S. Serial No. 13/265,462, filed October
20, 2011, entitled “High-Efficiency Solar Cell Structures and Methods of Manufacture”,
which claims the benefit of previously filed U.S. Provisional Application entitled “High-
Efficiency Solar Cell Structures and Methods of Manufacture,” filed April 21, 2009, and
assigned application number 61/171,194, both of which are hereby incorporated herein

by reference in their entirety.

Technical Field

[0002] The present invention relates to solar cells. More particularly, the present
invention relates to improved solar cell structures and methods of their manufacture for

increased cell efficiency.

Background of the Invention

[0003] Solar cells are providing widespread benefits to society by converting
essentially unlimited amounts of solar energy into useable electrical power. As their use
increases, certain economic factors become important, such as high-volume

manufacturing and efficiency.

[0004] High volume manufacturing is generally considered to attain a high degree of
cost-effectiveness and efficiency if the number of manufacturing steps, and the

complexity of each step, can be minimized.

[0005] Finished solar cell efficiencies of 20% or more are highly desired in the
industry, however, known embodiments of such efficient cells often suffer from cell

structure complexity and/or manufacturing complexity.
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[0006] What is required therefore, are solar cells which attain high operational

efficiency, and which can be manufactured in a cost effective manner.

Summary of the Invention

[0007] The shortcomings of the prior art are overcome and additional advantages are
provided by the present invention which in one aspect extends to any one or a
combination of the solar cell structures disclosed below, including generally a central
substrate, conductive layer(s), antireflection layers(s), passivation layer(s) and/or
electrode(s). Multifunctional layers provide combined functions of passivation,
transparency, sufficient conductivity for vertical carrier flow, the junction, and/or varying
degrees of anti-reflectivity. Improved manufacturing methods including single-side CVD
deposition processes and thermal treatment for layer formation and/or conversion are also

disclosed.

[0008] In one aspect the present invention includes methods of fabricating any of
these structures, including: providing a wafer as a central substrate; deposition or growth
of interface passivation layers over the substrate; deposition of conductive layers over the
passivation layers; providing thermal treatment; optional deposition of antireflective

layers (possibly including back side mirrors); and providing metallization as electrodes.

[0009] In one embodiment the present invention comprises applying a heat treatment
to produce a multifunctional film which separates into a surface passivating interface

layer and a highly doped polycrystalline passivation layer with high transparency.

[0010] In one embodiment the present invention comprises depositing an amorphous,
silicon containing compound and using a heat treatment to initiate crystallization into a

polycrystalline film.

[0011] In one embodiment the present invention comprises depositing an amorphous,
silicon containing compound and using a heat treatment which leads to a crystallization

of the film and increases the optical transmissivity.
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[0012]

In one embodiment the present invention comprises depositing an amorphous,

silicon containing compound and using a heat treatment in order to activate doping atoms

in the compound.

[0013]

In one embodiment, the present invention comprises depositing an

amorphous, silicon containing compound and using a thermal treatment greater than

500°C in order to activate doping atoms in the compound and result in diffusion of

dopant atoms into a substrate wafer to provide a high-low junction or a p-n junction.

[0014]

Systems and computer program products corresponding to the above-

summarized methods are also described and claimed herein.

[0015]

Further, additional features and advantages are realized through the techniques

of the present invention. Other embodiments and aspects of the invention are described

in detail herein and are considered a part of the claimed invention.

[0016]

Brief Description of the Drawings

The subject matter which is regarded as the invention is particularly pointed

out and distinctly claimed in the claims at the conclusion of the specification. The

foregoing and other objects, features, and advantages of the invention are apparent from

the following detailed description taken in conjunction with the accompanying drawings

in which:

[0017] Fig. 1 is an energy band diagram for an n-type crystalline
silicon solar cell with doped polysilicon layers and a passivated
interface;

[0018] Fig. 2 is a partial cross-sectional view of a solar cell depicting
one type of minority and majority carrier flow for a front junction, p-
type wafer;

[0019] Fig. 3 is a partial cross-sectional view of a solar cell depicting
one type of minority and majority carrier flow for a back junction, p-
type wafer;
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[0020]

[0021]

[0022]

[0023]

[0024]

[0025]

[0026]

[0027]

[0028]

Fig. 4 is a partial cross-sectional view of a solar cell depicting
one type of minority and majority carrier flow for a front junction, n-

type wafer;

Fig. 5 is a partial cross-sectional view of a solar cell depicting
one type of minority and majority carrier flow for a back junction, n-

type wafer;

Fig. 6 is a partial cross-sectional view of a solar cell having n-

type front, n- or p-type wafer, and p-type back;

Fig. 7 is a partial cross-sectional view of a solar cell having n-

type front, n- or p-type wafer, p-type back, in a bifacial configuration;

Fig. 8 is a partial cross-sectional view of a solar cell having n-
type front, n-type wafer, p-type back, and includes isolating the

antireflection coating;

Fig. 9 is a partial cross-sectional view of a solar cell having n-
type front, n-type wafer, p-type back, and includes a multifunctional

transparent, conductive, highly doped silicon compound layer;

Fig. 10 is a partial cross-sectional view of a solar cell having n-
or p-type wafer, n-type front, including certain front layer

improvements, and p-type back;

Fig. 11 is a partial cross-sectional view of a solar cell having a

p-type front, n- or p-type wafer, and n-type back;

Fig. 12 is a partial cross-sectional view of a solar cell having p-

type front, n- or p-type wafer, n-type back, in a bifacial configuration;
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[0029] Fig. 13 is a partial cross-sectional view of a solar cell having p-
type front, p-type wafer, n-type back, and includes isolating the

antireflection coating;

[0030] Fig. 14 is a partial cross-sectional view of a solar cell having p-
type front, p-type wafer, n-type back, and including a multifunctional

transparent, conductive, highly doped silicon compound layer;

[0031] Fig. 15 is a partial cross-sectional view of a solar cell having n-
or p-type wafer, p-type front, including certain front layer

improvements, and n-type back;

[0032] Fig. 16 is a partial cross-sectional view of a solar cell having
glass or other transparent film with embedded electrodes, compressed

or bonded to the cell;

[0033] Fig. 17 is a partial cross-sectional view of a solar cell having
glass or other transparent film with embedded electrodes, compressed

or bonded to the cell, including a localized electrode on the back; and

[0034] Fig. 18 is a partial cross-sectional view of a solar cell having
additional silicon buffer layers formed therein, all in accordance with

the present invention.

Description of the Invention

[0035] With reference to the energy band diagram and partial cross-sectional views
of exemplary solar cells of Figs. 1-5, solar radiation is assumed to preferentially
illuminate one surface of a solar cell, usually referred to as the front side. To achieve
high energy conversion efficiency of incident photons into electric energy, an efficient
absorption of photons within the silicon substrate material forming the cell is important.
This can be achieved by a low parasitic optical absorption of photons within all layers

except the substrate itself.
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[0036] For the sake of simplicity, the geometrical surface shape of layer surfaces
(e.g., surface texture such as pyramids, or other surface texture, can be formed on layer
surfaces) is not portrayed in these drawings, however, it is understood that the
geometrical shape and/or surfaces may be textured in any shape beneficial for improved

solar cell efficiency, and falls within the scope of the invention.

[0037] One important parameter for high solar cell efficiency is surface passivation.
Surface passivation provides suppression of recombination of electrons and holes at or in
the vicinity of certain physical surfaces within the solar cell. Surface recombination can
be reduced by the application of dielectric layers. These layers reduce the interface
density of states and therefore reduce the number of recombination centers. Two
examples are thermally grown silicon oxide and PECVD deposited silicon nitride.
Another example of a surface passivating layer is intrinsic amorphous silicon. These
layers can also provide an electrical charge which reduces the number of carriers of the
opposite polarity and reduces recombination rates via this mechanism. Two examples are

silicon nitride and aluminum oxide.

[0038] Another method of reducing the amount of carriers of one type close to a
surface is the diffusion of doping atoms either of the same or the opposite doping of the
layer doping type. In this case doping levels in excess of the layer doping are necessary
to obtain a high-low junction (also commonly called back surface field or front surface
field) or a p-n junction. This can be combined with other methods of surface passivation

mentioned above.

[0039] Surface passivation can play an important role in achieving highly efficient
solar cells. In most of the solar cell structures described below in accordance with the
present invention, multiple layers or multifunctional layers can provide excellent surface
passivation. This can be achieved via a very steep doping profile and an additional
passivation of the interface using a layer with low interface state density and a high band
gap resulting in a tunneling barrier for substrate minority carriers to pass. A
corresponding energy band diagram is shown in Fig. 1. The solid lines depict the case of

an n-type crystalline silicon wafer with a passivated interface and doped polycrystalline
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silicon passivation layers. The dotted lines represent the case of an n-type crystalline
silicon wafer and a double layer structure of intrinsic amorphous silicon followed by

doped amorphous silicon layer, sometimes referred to as a heterojunction cell.

[0040] These structures provide another benefit for a highly efficient solar cell: the
recombination in areas underneath the contacts can be as low as in areas without contacts.
The contacts can be shiclded by the passivation. As a result, the contact area can be
optimized for optical properties, thus minimizing resistive losses, but carrier

recombination is decoupled.

[0041] Depending on the choice of materials, and doping types and concentrations,
the disclosed cell structures may be categorized as front-junction or back-junction cells.
In a front-junction cell the minority carriers (in the case of a p-type wafer these are
electrons) are collected on the side of illumination. In a back junction cell the minority
carriers are collected at the side opposed to the illumination. Current flow patterns are
shown generally in the partial cross-sectional solar cell views of Figs. 2-5 for p-type and

n-type wafers.

[0042] Fig. 2 shows carrier flow for a solar cell 20, in which minority carriers (solid
lines) flow to front electrodes 21 from a p-type wafer 25 having a front junction. The
electrons need to use lateral flow within the thin n-type emitter 22 to reach the electrodes
21, and the lateral sheet resistance of the emitter 22 increases resistive losses. The
majority carriers (dashed lines) can use the shortest geometrical path to the full area back

electrode 29.

[0043] Fig. 3 shows carrier flow for a solar cell 30 from p-type wafer 35 having a
back junction. The majority carriers (dashed lines) can use the entire wafer conductivity
to reach the front electrodes 31. The minority carriers (solid lines) can use the shortest
geometrical path to reach the rear n-type emitter 38, and their transport within the emitter
is vertical instead of mainly lateral. This back junction structure reduces the

requirements for lateral conductivity of the emitter layer.
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[0044] Fig. 4 shows carrier flow for a solar cell 40, in which minority carriers (solid
lines) flow to front electrodes 41 from an n-type wafer 45 having a front junction. The
holes need to use lateral flow within the thin p-type emitter 42 to reach the electrodes 41,
and the lateral conductivity of the emitter determines the resistive losses. The majority
carriers (dashed lines) can use the shortest geometrical path to the full area back electrode

49.

[0045] Fig. 5 shows carrier flow for a solar cell 50 from an n-type wafer 55 having a
back junction. The majority carriers (dashed lines) can use the entire wafer conductivity
to reach the front electrodes 51. The minority carriers (solid lines) can use the shortest
geometrical path to reach the rear p-type emitter 58, and their transport within the emitter
is vertical instead of mainly lateral. This back junction structure reduces the

requirements for lateral conductivity of the emitter layer.

[0046] A back junction cell with a full area back contact has the advantage that the
minority carriers do not have to flow laterally through the emitter to reach the contacts,
their transport within the emitter is mainly vertical. This reduces the losses associated
with the lateral transport of the minority carriers within the emitter. Since the full contact
area coverage is a requirement to benefit from this property of the structure, a shielded
contact is important, e.g., since the metal contacts the layer everywhere (“full area
contact coverage”), there is no need for the minority carriers to flow laterally toward the

nearest contact, like they do within the emitter in, e.g., Fig. 4.

Exemplary Cell Structures: n-type front, n- or p-type wafer, p-type back:

[0047] Fig. 6 is a partial cross-sectional view of a solar cell 60 having an n-type front,

n- or p-type wafer, and p-type back.

[0048] The metal electrodes 61 and 69 are positioned on the outer layers 62 and 68,
respectively. This has the benefit that the metal does not need to penetrate underlying
layers before it contacts the wafer. Furthermore the silicon bulk wafer 65 is shielded
from the contact interfaces and hence the contact interface carrier recombination is

minimized. This structure has an n-type front surface, which for a p-type wafer 65
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collects the minority carriers (electrons) on the front. Therefore a maximum lateral sheet
resistance of, for example, 500 Ohm/sq of the combined layers 62, 63 and 64 is required.
For an n-type wafer this structure collects the minority carriers (holes) on the back.
Therefore the current flow pattern in the solar cell is different and the requirements of
lateral conductivity of layer 62 are less critical. Exemplary layers of cell 60 include the

following:
[0049] 61: Front metal electrode.

[0050] 62: Transparent and conductive film, refractive index in the range of 1.4 <n <
3; thickness in the range of 20 nm <thickness<110 nm; sheet resistance of less than 500
Ohm/sq for a p-type wafer (front junction solar cell), specific resistivity in the range of
rho < 1000 Ohm cm for an n-type wafer (back junction solar cell). Examples include
transparent conductive oxides like indium tin oxide, aluminum doped zinc oxide, fluorine
doped tin oxide, tantalum oxide, antimony tin oxide, germanium oxide, zirconium oxide,

titanium oxide, gallium oxide, cadmium antimony oxide.

[0051] 63: Electrically passivating and conductive film, highly n-doped 1¢18 cm™ <
Np <5e21 ¢cm™ ; thickness in the range of 2 nm <thickness<50 nm ; specific resistivity in

the range of rho < 1000 Ohm cm. Examples include:

e n-type amorphous or polycrystalline silicon carbides: phosphorus

doped silicon carbide, nitrogen doped silicon carbide;

e n-type amorphous or polycrystalline silicon: phosphorus doped

amorphous silicon, nitrogen doped amorphous silicon;

e n-type amorphous or poly-crystalline diamond-like-carbon:

nitrogen doped diamond-like carbon.

[0052] Any of the above listed examples may include oxygen and hydrogen (n-doped
SiCxOyH; n-doped SiN<OyH,).
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[0053] 64: Electrically passivating interface layer; thickness <10 nm; no conductivity
requirements because of small thickness; no absorption restrictions due to small
thickness. Examples include silicon oxide, silicon nitride, intrinsic amorphous silicon,
intrinsic polycrystalline silicon, aluminum oxide, aluminum nitride, phosphorus nitride,

titanium nitride.

[0054] 65: n-type or p-type crystalline silicon wafer; thickness is the range of w<300
um, base resistivity for n-type wafers 0.5 Ohm cm < rho < 20 Ohm cm, for p-type wafers

0.1 Ohm cm < rho < 100 Ohm cm.

[0055] 66: Electrically passivating interface layer; thickness <10 nm; no conductivity
requirements because of small thickness; no absorption restrictions due to small
thickness. Examples include silicon oxide, silicon nitride, intrinsic amorphous silicon,
intrinsic polycrystalline silicon, aluminum oxide, aluminum nitride, phosphorus nitride,

titanium nitride.

[0056] 67: Electrically passivating and conductive film, highly p-doped 1E18-

5E21/cm?; specific resistivity in the range of tho < 1000 Ohm cm. Examples include:

e p-type amorphous or polycrystalline silicon carbides: boron doped
silicon carbide, aluminum doped silicon carbide, gallium doped

silicon carbide;

e p-type amorphous or polycrystalline silicon: boron doped silicon,

aluminum doped silicon, gallium doped silicon;

e p-type amorphous or poly-cystalline diamond-like-carbon: boron
doped diamond-like carbon, aluminum doped diamond-like

carbon.

[0057] Any of the above examples may include oxygen and hydrogen (p-doped
SiCxOyH; p-doped SiN<OyH,).
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[0058] 68: transparent and conductive film, refractive index in the range of 1.4 <n <
3; specific resistivity in the range of tho < 1000 Ohm ¢cm. Examples include conductive
oxides like indium tin oxide, aluminum doped zinc oxide, fluorine doped tin oxide,
tantalum oxide, antimony tin oxide, germanium oxide, zirconium oxide, titanium oxide,

gallium oxide, cadmium antimony oxide.
[0059] 69: back metal clectrode.

[0060] Fig. 7 is a partial cross-sectional view of a solar cell 70 having n-type front, n-
or p-type wafer, p-type back, in a bifacial configuration. Cell 70 is similar to cell 60 but
includes localized electrodes 79 on the back. Because of the localized structure on the
back, photons impinging from the rear of the solar cell can be absorbed within the wafer
75 and produce electron-hole pairs. This can increase the power output generated by the
solar cell under outdoor operating conditions where albedo can be used at low additional

module manufacturing and installation cost.

[0061] Fig. 8 is a partial cross-sectional view of a solar cell 80 having n-type front, n-
type wafer, p-type back, and includes isolating the antireflection coating. This structure
is especially beneficial for material combinations where the conductive layers on the
front surface of cell structures 60 and 70 have a high absorption. By placing the
electrode 81 directly on the contacting layer 83 the conductivity requirements of layer 82
are waived and traditional antireflection coating films (which are insulators) can be used.

Exemplary layers of cell 80 include the following:
[0062] 81: Front metal electrode.

[0063] 82: Antireflection film, refractive index in the range of 1.4 <n < 3; thickness
in the range of 20 nm <thickness<110 nm. Examples include silicon nitride, silicon

carbide, silicon oxide, transparent conductive oxides.

[0064] 83: Electrically passivating and conductive film; thickness <110 nm ; highly
n-doped 1e18 cm><Np<5e21 cm™, specific resistivity in the range of tho < 1000 Ohm

cm. Examples include:
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e n-type amorphous or polycrystalline silicon carbides: phosphorus

doped silicon carbide, nitrogen doped silicon carbide;

e n-type amorphous or polycrystalline silicon: phosphorus doped

amorphous silicon, nitrogen doped amorphous silicon;

e n-type amorphous or poly-crystalline diamond-like-carbon:

nitrogen doped diamond-like carbon.

[0065] Any of the above examples may include oxygen and hydrogen (n-doped
SiCxOyH;; n-doped SiN<OyH,).

[0066] 84: Electrically passivating interface layer; thickness thickness<10 nm ; no
conductivity requirements because of small thickness; no absorption restrictions due to
small thickness. Examples include silicon oxide, silicon nitride, intrinsic amorphous
silicon, intrinsic polycrystalline silicon, aluminum oxide, aluminum nitride, phosphorus

nitride, titanium nitride.

[0067] 85: n-type crystalline silicon wafer; thickness is in the range of w<300 um,

base resistivity for n-type wafers 0.5 Ohm cm < rho <20 Ohm cm.

[0068] 86: Electrically passivating interface layer; thickness<10 nm; no conductivity
requirements because of small thickness; no absorption restrictions due to small
thickness. Examples include silicon oxide, silicon nitride, intrinsic amorphous silicon,
intrinsic polycrystalline silicon, aluminum oxide, aluminum nitride, phosphorus nitride,

titanium nitride.

[0069] 87: Electrically passivating and conductive film, highly doped p-doped 1¢18

em><Na<5e21 cm™; specific resistivity in the range of rho < 1000 Ohm cm. Examples

include:

e p-type amorphous or polycrystalline silicon carbides: boron doped
silicon carbide, aluminum doped silicon carbide, gallium doped
silicon carbide;
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e p-type amorphous or polycrystalline silicon: boron doped silicon,

aluminum doped silicon, gallium doped silicon;

e p-type amorphous or poly-cystalline diamond-like-carbon: boron
doped diamond-like carbon, aluminum doped diamond-like

carbon.

[0070] Any of the above examples may contain oxygen and hydrogen (p-doped
SiCxOsz; p—dOped SINxOsz)

[0071] 88: Transparent and conductive film, refractive index in the range of 1.4 <n <
3; specific resistivity in the range of rho < 1000 Ohm ¢m. Examples include transparent
conductive oxides like indium tin oxide, aluminum doped zinc oxide, fluorine doped tin
oxide, tantalum oxide, antimony tin oxide, germanium oxide, zirconium oxide, titanium

oxide, gallium oxide, cadmium antimony oxide.
[0072] 89: back metal electrode.

[0073] Fig. 9 is a partial cross-sectional view of a solar cell 90 having n-type front, n-
type wafer, p-type back, and including a multifunctional transparent, conductive, highly
doped silicon compound layer. This aspect of the invention is an improvement to the
other disclosures above, because the functions of layers 62 and 63 of, e.g., solar cell 60 of
Fig. 6 (and any other similar layers in any other embodiments disclosed herein) are
combined into a multifunctional layer 93a depicted in Fig. 9. This layer can be
electrically passivating, transparent, and sufficiently conductive for a vertical carrier flow
to the electrodes (back junction solar cell), provides the junction with the wafer 95 and/or
reduces the reflectance of the incoming light (e.g., antireflection coating). On the rear,
layer 97a can combine the functions of layers 67 and 68 of, e.g., solar cell 60 of Fig. 6
(and any other similar layers in any other embodiments disclosed herein). Layer 97a
provides the junction with the wafer 95, has a refractive index which results in a high
reflectivity for photons of more than 900 nm wavelength and is sufficiently conductive
for vertical carrier flow from the wafer 95 to the metal electrode 99. Exemplary layers of

cell 90 include the following:
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[0074] 91: Front metal electrode.

[0075] 93a: Electrically passivating, transparent and conductive film, refractive
index in the range of 1.4 <n < 3; thickness in the range of 20 nm <thickness<110 nm ;
specific resistivity in the range of tho < 1000 Ohm cm for an n-type wafer; highly doped

n-doped 1e18 cm™<Np<5e21 cm™. Examples include:

e n-type amorphous or polycrystalline silicon carbides: phosphorus

doped silicon carbide, nitrogen doped silicon carbide;

¢ n-type amorphous or polycrystalline silicon: phosphorus doped

amorphous silicon, nitrogen doped amorphous silicon;

e n-type amorphous or poly-crystalline diamond-like-carbon:

nitrogen doped diamond-like carbon.

[0076] Any of the above examples may include oxygen and hydrogen (n-doped
SiCxOyH; n-doped SiNxOyHy).

[0077] 94: Electrically passivating interface layer; thickness <10 nm; no conductivity
requirements because of small thickness; no absorption restrictions due to small
thickness. Examples include silicon oxide, silicon nitride, intrinsic amorphous silicon,
intrinsic polycrystalline silicon, aluminum oxide, aluminum nitride, phosphorus nitride,

titanium nitride.

[0078] 95: n-type or p-type crystalline silicon wafer; thickness is in the range of
w<300 um, base resistivity for n-type wafers 0.5 Ohm cm < rho <20 Ohm cm, for p-type

wafers 0.1 Ohm cm < rho < 100 Ohm cm.

[0079] 96: Electrically passivating interface layer; thickness <10 nm ; no
conductivity requirements because of small thickness; no absorption restrictions due to
small thickness. Examples include silicon oxide, silicon nitride, intrinsic amorphous
silicon, intrinsic polycrystalline silicon, aluminum oxide, aluminum nitride, phosphorus

nitride, titanium nitride.
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[0080] 97a: Electrically passivating and transparent and conductive film; specific

resistivity in the range of rho < 1000 Ohm cm. Examples include:

e p-type amorphous or polycrystalline silicon carbides: boron doped
silicon carbide, aluminum doped silicon carbide, gallium doped

silicon carbide;

e p-type amorphous or polycrystalline silicon: boron doped silicon,

aluminum doped silicon, gallium doped silicon;

e p-type amorphous or poly-crystalline diamond-like-carbon: boron
doped diamond-like carbon, aluminum doped diamond-like

carbon.

[0081] Any of the above examples may include oxygen and hydrogen (p-doped
SiCxOyH; p-doped SiN<OyH,).

[0082] 99: back metal electrode.

[0083] Fig. 10 is a partial cross-sectional view of a solar cell 100 having n- or p-type
wafer, n-type front, including certain front layer improvements, and p-type back. The
rear surface structures (omitted for convenience) can be implemented according to any of

the other structures described herein.

[0084] This structure is especially beneficial for material combinations where the
layers x3 and x4 on, e.g., the front surface of structures disclosed above, have
unacceptably high absorption. (The x3 and x4 notation is further explained below and
represents any of the above layers with reference numerals ending in 3,3a, 4, 4a,
respectively). In cell 100, by placing layers 103 and 104 under the contacts only, their
optical properties (refractive index, absorption) are not important for cell efficiency.
Resistance losses only occur through vertical carrier flow to the contacts 101. Layers
102, 104b and 105b also do not have to shield the contact, so they can be optimized for
transmissivity and surface passivation. If they do provide lateral conductivity, this will

facilitate the current flow towards the contacts and the contact structures can be placed
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further apart from each other. This reduces optical shading losses. This structure works
best with a back junction since the lateral conductivity requirements of layer 102, 104b

and 105b are waived. Exemplary layers of cell 100 include the following:
[0085] 101: Front metal electrode.

[0086] 102: Antireflection film, refractive index in the range of 1.4 <n < 3; thickness
<150 nm. Examples include silicon nitride, silicon carbide, silicon oxide, titanium oxide,

transparent conductive oxides.

[0087] 103: Electrically passivating conductive film, e.g., thickness <50 nm ; e.g.,

specific resistivity in the range of tho < 1000 Ohm cm. Examples include:

e n-type amorphous or polycrystalline silicon carbides: phosphorus

doped silicon carbide, nitrogen doped silicon carbide;

e n-type amorphous or polycrystalline silicon: phosphorus doped

amorphous silicon, nitrogen doped amorphous silicon;

e n-type amorphous or poly-crystalline diamond-like-carbon:

nitrogen doped diamond-like carbon.

[0088] Any of the above examples may include oxygen and hydrogen (n-doped
SiCxOyH; n-doped SiNxOyHy).

[0089] 104: Electrically passivating interface layer; thickness <10 nm ; no
conductivity requirements because of small thickness; no absorption restrictions due to
small thickness. Examples include silicon oxide, silicon nitride, intrinsic amorphous
silicon, intrinsic polycrystalline silicon, aluminum oxide, aluminum nitride, phosphorus

nitride, titanium nitride.

[0090] 104b: Electrically passivating interface layer; thickness <110 nm. Examples
include silicon oxide, silicon nitride, intrinsic amorphous silicon, intrinsic polycrystalline
silicon, aluminum oxide, aluminum nitride, phosphorus nitride, titanium nitride, silicon

carbide or stacks of two or more of these materials.

Docket No. 3304.001B -16-

Mundra Solar PV Ltd.,

Ex. 1002
Page 156



[0091] 105: n-type or p-type crystalline silicon wafer; thickness is in the range of
w<300 um, base resistivity for n-type wafers 0.5 Ohm cm < rho <20 Ohm cm, for p-type

wafers 0.1 Ohm cm < rho < 100 Ohm cm.

[0092] 105b: phosphorus diffused silicon layer (optional), sheet resistance >70
Ohm/sq.

[0093] The structures above are not mutually exclusive, and any feature of one
structure, can apply to any other structure herein, in accordance with the present

invention.
Exemplary Cell Structures: p-type front, n- or p-type wafer, n-type back:

[0094] Fig. 11 is a partial cross-sectional view of a solar cell 110 having a p-type
front, n- or p-type wafer, and n-type back.

[0095] In this cell, the metal electrodes 111and 119 are placed on the outer layers 112
and 118, respectively. This provides the benefit that the metal does not need to penctrate
underlying layers before it contacts the wafer. Furthermore the silicon bulk wafer 115 is
shielded from the contact interfaces and hence the contact interface carrier recombination
is minimized. This structure has a p-type front surface, for an n-type wafer this structure
collects the minority carriers (holes) on the front. Therefore a maximum lateral sheet
resistance of 500 Ohm/sq of the combined layers 112, 113 and 114 is allowed. For a p-
type wafer this structure collects the minority carriers (electrons) on the back. Therefore
the current flow pattern in the solar cell is different and the requirements on the lateral
conductivity of layer 112 are less critical. Exemplary layers of cell 110 include the

following:
[0096] 111: Front metal electrodes.

[0097] 112: Transparent and conductive film, refractive index in the range of 1.4 <n
< 3; thickness<110 nm ; sheet resistance of less than 500 Ohm/sq for an n-type wafer,

specific resistivity in the range of tho < 1000 Ohm cm for a p-type wafer. Examples
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include transparent conductive oxides like indium tin oxide, aluminum doped zinc oxide,
fluorine doped tin oxide, tantalum oxide, antimony tin oxide, germanium oxide,

zirconium oxide, titanium oxide, gallium oxide, cadmium antimony oxide.

[0098] 113: Electrically passivating and conductive film, highly doped p-doped 1e18
cm><Na<5e21 cm; specific resistivity in the range of rho < 1000 Ohm cm. Examples

include:

e p-type amorphous or polycrystalline silicon carbides: boron doped
silicon carbide, aluminum doped silicon carbide, gallium doped

silicon carbide;

e p-type amorphous or polycrystalline silicon: boron doped silicon,

aluminum doped silicon, gallium doped silicon;

e p-type amorphous or poly-crystalline diamond-like-carbon: boron
doped diamond-like carbon, aluminum doped diamond-like

carbon.

[0099] Any of the above examples may include oxygen and hydrogen (p-doped
SiCxOsz; p—dOped SiNxOsz).

[00100] 114: Electrically passivating interface layer; <10 nm; no conductivity
requirements because of small thickness; no absorption restrictions due to small
thickness. Examples include silicon oxide, silicon nitride, intrinsic amorphous silicon,
intrinsic polycrystalline silicon, aluminum oxide, aluminum nitride, phosphorus nitride,

titanium nitride.

[00101] 115: n-type or p-type crystalline silicon wafer; thickness is in the range of
w<300 um, base resistivity for n-type wafers 0.5 Ohm cm < rho <20 Ohm cm, for p-type

wafers 0.1 Ohm cm < rho < 100 Ohm cm.
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[00102] 116: Electrically passivating interface layer; thickness <10 nm ; no
conductivity requirements because of small thickness; no absorption restrictions due to
small thickness. Examples include silicon oxide, silicon nitride, intrinsic amorphous
silicon, intrinsic polycrystalline silicon, aluminum oxide, aluminum nitride, phosphorus

nitride, titanium nitride.

[00103] 117: Electrically passivating, transparent and conductive film, highly doped n-
doped 1e18 cm™<Np<5e21 cm™; e.g., thickness in the range of 2 nm <thickness<50 nm

or more; specific resistivity in the range of rho < 1000 Ohm cm. Examples include:

e n-type amorphous or polycrystalline silicon carbides: phosphorus

doped silicon carbide, nitrogen doped silicon carbide;

e n-type amorphous or polycrystalline silicon: phosphorus doped

amorphous silicon, nitrogen doped amorphous silicon;

e n-type amorphous or poly-crystalline diamond-like-carbon:

nitrogen doped diamond-like carbon.

[00104] Any of the above examples may contain oxygen and hydrogen (n-doped
SiCxOyHz; n-doped SiNxOyH,).

[00105] 118: Transparent and conductive film, refractive index in the range of 1.4 <n
< 3; specific resistivity in the range of tho < 1000 Ohm cm. Examples include
transparent conductive oxides like indium tin oxide, aluminum doped zinc oxide, fluorine
doped tin oxide, tantalum oxide, antimony tin oxide, germanium oxide, zirconium oxide,

titanium oxide, gallium oxide, cadmium antimony oxide.
[00106] 119: back metal electrode.

[00107] Fig. 12 is a partial cross-sectional view of a solar cell 120 having p-type front,
n- or p-type wafer, n-type back, in a bifacial configuration. Cell 120 is similar to cell 110
but includes localized electrodes 129 on the back. Because of the localized structure on

the back, photons impinging from the rear of the solar cell can be absorbed within the
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wafer 125 and produce electron-hole pairs. This can improve the efficiency of the solar
cell under outdoor operating conditions where albedo can be used at low additional

module manufacturing and installation cost.

[00108] Fig. 13 is a partial cross-sectional view of a solar cell 130 having p-type front,
p-type wafer, n-type back, and includes isolating the antireflection coating. This
structure is especially beneficial for material combinations where the conductive layers
on the front surface of cell structures 110 and 120 have a high absorption. By placing the
electrodes 131 directly on the contacting layer 133 the conductivity requirements of layer
132 are waived and traditional antireflection coating films (which are insulators) can be
used. This structure works best with a back junction since the lateral conductivity
requirements of layer 133 and 134 are not critical. Exemplary layers of cell 130 include

the following:
[00109] 131: Front metal electrodes.

[00110] 132: Antireflection film, refractive index in the range of 1.4 <n < 3; <150 nm.
Examples include silicon nitride, silicon carbide, silicon oxide, aluminum oxide, titanium

oxide, transparent conductive oxides.

[00111] 133: Electrically passivating, transparent and conductive film; thickness <110

nm; specific resistivity in the range of rho < 1000 Ohm cm. Examples include:

e p-type amorphous or polycrystalline silicon carbides: boron doped
silicon carbide, aluminum doped silicon carbide, gallium doped

silicon carbide;

e p-type amorphous or polycrystalline silicon: boron doped silicon,

aluminum doped silicon, gallium doped silicon;

e p-type amorphous or poly-cystalline diamond-like-carbon: boron
doped diamond-like carbon, aluminum doped diamond-like

carbon.
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[00112] Any of the above examples may include oxygen and hydrogen (p-doped
SiCxOsz; p—doped SleOsz)

[00113]  134: Electrically passivating interface layer; thickness <10 nm; no
conductivity requirements because of small thickness; no absorption restrictions due to
small thickness. Examples include silicon oxide, silicon nitride, intrinsic amorphous
silicon, intrinsic polycrystalline silicon, aluminum oxide, aluminum nitride, phosphorus

nitride, titanium nitride.

[00114] 135: p-type crystalline silicon wafer; thickness is the range of w<300 um, base
resistivity for p-type wafers 0.1 Ohm cm < rho < 100 Ohm cm.

[00115] 136: Electrically passivating interface layer; thickness <10 nm; no
conductivity requirements because of small thickness; no absorption restrictions due to
small thickness. Examples include silicon oxide, silicon nitride, intrinsic amorphous
silicon, intrinsic polycrystalline silicon, aluminum oxide, aluminum nitride, phosphorus

nitride, titanium nitride.

[00116] 137: Electrically passivating, transparent and conductive film, highly doped n-
doped 1¢18 cm™><Np<5e21 cm™ ; specific resistivity in the range of tho < 1000 Ohm cm.

Examples include:

e n-type amorphous or polycrystalline silicon carbides: phosphorus

doped silicon carbide, nitrogen doped silicon carbide;

e n-type amorphous or polycrystalline silicon: phosphorus doped

amorphous silicon, nitrogen doped amorphous silicon;

e n-type amorphous or poly-crystalline diamond-like-carbon:

nitrogen doped diamond-like carbon.

[00117] Any of the above examples may include oxygen and hydrogen (n-doped
SiCxOyH; n-doped SiN<OyH,).
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[00118] 138: transparent and conductive film, refractive index in the range of 1.4 <n <
3; specific resistivity in the range of tho < 1000 Ohm ¢cm. Examples include transparent
conductive oxides like indium tin oxide, aluminum doped zinc oxide, fluorine doped tin
oxide, tantalum oxide, antimony tin oxide, germanium oxide, zirconium oxide, titanium

oxide, gallium oxide, cadmium antimony oxide.
[00119] 139: back metal electrode.

[00120] Fig. 14 is a partial cross-sectional view of a solar cell 140 having p-type front,
p-type wafer, n-type back, and including a multifunctional transparent, conductive, highly
doped silicon compound layer. This aspect of the invention is an improvement to the
other disclosures above, because the functions of layers 112 and 113 of, ¢.g., solar cell
110 of Fig. 11 (and any other similar layers in any other embodiments disclosed herein)
are combined into a multifunctional layer 143a depicted in Fig. 14. This layer can be
electrically passivating, transparent, and sufficiently conductive for a vertical carrier flow
to the electrodes (back junction solar cell), provides the junction with the wafer 145
and/or reduces the reflectance of the incoming light (e.g., antireflection coating). On the
rear, layer 147a can combine the functions of layers 117 and 118 of, e.g., solar cell 110 of
Fig. 11 (and any other similar layers in any other embodiments disclosed herein). Layer
147a provides the junction with the wafer 145, has a refractive index which results in a
high reflectivity for photons of more than 900 nm wavelength and is sufficiently
conductive for vertical carrier flow from the wafer 145 to the metal electrode 149.

Exemplary layers of cell 140 include the following:
[00121] 141: Front metal electrode.

[00122] 143a: Electrically passivating and transparent and conductive film, refractive
index in the range of 1.4 <n < 3; thickness <150 nm ; specific resistivity in the range of

rho < 1000 Ohm ¢m. Examples include:

e p-type amorphous or polycrystalline silicon carbides: boron doped
silicon carbide, aluminum doped silicon carbide, gallium doped

silicon carbide;
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e p-type amorphous or polycrystalline silicon: boron doped silicon,

aluminum doped silicon, gallium doped silicon;

e p-type amorphous or poly-cystalline diamond-like-carbon: boron
doped diamond-like carbon, aluminum doped diamond-like

carbon.

[00123] Any of the above examples may include oxygen and hydrogen (p-doped
SiCxOsz; p—dOped SINxOsz)

[00124]  144: Electrically passivating interface layer; thickness <10 nm; no
conductivity requirements because of small thickness; no absorption restrictions due to
small thickness. Examples include silicon oxide, silicon nitride, intrinsic amorphous
silicon, intrinsic polycrystalline silicon, aluminum oxide, aluminum nitride, phosphorus

nitride, titanium nitride.

[00125] 145 n-type or p-type crystalline silicon wafer; thickness is in the range of
w<300 um, base resistivity for n-type wafers 0.5 Ohm cm < rho <20 Ohm cm, for p-type

wafers 0.1 Ohm cm < rho < 100 Ohm cm.

[00126] 146: Electrically passivating interface layer; thickness <10 nm ; no
conductivity requirements because of small thickness; no absorption restrictions due to
small thickness. Examples include silicon oxide, silicon nitride, intrinsic amorphous
silicon, intrinsic polycrystalline silicon, aluminum oxide, aluminum nitride, phosphorus

nitride, titanium nitride.

[00127] 147a: Electrically passivating and transparent and conductive film; specific
resistivity in the range of tho < 1000 Ohm cm for a highly doped n-doped 1E18 ¢cm™

<Np<5E21 cm™. Examples include:

e n-type amorphous or polycrystalline silicon carbides: phosphorus

doped silicon carbide, nitrogen doped silicon carbide;
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e n-type amorphous or polycrystalline silicon: phosphorus doped

amorphous silicon, nitrogen doped amorphous silicon;

e n-type amorphous or poly-crystalline diamond-like-carbon:

nitrogen doped diamond-like carbon.

[00128] Any of the above examples may include oxygen and hydrogen (n-doped
SiCxOyHz; n-doped SiNxOyH,).

[00129] 149: back metal.

[00130] Fig. 15 is a partial cross-sectional view of a solar cell 150 having n- or p-type
wafer, p-type front, including certain front layer improvements, and n-type back. The
rear surface structures (omitted for convenience) can be implemented according to any of

the other structures described herein.

[00131] This structure is especially beneficial for material combinations where the
layers xx3 and xx4 on, ¢.g., the front surface of structures disclosed above, have
unacceptably high absorption. In cell 150, by placing layers 153 and 154 under the
contacts only, their optical properties (refractive index, absorption) are not important for
cell efficiency. Resistance losses only occur through vertical carrier flow to the contacts
151. Layers 152, 154b and 155D also do not have to shield the contact, so they can be
optimized for transmissivity and surface passivation. If they do provide lateral
conductivity, this will facilitate the current flow towards the contacts and the contact
structures can be placed further apart from each other. This reduces optical shading
losses. This structure works best with a back junction since the lateral conductivity
requirements of layer 152, 154b and 155b are waived. Exemplary layers of cell 150

include the following:

[00132] 151: Front metal electrode.
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[00133] 152: Antireflection film, refractive index in the range of 1.4 <n < 3; thickness
thickness<110 nm. Examples include silicon nitride, silicon carbide, silicon oxide,

titanium oxide.

[00134] 153: Electrically passivating conductive film, thickness <110 nm ; specific

resistivity in the range of tho < 1000 Ohm cm. Examples include:

e p-type amorphous or polycrystalline silicon carbides: boron doped
silicon carbide, aluminum doped silicon carbide, gallium doped

silicon carbide;

e p-type amorphous or polycrystalline silicon: boron doped silicon,

aluminum doped silicon, gallium doped silicon;

e p-type amorphous or poly-cystalline diamond-like-carbon: boron
doped diamond-like carbon, aluminum doped diamond-like

carbon.

[00135] Any of the above examples may include oxygen and hydrogen (p-doped
SiCxOsz; p—doped SleOsz)

[00136] 154: Electrically passivating interface layer; thickness <10 nm; no
conductivity requirements because of small thickness; no absorption restrictions due to
small thickness. Examples include silicon oxide, silicon nitride, intrinsic amorphous
silicon, intrinsic polycrystalline silicon, aluminum oxide, aluminum nitride, phosphorus

nitride, titanium nitride.

[00137]  154b: Electrically passivating interface layer; thickness <10 nm. Examples
include silicon oxide, silicon nitride, intrinsic amorphous silicon, intrinsic polycrystalline
silicon, aluminum oxide, aluminum nitride, phosphorus nitride, titanium nitride, silicon

carbide.
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[00138]  155: n-type or p-type crystalline silicon wafer; thickness is in the range of

w<300 um, base resistivity for n-type wafers 0.5 Ohm cm < rho <20 Ohm cm, for p-type

wafers 0.1 Ohm cm <rho < 100 Ohm cm.

[00139]  155b: phosphorus diffused silicon layer (optional), sheet resistance >70
Ohm/sq.

[00140] The structures above are not mutually exclusive, and any feature of one
structure, can apply to any other structure herein, in accordance with the present

invention.
Exemplary Cell Structures — Alternative Electrode Configurations:

[00141] Fig. 16 is a partial cross-sectional view of a solar cell 160 having glass or
other transparent film with embedded electrodes, compressed or bonded to the cell. This
alternative applies to any of the structures above, and can include an n- or p-type front, n-
or p-type wafer, and p- or n-type back. As an alternative to the metal electrodes being
deposited directly on the cell, the metal electrodes 161 and 169 are embedded in a glass
or other laminating films 161a and 169a. When the glass or laminating film is
compressed or laminated under pressure, the embedded electrodes make contact on top of
the outer layers 162 and 168, respectively. This has the benefit that the metal does not
need to be deposited directly onto the cell itself, thereby eliminating a typical source of
film stress which can cause cell bowing. This is particularly useful when dealing with
very large area wafers, such as thin-film silicon sheets and/or very thin wafers. In many
of the embodiments above, the metal electrodes do no need to penetrate underlying layers
before they contact the cell. Moreover, various conducing materials can be used to
enhance the electrical conductivity between the metal electrodes 161 and 169 and the
surface of the outer layers 162 and 168. These conducting materials could include but are
not limited to anisotropic conducting films (ACF), conductive epoxies, or spring-like
contact probes. Exemplary layers of cell 160 include the following (which can be formed

of any of the materials above, omitted here for simplicity):
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161a: Glass plate or transparent film carrying embedded metal
electrodes.

161: Front metal electrode.

162: Transparent and conductive film.

163:  Electrically passivating and conductive film.
164:  Electrically passivating interface layer.

165:  n-type or p-type crystalline silicon wafer; thickness is the
range of w<300 um.

166:  Electrically passivating interface layer.

167:  Electrically passivating and conductive film.
168: Transparent and conductive film.

169:  Back metal electrode.

169a: Glass plate or transparent film carrying embedded metal
electrode.

[00142] Fig. 17 is a partial cross-sectional view of a solar cell 170 having glass or
other transparent film with embedded electrodes, compressed or bonded to the cell,
having localized electrodes 179 on the back. Because of the localized electrode structure
on the back, photons impinging the rear of the solar cell can be absorbed within the wafer
175 and produce electron-hole pairs in this bifacial configuration. This can improve the
efficiency of the solar cell under outdoor operating conditions where albedo can be used

at low additional module manufacturing and installation cost.

[00143] This alternative applies to any of the structures above, and can include an n-
or p-type front, n- or p-type wafer, and p- or n-type back. As an alternative to the metal
electrodes being deposited directly on the cell, the metal electrodes 171 and 179 are
embedded in a glass or other laminating films 171a and 179a. When the glass or
laminating film is compressed or laminated under pressure, the embedded electrodes
make contact on top of the outer layers 172 and 178, respectively. This has the benefit
that the metal does not need to be deposited directly onto the cell itself, thereby
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eliminating a typical source of film stress which can cause cell bowing. This is
particularly useful when dealing with very large area wafers, such as thin-film silicon
sheets and/or very thin wafers. In many of the embodiments above, the metal electrodes
do no need to penetrate underlying layers before they contact the cell. Moreover, various
conducing materials can be used to enhance the electrical conductivity between the metal
clectrodes 171 and 179 and the surface of the outer layers 172 and 178. These
conducting materials could include but are not limited to anisotropic conducting films
(ACF), conductive epoxies, or spring-like contact probes. Exemplary layers of cell 170
include the following (which can be formed of any of the materials above, omitted here

for simplicity):

171a: Glass plate or transparent film carrying embedded metal
electrodes.

171:  Front metal electrode.

172:  Transparent and conductive film.

173:  Electrically passivating and conductive film.
174:  Electrically passivating interface layer.

175:  n-type or p-type crystalline silicon wafer; thickness is the
range of w<300 um.

176:  Electrically passivating interface layer.

177:  Electrically passivating and conductive film.
178:  Transparent and conductive film.

179:  Back metal electrode.

179a: Glass plate or transparent film carrying embedded metal
electrode.

[00144] The structures above are not mutually exclusive, and any feature of one
structure, can apply to any other structure herein, in accordance with the present

invention.
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Fabrication Methods:

[00145] The following process flows are examples of methods to produce the
structures disclosed above; but other methods are possible without departing from the
scope of the present invention. Initially, the incoming wafer is obtained free of surface
damage, may be textured or otherwise modified in its geometrical shape, and has a clean
surface. As discussed above, and for the sake of simplicity, the geometrical surface
shape of layer surfaces (¢.g., surface texture such as pyramids, or other surface texture,
can be formed on layer surfaces) is not portrayed in these drawings, however, it is
understood that the geometrical shape and/or surfaces may be textured in any shape

beneficial for improved solar cell efficiency, and falls within the scope of the invention.

[00146] Subsequent processing steps can be as follows (the use of the designation such
as “xx4” or any other similarly designated number connotes the analogous layers of any
of the above structures of Figs. 1-18 ending in “4” or “4a” such as 4, 14, 134, 4a, 14a,
134a, etc):

e Deposition or growth of the interface passivation layers xx4 and

XX6;
e Deposition of layers xx3 and xx7;
e Thermal treatment;

e Optional deposition of layers xx2 and xx8 (including possibly a
low reflective index layer for a good internal mirror on the back -
refractive index basically smaller than 3.0, smaller than 2.6,

smaller than 2.0, smaller than 1.5); and

e Metallization.
[00147] In any of the structures above, the layers (e.g., xx2, xx3, xx4, xx6, xx7 and
xx8) are electrically conductive are electrically conductive, i.¢., the metallization can be

placed directly on the outer layer. (In typical high-efficiency solar cells this is not the

case since surface passivation is usually done by materials that are also electrical
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insulators.) This allows for innovative metallization schemes, for example, the solar cells
can be laminated into a module which has the electrodes embedded in the glass or in the
lamination sheets. Furthermore, conductive sheets can be applied to mechanically
strengthen the cells. Another way of metallization could involve the deposition of thin
lines of metals. Due to the conductivity of the surfaces, the requirements on the metal
paste are reduced because they directly contact the outer layers and do not need to etch
through an insulating layer in order to contact the solar cell. Another example would be

the direct evaporation or sputtering of metal onto the conductive surfaces.

[00148] Most layers within the solar cell structures described above can be deposited
or grown with methods such as PECVD, APCVD, LPCVD, PVD, plating etc. For some
layers and combinations of layers, innovative methods of producing the layers and
structures may be useful. For example, thermal oxidation or plasma deposition or plasma

assisted oxidation can be used to form the interface passivating layer(s).

[00149] For example, in order to achieve a highly efficient solar cell with a cost-
effective production method, it is advantageous to deposit films of different
characteristics only on one side. While this can be difficult to do, (e.g., for a standard
tube furnace deposition of e.g. LPCVD deposited polycrystalline silicon), a PECVD
deposition can be done on one side of a wafer without deposition on the other side.
PECVD tools are available on an industrial scale but may only operate in temperature
regimes where amorphous or microcrystalline silicon layers can be deposited. In the
described cell structures, amorphous silicon layers can be turned into polycrystalline
silicon layers by thermal treatment. This also holds true for doped amorphous silicon
layers or compounds of amorphous silicon carbides, etc. This crystallization negatively
affects the passivation quality of the silicon/amorphous silicon interface layer (if it exists
in the cell structure). However, layers xx4 and xx6 buffer the wafer surface from the
crystallized polysilicon layer. Therefore, the interface is still passivated after the thermal

treatment and the layer systems are stable at the thermal-treatment temperature.
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[00150] In accordance with the present invention, during the crystallization process
many properties of the layer change: Donors or acceptors get activated, the optical
transmission increases, hydrogen effuses from the layer. The thermal treatment may
activate doping atoms in the compound and result in diffusion of dopant atoms into a

substrate wafer to provide a high-low junction or a p-n junction.

[00151] In accordance with the present invention, good passivation of layers xx4 and
xx6 persists and/or improves after high temperature thermal treatment. Passivation may
be adequate after deposition, but the high temperature thermal treatment can improve its
character. The passivation is temperature-stable (from 500°C, or 600°C, or 700°C, to
1100°C or more) because of the composition of the layers. Thermal treatment at 500°C
or more therefore comprises an aspect of the present invention. Other potential benefits
of the structure may include: thermal treatment may not modify the crystallinity of the
silicon substrate, at least at the interface, because the first interface layer is amorphous
S102, and/or because the conductive layer is SiC. Therefore another aspect of the present
invention contemplates providing a thermal treatment without modifying the crystallinity
of the silicon substrate, and/or that the interface passivation layer acts as a buffer for re-

crystallization during thermal treatment.

[00152] Ifthe layer composition is chosen correctly, a layer deposited in a single
process can split into two (or more) layers. The incorporated oxygen in the amorphous
deposited layer migrates toward the silicon interface and a thin oxide can be grown. If
this mechanism is exploited by the use of oxide containing films xx3 and xx7, the
passivating interface layers xx4 and xx6 do not need to be produced prior to layers xx3
and xx7, therefore all described structures can also work without layers xx4 and xx6. At
the same time the film crystallizes and dopants may be activated. This effect can be
employed to create structures such as cells 90 and 140 disclosed above, in a very short
process flow, but it is not restricted to this application. For that reason layers xx3 and
xx7 in all structures can be used to employ this mechanism if they contain a low amount

of oxygen and the list of examples is expanded by the same layers containing oxygen.
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[00153] In case the passivating interface layers xx4 and xx6 and the highly doped
layers xx3 and xx7 were deposited or grown with built-in stress, or the thermal treatment
for crystallization described above creates stress, this can negatively affect the
passivation properties of the wafer surface xx5. In order to prevent this negative effect,
and with reference to the partial cross sectional view of solar cell 180 of Fig. 18 a thin
silicon film 1831 and 1871 can be deposited on top of the passivation films 184 and 186,
to act as a buffer layer. Fig. 18 illustrates this concept of a silicon buffer layers 1831 and
1871 between the passivation layers 184 and 186 and the highly doped layers 183a, and
187a, respectively. This concept is particularly beneficial for cells 90 and 140 disclosed

above, but its application is not limited to these structures.

[00154] This silicon buffer layer can be, for example, undoped polysilicon. In this
case, since the film can be deposited on both sides, a standard tube furnace can be used.
In a process sequence where the passivation layers 184 and 186 are a thin thermal oxide,
the process of oxidation can directly be followed by the deposition of polycrystalline
silicon, in the same furnace but a different tube (saving handling of wafers) or even in the
same tube. The doping needed for passivation can be produced by driving dopants
incorporated in films 183a and 187a, with the temperature treatment used for
crystallization at the same time drives the dopants from layers 183a and 187a into layers
1831 and 1871 respectively, making them passivating and conductive. The allowed
thickness of the buffer layer depends on the doping level of the doped layers which are
deposited on top as well as on the time/temperature profile that is used for crystallization
of this doped top layer. The undoped layer is doped during this thermal treatment by the
doped layers 183a and 187a. The buffer layers 1831 and 1871can also be composed of

multiple silicon layers.

[00155] Another effect of the thermal treatment is the re-organization of the
passivating interface layers 184 and 186. Depending on their thickness, the thermal
treatment and the layers over them, these layers shrink and via-holes open (e.g.,
perforation occurs) such that the adjacent layers 1831 and 1871 can make contact to the

wafer 185 directly. A very small fraction of the interface allows the carriers to bypass the
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layers 184 and 186. If the thermal treatment is chosen in a way that no or insufficient via-
holes open up, the layers 184 and 186 need to be thin enough to allow for tunneling of the

carriers.

[00156] Other aspects of the present invention include improved methods of
metallization fabrication. In one example, metallization for any of the above structures
can be formed in accordance with previously filed U.S. Provisional Application entitled
“Method for Forming Structures in a Solar Cell,” filed 21 April 2009 and assigned
application number 61/171,187; and to commonly-assigned, co-filed International Patent
Application entitled “Method for Forming Structures in a Solar Cell,” filed as Attorney
Docket No. 3304.002AWO and assigned application number PCT/US2010/123976.
Each of these Applications is hereby incorporated by reference herein in its entirety.
According to these Applications, metallization may be formed according to a method of
forming a conductive contact/heterocontact pattern on a surface of solar cell, including
forming a thin conductive layer over at least one lower layer of the solar cell, and
ablating a majority of the thin conductive layer using a laser beam, thereby leaving
behind the conductive contact/heterocontact pattern. A self-aligned metallization may be
formed on the conductive contact pattern. The lower layer may include a passivation
and/or antireflective layer beneath the thin conductive layer, wherein the conductive
contact pattern forms an electrical contact through the at least one lower layer to a

semiconductor layer of the solar cell.

[00157] In another example, metallization for any of the above structures can be
formed in accordance with previously filed U.S. Provisional Application entitled
“Localized Metal Contacts By Localized Laser Assisted Reduction Of Metal-lons In
Functional Films, And Solar Cell Applications Thereof,” filed 22 April 2009 and
assigned application number 61/171,491; and to commonly-assigned, co-filed
International Patent Application entitled “Localized Metal Contacts By Localized Laser
Assisted Conversion Of Functional Films In Solar Cells,” filed as Attorney Docket No.
3304.003AWO and assigned application number PCT/US2010/031881. Each of these

Applications is hereby incorporated by reference herein in its entirety. According to
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these Applications, metallization may be formed according to a method of forming at
least one electrical contact in a layer of a solar cell, including forming a layer in the solar
cell comprising a material which can be selectively modified to electrical contacts upon
laser irradiation; and applying selective laser irradiation to at least one area of the layer to
thereby form at least one electrical contact in the area of the layer. A remaining region of
the layer may comprise a functional layer of the solar cell and need not be removed; e.g.,
a transparent, conductive film, and anti-reflective film, and/or passivation as disclosed

above.

[00158] The present invention extends to any one or a combination of the solar cell
structures disclosed above, including generally a central substrate, conductive layer(s),
antireflection layers(s), passivation layer(s) and/or electrode(s). The structures above are
not mutually exclusive, and any feature of one structure, can apply to any other structure

herein, in accordance with the present invention.

[00159] The present invention includes methods of fabricating any of these structures,
including: providing a wafer as a central substrate; deposition or growth of interface
passivation layers xx4 and xx6 over the substrate; deposition of conductive layers xx3
and xx7 over the passivation layers; providing thermal treatment; optional deposition of
antireflective layers xx2 and xx8 (including possibly a low reflective index layer for a

good internal mirror on the back); and providing metallization as electrodes.

[00160] In one embodiment the present invention comprises applying a heat treatment
to produce a multifunctional film which separates into a surface passivating interface

layer and a highly doped polycrystalline passivation layer with high transparency.

[00161] In one embodiment the present invention comprises depositing an amorphous,
silicon containing compound and using a heat treatment in order to initiate crystallization

into a polycrystalline film.
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[00162] In one embodiment the present invention comprises depositing an amorphous,
silicon containing compound and using a heat treatment which leads to a crystallization

of the film and increases the optical transmissivity.

[00163] In one embodiment the present invention comprises depositing an amorphous,
silicon containing compound and using a heat treatment in order to activate doping atoms

in the compound.

[00164] In one embodiment, the present invention comprises depositing an
amorphous, silicon containing compound and using a thermal treatment greater than
500°C in order to activate doping atoms in the compound and result in diffusion of

dopant atoms into a substrate wafer to provide a high-low junction or a p-n junction.

[00165] One or more of the process control aspects of the present invention can be
included in an article of manufacture (e.g., one or more computer program products)
having, for instance, computer usable media. The media has embodied therein, for
instance, computer readable program code means for providing and facilitating the
capabilities of the present invention. The article of manufacture can be included as a part

of a computer system or sold separately.

[00166] Additionally, at least one program storage device readable by a machine
embodying at least one program of instructions executable by the machine to perform the

capabilities of the present invention can be provided.

[00167] The flow diagrams and steps depicted herein are just examples. There may be
many variations to these diagrams or the steps (or operations) described therein without
departing from the spirit of the invention. For instance, the steps may be performed in a
differing order, or steps may be added, deleted or modified. All of these variations are

considered a part of the claimed invention.
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[00168] Although preferred embodiments have been depicted and described in detail
herein, it will be apparent to those skilled in the relevant art that various modifications,
additions, substitutions and the like can be made without departing from the spirit of the

invention and these are therefore considered to be within the scope of the invention as

defined in the following claims.
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Claims
What is claimed is:
1. A solar cell comprising;:
a substrate;

an interface passivation layer over the substrate, the interface passivation

layer comprising a conductive dopant diffused throughout;

a passivating film over the interface passivation layer, the passivating film
comprising a passivating material and the conductive dopant, wherein the

passivating film is at least partially crystallized; and

at least one electrode over the passivating film, the conductive dopant
within the passivating film and throughout the interface passivation layer
providing direct electrical connection between the at least one electrode and the

substrate.

2. The solar cell of claim 1, wherein the interface passivation layer has a
thickness that permits tunneling of electrical carriers through the interface passivation

layer.

3. The solar cell of claim 1, wherein the conductive dopant of the passivating

film is diffused into at least a portion of the substrate.

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

the passivating film.

5. The solar cell of claim 1, further comprising at least one conductive film
over the passivating film, wherein the at least one electrode contacts the at least one

conductive film.
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6. The solar cell of claim 5, wherein the at least one conductive film is a

transparent conductive film.

7. The solar cell of claim 1, wherein the at least one electrode does not

penetrate through the passivating film.
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8. A method of fabricating a solar cell, comprising:
providing a substrate;
providing an interface passivation layer over the substrate;

providing a passivating film over the interface passivation layer, the

passivating film comprising a passivating material and a conductive dopant;

thermally treating the passivating film, the thermally treating diffusing at
least a portion of the conductive dopant from the passivating film throughout the

interface passivation layer to facilitate electrical connection to the substrate; and

providing at least one electrode over the passivating film, wherein the
conductive dopant within the passivating film and throughout the interface
passivation layer provides direct electrical connection between the at least one

electrode and the substrate.

9. The method of claim 8, wherein the thermally treating crystallizes, at least in

part, the passivating film to establish a crystallized passivating film.

10.  The method of claim 9, wherein the crystallized passivating film is a

transparent film.

11.  The method of claim 9, wherein the crystallization of the passivating film

improves a passivation of the passivating film.

12.  The method of claim 9, wherein the interface passivation layer protects the
substrate from crystallization or re-crystallization during the thermally treating and

crystallization of the passivating film.

13.  The method of claim 8, wherein the interface passivation layer has a
thickness selected to permit tunneling of electrical carriers through the interface passivation

layer into the substrate.
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14.  The method of claim 8, wherein the thermally treating diffuses a portion of

the conductive dopant through the interface passivation layer into the substrate.

15.  The method of claim 8, wherein providing the interface passivation layer

and providing the passivating film comprise:

providing an amorphous silicon-containing compound over an upper
surface of the substrate, the compound comprising oxygen dopant and the

conductive dopant;

diffusing the oxygen dopant, at least in part, into the upper surface of the
substrate to form an oxide layer over the substrate, the oxide layer defining the

interface passivation layer; and

wherein remaining amorphous silicon-containing compound above the oxide

layer defines the passivating film.

16.  The method of claim 15, wherein the diffusing of the oxygen comprises
thermally treating the amorphous silicon-containing compound, the thermally treating
diffusing the conductive dopant from the passivating film throughout the interface

passivation layer.

17.  The method of claim 8, further comprising providing an anti-reflective film

over the conductive upper surface of the passivating film.

18.  The method of claim 8, wherein the at least one electrode only electrically

connects to the substrate through the passivating film via the conductive dopant.

19.  The method of claim 8, further comprising providing at least one conductive
film over the passivating film, wherein providing the at least one electrode comprises

providing the at least one electrode on the at least one conductive film.
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20. The method of claim 12, wherein the at least one conductive film is a

transparent conductive film.

* ok ok ok ok
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Abstract of the Disclosure

Solar cells of varying composition are disclosed, generally including a
central substrate, conductive layer(s), antireflection layers(s), passivation
layer(s) and/or electrode(s). Multifunctional layers provide combined functions
of passivation, transparency, sufficient conductivity for vertical carrier flow, the
junction, and/or varying degrees of anti-reflectivity. Improved manufacturing
methods including single-side CVD deposition processes and thermal treatment

for layer formation and/or conversion are also disclosed.
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foreign priority. See 37 CFR 1.55 and 1.76.
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/829,999

Projected Publication Date: 12/10/2015
Non-Publication Request: No

Early Publication Request: No
Title

HIGH-EFFICIENCY SOLAR CELL STRUCTURES AND METHODS OF MANUFACTURE
Preliminary Class

438
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

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

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

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

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

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

NOT GRANTED

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

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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Internet at www.uspto.gov. The direct link to access the publication is currently http:/www.uspto.gov/patft/.
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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 USPTQO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
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Public Records, Alexandria, VA 22313-1450 or via the Internet.
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Electronic Business Center at 1-866-217-9197.
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Attorney Docket Number ‘ 3304.001B

CERTIFICATION STATEMENT

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

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

OR

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

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

See attached certification statement.
The fee set forth in 37 CFR 1.17 {p) has been submitted herewith.

X A certification statement is not submitted herewith.

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

Signature /Kevin P. Radigan, Esq./ Date {YYYY-MM-DD) 2016-01-08

Name/Print Kevin P. Radigan, Esq. Registration Number ’31789

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
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Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
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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 authaority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information soclicited
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 o 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.8.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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(11)Publication humber 57-071188

(43)Date of publication of application 01.05.1982

(51)Int.CL HOTL 31/04
(21)Application number 55-147846

(22)Date of filing 21.10.1980

(71)Applicant MITSUBISHI ELECTRIC CORP
(72)Inventor HIGAKI YUKIO

YUKIMOTO YOSHINORI

(54)AMORPHOUS SOLAR CELL

(57)Abstract
PURPOSE: T obtain P-i-N type cell, of small electric resistance, by constituting most of poly-
crystal and a part of amorphous layer in a P type layer, as for a solar cell which consists of a P

%

type semiconductor layer and an i type amorphous semiconductor layer, accumulated
subsequently on a substrate, and an N type amorphous semiconductor layer.

CONSTITUTION: An N type layer 2 and an i type layer 3, composed of amorphous layer, and a
P type layer 4 are accumulated on a metal substrate 1 of stainless steel or the like. A P type
polycrystalline layer 5 is accumulated thereon. A transparent electrode 6 of In-Sn composite is
accumulated thereon. An Al metal electrode 7 is attached to an end thereon. In this
constitution, the layers 2~4 are formed subsequently by glow discharge or the like. THe layer 5
is formed temporarily as a P type amosphous layer, and mostly converted into poly-crystal,
while partly remaining as unification with the P type amorphous layer 4, by applying a laser
beam. This allows poly-crystallization so as to decrease the electric resistace as well as reduce
absorption coefficient, thereby to make it possible to increase the thickness correspondingly and
further lowes the resistance.
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(54)MULTIPLE RECEPTACLE

(57)Abstract

PURPOSE: To obtain a combined cord tap device which is simple in constitution and in use and

can be used over a wide range with and without a cord attached by providing an

accommodating part for an attachment piug and a cord in the main top body.
CONSTITUTION; This tap device includes plug-blade attachment holes 2 in a main body made
of electric insulating materials and an attachment plug 5 connected with a cord 3 extending
from the main body 1. Accommodating parts 7A, 7B for the attachment plug 5 and the cord 3
and a recessed groove 7 are provided in the main body 1, and when a cord is accommodated,
the cord 3 substantially is not protruded from the surface of the main body 1. The attachment
plug 5 is an attachment plug form of the same material as that of the main body 1 and is
provided with a rotatable plug holder 5A having a pair of plug blades 6A, 6B at its one end, and
the cord 3 extending from a cord holder 4 is introduced and electrically connected with the

plug blades 6A, 6B.
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MANUFACTURE

First Named Inventor/Applicant Name:

Oliver SCHULTZ-WITTMANN
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23405

Filer:

Kevin P. Radigan/Annette Altheiser

Filer Authorized By:

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

New Applications Under 35 U.S.C. 111

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

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

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

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

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0O/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.
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Application No. Applicant(s)

14/829,999 SCHULTZ-WITTMANN ET AL.
Office Action Summary Examiner Art Unit ATA (First Inventor to File)

ERIC R. SMITH 1757 ;tg‘”s

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 2MONTHS FROM THE MAILING DATE OF
TH[S COMMUNICATION.

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

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

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

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

Status
1)X] Responsive to communication(s) filed on 8/19/2015.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____.
2a)[] This action is FINAL. 2b)[] This action is non-final.

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

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*

5)X Claim(s) 1-20is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.

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

7)1 Claim(s) _____is/are rejected.

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

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

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

Priority under 35 U.S.C. § 119
12)[C] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or ().
Certified copies:
a)JAIl  b)[] Some** c)[] None of the:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3. Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) D Notice of References Cited (PTO-892) 3) D Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.
2) |:| Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 I:l Other:
Paper No(s)/Mail Date . ) ther:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20160204
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Application/Control Number: 14/829,999 Page 2
Art Unit: 1757

The present application is being examined under the pre-AlA first to invent provisions.

DETAILED ACTION

Election/Restrictions

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

I. Claims 1-7, drawn to a solar cell, classified in HO1L31/068.

II. Claims 8-20, drawn to a method of fabricating a solar cell, classified in HO1L31/186.

The inventions are distinct, each from the other because of the following reasons:

Inventions Il and | are related as process of making and product made. The inventions are
distinct if either or both of the following can be shown: (1) that the process as claimed can be used to
make another and materially different product or (2) that the product as claimed can be made by another
and materially different process (MPEP § 806.05(f)). In the instant case the product as claimed can be
made by another and materially different process. The dopant may be diffused throughout the interface
passivation layer prior to providing the passivating film, by a process such as ion implantation that does
not require thermal treatment.

Restriction for examination purposes as indicated is proper because all these inventions listed in
this action are independent or distinct for the reasons given above and there would be a serious search
and/or examination burden if restriction were not required because one or more of the following reasons
apply:

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

classification;

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

subject matter;

(c) the inventions require a different field of search (for example, searching different

classes/subclasses or electronic resources, or employing different search queries);

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

(e) the inventions are likely to raise different non-prior art issues under 35 U.S.C. 101 and/or 35
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Application/Control Number: 14/829,999 Page 3
Art Unit: 1757

U.S.C. 112, first paragraph.

Applicant is advised that the reply to this requirement to be complete must include (i) an
election of a invention to be examined even though the requirement may be traversed (37 CFR 1.143)
and (ii) identification of the claims encompassing the elected invention.

The election of an invention may be made with or without traverse. To reserve a right to petition,
the election must be made with traverse. If the reply does not distinctly and specifically point out
supposed errors in the restriction requirement, the election shall be treated as an election without
traverse. Traversal must be presented at the time of election in order to be considered timely. Failure to
timely traverse the requirement will result in the loss of right to petition under 37 CFR 1.144. If claims are
added after the election, applicant must indicate which of these claims are readable upon the elected
invention.

Should applicant traverse on the ground that the inventions are not patentably distinct, applicant
should submit evidence or identify such evidence now of record showing the inventions to be obvious
variants or clearly admit on the record that this is the case. In either instance, if the examiner finds one of
the inventions unpatentable over the prior art, the evidence or admission may be used in a rejection
under 35 U.S.C. 103 or pre-AlA 35 U.S.C. 103(a) of the other invention.

Applicant is reminded that upon the cancellation of claims to a non-elected invention, the
inventorship must be corrected in compliance with 37 CFR 1.48(a) if one or more of the currently named
inventors is no longer an inventor of at least one claim remaining in the application. A request to correct
inventorship under 37 CFR 1.48(a) must be accompanied by an application data sheet in accordance with
37 CFR 1.76 that identifies each inventor by his or her legal name and by the processing fee required
under 37 CFR 1.17(i).

The examiner has required restriction between product or apparatus claims and process claims.
Where applicant elects claims directed to the product/apparatus, and all product/apparatus claims are
subsequently found allowable, withdrawn process claims that include all the limitations of the allowable

product/apparatus claims should be considered for rejoinder. All claims directed to a nonelected process
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Application/Control Number: 14/829,999 Page 4
Art Unit: 1757

invention must include all the limitations of an allowable product/apparatus claim for that process
invention to be rejoined.

In the event of rejoinder, the requirement for restriction between the product/apparatus claims
and the rejoined process claims will be withdrawn, and the rejoined process claims will be fully examined
for patentability in accordance with 37 CFR 1.104. Thus, to be allowable, the rejoined claims must meet
all criteria for patentability including the requirements of 35 U.S.C. 101, 102, 103 and 112. Until all claims
to the elected product/apparatus are found allowable, an otherwise proper restriction requirement
between product/apparatus claims and process claims may be maintained. Withdrawn process claims
that are not commensurate in scope with an allowable product/apparatus claim will not be rejoined. See
MPEP § 821.04. Additionally, in order for rejoinder to occur, applicant is advised that the process claims
should be amended during prosecution to require the limitations of the product/apparatus claims. Failure
to do so may result in no rejoinder. Further, note that the prohibition against double patenting
rejections of 35 U.S.C. 121 does not apply where the restriction requirement is withdrawn by the
examiner before the patent issues. See MPEP § 804.01.

Any inquiry concerning this communication or earlier communications from the examiner should
be directed to ERIC R. SMITH whose telephone number is (571)270-7186. The examiner can normally
be reached on Monday-Friday, 8:30-5:00.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Jeffrey Barton can be reached on 571 272 1307. The fax phone number for the organization where this

application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 14/829,999 Page 5
Art Unit: 1757

Information regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained from
either Private PAIR or Public PAIR. Status information for unpublished applications is available through
Private PAIR only. For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic Business Center (EBC)
at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service Representative
or access to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000.

/ERIC R SMITH/
Examiner, Art Unit 1757
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventors: Oliver SCHULTZ-WITTMANN et al. Confirmation No.: 1023
Serial No.:  14/829,999 Group Art Unit: 1757
Filed: August 19,2015 Examiner: Eric R. Smith

Title: HIGH-EFFICIENCY SOLAR CELL
STRUCTURES AND METHODS OF
FABRICATION

To:  Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Response to Office Action

Dear Commissioner:

This paper is filed responsive to the Restriction Requirement contained in the Office

Action mailed February 8, 2016, in connection with the above-identified U.S. patent application.

Remarks with election of claims appear on page 2 of this paper.

3304.001B -1-
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Remarks

In the Office Action, restriction to one of the following inventions is required under 35
U.S.C. §121:

Group I: Claims 1-7, drawn to a solar cell, classified in HO11.31/068.
Group II: Claims 8-20, drawn to a method of fabricating a solar cell, classified in
HO011.31/186.

In response to this Restriction Requirement, Applicant hereby provisionally elects Group

II, claims 8-20, for prosecution on the merits at this time.

If a telephone conference would be of assistance in advancing prosecution of this

application, the Examiner is invited to telephone Applicant’s undersigned representative.

An Action on the merits of all claims, and a Notice of Allowance therefore, are

respectfully requested.

Respectfully submitted,

Voo DD
Kevin P, Radigan@q.
Attorney for Applicant
Registration No.: 31,789

Dated: March 2?7 2016

HESLIN ROTHENBERG FARLEY & MESITI P.C.
5 Columbia Circle

Albany, New York 12203-5160

Telephone: (518) 452-5600

Facsimile: (518)452-5579

3304.001B 2-
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MANUFACTURE
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Oliver SCHULTZ-WITTMANN
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23405

Filer:
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Filer Authorized By:
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Attorney Docket Number: 3304.001B
Receipt Date: 30-MAR-2016
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Total Files Size (in bytes){ 54116

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032

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

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

PATENT APPLICATION FEE DETERMINATION RECORD | Avplication or Docket Number [ Filing Date
Substitute for Form PTO-875 1 4/829,999 08/19/2015 D To be Mailed

ENTITY: LARGE []smAaLL []micro

APPLICATION AS FILED - PART |

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
—

L1 Basic Fee N/A N/A N/A

(37 CFR 1.16(a), (b), or (c))
L1 searcH FEE N/A N/A N/A

(37 GFR 1.16(K), (i), or (m))
D EXAMINATION FEE

(37 GFR 1.16(0), (p), or (q)) N/A N/A N/A
TOTAL CLAIMS . N
37 CFR 1.16(i minus 20 = X$ =
INDEPENDENT CLAIMS . B
(87 CFR 1.16(h) minus 3 = X3 =

If the specification and drawings exceed 100 sheets
n of paper, the application size fee due is $310 ($155
ASF;PCL’lgﬁﬂlgN SIZE FEE for small entity) for each additional 50 sheets or
¢ 16(s) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
p—

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

APPLICATION AS AMENDED - PART Il

(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
- 03/30/2016 AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
s ;I'?si(ia)l) (37 CFR - 20 Minus | = 20 -0 x $80 = 0
5 )
Independ. )
ZloEi 12 Minus | ~3 -0 x 5420 - 0
<§E [ Application Size Fee (37 CFR 1.16(s))
p—
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFR 1.16(j))
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
AMENDMENT PAID FOR
= RO
= [ Independent . ; e
) (37C?=R1 1es(h)) Minus = X $ =
Z | T application size Fee (37 GFR 1.16(s))
=
< D FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFR 1.16(j))
TOTAL ADD’L FEE
*# If the entry in column 1 is less than the entry in column 2, write “0” in column 3. LIE
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”. /DORIS BURNS/

***|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 number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.
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Application No. Applicant(s)

14/829,999 SCHULTZ-WITTMANN ET AL.
Office Action Summary Examiner Art Unit ATA (First Inventor to File)

ERIC R. SMITH 1757 ;‘g“‘s

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
TH[S COMMUNICATION.
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The present application is being examined under the pre-AlA first to invent provisions.
DETAILED ACTION
Election/Restrictions
Applicant’s election of Group Il, claims 8-20 in the reply filed on 3/30/2016 is acknowledged.
Because applicant did not distinctly and specifically point out the supposed errors in the restriction

requirement, the election has been treated as an election without traverse (MPEP § 818.01(a)).

Claim Rejections - 35 USC § 112
The following is a quotation of 35 U.S.C. 112(b):
(b) CONCLUSION.—The specification shall conclude with one or more claims particularly

pointing out and distinctly claiming the subject matter which the inventor or a joint inventor
regards as the invention.

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

Claims 19 and 20 rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA), second
paragraph, as being indefinite for failing to particularly point out and distinctly claim the subject
matter which the inventor or a joint inventor, or for pre-AlA the applicant regards as the invention.

Claim 19 recites that the method further comprises providing at least one conductive film over the
passivating film, and that providing at least one electrode comprises providing at least one electrode on
the at least one conductive film. This claim is indefinite, as a person having ordinary skill in the art could
not ascertain the metes and bounds of the claim from the instant disclosure. Claim 8, upon which claim
19 directly depends, requires that an interface passivation layer be provided over a substrate, and a
passivating film comprising a passivating material and a conductive dopant be provided over the interface
passivation layer. Claim 8 requires that the conductive dopant “provides direct electrical connection
between the at least one electrode and the substrate". A special technical definition of what constitutes a
"direct electrical connection" is not provided.

Paragraphs [00153]-[00155] of the instant specification recite an embodiment of the invention

which claim 8 reads upon. In this embodiment, a buffer layer (1831) is formed on a passivation film (184).
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A highly doped layer (183a) is formed on the buffer layer. In that embodiment, layer (1831) does not
comprise conductive dopant throughout until after it is diffused from layer (183a), and the layer (184) does
not comprise conductive dopant throughout (if at all) until pinholes open in that layer. The examiner
interprets the layer (1831) therefore to read on the claimed interface passivation layer, as it is not recited
as comprising conductive dopant until after the thermally treating step. The examiner interprets the highly
doped layer (183a) as reading on the passivating film, as it comprises conductive dopant and, in some
embodiments, a passivating material (presumably amorphous silicon, as discussed in paragraph
[00152]). Further, an analogous at least one electrode (181) is provided over (and contacting) the
passivating film. In that way, the conductive dopant of the passivating film and post-thermally treating
interface passivation layer can be reasonably assumed to provide direct electrical connection between
the at least one electrode and the substrate.

Although the highly doped layer (183a) may read on the conductive film in an interpretation, the
layer (1831) cannot read on the passivation film, as it does not comprise conductive dopant until after
thermal treatment. Therefore, that embodiment does not seem to comprise at least one conductive film in
addition to the at least one electrode (181).

Other embodiments do comprise conductive films xx2, which are generally recited as transparent
conductive films which may comprise, inter alia, aluminum doped zinc oxide (paragraph [0050] and the
like). However, the disclosure does not provide sufficient context for a person having ordinary skill in the
art to assume an alternative embodiment in which a conductive layer comprising aluminum doped zinc
oxide is also formed over a layer such as the highly doped layer (183a) which fulfills "wherein the
conductive dopant within the passivating film and throughout the interface passivation layer provides
direct electrical connection between the at least one electrode and the substrate”.

The examiner also notes that claim 20, which claims dependence from claim 12, recites that the
at least one conductive film is a transparent conductive film. Claim 20 is indefinite because the limitation

“the at least one conductive film” lacks antecedent basis.
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In the event the determination of the status of the application as subject to AIA 35 U.S.C. 102 and
103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any correction of the statutory basis for
the rejection will not be considered a new ground of rejection if the prior art relied upon, and the rationale
supporting the rejection, would be the same under either status.

The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis for all obviousness
rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described

as set forth in section 102 of this title, if the differences between the subject matter sought to

be patented and the prior art are such that the subject matter as a whole would have been

obvious at the time the invention was made to a person having ordinary skill in the art to which

said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

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

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

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

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

4. Considering objective evidence present in the application indicating obviousness or
nonobviousness.

This application currently names joint inventors. In considering patentability of the claims under
pre-AlA 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various claims was
commonly owned at the time any inventions covered therein were made absent any evidence to the
contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out the inventor and invention
dates of each claim that was not commonly owned at the time a later invention was made in order for the
examiner to consider the applicability of pre-AlA 35 U.S.C. 103(c) and potential pre-AlA 35 U.S.C. 102(e),

(f) or (g) prior art under pre-AlA 35 U.S.C. 103(a).
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Claims 8, 9, 11, and 12 rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over
US PGPub 6,821,875 to Wenham (included in Applicant’s IDS filed 8/19/2015), and further in view
of WO2007/125903A1 to Fukushima (included in Applicant’s IDS filed 8/19/2015, US PGPub
2009/0235972 relied upon as a translation).
Regarding claims 8, 9, 11, and 12, Wenham teaches a method of fabricating a solar cell
comprising
e Providing a substrate 11 (Fig. 11, C11/L11-18)
e Providing an interface passivation layer 14 over the substrate (amorphous silicon layer 14
is formed at interface 18 of substrate 11, C11/L43-46)
e Providing a passivating film 12/13 over the interface passivation layer 14, the passivating
film comprising a passivating material (passivation properties of oxide in sublayer 12
described in G1/L12-20, C8/L24-39, C9/L4-11) and a conductive dopant (aluminum,
C7/L14-36)
e Thermally treating the passivating film 12/13, the thermally treating diffusing at least a
portion of the conductive dopant from the passivating film throughout the interface
passivation layer 14 to facilitate electrical connection to the substrate (Figs. 12-14,
C11/L19-42; Wenham is clear that more than one region of diffused dopant 26 is formed
to extend through the interface passivation layer, therefore the combination of such a
plurality of regions results in at least a portion of the conductive dopant being diffused
throughout the interface passivation layer).
The thermal treatment of the passivating film results in a metal layer 13 and a region of diffused
conductive dopant 26 providing a direct electrical connection to the substrate 11 (Fig. 14). Wenham does
not teach a step of providing at least one electrode over the passivating film. Fukushima teaches that it is
known in the art to form an electrode (element 5a in Figs. 3-5, referred to as “bus electrodes” in the text)
over similar passivating films (layer 8 analogous to metal layer 13 of Wenham) in order to provide a stable

electrical contact that extracts current from a solar cell (0010-0016, 0055-0062). Therefore it would have
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been obvious at the time of invention for a person having ordinary skill in the art to provide an electrode
over the passivating film in order to extract current from the solar cell.

As the conductive dopant within the passivating film and throughout the interface passivation
layer provide an connection which extends from the interface 18 of the substrate 11 to the conductive
metal layer 13 formed entirely of conductive dopant, the conductive dopant necessarily provides a direct
electrical connection between the at least one electrode, formed in the way of Fukushima on the
conductive metal layer, and the substrate.

Per claim 9, modified-Wenham teaches the limitations of claim 8. The thermally treating replaces
at least a portion of the passivating film 12/13 with a crystallized passivating film 26 coincident with a
region of diffused dopant (Fig. 14, previously cited passages). Therefore the thermally treating
crystallizes, at least in part, the passivating film to establish a crystallized passivating film.

Per claim 11, modified-Wenham teaches the limitations of claim 9. Wenham teaches that the
passivating film 12/13 converts in part to a crystallized passivating film 26 (Fig. 14, previously cited
passages). Wenham teaches that such crystallized films shields the high surface recombination velocity
associated with a metal silicon interface (C7/L26-31). Therefore the crystallization necessarily improves a
passivation of the passivating film because it provides an electrical contact which has better surface
recombination properties than the previous passivating film 12/13, which provided no electrical contact.

Per claim 12, modified-Wenham teaches the limitations of claim 9. The interface passivation layer
14 of the embodiment of Figs. 11-14 intercedes between a metal portion 13 of the passivating film 12/13
and the substrate 11. During the thermal treating process, the material of the interface passivation layer
14 diffuses away from the crystalline interface 18 of the substrate into the metal portion 13 to form a
crystallized passivating film 26, using the crystalline interface as a template (C5/L26-44, C10/L55-C11/L2,
C11/L18-46). Wenham elsewhere discusses how the availability of such a material as in the interface
passivation layer protects a crystalline interface from reaction with a metal portion (C7/L42-62). Further,
the direct alloying of an interface with a metal portion is not desirable (Fig. 7, C8/L5-12). Therefore a
person having ordinary skill in the art would appreciate that the interface passivation layer chemically

interacts with the metal portion of the passivating film to enable crystallization during the thermally
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treating, and the substrate does not undergo such crystallization or recrystallization. The examiner
therefore interprets modified-Wenham to teach “wherein the interface passivation layer protects the
substrate from crystallization or re-crystallization during the thermally treating and crystallization of the

passivating film.

Claim 20 rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over Tomas and
Schmidt as applied to claim 8 above, and further in view of US Patent 4,577,393 to Schmidt.

Regarding claim 20, modified-Wenham teaches the limitations of claim 12. Claim 20, as noted
above, is indefinite, as there is no antecedent basis for the at least one conductive film in claims 8, 9, or
12. Claim 20 will therefore be interpreted to require that at least one conductive film in the form of a
transparent conductive film is required to be present in or on the solar cell.

Wenham teaches electrodes 23 formed on a light receiving surface of the solar cell in some
embodiments (Fig. 10). Wenham does not teach at least one transparent conductive film. Schmidt
teaches that a transparent conductive film may be present on a light receiving surface of a solar cell, to
allow for collection of current and to provide antireflection properties (Figs. 1-5, C3/L15-C4/L30). It would
have been obvious at the time of invention for a person having ordinary skill in the art to include at least
one transparent conductive film in order to collect current from the solar cell and to provide antireflection

properties.

Claims 8, 9, 11, and 19 rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over
Wenham, and further in view of Fukushima. This rejection relies upon a different interpretation of
Wenham than relied upon directly above.

Regarding claims 8, 9, 11, and 19, Wenham teaches a method of fabricating a solar cell
comprising

e Providing a substrate 11 (Fig. 11, C11/L11-18)
e Providing an interface passivation layer 14 over the substrate (amorphous silicon layer 14

is formed at interface 18 of substrate 11, C11/L43-46)
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e Providing a passivating film 12/25 over the interface passivation layer 14, the passivating
film comprising a passivating material (passivation properties of oxide in sublayer 12
described in C1/L12-20, C8/L24-39, C9/L4-11) and a conductive dopant (aluminum found
in alloyed region 25 of Fig. 13, C7/L14-36)
o Thermally treating the passivating film 12/25, the thermally treating diffusing at least a
portion of the conductive dopant from the passivating film throughout the interface
passivation layer 14 to facilitate electrical connection to the substrate (Figs. 12-14,
C11/L19-42; Wenham is clear that more than one region of diffused dopant 26 is formed
to extend through the interface passivation layer, therefore the combination of such a
plurality of regions results in at least a portion of the conductive dopant being diffused
throughout the interface passivation layer).
Per claim 19, the method further comprises providing at least one conductive film 13 over the passivating
film 12/25 formed of the conductive dopant. The thermal treatment of the passivating film results in a
region of diffused conductive dopant 26 providing a direct electrical connection to the substrate 11
through the conductive film 13 (Fig. 14). Wenham does not teach a step of providing at least one
electrode over the passivating film, or that the provision of the at least one electrode comprises providing
the at least one electrode on the at least one conductive film. Fukushima teaches that it is known in the
art to form an electrode (element 5a in Figs. 3-5, referred to as “bus electrodes” in the text) over similar
conductive films (layer 8 analogous to film 13 of Wenham) in order to provide a stable electrical contact
that extracts current from a solar cell (0010-0016, 0055-0062). Therefore it would have been obvious at
the time of invention for a person having ordinary skill in the art to provide an electrode over the at least
one conductive film in order to extract current from the solar cell. As such, the electrode of modified-
Wenham would also necessarily be provided over the passivating film.
As the conductive dopant within the passivating film and throughout the interface passivation
layer provide an connection which extends from the interface 18 of the substrate 11 to the conductive

layer 13 formed entirely of conductive dopant, the conductive dopant necessarily provides a direct
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electrical connection between the at least one electrode, formed in the way of Fukushima on the
conductive metal layer, and the substrate.

Per claim 9, modified-Wenham teaches the limitations of claim 8. The thermally treating replaces
at least a portion of the passivating film 12/25 with a crystallized passivating film 26 coincident with a
region of diffused dopant (Fig. 14, previously cited passages). Therefore the thermally treating
crystallizes, at least in part, the passivating film to establish a crystallized passivating film.

Per claim 11, modified-Wenham teaches the limitations of claim 9. Wenham teaches that the
passivating film 12/25 converts in part to a crystallized passivating film 26 (Fig. 14, previously cited
passages). Wenham teaches that such crystallized films shields the high surface recombination velocity
associated with a metal silicon interface (C7/L26-31). Therefore the crystallization necessarily improves a
passivation of the passivating film because it provides an electrical contact which has better surface
recombination properties than the previous passivating film 12/25.

Claim 10 rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over Wenham and
Fukushima as applied to claim 9 directly above. Supporting information is provided by US PGPub
2003/0136440 to Machida (included in Applicant’s IDS filed 8/19/2015).

Regarding claim 10, modified-Wenham teaches the limitations of claim 9. The examiner
interprets the claimed method to read on the embodiment of paragraph [00150] of the instant
specification. In that passage, a crystallization process due to a thermally treating step is described as
increasing the optical transmission. Paragraph [00153]-[00155], also reading on the claimed method,
describes a doped layer (183a) being converted to a more crystalline version by a thermal treatment (also
see paragraph [00160]-[00162]. The examiner interprets "wherein the crystallized passivating film is a
transparent film" to encompass a film which has increased in transparency due to its crystallization. Other
embodiments discuss conductive films xx2 which are transparent; however, those layers are not
disclosed as undergoing crystallization, and are not interpreted as reading on the passivating film.

As such, Wenham clearly teaches that the passivating film portion 25 undergoes crystallization
during the thermally treating step from an amorphous silicon-aluminum alloy to a crystallized passivating

film 26 comprising doped crystalline silicon (Figs. 11-14, previously cited passages). Machida teaches
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that crystalline silicon materials are more optically transmissive than amorphous silicon materials (10013,
0014, 0028, 0076). Therefore the thermally-treating step of modified-Wenham results in a crystallized

passivating film that is a transparent film.

Claims 8, 14, and 18, rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over
US PGPub 2010/0105190 to Tomas (included in Applicant’s IDS filed 8/19/2015), and further in view
of US Patent 4,577,393 to Schmidt.

Regarding claims 8, 14, and 18, Tomas teaches a method of fabricating a solar cell comprising

e Providing a substrate 10 (Figs. 3, 0023, 0033, 0036, 0037)

e Providing an interface passivation layer 20 over the substrate (0024, 0025, 0035)

e Providing a passivating film 24 over the interface passivation layer 20, the passivating
film comprising a passivating material and a conductive dopant 22 (§0031)

e Thermally treating the passivating film 24, the thermally treating diffusing at least a
portion of the conductive dopant 22 from the passivating film throughout the interface
passivation layer 20 (10027, 0028, 0038).

Tomas teaches that the degree of dopant loading in the interface passivation layer 20 and
passivating film 24 may be changed relative to each other to achieve the desired behavior from those
elements (fl0033), and that the parameters of the thermal treating step can be tuned to arrive at a desired
conductive dopant profile (0038). Although Tomas refers to providing an electrode over the substrate in
regards to prior art methods (0005), Tomas does not specifically teach that the thermally treating
facilitates electrical connection to the substrate nor explicitly teach the step of providing at least one
electrode over the passivating film, such that the conductive dopant within the passivating film and
throughout the interface passivation layer provides direct electrical connection between the at least one
electrode and the substrate.

Schmidt teaches a similar method of fabricating a solar cell, in which a step of thermally treating a
film (elements 2, 3 of Figs. 1-5) comprising conductive dopants causes diffusion of those dopants into a

similar substrate (1) (C3/L15-C4/L20), and further teaches performing the thermal treating step to
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facilitate direct electrical connection between the substrate and at least one electrode (7) provided over
the film via the conductive dopant in order to provide an electrical connection to the substrate (C4/L21-
30). It would have been obvious at the time of invention for a person having ordinary skill in the art to
perform the thermal treating step to facilitate direct electrical connection to the substrate by the provision
of at least one electrode over the passivating film via conductive dopant throughout the passivating film
and interface passivation layer in order to extract electricity from the solar cell.

Per claim 14, modified-Tomas teaches the limitations of claim 8. Tomas's invention allows for the
thermally treating step to diffuse a portion of the conductive dopant 22 through the interface passivation
layer 20 into the substrate 10 (Figs. 3, 0027, 0028, 0033, 0038).

Per claim 18, modified-Tomas teaches the limitations of claim 8. A person having ordinary skill in
the art, informed of the teachings of Tomas and Schmidt, would form the at least one electrode to only
electrically connect to the substrate through the passivating film via the conductive dopant because the
combination of references only teaches that connection. In other words, it would have been obvious at the
time of invention for a person having ordinary skill in the art to electrically connect the at least one
electrode to the substrate through the passivating film through the conductive dopant because the

combination of references teaches that manner of connection alone.

Claim 13 rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over Tomas and
Schmidt as applied to claim 8 above, and further in view of US Patent 4,694,117 to Friedrich.

Regarding claim 13, modified-Tomas teaches the limitations of claim 8. Tomas teaches that the
interface passivation layer and passivating film can be formed to a thickness between 30 and 120 nm,
and in an embodiment, 80 nm (0035, 0041), in order to optimize anti-reflection properties of the
combination of layers. Neither Tomas nor Schmidt specifically teach that the interface passivation layer
has a thickness selected to permit tunneling of electrical carriers through the interface passivation layer
into the substrate. Friedrich teaches a similar sequence of layers as the interface passivation layer and
passivating film of modified-Tomas (element 3 of Fig. 3), upon which is formed at least one electrode (5),

and teaches that such a sequence of layers can be formed with an aggregate thickness that is selected to
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permit tunneling of electrical carriers through the sequence of layers into the substrate, wherein a
thickness of 70 nm is suggested (C1/L34-45, C1/L53-61, C2/L41-57, C3/L27-38). The use of a known
technique to improve similar devices (methods or products) in the same way is likely to be obvious. See
KSR International Co. v. Teleflex Inc., 550 U.S. 398, 415-421, USPQ2d 1385, 1395 — 97 (2007) (see
MPEP § 2143, C.). Therefore it would have been obvious at the time of invention for a person having
ordinary skill in the art to provide the interface passivation layer and passivating film of an aggregate
thickness to permit tunneling of electrical carriers through the layers into the substrate because forming
such layers of that thickness is a known improvement in the art. As such, the thickness of the interface

passivation layer would necessarily permit tunneling of electrical carriers.

Claim 17 rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over Tomas and
Schmidt as applied to claim 8 above, and further in view of US Patent 5,131,933 to Flodl.

Regarding claim 17, modified-Tomas teaches the limitations of claim 8. Tomas does not teach
an additional step of providing an anti-reflective film over the conductive upper surface of the passivating
film. FI6dI teaches a step of providing an anti-reflective film (element 9 of Figs. 1, 3E, 4F) after the
provision of at least one electrode (6) (C2/L42-45, C3/L6-31, C4/L2-4). The combination of familiar
elements is likely to be obvious when it does no more than yield predictable results. See KSR
International Co. v. Teleflex Inc., 550 U.S. 398, 415-421, 82 USPQ2d 1385, 1395 — 97 (2007) (see MPEP
§ 2143, A.). Therefore it would have been obvious at the time of invention for a person having ordinary
skill in the art to provide an anti-reflective film over the at least one electrode because the provision of
such a film is known in the art. As the at least one electrode is necessarily also over the conductive upper
surface of the passivation film of modified-Tomas, the anti-reflective film would also be over the

conductive upper surface of the passivating film.

Allowable Subject Matter
Claims 15 and 16 objected to as being dependent upon a rejected base claim, but would be

allowable if rewritten in independent form including all of the limitations of the base claim and any
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intervening claims. Claim 15 recites that the step of providing the interface passivation layer and providing
the passivating film comprises providing an amorphous silicon-containing compound with both an oxygen
dopant and a conductive dopant, followed by the step of diffusing the oxygen dopant into the upper
surface of the substrate to form an oxide layer. US PGPub 2010/0075485 to Rana is the closest prior art.
Rana teaches providing an amorphous silicon containing compound (element 260 of Fig. 3) over an
upper surface (244) of a substrate (226), and the diffusion of an oxygen dopant through the amorphous
silicon-containing compound to form an oxide layer and diffusion of conductive dopant into the substrate
by a thermally treating step (10020-0030, 0030-0036). Rana does not teach that the oxygen dopant
diffuses into the upper surface of the substrate, but rather forms over the remaining amorphous-silicon
containing compound away from the substrate. Therefore the subject matter of claims 15 and 16 are

allowable over the prior art.

Conclusion

Any inquiry concerning this communication or earlier communications from the examiner should
be directed to ERIC R. SMITH whose telephone number is (571)270-7186. The examiner can normally
be reached on Monday-Friday, 8:30-5:00.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Jeffrey Barton can be reached on 571 272 1307. The fax phone number for the organization where this
application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained from
either Private PAIR or Public PAIR. Status information for unpublished applications is available through
Private PAIR only. For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic Business Center (EBC)
at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service Representative
or access to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-
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CERTIFICATION STATEMENT

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

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

OR

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

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

[] See attached certification statement.
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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 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
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The Privacy Act of 1874 (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 sclicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not 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 te 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.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

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 frem the
Member with respect to the subject matter of the record.

4, A record in this system of records may bhe 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 Cooperaticn 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 ahandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

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

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

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

OR

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

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

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

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

Signature /Kevin P. Radigan, Esq./ Date (YYYY-MM-DD) 2016-01-08
Name/Print Kevin P. Radigan, Esq. Registration Number |31 789

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

The Privacy Act of 1874 (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.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

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

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

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

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

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

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

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

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

Inventors: Oliver SCHULTZ-WITTMANN, et al. Confirmation No.: 1023
Serial No.: 14/829,999 Group Art Unit: 1757
Filed: August 19,2015 Examiner: Eric R. Smith

Title: HIGH-EFFICIENCY SOLAR CELL
STRUCTURES AND METHODS OF
MANUFACTURE

To:  Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Response to Office Action

Dear Commissioner:

This paper is filed responsive to the Office Action mailed April 13, 2016, in connection
with the above-designated U.S. patent application. Allowance of the application is respectfully

requested in view of the Amendments and Remarks below.
Amendments to the Claims begin on page 2 of this paper.

Remarks begin on page 4 of this paper.

Attorney Docket: 3304.001B -1-
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Amendments to the Claims

Kindly amend claims 8 & 16, and cancel claims 1-7, 15, 19 & 20 (without prejudice), as

set forth below. All pending claims are reproduced below, with changes in the amended claims

shown by underlining for added matter, and strikethrough or double brackets for deleted matter.

1-7.

(Canceled).

(Currently Amended) A method of fabricating a solar cell, comprising:
providing a substrate;
providing an interface passivation layer over the substrate;

providing a passivating film over the interface passivation layer, the

passivating film comprising a passivating material and a conductive dopant;

thermally treating the passivating film, the thermally treating diffusing at

least a portion of the conductive dopant from the passivating film throughout the

interface passivation layer to facilitate electrical connection to the substrate; [[and]]

providing at least one electrode over the passivating film, wherein the

conductive dopant within the passivating film and throughout the interface

passivation layer provides direct electrical connection between the at least one

electrode and the substrate[[.]]; and

wherein providing the interface passivation layer and providing the

passivating film comprise:

providing an amorphous silicon-containing compound over an upper

surface of the substrate, the compound comprising oxygen dopant and the

conductive dopant;

diffusing the oxygen dopant, at least in part, into the upper surface of

the substrate to form an oxide layer over the substrate, the oxide layer

defining the interface passivation layer; and

wherein remaining amorphous silicon-containing compound above
the oxide laver defines the passivating film.

Attorney Docket: 3304.001B -2-
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9. (Original) The method of claim 8, wherein the thermally treating

crystallizes, at least in part, the passivating film to establish a crystallized passivating film.

10.  (Original) The method of claim 9, wherein the crystallized passivating film

is a transparent film.

11.  (Original) The method of claim 9, wherein the crystallization of the

passivating film improves a passivation of the passivating film.

12.  (Original) The method of claim 9, wherein the interface passivation layer
protects the substrate from crystallization or re-crystallization during the thermally treating

and crystallization of the passivating film.

13.  (Original) The method of claim 8, wherein the interface passivation layer
has a thickness selected to permit tunneling of electrical carriers through the interface

passivation layer into the substrate.

14.  (Original) The method of claim 8, wherein the thermally treating diffuses a

portion of the conductive dopant through the interface passivation layer into the substrate.
15.  (Canceled).

16. (Currently Amended) The method of claim 8 [[15]], wherein the diffusing
of the oxygen comprises thermally treating the amorphous silicon-containing compound,
the thermally treating diffusing the conductive dopant from the passivating film throughout

the interface passivation layer.

17. (Original) The method of claim 8, further comprising providing an anti-

reflective film over the conductive upper surface of the passivating film.

18. (Original) The method of claim 8, wherein the at least one electrode only

electrically connects to the substrate through the passivating film via the conductive dopant.

19-20. (Canceled).

EIE I I A
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Remarks

Favorable consideration and allowance of the application are respectfully requested.

Claims 8-14 & 16-18 remain pending.

Applicant thanks the Examiner for the indication of allowability of claims 15 & 16 if
rewritten in independent form including all the limitations of the base claim and any intervening
claims. Pursuant to this indication, claim 15 is rewritten into independent claim 8, and as such,

claim 8, as well as dependent claims 9-14 & 16-18 are believed to be in condition for allowance.

To facilitate the issuance of the allowable subject matter, withdrawn claims 1-7 are
canceled herein without prejudice to the refiling thereof in a divisional application, and rejected
claims 19 & 20 are also canceled without prejudice. Based on the amendments submitted
herewith, the 35 U.S.C. §112 and 35 U.S.C. §103 rejections noted in the Office Action are

believed moot.

All pending claims are believed to be in condition for allowance, and such actions are

respectfully requested.

In this amendment, Applicant has amended claims 8 & 16, and cancelled claims 1-7, 15,
19 & 20 (without prejudice) to facilitate expeditious prosecution of the application. Applicant is
not conceding that the subject matter encompassed by the claims prior to this amendment is
unpatentable over the art cited in the Office Action. Rather, Applicant respectfully reserves the
right to pursue claims in one or more continuing applications, including claims capturing the

subject matter encompassed by the claims prior to this amendment, and additional claims.
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Should any issue remain unresolved by this paper, Applicant’s undersigned attorney

invites the Examiner to telephone him at the time that the Examiner is considering this Response,

in order to discuss the matter in the hope of facilitating prosecution of this application.

Dated: July 13, 2016

Respectfully submitted,

/Kevin P. Radigan, Esq./

Kevin P. Radigan, Esq.
Attorney for Applicant
Registration No.: 31,789

HESLIN ROTHENBERG FARLEY & MESITI P.C.

5 Columbia Circle

Albany, New York 12203-5160
Telephone: (518) 452-5600
Facsimile: (518)452-5579
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(54) Photovoltaic device

57) In the photovoltaic devices comprising a sub-
stantially intrinsic amorphous silicon layer containing hy-
drogen (2) between an n-type single-crystal silicon sub-
strate (1) and ap-type amorphous silicon layer containing
hydrogen (3), the photovoltaic device according to the
present invention comprises a trap layer (33) that con-

Fig.1

tains less hydrogen than the intrinsic amorphous silicon
layer (2) between the p-type amorphous silicon layer (3)
and the intrinsic amorphous silicon layer (2). The trap
layer (33) reduces hydrogen diffusion from the intrinsic
amorphous silicon layer (2) to the p-type amorphous sil-
icon layer (3).
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Description

[0001] The priority application Number JP2004-284569 upon which this patent application is based is hereby incor-
porated by reference.

BACKGROUND OF THE INVENTION
Field of the Invention

[0002] The present invention relates to a photovoltaic device having semiconductor heterojunctions.

[0003] Recently, considerable research has been done on solar cells, or photovoltaic devices, using crystalline sem-
iconductors such as single-crystal silicon and multicrystalline silicon, and many photovoltaic devices have been put in
practical use. In particular, solar cells having semiconductor heterojunctions formed by combining amorphous silicon
and crystalline silicon receive attention for the junction that can be formed through a low-temperature process, at 200
degrees centigrade or lower, by a plasma CVD method and others, and for their high conversion efficiency. In order to
further improve the photoelectric conversion efficiency, the photovoltaic device needs to improve fill factor (F.F.) as
maintaining short-circuit current (Isc) and open-circuit voltage (Voc) high.

[0004] There have been developed solar cells having the so-called H.I.T. (Heterojunction with Intrinsic Thin-layer)
structure in which a substantially intrinsic amorphous silicon layer (i-type amorphous silicon layer) containing hydrogen
is interposedbetween an n-type single-crystal silicon substrate and a p-type amorphous silicon layercontaining hydrogen.
Some proposed solar cell devices having the H.I.T. structure include an i-type amorphous silicon layer with an optical
band gap expanded on a side in contact with the p-type amorphous silicon layer in order to reduce the recombination
of photo-generated carries and improve the photoelectric conversion efficiency (e.g. Japanese unexamined patent pub-
lication No. 2002-76409, U.S. patent application No. 09/947,317).

[0005] In a solar cell device having the H.I.T. structure, the p-type amorphous silicon layer disposed on a light incident
side has an optimal composition of hydrogen concentration and p-type impurity dopant, such as boron (B), in consideration
of conductivity and light-transmissivity. The i-type amorphous silicon layer also has an optimal composition of hydrogen
concentration and others for the purpose of improvement of interfacial quality. In the conventional H.1.T. solar cell having
the merely optimized p-type amorphous silicon layer and i-type amorphous silicon layer, the hydrogen concentration of
the i-type amorphous silicon layer is higher than that of the p-type amorphous silicon layer.

[0006] By the way, any solar cells having amorphous silicon layers formed by a plasma CVD method deteriorate their
output characteristics by a long application of heat at high temperatures of 200 degrees centigrade or more. For this
reason, the formation of electrodes and lamination coating after the amorphous silicon layer is formed are performed
while controlling temperature so as not to exceed the temperature in the CVD process.

SUMMARY OF THE INVENTION

[0007] The possible causes of the deterioration in output characteristics by heating at high temperatures are: (1)
diffusion of electrode materials into doped amorphous semiconductor thin films containing hydrogen; (2) diffusion of the
dopant into substantially intrinsic amorphous semiconductor thin-film layers; (3) diffusion of hydrogen; and others. Among
these causes, the cause (3) affects the output characteristics the most at low temperatures.

[0008] Especially, the diffusion of hydrogen from an i-type amorphous silicon layer to a p-type amorphous silicon layer
reduces activation rate of boron (B), which is a dopant, thereby decreasing a built-in electric field. As a result, the output
characteristics of the solar cell are deteriorated, which is a problem.

[0009] The present invention was made in view of the above problem, and has an object to reduce the deterioration
of the output characteristics of the solar cells suffered during the heating processes after the amorphous semiconductor
thin-film layer is formed by the plasma CVD method.

[0010] A photovoltaic device according to the present invention includes a crystalline semiconductor substrate, a
substantially intrinsic amorphous semiconductor thin-film layer containing hydrogen and provided on the crystalline
semiconductor substrate, a doped amorphous semiconductor thin-film layer containing hydrogen and provided on the
intrinsic amorphous semiconductor thin-film layer, and a hydrogen-diffusion reducing area provided between the doped
amorphous semiconductor thin-film layer and the intrinsic amorphous semiconductor thin-film layer and reducing hydro-
gen diffusion from the intrinsic amorphous semiconductor thin-film layerto the doped amorphous semiconductor thin-film
layer.

[0011] As described above, the present invention can reduce the hydrogen diffusion from the intrinsic amorphous
semiconductor thin-film layer to the doped amorphous semiconductor thin-film layer by the use of the hydrogen-diffusion
reducing area. Consequently, the deterioration in the output characteristics of the solar cell suffered during the heating
processes after the formation of the amorphous semiconductor thin-film layer can be reduced.
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[0012] The hydrogen-diffusion reducing area is an area formed in the vicinity of an interface between the doped
amorphous semiconductor thin-film layer and the intrinsic amorphous semiconductor thin-film layer, and containing
higher concentrations of hydrogen than the intrinsic amorphous semiconductor thin-film layer does.

[0013] As described above, the hydrogen-diffusion reducing area can be formed by containing more hydrogen than
the intrinsic amorphous semiconductor thin-film layer does. The area with the high concentrations of hydrogen can
reduce the hydrogen diffusion from the intrinsic amorphous semiconductor thin-film layer to the doped amorphous
semiconductor thin-film layer.

[0014] In addition, the hydrogen-diffusion reducing area is an area formed in the vicinity of the interface between the
doped amorphous semiconductor thin-film layer and the intrinsic amorphous semiconductor thin-film layer, containing
higher concentrations of hydrogen than the intrinsic amorphous semiconductor thin-film layer does, and doped with the
same type of impurity as that for the doped amorphous semiconductor thin-film layer.

[0015] As described above, the hydrogen-diffusion reducing area can be formed by containing more hydrogen than
the intrinsic amorphous semiconductor thin-film layer does and doping the same type of impurity as that for the doped
amorphous semiconductor thin-film layer. The area can reduce the hydrogen diffusion from the intrinsic amorphous
semiconductor thin-film layer to the doped amorphous semiconductor thin-film layer.

[0016] Furthermore, the hydrogen-diffusion reducing area is a trap layer formed in the vicinity of the interface between
the doped amorphous semiconductor thin-film layer and the intrinsic amorphous semiconductor thin-film layer and
containing lower concentrations of hydrogen than the intrinsic amorphous semiconductor thin-film layer does.

[0017] As described above, the hydrogen-diffusion reducing area can be formed by providing the trap layer containing
less hydrogen than the intrinsic amorphous semiconductor thin-film layer does. The trap layer can reduce the hydrogen
diffusion from the intrinsic amorphous semiconductor thin-film layer to the doped amorphous semiconductor thin-film
layer.

[0018] The trap layer may be a substantially intrinsic amorphous semiconductor thin-film layer.

[0019] The trap layer may be doped with the same type of impurity as that for the doped amorphous semiconductor
thin-film layer.

[0020] A photovoltaic device according to the present invention is characterized by including an n-type single-crystal
silicon substrate, a substantially intrinsic amorphous silicon layer containing hydrogen and provided on the single-crystal
silicon substrate, a p-type amorphous silicon layer containing hydrogen and provided on the intrinsic amorphous silicon
layer, and a hydrogen-diffusion reducing area provided between the p-type amorphous silicon layer and the intrinsic
amorphous silicon layer and reducing hydrogen diffusion from the intrinsic amorphous silicon layer to the p-type amor-
phous silicon layer.

[0021] As described above, the present invention can reduce the hydrogen diffusion from the intrinsic amorphous
silicon layer to the p-type amorphous silicon layer by the use of the hydrogen-diffusion reducing area. Consequently,
the deterioration in the output characteristics of the solar cell suffered during the heating processes after the formation
of the amorphous semiconductor thin-film layer can be reduced.

[0022] The hydrogen-diffusion reducing area is an area formed in the vicinity of an interface between the p-type
amorphous silicon layer and the intrinsic amorphous silicon layer and containing higher concentrations of hydrogen than
the intrinsic amorphous silicon layer does.

[0023] As described above, the hydrogen-diffusion reducing area can be formed by containing more hydrogen than
the intrinsic amorphous silicon layer does.

The area with the high concentrations of hydrogen can reduce hydrogen diffusion from the intrinsic amorphous silicon
layer to the p-type amorphous silicon layer.

[0024] In addition, the hydrogen-diffusion reducing area is an area formed in the vicinity of the interface between the
p-type amorphous silicon layer and the intrinsic amorphous silicon layer, containing higher concentrations of hydrogen
than the intrinsic amorphous silicon layer does, and doped with a p-type impurity.

[0025] As described above, the hydrogen-diffusion reducing area can be formed by containing more hydrogen than
the intrinsic amorphous silicon layer does and doping the p-type impurity. The area can reduce hydrogen diffusion from
the intrinsic amorphous silicon layer to the p-type amorphous silicon layer.

[0026] Furthermore, the hydrogen-diffusion reducing area is a trap layer formed in the vicinity of the interface between
the p-type amorphous silicon layer and the intrinsic amorphous silicon layer and containing lower concentrations of
hydrogen than the intrinsic amorphous silicon layer does.

[0027] As described above, the hydrogen-diffusion reducing area can be formed by providing the trap layer containing
less hydrogen than the intrinsic amorphous silicon layer does. The trap layer can reduce hydrogen diffusion from the
intrinsic amorphous silicon layer to the p-type amorphous silicon layer.

[0028] The trap layer may be a substantially intrinsic amorphous silicon layer. In this case, the thickness of the trap
layer should be from 1 nmto 5 nm, more preferably 1 nmto 2 nm.

[0029] The trap layer may be an amorphous silicon layer doped with the p-type impurity. In this case, the thickness
of the trap layer should be 0.1 nm or more but less than 3 nm, more preferably 0.3 nm to 2 nm.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 is a schematic cross-sectional view showing a photovoltaic device with a H.|.T. structure to which the
present invention is applied.

[0031] FIG. 2 is a schematic view showing a profile of hydrogen concentration in the vicinity of an interface between
a p-type amorphous silicon layerand an i-type amorphous silicon layer of a conventional solar cellwiththe H.I.T. structure.
[0032] FIG. 3 is a schematic view showing a profile of hydrogen concentration in the vicinity of an interface between
a p-type amorphous silicon layer and an i-type amorphous silicon layer of a solar cell with the H.I.T. structure according
to the first embodiment of the present invention.

[0033] FIG. 4 shows a profile of hydrogen concentration, measured by a SIMS, at the interface between a p-type
amorphous silicon layer and the i-type amorphous silicon layer of the solar cell with the H.I.T. structure according to the
first embodiment.

[0034] FIG. 5 is a schematic view showing a profile of hydrogen concentration in the vicinity of an interface between
a p-type amorphous silicon layers and an i-type amorphous silicon layer of a solar cell with the H.I.T. structure according
to the second embodiment of the present invention.

[0035] FIG. 6 shows a profile of hydrogen concentration, measured by the SIMS, at the interface between the p-type
amorphous silicon layers and the i-type amorphous silicon layer of the solar cell with the H.I.T. structure according to
the second embodiment.

[0036] FIG. 7 is a schematic view showing a profile of hydrogen concentration in the vicinity of an interface between
a p-type amorphous silicon layer and an i-type amorphous silicon layer of a solar cell with the H.I.T. structure according
to the third embodiment of the present invention.

[0037] FIG. 8 shows a profile of hydrogen concentration, measured by the SIMS, at the interface between the p-type
amorphous silicon layer and the i-type amorphous silicon layer of the solar cell with the H.I.T. structure according to the
third embodiment.

[0038] FIG. 9 is a schematic view showing a profile of hydrogen concentration in the vicinity of an interface between
a p-type amorphous silicon layer and an i-type amorphous silicon layer of a solar cell with the H.I.T. structure according
to the fourth embodiment of the present invention.

[0039] FIG. 10 shows a profile of hydrogen concentration, measured by the SIMS, at the interface between the p-type
amorphous silicon layer and the i-type amorphous silicon layer of the solar cell with the H.I.T. structure according to the
fourth embodiment.

[0040] FIG. 11 is a characteristic diagram showing the relationship between film thicknesses and initial characteristics
of a trap layer according to the third embodiment of the present invention.

[0041] FIG. 12 is a characteristic diagram showing the relationship between relative outputs and film thicknesses of
the trap layer according to the third embodiment of the present invention. The relative outputs, which are expressed as
rate of change, are obtained from post-annealing characteristics and the initial characteristics.

[0042] FIG. 13 is a characteristic diagram showing the relationship between the post-annealing characteristics and
the thicknesses of the trap layer according to the third embodiment of the present invention.

[0043] FIG. 14 is a characteristic diagram showing the relationship between film thicknesses and initial characteristics
of a trap layer according to the fourth embodiment of the present invention.

[0044] FIG. 15 is a characteristic diagram showing the relationship between relative outputs and film thicknesses of
the trap layer according to the fourth embodiment of the present invention. The relative outputs, which are expressed
as rate of change, are obtained from post-annealing characteristics and the initial characteristics.

[0045] FIG. 16 is a characteristic diagram showing the relationship between the post-annealing characteristics and
the thicknesses of the trap layer according to the fourth embodiment of the present invention.

[0046] The foregoing and other objects, features, aspects and advantages of the present invention will become more
apparent from the following detailed description of the present invention when reviewed in conjunction with the accom-
panying drawings.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0047] Descriptions will be made on embodiments according to the present invention with reference to drawings.
Firstly, a photovoltaic device with the H.I.T. structure to which the present invention is applied will be described with
reference to FIG. 1. FIG. 1 is a schematic cross-sectional view of a photovoltaic device with the H.1.T. structure to which
the present invention is applied.

[0048] This photoelectric conversion device, as shown in FIG. 1, includes a crystalline semiconductor substrate, or
an n-type single-crystal silicon (C-Si) substrate 1 (hereinafter referred to as n-type single-crystal silicon substrate 1) that
has resistivity of approximately 1 Q-cm, a thickness of approximately 300 um, and (100) faces. On a surface of the
n-type single-crystal silicon substrate 1, formed are pyramidal projections and depressions having a few micro meters
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to a few tens of micro meters in height in order to confine light. As a substantially intrinsic amorphous semiconductor
thin-film layer containing hydrogen, a substantially intrinsic i-type amorphous silicon (a-Si:H) layer 2 having a thickness
of 3 nm to 250 nm is formed on the n-type single-crystal silicon substrate 1 by an RF plasma CVD method. On the i-type
amorphous silicon layer 2 formed is a p-type amorphous silicon layer 3 having a thickness of approximately 5 nm as a
doped amorphous semiconductor thin-film layer containing hydrogen.

[0049] Inthis embodiment, an ITO (Indium Tin Oxide) film 4, as a transparent conductive oxide film having a thickness
of approximately 100 nm, is formed on the p-type amorphous silicon layer 3 by a magnetron sputtering method. The
ITO film 4 is made of In,O4 (indium oxides) with the addition of SnO,, (tin oxides).

[0050] Comb-shaped collector electrodes 5, which are silver paste electrodes, are formed at predetermined regions
on an upper surface of the ITO film 4.

[0051] In addition, a substantially intrinsic i-type amorphous silicon layer 6 having a thickness of approximately 5 nm
is formed on a lower surface of the n-type single-crystal silicon substrate 1. On the i-type amorphous silicon layer 6
formed is an n-type amorphous silicon layer 7 having a thickness of approximately 20 nm. By thus forming the i-type
amorphous silicon layer 6 and the n-type amorphous silicon layer 7 on the lower surface of the n-type single-crystal
silicon substrate 1 in sequence, the so-called BSF (Back Surface Field) structure is formed. Furthermore, in this em-
bodiment, an ITO film 8 is formed on the n-type amorphous silicon layer 7 by a magnetron sputtering methed, as a
transparent conductive oxide film having a thickness of approximately 100 nm. The ITO film 8 is made of In,O5 with the
addition of SnO,

[0052] Comb-shaped collector electrodes 9, which are silver paste electrodes, are formed at predetermined regions
on an upper surface of the ITO film 8.

[0053] Anexample of manufacturing the aforementioned photovoltaic device will be described below. A cleaned n-type
single-crystal silicon substrate 1 is installed in a vacuum chamber which heats up the substrate 1 at appropriate tem-
peratures (200 degrees centigrade or lower) to remove water adhered on the surface of the substrate as much as
possible. Hydrogen gas is then supplied and plasma is discharged to clean the surface of the substrate.

[0054] A non-doped i-type amorphous silicon layer 2 is formed by supplying silane (SiH,) gas and hydrogen gas.
Subsequently, a p-type amorphous silicon layer 3 is formed by supplying SiH, gas, hydrogen gas and diborane (B,Hg)
gas functioning as a doping gas, resulting in completion of a p-n junction. In addition, an indium tin oxide layer functioning
as a surface electrode 4 is formed by a sputtering method. Silver electrodes functioning as collector electrodes 5 are
formed by a screen printing method. The collector electrodes 5 are completed by burning the silver electrodes.

[0055] The BSF structure may be formed by providing the non-doped i-type amorphous silicon layer 6, the n-type
amorphous silicon layer 7, and the rear surface electrode layers 8 and 9 on the other surface of the substrate 1. These
layers can be formed from either the rear surface side (n-type side) or the front surface side (p-type side) of the substrate.
[0056] Alternatively, ap-type substrate is also available. As inthe case ofthe n-type substrate, a non-doped amorphous
silicon layer, an n-type amorphous silicon layer, an indium tin oxide layer, and silver collector electrodes are formed on
a front surface of the substrate, whereas a non-doped amorphous silicon layer, a p-type amorphous silicon layer and
rear surface electrode layers are formed on a rear surface of the substrate in the same manner. Table 1 shows formation
conditions of each amorphous silicon layer to form a solar cell working in a photovoltaic device.

[Table 1]
process conditions
Substrate gas pressure (Pa) power density
temperature (mW/cm?2)
(degrees centigrade)
front | hydrogenation 150 - 180 H, : 100 sccm 30-100 3-30

i-type a-Si 150 - 180 Hy : 0 - 100 scem 40-120 5-15
SiH, 40 sccm

p-type a-Si 150 - 180 H5:0-100 sccm 40-120 5-15
SiH, : 40 sccm
2%ByHg/H, : 20 scem
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Table continued

process conditions
Substrate gas pressure (Pa) power density
temperature (mW/cm?2)
(degrees centigrade)
rear | hydrogenation 170 Hy: 100 sccm 50 3-30
i-type a-Si 170 SiH, : 40 sccm 40 8.33
p-type a-Si 170 Hy: 0 - 100 sccm 40 8.33
SiH,: 40 sccm
1%PHg/H, : 40 sccm

[0057] As described above, in the conventional solar cell with the H.I.T. structure including an optimized p-type amor-
phous silicon layer 3 and i-type amorphous silicon layer 2, the i-type amorphous silicon layer 2 contains higher concen-
trations of hydrogen than the p-type amorphous silicon layer 3 does.

[0058] FIG. 2 schematically shows a profile of hydrogen concentration in the vicinity of an interface between the p-type
amorphous silicon layer 3 and the i-type amorphous silicon layer 2 of the conventional solar cell with the H.I.T. structure.
The hydrogen concentration of the i-type amorphous silicon layer 2 is higher than that of the p-type amorphous silicon
layer 3. In the vicinity of the interface between the p-type amorphous silicon layer 3 and the i-type amorphous silicon
layer 2, a negative gradient of hydrogen concentration is formed from the i-type amorphous silicon layer (i-layer) 2 toward
the p-type amorphous silicon layer (p-layer) 3. Because of this, at the interface between the p-type amorphous silicon
layer 3 and the i-type amorphous silicon layer 2, hydrogen in the films is prone to diffuse from the i-type amorphous
silicon layer 2 to the p-type amorphous silicon layer 3 by being heated at high temperatures in the process of burning
to form the collector electrodes and the process of lamination coating to modularize the solar cells.

[0059] FIG. 3 schematically shows a profile of hydrogen concentration in the vicinity of the interface between the
p-type amorphous silicon layer and the i-type amorphous silicon layer of the solar cell with the H.I.T. structure according
to the first embodiment of the present invention. As shown in FIG. 3, contrary to the conventional solar cell, a positive
gradient of hydrogen concentration is formed so as to increase the hydrogen concentration from the i-type amorphous
silicon layer 2 toward the p-type amorphous silicon layer 3 in the first embodiment of the present invention. In other
words, an area where hydrogen diffusion is reduced (hereinafter referred to as "hydrogen-diffusion reducing area") is
formed by allowing the p-type amorphous silicon layer 3 to contain higher concentrations of hydrogen than the i-type
amorphous silicon layer 2 does. Such a structure prevents hydrogen from diffusing into the p-type amorphous silicon
layer 3 at some level.

[0060] In order to form the p-type amorphous silicon layer 3 containing higher concentrations of hydrogen than the
i-type amorphous silicon layer 2 does, a method described below may be available.

(1) The temperature of the substrate during the formation of the p-type amorphous silicon layer 3 is set to be lower
than that during the formation of the i-type amorphous silicon layer 2.

(2) The amount of hydrogen dilution during the formation of the p-type amorphous silicon layer 3 is set to be higher
than that during the formation of the i-type amorphous silicon layer 2.

(8) The pressure for forming films during the formation of the p-type amorphous silicon layer 3 is set to be higher
than that during the formation of the i-type amorphous silicon layer 2.

(4) The RF power applied during the formation of the p-type amorphous silicon layer 3 is set to be higher than that
applied during the formaticn of the i-type amorphous silicon layer 2.

[0061] A solar cell according to the first embodiment was prepared with the p-type amorphous silicon layer 3 formed
with more hydrogen dilution than that for the i-type amorphous silicon layer. Table 2 shows specific conditions to form
the p-type amorphous silicon layer 3 and the i-type amorphous silicon layer 2 on the front surface of the substrate. Layers
on the rear surface of the substrate are formed under conditions shown in Table 1. In addition, the i-type amorphous
silicon layer 2 and the p-type amorphous silicon layer 3 were formed so as to have thicknesses of 10 nm and 5 nm,
respectively.
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[Table 2]
process conditions
Substrate gas pressure (Pa) power density
temperature (degrees (mMW/cm?2)
centigrade)
front | hydrogenation 170 Hy: 100 sccm 50 15
i-type a-Si 170 Hy: 100 sccm 50 15
SiH, : 40 sccm
p-type a-Si 170 Hy: 400 sccm 50 15
SiH, : 40 sccm
2%B,Hg/Ho:20 secem

[0062] In compliance with Table 2, the p-type amorphous silicon layer 3 was formed with more hydrogen dilution than
that used to form the i-type amorphous silicon layer in order to form a solar cell of the first embodiment. The solar cell
of the first embodiment according to the present invention and a conventional solar cell were prepared. FIG. 4 shows
profiles of hydrogen concentrations in films measured by a Secondary lonization Mass Spectrometer (SIMS). The con-
ventional solar cell was manufactured under the same conditions as those of the first embodiment except for that the
p-type amorphous silicon layer and the i-type amorphous silicon layer were formed with same amounts of hydrogen
dilution. FIG. 4 shows profiles of hydrogen concentration, measured by the SIMS, at an interface between the p-type
amorphous silicon layer 3 and the i-type amorphous silicon layer 2 of the solar cell with the H.I.T. structure according
to the first embodiment.

[0063] Descriptions will be made on the SIMS in use and the measurement conditions of hydrogen (H). In the meas-
urement, cesium positive ions (Cs+) were irradiated at the samples to sputter off hydrogen negative ions (H-) and silicon
negative ions (Si-). The number of secondary ions of each of the negative ions was counted. The hydrogen concentration
was quantified by [H-]/[Si-]. However, the silicon concentration was 5.0 x 1022/cm?3. The measuring device in use was
ADEPT 1010 by ULVAC-PHI, Inc in Japan. lon beam energy was 1 keV.

[0064] The profile of the hydrogen concentration measured by the SIMS shown in FIG. 4 indicates the same profile
of the hydrogen concentration as those shown in the schematic views in FIG. 2 and FIG. 3. Specifically, the solar cell
of the first embodiment has a positive gradient of hydrogen concentration from the i-type amorphous silicon layer 2
toward the p-type amorphous silicon layer 3. It is apparent that the p-type amorphous silicon layer 3 contains more
hydrogen than the i-type amorphous silicon layer 2 does.

[0065] Since the p-type amorphous silicon layer 3 functioning as a window layer on the light incident side has a high
concentration of hydrogen, the first embodiment has, in addition to an effect of preventing hydrogen diffusion, an effect
of generating more electric current due to less light absorption loss at the p-type amorphous silicon layer 3.

[0066] Next description will be made on the second embodiment of the present invention with reference to FIGs. 5
and 6. FIG. 5 schematically shows a profile of hydrogen concentration in the vicinity of an interface between a p-type
amorphous silicon layer and an i-type amorphous silicon layer of a solar cell having the H.I.T. structure according to the
second embodiment of the present invention.

[0067] Asshownin FIG. 5, the p-type amorphous silicon layer 3 of the second embodiment has a different composition.
While the hydrogen concentration is set to be high throughout the entire p-type amorphous silicon layer 3 in the first
embodiment, only a front half 31, which is closer to the i-type amorphous silicon layer 2, of the p-type amorphous silicon
layer 3 in the second embodiment contains hydrogen in high concentrations. The hydrogen concentration of a rear half
32 is set to the same hydrogen concentration as that of the conventional device.

[0068] The structure of the second embodiment will be more effective when the front half of the p-type amorphous
silicon layer 31 is doped with boron (B) in relatively small concentrations (< 1.0 at.%) and the rear half 32 is doped with
boron (B) in relatively large concentrations (>2.0 at.%). The structure of the second embodiment, similar to the first
embodiment, can reduce hydrogen diffusion from the i-type amorphous silicon layer to the p-type amorphous silicon
layer, but hydrogen still diffuses from the front half of the p-type amorphous silicon layer 31 to the rear half of the
amorphous silicon layer 32. However, since the rear half of the amorphous silicon layer 32 contains high concentrations
of boron (B), even if boron partially becomes inactive by a trace amount of hydrogen diffusion, the device characteristics
will not be affected so much.

[0069] Table 3 shows formation conditions of the second embodiment. As appreciated from Table 3, the p-type amor-
phous silicon layer 31 and the p-type amorphous silicon layer 32 were formed with different flow rates of BoHg. More
amount of B,Hg flow was used for the p-type amorphous silicon layer 32 than that for the p-type amorphous silicon layer
31, while more amount of the hydrogen dilution was used for the p-type amorphous silicon layer 31. Layers on the rear
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surface of the substrate were formed under the conditions shown in Table 1. The i-type amorphous silicon layer 2 was
formed to have athickness of 10 nm, while the p-type amorphous silicon layers 31 and 32 have a thickness of 4 nm each.

[Table 3]
process conditions
Substrate gas pressure (Pa) Power Density
temperature (mW/cm?2)
(degreescentigrade)
front hydrogenation 170 Hy, : 100 scem 50 15
i-type a-Si 170 Hy 100 sccm 50 15
SiH, : 40 sccm
p-type a-Si (31) 170 H, : 400 sccm 50 15
SiH, : 20 sccm
B,yHg: 10 scem
p-type a-Si (32) 170 H,: 100 scem 50 15
SiH, : 40 sccm
2%B,Hg/H5:40 scem

[0070] After the preparation of the solar cell according to the second embodiment and a conventional solar cell, their
profiles of hydrogen concentrations in films were measured by the SIMS. FIG. 6 shows the results. FIG. 6 shows profiles
of hydrogen concentrations, measured by the SIMS, at interfaces of p-type amorphous silicon layers 31 and 32 and an
i-type amorphous silicon layer 2 of a solar cell with the H.1. T. structure according to the second embodiment. Measurement
conditions are the same as those for the first embodiment.

[0071] It is recognized that the profile of the hydrogen concentration measured by the SIMS shown in FIG. 6 is similar
to the profiles of the hydrogen concentrations shown in FIG. 2 and FIG. 5. It is therefore found that only front half 31,
which is closer to the i-type amorphous silicon layer, of the p-type amorphous silicon layer contains high hydrogen
concentration, whereas the rear half 32 is controlled so as to have a gradient of hydrogen concentration equivalent to
that of the conventional photovoltaic device.

[0072] Next description will be made on the third embodiment of the present invention with reference to FIGs 7 and
8. FIG. 7 schematically shows a profile of hydrogen concentration in the vicinity of an interface between a p-type amor-
phous silicon layer and an i-type amorphous silicon layer of a solar cell with the HIT structure according to the third
embodiment of the present invention.

[0073] Inthe third embodiment, an i-type trap layer 33, which has a thickness of approximately 2 nm and low hydrogen
concentrations, is disposed in the vicinity of the interface between the p-type amorphous silicon layer 3 and the i-type
amorphous silicon layer 2. The i-type trap layer 33 functions as a hydrogen-diffusion reducing area. In the third embod-
iment, hydrogen diffuses from the i-type amorphous silicon layer 2 to the i-type trap layer 33, but has no influence on
the p-type amorphous silicon layer.

[0074] The formation conditions of the third embodiment are shown in Table 4. Layers on the rear surface of the
substrate were formed under the conditions shown in Table 1. The thickness of the i-type amorphous silicon layer 2
including the i-type trap layer 33 is 10 nm, (i-type trap layer 33 has a thickness of 2 nm alone). The p-type amorphous
silicon layer 3 has a thickness of 8 nm.

[Table 4]
process conditions
Substrate gas pressure (Pa) (Pa) Power density
temperature (mW/cm?2)
(degrees (degrees
centigrade)
front hydrogenation 170 Hy: 100 scem 50 15
i-type a-Si 170 Hy: 100 sccm 50 15
SiH, : 40 sccm
8
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Table continued

process conditions

Substrate gas pressure (Pa) (Pa) Power density
temperature (mW/cm?2)
(degrees (degrees
centigrade)

i-type a-Si trap 170 SiH, : 40 sccm 50 15
layer (33)
p-type a-Si 170 H, 100 sccm 50 15
SiH,: 40 scem
2%ByHg/Ho: 40
sccm

[0075] In the third embodiment, no hydrogen dilution was used to form the i-type trap layer 33 in order to make the
hydrogen concentration in the i-type trap layer 33 lower than that in the i-type amorphous silicon layer. There are some
other ways as indicated below.

[0076] (1) The temperature of the substrate during the formation of the p-type amorphous silicon layer is set to be
higher than that during the formation of the i-type amorphous silicon layer.

(2) The amount of hydrogen dilution during the formation of the p-type amorphous silicon layer is set to be lower
than that during the formation of the i-type amorphous silicon layer.

(3) The pressure during the formation of the p-type amorphous silicon layer is set to be lower than that during the
formation of the i-type amorphous silicon layer.

(4) The RF power applied during the formation of the p-type amorphous silicon layer is set to be lower than that
applied during the formation of the i-type amorphous silicon layer.

[0077] FIG. 8 shows profiles of hydrogen concentrations, measured by the SIMS, in films of a solar cell according to
the third embodiment and a conventional solar cell. FIG. 8 shows profiles of hydrogen concentration, measured by the
SIMS, at interfaces of the p-type amorphous silicon layer 3, the i-type trap layer 33 and the i-type amorphous silicon
layer 2 of the solar cell with the H.I.T. structure according to the third embodiment. Measurement conditions are the
same as those for the first embodiment.

[0078] It is recognized that the profile of the hydrogen concentration measured by the SIMS shown in FIG. 8 is similar
to the profiles of the hydrogen concentrations shown in FIGs. 2 and 7. It is therefore found that the trap layer 33 can
capture hydrogen diffused from the i-type amorphous silicon layer 2.

[0079] Next description will be made on the fourth embodiment of the present invention with reference to FIGs 9 and
10. FIG. 9 shows a profile of hydrogen concentration in the vicinity of an interface between a p-type amorphous silicon
layer and an i-type amorphous silicon layer of a solar cell with the H.I.T. structure according to the fourth embodiment
of the present invention.

[0080] Hydrogen concentration of the i-type amorphous silicon layer 2 in the vicinity of the interface between the p-type
amorphous silicon layer 3 and the i-type amorphous silicon layer 2 have an influence on the voltage generated in the
H.I.T. solar cell. It has been known that output voltage can be improved by making hydrogen concentration in the rear
half (near the p-type amorphous silicon layer) of the i-type amorphous silicon layer 2 high. The solar cell according to
the aforementioned third embodiment, which is structured in the opposite manner, reduces hydrogen diffusion toward
the p-type amorphous silicon layer 3, but decreases its output voltage to some extent. Thus, in the fourth embodiment,
boron (B) is doped into the trap layer 34 having a thickness of approximately 2 nm. This can reduce hydrogen diffusion
toward the p-type amorphous silicon layer 3 without reduction of output voltages.

[0081] The formation conditions of the fourth embodiment are shown in Table 5. Layers on the rear surface of the
substrate were formed under the conditions shown in Table 1. The thickness of the i-type amorphous silicon layer 2 is
10 nm, while the trap layer 34 has a thickness of 0.5 nm. The p-type amorphous silicon layer 3 is formed to have a
thickness of 6 nm.
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[Table 5]
process conditions
Substrate gas pressure (Pa) Power density
temperature (degrees (mMW/cm?2)
centigrade)
front | hydrogenation 170 Hy, 100 sccm 50 15
i-type a-Si 170 Hy: 100 sccm 50 15
SiH, : 40 sccm
trap layer (34) 170 SiH, : 40 sccm 50 15
2%B,Hg/H,: 10 scem
p-type a-Si 170 Hy 100 sccm 50 15
SiH, : 40 sccm
2%B,Hg/H5:40 sccm

[0082] After the preparation of a solar cell according to the fourth embodiment and a conventional sclar cell, their
profiles of hydrogen concentrations in films were measured by the SIMS. FIG. 10 shows the results. FIG. 10 shows the
profiles of hydrogen concentrations, measured by the SIMS, at interfaces of the p-type amorphous silicon layers 3, the
trap layer 34 and the i-type amorphous silicon layer 2 of the solar cell with the H.I.T. structure according to the fourth
embodiment. Measurement conditions are the same as those for the first embodiment.

[0083] It is recognized that the profile of the hydrogen concentration, measured by the SIMS shown in FIG. 10, is
similar to the profiles of the hydrogen concentrations shown in FIGs. 2 and 9. It is therefore found that the trap layer 34
can capture hydrogen diffused from the i-type amorphous silicon layer 2.

[0084] Then solar cell device having the H.I.T. structure according to the first to fourth embodiments of the present
invention and a conventional solar cell device were prepared and thermal-annealed at 250 degrees centigrade in the
atmosphere for three hours. Table 6 shows measurement results of the characteristics changes.

[Table 6]
Voc (V) | Isc (Alem?2) F.F. Pmax (W)
Conventional technology | Initial characteristics 0.706 3.820 0.772 2.082
Post-annealing characteristics 0.684 3.811 0.753 1.963
Rate of change -8.12% -0.24% -2.46% -5.72%
First embodiment Initial characteristics 0.709 3.880 0.762 2.096
Post-annealing characteristics 0.700 3.869 0.7562 2.037
Rate of change -1.27% -0.28% -1.31% -2.84%
Second embodiment Initial characteristics 0.707 3.850 0.769 2.090
Post-annealing characteristics 0.699 3.835 0.758 2.032
Rate of change -1.13% -0.39% -1.43% -2.78%
Third embodiment Initial characteristics 0.698 3.810 0.760 2.020
Post-annealing characteristics 0.691 3.796 0.751 1.970
Rate of change -1.00% -0.37% -1.18% -2.48%
Fourth embodiment Initial characteristics 0.707 3.790 0.775 2.080
Post-annealing characteristics 0.701 3.783 0.767 2.034
Rate of change -0.85% -0.18% -1.03% -2.21%

[0085] As appreciated from Table 6, it is confirmed that deterioration in output characteristics caused by being heated
at high temperatures can be significantly reduced by providing the hydrogen-diffusion reducing area between the p-type
amorphous silicon layer and the i-type amorphous silicon layer as in the first to fourth embodiments of the present
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invention. Because of this, the collector electrodes can be made of materials requiring to be burned at high-temperatures,
thereby reducing electrode resistance.

[0086] Next, an examination was done on variation in characteristics when the thicknesses of the trap layer 33 and
the trap layer 34 were changed. Firstly solar cell devices having i-type trap layers 33, according to the third embodiment,
with different thicknesses were prepared as samples. The samples were made under the aforementioned conditions
except for that the thicknesses of the i-type trap layers 33 were changed. Then, each sample was thermal-annealed in
the atmosphere at 250 degrees centigrade for 3 hours, and examined for its initial characteristics, rate of change,
post-annealing characteristics. The results are shown in Table 7 and FIGs. 11 to 13. The characteristics are standardized
with respect to the output of the conventional solar cell device without the trap layer 33, that is, the output of the
conventional solar device is defined as 1. FIG. 11 is a characteristic diagram showing the relationship between film
thicknesses and initial characteristics. FIG. 12 is a characteristic diagram showing the relationship between relative
outputs and film thicknesses. The relative outputs, which are expressed as rate of change, are obtained from post-an-
nealing characteristics andthe initial characteristics. FIG. 13 is a characteristic diagram showing the relationship between
the post-annealing characteristics and the film thicknesses.

[Table 7]
Film thickness (nm) Initial characteristics | Rate of change | Post-annealing characteristics

0 1 0.93 0.930
0.5 0.99 0.93 0.921
1.0 0.99 0.97 0.960
2.0 0.99 0.97 0.960
3.0 0.98 0.97 0.951
4.0 0.96 0.98 0.941
5.0 0.95 0.98 0.931
6.0 0.93 0.99 0.921
7.0 0.92 0.99 0.911

[0087] From Table 6 and FIGs. 11 to 13, it is found that in the case of providing the i-type trap layer 33, the solar cell
devices having the i-type trap layers 33 with thicknesses ranging from 1 nm to 5nm improved their output characteristics
after annealing. Thus, the thickness of the i-type trap layer 33 should be 1 nm to 5 nm, more preferably 1 nm to 2 nm.
For your information, film-forming time was obtained in advance by calculating from a film with a certain thickness and
time elapsed to form the film. The i-type trap layer of each sample was formed based on the film-forming time.

[0088] Next, solar cell devices having trap layers 34 doped with boron (B), according to the fourth embodiment, with
different thicknesses were prepared as samples. The samples were made under the aforementioned conditions except
for that the thicknesses of the trap layers 34 were changed. Then, each sample was thermal-annealed in the atmosphere
at 250 degrees centigrade for 3 hours, and examined for its initial characteristics, rate of change, post-annealing char-
acteristics. The results are shown in Table 8 and FIGs. 14 to 16. The characteristics are standardized with respect to
the output of the conventional solar cell device without the trap layer 34, that is, the output of the conventional solar
device is defined as 1. FIG. 14 is a characteristic diagram showing the relationship between film thicknesses and initial
characteristics. FIG. 15 is acharacteristic diagram showingthe relationship between relative outputs and filmthicknesses.
The relative outputs, which are expressed as rate of change, are obtained from post-annealing characteristics and the
initial characteristics. FIG. 16 is a characteristic diagram showing the relationship between the post-annealing charac-
teristics and the film thicknesses.

[Table 8]
Film thickness (nm) | Initial characteristics | rate of change | Post-annealing characteristics
0 1 0.93 0.930
0.1 0.995 0.93 0.925
0.3 0.990 0.98 0.970
0.5 0.990 0.98 0.970
11
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Table continued

Film thickness (nm) | Initial characteristics | rate of change | Post-annealing characteristics
1.0 0.980 0.98 0.960
2.0 0.960 0.98 0.941
3.0 0.940 0.98 0.921
4.0 0.910 0.985 0.896
5.0 0.880 0.99 0.871

[0089] From Table 8 and FIGs. 14 to 16, it is found that in the case of providing the trap layer 34, the solar cell devices
having the trap layers 34 with thicknesses of 0.1 nm or more but less than 3 nm improved their output characteristics
after annealing. Furthermore, the trap layers 34 with thicknesses ranging from 0.3 nm to 2 nm further improved their
output characteristics. Thus, the thickness of the trap layer 34 should be 0.1 nm or more but less than 3 nm, more
preferably 0.3 nm to 2 nm. For your information, film-forming time was obtained by calculating from a film with a certain
thickness andtime elapsedto formthe film. The i-type trap layer of each sample was formed based on the film-forming time.
[0090] In the above-mentioned embodiments, although a single-crystal silicon substrate was used as a crystalline
semiconductor substrate, multicrystalline semiconductor substrates such as a multicrystalline silicon substrate can obtain
same effect. In the above-mentioned embodiments, although an amorphous silicon layer was used as an amorphous
semiconductor film containing hydrogen, the present invention is not limited to this. Same effect can be obtained by
using amorphous silicon carbide, amorphous silicon germanium, amorphous silicon base alloy, and semiconductor films
including minute crystal grains.

[0091] It should be understood that the embodiments disclosed herein are to be taken as examples and not limited.
The scope of the present invention is defined not by the above described embodiments but by the following claims. All
changes that fall within meets and bounds of the claims, or equivalence of such meets and bounds are intended to
embraced by the claims.

Claims
1. A photovoltaic device comprising:

a crystalline semiconductor substrate;

a substantially intrinsic amorphous semiconductor thin-film layer containing hydrogen and provided on the
crystalline semiconductor substrate;

a doped amorphous semiconductor thin-film layer containing hydrogen and provided on the intrinsic amorphous
semiconductor thin-film layer; and

a hydrogen-diffusion reducing area provided between the doped amorphous semiconductor thin-film layer and
the intrinsic amorphous semiconductor thin-film layer and reducing hydrogen diffusion from the intrinsic amor-
phous semiconductor thin-film layer to the doped amorphous semiconductor thin-film layer.

2. The photovoltaic device according to claim 1, wherein the hydrogen-diffusion reducing area is an area formed in
the vicinity of an interface between the doped amorphous semiconductor thin-film layer and the intrinsic amorphous
semiconductor thin-film layer, and containing higher concentrations of hydrogen than the intrinsic amorphous sem-
iconductor thin-film layer does.

3. The photovoltaic device according to claim 1, wherein the hydrogen-diffusion reducing area is an area formed in
the vicinity of the interface between the doped amorphous semiconductor thin-film layer and the intrinsic amorphous
semiconductor thin-film layer, containing higher concentrations of hydrogen than the intrinsic amorphous semicon-
ductor thin-film layer does, and doped with the same type of impurity as that for the doped amorphous semiconductor
thin-film layer.

4. The photovoltaic device according to claim 1, wherein the hydrogen-diffusion reducing area is a trap layer formed
inthe vicinity of the interface between the doped amorphous semiconductorthin-film layer and the intrinsic amorphous
semiconductor thin-film layer and containing lower concentrations of hydrogen than the intrinsic amorphous semi-
conductor thin-film layer does.
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The photovoltaic device according to claim 4, wherein the trap layer is a substantially intrinsic amorphous semicon-
ductor thin-film layer.

The photovoltaic device according to claim 4, wherein the trap layer is doped with the same type of impurity as that
for the doped amorphous semiconductor thin-film layer.

A photovoltaic device comprising:

an n-type single-crystal silicon substrate;

a substantially intrinsic amorphous silicon layer containing hydrogen and provided on the single-crystal silicon
substrate;

a p-type amorphous silicon layer containing hydrogen and provided on the intrinsic amorphous silicon layer; and
a hydrogen-diffusion reducing area provided between the p-type amorphous silicon layer and the intrinsic amor-
phous silicon layer and reducing hydrogen diffusion from the intrinsic amorphous silicon layer to the p-type
amorphous silicon layer.

The photovoltaic device according to claim 7, wherein the hydrogen-diffusion reducing area is an area formed in
the vicinity of an interface between the p-type amorphous silicon layer and the intrinsic amorphous silicon layer and
containing higher concentrations of hydrogen than the intrinsic amorphous silicon layer does.

The photovoltaic device according to claim 7, wherein the hydrogen-diffusion reducing area is an area formed in

the vicinity of the interface between the p-type amorphous silicon layer and the intrinsic amorphous silicon layer,
containing higher concentrations of hydrogen than the intrinsic amorphous silicon layer does, and doped with a

p-type impurity.
The photovoltaic device according to claim 7, wherein the hydrogen-diffusion reducing area is a trap layer formed
in the vicinity of the interface between the p-type amorphous silicon layer and the intrinsic amorphous silicon layer

and containing lower concentrations of hydrogen than the intrinsic amorphous silicon layer does.

The photovoltaic device according to claim 10, wherein the trap layer is a substantially intrinsic amorphous silicon
layer.

The photovoltaic device according to claim 11, wherein the thickness of the trap layer is from 1 nm to 5 nm.
The photovoltaic device according to claim 11, wherein the thickness of the trap layer is from 1 nm to 2 nm.

The photovoltaic device according to claim 10, wherein the trap layer is an amorphous silicon layer doped with the
p-type impurity.

The photovoltaic device according to claim 14, wherein the thickness of the trap layer is 0.1 nm or more but less
than 3 nm.

The photovoltaic device according to claim 14, wherein the thickness of the trap layer is 0.3 nm to 2 nm.
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- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

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

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

Status
)X Responsive to communication(s) filed on 7/13/2016.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____ .
2a)[] This action is FINAL. 2b)[X] This action is non-final.

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

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*

5)[X] Claim(s) 8-14 and 16-18is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.

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

7)X] Claim(s) 8-14 and 16-18is/are rejected.

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

9)[] Claim(s) are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
nitpywww . usplo.gov/patents/init_events/pehvindax.jsp or send an inquiry to PPHieedback@uspio.qoy.

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

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[] Some** c)[] None of the:
1.[] Certified copies of the priority documents have been received.
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application from the International Bureau (PCT Rule 17.2(a)).
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The present application is being examined under the pre-AlA first to invent provisions.
DETAILED ACTION
Response to Amendment
This is a non-final office action.
The amendment filed 7/13/2016 does not place the application in condition for allowance.
The rejections over Wenham et al. and Tomas et al. are withdrawn due to Applicant’s
amendment.

New rejections follow.

Specification
The disclosure is objected to because of the following informalities: Line 2 of paragraph [00147]

on page 29 of the instant specification recites “are electrically conductive are electrically conductive”.

Claim Rejections - 35 USC § 112
The following is a quotation of 35 U.S.C. 112(b):
(b) CONCLUSION.—The specification shall conclude with one or more claims particularly

pointing out and distinctly claiming the subject matter which the inventor or a joint inventor
regards as the invention.

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

Claims 8-14 and 16-18 rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA), second
paragraph, as being indefinite for failing to particularly point out and distinctly claim the subject
matter which the inventor or a joint inventor, or for pre-AlA the applicant regards as the invention.

Claim 8 recites that the method comprises the steps of providing an interface passivation layer
over the substrate and providing a passivating film over the interface passivation layer, the passivating
film comprising a passivating material and a conductive dopant. The method also comprises thermally

treating the passivating film, the thermally treating diffusing at least a portion of the conductive dopant
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from the passivating film throughout the interface passivation layer. Further, the claim recites that the
steps of providing the interface passivation layer and providing the passivating film comprise
¢ Providing an amorphous silicon-containing compound over an upper surface of the
substrate, the compound comprising oxygen dopant and the conductive dopant
o Diffusing the oxygen dopant, at least in part, into the upper surface of the substrate to
form an oxide layer over the substrate, the oxide layer defining the interface passivation
layer
o Wherein remaining amorphous-silicon containing compound above the oxide layer
defines the passivating film.

Logically, the interface passivation layer and passivating film must exist before or at least during
the step of thermally treating. Therefore the passivating film that is being thermally treated and the
interface passivation layer that the conductive dopant from the passivating film is diffusing through must
have the following characteristics: the interface passivation layer is an oxide layer formed by diffusion of
the oxygen dopant from an amorphous silicon-containing compound and the passivating film comprises
amorphous silicon-containing compound.

Paragraph [00152] of the instant specification seems to describe this embodiment of the
invention. That paragraph describes a layer xx3/xx7 comprising oxygen dopant and conductive dopant,
reading on the claimed amorphous silicon-containing compound, provided over the substrate. The
interface passivation layer xx4/xx6 is produced by thermally treating the layer xx3/xx7. However, the
thermally treating of the layer xx3/xx7 simultaneously causes crystallization (at least in part) of the
compound and diffusion of dopant from the compound (paragraph [00150] connects the activation and
diffusion of dopants). Therefore it is unclear, when the claims are read in light of instant disclosure, that
the interface passivation layer, which must be an oxide layer over the substrate, can exist before the step
of thermally treating the passivating film. In other words, it is unclear how the thermally treating results in
the conductive dopant diffusing from the passivating film throughout the interface passivation layer when

the interface passivation layer is created only after the thermally treating step begins.
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Only one thermal treatment step is recited; a person having ordinary skill in the art would not be
apprised of how to form the interface passivation layer that is an oxide layer using steps that are distinct
from the thermally treating step. While the scope of the claim may allow for the thermally treating step to
be occurring during both the steps of providing the interface passivation layer and providing the
passivating film as well as the step of diffusing at least a portion of the conductive dopant from the
passivation film throughout the interface passivation layer, the disclosure only recites that those physical
processes happen simultaneously. Therefore, at best, a skilled artisan would interpret the disclosure to
allow for the oxygen atoms and the conductive dopant to be diffusing from the amorphous silicon-
containing compound at the same time. There is not sufficient detail to conclude that the oxide layer
forms prior to the diffusion of the conductive dopant, and therefore that the conductive dopant can diffuse
throughout the interface passivation layer. Claims 9-14 and 16-18 are also rejected based on their

dependence from claim 8.

Conclusion

Any inquiry concerning this communication or earlier communications from the examiner should
be directed to ERIC R. SMITH whose telephone number is (571)270-7186. The examiner can normally
be reached on Monday-Friday, 8:30-5:00.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Jeffrey Barton can be reached on 571 272 1307. The fax phone number for the organization where this
application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained from
either Private PAIR or Public PAIR. Status information for unpublished applications is available through
Private PAIR only. For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic Business Center (EBC)

at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service Representative
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or access to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000.

/ERIC R SMITH/
Examiner, Art Unit 1757
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventors: Oliver SCHULTZ-WITTMANN, et al. Confirmation No.: 1023
Serial No.: 14/829,999 Group Art Unit: 1757
Filed: August 19,2015 Examiner: Eric R. Smith

Title: HIGH-EFFICIENCY SOLAR CELL
STRUCTURES AND METHODS OF
MANUFACTURE

To:  Mail Stop Amendment

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

Response to Office Action

Dear Commissioner:

This paper is filed responsive to the Office Action mailed August 26, 2016, in connection
with the above-designated U.S. patent application, and is in accordance with the November 28,
2016, Interview between the Examiner and Applicant’s undersigned representative. Allowance

of the application is respectfully requested in view of the Amendments and Remarks below.
Amendments to the Specification appear on page 2, of this paper.
Amendments to the Claims begin on page 3 of this paper.

Remarks begin on page 5 of this paper.
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Amendments to the Specification

Kindly amend paragraph [00147] as follows:

[00147] In any of the structures above, the layers (e.g., xx2, xx3, xx4, xx6, xx7
and xx8) are electrically conductive-are-eleetrieally-conduetive, i.e., the
metallization can be placed directly on the outer layer. (In typical high-efficiency
solar cells this is not the case since surface passivation is usually done by
materials that are also electrical insulators.) This allows for innovative
metallization schemes, for example, the solar cells can be laminated into a module
which has the electrodes embedded in the glass or in the lamination sheets.
Furthermore, conductive sheets can be applied to mechanically strengthen the
cells. Another way of metallization could involve the deposition of thin lines of
metals. Due to the conductivity of the surfaces, the requirements on the metal
paste are reduced because they directly contact the outer layers and do not need to
etch through an insulating layer in order to contact the solar cell. Another example
would be the direct evaporation or sputtering of metal onto the conductive

surfaces.
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Amendments to the Claims

Kindly amend claim 8, and cancel claim 16 (without prejudice), as set forth below. All
pending claims are reproduced below, with changes in the amended claims shown by underlining

for added matter, and strikethrough or double brackets for deleted matter.

1-7.  (Previously Canceled).

8. (Currently Amended) A method of fabricating a solar cell, comprising;
providing a substrate;
providing an interface passivation layer over the substrate;

providing a passivating film over the interface passivation layer, the

passivating film comprising a passivating material and a conductive dopant;

wherein providing the interface passivation layer and providing the

passivating film comprise:

providing an amorphous silicon-containing compound over an upper

surface of the substrate, the compound comprising oxygen dopant and the

conductive dopant;

thermally treating the amorphous silicon-containing compound to

diffuse the oxygen dopant, at least in part. into the upper surface of the

substrate to form an oxide layer over the substrate, the oxide layer defining
the interface passivation layer; and

wherein remaining amorphous silicon-containing compound above

the oxide layer defines the passivating film: and

wherein the thermally treating the-passtvatinefilm—the-thermally
treating-diffusing also diffuses at least a portion of the conductive dopant

fromthe-passtvating-film throughout the interface passivation layer to

facilitate electrical connection to the substrate; and
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providing at least one electrode over the passivating film, wherein the
conductive dopant within the passivating film and throughout the interface

passivation layer provides direct electrical connection between the at least one

electrode and the substrate[[; and]]

9. (Original) The method of claim 8, wherein the thermally treating

crystallizes, at least in part, the passivating film to establish a crystallized passivating film.

10.  (Original) The method of claim 9, wherein the crystallized passivating film

is a transparent film.

11.  (Original) The method of claim 9, wherein the crystallization of the

passivating film improves a passivation of the passivating film.

12.  (Original) The method of claim 9, wherein the interface passivation layer
protects the substrate from crystallization or re-crystallization during the thermally treating

and crystallization of the passivating film.

13.  (Original) The method of claim 8, wherein the interface passivation layer
has a thickness selected to permit tunneling of electrical carriers through the interface

passivation layer into the substrate.
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14.  (Original) The method of claim 8, wherein the thermally treating diffuses a

portion of the conductive dopant through the interface passivation layer into the substrate.
15.  (Previously Canceled).
16.  (Canceled).

17. (Original) The method of claim 8, further comprising providing an anti-

reflective film over the conductive upper surface of the passivating film.

18. (Original) The method of claim 8, wherein the at least one electrode only

electrically connects to the substrate through the passivating film via the conductive dopant.

19-20. (Previously Canceled).

EE I I I
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Remarks

Favorable consideration and allowance of the application are respectfully requested.
Claims 8-14 & 17 & 18 remain pending.

Initially, Applicant thanks the Examiner for the time afforded Applicant’s undersigned
representative on November 28, 2016, regarding amended claim 8 presented herewith. Based on
the Interview, it is Applicant’s understanding that amended claim 8 addresses the 35 U.S.C.
§112(b), second paragraph, indefiniteness rejection stated in the Office Action. Should any issue
remain unresolved by this paper, Applicant requests the Examiner to telephone Applicant’s
undersigned representative in order to discuss the matter in the hope of facilitating prosecution of

the application.

By this paper, specification paragraph [00147] is amended to address the typographical
error noted in the Office Action at line 2 of the paragraph. Based on this amendment,

withdrawal of the specification objection is respectfully requested.

Claims 8-14 & 16-18 were rejected under 35 U.S.C. §112(b), second paragraph, as being
indefinite for failing to particularly point out and distinctly claim the subject matter which the
inventors regard as the invention. Responsive to this rejection, claim 8 is amended (and claim 16
is canceled without prejudice), to recite, in part, that providing the interface passivation layer and
providing the passivating film includes thermally treating the amorphous silicon-containing
compound to diffuse the oxygen dopant, at least in part, into the upper surface of the substrate to
form an oxide layer over the substrate, the oxide layer defining the interface passivation layer.
Additionally, the claim is amended to specify that the thermally treating also diffuses at least a
portion of the conductive dopant throughout the interface passivation layer to facilitate electrical
connection to the substrate. Based on this amendment, claim 16 is canceled without prejudice,
with the language thereof being included in amended claim 8. Further support for amended
claim 8 can further be found, for instance, in specification paragraph [00152]. No new matter is
believed added to the application by any amendment presented. Based upon the amended
language, reconsideration and withdrawal of the 35 U.S.C. §112(b), second paragraph, rejection
to claims 8-14, 17 & 18, are respectfully requested.

Attorney Docket: 3304.001B -6-

Mundra Solar PV Ltd., Ex. 1002
Page 326



All pending claims are believed to be in condition for allowance, and such action is

respectfully requested.

In this amendment, Applicant has amended claim 8, and canceled claim 16 (without
prejudice), to facilitate expeditious prosecution of the application. Applicant is not conceding
that the subject matter encompassed by the claims prior to this amendment is unpatentable over
the art cited in the Office Action. Rather, Applicant respectfully reserves the right to pursue
claims in one or more continuing applications, including claims capturing the subject matter

encompassed by the claims prior to this amendment, and additional claims.

Should any issue remain unresolved by this paper, Applicant’s undersigned attorney
invites the Examiner to telephone him at the time that the Examiner is considering this Response,
in order to discuss the matter in the hope of facilitating prosecution of this application.

Respectfully submitted,

/Kevin P. Radigan, Esq./

Kevin P. Radigan, Esq.

Attorney for Applicant

Registration No.: 31,789
Dated: November 28, 2016

HESLIN ROTHENBERG FARLEY & MESITI P.C.
5 Columbia Circle

Albany, New York 12203-5160

Telephone: (518) 452-5600

Facsimile: (518)452-5579
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Issues Discussed [J101 [XJ112 [J102 [J103 [JOthers

(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)
Claim(s) discussed: 8.
Identification of prior art discussed:

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

Mr. Radigan sent Examiner Smith a proposed claim amendment (attached) which was intended fo address the 112(b)
rejection in the Office Action of 8/26/2016. Examiner Smith agreed that the lanquage would overcome the rejection if
properly submitted into the record. Examiner Smith also discussed how claim 16 may not have a different scope than
claim 8 and how line 12 of the proposed amendment recites "define the oxygen dopant”, which may have been intended
to be "diffuse the oxygen dopant”.

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the
interview

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

X Attachment

/ERIC R SMITH/
Primary Examiner, Art Unit 1757

U.S. Patent and Trademark Office
PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20161128
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

Itis the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. Itis the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant’s correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

— Application Number (Series Code and Serial Number)

—Name of applicant

—Name of examiner

—Date of interview

—Type of interview (telephonic, video-conference, or personal)

—Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

— An indication whether or not an exhibit was shown or a demonstration conducted

— An identification of the specific prior art discussed

— An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

—The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:

1) A brief description of the nature of any exhibit shown or any demonstration conducted,

2) an identification of the claims discussed,

3) an identification of the specific prior art discussed,

4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,

5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and

7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant’s record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner’s initials.
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Examiner: Eric R. Smith Conf.: 1023
U.S. Serial No.: 14/829,999 GAU: 1757

Proposed Claim Amendments —11/28/2016

8. (Currently Amended) A method of fabricating a solar cell, comprising:
providing a substrate;
providing an interface passivation layer over the substrate;

providing a passivating film over the interface passivation layer, the

passivating film comprising a passivating material and a conductive dopant;

wherein providing the interface passivation layer and providing the

passivating film comprise:

providing an amorphous silicon-containing compound over an upper

surface of the substrate, the compound comprising oxygen dopant and the

conductive dopant;

thermally treating the amorphous silicon-containing compound to

define the oxygen dopant, at least in part, into the upper surface of the

substrate to form an oxide layer over the substrate, the oxide layer defining

the interface passivation layer; and

wherein remaining amorphous silicon-containing compound above
the oxide layer defines the passivating film;

wherein the thermally treating the-passtvatingfilmthe-thermally
treating-diffusing also diffuses at least a portion of the conductive dopant

from-the-passivatingfilm throughout the interface passivation layer to

facilitate electrical connection to the substrate; and

providing at least one electrode over the passivating film, wherein the
conductive dopant within the passivating film and throughout the interface
passivation layer provides direct electrical connection between the at least one

electrode and the substrate[[; and]].

Attorney Docket: 3304.001B -1-
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Examiner: Eric R. Smith Conf.: 1023
U.S. Serial No.: 14/829,999 GAU: 1757

L

Attorney Docket: 3304.001B -2-
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Smith, Eric (Ryan)

From:

Sent:

To:

Subject:
Attachments:

Dear Examiner,

Attached is a proposed amended claim 8 to facilitate our discussion at 11:3¢ am EST

Thank you for your assistance,

faslin J;:;-nés ”:,-9 3
5 Cotumbia Cirgie

Q'i
\

amail ur@ wrf.nlaw.com

CONFIDENTIALITY NOT

Kevin P. Radigan <KPR@hrfmlaw.com>

Monday, November 28, 2016 8:31 AM

Smith, Eric (Ryan)

Serial No. 14/829.999

14829999_ProposedClaimAmendments_11-28-16 (H0754058xD16FB).pdf
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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.“SP[O.gOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
23405 7590 01/30/2017
HESLIN ROTHENBERG FARLEY & MESITI PC SMITH, ERIC R
5 COLUMBIA CIRCLE
ALBANY, NY 12203 l ART UNIT PAPERNUMBER |
1757
DATE MAILED: 01/30/2017
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO.
14/829,999 08/19/2015 Oliver SCHULTZ-WITTMANN 3304.001B 1023

TITLE OF INVENTION: HIGH-EFFICIENCY SOLAR CELL STRUCTURES AND METHODS OF MANUFACTURE

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

nonprovisional UNDISCOUNTED $960 $0 30 $960 05/01/2017

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: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of

maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commissioner for Patents

P.O. Box 1450

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
é)ropuate All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
icated 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.

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

23405 7590 01/30/2017

HESLIN ROTHENBERG FARLEY & MESITI PC

5 COLUMBIA CIRCLE
ALBANY, NY 12203

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certlﬁcate cannot be used for any other accompanying

Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
I hereby certify that this Fee(s f) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (§71) 273-2885, on the date indicated below.

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. | CONFIRMATION NO.
14/829,999 08/19/2015 Oliver SCHULTZ-WITTMANN 3304.001B 1023
TITLE OF INVENTION: HIGH-EFFICIENCY SOLAR CELL STRUCTURES AND METHODS OF MANUFACTURE
I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUEFEE | TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 30 $960 05/01/2017
I EXAMINER | ART UNIT I CLASS-SUBCLASS |
SMITH, ERIC R 1757 136-256000

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

(] Chan%e of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

[ "Fee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

2. For printing on the patent front page, list
1

(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively,

(2) The name of a single firm (having as a member a 2

registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON 1

HE 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

Please check the appropriate assignee category or categories (will not be printed on the patent) :

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

[ Individual [ Corporation or other private group entity [ Government

4a. The following fee(s) are submitted:
[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

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

[ A check is enclosed.
| Payment by credit card. Form PTO-2038 is attached.

[ 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)
(| Applicant certifying micro entity status. See 37 CFR 1.29

(| Applicant asserting small entity status. See 37 CFR 1.27

(| Applicant changing to regular undiscounted fee status.

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

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

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

Authorized Signature

Date

Typed or printed name

Registration No.

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.
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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.“SP[O.gOV

[ appLicatonnvo. | NG DaTE FIRST NAMED INVENTOR [ aTTorNEY DOCKETNO. | ConFRMATIONNO. |
14/829,999 08/19/2015 Oliver SCHULTZ-WITTMANN 3304.001B 1023
23405 7590 0113012017 | EXAMINER |
HESLIN ROTHENBERG FARLEY & MESITI PC SMITH, ERIC R
5 COLUMBIA CIRCLE
ALBANY, NY 12203 l ART UNIT PAPERNUMBER |

1757

DATE MAILED: 01/30/2017

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.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 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)
14/829,999 SCHULTZ-WITTMANN ET AL.
- s i i AlA (First Inventor to File)
Notice of Allowability E;Tg‘::eéMITH ‘1“;‘5;’"" Statie
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. IX] This communication is responsive to amendment filed 11/28/2016.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

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

; the restriction

—_—

3. X] The allowed claim(s) is/are 8-14.17 and 18. As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information,
please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:
a)[J Al b)y[JSome *c)[] None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [[] Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [] Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. [XI Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

/ERIC R SMITH/
Primary Examiner, Art Unit 1757

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20170120

Mundra Solar PV Ltd., Ex. 1002
Page 341




Application/Control Number: 14/829,999 Page 2
Art Unit: 1757
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REASONS FOR ALLOWANCE
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submissions should be clearly labeled “Comments on Statement of Reasons for Allowance.”
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be directed to ERIC R. SMITH whose telephone number is (571)270-7186. The examiner can normally
be reached on Monday-Friday, 8:30-5:00.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Jeffrey Barton can be reached on 571 272 1307. The fax phone number for the organization where this
application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained from
either Private PAIR or Public PAIR. Status information for unpublished applications is available through
Private PAIR only. For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic Business Center (EBC)
at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service Representative
or access to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000.

Mundra Solar PV Ltd., Ex. 1002
Page 342



Application/Control Number: 14/829,999 Page 3
Art Unit: 1757

/ERIC R SMITH/
Primary Examiner, Art Unit 1757

Mundra Solar PV Ltd., Ex. 1002
Page 343



EAST Search History

EAST Search History

EAST Search History (I nterference)

{Ref {Hits i{iSearch Query DBs Default Plurals {{Time
# Operator Stamp

L1 {14841 §h01131/18-1896.cpc. US-PGPUB;  {AND ON 2017/01/20
USPAT 14:06

L2 {5051 £h01I31/028,0368-03685,0376- US-PGPUB;  {{AND ON 2017/01/20
{{03762,068,072,074,0747.cpc. USPAT 14:11

L3 {16893 il1 or 12 US-PGPUB;  {{AND ON 2017/01/20
USPAT 14:11

L4 {2507 I3 and (amorphous).cim. US-PGPUB; AND ON 2017/01/20
USPAT 14:12

L5 324 §I4 and (oxygen or "o.sub.2").clm. with (doping {{US-PGPUB; AND ON 2017/01/20
{{or dopant).clm. USPAT 14:12

L6 {369 il4 and (passivat$3).cim. US-PGPUB; AND ON 2017/01/20
USPAT 14:13

L7 4§69 §I6 and (thermal or heat).clm. US-PGPUB; AND ON 2017/01/20
USPAT 14:13

L8 {41 {17 and (doping or dopant).clm. US-PGPUB; AND ON 2017/01/20
USPAT 14:13

L9 {65 48 or 15 US-PGPUB;  {{AND ON 2017/01/20
USPAT 14:13

L10 {64 §I9 and (method or process or step).cim. US-PGPUB; AND ON 2017/01/20
USPAT 14:15

1/20/2017 2:34:47 PM

C:\ Users\ esmith3\ Documents\ EAST\ Workspaces\ Cells_thin_films_\ 14829999 xtalline_passivation_interface_con.wsp

EASTSearchHistory.14829999_AccessibleVersion.htm[1/20/2017 2:35:04 PM]

Mundra Solar PV Ltd., Ex. 1002
Page 344



Application/Control No. Applicant(s)/Patent Under Reexamination

Issue CIass: fication 14829999 SCHULTZ-WITTMANN ET AL.
H““H“H““H““HW‘HM“W“ NHW o o

ERIC R SMITH 1757
CPC
Symbol Type Version
Ho1L 022425 F 2013-01-01
Ho1L 1872 I 2013-01-01
Ho1L 1864 I 2013-01-01
Ho1L 1884 I 2013-01-01
Ho1L 022466 I 2013-01-01
Ho1L 02167 I 2013-01-01
Ho1L 02168 I 2013-01-01
Ho1L 1868 I 2013-01-01
YO2E 50 A 2013-01-01
Yo2P 521 A 2015-11-01

CPC Combination Sets

Symbol Type Set Ranking Version

NONE

Total Claims Allowed:

8
(Assistant Examiner) (Date)
/E.R.S./
Primary Examiner.Art Unit 1757 01/20/2017 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 18
U.S. Patent and Trademark Office Part of Paper No. 20170120

Mundra Solar PV Ltd., Ex. 1002
Page 345



Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

14829999 SCHULTZ-WITTMANN ET AL.
ERIC R SMITH 1757
US ORIGINAL CLASSIFICATION INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
H| o 3170224 (2006.01.01)
H| o 3170216 (2014.01.01)
CROSS REFERENCE(S)
H| o 31/18 (2006.01.01)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
NONE

Total Claims Allowed:

8
(Assistant Examiner) (Date)
/E.R.S./
Primary Examiner.Art Unit 1757 01/20/2017 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 18

U.S. Patent and Trademark Office

Part of Paper No. 20170120

Mundra Solar PV Ltd., Ex. 1002

Page 346




Application/Control No. Applicant(s)/Patent Under Reexamination
Issue CIaSSIfIcat’on 14829999 SCHULTZ-WITTMANN ET AL.
ERIC R SMITH 1757
X Claims renumbered in the same order as presented by applicant O CPA O T.D. O R.1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
NONE
Total Claims Allowed:
8
(Assistant Examiner) (Date)
/E.R.S./
Primary Examiner.Art Unit 1757 01/20/2017 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 18
U.S. Patent and Trademark Office Part of Paper No. 20170120

Mundra Solar PV Ltd., Ex. 1002
Page 347




Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 14829999 SCHULTZ-WITTMANN ET AL.
H““H““ ‘ ‘ ““m“ ‘ ‘ “HH“ e v
ERIC R SMITH 1757
CPC- SEARCHED
Symbol Date Examiner
H01L21/2022,2026,02356 8/24/2016 ERS
C30B1/023 8/24/2016 ERS
CPC COMBINATION SETS - SEARCHED
Symbol Date Examiner
US CLASSIFICATION SEARCHED
Class Subclass Date Examiner
kKEY
SEARCH NOTES
Search Notes Date Examiner
Keyword search in Google Scholar (amorphous + silicon + passivat$ + 4/6/2016 ERS
(thermal or anneal$) + "oxygen diffusion”)
Keyword search in Google Scholar (amorphous + silicon + passivat$ + 4/6/2016 ERS
(thermal or anneal$) + "codiffusion”)
Keyword search in HO1L31/186-1872, 02168 (see EAST history for search 4/6/2016 ERS
strategy)
Keyword search in HO1L21/02667,02694 4/6/2016 ERS
Keyword search in CPC subclasses (See EAst history for search strategy) 8/24/2016 ERS
Updated inventor search in PALM/DAV 8/24/2016 ERS
Updated inventor search in DAV 1/20/2017 ERS
INTERFERENCE SEARCH
US Class/ US Subclass / CPC Group Date Examiner
CPC Symbol
HO1L31 18-1896,028,0368-03685,0376-03762,068,07,074,0747 1/20/2017 ERS

U.S. Patent and Trademark Office

Part of Paper No. : 20170120

Mundra Solar PV Ltd., Ex. 1002

Page 348



PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
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
gpj)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unlgss corrfgcled below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

23405 7590 01302017 Certificate of Mailing or Transmission
, e . . 1 hereby certify that this Fee(s) Transmittal is being deposited with the United
HESLIN ROTHENBERG FARLEY & MESITI PC Séz&tcs ciislal S}lrviﬁ: \Inslh su [iscg%lﬁpg]si%geggr ﬁrslg(l)ass mailbieq an gnve'lol
addressed to the Mail Stoj address above, or being facsimile
5 COLUMBIA CIRCLE transmitted to the USPTO (571) 273-288S, on the date indicated below.

ALBANY, NY 12203
(Depositor's name)
(Signature)
(Date)
I APPLICATION NO. FILING DATE | FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. CONFIRMATION NO. I
14/829,999 08/19/2015 Oliver SCHULTZ-WITTMANN 3304.001B 1023
TITLE OF INVENTION: HIGH-EFFICIENCY SOLAR CELL STRUCTURES AND METHODS OF MANUFACTURE
I APPLN. TYPE ENTITY STATUS I ISSUE FEE DUE l PUBLICATION FEE DUE I PREV. PAID ISSUE FEE TOTAL FEE(S) DUE | DATEDUE J
nonprovisional UNDISCOUNTED $960 $0 $0 $960 05/01/2017
l EXAMINER | ART UNIT I CLASS-SUBCLASS |
SMITH, ERIC R 1757 136-256000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list ; .
CFR 1.363). i 1 Kevin P. Radigan, Esq.
(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/SB/122) attached. (2) The name of a single firm (having as a member a 2 HESLIN ROTHENBE RG
D "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to FARLEY & MESITI P.C
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3 s
Number is required. listed, no name will be printed.
3 ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print of type)

PLEASE NOTE: Unless an assiignee 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 sct 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)
TETRASUN, INC. San Jose, CA (USA)
Please check the appropriate assignee category or categories (will not be printed on the patent) : (3 individual X1 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)
Xl 1ssue Fee (J A check is enclosed.
(1 publication Fee (No small entity discount permitted) a Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies X The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number )8.1935__ (enclose an extra copy of this form).
5. Change in Entity Status (from status indicated above) (HRFM )
o 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.
a 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.
W] Applicant changing to regular undiscounted fee status. NOQTE; 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. Sec 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date Aprll 21,2017

Typed or printed name Kevin P. Radigan;-£sq. Registration No. 31,789

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

Mundra Solar PV Ltd., Ex. 1002
Page 349



Electronic Patent Application Fee Transmittal

Application Number:

14829999

Filing Date:

19-Aug-2015

Title of Invention:

HIGH-EFFICIENCY SOLAR CELL STRUCTURES AND METHODS OF

MANUFACTURE

First Named Inventor/Applicant Name:

Oliver SCHULTZ-WITTMANN

Filer:

Kevin P. Radigan/Staci Medlock

Attorney Docket Number:

3304.001B

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description

Fee Code Quantity Amount

Sub-Total in
USD(S)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE

1501 1

960

960

Mundra Solar PV Ltd., Ex. 1002

Page 350



Description Fee Code Quantity Amount SulLJ’-S'I'g(t;)I in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 960

Mundra Solar PV Ltd., Ex. 1002

Page 351



Electronic Acknowledgement Receipt

EFS ID: 28991879
Application Number: 14829999
International Application Number:
Confirmation Number: 1023

Title of Invention:

HIGH-EFFICIENCY SOLAR CELL STRUCTURES AND METHODS OF

MANUFACTURE

First Named Inventor/Applicant Name:

Oliver SCHULTZ-WITTMANN

Customer Number:

23405

Filer:

Kevin P. Radigan/Staci Medlock

Filer Authorized By:

Kevin P. Radigan

Attorney Docket Number: 3304.001B
Receipt Date: 21-APR-2017
Filing Date: 19-AUG-2015
Time Stamp: 14:16:56

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $960

RAM confirmation Number

042417INTEFSW00000533081935

Deposit Account

081935

Authorized User

Staci Medlock

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

37 CFR 1.20 (Post Issuance fees)

Mundra Solar PV Ltd., Ex. 1002
Page 352



File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
165720
1 Issue Fee Payment (PTO-85B) H0875728.pdf no 1
a2df543ade74f6ef7fcc7506d3ec40c74f772]
Warnings:
Information:
30769
2 Fee Worksheet (SB06) fee-info.pdf no 2
8dd526c742478806c5bf03dee0842cbc3ed
e194b
Warnings:
Information:
Total Files Size (in bytes){ 196489

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.

Mundra Solar PV Ltd., Ex. 1002
Page 353



Doc code: IDS PTO/SB/08a (01-10}

o i ; ' Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed 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 CMB control number.

Application Number 14829999

Filing Date P015-08-19
INFORMATION DISCLOSURE First Named Inventor | Oliver SCHULTZ-WITTMANN et al.
STATEMENT BY APPLICANT At Unit ‘2812
( Not for submission under 37 CFR 1.99)

Examiner Name | Eric R. Smith

Attorney Docket Number ‘3304_0018

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
- Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear
r%ange(s) aPPlia(J
to docuntent, 11,/1984
//@;ﬁ B 1 p481046 (8848825~ Bouldin et al.
2/13/2d17
/E.R.5/ 2 H649956 B2 P003-11-18 JYoshida et al.
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns Lines where
- Cite No . Relevant Passages or Relevant
Initial Number Codel| Date of cited Document )
Figures Appear
10/2008
/B.R.8/1 20080251119 A1 POOT=0d=43 Forehand et al.
01,2009
/BE.R.8/2 0090014056 A1 PEEF=EFE0~ Hockaday et al.

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

FOREIGN PATENT DOCUMENTS Remove

Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publication Aoplicant of cited where Relevant Ts
Initial* No | Number3 Code2j Code4| Date PP Passages or Relevant
Document .
Figures Appear
/E.R.31 UP-SHO-57-071188 P A 1982-01-05 |Mitsubishi Electric Corp. | English Abstract Only )¢

EFS Web 2.1.17

Mundra Solar PV Ltd., Ex. 1002
Page 354



UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
14/829,999 05/30/2017 9666732 3304.001B 1023
23405 7590 05/10/2017
HESLIN ROTHENBERG FARLEY & MESITI PC
5 COLUMBIA CIRCLE

ALBANY, NY 12203

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 0 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 hitp://pair.uspto.gov for additional applicants):

Oliver SCHULTZ-WITTMANN, Sunnyvale, CA;
TETRASUN, INC., San Jose, CA;
Denis DeCEUSTER, Woodside, CA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)

Mundra Solar PV Ltd., Ex. 1002
Page 355



	23405_14829999_08-19-2015_Power of Attorney
	23405_14829999_08-19-2015_Information Disclosure Statement (IDS) Form (SB08)
	23405_14829999_08-19-2015_Foreign Reference
	23405_14829999_08-19-2015_Foreign Reference
	23405_14829999_08-19-2015_Foreign Reference
	23405_14829999_08-19-2015_Foreign Reference
	23405_14829999_08-19-2015_Foreign Reference
	23405_14829999_08-19-2015_Other reference-Patent/Application/Search Documents
	23405_14829999_08-19-2015_Fee Worksheet (SB06)
	23405_14829999_08-19-2015_Electronic Filing System Acknowledgment Receipt
	23405_14829999_08-19-2015_Application Data Sheet
	23405_14829999_08-19-2015_Specification
	23405_14829999_08-19-2015_Claims
	23405_14829999_08-19-2015_Abstract
	23405_14829999_08-19-2015_Drawings-only black and white line drawings
	23405_14829999_08-19-2015_Oath or Declaration filed
	23405_14829999_08-19-2015_Oath or Declaration filed
	23405_14829999_09-02-2015_Fee Worksheet (SB06)
	23405_14829999_09-02-2015_Filing Receipt
	23405_14829999_12-10-2015_Notice of Publication
	23405_14829999_01-11-2016_Information Disclosure Statement (IDS) Form (SB08)
	23405_14829999_01-11-2016_Foreign Reference
	23405_14829999_01-11-2016_Foreign Reference
	23405_14829999_01-11-2016_Electronic Filing System Acknowledgment Receipt
	23405_14829999_02-08-2016_Requirement for Restriction/Election
	23405_14829999_03-30-2016_Amendment/Request for Reconsideration-After Non-Final Rejection
	23405_14829999_03-30-2016_Applicant Arguments/Remarks Made in an Amendment
	23405_14829999_03-30-2016_Electronic Filing System Acknowledgment Receipt
	23405_14829999_03-30-2016_Fee Worksheet (SB06)
	23405_14829999_04-13-2016_Non-Final Rejection
	23405_14829999_04-13-2016_List of references cited by examiner
	23405_14829999_04-13-2016_List of References cited by applicant and considered by examiner
	23405_14829999_04-13-2016_List of References cited by applicant and considered by examiner
	23405_14829999_04-13-2016_Examiner's search strategy and results
	23405_14829999_04-13-2016_Search information including classification, databases and other search related notes
	23405_14829999_04-13-2016_Bibliographic Data Sheet
	23405_14829999_07-13-2016_Amendment/Request for Reconsideration-After Non-Final Rejection
	23405_14829999_07-13-2016_Claims
	23405_14829999_07-13-2016_Applicant Arguments/Remarks Made in an Amendment
	23405_14829999_07-13-2016_Information Disclosure Statement (IDS) Form (SB08)
	23405_14829999_07-13-2016_Foreign Reference
	23405_14829999_07-13-2016_Fee Worksheet (SB06)
	23405_14829999_07-13-2016_Electronic Filing System Acknowledgment Receipt
	23405_14829999_07-13-2016_Fee Worksheet (SB06)
	23405_14829999_08-17-2016_Information Disclosure Statement (IDS) Form (SB08)
	23405_14829999_08-17-2016_Electronic Filing System Acknowledgment Receipt
	23405_14829999_08-26-2016_Non-Final Rejection
	23405_14829999_08-26-2016_List of References cited by applicant and considered by examiner
	23405_14829999_08-26-2016_List of References cited by applicant and considered by examiner
	23405_14829999_08-26-2016_Search information including classification, databases and other search related notes
	23405_14829999_08-26-2016_Examiner's search strategy and results
	23405_14829999_11-28-2016_Amendment/Request for Reconsideration-After Non-Final Rejection
	23405_14829999_11-28-2016_Specification
	23405_14829999_11-28-2016_Claims
	23405_14829999_11-28-2016_Applicant Arguments/Remarks Made in an Amendment
	23405_14829999_11-28-2016_Electronic Filing System Acknowledgment Receipt
	23405_14829999_11-28-2016_Fee Worksheet (SB06)
	23405_14829999_11-30-2016_Applicant Initiated Interview Summary (PTOL-413)
	23405_14829999_11-30-2016_Miscellaneous Internal Document
	23405_14829999_11-30-2016_Miscellaneous Internal Document
	23405_14829999_01-30-2017_Notice of Allowance and Fees Due (PTOL-85)
	23405_14829999_01-30-2017_Examiner's search strategy and results
	23405_14829999_01-30-2017_Issue Information including classification, examiner, name, claim, renumbering, etc.
	23405_14829999_01-30-2017_Search information including classification, databases and other search related notes
	23405_14829999_04-21-2017_Issue Fee Payment (PTO-85B)
	23405_14829999_04-21-2017_Fee Worksheet (SB06)
	23405_14829999_04-21-2017_Electronic Filing System Acknowledgment Receipt
	23405_14829999_04-26-2017_List of References cited by applicant and considered by examiner
	23405_14829999_05-10-2017_Issue Notification



