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I. INTRODUCTION

REC Solar Holdings AS (“REC”) respectfully requests that claims 9-20 of
U.S. Patent 8,878,053 (“053 Patent”) be cancelled as unpatentable. As demonstrated
below, these claims are directed to well-known methods of making a backside
junction solar cell disclosed years earlier by others, as modified by decades-old
teachings that an oxide layer between a polysilicon backside emitter and the substrate
would be beneficial to solar cell performance and efficiency.

For example, independent claim 9 of the 053 Patent claims inter alia, a
method of fabricating a solar cell by first (a) forming a polysilicon layer on the back
surface of the substrate, (b) forming a dopant source layer on the polysilicon layer,
(c) diffuse dopants from a dopant source layer into the polysilicon layer to form a
backside junction with the substrate, (d) diffuse dopants into the front surface, and
(e) form metal contacts on the front surface. Yet years before the earliest effective
filing date of the 053 Patent, a European Patent Publication to Froitzheim had
already disclosed all these steps for making a backside junction solar cell, except
that its backside emitter layer was part of the substrate rather than a deposited
polysilicon layer. But this missing element was taught by numerous publications,
including two prior art references relied upon here (Gan and Kwark). The Gan and
Kwark prior art taught that solar cell performance can be improved by replacing the

diffused emitter of Froitzheim’s solar cell with a polysilicon emitter having an
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interfacial oxide layer in between the substrate and polysilicon. Making this
modification was well within the level of ordinary skill in the art and would have
been obvious.

The other independent claim 16 is similar to claim 9 except that it explicitly
recites forming an oxide layer before forming the polysilicon layer, which would
also have been obvious in view of the same combination of prior art references.

The PTAB should institute this IPR because none of the prior art references
relied upon in this Petition were considered by the Examiner during prosecution of
the 053 Patent. And they address the specific deficiencies that the Examiner thought
was in the prior art.

With the exception of Section VI, which addresses why discretionary denial
in inapplicable, this petition is substantively the same as IPR2024-01040 and is
being filed concurrently with a motion for joinder with respect to that proceeding.
REC respectfully requests institution of this IPR. This petition and motion are

timely, being filed within one month of the January 14, 2025, institution decision.
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II. COMPLIANCE WITH REQUIREMENTS FOR A PETITION
FOR INTER PARTES REVIEW

A. REC Can Contest The 053 Patent

REC certifies that the 053 Patent is available for IPR and that REC is not
barred or estopped from requesting IPR challenging the patent claims on the grounds

1dentified herein.

B. IPR Fee (37 CFR §42.15(a)

The Director is authorized to charge the fee specified by 37 CFR §42.15(a) to
Deposit Account No. 06-0916.

C. Mandatory Notices (37 CFR § 42.8(b))

REC, REC Solar Pte. Ltd., REC US Holdings, Inc., REC Americas, LLC,
Reliance New Energy Limited, and Reliance Industries Limited are the real parties
in interest. The 053 Patent is involved in the following legal proceedings:

e Maxeon Solar Pte. Ltd. v. Canadian Solar Inc. 2-24-cv-00210 (ED
Texas);

e Maxeon Solar Pte. Ltd. v. Hanwha Energy Corporation et al, 2-24-cv-
00262 (ED Texas);

o Maxeon Solar Pte. Ltd. v. REC Solar Holdings AS, 2-24-cv-00260

(ED Texas);
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e Canadian Solar Inc. v. Maxeon Solar Pte. Ltd., IPR2024-01040
(P.T.A.B.); and

o Hanwha Solutions Corporation v. Maxeon Solar Pte. Ltd., IPR2024-
01199 (P.T.A.B.).

Lead Counsel 1is Joshua L. Goldberg (Reg. No. 59,369),
joshua.goldberg@finnegan.com, 202-408-6092. Backup Counsel are James R.
Barney (Reg. No. 46,539), james.barney@finnegan.com, (202) 408-4412; Mareesa
A. Frederick (Reg. No. 55,190), mareesa.frederick@finnegan.com, (202) 408-4383;
Forrest A. Jones (Reg. No. 74,123), forrest.jones@finnegan.com, (202) 408-4019;
Anthony A. Hartmann (Reg. No. 43,662), anthony.hartmann@finnegan.com, (202)
408-4275; William Neer (Reg. No. 78,874), william.neer@finnegan.com, (202)
408-4054.

Service on Petitioner may be made by email (at the addresses above and REC-
Maxeon@finnegan.com), mail, or hand delivery to: Finnegan, 901 New York Ave,
NW, Washington, DC 20001. The fax number for lead and backup counsel 1s 202-
408-4400.

Proof of service of this petition is provided in Attachment A.

III. IDENTIFICATION OF CHALLENGED CLAIMS

Claims 9-20 of the 053 Patent are unpatentable as follows:

1. Claims 9-11, 14, 16-17, and 19-20 were obvious based on Froitzheim
4
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and Gan;
2. Claims 11-13, 15 and 18 were obvious based on Froitzheim and Gan

in view of Hartiti or Sivoththaman;

3. Claims 9-11, 14, 16-17, and 19-20 were obvious based on Froitzheim
and Kwark;
4, Claims 11-13, 15 and 18 were obvious based on Froitzheim and

Kwark in view of Hartiti or Sivoththaman;

Attachment B lists the evidence relied upon in this petition.

IV. PERSON OF ORDINARY SKILL IN THE ART

The person of ordinary skill in the art in the 053 Patent’s field of solar cell
design or manufacture in the 2008 (“Skilled Artisan””) would have been someone
with an advanced degree involving the discipline of electrical engineering, applied
physics, chemistry, or materials science, and at least two years of experience
designing, developing, or researching in the field. Alternatively, that person would
have had a bachelor’s degree in electrical engineering, applied physics, or materials
science, and at least three years of experience designing, developing, or researching

in the field. EX1003, 945.
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V. CONTESTED PATENT OVERVIEW

A.  Effective Filing Date

The 053 Patent was filed on June 13, 2012. It claims priority as a divisional
to U.S. Patent No. 8,222,516, filed February 20, 2008. Thus, the earliest possible
effective filing date is February 20, 2008.

B. Overview of the 053 Patent

The 053 Patent discloses a solar cell as shown in Figure 1.

100

123 123 123 10

FIG. 1

The solar cell 100 includes an N-type silicon substrate 101. EX1001, 2:35-38.
A “backside junction” is formed by the N-type substrate 101 and the P-type doped
polysilicon emitter 108 formed at the solar cell’s backside (bottom side of FIG. 1).

EX1001, 2:35-38, 1:53-55. Between the polysilicon emitter 108 and the substrate
6
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101 is a tunnel oxide layer 107, which “may comprise silicon oxide thermally
grown’ on the substrate’s surface. EX1001, 2:64-3:6. Backside metal contact 110
connects with the emitter 108 through contact holes 123 in the silicon dioxide layer
109. EX1001, 3:6-18. The solar cell’s front side (top side of FIG. 1) has a texture
113 and a silicon nitride layer functioning as antireflective coating 103. EX1001,
2:29-34, 3:19-30, 4:36-41. Metal contact 102 connects with the substrate through
holes in the antireflective coating 103. EX1001, 2:57-63.

Figures 4A-4M illustrate the solar cell’s manufacturing process. EX1001,
3:56-58. This summary focuses on steps relevant to the claim limitations.

After the wafer/substrate is cleaned, tunnel oxides 107/402 are thermally
grown on the front and back substrate surfaces, and polysilicon layers 108/401 are
formed on the oxide layers by “CVD,” i.e., chemical vapor deposition. EX1001,

4:4-13; EX1003, 952. Polysilicon layer 108 becomes the emitter in later steps. /d.

S AN AR RN SN S MR R S \\\\\\\w(\‘~

402
101
107
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FIG. 4B 108

Subsequently, in preparation for doping the polysilicon layer 108, a p-type
dopant source layer 461 such as BSG (borosilicate glass) is formed by atmospheric

7
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pressure CVD (“APCVD”) on the polysilicon layer 108 with an undoped silicon

dioxide capping layer 462, as shown in FIG. 4C. EX1001, 4:14-27.

401

S SN AR U TR IR B N R RS N S S B e \\(\

101

461 D N N N IS ST

FIG. 4C

The front of the substrate then receives a texture 113, as seen in FIG. 4E.

EX1001, 4:36-41.

113

FIG. 4E

An N-type dopant source 412 is formed on the textured front surface 113.

EX1001, 4:42-59. The N-type dopant source 412 can comprise “silicon dioxide

doped with phosphorus.” Id., 4:51-52.
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412
/

j462/ k .\108
FIG. 4F

Subsequently, a “dopant drive-in” step is performed to diffuse dopants from

111

the N-type dopant source 412 into the front surface and the P-type dopant source

461 nto the backside polysilicon emitter 108, simultaneously. EX1001, 4:60-66.

412

j ENCSCSENCNCNEE NN P NN, ’—-108
111 109

FIG. 4G

A silicon nitride antireflective coating 103 is then applied over the textured

surface 113 after the N-type dopant source is removed. EX1001, 5:28-35.
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Afterwards, metal contacts 102 and 110 are formed on the front and back,
respectively which includes creating contact holes 120/123 and then forming the
contacts on the front and back side of the wafer over the contact holes. EX1001,

5:36-6:5. The metal contacts may be formed by screen-printing and firing. EX1001,

6:1-4.

107

g |
.\x\) ~ \\\\\\\\\\\\\\\\\ SR S \\,\\\-—-_108

111 | // | F109

123 110 12
FIG. 4M
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C. The 053 Patent’s Claims

Independent claim 9 of the 053 Patent recites:

[9.a] A method of fabricating a solar cell comprising:

[9.b] forming a layer of polysilicon over a back surface of a
silicon substrate,

[9.c] forming a first dopant source layer over the layer of
polysilicon;

[9.d] diffusing dopants from the first dopant source layer to the
layer of polysilicon to form a backside junction with the silicon
substrate;

[9.e] diffusing dopants into a front surface of the silicon
substrate, the front surface of the silicon substrate facing the sun
during normal operation; and

[9.f] forming a metal contact on the front surface of the silicon
substrate, wherein the metal contact is electrically coupled to the
silicon substrate.

Independent claim 16 of the 053 Patent is similar to claim 9, except that
additional includes a step of forming an oxide layer and omits the requirement of a
“first dopant source layer.” Claim 16 recites:

[16.a] A method of fabricating a solar cell comprising:

[16.b] forming an oxide layer over a back surface of a silicon
substrate;

[16.c] forming a layer of polysilicon over the oxide layer,

[16.d] diffusing dopants into the layer of polysilicon to form a

11
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backside junction with the silicon substrate;

[16.e] diffusing dopants into a front surface of the silicon
substrate, the front surface of the silicon substrate facing the sun
during normal operation; and

[16.f] forming a metal contact on the front surface of the silicon
substrate, wherein the metal contact is electrically coupled to the
silicon substrate.

D. The 053 Patent’s Prosecution History

The 053 Patent is a divisional of U.S. Patent No. 8,222,516. Independent
claims 9 and 16 of the 053 Patent were numbered application claims 21 and 28
during prosecution. During prosecution, claims 9 and 16 (application claims 21 and
28) initially recited all the elements as-issued except for “forming a metal contact on
the front surface of the silicon substrate, wherein the metal contact is electrically
coupled to the silicon substrate.” EX1002, 5.

The Examiner rejected the original application claim 21 over Meier
(US6,262,359, EX1011) and Lindholm (EX1020), and original claims 21 and 28
over Smith288 (US6,998,288) (EX1024) and Lindholm. EX1002, 89-91. Meier
disclosed an “Aluminum Alloy Back Junction Solar Cell” with a p-type emitter layer
on the backside of an n-type substrate and an n-type doped layer on the front side.
EX1011, Title, Abstract, 4:27-43. Smith288 disclosed a “back side contact solar

cell” with both p-typed doped and n-type doped regions on the backside of the solar

12
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cell and metal contacts formed over them. EX1024, Abstract, FIG. 7. Lindholm
disclosed ‘“Heavily Doped Polysilicon-Contact Solar Cells” to “replace the
conventional high-low junction or back surface-field (BSF) structure.” EX1002,
Abstract.

In response, the Applicant amended the claims to recite “forming a metal
contact on the front surface of the silicon substrate, wherein the metal contact is
electrically coupled to the silicon substrate.” EX1002, 125-29. The Applicant
distinguished Smith288 as lacking “a metal contact on the front surface of the silicon
substrate” because it is a backside contact solar cell, and “accordingly, Smith does
not disclose a metal contact that connects to the substrate from the front side of the
solar cell.” EX1002, 131, 155-156.

As to Meier/Lindholm combination, the Applicant distinguished the
combination as lacking a “diffusion of P-type dopants from the P-type dopant source
to the layer of polysilicon” because “Meier teaches formation of a p+ layer 220 by
epitaxial growth.” EX1002, 130.

The Examiner then issued new rejections of application claim 21 over
Silvestre (EX1021), Lindholm (EX1020), and Smith288 (EX1024) and of
application claim 28 over Silvestre, Lindholm, and Swanson439 (EX1025).
EX1002, 163-68. In response, the Applicant relied on the limitations “diffusing

dopants from the first dopant source layer to the layer of polysilicon to form a
13
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backside junction with the silicon substrate” and “diffusing dopants into the layer
of polysilicon to form a backside junction with the silicon substrate.” EX1002,
217-219 (emphasis in original). The Applicant distinguished the claimed backside
junction from a back surface field (BSF), stating: “As is well known, a BSF has the
same dopant type as the substrate, but at a higher concentration to keep minority
charge carriers away from the back surface.” EX1002, 217 (emphasis in original).
The Applicant then argued that the Examiner’s prior art combinations of Silvestre,
Lindholm, and Smith288 or Swanson439 disclosed that “the polysilicon forms a BSF
with the substrate, as opposed to a backside junction with the substrate.” EX1002,
218-219. After the Examiner maintained his rejection, a pre-appeal brief was filed
by the Applicant urging similar arguments. EX1002, 229-30, 232-37.

In a Notice of Panel Decision from Pre-Appeal Brief Review, the rejection
was withdrawn and the claims were allowed, following Applicant's argument that a

backside junction requires opposing dopant types and is distinct from a back

surface field that uses the same dopant type (but at a different concentration).
EX1002, 244.
Notably, while the Examiner relied on Meier in the first rejection, the
Examiner’s second rejection did not start with or rely on Meier for its teaching of a

back junction solar cell and backside junction, thereby allowing the Applicant to

14
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make the argument distinguishing backside junction from back surface field.
EX1002, 163-68.

E. Known Technologies Not Considered by Examiner

Forming a backside junction solar cell by dopant diffusion in which the
substrate and the backside emitter have opposite dopant polarities was already
known by the Skilled Artisan before the effective filing date of the 053 Patent. For
example, European Patent Publication No. EP1732142A1 by Froitzheim published
in 2006 disclosed a back junction solar cell with a p-type doped emitter that forms a
backside junction with the n-type doped substrate, and its emitter was formed by
dopant diffusion. EX1006, 9925-26, 40; EX1003, 4465, 84-85. Froitzheim was not
considered by Examiner during prosecution. Froitzheim supplies the missing
element of dopant diffusion that the Applicant used to overcome the back junction
solar cell of Meier during prosecution. EX1002, 130. Froitzheim likewise supplies
the “backside junction” element that the Applicant used to overcome Silvestre or
Lindholm during prosecution.

Moreover, long before the effective filing date of the 053 Patent, those skilled
in the art recognized that replacing diffused in-substrate emitters, such as the emitter
in Froitzheim, with deposited polysilicon emitters would improve solar cell
performance. For example, deposited polysilicon emitters with an interfacial oxide

layer were first used to improve the performance of bipolar transistors in 1984.
15
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EX1003 967 (citing EX1023, Ashburn 1984). “Interfacial oxide layer” refers to a
thin layer of silicon oxide in between the substrate and the polysilicon emitter.
EX1003 967.

Around the same time, a number of publications suggested that this
improvement with a polysilicon emitter can be achieved in solar cells as well. See
e.g., EX1016 (Yablonovitch), 597 (“There have been a considerable number of
reports recently on improved bipolar transistor emitters made of polycrystalline
silicon or of SIPOS (a mixture of microcrystalline silicon and silicon dioxide)....
Such heterojunctions are valuable not only for emitter efficiency in bipolar
transistors, but also for solar cells”); EX1008 (Kwark), 742 (“Incorporation of these
films into the emitter structure of an NPN bipolar transistor had been found to reduce
the emitter saturation current fifty fold; this translates into potential improvements
of energy conversion efficiency for solar cells and enhanced high frequency
performance of bipolar structures.”); EX1003, 4967-68.

Subsequently in 1987, another publication noted that “[i]t is interesting to
project what should be possible if the best available emitter technology were applied
to point contact cells rather than the diffused emitters from the current process.”
EX1017, 2122. The authors modeled the projected efficiencies of what would be

possible incorporating “SIPOS” emitters versus diffused emitters, and showed a

16
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more than one percent absolute increase in efficiency for the solar cell. EX1017,

2122; EX1003 969.

32 e e
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Incident Power Density (Wattsicm?)

Fig. 9. A comparisoxi of the projected efficiencies poésjble for a cell in-
corporating SIPOS emitters (solid curve), compared to projections for
diffused emitters as used to date (dashed curve).

“SIPOS” refers to ‘“‘semi-insulating polysilicon,” which are formed by
introducing a small amount of oxygen bearing species into the chemical vapor
deposition of polysilicon. EX1003, §70. But as researchers have found in 1984,
even a pure polysilicon emitter layer with a separate chemically formed interfacial
oxide layer led to “surprising” improvement. EX1008, 84; EX1003, §70.

Following these suggestions, Gan (detailed below) examined the use of
polysilicon emitters with a separate interfacial oxide layer in concentrator solar cells
in 1990 and noted that the “cell performance can be improved if the diffused-emitter
is replaced with the polysilicon emitter.” EX1007, 245. Gan also pointed to the
earlier 1987 modeling showing one percent absolute increase in solar cell efficiency

for a “backside contact solar cells.” Backside contact solar cells have their PN

17
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junction (i.e., junction with opposite p and n polarity) at the back of the solar cells.
EX1003, 970.

A month before the earliest possible effective filing date of the 053 Patent,
Peter Borden of Applied Materials filed a provisional application disclosing
polysilicon emitter solar cells with an interfacial oxide layer, which also appears in
the later filed PCT application:

The present invention relates to improved HIT type or polysilicon
emitter solar cells. According to certain aspects, the invention
includes forming a masking oxide layer on the front and back of the
cell and then patterning holes in the masking oxide. A HIT cell
structure or polysilicon emitter solar cell structure is then formed over

the patterned oxide,....

EX1010, Abstract; EX1009, Abstract. None of these prior art references were
before the 053 Patent Examiner.

VI. DISCRETIONARY DENIAL IS INAPPLICABLE

Discretionary denial under Section 325(d) is unwarranted because none of the
obviousness references/arguments relied on here were presented during the 053
Patent’s prosecution. Advanced Bionics v. MED-EL, IPR2019-01469, Paper 6, 8-9

(P.T.A.B. 2/13/20); see also https.//www.govinfo.gov/content/pkg/FR-2024-04-

19/pdf/2024-08362.pdf (April 19, 2024 Notice of proposed rulemaking) at 28701

(noting current practice is not to address Section 325(d) with petitions accompanied

18
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by timely joinder motion). These references disclose what the Examiner thought was
missing from the prior art during prosecution.

The General Plastic analysis is also inapplicable here. In General Plastic, the
Board set forth a series of factors that may be analyzed for follow-on petitions to
help conserve the Boards’ finite resources. Here, there is no potential for abuse of
the review process by repeated attacks. REC had not previously requested review of
the *053 patent. It timely filed a substantially identical petition so as to join Canadian
Solar Inc. (“CSI”’)’s IPR2024-01040 in an understudy role and, thus, did not benefit
from any “road mapping.” CSI and REC are unrelated defendants in separate
lawsuits regarding unrelated products. See Ford Motor Co. v. Neo Wireless, LLC,
[PR2023-00176, Paper 28, at 9-11 (P.T.A.B. 3/22/24). By REC taking an understudy
role, the Board’s finite resources and the IPR’s schedule would not be impacted.

The factors in Apple Inc. v. Fintiv, Inc., IPR2020-00019, Paper 11 at 5-6
(PTAB 3/20/20) weigh against discretionary denial. REC hereby stipulates if this
IPR is instituted, REC will not pursue in Maxeon Solar Pte. Ltd. v. REC Solar
Holdings AS, Case 2-24-cv-00260-JRG (E.D. Tex.) any grounds that it raised in the
IPR petition or it reasonably could have raised in the IPR petition (i.e., any ground
that could be raised under §§ 102 or 103 on the basis of prior art patent or printed
publications). See Sotera Wireless, Inc. v. Masimo Corp., IPR2020-01019, Paper 12

at 13-14 (P.T.A.B. 12/1/20) (precedential as to §I1.A).
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Furthermore, the Director’s Interim Procedure for Discretionary Denials in
AIA Post-Grant Proceedings with Parallel District Court Litigation (EX-1026),
directs that

... the PTAB will not discretionarily deny institution of
an IPR or PGR in view of parallel district court litigation
where a petitioner stipulates not to pursue in a parallel
district court proceeding the same grounds as in the
petition or any grounds that could have reasonably been

raised in the petition.

EX1026, 3, 7-8. Petitioner has so stipulated.

VII. CLAIM CONSTRUCTION

REC submits that the term “in situ” in dependent claim 15 is appropriate for
construction because it is defined in the 053 Patent. REC’s proposed construction is
described in association with analysis of claim 15. §X.5. REC does not believe that
other constructions are necessary to resolve this Petition.

VIII. OVERVIEW OF THE PRIOR ART

Back junction solar cells and polysilicon emitters with interfacial oxide layers
were well known in the art before February 20, 2007. For example, Froitzheim
(discussed below) disclosed a back junction solar cell and the process for making
such cell. Gan and Kwark (discussed below) both disclosed polysilicon emitters

with interfacial oxide layers, and the process for making them. It would have been
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obvious to combine the polysilicon emitter and interfacial oxide layer of Gan and
Kwark with the back junction solar cell of Froitzheim as the prior art taught to do.
EX1003, 982.

A. EP1732142A1 to Froitzheim (EX1006)

EP1732142A1 (“Froitzheim”) was filed June 6, 2005 and published on
December 13, 2006. EX1006, face. It is prior art under 35 U.S.C. §102(b).!

Froitzheim explained that in conventional solar cells, the n-type emitter is
placed at the front of the cell to form a PN junction with an oppositely doped p-type
substrate. EX1006, 942; EX1003, 984. However, Froitzhem proposed to instead
place the emitter/PN junction at the rear side of the solar cell, and thus forms a
backside junction solar cell. EX1006, 48; EX1003, 9484. Froitzheim’s Figure 1,
shown below, is a solar cell 1 having an N-type body layer or substrate 3 with a front

side 6 and a rear side 7. EX1006, 924.

' Bach citation in this Petition to 35 U.S.C. §102 refers to the pre-AIA version of that
statute.
21



Petition for Inter Partes Review of U.S. Patent No. 8,878,053

1 6>

{17 7
2 . 10
15

To fabricate this solar cell, Froitzheim starts with an n-type silicon substrate

and etched the front surface “to texture the surface in order to improve the geometry
of incidence of light in order to prevent reflection.” EX1006, §39; EX1003, §85.
Unlike the Meier reference distinguished during the 053 Patent prosecution,
Froitzheim explicitly taught diffusion of boron, a p-type dopant, into the substrate’s
rear surface. EX1006, 940. This diffused p-type doped layer 10 forms a backside
junction with the oppositely doped n-type substrate. EX1003, 485. The boron is
diffused from a “diffusion source layer that contains boron” and 1s “applied e.g.,
spun, only onto the back of the n-doped silicon wafer.” EX1006, §41. As was well
known in the art, such spun on boron diffusion source forms a borosilicate glass from
which the boron is thermally driven into the silicon. EX1003, 485; EX1006, 442;

EX1030 (Nolan).

22



Petition for Inter Partes Review of U.S. Patent No. 8,878,053

On the front side, phosphorus (an n-type dopant) is diffused onto the front
surface of the substrate. EX1006, 4943-44.

Afterwards, passivation and anti-reflection coating are applied “using known
methods,” and front and rear metal contacts are screen-printed and fired. EX1006,
148-50, 60.

B. Gan (EX1007)

Gan et al., “Polysilicon Emitters for Silicon Concentrator Solar cells,”
Proceedings of the 21st IEEE-PVSC (“Gan”) was a paper presented in 1990
August 6, 2002 when it was publicly available electronically for download from
IEEE Xplore, and in any event was publicly available before February 20, 2007.
EX1032, 996, 29, 73-79; EX1046. Gan was widely distributed and has been known
and cited by others in the field by at least 1994, further confirming its public
dissemination before February 20, 2007. EX1032, 979; EX1047; EX1048. EX1007
is an authentic copy of Gan that was published before February 20, 2007. EX1032,
46, 73-79. Thus, it is prior art under 35 U.S.C. §102(a) and (b).

Gan examined “polysilicon emitters with a thermally grown interfacial oxide”
for solar cells in “great detail.” EX1007, 245. Gan disclosed that “a very thin oxide

99 ¢¢

(interfacial oxide)” “always exists” between the polysilicon emitter and substrate,

“which can be as a by-product of the cleaning process or is grown intentionally.”
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EX1007, 245. Gan explicitly suggested that solar “cell performance can be
improved if the diffused-emitter [i.e., an emitter doped into the substrate, as in
Froitzheim] is replaced with the polysilicon emitter,...” EX1007, 245; EX1003, 988.
Before depositing the polysilicon layer, Gan first formed an oxide layer on the
silicon substrate. EX1007, 246 (Steps 1-3); EX1003, 988.

Gan experimented with thin interfacial oxides typically less than 20
Angstroms. EX1003, 488 citing EX1007, 246. Gan also tested both n- and p-type

emitters. EX1007, Figs. 4-5, 249.
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Figure 4 The J, versus the Rrst-step anpeal time for Figure 5: The J, verens the firet-step anneal time for
n-type polysilicon emitters, p-type polvsilicon emitters.

Gan observed better J, results with the “use of thermal oxide as the interfacial
layer in our samples.” EX1007, 248; EX1003, 992. Gan concluded that “polysilicon

emitters with low J, and p. can be obtained with a very small fraction of interfacial

24



Petition for Inter Partes Review of U.S. Patent No. 8,878,053

oxide breakup.”® EX1007, 249. Gan taught that “polysilicon emitters with these
qualities can be quite useful for silicon concentrator solar cells.” EX1007, 249.
Citing to the early work by Sinton, Gan further noted that “more than one absolute
percent of the cell efficiency is obtained for backside contact solar cell with
polysilicon emitters with characteristics shown here ....” Id. Backside contact solar
cells were known to have their PN junction on the backside of the solar cells.
EX1003, 989.

In its process, Gan first formed the silicon oxide layer over the substrate by
oxidation of the silicon substrate in steps 1 and 3, followed by the deposition of the
polysilicon layer in step 4, as shown in the process steps reproduced below from

Gan. EX1007, 246; EX1003, 990.

2 J, measures reverse saturation current density, and p. measures resistivity of the
contact. EX1003, 489. A lower Jo number indicates a lower recombination that
tends to improve solar cell performance. Id. A lower p. indicates lower contact
resistance, which, in turn, leads to lower solar cell series resistance, improved fill
factor and higher efficiency. Id.
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. Field oxidation (2000 A)*.
Polysilicon-substrate contact opening”.

3. Thin thermal oxide growth at 800 °C*. (10-minute

oxygen flow)

4. Polysilicon deposition (6000 A) and first-step an-

neal (1050 °C)*.

5. First-step anneal *.

6. Polysilicon finger definition.

7. Undoped glass deposition (2000 A).

8. Metal-polysilicon and metal-substrate contact open-

ing.

9. Doped glass deposition on both sides of the wafer*.
10. Drive-in; 900-1000 °C*. .
11. Doped glass stripping and Al-1% Si alloy deposi-

tion.
12. Metal finger definition.

!\Di——‘

As shown, the dopants are diffused (i.e., “drive[n]-in”") from diffusion sources of
“doped glass” layers deposited on both sides of the wafer in steps 9 and 10. EX1003,
990. And then metal contacts are then formed on both sides in steps 11 and 12.
EX1003, 990.

C. Kwark (EX1008)

Kwark et al. “SIPOS Heterojunction contacts to silicon,” International
Electron Devices Meeting (1984): 742-745 (“Kwark”) was a paper presented in 1984
(EX1008, face, viii) and the paper was published at least by 1986 but no later than
August 9, 2005 when it was made publicly available for electronic download at IEEE
Xplore, and in any event was publicly available before February 20, 2007. EX1032,

q96, 29, 52-58; EX1043; EX1044. Kwark was widely distributed and has also been
26



Petition for Inter Partes Review of U.S. Patent No. 8,878,053

known and cited by others in the field by at least 1997, including in a US Patent that
issued in 1997, further confirming its public dissemination before February 20, 2007.
EX1032, q58; EX1045. Exhibit 1008 is an authentic copy of Kwark that was
published before February 20, 2007. EX1032, 996, 52-58. Thus, it is prior art under
35 U.S.C. §102(a) and (b).

Kwark (even earlier than Gan) tested polysilicon films with and without an
intervening chemically grown oxide layer, and found that the oxide layer greatly
decreased emitter saturation current—a characteristic Kwark noted translates into
potential improvements for solar cell efficiency. EX1008, 742; EX1003, 992.
Kwark reported that addition of “POLY™ (i.e., pure polysilicon emitter) without the
“chemox” (i.e., chemically formed oxide layer) “does not greatly impact Jo. as would
be expected” where Jo,c was a measure of emitter saturation current and solar cell
recombination. EX1008, 743; EX1003, 992. However, when the chemically formed
oxide layer was present, it “greatly decrease[d] the Jo. as has been previously
reported” which is beneficial to solar cell. EX1008, 743; EX1003, 992. Kwark

illustrated this decrease in Jo. with the “chemox” in Figure 4:
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Based on Gan and Kwark’s teachings, it would have been obvious to the
Skilled Artisan to replace Froitzheim’s p-type in-substrate emitter with a p-type
polysilicon emitter along with an interfacial oxide layer between the emitter and the
substrate, as taught by Gan and Kwark. EX1003, 4993-105, 156-161.

IX. CLAIMS 9-11, 14, 16-17, AND 19-20 ARE UNPATENTABLE

10—12

1074

s—=——A| contact
\\. j
L No Chemox
Outdiffused
Emitter
Prediffused ()
Emitter

860 850 960 1000
POLY ANNEAL TEMPERATURE (°C)

Fig. 4: emitter saturation current for POLY contacts
with and without a chemically grown interfacial layer
vs. anneal temperature. Thicknesses range from 3000-
3600 angstroms. Note the large difference when the
interfacial oxide is missing.

OVER FROITZHEIM AND GAN

The combination Froitzheim and Gan would have rendered Claims 9-11, 14,
16-17, and 19-20 obvious and unpatentable. To improve upon the back junction
solar cell of Froitzheim, the Skilled Artisan would have replaced the p-type diffused

in-substrate emitter of Froitzheim with a p-type deposited polysilicon emitter and an
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interfacial oxide layer, as taught by Gan. The resulting modified solar cell is
illustrated below using a modified Froitzheim Fig. 1 for illustration. EX1003, 993.
The combination would be nothing more than inserting the steps of forming the oxide
layer and polysilicon emitter in Gan on the backside of the substrate into
Froitzheim’s fabrication process before dopant application and diffusion; and
thereafter diffusing the same p-type dopants from a boron diffusion source as in the
manufacturing of Froitzheim’s solar cell. /d. This would form a backside junction
polysilicon emitter with an interfacial oxide layer rather than a diffused in-substrate

emitter layer. Id.

187167 (18 167 <18

1 6 >
\\ —%_3 Emitter 10

(Froitzheim) becomes

1 25 <_7 polysilicon emitter

__/.._1 O (red) with interfacial
oxide (green) based

1 5 on Gan

A. Motivation to Modify Froitzheim with Gan

Froitzheim and Gan are analogous art because each is in the same field of
endeavor—solar cell design. EX1003, 994; EX1006, Abstract, §91,9; EX1007, 245,

249. Each is reasonably pertinent to the problems of efficiencies and cost-
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effectiveness of solar cell designs. EX1003, 994; EX1006, Abstract, 1,9; EX1007,
245, 249.

The Skilled Artisan would have been motivated to replace Froitzheim’s
diffused emitter with a deposited polysilicon emitter along with an oxide layer
because Gan taught and suggested that this modification would be an improvement.
EX1003, 995. Gan disclosed that “the cell performance can be improved if the
diffused-emitter [e.g., of Froitzheim] is replaced with the polysilicon emitter....”
EX1007, 245. As to the oxide layer, Gan noted that “the J, [i.e., measure of surface
recombination] of the p-type polysilicon emitter (Fig 5) [beneficially] appears to be
much lower than what has been previously reported,” and suggested that it “may
have to do with the use of thermal oxide as the interfacial layer in our samples.”
EX1007, 248. Gan explained that “because the dominant recombination is likely at
the oxide interface, it implies that the oxide must only be broken by a very small
fraction, which is consistent with what was observed in Fig. 2.” EX1007, 248;
EX1003, 9495.

Gan provided lowered J, and p. data in Figure 6 and concluded the
characteristics brought about by the polysilicon emitter with interfacial oxide layer
structure is “quite useful for silicon solar cells.” EX1007, 249. Froitzheim likewise
used silicon solar cells. EX1006, Abstract. Gan further pointed to prior modeling

and determined that “more than one absolute percent of the cell efficiency is
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obtained for a backside contact solar cell with polysilicon emitters with
characteristics shown here ....” EX1007, 249. Gan’s calculations are in the context
of a backside contact solar cell which, like Froitzheim, would place the emitter and
PN junction on the backside of the solar cell, which would further suggest the
combination. EX1003, 996.

While Gan referred in part to silicon concentrator solar cells, it more broadly
suggested that a polysilicon emitter with interfacial oxide is “quite useful for silicon
solar cells” generally (EX1007, 249), and the Skilled Artisan would interpret Gan as
recommending the feature for solar cells in general. EX1003, 997. Gan also
disclosed that the benefits apply to both n- and p-type polysilicon emitters, including
those formed on the back side of the solar cell, and thus would have suggested
replacing Froitzheim’s rear p-type diffused in-substrate emitter with a rear p-type
deposited polysilicon emitter plus the beneficial interfacial oxide layer. EX1007,
249 (discussing “both n- and p-type polysilicon emitters.””); EX1003, 997.

A Skilled Artisan would further have been motivated specifically to leave the
emitter on the back side of the solar cell because Froitzheim disclosed that its design
“shows improved stability and good efficiency.” EX1006, 9. As Dr. Banerjee
explains, it was well known that back junction solar cells often lead to higher solar
cell efficiency than front junction cells. EX1003, 998. In the combination,

Froitzheim’s modified emitter would continue to function as before, but with the
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expected additional improvement provided by the polysilicon emitter and interfacial
oxide layer. EX1003, 998. And replacing the diffused emitter with the polysilicon
emitter and interfacial oxide layer, as taught by Gan, merely substitutes one element
for another already known in the field, yielding a predictable result. EX1003, 998.
See also, KSR Int’l Co. v. Teleflex Inc., 550 U.S. 398, 416 (2007).

Aside from Gan, numerous other prior art references taught the inclusion of
an interfacial oxide layer when replacing a diffused emitter with a polysilicon
emitter. EX1003, 9999-100. For example, as discussed in §§V.E, IX.A, the Skilled
Artisan would have further been motivated because Kwark taught that addition of
an interfacial chemically grown oxide (chemox) between polysilicon and the
substrate “greatly decreases the Joe,” which “translates into potential improvements
of energy conversion efficiency for solar cells.” EX1008, 742, 745; EX1003, 9100.
Kwark provided data comparing polysilicon emitters with and without the oxide
layer, and noted “the large difference when the interfacial oxide is missing.”

EX1008, 745 Fig. 4.
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Fig. 4: emitter saturation current for POLY contacts
with and without a chemically grown interfacial layer
vs. anneal temperature. Thicknesses range from 3000-
3600 angstroms. Note the large difference when the
interfacial oxide is missing.

And Borden also disclosed in the context of solar cells that the tunnel oxide
“prevents epitaxial growth,” allowing for “optimum band structure” and “provides a
layer to protect the surface from plasma damage.” EX1009, Abstract. These benefits
apply to both amorphous silicon and polysilicon. EX1003, 4101; see also EX1014
(Foglietti), 998-9,28,46 (discussing beneficial effects of an interfacial oxide layer).

B. Reasonable Expectation of Success

The Skilled Artisan would have considered the Froitzheim/Gan combination

to be merely an arrangement of old elements (and their corresponding fabrication
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steps) with each performing the same function it had been known to perform (the
emitter of Froitzheim continuing to act as an emitter, but modified to be of a
polysilicon material with an interfacial oxide layer in between it and the substrate)
and yielding no more than what one would expect from such an arrangement (a solar
cell with improved performance). EX1003, §102.

Specifically, before introducing the boron dopant by diffusion at the rear side
of the substrate (for example, as described in 940-41 of Froitzheim), the Skilled
Artisan would perform Gan’s steps of growing a thin thermal oxide to form the
interfacial layer followed by polysilicon deposition to form the polysilicon on the
oxide layer on the back side of the wafer, after which the polysilicon would be doped
instead of the substrate to form the polysilicon emitter. EX1003, §103; EX1007,
246.

Combining Froitzheim/Gan as described here would have been well within
the level of ordinary skill in the art. EX1003, 9104. It would not have resulted in
any unpredictable results and could have been readily accomplished without undue
experimentation and with a reasonable expectation of success. /d. The combination
would simply have been the combination of well-known prior art steps in solar cell
fabrication to yield predictable results. Id. Likewise, substituting Froitzheim’s
emitter in the substrate with a polysilicon emitter and oxide layer deposited on the

substrate would be a simple substitution of one known element and corresponding
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fabrication steps for another to obtain predictable results. EX1003, 4105. It would
further constitute use of a known technique (depositing polysilicon emitters with an
oxide layer) to improve similar devices (Froitzheim’s solar cell) in the same way.
Id. 1t is nothing more than applying a known technique to a known device ready for
improvement to yield predictable results. /d.

C. Froitzheim and Gan Disclosed All Claimed Steps

1. Claim 9
a) [9.a] Preamble

To the extent the preamble is limiting, Froitzheim and Gan both disclosed
“method[s] of fabricating a solar cell,” as shown by the remaining elements. E.g.,
EX1006, Abstract, Fig. 1; EX1003, 9106.

b) [9.b] Back surface polysilicon

Claim 9 first recites: “forming a layer of polysilicon over a back surface of a
silicon substrate.” In the Froitzheim/Gan combination, the backside diffused p-type
emitter of Froitzheim is replaced with a polysilicon emitter, as taught by Gan.
EX1003,9107. Gan explicitly suggested that “the cell performance can be improved
if the diffused-emitter is replaced with the polysilicon emitter.” EX1007,245. Thus,
the step in Gan of forming the polysilicon layer, as described in §VIIL.B above, is
inserted before the step of boron diffusion at the backside in Froitzheim, as seen in

the process steps taught by Gan. EX1003, 4107.
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Specifically, Gan described first forming an oxide layer in steps 1 and 3,
followed by depositing a polysilicon layer in step 4 (shown below)—steps which the
Skilled Artisan would have integrated into Froitzheim’s fabrication process based
on the benefits of polysilicon emitters taught by Gan and discussed in §IX.A.
EX1003, 9108.

. Field oxidation (2000 A)*.

Polysilicon-substrate contact opening®.
3. Thin thermal oxide growth at 800 °C*. (10-minute

oxygen flow)
4. Polysilicon deposition (6000 A) and first-step an-
neal (1050 °C)*.

N +—

EX1007, 246.3 Thus, the Froitzheim/Gan combination disclosed step 9.b.

c) [9.c]-[9.d] First dopant source and diffusion

Claim 9 next recites: “forming a first dopant source layer over the layer of
polysilicon” and “diffusing dopants from the first dopant source layer to the layer
of polysilicon to form a backside junction with the silicon substrate.” In the
Froitzheim/Gan combination, the replaced polysilicon layer would be doped, as

taught by Froitzheim and Gan, by first forming a diffusion source layer and

3 To the extent it is argued any unwanted oxide or diffusion source would be formed
by any process step for any element, the Skilled Artisan would have readily known
that it could easily be selectively removed by an etching step such as the hydrofluoric
acid (HF) step of Froitzheim. EX1003, 4109; EX1006, 9944-45.
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diffusing the dopant from that layer into the polysilicon layer, as shown either in
steps 9 and 10 below of Gan or described in §940-41 of Froitzheim.

1. Field oxidation (2000 A)*.

2. Polysilicon-substrate contact opening®.

3. Thin thermal oxide growth at 800 °C*. (10-minute
oxygen flow)

4. Polysilicon deposition (6000 A) and first-step an-

neal (1050 °C)*.

First-step anneal *.

Polysilicon finger definition.

Undoped glass deposition (2000 A).

Metal-polysilicon and metal-substrate contact open-

mng.

9. Doped glass deposition on both sides of the wafer”.
10. Drive-in; 900-1000 °C*. _ .
11. Doped glass stripping and Al-1% Si alloy deposi-

tion.
12. Metal finger definition.

W~ oo

EX1007, 246. Specifically, the Skilled Artisan would understand that the “doped
glass deposition” step in Gan deposits a “first dopant source layer” on the backside
polysilicon and the “drive in” step would diffuse the dopant from the “doped glass”
layer into the polysilicon layer at high temperature in step 10. EX1003, 4110. It
was well known that the term dopant “drive in” is synonymous with dopant

diffusion in solar cell manufacturing. Id. citing (EX1019 (Luque)* at 265). The

4+ EX1032 is an authentic copy of Luque, which was publicly available by August 7,
2003 and was in any event publicly available before February 20, 2007, and thus is
prior art pursuant to §§102(a)-(b). EX1032, 996, 66-72.
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‘053 Patent specification similarly uses “drive-in” to describe the dopant diffusion
step. EX1001, 4:60-66.
The Skilled Artisan would have been motivated to use this doping process to

obtain the benefits of a polysilicon emitter and oxide layer taught by Gan (see
§IX.A), and would have had a reasonable expectation of success that applying the
proven technique of Gan would work with Froitzheim. §IX.B; EX1003, q111.
Gan’s diffusion step is compatible with Froitzheim diffusion step because they
both use similar diffusion methods. Id. For example, Froitzheim disclosed that its
p-type emitter is doped “by a process which introduces dopant, preferably boron,
only by diffusion into the rear surface of the body layer. Several processes for
boron diffusion are known in the art, including diffusion from the gas phase or
from liquid and solid phases applied to the surface [i.e., doped glass layer of
Gan].” EX1006, 940; EX1003, q111.

(3

Alternatively, In Froitzheim’s preferred process, “a diffusion source layer
[i.e., a first dopant source layer] that contains boron as a dopant is applied, e.g. spun,
only onto the back of the n-doped silicon wafer. The diffusion source layer is one
that contains boron and out of which the boron is thermally driven.” EX1006, 941;
EX1003, 9112.

Thus, either way, in the Froitzheim/Gan combination, this two-step boron/p-

type dopant diffusion process would similarly be performed on the back side, as
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taught by Froitzheim, after deposition of the polysilicon layer as taught by Gan, to
form a backside junction with the N-type substrate. EX1003, §113. And instead of
diffusing into the substrate, the boron/p-type dopant diffuses into the polysilicon
layer in the Froitzheim solar cell, as modified by Gan, in the same way as recited in
the claim. Id. Thus, the Froitzheim/Gan combination disclosed steps 9.c and 9.d.

d) [9.e] Diffusing front of substrate

Claim 9 next recites: “diffusing dopants into a front surface of the silicon
substrate, the front surface of the silicon substrate facing the sun during normal
operation.” Froitzheim disclosed this step by forming a “front surface field,” or “n+
doped region” at the front side of the substrate. EX1006, FIG. 1 (element 17), q15.
In Froitzheim, “[d]uring normal operation of the solar cell 1 the front side 6 faces the
sun and light is received through the area of the front surface that is not covered by

the front contact 16.” EX1006, Figure 1, 932.

187167 <18 167 <18
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To form the “front surface field” or “n+ doped region,” Froitzheim disclosed
diffusing phosphorus into a front surface of the silicon substrate. EX1003, q115.
Froitzheim disclosed: “after the p-doped region has been formed the oxide layer can
be removed from the front surface, e.g., using HF, and optionally also the diffusion
source layer and oxide layer from the rear surface, followed by a diffusion of
Phosphorous from the gas phase to form a front side n+ layer.” EX1006, 944.
Thus, Froitzheim disclosed step 9.e. EX1003, §114-115.

e) [9.f] Metal front contact

Claim 9 next recites: “forming a metal contact on the front surface of the
silicon substrate, wherein the metal contact is electrically coupled to the silicon
substrate.” Froitzheim disclosed this step. EX1003, q9116-120.

Froitzheim taught: “At the front side 6, screen-printed front side contacts 16
are provided in electrical connection with the n-type silicon body layer.” EX1006,
928. “Front and rear side contacts are preferably screen-printed in an industrial
production process, and contacting done at elevated temperatures.” EX1006, 948.
The screen-printing of the front side contacts 16 highlighted blue in Figure 1 below

satisfy step 9.f. EX1003, q117.
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Dr. Banerjee explains that it was well known in the art that screen-printed
contacts are made from silver paste, which forms metal contacts. EX1003, 4118
citing EX1019, 275, 277 (Luque’s Handbook of Photovoltaic Science and
Engineering); EX1011, 7:10-35 (silver paste for front screen printing). Froitzheim
likewise disclosed that its screen printed contacts contain silver and thus would be
metal contacts. EX1003, §119; EX1006, 4949, 60. And silver was the conventional
conductive material to use in a front screen printing paste, as also disclosed by Meier.
EX1003, q118; EX1011 (Meier) at 7:10-35 (“FIG. 3D shows the structure resulting
after depositing metal contacts and firing through the optional anti-reflective
coating. By way of example, a silver layer is screen-printed onto the n+ layer 216,
covering about 7% of the front surface in a grid pattern.”)

Thus, the combination of Froitzheim/Gan disclosed all steps in Claim 9 and

rendered its method obvious.
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To the extent that Maxeon argues that Froitzheim does not disclose metal
contacts, which would be incorrect, the Skilled Artisan would find it obvious that
Froitzheim would use silver paste for screen printing the front contacts, and thus
form metal contacts on the front, in further view of Meier. EX1003, 4120.

2. Claim 10 — P-type dopants

Claim 10 depends from claim 9 and recites: “wherein the first dopant source
layer comprises P-type dopants.” Froitzheim disclosed this element. For example,
Froitzheim disclosed forming a p-type emitter using a boron diffusion source layer,
and boron is a P-type dopant. EX1006, §940-41; EX1003, q122.

3. Claim 11 - borosilicate glass

Claim 11 depends from claim 9 and recites: “the first dopant source layer
comprises borosilicate glass.” Froitzheim also disclosed this element because it was
well known that the “spun” on boron source layer in Froitzheim would form
borosilicate glass during the process. EX1003, q123. Specifically, Froitzheim
disclosed doping the emitter, preferably, by spin coating a “diffusion source layer
that contains boron as a dopant” and thereafter “thermally driv[ing] in” the boron.
EX1006, 941. Such a spin-on boron-containing diffusion source layer was well
known to form “borosilicate glass” upon heating. EX1003, 9123. For example, a
publication by Nolan in 2000 described the “spectroscopic investigation” of

borosilicate glass as “dopant source for proximity rapid thermal diffusion.” EX1030,
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3100. Nolan explained that the composition and structure of a “borosilicate gel” that
is spun on the silicon wafer changes to “borosilicate glass” upon heating. Id.;
EX1003, 9123.

Moreover, Gan also disclosed this element because its dopant source layer is
“doped glass,” which when used with a boron dopant would have been “borosilicate
glass.” EX1003, q128; EX1007, 246; EX1042, 379.

4. Claim 14

Claim 14 depends from claim 9 and recites: “fexturing the front surface of the
silicon substrate” and “forming an antireflective layer over the textured front surface
of the silicon substrate.”

f) [14.a] Texturing

Froitzheim disclosed texturing of the front surface. EX1003, 4126. It stated:
“If desired a short, alkaline crystal-oriented etching can be used to texture the
surface in order to improve the geometry of incidence of light in order to prevent
reflection.” EX1006, 939. As Dr. Banerjee explains, the Skilled Artisan would
understand that solar cells receive most of the incident light on the front surface.
EX1003, q126. And texturing of the front surface would have been desirable
because it prevents reflection of the light away from the cell and deflects the light

into the cell body. /d. (citing EX1019 (Luque), 269).
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2) [14.b] Antireflective layer

The 053 Patent discloses silicon nitride as an antireflective layer. EX1001,
2:57-63. Froitzheim likewise disclosed that “SiN [silicon nitride] was used in all
cases as antireflection as well as surface passivation coating for n- and p-type
silicon.” EX1006, 960. Froitzheim also disclosed using silicon nitride for the front
surface passivation. Id., 419, 30-31. And it was well known even before 2008 that
silicon nitride functions both as an antireflective and a passivation layer at the same
time. EX1003, 4133 (citing EX1019 (Luque), 274 and EX1022 (Duerinckx), 232).

Froitzheim also disclosed that the silicon nitride anti-reflection coating is
applied after the step of texturing and front dopant diffusion in the manufacturing
process. EX1006, 9938-39, 50. Thus, the antireflective layer would be formed over
the textured front surface of the substrate because it is applied after texturing and
diffusion of the front dopants. EX1003, 9128.

5. Claim 16

Independent claim 16 recites the same method steps as claim 9, except that it
additionally recites a step of “‘forming an oxide layer over a back surface of a silicon
substrate, before the polysilicon layer formation such that the polysilicon layer is
formed on the oxide layer. The combination of Froitzheim and Gan disclosed all

steps in Claim 16. EX1003, 49131-135.
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a) [16.a] Preamble
To the extent the preamble is limiting, Froitzheim and Gan both disclosed

methods of fabricating a solar cell. See [9.a] and remaining elements.

b) [16.b] Oxide layer and [16.c] Polysilicon
Claim 16 recites: “forming an oxide layer over a back surface of a silicon
substrate” and “forming a layer of polysilicon over the oxide layer.”
In replacing the diffused emitter of Froitzheim with the polysilicon emitter of
Gan, Gan likewise taught to first form an oxide layer before forming the polysilicon

layer on the oxide layer, as shown in steps 1 and 3-4 of Gan. EX1003, 9134.

. Field oxidation (2000 A)*.
Polysilicon-substrate contact opening™.

3. Thin thermal oxide growth at 800 °C*. (10-minute

oxygen flow)
4. Polysilicon deposition (6000 A) and first-step an-

neal (1050 °C)*.

N

EX1007, 246. As discussed in §IX.A above, the Skilled Artisan would have been
motivated to replace Froitzheim’s backside, diffused emitter layer with a polysilicon
layer to improve the solar cell. EX1003, q134. And by doing so, the Skilled Artisan
would also have been motivated to form an oxide layer in between the polysilicon
and substrate, as taught by Gan because of the beneficial effects of having the oxide

layer in between, as discussed in §IX.A. /d.
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¢) [16.d] Diffusing backside junction, [16.e] Diffusing
front, and [16.f] Metal contact

Froitzheim/Gan also disclosed [16.d], [16.e], and [16.f] for substantially
similar reasons as steps [9.d], [9.e], and [9.f] and discussed in §§IX.C.1.c) to
[X.C.1.e). EX1003, q135. Except for omitting the element “first dopant source
layer,” the process steps of [16.d], [16.¢€], and [16.f] are identical to the process steps
of [9.d], [9.¢], and [9.1].

6. Claim 17 - First dopant source

Claim 17 depends from claim 16 and additionally recites substantially the
same element as [9.c] and [9.d] of claim 9, referring to forming and diffusing from
a first dopant source layer. Froitzheim/Gan would have rendered claim 17 obvious
for similar reasons as discussed for steps [9.c]-[9.d] of claim 9 in §1X.C.1.c) above.

7. Claims 19 and 20 — Texturing and Antireflective Layer

Claims 19 and 20 depend from claim 16 and additionally recite substantially
the same elements as claim 14 referring to texturing and an antireflective layer.
Froitzheim/Gan would have rendered claims 19-20 obvious for similar reasons as

discussed for claim 14. See §§I1X.C.4.
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X. CLAIMS 11-13, 15 AND 18 ARE UNPATENTABLE OVER
FROITZHEIM AND GAN IN FURTHER VIEW OF HARTITI OR
SIVOTHTHAMAN

1. Claim 12 — Second dopant source layer

Claim 12 depends from claim 9 and requires a “second dopant source layer”
for the dopant diffusion of the front surface. It recites: “diffusing dopants into the
front surface of the silicon substrate comprises forming a second dopant source
layer over the silicon substrate and diffusing dopants from the second dopant source
layer into the silicon substrate.” In one embodiment, the 053 Patent disclosed that
this “second dopant source layer” comprises “silicon dioxide doped with
phosphorus,” which is phosphosilicate glass (PSG). EX1001, 4:51-52; EX1003,
q138.

As discussed in §1X above, Froitzheim/Gan rendered the method of claim 9
obvious. Claim 12 would have been obvious over Froitzheim and Gan in further
view of EX1012, Hartiti et al., “Low Temperature Formation of Emitter and BSF by
Rapid Thermal Co-Diffusion of P, Al, or B,” IEEE 1st Word Conference on PV
Energy, (1994) p.1519 (“Hartiti”’) or EX1013, Sivoththaman et al, “Rapid Thermal
Processing of Conventionally and Electromagnetically Cast 100 c¢m?
Multicrystalline Silicon,” Conference Record of the Twenty Fifth IEEE Photovoltaic
Specialists Conference - 1996, Washington, DC, USA, 1996, pp. 621-624

(“Sivoththaman™). EX1003, 139.
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Both Hartiti and Sivoththaman taught diffusing phosphorus (n-type) dopants
into the front side of the solar cell’s substrate from “phosphorus doped glass films
deposited by spin-on technique or AP-CVD oxides” (Hartiti, EX1012, 1519), which
is otherwise known as “phosphosilicate glass PSG (P>0s:S10,).” EX1013, 621;
EX1003, 9140. “Glass is made up of silicon dioxide (SiO7). EX1003, 4140. Thus,
it was well known in the art that “phosphorus doped glass films” are silicon dioxide
doped with phosphorus, as evident by the formula P»0s:SiO, disclosed by
Sivoththaman. /d. Notably, dependent claim 13 defines the second dopant source
layer to comprise “phosphorus doped silicon dioxide.” Thus, depositing this PSG
layer, as taught by Hartiti or Sivoththaman, meets the step of “forming a second
dopant source layer over the silicon substrate,” and the thermal drive-in step, as also
taught by Hartiti and Sivoththaman, for the phosphorus diffusion from the PSG
meets the step of “diffusing dopants from the second dopant source layer into the
silicon substrate,” in claim 12. EX1003, 140

a) Hartiti (EX1012)

Hartiti is prior art under pre-AIA 35 U.S.C. §102(a) and (b) because it was
presented in 1994 at a conference (EX1012, xiv) and published by June 29, 1995
and no later than August 6, 2002. EX1032, 996, 80-86. As of June 29, 1995, it was
indexed, catalogued and made available by the National Renewable Energy

Laboratory Library. EX1032, 9982-83. It was also available for download
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electronically from IEEE Xplore by August 6, 2002, and in any event was publicly
available before February 20, 2007. EX1032, q81; EX1053. It was widely
distributed and was also known and cited by others before 2003, including in an
International Search Report for a PCT Application, further confirming its public
dissemination before February 20, 2007. EX1032, 984-985; EX1054 (reference 6);
EX1059; EX1055, p. 14. Exhibit 1012 is an authentic copy of Hartiti that was
published before February 20, 2007. EX1032, 996, 52-58. Thus, it is prior art under
35 U.S.C. §102(a) and (b).

As Dr. Banerjee explains, Hartiti disclosed the “co-diffusion of two dopant
elements in a single rapid thermal cycle at low temperature in order to form [front]
emitter and BSF [back surface field] simultaneously” in a solar cell. EX1012,
Abstract; EX1003, 9142. Hartiti disclosed that “rapid thermal processing (RTP) is
now emerging as a promising simplified process for manufacturing of terrestrial
solar cells in a continuous way.” EX1012, Abstract. And Hartiti presented
experimental results showing the benefits of simultaneously diffusing the front and
back dopants of the solar cell, stating:

We have, in particular, found that the diffusion kinetics of
dopant elements are enhanced during rapid thermal co-
diffusion of P, Al or B and lead to the optimal dopant
activity and profile for high efficiency silicon solar cells

at low temperature. Additionally, the gettering effect
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induced by the co-diffusion of P and Al is more efficient
than can be achieved by a single diffusion of these two

elements.

EX1012, 1519. As reported by Hartiti, enhancement of the dopant diffusion kinetics
was observed in co-diffusion of phosphorus and boron regardless of whether the
dopant sources were “spin-on glasses” (as shown in Fig. 2) or “AP-CVD silicate
sources.” EX1012, 1520. APCVD refers to “atmospheric pressure chemical vapor

deposition.” EX1003, 9142; EX1001, 4:23-25.
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Fig. 2. Mutual enhancement in diffusion for (a) boron and (b) phosphorus.

The enhancement of the diffusion kinetics allows “reduc[tion] of the processing
temperature,” which saves energy and reduces costs of manufacturing. EX1012,
1522; EX1003, 4142.

b) Sivoththaman (EX1013)

Sivoththaman is prior art under pre-AIA 35 U.S.C. §102(a) and (b) because it
was presented in 1994 at a conference (EX1013, face, v) and published by at least
1997 and no later than August 6, 2002, when it was made available electronically

for download from IEEE Xplore, and in any event was publicly available before
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February 20, 2007. EX1032, 996, 59-65; EX1049. It was widely distributed and has
also been known and cited by others in the field long before February 20, 2007,
further confirming its public dissemination before the critical date. EX1032, 65;
EX1050; EX1051; EX1052; EX1056; EX1057; EX1058. Exhibit 1013 is an
authentic copy of Sivoththaman that was published before February 20, 2007.
EX1032, 996, 59-65. Thus, it is prior art under 35 U.S.C. §102(a) and (b).

Dr. Banerjee explains that like Hartiti, Sivoththaman disclosed rapid thermal
co-diffusion of phosphorus and boron into the front and back surfaces, respectively,
of solar cell substrates. EX1003, q144. Specifically, for the front, “APCVD
deposited PSG was used as diffusion source.” EX1013, 622. “PSG” refers to
“phosphosilicate glass™ (P20s5:S102). EX1013, 621; EX1003, 9144. For the back,
“APCVD borosilicate glass (BSG)”” was used as the diffusion source. EX1013, 622.
The front and back diffusion were performed in a single “rapid thermal diffusion”
(“RTD”) step in N2 ambient at a temperature range of 875-950°C. EX1013, 621;
EX1003, q144.

¢) Motivation to Combine

As Dr. Banerjee explains, while Froitzheim’s front diffusion process used
phosphorus gas as the diffusion source, the Skilled Artisan would have been
motivated to replace the phosphorus gas diffusion source with a spin-on or APCVD

deposited phosphosilicate glass (PSG), as taught by Hartiti or Sivoththaman.
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EX1003, 9145. Doing so would allow the co-diffusion of the phosphorus and boron
at the front and back sides of the solar cell in a single drive-in diffusion step, as
disclosed by Hartiti and Sivoththaman. /d. Co-diffusion in a single step would
reduce the number of high temperature processing steps, as disclosed by Hartiti,
resulting in energy savings and cost reduction and simplification in the
manufacturing process. Id.; EX1012, 1522. See also, EX1003, 99145-146.

d) Reasonable Expectation of Success

The spin-on or APCVD PSG films, as taught by Hartiti or Sivoththaman
would be a “a second dopant source layer” deposited over the front of the substrate,
as recited in claim 12. EX1003, q147. The Skilled Artisan would have reasonably
expected that Froitzheim’s phosphorus gas source can be substituted with the PSG
film and still result in a working solar cell. /d.

For example, Froitzheim’s preferred method for the backside boron diffusion
was the spin-on technique, which is also the technique used by Hartiti to deposit both
the front and back dopants. EX1003, 4147. Froitzheim does not require that the
phosphorus be diffused from a gas source, or that the boron be diffused only from a
spun-on source. Id. Froitzheim disclosed that diffusion can be performed as was
“known in the art, including diffusion from the gas phase, or from liquid and solid

phases applied to the surface.” EX1006, 440 (emphasis added).
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As Dr. Banerjee explains, the Skilled Artisan would have considered the
implementation of Hartiti or Sivoththaman’s spin-on or APCVD deposited PSG with
the Froitzheim/Gan combination of solar cell to be merely an arrangement of old
method steps with each performing the same function it had been known to perform
as a diffusion source layer for phosphorus and yielding no more than what one would
expect from such an arrangement—a configuration that allows for co-diffusion of
the front and back dopants. EX1003, 4148.

Combining Froitzheim/Gan with Hartiti or Sivoththaman as described here
would have been well within the level of ordinary skill in the art, would not have
resulted in any unpredictable results and could have been readily accomplished
without undue experimentation and with a reasonable expectation of success.
EX1003, 9149. The combination would simply have been the combination of well-
known prior art steps in solar cell fabrication to yield predictable results. /d. It would
further constitute use of a known technique (depositing PSG as a diffusion source
layer) to improve the process of manufacturing a solar cell in the same way. /d.

2. Claim 13 — Phosphorus

Claim 13 depends from claim 12 and recites: “the second dopant source layer
comprises phosphorus doped silicon dioxide.” As discussed in §X.1 for claim 12,
the deposited PSG layer, as taught by Hartiti or Sivoththaman, as the dopant source

layer constitutes a “phosphorus doped silicon dioxide” as evident by the formula
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P>05:S10; disclosed by Sivoththaman, which is the formula for phosphorus doped
silicon dioxide. EX1003, 99140-144, 150. Thus, claim 13 would have been obvious
for the same reasons as discussed for claim 12.

3. Claim 18 — Second dopant source

Claim 18 depends from claim 16 and recites the same process steps required
by claim 12 of “diffusing dopants into the front surface of the silicon substrate
comprises forming a second dopant source layer over the silicon substrate and
diffusing dopants from the second dopant source layer into the silicon substrate.”

Froitzheim/Gan would have rendered claim 16 obvious, as discussed in
§IX.C.5 above. Because Claim 18 recites the same steps as Claim 12, it would have
been obvious over Froitzheim and Gan in further view of Hartiti or Sivoththaman
for the same reasons discussed for claim 12. See §X.1 above.

4. Claim 11 — borosilicate glass

Claim 11 depends from claim 9 and recites: “the first dopant source layer
comprises borosilicate glass.” To the extent that Maxeon argues that Claim 11
would not have been obvious by the combination of Froitzheim and Gan alone,
Claim 11 would also have been obvious over Froitzheim and Gan in further view of
Hartiti or Sivoththaman. Hartiti and Sivoththaman both taught the use of
borosilicate glass (BSG) as the dopant source layer for the backside of the solar cell.

EX1012, 1520 (The same enhancement of diffusion kinetics “can also be observed
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when the co-diffusion of the P[hosphorus] and B[oron] are performed from AP-CVD
silicate sources.”); EX1013, 622 (“For the BSF, ... APCVD borosilicate glass
(BSG) ... was used as RT-diffusion source[].”); EX1003, qq153-156.

Dr. Banerjee explains that the Skilled Artisan would have been motivated to
use BSG for the back side diffusion and PSG for the front side diffusion so that they
can be co-diffused in a single drive-in step, as taught by Hartiti and Sivoththaman.
EX1003,9154. Co-diffusion would beneficially result in enhanced diffusion kinetics
and reduction in the manufacturing process steps, thereby saving energy and costs
of manufacturing. EX1012, 1519; EX1003, q154.

The Skilled Artisan would also reasonably expect success in combining
Froitzheim/Gan with Hartiti or Sivoththaman because depositing the BSG and PSG
of Hartiti and Sivoththaman would constitute the “doped glass deposition” as used
in step 9 of Gan. EX1003, 4155. As Froitzheim also recognized, the diffusion can
be any diffusion technique known in the art “including diffusion from the gas phase
or from liquid and solid phases applied to the surface.” EX1006, 40. And to the
extent it 1s somehow argued that Froitzheim and Hartiti’s spin-on BSG is not a
dopant source layer, the Skilled Artisan would have considered the spin-on BSG of
Froitzheim and Hartiti to be reasonably interchangeable with the AP-CVD

deposition of BSG as taught by Hartiti or Sivoththaman. EX1003, q155.
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5. Claim 15 - In situ

Claim 15 depends from claim 9 and further requires wherein the diffusion of
dopants from the first dopant source layer to the layer of polysilicon and the
diffusion of dopants into the front surface of the silicon substrate are performed in
situ. Claim 15 would have been obvious based on Froitzheim and Gan in further
view of Hartiti or Sivoththaman. Gan, Hartiti, and Sivoththaman all disclosed a
single “in situ” drive-in/diffusion step for the front and back dopants. EX1003,
q91156-158.

The 053 Patent explains the term “in-situ” as follows:

The drive-in step to dope the polysilicon emitter 108 on
the backside and to form the N-type doped regions 105 and
106 on the front side may be formed in-situ, which in the
context of the present disclosure means a single manual
(i.e., by fabrication personnel) loading of the substrate
101 in a furnace or other single chamber or multi-
chamber processing tool. In one embodiment, the drive-
in step is performed in a diffusion furnace. The preceding
sequence of steps leading to the drive-in step allows for in-
situ diffusion, which advantageously helps in lowering

fabrication cost.
EX1001, 5:9-18. Thus, in the context of the 053 Patent, “in situ” refers to processing
that occurs after a single manual loading of the substrate into a furnace or other single
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chamber or multi-chamber processing tool. EX1003,9157. Therefore, in the context
of claim 15°s diffusion steps, the single, simultaneous drive-in/diffusion of the front
and back dopants would constitute “in situ” steps that satisfy the claim. /d.

Dr. Banerjee explains that this “in-situ” step is met by either Hartiti or
Sivoththaman because they both disclose the simultaneous, single step co-diffusion
of the front and back dopants in a single rapid thermal processing unit, “model FAV4
of Jipelec (Grenoble, France).” EX1003, 4158 citing EX1012, 1519; EX1013, 621
(“A commercial RTP furnace was used.”) The Skilled Artisan would understand that
in a co-diffusion technique with a single heating step, as taught by Hartiti or
Sivoththaman, the fabrication personnel, after the front PSG and back BSG
depositions of the dopants, would perform a single manual loading into the RTP
furnace for a combined drive-in/diffusion step. EX1003, §158. As Dr. Banerjee
explains, the wafer must have undergone a loading into the thermal processing unit,
i.e., the commercial RTP furnace, at to undergo the simultaneous drive-in/diffusion.
Id. And since they were diffused simultaneously, they must be done in the same
manual loading. Id. The Skilled Artisan would be motivated to perform co-
diffusion, as already discussed in §X.1.c above, and would also reasonably expect

to succeed, as discussed in §X.1.d above.
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XI. CLAIMS 9-11, 14, 16-17, AND 19-20 ARE UNPATENTABLE
OVER FROITZHEIM AND KWARK

The combination Froitzheim and Kwark would have rendered Claims 9-11,
14, 16-17, and 19-20 obvious and unpatentable. The combination of Froitzheim and
Kwark is similar to the previous combination of Froitzheim and Gan, except that
Kwark, instead of Gan, supplies the elements for forming the polysilicon emitter and
the oxide layer in between. EX1003, q9160-178.

A. Motivation to Modify Froitzheim and Kwark

Froitzheim and Kwark are analogous art because each is in the same field of
endeavor—solar cell design.> EX1003, 161; EX1006, Abstract, 1,9; EX1008,
742. Each is reasonably pertinent to the problems of efficiency and cost-
effectiveness of solar cell designs. EX1003, q161; EX1006, Abstract, 991,9;
EX1008, 742.

Dr. Banerjee explains that the Skilled Artisan would have been motivated to
modify Froitzheim’s emitter to be a polysilicon emitter with an oxide layer because
Kwark taught and suggested that this modification would be an improvement

transferable to solar cells. EX1003, q162. Kwark taught that addition of an

> To the extent it is argued Kwark is directed to a bipolar transistor, a Skilled Artisan
would have looked to it when designing solar cells as was commonly done in the art.
EX1003, 9161; EX1020, 363; EX1021, 497; EX1007, 245; EX1016, 597.

58



Petition for Inter Partes Review of U.S. Patent No. 8,878,053

interfacial chemically grown oxide (chemox) between polysilicon and the substrate
“greatly decreases the Jo,” which “translates into potential improvements of energy
conversion efficiency for solar cells.” EX1008, 742, 745. Kwark provided data
comparing polysilicon emitters with and without the oxide layer, and noted “the

large difference when the interfacial oxide is missing.” EX1008, 745 Fig. 4.
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Fig. 4: emitter saturation current for POLY contacts
with and without a chemically grown interfacial layer
vs. anneal temperature. Thicknesses range from 3000-
3600 angstroms. Note the large difference when the
interfacial oxide is missing.

The teachings of Froitzheim, Gan, Foglietti, and Borden discussed in §IX.A

would similarly have motivated a Skilled Artisan to integrate a polysilicon emitter
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with interfacial oxide layer in Froitzheim in view of Kwark because of the benefits
of polysilicon emitter and interfacial oxide layer. EX1003, §167.

B. Reasonable Expectation of Success

The Skilled Artisan would have considered the Froitzheim/Kwark
combination to be merely an arrangement of old method steps with each performing
the same function it had been known to perform (the emitter of Froitzheim
continuing to act as an emitter, but modified to be polysilicon with an interfacial
oxide) and yielding no more than what one would expect from such an arrangement
(a solar cell with improved performance). EX1003, q164.

Combining Froitzheim/Kwark as described here would have been well within
the level of ordinary skill in the art, would not have resulted in any unpredictable
results and could have been readily accomplished without undue experimentation
and with a reasonable expectation of success. EX1003, §165. The combination
would simply have been the combination of prior art elements according to known
methods to yield predictable results. Id. Likewise, substituting Froitzheim’s in-
substrate diffused emitter with a polysilicon emitter and oxide layer would be simple
substitution of one known element for another to obtain predictable results. /d. It
would further constitute use of a known technique (polysilicon emitters with an

oxide layer) to improve similar devices (Froitzheim’s solar cell) in the same way.
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Id. Tt would also constitute applying a known technique to a known device ready
for improvement to yield predictable results. 7d.

C. Froitzheim and Kwark Disclosed All Elements

1. Claim 9
a) [9.a] Preamble

Froitzheim discloses a method of fabricating a solar cell as shown by the
remaining elements. E.g., EX1006, Abstract, Fig. 1; EX1003, 4170.

b) [9.b] Back surface polysilicon

Claim 9 first recites: “forming a layer of polysilicon over a back surface of a
silicon substrate.” In the Froitzheim/Kwark combination, the backside diffused p-
type emitter of Froitzheim is replaced with a polysilicon emitter, as taught by Kwark.
EX1003, q167. Thus, the step in Kwark of forming the polysilicon layer by
deposition using a “APCVD reactor” is inserted as a step to form the backside
polysilicon layer before the step of boron diffusion in Froitzheim. EX1008 742-743;
EX1003, 9q171.

c) [9.c]-[9.d] First dopant source and diffusion

As discussed in §1X.C.1.c¢), Froitzheim disclosed steps [9.c] and [9.d]. Thus,

the Froitzheim/Kwark combination meet these two steps.
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d) [9.e] Diffusing front of substrate
As discussed in §IX.C.1.d), Froitzheim disclosed step [9.e]. Thus, the
Froitzheim/Kwark combination would meet this step.

e) [9.f] Metal front contact
As discussed in §1X.C.1.e), Froitzheim disclosed [9.f]. Thus the

Froitzheim/Kwark combination would meet this step.

2. Claim 10 — P-type dopants

As discussed in §IX.C.2, Froitzheim disclosed p-type dopants for the “first
dopant source layer,” as recited in claim 10. Thus, the Froitzheim/Kwark

combination would have rendered claim 10 obvious.

3. Claim 14
As discussed in §§1X.C.4.a)-1X.C.4.b), Froitzheim disclosed “texturing the

front surface of the silicon substrate, and forming an antireflective layer over the
textured front surface.” Thus, the Froitzheim/Kwark would have rendered claim 14

obvious.

4. Claim 16
a) [16.a] Preamble

To the extent the preamble is limiting, Froitzheim discloses a method of

fabricating a solar cell. See [9.a] and remaining elements.
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b) [16.b] Oxide layer and [16.c] polysilicon layer
As described in §VIII.C, Kwark taught to form a “chemically grown oxide

(chemox) layer” before the APCVD deposition of the polysilicon layer, such that the
oxide layer is between the polysilicon layer and the substrate. EX1008, 743;
EX1003, q174. This oxide layer beneficially “decreases the Joe” which translates
into improvements for solar cell efficiency. Id. Given this benefit, the Skilled
Artisan would have modified Froitzheim’s solar cell and replaced its diffused
backside emitter structure with an oxide layer followed by the deposited polysilicon
layer, as taught by Kwark. /Id.

Thus, the combination of Froitzheim/Kwark disclosed first forming an oxide
layer over the back surface of a silicon substrate” and “forming a layer of polysilicon
over the oxide layer.” EX1003, 175; see also [9.b].

c¢) [16.d] Diffusing backside junction, [16.e]
Diffusing front, and [16.f] Metal contact

Froitzheim/Kwark also disclosed [16.d], [16.e], and [16.f] for substantially
similar reasons as steps [9.d], [9.e], and [9.f] and discussed in §§IX.C.1.c) to
IX.C.1.e). EX1003, q176.

5. Claim 17 — First dopant source

Froitzheim/Kwark rendered the method of claim 16 obvious as set forth
above. Claim 17’s further requirements are substantially similar to [9.c]-[9.d], and

claim 17 was obvious for similar reasons.
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6. Claims 19 and 20 — Texturing and anti-reflective layer
Froitzheim/Kwark rendered the method of claim 16 obvious as set forth
above. Claim 19, which requires texturing the front surface of the silicon substrate,
was obvious for similar reasons to claim 14 that has the same requirement. Claim
20, which requires forming an antireflective layer over the textured front surface of
the silicon substrate, was obvious for similar reasons to claim 14 that has the same

requirement.

XII. CLAIMS 11-13, 15 AND 18 ARE UNPATENTABLE OVER
FROITZHEIM AND KWARK IN FURTHER VIEW OF HARTITI OR
SIVOTHTHAMAN

1. Claim 12 — Second dopant source layer

Claim 12 depends from claim 9 and requires a “second dopant source layer”
for the dopant diffusion of the front surface. It recites: “diffusing dopants into the
front surface of the silicon substrate comprises forming a second dopant source
layer over the silicon substrate and diffusing dopants from the second dopant source
layer into the silicon substrate.”

Froitzheim and Kwark would have rendered obvious Claim 9, as discussed in
§XI.C.1 above. Although Froitzheim and Kwark do not disclose the additional
limitation of Claim 12, Hartiti and Sivoththaman do, as discussed in §X.1 above. As
Dr. Banerjee explains, the Skilled Artisan would be motivated to replace the

phosphorus gas diffusion source of Froitzheim with a spin-on or APCVD deposited
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phosphosilicate glass (PSG), as taught by Hartiti or Sivoththaman. EX1003, 4180.
Doing so would allow the co-diffusion of the phosphorus and boron at the front and
back sides of the solar cell in a single drive-in diffusion step, as disclosed by Hartiti
and Sivoththaman. /d. Co-diffusion would enhance the diffusion kinetics and

reduce the number of high temperature processing steps, as disclosed by

Hartiti, which results in energy savings and cost reduction in the manufacturing
process. EX1012, 1522; EX1003, 9180.
Thus, Claim 12 would have been rendered obvious by Froitzheim and Kwark
in further view Hartiti and Sivoththaman for substantially similar reasons as
discussed in §X.1 above.

2. Claim 13 — Phosphorus

Claim 13 would have been obvious for the same reasons as discussed in §X.2
above, with Hartiti and Sivoththaman disclosing the additional limitation of a
“phosphorus-doped silicon oxide layer” as the “second dopant source layer.”

3. Claim 18 — Second dopant source

Claim 18 would have been obvious for the same reasons as discussed in §X.3
above, with Hartiti and Sivoththaman disclosing the additional limitation of a

“second dopant source layer.”
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4. Claim 11 - borosilicate glass
Claim 11 would have been obvious for the same reasons as discussed in §X.4
above, with Hartiti and Sivoththaman disclosing the additional limitation of a
“borosilicate glass.”

5. Claim 15 — in situ co-diffusion

Claim 15 would have been obvious for the same reasons as discussed in §X.5
above, with Hartiti and Sivoththaman disclosing the additional limitation of a
performing the diffusion of the front and back sides “in situ.”

XIII. OBJECTIVE FACTORS SUPPORT OBVIOUSNESS

There 1s no commercial success attributable to the 053 Patent claims. EX1003,
19186-199. Neither Maxeon nor its predecessor SunPower practiced the 053 Patent
because their commercial products are all back-contact solar cells, rather than front
contact solar cells. Id. Back contact solar cells have both first and second metal
contacts on the backside, unlike the claimed invention of the 053 Patent that requires
forming front metal contacts. Id., qY188-189. Moreover, although Maxeon has
brought suit alleging that the 053 Patent covers the methods of making a TOPCon
solar cell, the TOPCon solar cell does not practice the 053 Patent because it does not
form or include a backside junction with the substrate. EX1003, q9191-199. Rather,
the backside polysilicon layer of the TOPCon solar cell has the same polarity as the

substrate, and thus forms instead a back surface field, just like the prior art Lindolm
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and Sylvestre, that were distinguished by the Applicant during prosecution of the
053 Patent and its continuation application. EX1003, 99193-198.

There is also no unexpected result in replacing the backside diffused emitter
in a back junction solar cell like Froitzheim with a polysilicon emitter having an
interfacial oxide layer in between, as taught by Gan and Kwark. EX1003, 9200. The
Skilled Artisan would have expected to reap benefits from such modification such as
higher solar cell efficiencies and lower recombination, as seen from the teachings of
Gan and Kwark. /d. And including an oxide layer between the polysilicon layer and
the substrate was well-known to confer expected benefits as well. In fact, making
such a modification to Froitzheim was simply following the conventional wisdom.
Id.

Furthermore, there was no unexpected result from using spin-on or APCVD
silicate glass films as dopant source layers for diffusing the front and back of the
solar cells. EX1003, 9201. Neither was there any unexpected result in
simultaneously co-diffusing “in situ” the front and back dopants. /d. Performing
such steps was nothing more than following the conventional wisdom as taught for
example by Hartiti and Sivoththaman. /d. Thus, the objective indicia demonstrate

that the 053 Patent claims were nothing but obvious. /d.
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XIV. PTAB’S UNPATENTABILITY DECISIONS IN TWO 8,222,516
CONTINUATION APPLICATIONS SUPPORT A FINDING  BRiEEZElRie
OF OBVIOUSNESS HERE

8,878,053
. iled 6/13/
To the extent that Maxeon argues that it would not be —

14/504,771
obvious to modify a back junction solar cell with a polysilicon (Abandoned)

Filed 10/2/2014

emitter with an interfacial oxide layer, this argument has already 16/460,035
(Abandoned)
Filed 7/2/2019

been rejected by the PTAB in prior appeal proceedings from

. . . . . . . 17/870,268
rejections of similar claims in related patent applications. (Pending)
Filed 7/2/2019

Specifically, SunPower, which assigned the 053 Patent family to Maxeon,
filed two continuation applications that claimed priority to the 053 Patent. U.S. App.
No. 14/504,771 (“771 Application”) and 16/460,035 (“035 Application”) presented
device claims corresponding to the 053 Patent’s method claims. EX1003, Appendix
A.

In the 771 Application, the Examiner rejected the solar cell device claims
based on Meier (which taught a backside junction solar cell) as the primary reference
in combination with (1) Okayasu, Borden, and Wenham or (2) Okayasu, Foglietti,
Gan, and Wenham. Okayasu, Borden, Foglietti, Gan taught use of polysilicon
emitters with intervening oxide layers. Maxeon appealed the rejections to the PTAB.
In its appeal, SunPower retreated from the distinction made of Meier during the 053

Patent prosecuting and admitted that Meier did teach “forming the p+ layer 220 by
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diffusion into the substrate ...” EX1005, 353 (emphasis added).® SunPower argued
instead that while Okayasu disclosed a backside polysilicon layer, the combination
with Meier would not result in the claimed invention because Okayasu’s polysilicon
layer is a BSF and not a backside junction like Meier. EX1005, 353-357.

The PTAB affirmed the Examiner’s rejections, explaining that “[t]he
Examiner employs Okayasu for its teaching of depositing a doped polysilicon layer
on a doped substrate. The rejection is not based on a finding that the BSF layer (as
opposed to the doped polysilicon layer) can be substituted for Meier’s p-type
emitter.” EX1005, 516-17. The PTAB affirmed that the Examiner’s finding that
“Okayasu teaches that its method of depositing doped polysilicon layers is preferable
to that of thermal diffusion (as taught in Meier) because it can be performed at lower
temperatures, preventing damage to the substrate, and allows more accurate control
of the emitter thickness.” EX1005, 512. The PTAB further affirmed the Examiner’s
finding that although Meier as modified by Okayasu did not disclose an oxide layer
between the polysilicon and substrate, other prior art references, Borden, Foglietti,
and Gan, taught the inclusion and advantages of an oxide layer in between. EX1005,

513-519.

6 To avoid a dispute over the distinction and admissions made by SunPower of
Meier, REC relies on Froitzheim here which clearly taught diffusion of boron from
a dopant diffusion source layer to form the emitter.
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SunPower did not appeal the PTAB’s decision to the Federal Circuit. Instead,
SunPower filed the subsequent 035 Application, again presenting substantially
similar device claims with some additional limitations (not relevant here). EX1018,
47-50. The Examiner again rejected these claims as obvious based on Meier in view
of Okayasu, Borden, Wenham, Jordan, and Xi. EX1018, 207-222.
SunPower/Maxeon again appealed the rejection, and the PTAB again affirmed the
Examiner’s rejection. EX1018, 227-270, 286-293. SunPower/Maxeon again did not
appeal the PTAB’s decisions to the Federal Circuit. EX1005, 522; EX1018, 295
(notices of abandonment).

Given that the PTAB has already found that replacing a diffused emitter with
a deposited polysilicon emitter and a separate interfacial oxide layer obvious in the
continuation applications, the PTAB should find the same here in this Petition.
Although REC is not relying on Okayasu for its teaching of a polysilicon layer like
the Examiner in the two continuation applications, Gan and Kwark taught the
polysilicon layer and its benefits, and thus Okayasu is not needed. Gan and Kwark
additionally taught the benefits of the interfacial oxide layer. Thus, the combination
relied on here is even stronger and more direct in its disclosure of the limitations of
the 053 Patent than the prior art previously relied on by the Examiner to find similar

claims unpatentable and affirmed by the PTAB.
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XV. CONCLUSION
REC respectfully requests that Claims 9-20 of the 053 Patent be canceled as

unpatentable.

Dated: February 14, 2025 Respectfully submitted,

/Joshua L. Goldberg/
Joshua L. Goldberg
Reg. No. 59,369
Counsel for Petitioner
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Claim Claim Language

Element

[9.a] A method of fabricating a solar cell comprising:

[9.b] forming a layer of polysilicon over a back surface of a silicon
substrate;

[9.c] forming a first dopant source layer over the layer of polysilicon;

[9.d] diffusing dopants from the first dopant source layer to the layer
of polysilicon to form a backside junction with the silicon
substrate;

[9.e] diffusing dopants into a front surface of the silicon substrate, the
front surface of the silicon substrate facing the sun during
normal operation; and

[9.1] forming a metal contact on the front surface of the silicon
substrate, wherein the metal contact is electrically coupled to the
silicon substrate.

[10] 10. The method of claim 9 wherein the first dopant source layer
comprises P-type dopants.

[11] 11. The method of claim 9 wherein the first dopant source layer
comprises borosilicate glass.

[12] 12. The method of claim 9 wherein diffusing dopants into the
front surface of the silicon substrate comprises forming a second
dopant source layer over the silicon substrate and diffusing
dopants from the second dopant source layer into the silicon
substrate.

[14.a] 14. The method of claim 9 further comprising:
texturing the front surface of the silicon substrate; and
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[14.b]

forming an antireflective layer over the textured front surface of

the silicon substrate.

[15]

The method of claim 9 wherein the diffusion of dopants from the
first dopant source layer to the layer of polysilicon and the
diffusion of dopants into the front surface of the silicon substrate

are performed in situ.

[16.a]

A method of fabricating a solar cell comprising:

[16.b]

forming an oxide layer over a back surface of a silicon substrate;

[16.c]

forming a layer of polysilicon over the oxide layer;

[16.d]

diffusing dopants into the layer of polysilicon to form a backside

junction with the silicon substrate;

[16.¢]

diffusing dopants into a front surface of the silicon substrate, the
front surface of the silicon substrate facing the sun during

normal operation; and

[16.f]

forming a metal contact on the front surface of the silicon
substrate, wherein the metal contact is electrically coupled to the

silicon substrate.

[17]

17. The method of claim 16 wherein diffusing dopants into the
layer of polysilicon to form the backside junction with the
silicon substrate comprises:

forming a first dopant source layer over the layer of polysilicon;
and

diffusing dopants from the first dopant source layer into the layer

of polysilicon
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[18]

18. The method of claim 16 wherein diffusing dopants into the
front surface of the silicon substrate comprises forming a second
dopant source layer over the silicon substrate and diffusing
dopants from the second dopant source layer into the silicon

substrate.

[19]

19. The method of claim 16 further comprising:

texturing the front surface of the silicon substrate.

[20]

20. The method of claim 19 further comprising:
forming an antireflective layer over the textured front surface of

the silicon substrate.






