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Petitioner Failed to Present a Live Argument

Hanwha solution=
@ To the extent Patent Owner argues that the claimed invention includes any

metal or any source of metal, Choi also teaches a first emitter region “having metal

impurities.”

Petition, p. 54

\—\antha So\uﬂons
@ To the extent Patent Owner contends that the claimed “metal impurities™ must

be elements other than Group III or V elements, Choi in combination with Istratov

teaches and renders obvious a first emitter having metal impurities.

Petition, p. 55
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Claim Construction
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“metal impurities”
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DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

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

a silicon substrate, wherein a portion of the silicon sub-
strate has a dopant concentration of approximately less
than or equal to 2x10"® cm™ and wherein the portion of
the silicon substrate is formed at the front side of the
solar cell;

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

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

a first metal contact formed over the first emitter region.

16. The solar cell of claim 10, further comprising:

a second emitter region having metal impurities formed
over the dielectric region: and

a second metal contact formed over the second emitter
region.

315 Patent, claims 10, 16
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“metal impurities” — Proposed Constructions

maxeon
“metal impurities” - “undesired foreign metals”

POR, p. 12

) Hanwh?® solutt

- “metal impurities” = plain and ordinary meaning, i.e.,
“any element that is foreign to the element(s) of the host
material, including intentionally-introduced dopants”

Pet.s Reply, p. 2

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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The Board Should Construe “metal impurities”

m determination that a claim term ‘needs no construction’ \
or has the ‘plain and ordinary meaning’ may be inadequate

when a term has more than one ‘ordinary’ meaning or when m
reliance on a term’s ‘ordinary’ meaning does not resolve the
parties’ dispute.”

02 Micro Int’l Ltd. v. Beyond Innovation Tech. Co., Ltd., 521 F.3d 1351, 1361 (Fed.
Cir. 2008)

wted in POR, p. 12) /
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Construction of “metal impurities” — Legal Standard

ﬂ[A]s we have explained, the ordinary meaning of a claim \
term is not the meaning of the term in the abstract. Instead, R

the ordinary meaning of a claim term is its meaning to the m
ordinary artisan after reading the entire patent.”

AstraZeneca AB v. Mylan Pharms. Inc., 19 F.4th 1325, 1330 (Fed. Cir. 2021)
(internal quotations omitted)

wited in PO’s Sur-Reply, p. 4) /
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Construction of “metal impurities” — Legal Standard

ﬂ[T]he person of ordinary skill in the art is deemed to read \
the claim term not only in the context of the particular claim >
in which the disputed term appears, but in the context of the
entire patent, including the specification.”

Phillips v. AWH Corp., 415 F.3d 1303, 1313 (Fed. Cir. 2005) (en banc)

Qcited in POR, p. 14) /
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The Specification Support’'s PO’s Proposed
Construction

US01125131582

2 United States Patent 10) Patent No.:  US 11,251,315
Smith et al. 45) Date of Patent: Feb. 15, 2022

8o As referred throughout,

72} levestors: David D

= contaminants and/or impurities can be used interchangeably.

Asssgace Sual

’315 Patent, 5:8-9
(cited in POR, p. 14)

=T T
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The Specification Support’'s PO’s Proposed
Construction

ﬂWe also agree with the district court that the terms \
‘releasably’ and ‘detachable’ have the same meaning in the X
798 patent. ... [T]he evidence indicates that the patentee
used the two terms interchangeably.”

Baran v. Medical Device Techs., Inc., 616 F.3d 1309, 1316 (Fed. Cir. 2010)
Qcited in PO’s Sur-Reply, pp. 1-2) )
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The Specification Support’'s PO’s Proposed
Construction

ﬁ’[T]he specification and claims use the words ‘emit’ and L
‘transmit’ interchangeably. This drafting choice equates the

two terms for claim construction purposes.” m

Wasica Finance GmbH, 853 F.3d 1272, 1282 (Fed. Cir. 2017)
\ (cited in PO’s Sur-Reply, p. 2) )

ﬂWe agree with Hamilton that the intrinsic evidence indicates\
that the patentee meant for those two terms to be

interchangeable and to carry the same meaning within the ‘ﬁ )

claims.”

Tehrani v. Hamilton Med., Inc., 331 F.3d 1355, 1361 (Fed. Cir. 2003)
Qcited in PO’s Sur-Reply, p. 2) j
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The Specification Support’'s PO’s Proposed

Construction

LT
w2 United States Patent 1) Patent No: US 11,251,315 B2
Smith et al. 4%) Date of Patent: Feb. 15,2022

i Metal impurities can be
-~ " detrimental to the electrical conduction of the solar cell as
~— these impurities can be sources of recombination, resulting

- . in poor lifetime, surface passivation and/or lower solar cell

: efficiency.

’315 Patent, 5:1-5
(cited in POR, p. 15)

20 Claims, 7 Drawing Shests

s
315 Patent, Fig. 1
(partial, annotated)
HANWHA 1001 (cited in POR, p. 16)
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Petitioner’s “Consistent Use” Argument Is Invalid

G Hanwh? gowtion=
publications

in the field consistently use “impurities™ to include intentionally introduced dopants.

Pet.'s Reply, pp. 2-3

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 13
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Petitioner’s “Consistent Use” Argument Is Invalid
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HANWHA 1047

Therefore, the unintentional iron contamination level
in wafers is usually higher than that of other metal impuri-
ties [2].

Slicing and mechanical lapping are, according to [69],
very dirty operations, which may badly contaminate wafers
with a variety of impurities.

- Thus, a single
DLTS measurement may not be representative of the total
contamination level of the wafer, if the impurity is nonuni-
formly distributed.

Ex. 1047, pp. 489, 492, 501
(cited in PO’s Sur-Reply, pp. 2-3)
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Petitioner’s “Consistent Use” Argument Is Invalid

Q Are you aware of any instance in
Exhibit 1047 where "impurity" is used to refer to a
dopant?

A I'm not, because 1047 is not about
dopants. The title of the paper is, Iron
contamination in silicon technology, and iron
creates a defect in the middle of the bandgap and is
therefore not a good dopant in silicon. So the
paper would not be talking about dopants; it's about
iron.

Ex. 2040 (Holman Depo.), 71:9-18
(cited in PO’s Sur-Reply, p. 3)
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Petitioner’s “Consistent Use” Argument Is Invalid

Sotar Energy Materan

& Solar Cells.
DLSEVIER Solar Encrgy Materials & Solar Cells 72 002) 315326 —
wwn chevicr comyho stesolmat

Gettering of impurities in solar silicon

I. Périchaud*
Lab TECSEN, Fax des Scienoes

Abstract

Flactrical propertics of cryst]

el Although the number of steps required
e 1O T€@lIZE sOlAr cells 1s low compared to integrated circuit devices, the material can be
st also unadvertendly contaminated by metallic impurities.

ugraded by such treatments.
phosphorus diffusion, as well as by Al-Si alloying are efficient, provided the temperature

does not exceed 900°C. Longer treatments (2 4 h) are needed in order 1 increase the mmonty

arrier diffusion length beyond the wafer thickness. So longer times are necessary 1o dissolve

metallic alom containing precipitates. However, if the major part of the wafer is neatly

improved, some regions containing diskocation langles are poorly modificd. In such rgons, EX. 1033, p. 3 16

impurities could be mvolvad in the formation of silicates which cannot be dissolved during the

getiering treatment. Nevertheless, exiernal gettering ireatments are able 1o dean efficiently 1 d 1 ’ I

ek cytaline and mubkrysaline aheon wasrn, provided he oy e concetration and cited in PO’s Sur-Reply, p. 3
the defect density are not too high and are homogencowsly distributed. © 2002 Elwvier

Science B.V. All rights reserved.

Keywonds: Sibcon: Impuritics, Geticnng. Solar cells. Phosphons; Al uminiem

1. Introduction

The output power of silicon solar cells depends on several factors. If the minority
carrier diffusion length (L) is in the range of 50 um, conversion efficiencies y in the
range 10-12% can be achieved provided the quality of the PN junction & good (low
Icakage current) and the series resistance is low. To increase the conversion efficiency

SFax: + 3349128852
E-mail address: isabelle perichaud dtocsen u-Ymrs fr (1. Périchaud)
09170048,02S - see front matier { 2002 Elsevier Science B.V. All rights reserved

PH:S0927-0248(01)00179-9

HANWHA 1033
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The “Broadened” Definition of “Impurities” Does
Not Apply

Doping in III-V Semiconductors
The deliberate doping of semiconductors with impurities required that the usage

R of the term ‘impurities” was broadened. Such an extended definition was offered
e by Shockley (1950):

The conductivity arises from the presence of [ ] atoms which are termed
‘impurities’, even though added to the otherwise pure [ ]

[semiconductor].
= The term ‘dopant’ was non-existent in the English language until its introduction
in 1963 by Seidman and Marshall (1963), who wrote about crystal growth from
the melt:
Ex. 1105, p. 8
(cited in PO’s Sur-Reply, pp. 3-4)
® CAMBRIDGE
UNIVERSITY PRESS HANWHA v. MAXEON
Page 10f 10 IPR2024-01198
HANWHA 1105

Fubtsred eriire by Camonége Uity Pres:

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 17
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Extrinsic Evidence Supports Patent Owner’s
Construction

McGraw-Hill

’j Dictionary

. of
SCIENTIFIC I
CU LN impurity  [SCI TECH]  An undesirable '““l"tiﬂfq

¥ substance. [SOLID STATE] A substance J
TECHNICA" m into semiconductor metal in small amo:"h‘
. TERMS vides free electrons to the metal or m%&

: //\:—\ { imvpy“r.“.e ' -

oy - B s bmand fecramerato]l Tha immodte o . -

Ex. 2030, p. 4
(cited in POR, p. 14)

196
\g\;

i

Sixth Edition
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Extrinsic Evidence Supports Patent Owner’s
Construction

" McGraw-Hill

’ Dictionary

- of
SCIENTIFIC TS - |
: ; ¥ and E:;“lnam (sci TecH] To render unfit or to soil by the
t

|

] TECHNICAL sction of foreign or unwanted material.  { kon'tam:
4 ' }
TERMS "
| P — ) -
- ///\?-\ : (Ecitezg?r? PFc)JRg, p. 17)
I,: (o ( ; =
\£ _

Sixth Edition

e atir  fmmasnrynem] | Dianamant Af Aatn nf incnerant

AL

i

x. 2030
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Extrinsic Evidence Supports Patent Owner’s
Construction

,g-f-/"’lerriam- conam-i-nate \kan-"ta-ma-t ﬂ«:ym-ad. -nai-]ng [ME, fr. L con-

to L contingere to have contact

[/ Webster’s =\t SONTINGENT] (1 I-a to soil, stain, t, or in-
! "i'.: 1 -“_; L) | o'. :_.. ). S5 . ] l‘ I- . ’ “? 7 _‘ t% b
- ) ¥ -; H-I‘- hixtl ai w‘“‘
K Ul le late ? _: :".(.I }, & . 1' v |_; ‘ ‘ Mfﬂf - b‘ m )
\ | 0le "( T ‘-JT : 3’:‘ 1] L ‘ ) {‘__ ] .-

uctio‘ ti xi of un-
th Edition

Ex. 2031, p. 3
(cited in POR, p. 17)

Hanwha v. Maxeon, [PR2024-01198 Page 1 of 3
Maxeon Ex 2031
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The Prosecution of the ‘315 Patent's Great-Great-
Grandparent Does Not Aid Petitioner

() wenuwhe®
The patentee did not respond that Yelundur lacks the

claimed “metal impurities” but instead added a new claim limitation to avoid the

prior art. Pets Reply, p. 7

The Applicants have reviewed the Office Action and respectfully disagree with
the Examiner’s rejections. An Applicant Initiated Interview Request Form (PTOL-413A)
is attached with a proposed interview date of April 11, 2016. We look forward to

Ex. 1036, p. 83 discussing the rejections with the Examiner during the interview.

(cited in PO’s Sur-Reply, p. 5)
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Choi and Cousins Do Not Disclose “metal
impurities”

Grounds I-llI

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 22 \/La\/\/



Choi Does Not Disclose “metal impurities”

moxeon
“metal impurities” - “undesired foreign metals”

POR, p. 12

Q@ Hanwhe Solution=
To the extent Patent Owner argues that the claimed invention includes any

metal or any source of metal, Choi also teaches a first emitter region “having metal
impurities.” Choi teaches a semiconductor substrate 10 “containing a first

conductive-type dopant.” Ex.1006-Choi, [0025].

Petition, p. 54

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 23
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Cousins Does Not Disclose “metal impurities”

e Solution®
@ Han Cousins discloses a solar cell processing step for In FI_(}- ‘!w an N-type silicon SUbStr‘?te 101 is prepared for
processing into a solar cell by undergoing a damage etch step.
“cleaning [] the substrate 101 to remove metal contamination™ (Ex.1007-Cousins, The substrate 101 is in wafer form in this example, and is thus

typically received with damaged surfaces due to the sawing
process used by the wafer vendor to slice the substrate 101
present in the silicon wafers and introduced during solar cell manufacturing. from its ingot. The substrate 101 may be about 100 to 250
microns thick as received from the wafer vendor. In one
embodiment, the damage etch step involves removal of about
10 to 20 um from each side of the substrate 101 using a wet
Pets Reply, p. 29 etch process comprising potassium hydroxide. The damage
etch step may also include cleaning of the substrate 101 to
remove metal contamination.

4:23-35)—which a POSITA would have understood refers to metal impurities

Ex.1089-Reply-Decl.. §155.

Ex. 1007 (Cousins), 4:23-34
(cited in PO’s Sur-Reply, pp. 14-15)

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 24 \/La\/\/ I



The Choi/Cousins-Istratov Combination Is
Unavalling

Grounds I-llI

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 25 \/La\/\/



Petitioner’s Choi/Cousins-Istratov Combination Is
Unavailing

On this record, we are not persuaded that Petitioner adequately
establishes that a POSITA would have been motivated to combine Choi with

Istratov as proposed.

Institution Decision, p. 21

Neither Petitioner nor
Dr. Holman adequately explain, however, why a POSITA would have been
concerned with the levels of metal impurities in the substrate, what level of
metal impurities would be “detrimental,” or what detriment the metal

impurities would cause.

Institution Decision, p. 21

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 26 \/La\/\/ I



Choi/Cousins Did Not Have Significant Metal
Impurities

Gettering was only required 1n solar cells with significant

metal impurity levels in the wafer.

Ex. 1003 (Holman Dec.), 1 83
(cited in POR, p. 23)

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 27
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Choi/Cousins Did Not Have Significant Metal
Impurities

Q And you don't argue in your Declaration
that the substrate of Choi would necessarily have
had iron or copper, do you?

MR. SELWYN: Objection. Form.

A I do not argue that. I indicate that
solar wafers at the time were plagued by quality
issues, including metal impurities.

Q And you likewise do not contend in your
Declaration that Cousins has a substrate that
necessarily includes iron or copper, correct?

A Correct. My answer is the same as

before for thal. F Bg20§7(HoknanDepo),9L219210
P . (cited in POR, p. 23; PO’s Sur-Reply, p. 12)

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 28 \/I_a\/\/ I



Choi/Cousins Did Not Have Significant Metal

Impurities

USO0820 44482

12 United States Patent o Patent No: US 8,207,444 B2
Cousimy w5, Date of Patent: dun. 26,2012

HANWHA 1007

Ex. 1007 (Cousins)
(cited in POR, p. 50)

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

Review Article
Industrial Silicon Wafer Solar Cells

4EGFIRY

ound

EpEsE

Dirk Holges Newhaus' and Adolf Minzer”

 Dieutnche Cell Grabi, Bershlderfer Stvaie 111 A, G959 Freiberg Sasemy, Germany
“Sobar or b Irubtrues Diwtschbamd GombH, O Hake-Romg 8, 817 7% Manchen, Grrmssny

surface reflection and very low series resistance. Because
the minority carriers must diffuse through the entire wafer
thickness to reach the collecting junctions at the rear, the IBC
solar cell design requires extraordinarily high lifetime silicon
starting material. SunPower is using wafers with lifetimes
greater than lmillisecond and a thickness of 200 yum [66].

5% of all produced waer-based silicon wolar cells Pl 10 B wsed By the photovliax indusiry.

featuring screen printed front and back contacts.

3, frosess and equipment for the i
new

Ex. 1084, p. 11
(cited in POR, p. 50)

29
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Choi/Cousins Did Not Have Significant Metal
Impurities

5 8
’

Lifetime/ys
= ok
—_ = O

\
001 Lial 1 Laaaul i weul
= - il ) -+ wy )
] ¥ &~ 5 T T =
= 2 =2 =z = oz =
Fe atoms/cm’
Ex. 1139, p. 189 (Fig. 7)
(cited in PO’s Sur-Reply, p. 11)
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Dr. Carroll’s Testimony Does Not Aid Petitioner

In order to accommodate
that, the silicon solar industry typically uses a lower
grade of silicon, and so post processing is necessary in
order to make these materials perform better.

You don't have to do that. You can use the

higher-quality stuff, but it will cost you more.

Ex. 1092 (Carroll Depo. in IPR2024-01038), 25:13-18
(cited in Pet.’s Reply, p. 12; PQ’s Sur-Reply, p. 14)

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 31 \/La\/\/ I



Dr. Carroll’s Testimony Does Not Aid Petitioner

The second thing that you can do is you can
interact the material, the impurity, with another
impurity or dopant or what have you. What you do in
that case is you raise the level -- the energy level of
the impurity in the band structure of the substrate.
You place it into the conduction band so that it no
longer affects the carrier. That too is gettering,

because it is effectively gone.

Ex. 1092 (Carroll Depo. in IPR2024-01038), 113:13-20
(cited in PO’s Sur-Reply, p. 14)

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 32 \/La\/\/ I



Dr. Carroll’s Testimony Does Not Aid Petitioner

Q Hanwn@ goltion=

As another example, Exhibit 1092 is cited to show the inconsistency between a past
position of Maxeon’s expert and Maxeon’s current position, not for the substance of

Dr. Carroll’s testimony about silicon wafer quality.

Paper 47, p. 14

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 33
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It Would Not Have Been Obvious to Implement the
Claimed “dopant concentration” in Choi/Cousins

Grounds I-llI

/
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Petitioner Misreads Marvin

im—— @ Near-optimal designs have been presented
OTIE e COPY for missions using either planar or 100 sun concentration for arrays, under
E high or negligible radiation fluences. In the low radiation environment, the
5 l""'ﬁ?é‘mmmﬁ?msf&h;$w minority and majority carrier collection regions should be of comparable
g width, with thicknesses of 0.9 um and 3.0 um, respectively. The FSF should be
< o s an approximately 0.5 um step with doping concentration of 5E18 cm™3.
e
e Ex. 1008, p. 25
(cited in POR, p. 29)
0 Septemter 199
8 DTIC In cases where radiation exposure is not
m@ﬂ%% :':': R present as the result of shielding or terrestrial use, the 1 sun cell should
Lo A X i 0 ﬁ? E be at least 50 um thick, have contact doping widths approximately 90 um for
both minority and majority carriers with 20 uym spacing, and have doping thick-
nesses approximately 1 um and 3 um, respectively.
Ne-u in o f;t;g?r? 'P%R1,6p. 29)
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 35
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Petitioner Misreads Marvin

anw . - »
Q P Maxeon asserts the “low radiation environment” equates to
“terrestrial application™ (POR, 29), but that interpretation is proven wrong by the

rest of the paragraph describing “space use” and “missions.”

Pet.s Reply, p. 19

In cases where radiation exposure is not
present as the result of shielding or terrestrial use, the 1 sun cell should
be at least 50 um thick, have contact doping widths approximately 90 um for
both minority and majority carriers with 20 uym spacing, and have doping thick-
nesses approximately 1 um and 3 um, respectively.

Ex. 1008, p. 16
(cited in PO’s Sur-Reply, p. 18)
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Petitioner Misreads Marvin

e @ In a high radiation environment, a different design is used to maximize
DT A€ COPY the EOL performance. At 1 sun after 1E15 1 MeV electron fluence, the design
E presented here shows over 12% efficiency. The carrier collection region
8 e s TR s B hoate U6 widths in this design are in an approximately 4 to 1 ratio, unlike the low
‘6"‘ radiation case. The FSF is graded over 15 um with a peak doping concentration
. g immtt moue of 1E17 to 1E18 em™3.
R
Ex. 1008, p. 25
N (cited in POR, p. 30)
DTIC The effects of FSF thickness and doping level were studied for the base-
mﬂﬁ% gf;;,ff;; line cell geometry at BOL. For thicknesses of 0.25, 0.5, and 1.0 um at 1E18
mEEs Wk doping, no significant effect was observed at 1 sun. The FSF effectiveness is
relatively constant over a rather broad range around 1E17 to 1E18 m‘3,
decreasing below this level due to the weakness of the electric field and
APPROUED Fos pumLC mELEAsE: decreasing above this level due to increased Auger recombination.
90 04 10 190 B Ex. 1008, p. 15

(cited in POR, p. 30) .
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Petitioner Misreads Marvin

0 And, Dr. Holman, you understand that
Marvin also discloses that the ideal dopant
concentration is five times 10 to the 18th per
cubic centimeter, correct?

A No, I do not.

I'd probably like to spend a little bit

more time with Marvin.

Ex. 2037 (Holman Depo.), 32:10-14, 39:19-20

(cited in POR, p. 30) s T
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Granek Does Not Teach Less Than 2x10'® cm=3 Is

Preferred

Table 7-5 I-Veparameters for the best solar cells with different front surface field
diffusion profiles. Solar cells with base vesistivity of 1 £2cm and pitch of
1800 um are presented. Results in the table are the designated cell area

s
(2x2 em” ) measurements.

Cell no. FSF Type Pisi
Profile [Vsq]
BC47-2b FSE2 erfe 73
BC47-6b FSF3 erfe 96
BC47-11b FSF4 erfc 353

BC47-16b FSF5 Gauss 148

BC47-22b no FSF - .

JIse
[mA/em?]

341

37.8
38.1

36.4

Vo
[mV]
647
657
651
663

659

81.1
82.3

82.0

[%]
18.0
19.5
20.0
208

19.7

Ex. 1010, p. 132 (Table 7-5)
(cited in POR, p. 33)

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

Table 7-1 Parameters of the analyzed phosphorus doped fronr swrface field
diffusion profifes

Profile Fype Pibee Ns X
[£2/sq] fem ] [um]
FSF1 erfe 32 6010 0.78
FSF2 erfc 73 1.0-10° 00.66
FSF3 erfe 9% 3.2¢10™ 0.56
FSF4 erfc 353 4.5%10" 0.38
FSF5S  Gauss 148  38x10° .44

Ex. 1010, p. 126 (Table 7-1)
(cited in POR, p. 34)
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Granek Does Not Teach Less Than 2x10'® cm=3 Is

Preferred

Efficiency n [%]

| N

peak

__________ PJ
peal

peak

k

=1x10%, p,, . =7 Qsq

=1x10%, p, =370 0/sq

0
10°

10’

10° 10° 10* 10°

Front surface recombination velocity S, | [cm/s]

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

Ex. 1010, p. 121 (Figure7-1)
(cited in POR, p. 35)
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Granek Does Not Teach Less Than 2x10'® cm=3 Is

Preferred

The structure used in all simulations consisted of a 300 um thick p-
doped c-Si wafer with either a constant rear side recombination
velocity of 1000 cm/s (a typical value for an oxide-covered c-Si
surface) for the calculations using ATLAS, or with a 1 nm thin wide-gap
semiconductor as insulating, SiO,-like layer on the back (E; =5 eV, i.e.
below Egsioo, for increased numerical stability) for the AFORS-HET
simulations.

Ex. 2035, p. 6397
(cited in POR, p. 35)

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 41

Table 1. Constant Cell Design Parameters

Electrode width

p* doping concentration
n* doping concentration
p doping concentration

p Auger recombination

n Auger recombination
Hole mobility

Electron mobility

Front surface recombination
p* /oxide recombination
N*/oxide recombination
Metal contact resistance
Front surface reflectivity

25 um

SE18 cm™3
5E18 cm™3
1.40E15 cm™3
1.2E-31 cmbs°!
1.7E-31 cmbs-!
475 cm¥/V*s
1380 cm?%/V*s
1E3 cm/s

1E4 cm/s

1E6 cm/s

1]

0

Ex. 1008, p. 10
(cited in POR, p. 35)
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Petitioner Omits Half of Granek’s Figure 7-3

U.S. Patent No. 11,251,315
Petition for Inter Partes Review
Case No. IPR2024-01198

Bppnaa
et i g
rLalo00

N, [em™]

So.fmnl = SCumu

Saturation current [fA/lcm?]
Gaussian doping profiles

Surface phosphorus concentration

Junction depth X [um]

Ex.1010-Granek, Fig.7-3. Granek shows the simulated recombination level is
lowest with an FSF dopant concentration of approximately 1x10'* cm™ or lower.

Ex.1003-Decl., §9149-150. Petition, p. 30
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Petitioner Omits Half of Granek’s Figure 7-3

OO i
g .;’qﬁ T 271
= 489
}ig. g*‘ 882
28 35§ 1591
£ i
n g 'E. i ] :?;3
I 2% .3
o2 B E8 9356
¥ 3 oo
a 55000

1B17

1 10
Junction depth x [um]

TR

5
REE

8 g

3

1 10
Junction depth X [pm]

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

6
JE g E 1E20
7
E-f 2%
E28 35 1E1

=

I.I,...'g -g-é
E ||S%% %.::
gw3§ € 1E18
[ o
3 g

=

w

1E17

1 10
Junction depth X [pm]

Ex. 1010 (Granek) Fig. 7-3 (annotated)

(cited in POR, p. 40)
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Choi/Cousins Do Not Teach “Well-Passivated”
Surfaces

Maxeon incorrectly assumes a POSITA would have focused on the
portions of Figure 7-1 corresponding to front surface recombination velocities
(“SRV?™) greater than 500 ¢cm/s; however, Choi’s (and Cousins’) solar cells have
well-passivated front surfaces with SRVs below 500 cm/s. Ex.1090-Schubert-Tr.,
188:14-189:6; see also Ex.1118-Aberle-2000, 447; Ex.1041-Hermle, 1: Ex.1008-

Marvin, 16-17.

Pets Reply, p. 22
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Granek Does Not Teach Less Than 2x10'® cm=3 Is

Preferred

1x10'® higher
efficiency than

18
25 LT I R LN B AL T Gy )ﬂ 1'X1'O """
20+ §
a? \l\\.
= 15 = ‘”l“'ﬁ;-_ 1
c
1T S SO — T —— S
[&] - no \ =
g
Lu ---------- N —! ~
peak -
sL 7 Npaak =1x1 019’ psheet = Q"Sq ]
Npeak = 1x‘f01a, Paneat =93 T2SY
oL Nowy = 110%, p,,, =[370 g
10° 10’ 10° 10° 10* 10°
Front surface recombination velocity S [cm/s]

Ex. 1010, p. 121 (Figure7-1) (annotated)
(cited in POR, p. 36)
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25
20 18.5% ) |
.\ﬂ \.\‘ \-t
£ [~155% \
= 5% N
5.' ‘“‘
3] .
-9 .................................................................................. b, S
S 10t no FSF ST
= 21 B
T Nmk= 1x10%, p_. 2 Qisq &
_ 20 =
gl == Npsﬂk = 1x‘IO1g, Pancer = W V/sq ]
NPBak = 1X1018! pshest =93
oL N = K10 gy = 70 V5] ]
10° 10’ 100 10°  10* 10
Front surface recombination velocity S, [cm/s]

Ex. 1010, p. 121 (Figure7-1) (annotated)
(cited in POR, p. 37)
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Achieving a Low Surface Recombination Velocity
Is Difficult and Expensive

When contamination

Ex. 1021, p. 365
(cited in POR, pp. 38-39)
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A POSITA Would Seek to Avoid the Costs Required to
Achieve a Very Low Surface Recombination Velocity

3
S
o
c &
£ s AN A R ,,,‘,,Z\A\ ....... g
g 10 no FSF
T N, = 1x1 Oz;, Pt © 2 £Usq
5L T Npeak = 1x10 » Pehoet =

=N, =1x10%,p,  =3700/sq

0 peak
10° 10’ 10° 10° 10* 10°
Front surface recombination velocity S [em/s]

0.front

Ex. 1010, p. 121 (Figure7-1) (annotated)
(cited in POR, p. 35)
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87.  That a POSITA would try to avoid the cost required to achieve a very
low front surface recombination velocity is especially true since the surface
recombination velocity “is strongly dependent on technological factors, some of
which are difficult to control.” Ex. 1021 (King) at p. 365. In particular, the
following variables impact surface recombination velocity: “surface roughness,
surface contamination, oxidation temperature, ambient gases during oxidation, and
postoxidation annealing.” /d. Generally, efforts to control those variables to
reduce surface recombination velocity (e.g., reduce surface roughness, reduce

surface contamination, etc.) involve additional cost.

Ex. 2028 (Schubert Dec.), 9 87
(cited in POR, p. 39)




Granek’s Figure 7-4 Reveals the Limitations of
Granek’s Simulations

Table 7-1 Parameters of the analvzed phosphorus daoped fronr swrface field

d’!‘ﬂn_unr: ll'u'.'n".l-.l:('_-\ E g
8, 1
T 60 5 2
Profile Type Diko Ng ¥, 20 § 3
g.au. e 6
[€2sa] [em ] [um] §«8 S 8 ;_:]]
| : 0 _. S55 o 38
FSF1 erfc 32 6.0% 10 0.78 229 S 70
. € % 12
FSF2 erfc 73 40-10" 0.6 ®35 8 ﬁgg
- ) o = 794
FSF3 erfe 96 3210 0.56 588 B 1457
__ 2~ @ 2673
FSF4 erfc 353 4.5=107 0.38 f.o @ gggg

FSF5  Gauss 148 38=10'" 1.44

Junction depth X [um]

Ex. 1010, p. 126 (Table 7-1) (annotated) Ex. 1010, p. 123 (Figure 7-4) (annotated)
(cited in POR, pp. 51-52) (cited in POR, p. 52)
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Granek’s Figure 7-4 Reveals the Limitations of
Granek’s Simulations

Typically when a model is wrong at
some values, you don't necessarily look to it for

guidance at other values.

Ex. 2037 (Holman Depo.), 150:12-14
(cited in POR, p. 53)
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There Is No Optimal Doping Concentration

noxeon
IPR2024-01198 | U.S. Patent No. 11,251,315
Patent Owner’s Response

e There Is No Optimal Doping Concentration

A salient point that emerges from the various references in this proceeding—

with differing doping concentration (sometimes within the same reference)—is that
there 1s no singular optimum doping concentration. Rather, the appropriate dopant

concentration depends on design parameters. Ex. 2028, 9 92: Ex. 2037, 32:1-6.

POR, p. 42
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Maxeon EX2003
Hanwha v. Maxeon
IPR2024-01198

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

Ex. 2003, p. 76 (Fig. 5(c))
(cited in POR, p. 43)
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~onport Recombination in the FSF should be minimal
and the optimal doping level was found to be 3.10"
atoms/em’ [6-8]. Improved lateral tranport by the FSI

Maxeon EX2002
Hanwha v. Maxeon
IPR2024-01198

Ex. 2002, p. 2
(cited in POR, pp. 42-43)
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Lamers

368 Lropn Phoar dtan Sokas Laeryy € ombervncs s Lxebunon. 5§ Segarmbon 01| Hambury. Coremmmy

For moderate to low bulk resistances
and small pitches the additional value of the FSF for
lateral transport 1s of less 1mportance. Under these
circumstances, a lightly doped and shallow FSF, with a
high resistance i1n combination with good surface
passivation, will give the highest cell output [5].

Ex. 2002, p. 2
(cited in Pet.'s Reply, p. 24)

[5] Granek, F., “High Efficiency Back-Contact Back-
Junction Silicon Solar Cells”. Thesis, 2009

Maxcon EX2002 Ex. 2002, p. 4
Rt 0108 (cited in Pet.’s Reply, p. 24)
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Granek (referenced by Lamers)

HiGH-EFFIciENCY Back- | Lhe front side is textured with random pyramids and passivated with a lightly doped
CONTACT BACK-JUNCTION | (Njox = 5%10'® cm™) and deeply diffused (1.4 um) phosphorus front surface field
SILICON SOLAR CBLLS (FSF). The sheet resistance of the FSF (py5r) equals 148 €/sq.

Ex. 1010, p. 46
Dissertation (cited in PO’s Sur-Reply, p. 22)
zur Erlangung des Doktorgrades
der Technischen Fakultit

der Albert-Ludwigs-Universitit Freiburg im Breisgau 0 Do you agree with that in that passage
’

vorgelegt von

Granek is stating that a concentration of 5 times 10
Pl e to the 18th per cubic centimeter is lightly doped?

Fraunhofer Institut fiir Solare Energiesysteme (ISE)
Freiburg im Breisgau

A Yes, I think I've elaborated in my

2009 g
previous response.

Ex. 2040, 189:13-190:8 AI}_*.L

(cited in PO’s Sur-Reply, p. 22)

HANWHA 1010
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Granek (referenced by Lamers)

Q Are you aware of any instances other than
HIGH-EFFICIENCY BACK- page 46 of Granek that use the phrase "lightly
CONTACT BACK-JUNCTION 2
SILICON SOLAR CELLS doped™?
A I guess I'm not aware of other instances
Dissertation
zur Erlangung des Doktorgrades of Granek using the word "lightly," but I do
der Technischen Fakultit
der Albert-Ludwigs-Universitit Freiburg im Breisg understand, as a POSITA would, that Granek has these
vorgelegt von other teachings of "lowly doped" that I think are
Filip Granck the same.

We do have to remember that he's not a

Fraunhofer Institut fiir Solare Energiesysteme (ISE)

Freiburg im Breisgau native English speaker. And while you and I might

not say "lowly doped,"™ I'm quite sure that he means
2009
the same as "lightly doped."

HANWHA 1010 Ex. 2040, 191:10-192:13
(cited in PO’s Sur-Reply, p. 22)
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Analysis of the impact of doping levels on performance of

back contact - back junction solar cells
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Abstract

In s work, by exploiting rwo-dimeasional (2-D) TCAD mumenical simolations, we performed & stady of the impact of the
doung level on the man figures of ment m the diffrent regons of & crystallne sibcon Badk Contact Badt -Junction (BC-A11)
solar cell: the eminer, the Back Surface Fiekl (BSF) and the From Suface Field (FSF). The study is supported by a dark loss
on mechanisms W the total diade sturabon cumeel The

analysis which cn highkght the conmbution of sveral recombns

efficiency curve a & function of doping level cxhitve  bell shape with a clearly ideno fiable optimum value for the thrce roguns

The decreame in eficiancy obsrved sl bwer

vilus is cxplainad in tomms of higher watact ecembaabon for BSF and

doperg.
emier, and i terms of higher surfsce recombination for FSF. The efficency decrome chservad at highar doping vales is
begher for FSF and
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1. lntroduction

Silicon-bascd Back-Contact Back Junction solar cells (BC-BJ) have boen demonstatod padticulady promising in
order 1o improve the conversion elficiency because of their architocture with no shadowing arcas and umplification
of cell interconnection on the rear side. Moreover, efficiencics over 24% have boen already reported [1] with the

potential 1o go beyond

Several works have boen developed 10 study the optimization of BC-BJ in peometry and doping chamieristics
12] [3] reporting efficiency trends by changing geometical pammeters. In this work, by exploiting TCAD
smulstions, we mslyse the perbormance trend of BC-BJ changing the doping pesk concontration of ceniticr, Hack

17661012 © 2014 Publibod by Elsevier Lid. This is a8 open access aniche snder the CC BY-NC-ND liconse
htp creatisecommmn orplacraesy -

DEMONSTRATIVE EXHIBIT —

Maxeon EX2005
Hanwha v. Maxeon
IPR2024-01198

NOT EVIDENCE

Ex. 2005, p. 132
(cited in POR, p. 44)

Ex. 2005, p. 131, Fig. 4(a)

(cited in POR, p. 44)
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In our simulated
structure, the optimum values of peak doping are: 4.16x10" ¢cm™ for emitter, 1.44x10*" cm™ for BSF and 3.47x10"
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Abstract— In this work, we performed a study of rear side
geometry of a back-contact back-junction solar cell parameters:
the emitter, the back surface field (BSF) and their gap distance
by exploiting two-dimensional TCAD numerical simulations.

The aim of this work 1s to 1mprove the physical
understanding of the impact of different rear geometries on the
performance of BC-BJ solar cells by a systematic simulation
analysis under light conditions to understand the losses [4] that
influence the overall figures of merit: short circuit current
density (Ji.), open circuit voltage (V) and fill factor (FF).

Ex. 1040, p. 15
(cited in PO’s Sur-Reply, p. 23)

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 57 \/I_a\/\/ I



Procel

Ennvﬁ_{]lm Italiano delle Tecnologie Fotoniche

= = 1 -5 [ 3
EFOTONICA >
I6'"" Edition - Naples. Italy - May 12-14 2014 -
Organized by

é E I ! )

N\ At sapivivaty

Soctety AUT poe Lo Tocnalogas Cruppe Tematics.

in collaboration with

[ 4 P N— —

=
@ & @

ALY ChaFTER

with the patronage of

g =

'.
y = "

Q Would the findings as to the optimal
values that Exhibit 1040 found have been any
different if a different front surface field doping

concentration had been used?

A Okay. So I think the answer to my
question was, yes, because that optimum point is an
optimum emitter pitch ratio if we look at Figure 2
and the x-axis of Figure 2. I would not expect that
optimum to change if the calculation had been done
for 3.47 times 10 to the 18 as opposed to 1 times 10

to the 18. I expect a similar result.

Ex. 2040, 220:1-19
(cited in PO’s Sur-Reply, p. 23)
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Claims 13 and 14 Would Not Have Been Obvious

/
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Petitioner Fails to Show Claims 13 and 14 Would
Have Been Obvious

O SR 10. A solar cell, the solar cell having a front side which
faces the sun during normal operation and a back side

- ——— opposite the front side, the solar cell comprising:

wsm—m—— i e s a silicon substrate, wherein a portion of the silicon sub-

. S . strate has a dopant concentration of approximately less
than or equal to 2x10"® cm™ and wherein the portion of
the silicon substrate is formed at the front side of the
solar cell;

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

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

a first metal contact formed over the first emitter region.
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: 7 v 13. The solar cell of claim 10, wherein the portion of the
] & | silicon substrate comprises P-type dopants.

14. The solar cell of claim 10, wherein the portion of the | ’315 Patent,
HANWHA 1001 silicon substrate comprises boron. claims 10, 13, 14
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Petitioner Fails to Show Claims 13 and 14 Would

Have Been Obvious

Maxeon ignores that Granek’s Figure 3-6 shows a dopant

concentration of 1x10'® em™ would result in an SRV of 100 ci/s. Ex.1010-Granek,

42 (Fig.3-6)

Pet.’s Reply, p. 22

Ex. 1010 (Granek),
p. 42 (Fig. 3-6)
(cited in Pet.’s Reply,
p. 22)
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Figure 3-6 Surface recombination velocity as a function of the surface phosphorus

(left) and boron (right) concentrations according to parameterization of

Cuevas et al. [94], [95].
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Ex. 1010, p. 121 (Figure7-1)
(cited in POR, p. 33; PO’s Sur-Reply, p. 25)
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Petitioner Fails to Show Claims 13 and 14 Would

Have Been Obvious
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Figure 3-6 Surface recombination velocity as a function of the surface phosphorus
(left) and boron (right) concentrations according to parameterization of

Ex. 1010 (Granek), p. 42 (Fig. 3-6) (annotated)
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Petitioner Fails to Justify a Switch from n-type Si to

p-type Si

The advantages of n-type Si when compared to p-type Si are as follows:

e The minority carrier lifetime in p-type boron-doped oxygen-contaminated silicon
is strongly reduced under illumination or carrier injection [106], [107], [108]. Due

to the lack of boron in n-type Si, no degradation occurs.
e n-type Si has a lower sensitivity to the prominent impurities (e.g. interstitial iron
Fe;,) [109], [110].This is due to strong asymmetry in capturc cross scction for

electron and holes (g,>>0,).

¢ For reasons mentioned above, the lifetime of the minority carriers in n-type Si is

higher than in the case of p-type Si. For example, extremely high minority carrier

Ex. 1010, pp. 48-49 lifetime in the range of milliseconds was already reported for n-type
(cited in POR, p. 47) multicrystalline silicon by Cuevas et al. [111].
Q Do you agree with each of the three

bullets there?

Ex. 2037 (Holman Depo.), 79:18-11 A (Reviewing.)
(CitEd in POR, p. 47) Yes, these are correct.
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