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• Grounds

• Challenged Claims of the ’315 Patent

• Claim 10 – Issues

1. Claim Construction of “Metal Impurities”

2. Gettering of “Metal Impurities”

3. Dopant Concentration

• Dependent Claims 13-14 & 18 – Issues

Proposed Agenda
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Grounds
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IPR Grounds and Challenged Claims

Reference(s)/Basis35 U.S.C. §Claims(s) Challenged

Choi, Granek or Marvin, Istratov10310-17, 19-20

Choi, Granek or Marvin, Istratov, Smith10318

Cousins, Granek or Marvin, Istratov10310-15

Paper 3 (Petition), 7, 35-78
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Claim 10 of the ’315 Patent
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First Emitter Region – Metal Impurities and 
Dopant Concentration

Ex.1001-USP315, Claim 10 & Fig.5 (annotated)
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“Metal impurities” limitation:

1. Claim construction for “metal impurities” (Ground I)

2. Obviousness of implementing gettering to move “metal impurities” 
into “emitter regions” (Grounds I & III)

“Dopant concentration” limitation: 

3. Obviousness of implementing claimed “dopant concentration” 
in “front” “portion of silicon substrate” (Grounds I & III)

Disputed Issues (Grounds I & III)

1

2

3
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Dependent Claims of the ’315 Patent
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Dependent Claims – Second Emitter Region and Trench

Ex.1001-USP315, Claims 13, 14, 16, 18 & Fig.5 (annotated)

’315 Patent
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Disputed Issues for Dependent Claims 13, 14, 18

1. Obviousness of implementing p-type dopants 
(Claims 13, 14) (Grounds I & III)

2. Obviousness of implementing a trench 
(Claim 18) (Ground II) 
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Differences Between Hanwha IPR and Canadian Solar 
IPR Nos. 2024-01038, -01194

• Different arguments: inherency of metal impurities

• No overlapping primary references

• Non-overlapping claims 17, 18, and 20

• Only one overlapping secondary reference

Paper 3 (Pet.), 79-83
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“Metal Impurities” Limitation
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Choi Discloses “Metal Impurities” Under the Plain and 
Ordinary Meaning

Ex.1006-Choi, ¶[0037] (annotated)
Paper 3 (Pet.), 54-55, 59; Ex.1003-Decl., ¶¶ 267-68;

Paper 36 (Reply), 2-10; Ex.1089-Reply-Decl., ¶¶ 41-42
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Choi Discloses “Metal Impurities” Under the Plain and 
Ordinary Meaning

Fred Schubert, Ph.D.
Maxeon’s Expert

Ex.1090-Schubert-Tr., 94:20-95:10

Q. You would agree that in Paragraphs 36 and 37, Choi 
discloses intentional foreign metallic atoms in the first and 
second conductive type areas, correct?

A. I would say it discloses doping atoms.  I’m not sure if I 
would call it – you know, you can call it foreign atoms, if 
you wish.  But I think in order to use a terminology that is 
constructive, that is helpful, it would be better if you 
would say that Choi discloses doping impurities, and 
some of these doping impurities are metals, specifically 
aluminum and gallium and indium.  I think that is a fair 
characterization.
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Claim 10 – Issues 

Claim Construction for “Metal Impurities” (Ground I)

1. Claim Construction of “Metal Impurities”

2. Gettering of Metal Impurities

3. Dopant Concentration
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The Plain Meaning of “Impurities” Includes Intentionally 
Introduced Dopants

Ex.1089-Reply-Decl., ¶23 (annotated) Ex.1105-Schubert-1993, at xvi (annotated)

Paper 36 (Reply), 3

Dr. SchubertDr. Holman
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The Plain Meaning of “Impurities” Includes Intentionally 
Introduced Dopants

impurity 1. A substance whose 
presence within another reduces or 
eliminates the purity of the latter … 2.
An impurity (1) which is introduced 
into a semiconductor material. Such an 
impurity may be an acceptor impurity, 
which makes for a p-type 
semiconductor, or it may be a donor 
impurity, which makes for an n-type 
semiconductor … Also called dopant, 
or semiconductor dopant.

impurities Foreign atoms in a 
semiconductor that are either naturally 
occurring or deliberately introduced. 
Impurities have a fundamental effect on 
the type and amount of conductivity of 
the semiconductor.

impurity [SCI TECH] An undesirable 
foreign material in a pure substance. 
[SOLID STATE] A substance that, when 
diffused into semiconductor metal in 
small amounts, either provides free 
electrons to the metal or accepts 
electrons from it. 

Ex.1109-Wiley-Dictionary, 
363-364 (annotated)

Ex.1108-EE-Dictionary, 299 (annotated) Ex.2030-McGraw-Hill-Dictionary, 
1058 (annotated)

Paper 36 (Reply), 2-3
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“Impurities” Should Be Given Its Plain and Ordinary Meaning

Fred Schubert, Ph.D.
Maxeon’s Expert

Paper 36 (Reply), 4 n.2

Q. Your belief is that the term impurities, as used 
in the ’315 patent, should be construed 
according to its plain and ordinary meaning, 
correct?

A. I believe that the term should be construed by 
its plain and ordinary meaning in the context 
of the ’315 patent.

Ex.1090-Schubert-Tr., 81:12-18
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The ’315 Patent Applicant Did Not Dispute That Intentionally 
Introduced Metallic Dopants Are “Metal Impurities”

Ex.1036-USPA935FH, 76
Paper 36 (Reply), 6-7 Ex.1110-Yelundur, ¶[0040] (annotated)
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The ’315 Does Not Define “Metal Impurities” in
Claims 10 and 16 to Mean Only “Contaminants”

Ex.1001-USP315, 5:35-39, 7:48-49, 8:15-16 (annotated)
Paper 36 (Reply), 4-5
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Maxeon’s Lexicography and Disavowal Arguments in Its 
Sur-Reply Are Waived and Incorrect

Paper 41 (Patent Owner’s Sur-Reply), 7-8 (annotated); see also Paper 36 (Reply), 2-7
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The Claims Would Not Recite Maxeon’s “Key Purpose” Even 
Under Its Own Construction of “Metal Impurities”

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

a silicon substrate, wherein a portion of the silicon substrate has a dopant concentration of approximately less 
than or equal to 2 x 1018 cm-3 and wherein the portion of the silicon substrate is formed at the front side of 
the solar cell;

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

an emitter region having undesired foreign metals formed over the dielectric region; and

a first metal contact former over the first emitter region.

Paper 36 (Reply), 6
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Hanwha Consistently Applied the Plain and Ordinary
Meaning of “Impurities”

Paper 3 (Pet.), 24 Paper 36 (Reply), 2; see also, id. at 8-10

Petitioner’s ReplyPetition
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Claim 10 – Issues

Choi/Cousins + Istratov (Grounds I & III)

1. Claim Construction of “Metal Impurities”

2. Gettering of Metal Impurities

3. Dopant Concentration
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Gettering Was Known Well Before 2014 

Paper 3 (Pet.), 17-18; Ex.1003-Decl., ¶¶84-92; Paper 36 (Reply), 10-11; Ex.1089-Reply-Decl., ¶¶63-64

Q. Gettering was one known way to 
reduce the metal impurities 
concentration in silicon wafers as of 
December 2014, correct?

A. Yes. 
Ex.1090-Schubert-Tr., 118:17-20

Q. And by 2014, gettering was a known 
way to remove metal impurities from 
silicon semiconductors, right? 

A. Yes. Thermal gettering, uh-huh.

Ex.1092-Carroll-CSI-Tr., 71:8-10

Fred Schubert, Ph.D.
Maxeon’s Expert

David Carroll, Ph.D
Maxeon’s Expert
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Solar Cell Fabrication Before 2014 Typically Used Gettering

• “Low-cost crystalline silicon materials are increasingly used for main-stream photovoltaic 
applications. … Hence, the incorporation of gettering steps into the processing scheme is a 
prerequisite for the production of efficient solar cells.” – Ex.1095-Seibt, 696

• “It is needful to remove these impurities and external gettering techniques must be used 
because solar cells are volume devices.” – Ex.1033-Perichaud, 317

• “[As of the 1960s], one or more gettering steps are usually incorporated in the process to 
prevent introduction of undesirable metal impurities into the junction region or to remove 
any metal impurities that may be already there.” – Ex.1061-Ing, 533

• “[As of 2004,] [g]ettering of transition metals by a layer of polycrystalline silicon (polysilicon) 
deposited on the back side of silicon wafers has been widely used by the silicon industry 
as a means to remove transition metals from the wafer and improve the minority 
carrier lifetime.” – Ex.1064-Istratov-2004, 4472

Paper 3 (Pet.), 17-18; Ex.1003-Decl., ¶¶84, 89-93; Paper 36 (Reply), 11-12; Ex.1089-Reply-Decl., ¶¶63-65
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Solar Cell Fabrication Before 2014 Typically Used Gettering

David Carroll, Ph.D.
Maxeon’s Expert

“Today, most really high-quality silicon is gobbled up by the 
semiconductor industry. 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. … In 2014 you would have used a lower-quality silicon to make 
the panels.”

*   *   *

Q. … [T]he post processing you referred to, I believe you said that 
would include a gettering step, correct? 

A. Yes. So typically it’s a gettering step that is driven by heating 
in some way.

Q. And could that heating take place as part of the solar cell 
fabrication process?

A. It almost always does.

Ex.1092-Carroll-CSI-Tr., 25:2-26:18 (emphasis added); id. at 26:19-27:4 (emphasis added) 

Paper 3 (Pet.), 17-18; Ex.1003-Decl., ¶¶84, 89-93; Paper 36 (Reply), 11-12; Ex.1089-Reply-Decl., ¶¶65-66
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Istratov’s gettering of iron and copper from the silicon substrate through 
the silicon dioxide layer and into the polysilicon region  

Istratov Teaches Effectively Gettering

Paper 3 (Pet.), 33, 43-45, 55; Ex.1003-Decl., ¶¶164-168, 206; Paper 36 (Reply), 15; Ex.1089-Reply-Decl., ¶¶74-75

Ex.1012-Istratov, 571, Fig.5 (annotated)Ex.1012-Istratov, 570, Fig.2 (annotated)
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All of Choi, Cousins, and Istratov’s Structures Have a Silicon 
Substrate, Silicon Dioxide Layer, and Polysilicon Layer

Ex.1012-Istratov, 570, Fig.2 (annotated)

Ex.1007-
Cousins, Fig.1
(annotated)

Ex.1006-Choi, 
Fig.1 (excerpted 
and annotated)

Paper 3 (Pet.), 44-45; Ex.1003-Decl., ¶¶207, 373
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Paper 3 (Pet.), 46; Paper 36 (Reply), 16

Gettering Would Not Be Detrimental to Choi or Cousins 

Ex.1089-Reply-Decl., ¶80
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A POSITA Would Calculate a Time-Temperature Combination 
to Effect Gettering in Choi and Cousins

Paper 36 (Reply), 16-17; Ex.1089-Reply-Decl., ¶¶81-82Ex.1125-delCanizo-2003, 993, 995 (annotated);  
see also, Ex.1126-Hofstetter-2010
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“Two criteria have evolved for determining whether prior art 
is analogous:

(1) whether the art is from the same field of endeavor, 
regardless of the problem addressed, and

(2) if the reference is not within the field of the inventor’s 
endeavor, whether the reference still is reasonably 
pertinent to the particular problem with which the 
inventor is involved.” 

Istratov Is Analogous Art

In re Clay, 966 F.2d 656, 658–59 (Fed. Cir. 1992)

Paper 3 (Pet.), 42, 69-70; Ex.1003-Decl., ¶¶203-204, 368-369; Paper 36 (Reply), 13; Ex.1089-Reply-Decl., ¶¶70-77
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Istratov Is Analogous Art: Same Field as ’315 Patent

Fred Schubert, Ph.D.
Maxeon’s Expert

“And solar field is a sub-field of the semiconductor 
field. So I don’t see these as, you know, two separate 
fields. One is the sub-field of the other.”

*  *  *

Q. Okay. Why is knowledge in the semiconductor field 
applicable to solar cells?

A. Because solar cells are made of semiconductors.

Ex.1090-Schubert-Tr., 52:2-53:1 (emphasis added); id. at 50:2-5 (emphasis added) Paper 36 (Reply), 13
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Q. So iron contamination was introduced into Istratov’s test structure 
on the side opposite to the poly-silicon layer; is that right? 

A. Correct … 

Q. And iron contamination was introduced into Istratov's test 
structure in the silicon substrate, correct? 

A. Yes …

Q. Figure 2 of Istratov shows that iron moved from the silicon 
substrate through the silicon dioxide, and then into the
poly-silicon region, right?

A. Yes.

Istratov Teaches Gettering From the Silicon Substrate Into the 
Polysilicon Region 

Ex.1090-Schubert-Tr., 139:6-140:16 (emphasis added) 

Q. So copper contamination was introduced into 
Istratov’s test structure on the back side of the silicon 
substrate, correct? 

A. Correct. … 

Q. And Figure 5 of Istratov shows that copper moved 
from the silicon substrate through the silicon dioxide 
and into the poly-silicon region, right?

A. Correct. Ex.1090-Schubert-Tr., 141:2-143:1
(emphasis added) 

Fred 
Schubert, 

Ph.D.

Ex.1012-Istratov, 571, Fig.5 (gettering of copper)
(annotated)

Ex.1012-Istratov, 570, Fig.2 (gettering of iron)
(annotated)

Paper 36 (Reply), 14-15
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Q. Would you agree that 
Istratov is directed to 
using gettering techniques 
to improve efficiency in 
those devices?

A. Microprocessor 
devices, yes. 

Ex.1090-Schubert-Tr., 137:8-11 (emphasis added) 

Istratov Is Analogous Art: Pertinent to the Particular Problem 
of the ’315 Patent

… metal impurities can be sources of 
recombination resulting in lower solar 
cell efficiency … a goal of the ’315 patent 
is to increase efficiency by “getter[ing] 
impurities to the emitter region.” 

Paper 36 (Reply), 13

Ex.2028-Schubert-Decl., ¶45 (emphases added)

Fred 
Schubert, 

Ph.D.
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Istratov Teaches Gettering From the Silicon Substrate Into the 
Polysilicon Region 

Q. … In Istratov’s Figure 4, some 
copper has moved through the 
silicon dioxide layer into the 
poly-silicon layer, right?

A. Yes. 
Ex.1090-Schubert-Tr., 150:5-10

Fred 
Schubert, 

Ph.D.

Ex.1012-Istratov, 571, Fig.4 (gettering of copper) (annotated)

Ex.1003-Decl., ¶90 (annotated)
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Cousins Discloses Its Substrate Contains Metal Impurities

Paper 36 (Reply), 29; Ex.1089-Reply-Decl., ¶155Ex.1007-Cousins, 4:23-35 (annotated)
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Cousins’s Substrates Contain Metal Impurities 
Below the Surface

Ex.1089-Reply-Decl., ¶¶59-60 (annotated)

Ex.1119-Coletti-2012, 84-85 (annotated); 
see also Ex.1120-Coletti-2011, 8 (same) 

Ex.1089-Reply-Decl., ¶155 (annotated)
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The Combination of Cousins and Istratov Teaches the 
“Emitter Region[s] Having Metal Impurities”

Paper 3 (Pet.), 70-71, 74-75

“A finding of obviousness, however, cannot be 
overcome by attacking references individually 
where the rejection is based upon the teachings of a 
combination of references.” 

Bradium Techs. LLC v. Iancu, 923 F.3d 1032, 1050 (Fed. Cir. 2019) (internal quotations and citation omitted)
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Cousins’ Teaching of a N-Type Substrate With a 
“Long Lifetime (e.g., 2 to 5 ms)”

Zachary 
Holman, Ph.D.

Hanwha’s Expert

“So Cousins at least teaches the possibility of the n-type silicon substrate for 
silicon solar cells having a lifetime of between 2 and 5 milliseconds. Cousins 
doesn’t say whether that is the lifetime measured of the incoming wafer or at 
the end of fabrication, for example, after post-gettering, but does indicate that 
at some time, the wafer may have 2 to 5 millisecond lifetimes.”

Ex.2040-Holman-Reply-Tr., 96:18-97:15 (emphasis added)

Paper 41 (Patent Owner’s Sur-Reply), 11 (annotated) 

Ex.1007-Cousins, 2:44-49 (annotated)
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Cousins’ Teaching of a N-Type Substrate With a 
“Long Lifetime (e.g., 2 to 5 ms)” 

“Shabani’s Figure 7 is for p-type wafers, 
not n-type wafers, which is what 
Cousins is referring to. And n-type 
wafers tend to have higher lifetime 
than p-type wafers, everything else 
being the same.”

* * *
Q. And what type of wafer is Coletti, 

Exhibit 1119? 
A. … I believe it’s a p-type wafer …

Reasons for the interest in n-type 
silicon … [include] the lower 
sensitivity to impurities of n-type 
silicon compared to p-type silicon.

Ex.1139-Shabani, 189, (Fig.7
(annotated)

Ex.1119-Coletti-2012, 94-95, Fig.3.7
(annotated)

Ex.1031-Bultman, 69  

Ex.2040-Holman-Reply-Tr., 
97:16-98:4; 98:5-10 (emphasis added) Paper 41 (Patent Owner’s Sur-Reply), 11-12
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Silicon Substrates Have High Levels of Metal Impurities

• “For instance, relatively recent studies of the silicon wafers for solar cells, … revealed iron concentrations of about 1 ppb 
(2.5×1013 cm-3).” – Ex.1047-Istratov-2000, 492 (emphases added) 

• “Recent neutron activation analysis (NAA) studies revealed metal concentrations in ingot-cast multicrystalline silicon (mc-Si) 
materials [solar cell wafer production] as high as 1013–1016 cm-3.” – Ex.1100-Buonassisi, 402 (emphases added)

• “Recent investigations of the metal impurity content of silicon solar cell materials have shown surprisingly high 
concentrations, e.g. 1014–1016 cm-3 iron in different multicrystalline materials.” – Ex.1095-Seibt, 696 (emphases added).

• “[I]n most mc-Si materials [for silicon solar cell processing] total as-grown Fe concentrations as high as 1014–1016 cm-3 are 
usually found.” – Ex.1127-Hofstetter-2011, 158 (emphases added)

• “Maximum concentrations of 3.83×1014, 3.73×1012, and 2.83×1015 cm-3 were detected near the top of [a photovoltaic-grade 
multicrystalline silicon] ingot for Fe, Co, and Cu, respectively.” – Ex.1094-Macdonald, 033523-6 (emphases added) 

Ex.1139-Shabani, 183, Table 2 
(excerpted and annotated)

Paper 3 (Pet.), 17; Ex.1003-Decl., ¶¶ 83-84; Paper 36 (Reply), 10-13; Ex.1089-Reply-Decl., ¶¶ 52, 56-57
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Maxeon’s Expert: Metal Impurity Concentrations > 1015 cm-3

Ex.1092-Carroll-CSI-Tr., 28:18-29:18 (emphases added); id. at 152:22-153:16

David Carroll, Ph.D.
Maxeon’s Expert

Q. We were talking about in … 2014, for terrestrial purposes, the solar 
industry typically starting with … low-quality silicon substrates. Do you 
recall that? 

A. I do recall that. … 

Q. Sure. And do you have knowledge of what the typical me[tal] impurity 
concentration would be in those low-quality substrates? 

A. I do not have a direct memory of the numbers for the concentrations, 
other than to say something greater than 10 to the 15 or so. However, 
that’s an overall number.

*  *  *

Q. Do you have a recollection of what the highest level of concentration on an 
atomic basis was that you observed in that 2010-to-2015 time frame? 

A. I do not remember exactly. I know that it was over 10 to the 15, but that –
beyond  that, I don’t remember exactly what the number was in front of 
the 10 to the 15.

Paper 36 (Reply), 11
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Metal Impurities Were a Pressing Concern in the Solar Industry 

Q. Do you agree that a POSITA, as of December 
2014, would have understood that metal 
impurities are sources of recombination?

A. Yes. Contaminating metal impurities, such as 
iron, nickel … or chromium can serve as 
recombination centers.

Q. You agree, a POSITA, as of December 2014, 
would have understood that metal impurities 
can lead to poor lifetime and lower solar cell 
efficiency, right?

A. Yes. I agree. 
Ex.1008-Marvin, 25

Ex.1090-Schubert-Tr., 117:4-16; 
see also id. at 45:22-46:3; Ex.2028-Schubert-Decl., ¶57 Ex.1139-Shabani, 189, Fig.7 (annotated)

Fred Schubert, Ph.D.

Maxeon’s Expert

Paper 36 (Reply), 11; Ex.1003-Decl., ¶¶84-85; Ex.1089-Reply-Decl., ¶¶52-54
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Solar Industry Used Lower-Quality Silicon Substrates 

A. … Today, most really high-quality silicon is gobbled up by the 
semiconductor industry. 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. And since the primary driver in 
the solar industry today is the dollars per watt, then it doesn’t 
make sense to use really expensive silicon. 
This changed sometime in … the early 2000s, where we began 
to go to lower and lower quality silicon and using more and 
more post processing.  So today, if you go and you buy one, 
the silicon that you begin with is not very high quality. But it is 
made to perform like a high-quality silicon boule because of 
the post processing ….

Q. … The tendency towards lower and lower quality silicon for the 
solar industry, you said that applies today and it started 
sometime in the … mid 2000s.  So it sounds like that would 
have been true in 2014, as well. Is that correct?

A. Yes, that’s right. In 2014 you would have used a lower-quality 
silicon to make the panels.

David Carroll, Ph.D.

Maxeon’s Expert

Zachary Holman, Ph.D.

Hanwha’s Expert

“… the solar industry … [needed] to use less 
expensive silicon than, for example, the 
semiconductor industry, which pushed them 
towards wafers that often had metal impurities 
such as iron.”
Ex.2037-Holman-Tr., 163:20-164:14

Ex.1092-Carroll-CSI-Tr., 25:2-26:18 (emphases added)Paper 36 (Reply), 12; Ex.1089-Reply-Decl., ¶51 
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Ex.1120-Coletti-2011, 3-4, Fig.1.1; 
see also Ex.1119-Coletti-2012, 81, Fig.3.1

Solar Cell Fabrication Introduced High Levels of 
Metal Impurities 

Ex.1008-Marvin, 25

Paper 36 (Reply), 12; Ex.1003-Decl., ¶83; Paper 36 
(Reply), 12; Ex.1089-Reply-Decl., ¶¶47, 58-62
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Claim 10 – Issues

Choi/Cousins + Granek or Marvin (Grounds I & III)

1. Claim Construction of “Metal Impurities”

2. Gettering of Metal Impurities

3. Dopant Concentration
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Choi/Cousins + Granek or Marvin (Grounds I & III)

Ex.1001-USP35, Claim 10 & Fig.5 (annotated)
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Surface Passivation Was Well-Known Before 2014

Ex.1027-von Roose, 1120, Fig.1

Ex.1008-Marvin, 25

Ex.1008-Marvin, 25

Ex.1008-Marvin, 4, Fig.1

Ex.1008-Marvin, 25

Paper 3 (Pet.), 16; Ex.1003-Decl., ¶ 76
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Ex.1008-Marvin, 15 (annotated);
Paper 3 (Pet.), 32; Ex.1003-Decl., ¶¶ 159-160

Claimed Dopant Concentration Was Widely Disclosed by 2014

Ex.1008-Marvin, 25

Ex.1010-Granek, 120-122, Figs.7-1, 7-3 (annotated);
Paper 3 (Pet.), 29-30; Ex.1003-Decl., ¶¶ 146-153

Ex.1008-Marvin, 25

Ex.1008-Marvin, 25
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Claimed Dopant Concentration Was Widely Disclosed by 2014

Ex.1103-Chin, 111 (Abstract), 113-114, Fig.9 (annotated)

Ex.1021-King, 369 (annotated)

Ex.1040-Procel, 15 (annotated)

Ex.1008-Marvin, 25

Ex.1008-Marvin, 25

Ex.1008-Marvin, 25

Paper 3 (Pet.), 17, 39; Ex.1003-Decl., ¶¶ 79-82; 
Paper 36 (Reply), 17; Ex.1089-Reply-Decl., ¶83
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Choi/Cousins + Granek (Grounds I & III)
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Granek Teaches the Claimed Dopant Concentration Results in 
Highest Efficiency and Lowest Recombination

Granek teaches “wherein a portion of the silicon substrate has a dopant 
concentration of approximately less than or equal to 2×1018 cm-3 and wherein 
the portion of the silicon substrate is formed at the front side of the solar cell”

Ex.1008-Marvin, 25
Ex.1008-Marvin, 25

Ex.1003-Decl., ¶149; Ex.1010-Granek, 122, Fig.7-3

Ex.1003-Decl., ¶147; Ex.1010-Granek, 121, 
Fig.7-1 (annotated) Paper 3 (Pet.), 28-30, 50-51, 73-74; Paper 36 (Reply), 22-24



54DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Institution Decision: Granek’s Figure 7-1 Teaches 1×1018 cm-3

Results in Highest Efficiency

Ex.1010-Granek, 121, Fig.7-1 (annotated)

Paper 17 (Institution Decision), 14 (annotated)

Paper 17 (Institution Decision), 16 (annotated)

Ex.1008-Marvin, 25

Ex.1008-Marvin, 25

Ex.1008-Marvin, 25

Paper 3 (Pet.), 29; Paper 36 (Reply), 22-23; Ex.1003-Decl., ¶147



55DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Institution Decision: Granek’s Figure 7-3 Teaches 1×1018 cm-3

Results in Lowest Recombination

Ex.1010-Granek, 122, Fig.7-3 Paper 17 (Institution Decision), 15-16 (annotated)

Ex.1003-Decl., ¶149; Paper 36 (Reply), 23-24; Ex.1089-Reply-Decl., ¶¶ 115-117

Ex.1008-Marvin, 25

Ex.1008-Marvin, 25

Ex.1008-Marvin, 25



56DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

A POSITA Would Have Implemented Cousins’s and Choi’s FSFs 
with Granek’s Dopant Concentration of 1×1018 cm-3

• Cousins and Choi both disclose solar cells with FSFs. 
However, they do not specify a dopant concentration 
for the FSF

• Granek provides a value for the dopant concentration that 
increases the efficiency of the solar cell

• Granek’s “experimental” results validate his simulation results

Paper 17 (Institution Decision), 18

Ex.1008-Marvin, 25

Paper 3 (Pet.), 39-41; Paper 36 (Reply), 23-24



57DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Maxeon’s Criticisms That Granek’s Dopant Concentration of 
1×1018 cm-3 Is Not Preferred Are Inapposite   

“[The] law does not require that a particular 
combination must be the preferred, or the most 
desirable, combination described in the prior art.”

In re Fulton, 391 F.3d 1195, 1200 (Fed. Cir. 2004)

Paper 36 (Reply), 17



58DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Institution Decision: Granek’s Experimental Results Validate 
His Simulation Results

Paper 17 (Institution Decision), 16

Zachary Holman, Ph.D.

Hanwha’s Expert

Ex.1008-Marvin, 25

Paper 36 (Reply), 23-24



59DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Granek’s Experimental Results Corroborate His 
Simulation Results

Ex.1008-Marvin, 25

Decreasing Dopant Concentration
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Ex.1010-Granek, 126, Table 7-1 
(excerpted and annotated) 

• Like with his simulation results, Granek’s experimental results show that reducing the FSF dopant 
concentration results in increased solar cell efficiency.

• Although Granek’s lowest fabricated FSF dopant concentration was 3.8×1018 cm-3, Granek’s 
experimental results suggest that further lowering the dopant concentration will result in increased 
solar cell efficiency.

Ex.1089-Reply-Decl, ¶104;
Ex.1010-Granek, 133,  Fig.7-10 

(annotated)

Ex.1010-Granek, 132, Table 7-5 
(excerpted and annotated) 
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Paper 36 (Reply), 23-24; Ex.1089-Reply-Decl, ¶¶101-105



60DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Granek’s Dopant Concentration for Surface Recombination 
Velocities Below 500 cm/s Apply to Choi and Cousins

Ex.1008-Marvin, 25

500 cm/s

Ex.1010-Granek, 121, Fig.7-1 (annotated) Paper 36 (Reply), 22



61DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Granek’s Dopant Concentration for Surface Recombination 
Velocities Below 500 cm/s Apply to Choi and Cousins

Ex.1089-Reply-Decl, ¶106

Ex.1008-Marvin, 25 Ex.1008-Marvin, 25

Ex.1010-Granek, 42, Fig.3-6 (annotated)

Paper 36 (Reply), 22



62DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Marvin Teaches the Claimed Front Dopant Concentration

Ex.1008-Marvin, 15 (annotated)

Ex.1008-Marvin, 25

Paper 36 (Reply), 18



63DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Marvin’s Teachings for Beginning-of-Life Are Applicable to 
Choi’s and Cousins’ Solar Cells

Fred Schubert, Ph.D.
Maxeon’s Expert

Q. What does beginning of life conditions mean?

A. In the context of space applications, it’s 
before the cell is subjected to cosmic rays, cosmic 
radiation. …

Q. Beginning of life is the state of the solar cells when 
first made, right?

A. Yes. That’s a fair statement.

Ex.1090-Schubert-Tr., 165:10-20 (emphases added) Paper 36 (Reply), 18



64DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Marvin Teaches a Higher Dopant Concentration of 5×1018 cm-3

for Space Use

Ex.1008-Marvin, 25

Ex.1008-Marvin, 10, 16, 25 (emphases added)

Ex.1008-Marvin, 25

Ex.1008-Marvin, 25

Paper 36 (Reply), 19-20



65DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Institution Decision: A POSITA Would Not Have Chosen Lamers and Desa’s Higher 
Dopant Concentrations Over Granek’s Dopant Concentration of 1×1018 cm-3

Paper 17 (Institution Decision), 17-18 (emphases added) Paper 36 (Reply), 24-25



66DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Lamers Teaches the Use of Granek’s Dopant 
Concentration of 1×1018 cm-3 

Ex.2002-Lamers, 2, 4 n.5 (annotated) Ex.1010-Granek, 122, Fig.7-3 

Paper 36 (Reply), 24-25

…



67DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Lamers’ Teaching of Dopant Concentration of 3×1018 cm-3

Does Not Apply to Choi 

Ex.2002-Lamers, 2 (annotated) Paper 36 (Reply), 24-25



68DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Ex.2003-Desa, 80, Table 1 (annotated)

Desa Has a Floating Junction, Not a Front Surface Field 

Paper 36 (Reply), 25



69DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Procel Later Selected a FSF Dopant Concentration of 1×1018 cm-3

Ex.1040-Procel, 15 (annotated)

Ex.1008-Marvin, 25

Paper 36 (Reply), 25



70DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Obviousness of Implementing P-Type Dopants 
(Claim 13-14)



71DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Dependent Claims 13 and 14 – P-Type Dopants

Ex.1001-USP315, Claims 10, 13, 14 (annotated)



72DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

A POSITA Would Have Been Motivated to Use Granek’s
Dopant Concentration in Choi’s P-Type FSF

• Maxeon does not separately argue these claims based on the Choi+Marvin combination

• Maxeon cannot dispute that p-type silicon accounted for 95% of the market and that p-
type silicon was cheaper than n-type silicon in 2014.

“Furthermore, n-type wafers are 
expected to be more expensive than p-

types, at least until 2018.  This makes it 
difficult to predict if the share of high 

efficiency n-type mono crystalline silicon 
will materialize as forecast in Fig. 25.”

Ex.1115-ITRPV, 28, Fig.25 Ex.1115-ITRPV, 27 (emphases added)
Paper 36 (Reply), 27; Ex.1089-Reply-Decl., ¶139



73DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

A POSITA Would Have Understood That Granek’s Dopant 
Concentration Could Be Used For P-Type FSFs

Ex.1089-Reply-Decl., ¶80 Ex.1114-Hoex-2007, Fig.4

Paper 36 (Reply), 26-27



74DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Implementing Granek’s Dopant Concentration With a P-Type 
FSF Would Have Been a Straightforward Design Choice

• The ’315 patent discloses only one dopant concentration for both n- and p-type 

• Dopant concentration, recombination velocity, and saturation current were 
well-understood for both n- and p-type doped surfaces

Ex.1111-King-1990, 230, Figs. 4, 5

Paper 36 (Reply), 26; Ex.1089-Reply-Decl., ¶142

Ex.1010-Granek, 122, Fig. 7-3



75DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Obviousness of Implementing a Trench 
(Claim 18)



76DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Smith’s Trench Would Improve on Choi’s Barrier Area 

Ex.1011-Smith, Fig.2, [0021]-[0022], [0025] (annotated) Paper 3 (Pet.), 62-67; Ex.1003-Decl., ¶¶335-355; 
Paper 36 (Reply), 27-29; Ex.1089-Reply-Decl., ¶¶145-153




