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LISTING OF CHALLENGED CLAIMS

A build apparatus for printing a 3D object of thermoplastics employing

[1.pre] additive manufacturing methods, the apparatus comprising:
[1.] a build platform with a temperature control unit configured to control
' heating of the build platform;
[1.b] a thermally conductive plate disposed adjacent to the build platform;
' and
[1.c] a polymer coating attached to a surface of the thermally conductive
' plate
[1.c.i] [a polymer coating...] which is capable of (i) facilitating adhesion to

the 3D object during printing and

[a polymer coating...which is capable of...] (ii) permitting removal of
the 3D object once the 3D object has been formed and cooled without
[1.c.ii] | chemically or mechanically removing the polymer coating from 3D
object and without damaging the polymer coating, the thermally
conductive plate, or the 3D object,

[1.c.iii] | wherein the polymer coating is not a polymer tape.

[2] | The build apparatus of claim 1, wherein the polymer coating is a
polyimide.

[3] | The build apparatus of claim 1, wherein the temperature control unit
comprises heater cartridges that are spaced along a surface of the build
platform.
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Claim 4

[4] | The build apparatus of claim 1, wherein the build platform comprises
thermocouples situated at one or several locations to provide feedback
to a controller for maintaining temperature set points.

Claim5

[5] | The build apparatus of claim 1, further comprising a ceramic or high
temperature dielectric that insulates the build platform.

Claim 6

[6] | The build apparatus of claim 1, wherein the build platform, the
thermally conductive plate, and the polymer coating are able to
withstand high temperature ranging between 150 degree Celsius and
300 degree Celsius.

Claim 7

[7] | The build apparatus of claim 1, wherein the material for the thermally
conductive plate comprises one or more of aluminum, steel, brass,
ceramic, glass, or alloys with a low coefficient of thermal expansion
(CTE).

Claim 8

[8] | The build apparatus of claim 1, wherein the material for the build
platform comprises one or more of aluminum, steel, brass, ceramic,
glass, or alloys with a low coefficient of thermal expansion (CTE).

Claim9

[9] | The build apparatus of claim 1, wherein the thermally conductive plate
thickness ranges from 0.025-0.5” and wherein the thickness is selected
depending on the flexural character of the material.

Claim 10

[10] | The build apparatus of claim 1, wherein the thickness of the polymer
coating ranges from 0.001” to 0.1”.
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Claim 11

[11] | The build apparatus of claim 1, wherein a surface of the polymer
coating includes nano-, micro-, or milli-meter scale features that
increase adhesion to the 3D object.

Claim 12

[12] | The build apparatus of claim 1, wherein the thermally conductive plate
is flexible so as to allow for easier dissociation between the 3D object
and the thermally conductive plate upon cooling and reduce damage to
the polymer coating or the 3D object during removal of the 3D object.

Claim 13

[13] The build apparatus of claim 1, wherein the temperature control unit is
a heater cartridge.

Claim 14

The build apparatus of claim 1, wherein the build platform has a first
[14] coefficient of thermal expansion (CTE) and the thermally conductive

plate has a second CTE, wherein the first CTE is greater than the
second CTE.

Claim 15

[15] The build apparatus of claim 1, wherein the thermally conductive plate
Is non-magnetically secured to and removable from the build platform.
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I, Michael Hickner, PhD, declare as follows:

I. INTRODUCTION

1. | have been retained as a technical expert by counsel on behalf of
Shenzhen Tuozhu Technology Co., Ltd. (“Shenzhen Tuozhu”/“Petitioner”). |
understand that Shenzhen Tuozhu is requesting that the Patent Trial and Appeal
Board institute an inter partes review (“IPR”) proceeding with respect to U.S. Patent
No. 9,592,660 (“the 660 patent”) (EX1001).

2. I have been asked to provide my independent analysis of the *660 patent
in light of certain prior art publications, and | have done so based on my personal
knowledge and experience.

3. | am not, and never have been, an employee of Shenzhen Tuozhu. |
received no compensation for this Declaration beyond my normal hourly
compensation based on my time actually spent analyzing the 660 patent, the prior
art publications cited below, and various issues related thereto. | will not receive
any added compensation based on the outcome of any IPR or other proceeding
involving the 660 patent.

Il. QUALIFICATIONS
4, In formulating my opinions, | have relied on my knowledge, training,

and experience in the relevant field. My education and experience are described
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more fully in the attached curriculum vitae (Appendix A). For ease of reference, |
have highlighted certain information below.

5. | have B.S., M.Eng., and Ph.D. degrees in Chemical Engineering. |
began my chemical engineering education in 1994 and completed my Ph.D. in 2003
with an emphasis in polymer chemistry and polymer science.

6. Since 2003, | have been a researcher and professor in chemical
engineering and materials science disciplines working for a number of organizations
on polymers research including polymer synthesis, the properties of polymers,
polymer processing, and applications of polymers.

7. | have taught college-level courses in chemistry, polymers, and
materials science. Specifically related to this case regarding the 660 patent and
additive manufacturing, | taught a graduate-level additive manufacturing course
titled “Additive Manufacturing of Polymers and Composites” at Penn State
University from 2018 to 2022. This course was part of the Additive Manufacturing
and Design (AMD) graduate program that was started during my tenure at Penn
State. The AMD graduate program covered all aspects of 3D printing from polymers
to metals and composites. We used a wide range of machines with extruders of
various types, including heated printbeds (a subject I discuss in detail below at
Section VI.B.1). In this graduate program, and in my own research in 3D printing,

we employed many different types of 3D printers including different bed

10
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configurations and coatings for extrusion additive manufacturing (I discuss the
subject of coatings in detail below at Section VI.B.3).

8. Similar teaching activities are planned at Michigan State University as
| develop an additive manufacturing research program in my new role as an endowed
professor.

9. | have published a number of peer-reviewed journal papers that
specifically address material extrusion additive manufacturing and vat
polymerization additive manufacturing including printing equipment, printing
strategies, and materials. In papers that address extrusion 3D printing of silicones,
we had to employ coatings to facilitate adhesion of the silicone to the build plate and
the coatings also helped with removal of the object after printing. While the topic
of coatings was not a focus of our research, it is certainly an issue that must be
addressed in any 3D printing activity. For silicone additive manufacturing, we had
to use aluminum foil coatings and Kapton adhesive sheets to remove the printed
objects from the build plate.

10.  Since 2013, | have been the principal supervisor for students pursuing
advanced degrees in additive manufacturing and been a committee member on
graduate committees in additive manufacturing topics.

11. Inthe course of my research and teaching at the university-level, | have

worked with a wide range of 3D printers since 2012. | have purchased over twenty

11
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3D printers for my research group. My focus has mostly been on extrusion and vat
photopolymerization 3D printing. | have purchased more than ten 3D printers with
heated beds and three 3D printers with heated build chambers. | have printed a wide
variety of materials in these printers, from ABS to composite polyimides.
I1l. LEGAL PRINCIPLES

12. In forming my analysis and conclusions expressed in this Declaration,
| have applied the legal principles described in the following paragraphs, which were
provided to me by counsel for the Petitioner.

A. Person of Ordinary Skill in the Art

13. | understand that the factors considered in determining the ordinary
level of skill in a field of art include: the level of education and experience of persons
working in the field; the types of problems encountered in the field; the teachings of
the prior art regarding solutions to such problems; and the sophistication of the
technology at the time of the alleged invention. | understand that a person of
ordinary skill in the art (“POSITA”) is not a specific real individual, but rather is a
hypothetical individual having the qualities reflected by the factors above and
knowledge of all relevant prior art references, including the references I cite below.

B. Obviousness

14. Thave been informed that a patent claim is invalid as “obvious” in light

of one or more prior art references if it would have been obvious to a POSITA at the

12
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time of the alleged invention, taking into account (1) the scope and content of the
prior art, (2) the differences between the prior art and the claims, (3) the level of
ordinary skill in the art, and (4) any so called “secondary considerations” of non-
obviousness, which include: (i) “long-felt but unresolved need” for the claimed
invention, (ii) commercial success attributable to the claimed invention, (iii)
unexpected results of the claimed invention, and (iv) “copying” of the claimed
invention by others.

15. | am aware that the 660 patent’s earliest claimed priority date is
December 17, 2014. | have used this date for purposes of my obviousness analysis.

16. | have been informed that a claim can be obvious in light of a single
prior art reference or multiple prior art references. To be obvious in light of a single
prior art reference or multiple prior art references, there must be a reason that would
have prompted a POSITA to modify or supplement the single prior art reference, or
to combine two or more references, in a manner that provides the elements of the
claimed invention. This reason may come from a teaching, suggestion, or
motivation to combine, or may come from the reference(s) themselves, the
knowledge or “common sense” of a POSITA, or from the nature of the problem to
be solved, and this reason may be explicit or implicit from the prior art as a whole.
| have been informed that, under the law, the combination of familiar elements

according to known methods is likely to be obvious when it does no more than yield

13
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predictable results. 1 also understand it is improper to rely on hindsight in making
the obviousness determination.

17. | understand that an obviousness determination also requires that a
POSITA would have had a reasonable expectation of success. This concept has been
explained to me as relating to the relative likelihood or predictability—from the
perspective of a POSITA—of successfully modifying the prior art in a manner that
would meet the claimed limitations of the patent being challenged (here the *660
patent). I understand that the expectation of success need only be “reasonable” and,
thus, does not require the absolute certainty gleaned from physically creating the
proposed prior art modification.

C. Claim Interpretation

18. lunderstand that, for purposes of my analysis in this inter partes review
proceeding, the terms appearing in the patent claims should be interpreted according
to their “ordinary and customary meaning.” In determining the ordinary and
customary meaning, | understand that the words of a claim are first given their plain
meaning that those words would have had to a person of ordinary skill in the art at
the time of the alleged invention. | also understand that the structure of the claims,
the specification and file history may be used to better construe a claim. Moreover,

| understand that even treatises and dictionaries may be used, albeit under limited

14
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circumstances, to determine the meaning attributed by a person of ordinary skill in
the art to a claim term.
IV. MATERIALS CONSIDERED

19. My analysis in this Declaration is based on my knowledge and
experience. Based on my above-described qualifications in Section Il, the Patent
Trial and Appeal Board should consider me to be an expert in the field. Also, based
on my experiences, | understand and know of the capabilities of persons of ordinary
skill in this field.

20. As part of my independent analysis for this Declaration, | have
considered the following: the *660 patent (EX1001) and its prosecution history
(EX1002); the background knowledge/technologies that were commonly known to
persons of ordinary skill; my own knowledge and experience gained from my work
in the field; my experience in teaching and advising others in this field; and my
experience working with others involved in this field. In addition, I have analyzed

the following publications and materials:

EX1004 | US 9,744,730 (“Comb™)

EX1005 | US 2013/0310507 (“Tummala”)
EX1006 | US 2016/0075091 (“Cable”)
EX1007 | US 2016/0096326 (“Naware”)
EX1009 | US 2006/0054039 (“Kritchman”)

Evans, B. (2012). Practical 3D Printers: The Science and Art of 3D
Printing. Apress.

EX1011

15
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EX1012

Sanladerer, T. (2014). 3D printing guides: Everything about heated
beds! https://toms3d.org/2014/12/21/3d-printing-guides-everything-
about-heated-beds/

EX1013

Griffey, J. (2014). Chapter 2: The Types of 3-D Printing.
https://journals.ala.org/index.php/ltr/article/view/4796/5747https:/ww
w

EX1014

MakerBot Industries (2010). MakerBot Industries Thing-O-Matic 3D
Printer.
https://web.archive.org/web/20111117025551/http:/wiki.makerbot.co
m/thingomatic

EX1015

Afina 3D (2014). Afinia H480 3D Printer User’s Manual (Ver. 1.3)

EX1016

Hipolite, W. (2014). Ultimaker Announces the Ultimaker Original+
3D Printer & Heated Bed Upgrade Kit.
https://3dprint.com/15971/ultimaker-original-heated-bed/

EX1017

Make Community LLC (2014). Make: 42 Annual 3D Printing Guide.
https://makezine.com/volume/make-42/

EX1018

AirWolf3D (2014). WOLFBITE: Maximum Part Stick—Stops 3D
Printed Parts From Warping.
https://web.archive.org/web/20141206025011/http://airwolf3d.com:8
0/shop/wolfbite-prevents-3d-printed-parts-from-warping

EX1019

AirWolf3D (2015). Safety Data Sheet: WolfBite Premium Heatbed
Adhesion Solution for ABS.

EX1020

Francis, L.F., et al. (2016). Chapter 6: Dispersion and Solution
Processes, Materials Processing: A Unified Approach to Processing of
Metals, Ceramics and Polymers (pp.415-512). Elsevier Inc.

EX1021

US 9,193,830

EX1022

US 2010/0029893

EX1023

Huttunen-Saarivirta, E., et al. (2011). Corrosion protection of
galvanized steel by polyimide coatings: EIS and SEM investigations,
Progress in Organic Coatings (pp.269-278). Elsevier Inc.

EX1024

Complaint For Patent Infringement (Document 1), Stratasys, Inc. v.
Shenzhen Tuozhu Technology Co. Ltd. et al, 2-24-cv-00644 (EDTX)

16
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EX1025

Lahiri, A. K. (2005). Chapter 5: Transport phenomena and metals
properties, Fundamentals of Metallurgy (pp.178-236). Woodhead
Publishing Ltd.

EX1026

Friedr. Freek GmbH (2014). Cartridge Heaters.
https://web.archive.org/web/20140311043702/http:/freek-
heaters.com/products/cartridge heaters/cartridge heaters

EX1027

OMEGA Engineering (2012). Introduction to Cartridge Heaters.
https://web.archive.org/web/20120302155433/http:/www.omega.com
/prodinfo/cartridgeheaters.html

EX1028

US 8,119,053

EX1029

MakerBot Industries (2011). Stepstruder Mk6 Plus.
https://web.archive.org/web/20111023174514/http:/www.makerbot.c
om/docs/stepstruder-mk6-plus/

EX1030

Ashby, M. F. (2011). Chapter 4: Material Property Charts, Materials
Selection in Mechanical Design (pp.57-96). Elsevier Inc.

EX1031

Massachusetts Institute of Technology (2014). Material Property
Database, Material: Polyimide.
https://web.archive.org/web/20141009062559/www.mit.edu:80/~6.77
7/matprops/polyimide.htm

EX1032

US 9,993,995

EX1033

ASM International (2002). Chapter 2: Thermal Expansion, Thermal
Properties of Metals: ASM Materials Data Series (pp.9-16)

EX1034

Willett, J. C. (2011, 2013). 2011 Minerals Yearbook: Mica. U.S.
Geological Survey.

EX1035

MatWeb, LLC (n.d.). Overview of materials for Polyetherimide
(PEI).
https://www.matweb.com/search/datasheet_print.aspx?matguid=65ba
f7a4f90c4a54a6ace03e16b1125b

EX1036

Hild, F. (2014). Tech Talk Blog: Surface Energy of Plastics. TriStar
Plastics Corp.
https://web.archive.org/web/20141118081550/https://www.tstar.com/
blog/bid/33845/surface-energy-of-plastics

EX1037

US 2013/0186549
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EX1038 |US 5,124,192
EX1039 | US 3179634

21. My citations to non-patent literature throughout this Declaration
reference the absolute page number added to the exhibit (as opposed to the original
pagination of the document). For patent literature, I’ve used the column/line
numbers or paragraph numbers. Unless I’ve indicated otherwise, all emphasis
(bold/italics/underline) in any quoted text are ones | have added.

22.  Although I cite and quote to selected portions of various references in
this Declaration, the reader should understand that these citations are representative
examples. A POSITA would have viewed each reference in its entirety and in
combination with other references. Accordingly, | intend the references identified
in this Declaration to be viewed as incorporated in their entireties.

V. THE 660 PATENT

A. Pertinent Disclosure

23. The ’660 patent “generally relates to the field of 3D printing of objects,
and more particularly relates to developing a heated build platform for supporting
the three-dimensional objects.” EX1001, 1:7-10.

24. For example, the *660 patent’s specification describes an ‘“apparatus
compris[ing] a heated build platform, a thin removable plate secured on top of the

build platform, [and] a high temperature polymer coating applied over the removable

18
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plate...to maintain adhesion between 3D object and printing surface.” EX1001,
Abstract.

25. According to the ’660 patent, contemporaneous designs often
employed “polyimide tape as a substrate on the build plate for 3D part adherence.”
EX1001, 3:1-4, 1:33-34. But polyimide tape had certain well-known drawbacks,
some of which the *660 patent identifies. For one, “[a]pplying polyimide tape is a
difficult process.” EX1001, 1:49-54. “Further, the adhesive for the polyimide tape
can burn off under high temperatures releasing fumes...[¢]ven if a part is built on an
area of polyimide tape without debris or air bubbles, the tape can be easily damaged

upon removal of the part.” EX1001, 1:54-60.

106
s //'

104

100 <

—— 102

FIG. 1
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26. Figure 1 (above) shows an embodiment where “[t]he surface of the
removable plate 104 is coated with thin layer of a high temperature polymer in order
to impart better adherence properties both to the bottom layer of a 3D object and the
plate 104 over the current methods of using polyimide [tape].” EX1001, 4:40—44.

27.  Atthe same time, the *660 patent concedes that using a polymer coating
in this commonsense way was routine, not new or inventive: It may be obvious to a
person skilled in the art that there exists a variety of coating methods and types of
high temperature polymer coatings that can be used to create a coated layer 106 over
the plate. EX1001, 4:35-38. Employing known polymer coatings in the familiar
setting of 3D printers with heated build platforms and removable plates is simply
not inventive.

VI. PERSON OF ORDINARY SKILL IN THE ART

A. A POSITA’s Ordinary Level of Skill

28. Based on my knowledge and experience in the field and my review of
the *660 patent and its file history, | believe the range of qualifications for a POSITA
would have included a bachelor’s degree in Mechanical Engineering, Chemical
Engineering, Materials Science, or a comparable field and at least two years of
experience (e.g., research or industry experience) related to 3D printing. For
example, pertinent to the *660 patent, the design and development of a build platform

and a build plate onto which a 3D part is printed would have been well within the

20
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capabilities of a junior engineer. Such a person would have understood the purpose
of the platform and plate and would have been able to apply basic product design
principles.

29. | also believe that a POSITA could reach the same level of ordinary
skill even without a formal degree or formal training. For example, as with the junior
engineer | mentioned above, experienced users of 3D printers would have
understood the purpose of the build platform and the build plate, as well as the
concerns a designer might consider in developing these components. Such a person
would have acquired sufficient skills through (i) their individual use and testing with
different 3D printing configurations, (ii) their exchange of knowledge in online
communities, and (iii) their review of technical literature.

30. My analysis and conclusions expressed in this Declaration are based on
the perspective of a POSITA having this level of knowledge and skill. My
education, technical expertise and personal knowledge discussed in Section 11 shows
that 1 meet the qualifications of a POSITA. For example, | am a Ph.D. chemical
engineer, and | have taught 3D printing classes to engineers for many years. | have
also published peer-reviewed research articles in 3D printing and used available
literature and on-line guides to develop skills in 3D printing as new developments

emerged in the field.

21
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B. A POSITA’s Background Knowledge and Understanding of the
Pertinent Technology

1. Heated Printbeds in 3D Printers

31. In 3D printing, the term “printbed” is used when referencing the surface
on which a printer deposits build material to construct an object layer-by-layer
during an additive manufacturing process. See EX1011, p.10 (“The printbed is the

surface that your 3D prints are built on.”).

STEPPER MOTOR

LINEAR MOTION

" PRINTBED

Figure I-1. How a 3D printer works (original model courtesy Gary Hodgson, 2011)

EX1011, p.8 (annotated).

22
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32. Depending on the configuration of the 3D printer, the printbed can be
the top surface of a static platform structure, often called a “build platform,” or a
removable plate, often called a “build plate.” The build plate is secured to the build
platform during the additive manufacturing process and taken off the build platform
to facilitate removal of the printed object. The terms “printbed” can be used
interchangeably with “build platform” or “build plate.”

33. A 3D printer with a heated printbed incorporates some kind of heating
mechanism to raise the temperature of the printbed. By the time of the 660 patent
in 2014, heated printbeds were a well-known solution to preventing the deformation
of 3D printed objects. When using an unheated printbed, the first layers of build
material deposited on the printbed begin to cool as the additive manufacturing
process continues and additional layers are deposited. This phenomenon causes the
printed 3D object to cool unevenly. In many cases, uneven cooling results in the
bottommost layer delaminating for the printbed, causing the printed object to warp.
Heated printbeds solve this problem by heating the bottommost layer of build
material, which promotes even cooling and adhesion of the 3D object to the printbed,
and thereby mitigates warpage or other deformation defects. As summarized in a
2014 online article titled “3D printing guides: Everything about heated beds!”:

So, heated beds have one very obvious main purpose: And that is to get the

surface of the print bed up to a temperature where the print will stick to it
better and, as such, will not come loose from the unavoidable warping
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forces that the layer-by-layer printing process generates. But a heated bed
has a second side effect that can help reduce warping at the source, and
that’s because the radiated heat will help keep the print warm. You see,
that largest factor in how much a print is going to warp is, roughly

speaking, the difference between the plastic’s glass transition temperature
and the “cooled down” temperature during a print.

EX1012, p.3.

34.  When printing with some types of build material, like ABS
(acrylonitrile butadiene styrene), “a heated printbed...set to about 110°C [was
considered] a near absolute necessity or otherwise the parts will curl as they cool
and might even crack with larger prints.” EX1011, p.26; see also EX1013, p.2 (“A
heated build plate adds cost to the printer but is absolutely necessary for printing
with certain types of filament (ABS, nylon, and others)). Even when printing with
materials like PLA (polylactic acid), where “[a] heated printbed is not absolutely
necessary,” it was still preferable to “print[] with the printbed set to 60°C [to] help[]
with the quality of the print.” EX1011, p.27.

35.  Given the widely-known and sought-after benefits, even before 2014,
“Im]ost...personal 3D printers on the market offer[ed] a heated printbed..., either as
standard or as an option.” EX1011, p.10. For a POSITA, it would have even been
“casy to build one from scratch.” Id. One example of a 3D printer with a heated
printbed that was commercially available before 2014 is the Makerbot Thing-O-

Matic (top left), which launched in September 2010. EX1014, p.3 (“High current
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mosfets to drive heated built platform™). Another example is the MakerGear Mosaic
M1 (top right), which “includes a heated printbed as standard.” EX1011, pp.17-18.
The Afina H480 3D Printer (bottom left) and the Ultimaker Original+ 3D Printer
(bottom right) are additional examples of commercial products with heated
printbeds. See EX1015, p.19 (“You should always preheat the platform prior to
printing to ensure the best results.”); EX1016, p.2 (“The Heated Bed upgrade kit can
be purchased for €245, and it comes with the heated print bed(obviously)...”), (“It
features new electronics for better temperature control, a heated print bed, and an
additional fan shroud.”); EX1017, pp.4-9 (discussing 3D printers with heater beds),

pp.14-15, p.20.

Makerbot Thing-O-Matic MakerGear Mosaic M1

EX1014, p.1 EX1011, p.17
Afina H480 3D Printer Ultimaker Original+ 3D Printer

EX1015, p.1 EX1016, p.2
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36. The printbed heating solutions identified above were often operated
using feedback control loops—e.g., using PID (proportional-integral-derivative)
controllers. These controllers receive input data from temperature sensors (e.g.,
thermistors or thermocouples), calculate the difference between the actual
temperature value and the desired setpoint temperature value, and adjust their output
to appropriately control the power applied to the heating mechanism. EX1014, p.3
(“High current mosfets to drive heated build platform” “Thermocouple support for
accurate temperature sensing”’); EX1012, p.4 (“As the controller applies power to
the bed...”).

2. Tape as a Method of Object Adhesion

37. The term “tape,” as understood by a POSITA in the 3D printing
community (and even more colloquially), refers to a thin, flexible piece of material
with a pre-applied adhesive that is sticky at room temperature to allow the tape to
adhere to another surface; it often comes packaged in rolls. Adhesive sheets,
painter’s tape, and DuPont™ Kapton® tape were common in the 3D printing
community. See EX1011, p.10 (“These materials include Kapton or polyimide tape,
PET or polyester silicon tape, or even hardware store-variety blue painter’s tape[.]”).
Using tape to cover the top surface of the printbed became a popular modification
early on in 3D printing. It was used to promote adhesion of the part during printing

and to facilitate release of the part after printing. See EX1011, p.10 (“To prevent the
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object from lifting off the surface in mid-print, these [printbed] surfaces are often
covered in one kind of tape or another][.]”).

38. “Tapes” are distinct from “coatings,” which I will discuss in detail
below in Section VI.B.3. Tapes are classified, marketed, and sold as “tape” or
“adhesive sheets,” not as coatings. Again, tapes and adhesive sheets all share the
common structure of a material sheet with pre-applied adhesive. A “coating” is a
distinct designation that does not connote this material with pre-applied adhesive. It
was understood by the 3D printing community, and by extension a POSITA, that a
coating does not encompass tape, and vice versa.

39. Though covering the printbed with tape was a common modification
that worked fairly well, it was not a perfect solution. In fact, the problems with tape
identified in the *660 Patent, (EX1001, 1:49-60), were already well-known in the
3D printing community. For example, it was difficult to apply certain kinds of tape
In such a way as to get a smooth surface. EX1011, p.284 (noting that “polyimide
tape can be a little tricky”), pp.284—288 (detailing a multi-step process for applying
polyimide tape). Additionally, sometimes the pre-applied adhesive on a given roll
of tape was not ideal; they could sometimes become difficult to remove from the
build platform and could even leave a residue on the printbed. Tape could also tear
during printing or catch the print head if the build platform was not well-leveled at

the start of the print. Certain types of tape were also expensive (e.g., the trademarked
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DuPont™ Kapton® tape), and all tapes presenting a recurring cost as the tape needed
to be replaced with use. Given these issues with tape, people of ordinary skill in the
art were looking for non-tape solutions—such as polymeric coatings.

3. Polymer Coatings and Coating Techniques for Printbeds

40. Polymer coatings were well known for promoting the adhesion of
printed objects to the printbed during the additive manufacturing process of a 3D
printer. Notably, polymers are virtually the only material known to promote such
adhesion, whereas materials such as ceramics and metal generally do not have the
same effect. In many instances, coatings used commonly by 3D printing users were
hairspray (copolymers of polyvinylpyrrolidone (PVP) and polyvinyl acetate
(PVAC)), glue sticks (polyvinyl acetate), or a custom mixture of a polymer and
solvent (e.g. ABS solution or slurry).

41. By 2014, the desire for polymer coatings as a cure to user frustration
with applying tapes led to commercial products like Wolfbite, marketed by
AirWolf3D. Wolfbite, a commercially available polymer coating, was “specially
engineered to bond Acrylonitrile Butadiene Styrene (ABS) plastic parts directly to a
heated glass 3D printing surface without lifting—also known in the industry as
“warpage,”—and to enable smooth release of objects after printing.” EX1018, p.2;

EX1019, p.2 (“Proprietary aqueous solution of selected polymers.”).
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EX1018, p.1. Unlike polyimide or Kapton tape, the instructions for applying

Woltbite were simple: “Simply dip the applicator brush into the bottle, [and] give

the glass a nice light coat.”:

3D Printer Bed Adhesion for ABS and Heated Bed - Wolfbite for ABS, PETG, TPU, and TPE
) Alwoit 3D b4 G Dshee L Download [ Save o

12K views 10 years ago

Say goodbye to PET film, blue tape, glue sticks, ABS slurry, sludge, hairspray, and warpage. Try Wolfbite today:
hitps://airwolf3d.com/product-categor

..more

See https://www.youtube.com/watch?v=lecYWUMpe-o.
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42.  Although polymer coatings were commonly applied on an ad hoc basis
by 3D printing users, it was well known by 2014 that polymer coatings could be
applied to substrate surfaces as part of a manufacturing production process in a
variety of different manners, including dip coating, spray coating, spin coating, knife
coating, slot coating, powder coating, etc. See EX1020, p.64 (“Several coating
application methods are available for selection based on considerations including
coating liquid properties, production speed, and cost.”)! The graphic below
illustrates a sampling of “[d]ifferent methods for applying liquid coatings onto
moving substrates.” See EX1020, p.65; see also pp.64—74 (discussing various

coating techniques).

! Although this reference has a copyright date of 2016, the portions of it that I rely
on here is representative of a POSITA’s knowledge in 2014.
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FIGURE 6.27 Different methods for applying liquid coatings onto moving substrates: (a) dip
coating, (b) knife coating, (¢) adjustable gap blade coating (doctor blade coating), (d) slot coat-
ing, (e) slide coating, and (f) curtain coating. In (a) and (b) the liquid is pulled from a vat or con-
tainer; in (c¢) a liquid reservoir is Kept full during coating and in (d)—(f) the liquid is pumped

into the coating die. Courtesy of M.S. Carvalho, Pontifical Catholic University of Rio de
Janeiro.
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See EX1020, p.65.

43.  Additionally, it was known and described in the patent and technical
literature to apply polymers like polyimide—a known material for facilitating
printbed adhesion—as a coating. See EX1038, 5:35-41 (“In the embodiment of FIG.
1, the insulation layers 34’ and 36° may be made of epoxy, polytetrafluoroethylene,
polysulfone, polyamides, polyamideimides, polyimides, with or without fillers,
thermoplastics or thermoset plastics. The insulation layers may be formed by

dipping, brushing, spraying, casting, chemical vapor deposition, or electro-organic
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synthesis.”); EX1039, 4:47-67 (explaining how a “liquid coating composition” is
“converted to polyimide coatings” on “a variety of substrates, for example, metals”);
EX1021, 1:64-66 (discussing how polyimides “have also been shown to be
useful...in coating metal substrates, including dip coating...”); EX1022, [0001]
(“The present invention relates to a two-component polyimide resin
composition...”), [0074] (“The thermosetting polyimide resin composition was

coated on an aluminum plate...” (reference number omitted)). For example, the

Tummula reference (EX1005), which I discuss at length below applies a polyimide
coating as a viscous gel. See §XI.A, infra. As another example, in a 2010 paper
titled “Corrosion protection of galvanized steel by polyimide coatings,” the authors
formed two “types of polyimide coatings” as “viscous solutions” and ““spread [them]
onto 50 mm x 50 mm X 2 mm galvanized steel panels with the aid of a spin coater.”
EX1023, p.2.

44, Finally, as | discussed above, by “coating,” a POSITA means
something other than tape. “Coating” is a distinct designation that does not connote
the common rolls of tape or adhesive sheets that are widely available. Coatings are
traditionally sprayed or painted on as a liquid, slurry, or gel, while tape is prepared
with adhesive physically applied by the user in strips and sheets to the build plate.
It is understood by the engineering community, and by extension a POSITA, that

coating thus does not connote tape or adhesive sheets.
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VIil. OVERVIEW OF CONCLUSIONS FORMED

45.

This Declaration explains the conclusions that | have formed based on

my independent analysis. To summarize those conclusions:

Based upon my knowledge and experience, and my review of the
materials listed above, | believe that Claims 1-13 and 15 of the 660
patent are obvious in view of Cable (EX1006) and Naware (EX1007).
See Ground 1A at Section VIII.

Based upon my knowledge and experience, and my review of the
materials listed above, | believe that Claims 1-2, 4, 6-12, and 15 of the
’660 patent are obvious in view of Cable (EX1006) and Kritchman
(EX1009). See Ground 1B at Section IX.

Based upon my knowledge and experience, and my review of the
materials listed above, | believe that Claims 7-8, and 14 of the *660
patent are obvious in view of Cable (EX1006), Naware (EX1007) or
Kritchman (EX1009), and Comb (EX1004). See Ground 1C at Section
X.

Based upon my knowledge and experience, and my review of the
materials listed above, | believe that Claims 1-3 and 5-15 of the 660
patent are obvious in view of Comb (EX1004) and Tummala (EX1005).

See Ground 2A at Section XI.
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e Based upon my knowledge and experience, and my review of the
materials listed above, | believe that Claims 1-15 of the *660 patent are
obvious in view of Comb (EX1004), Tummala (EX1005), and
Kritchman (EX1009). See Ground 2B at Section XII.

VIII. GROUND 1A: CABLE, NAWARE
A. Cable (EX1006)

46. Cable is similar to the *660 patent in many respects. For example, like
the 660 patent, Cable teaches a 3D printing apparatus that eases “removal of [a
printed] object from [a] substrate...without mechanically contacting the object with
a device or chemically contacting the object.” EX1006, Abstract, [0004], [0020],
[0021]. Also like the *660 patent, Cable uses a flexible substrate, where “flexing or
bending the substrate caus[es] the object to dislodge[.]” EX1006, [0020], [0078].

47. Cable’s substrate is used “as a ‘working surface’ for building the
object” and ““can be positioned on a [heated] platform...configured to support the
substrate[.]” EX1006, [0034]; see also [0044], [0045]. The substrate has a top layer
“made of a first material,” such as a thermoplastic polymer, which is selected to

“promote good adhesion” and “can be manufactured by coating...the substrate.”

EX1006, [0061], [0036].
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EX1006, Figure 1.
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EX1006, Figure 3.

48. Briefly, | note that Cable uses different element numbering for the
substrate (110) in Figure 1 and the substrate (300) in Figure 3. Though the element
numbering is different, a POSITA would have understood that Figures 1 and 3 (and
the elements illustrated within) relate to the same embodiment. The “close-up, side
view” of the substrate in Figure 3 is additive to the earlier discussions of the substrate
concerning Figure 1. EX1006, [0057—0058]. Thus, I cite to Cable’s description of

Figures 1 and 3 interchangeably throughout my analysis, just as a POSITA would
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have done. At times, to avoid confusion, | have omitted the reference numbers from
various quoted passages of Cable, indicating in parentheticals where | have done so.

49.  As shown below in Figure 6, Cable explains that “the object can be
removed from the substrate with minimal, if any, damage to the substrate and/or the

object and the substrate can be re-used.” EX1006, [0082] (reference number
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EX1006, Figure 6.
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B. Naware (EX1007)

50. Naware, which also relates to 3D printing systems, describes “a build
plate with multiple heating/cooling zones so that the temperature distribution and
the thermal gradient over the surface of the build plate can be controlled” to prevent
“curling, warping, delamination, or distortion of the part being built.” EX1007,
[0001], [0039]. Like Cable, Naware teaches the well-known concept of mounting
“a substrate...on top of the build plate” during printing. EX1007, [0030].

51. As shown below, Naware creates his disclosed heating/cooling zones
by providing an array of temperature control modules 34 located throughout the
build plate 10, each of which includes ‘“heating/cooling mechanisms 38 and
temperature sensors 40.” EX1007, [0032]. “The heating/cooling mechanisms may
be, but are not limited to, micro/nano heaters, coils, heat pipes, micro/nano channels,
thermo-electric coolers, electromagnetic induction heating or a combination of
them.” 1d. “The temperature sensors 40 are any known sensor which is cable of
measuring the temperature in the temperature ranges in which the heating/cooling

mechanisms operate.” Id.
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FIG. 2

EX1007, Figure 2.

52. To facilitate control over the temperature distribution and thermal
gradient of the build plate 10, Naware explains, each of the temperature control
modules 34 is “controlled by a controller.” EX1007, [0033]. In one example, “[t]he
temperature control modules 34 may communicate with the controller 50 wirelessly
or via fixed connections, such as, but not limited to, circuit paths or wires.” Id. In
another example, “each of the temperature control modules 34 is in communication
with and is controlled by a microcontroller/processor 52 (FIG. 5), which in the
illustrative embodiment shown is positioned proximate to or in the temperature

control module.” 1d., [0034].
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C. The Cable-Naware Combination

53. A POSITA would have been motivated to combine (i) Cable’s 3D
printing apparatus and (ii) Naware’s disclosure of an array of temperature control
modules within the build platform as an integral heat source. The result of this
Cable-Naware Combination would yield an additive manufacturing 3D printer
system with a heated build plate that incorporates temperature control modules to
control the temperature of the plate and, thus, mitigates printing issues such as
deformation of the 3D object. The figure below, adapted from the Cable and Naware

figures, communicates, at least schematically, the Cable-Naware Combination.
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1. Reasons to Combine

54. A POSITA would have had multiple reasons to apply Naware’s
teachings about a heated build plate in the context of Cable’s 3D printer apparatus.

55.  One reason a POSITA would have been motivated to combine Cable
with Naware is because Cable’s disclosure suggests and encourages doing so. For
example, Cable teaches a build platform that can be heated “by any suitable heating
element.” EX1006, [0045]. Cable does not limit his disclosure to a specific type of
heating element and instead explains that “any suitable heating element” will do.
“[A]ny suitable heating element,” as a POSITA would have known, encompasses
known options from references in the same field like Naware. Specifically, the
POSITA would have taken Cable’s “any suitable heating element” teaching as a
directive to seek out and consider teachings from references like Naware that provide
implementation details on heating elements for 3D printing build platforms (e.g.,
Naware’s temperature control modules).

56. Naware offers details relating to heated build platforms that fit with
Cable’s disclosure on this subject. EX1006, [0045]. Among other things, Naware
discloses several options for implementing a heating/cooling mechanism (e.g.,
micro/nano heaters, coils, heat pipes, etc.) and further explains that temperature
sensors and an integral controller are packaged in the same module. E.g., EX1007,

[0032-0033].
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57. From a POSITA’s perspective, Naware’s discussion regarding
controllable heating/cooling elements integrated into a build platform is a natural
and obvious extension of Cable. The heating elements disclosed by Naware,
including “micro/nano heaters, coils, heat pipes, micro/nano channels, thermo-
electric coolers, electromagnetic induction heating or a combination of them” are
common mechanisms that a POSITA would have known about and, in some cases,
even used in a 3D printing context. Through this familiarity and readily available
information on these kinds of heating mechanisms, a POSITA could have (and
would have been motivated to) implement Naware’s teachings in the context of
Cable without difficulty. EX1007, [0032].

58. Modification of printbeds (build plates and build platforms) was
common practice in the years preceding 2014. It was well-known, especially in the
on-line forums, that the application of heat to the printbed through heaters or other
mechanisms prevented warping of thermoplastic-printed parts. In my research
group, we regularly modified printbeds using common silicone pad heaters and
feedback temperature controllers, as these components were widely available. We
also only purchased printers with heated printbeds as they were clearly superior to
the printers available with non-heated printbeds.

59. Again, as | discussed above heated printbeds—including build plates

and platforms—were ubiquitous and commercially available in the 3D printing
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industry by 2014. See generally 8VI.B.1. The purpose of applying heat to the
surface supporting the object being printed is to prevent deformation that occurs
from uneven cooling of the object. Id. This technique was also known to prevent
warpage of the object and to increase adhesion of the object to the supporting
surface. Id. As the ’660 patent admits in its discussion of background prior art, it
was known that “[t]he current 3D printing methods involve heated build plate[s]”
and that, if a build plate is not heated, the build material “will not adhere to the build
plate or the part will pull off the plate as the polymer contracts.” EX1001, 1:31-33,
1:44-46.

60. There is no question that heated build plates were a well-known
solution to the equally well-known problem of increasing part quality and adherence.
And, because Naware provides an effective approach for implementing this known
solution, a POSITA could have and would have been motivated to readily apply
Naware’s teachings in the context of Cable’s 3D printing apparatus. For example,
Naware discloses a heated build plate with temperature control modules that include
a heating/cooling mechanism to modulate temperature throughout the build plate.
EX1007, [0032], [0027]. A POSITA, well aware of heated build plates due to their
widespread use, would have looked to Naware’s teachings as an exemplary

implementation of this familiar concept.
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61. Additionally, Naware identifies certain benefits and advantages in his
heated build plate design that a POSITA would have recognized as being applicable
to Cable’s 3D printing apparatus. As | discussed above, heated printbeds were
known to prevent deformation that occurs from uneven cooling of the 3D object.
See 8VI.B.1. For example, premature cooling of the lower portion of the object is
known to cause delamination from the build plate which results in warpage of the
3D object.

62. Naware’s design “solves the problems arising due to uncontrolled
temperature distribution” by providing multiple “embedded temperature control
mechanisms inside the build plate..., which optimizes the temperature control of the
part or article being built.” EX1007, [0025]-[0027]. Naware’s design also “helps
in controlling the adhesion, expansion and shrinkage, layer to layer bonding, [and]
stress relaxation, etc. of the part or article being built or fabricated.” EX1007,
[0025]. Naware’s system enables controlling the temperature of the build plate to
prevent problems like “curling, warping, and delaminating of the part or article being
built.” EX1007, [0026]. More, the kind of systems that Naware sought to improve
employ the same “Fused Deposition Modeling and Fused Filament Fabrication
methods,” (EX1007, [0026]), that Cable disclosed, (EX1006, [0026]).

63. Given that Naware and Cable are dealing with similar types of the 3D

printers and because Cable generally discloses a heated build platform, a POSITA
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would have been motivated to further optimize the heating mechanism, as taught by
Naware, to achieve improved printing conditions and reduce unwanted part
deformations.

64. A POSITA would also be motivated to substitute Cable’s broad
teaching of a heated build plate for another known in the field, Naware’s heated built
plate design with temperature control modules, to obtain predictable results. For
example, Naware provides a method of controlling “the temperature distribution and
the thermal gradient over the surface of the build plate” through use of “multiple
heating/cooling zones.” EX1007, [0001]. A POSITA would have recognized
Naware’s more advanced temperature control system allows for more versatility in
controlling warpage, allowing for a greater range of objects to be successfully
printed. EX1007, [0025] (““Temperature distribution in a build platform or build
plate plays an important role in building a part or article, in particular a part or article
with tight geometric tolerances.”).

65. Further, supplementing Cable’s 3D printing apparatus using Naware’s
teachings would not have impacted the other aspects of Cable’s 3D printer, and it
would have produced substantially similar functionality to what Cable described.
Naware’s heated build plate serves the same basic function of preventing

deformation and warpage of 3D objects compared to Cable’s heated build plate. See
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EX1007, [0011], [0012]; EX1006, [0045] (“Heating the platform 114 can promote
an anti-warping effect....”).

2. Reasonable Expectation of Success

66. A POSITA would have reasonably expected success in the above-
discussed combination of Cable and Naware. As I discussed above, 3D printers with
temperature-controlled heated build plates were well-known technologies at the time
of the 660 patent in 2014, and these technologies had been successfully
demonstrated in the real-world by then. See §VI.B.1, 8VIII.C.1. Thus, the result of
the Cable-Naware Combination would have been predictable to a POSITA, and the
POSITA would have expected it to work. Id.

67. To be clear, my discussion of the Cable-Naware combination (and all
of the prior art combinations that | address in this Declaration) is based on how a
POSITA would have understood and combined their teachings. By discussion of a
“combination,” I do not mean to suggest or imply that the POSITA would attempt,
for example, to fit the literal heated printbed disclosed by Naware into the literal 3D
printer disclosed by Cable. Rather, the POSITA would have been taken Naware’s
teaching of an array of temperature control modules and applied that concept in the
context of Cable. The POSITA would have been well equipped to implemented
Naware’s teachings appropriately for a given application, e.g., by adjusting the

number, size, and arrangement of modules used in a given printbed (build platform).

46



Attorney Docket No. 56224-00061P1
IPR of U.S. Patent No. 9,592,660

For example, understanding that a smaller printbed may require and/or benefit from
a lesser number of temperature control modules to effectively control the
temperature of the build plate was well within the POSITA’s skill level (and vice

Versa).

D. Claim Element Analysis
1. Claim1l

(i) Element [1.pre]: A build apparatus for printing a 3D object of
thermoplastics employing additive manufacturing methods, the
apparatus comprising:

68. Cable teaches a “system” (build apparatus) that is “configured to
manufacture objects by utilizing additive manufacturing principles.” EX1006,
[0026]; see also [0004], [0027], [0057]. The system includes a substrate that “can
be positioned on a platform...as a ‘working surface’ for building the object” via an
extrusion-based “printing” process. EX1006, [0034], [0031]; see also [0057].

69. Cable also explains that “the build material supply” used for building
the 3D object via the extrusion process “can include a thermoplastic polymer.”
EX1006, [0041]; see also [0002] (“Common build materials. . .include polylactic
acid (PLA) and acrylonitrile butadiene styrene (ABS)”), [0057].

70.  “An object can be produced by depositing a material, layer-by-layer

according to a pattern, onto a surface of [the] substrate. The pattern in which the
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material is deposited may be based on three-dimensional (3D) model data...”

EX1006, [0004]; see also [0027].
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Fig. 1
EX1006, Figure 1 (annotated); see also Figures 2-6.

(i)  Element [1.a]: a build platform with a temperature control unit
configured to control heating of the build platform;

71. As | discussed above at Element [1.pre], the Cable-Naware
Combination incorporates Cable’s teaching of an additive manufacturing system

including “a platform 114 that is configured to support [a] substrate” functioning
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“as a ‘working surface’ for building the object.” EX1006, [0034]; see also [0031],
[0057].

72. Cable teaches that “the platform 114 can be heated...by any suitable
heating elements, such as electrical elements...or any other suitable heating
element.” EX1006, [0045]; see also [0044] (“The object 104 can be formed in...a
chamber or other enclosure where temperature,...can be controlled and maintained
at a desired level by elements configured to control temperature, pressure, etc.”).

73. | understand Patent Owner has argued and/or suggested that Element
[1.a]’s temperature control unit is broad enough to encompass Cable’s non-specific
teachings of a heated build platform. For example, | understand Patent Owner has
alleged the following:

43. For example, Bambu Lab makes, uses, sells and offers to sell
various additive manufacturing systems (i.e., 3D printers), including
the X1C, X1E, P1S, P1P, A1, and Al mini, which are used for printing
three-dimensional parts using thermoplastic filaments. The Bambu
printers have a heated build platform (i.e., heatbed). In addition, Bambu
sells thermally conductive build plates with their 3D printers, such as
the Bambu Engineering Plate, Textured PEI Plate, and High
Temperature Plate, that are placed on the heatbed for fabrication of the
3D part. These build plates are made by coating a polymer (e.g.,
polyetherimide) onto a steel sheet, which facilitates adhesion of the 3D
part to the build plate. The 3D object is removable from the build plate
without chemically or mechanically removing the polymer coating and
without damaging the polymer coating, such as by flexing the build
plate after the 3D object has cooled. Bambu Lab thus directly infringed
and continues to directly infringe each limitation of at least Claim 1 of
the 660 Patent by using, selling, offering for sale in the United States,
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and importing into the United States, without authorization the Accused
660 Products.

See EX1024, p.12.

74.  Additionally, the Cable-Naware Combination incorporates Naware’s
more specific teachings regarding “a build plate [(platform)]” containing an array
of modular elements, each including “[a] contact plate 32, temperature control
module 34 [(unit)], and an insulating plate 36.” EX1007, [0031]; see also [0001];

supra, 88VIII.C.1-2 (motivation and expectation of success).

Build platform) 1

Temperature Control
' Unit

FIG. 2

EX1007, Figure 2 (annotated).
75. Naware teaches that “each [of the] temperature control modules 34

[(unit)] is a device which has the ability to control the temperature thereof and
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consequently, control the temperature of its respective modular element 30.”
EX1007, [0032].

76.  Accordingly, as shown in Naware’s Figure 5 (below), “the temperature
control modules 34 [(units)] include heating/cooling mechanisms 38 and
temperature sensors 40.” EX1007, [0032]. They also include *“a
microcontroller/processor 52,” which “communicate[s] with” the heating/cooling
mechanisms 38 and temperature sensors 40 and “will set the temperature...based on
a number of variable[s] or factors.” EX1007, [0034]; see also [0035] (“the

microcontroller/processor 5[2] controls the temperature™).

Temperature Control
Unit

controller

FI1G. §

Heating

EX1007, Figure 5 (annotated).
77. From a POSITA’s perspective, Naware’s disclosure of a temperature

control module teaches, suggests, or renders obvious the 660 patent’s claimed
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temperature control unit. To a POSITA, in this context, there is no meaningful
difference between a “module” and a “unit,” both of which connote a cohesive
package or assembly of components. Here, too, Naware’s disclosed temperature
control module and the preferred embodiment of the 660 patent’s temperature
control unit both contain a heating element, controller, and temperature sensor.
Compare EX1007, [0032] (“Each temperature control modules 34 is a device which
has the ability to control the temperature thereof and consequently, control the
temperature of its respective modular element 30. As shown in FIG. 5, the
temperature control modules 34 include heating/cooling mechanisms 38 and
temperature sensors 40.”), [0033—-34] with EX1001, 3:14-46 (discussing the build
platform’s “temperature control means that controls the temperature” wherein the
heat source may be “heater cartridges,” the controller may be a “PID controller][],
and the temperature sensor may be “thermocouples”).

(i)  Element [1.b]: a thermally conductive plate disposed adjacent to
the build platform; and

78. The Cable-Naware Combination incorporates Cable’s teachings

regarding a flexible plate-like “substrate 110...positioned on a platform 114,” where

2

the substrate 110 functions “as a ‘working surface’ for building the object.

EX1006, [0034-0035], Figures 1-6; see also [0031], [0057] (“The substrate [(plate)]
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300 can be removably attached or fastened to the platform 114 in any suitable

manner.”), [0061].

79.  The substrate (plate) “can be made of any suitable material,” including
“metal,” which a POSITA would have understood to be thermally conductive.
EX1006, [0077]. In fact, the POSITA would have recognized that all (or virtually
all) materials are thermally conductive to some degree. Many kinds of “metals,” as
disclosed by Cable, are known to have relatively high levels of thermal conductivity.
For example, steel has a thermal conductivity of approximately 52 W/m<K, while
concrete has a much lower thermal conductivity of approximately 0.9 W/m<K. See
EX1025, p.31.

80. As seen in Cable’s Figure 1 below, the substrate 110 (thermally

conductive plate) sits adjacent to the build platform 114.
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EX1006, Figure 1 (annotated); see also Figure 3, [0057], [0061].

81. | mentioned above that Cable’s flexible substrate is plate-like. As
shown above, the substrate is illustrated as a thin, flat sheet of material—like a plate.
Additionally, Cable’s substrate functions as a plate at least in the sense that it
supports the object being printed during the build. More, as shown above (and in
Cable’s other figures), the substrate sits on top of a build platform and is “removably

mounted, attached, or fashioned to the platform,” just as the build plate of a typical

3D printer. EX1006, Fig. 1; [0057].
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(iv) Element [1.c]: a polymer coating attached to a surface of the
thermally conductive plate

82. As I discussed above at Element [1.b], the Cable-Naware Combination
incorporates Cable’s teaching regarding a metallic flexible substrate (thermally
conductive plate). The substrate is “manufactured by coating a main portion or
body...with a first material (e.g., a thermoplastic polymer) to form [a] top layer.”
EX1006, [0061] (reference numbers omitted); see also [0057], [0082]. Cable also
teaches that “the substrate [] can include a coating of the polymeric material.” See
EX1006, [0036].

83.  As | discussed in detail above at Section VI1.B.3, there were a variety of
polymer coatings and polymer coating techniques that were known at the time the
’660 patent in 2014. As would have been clear to a POSITA, all (or virtually all) of
these known coatings and techniques would produce a polymer coating attached to
a surface of the thermally conductive plate. Polymer coatings adhere—or attach—
to a surface by chemical and/or mechanical forces that create a bond between the
polymer material and the surface of the build plate. This bond can be stronger or
weaker depending on the circumstances. When the bond is weaker, the polymer
coating is easily removed from the surface. When the bond is stronger, the polymer

coating is more resilient and difficult to remove. Accordingly, Cable’s disclosure of
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coating the surface of a metallic substrate teaches, suggests, or at least renders
obvious a polymer coating attached to a surface of the thermally conductive plate.

84. Additionally, my opinion that the 660 patent’s claims are obvious
would not change even if Patent Owner were to argue or suggest that Element [1.c]
requires a polymer coating that is permanently attached to the build plate surface.
Notably, Cable’s substrate is a “preformed” structure made “to be reused []
repeatedly,” such that “the need for replacement substrates can be minimized or
altogether eliminated.” EX1006, [0080], [0071], [0082]. Cable’s instruction to
construct a preformed and reusable component teaches the POSITA that the polymer
coating is applied during the substrate manufacturing process to be permanently (or
nearly so) attached to a surface of the main body of the substrate (plate). After all,
if the polymer coating was not permanent or near permanent, the user would have
to reapply the polymer coating after each use, making the substrate unable to be used
repeatedly without modification as suggested by Cable. For example, if a user were
to apply temporary polymer coatings such as a glue stick or hair spray to the surface
of the substrate, the coated surface could lose its adhesion ability after one print or
just a handful of prints before requiring reapplication of the coating. This
reapplication was common practice before 2014. Thus, Cable’s teaching of a
polymer coating that can be repeatedly reused indicates that the coating’s

attachment to the substrate (plate) surface is permanent or near permanent.
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85.  Further still, a POSITA using Cable’s 3D printer apparatus would be
motivated to use permanent polymer coatings because reapplying a coating with
each use is both time intensive and involves a recurring cost—problems easily
solved with a permanent coating. Further, a POSITA would naturally look to
polymers to form this permanent coating because, as | explained above at Section
V1.B.3, polymers were well known to promote printbed adhesion.

86. Cable’s Figure 3 (below), illustrates the polymer coating attached to

the surface of the substrate (plate) in the manner | have described:
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thermally conductive plate

EX1006, Figure 3 (annotated); see also [0057] (“A top layer of the substrate, such
as the top layer shown in FIG. 3, including the first material can be formed (e.g.,

coated) on a main portion of the substrate.” (reference numbers omitted)).
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(v) Element [1.c.i]: [a polymer coating...] which is capable of (i)
facilitating adhesion to the 3D object during printing and

87. The Cable-Naware Combination includes Cable’s teaching of a
polymeric coating material chosen “to promote [(facilitate)] good adhesion”
between the “substrate and the first layer during the formation [(printing)] of the
object.” EX1006, [0061-0062]; see also [0023] (“The techniques and systems
disclosed herein allow for the additive manufacturing of objects where a sufficient
adhesion is achieved between the object and the substrate during formation
[(printing)] of the object on a substrate...”), [0036], [0052] (“Adhesion
characteristics...can be created such that the object will not move about the substrate
during formation [(printing)] of the object.”), [0080].

(vi)  Element [1.c.ii]: [a polymer coating...which is capable of...] (ii)
permitting removal of the 3D object once the 3D object has been
formed and cooled without chemically or mechanically removing

the polymer coating from 3D object and without damaging the
polymer coating, the thermally conductive plate, or the 3D object,

88. As | discussed at Elements [1.c]-[1.c.i], Cable teaches a flexible
substrate with a top layer formed by a polymer coating that promotes adhesion to
the 3D object during the printing process. EX1006, [0036], [0061], [0080]. The
Combination further includes Cable’s disclosures regarding removal of the 3D

object after printing. EX1006, [0023], [0044], [0052], [0067].
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89. To start, Cable teaches that “the object can be easily removed from the
substrate...after the object has been produced [(formed)]...[b]y flexing the
substrate. ..such that the object can ‘pop off.”” EX1006, [0052] (reference numbers
omitted); see also [0023] (“...objects are able to be removed from the substrate
without external physical contact on the object.””), [0067] (“...the object 104 can be
removed without mechanically contacting the object 104 with a device (e.g., a tool
such as a chisel, blade, etc.) or chemically contacting the object 104 (e.g., chemically
dissolving material at an interface between the object 104 and the substrate
110)....”), [0079], Figures 1-6.

90. Cable further teaches that the build material used to form the object is
“gradual[ly] cool[ed]...as it is deposited onto the substrate,” and a POSITA would
have appreciated that the formed object is cooled even further when the substrate is
removed from the heated build platform. EX1006, [0044], [0052] (“[A]n individual
can remove the substrate from the system after the object has been produced on the
substrate, and then the individual can flex the substrate[.]” (reference number
omitted)). For the object to “pop off” in the manner Cable teaches, the 3D object
would have to be formed and cooled. Otherwise, the 3D object would remain
malleable, causing it to bend with the substrate.

91. Next, Cable makes clear that the object is removed from the polymer-

coated substrate without chemically or mechanically removing the polymer coating
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from 3D object. As Cable explains, its substrate enables the object to be removed
“without mechanically contacting the object with a device [or] chemically
contacting the object.” EX1006, [0052]; see also [0004], [0006], [0020], [0023]. A
POSITA would have understood Cable’s teaching that the part is able to simply “pop
off” indicates the object need not be mechanically contacted with a device (e.g., a
tool) or chemically contacted. EX1006, [0067]; see also e.g., [0020] (“removal of
the object from the substrate can be accomplished by flexing or bending the
substrate, causing the object to dislodge, or “pop-off of the substrate.”), [0023],
[0068-0078], [0036], [0061], [0080], Figures 5-6; EX1001, 5:5-31 (“The flexibility
of the plate 104 allows for easier dissociation between the 3D object and the
removable plate 104...Therefore once the build of the object is finished, the object
will pop off the plate 104[.]”). Thus, “the object can delaminate from the substrate

without leaving a residue that is visible to the eye” and “the bottom of the object can

have a smooth finish that is aesthetically pleasing.” EX1006, [0067] (reference

number omitted). This approach results in “no damage to the object and to the
substrate,” such that the polymer-coated substrate (thermally conductive plate) “can
be re-used.” EX1006, [0052].

92.  As shown below, Figure 6 provides an illustration of Cable’s removal
process. See EX1006, [0013]. Here, the “removal of the object 104 at 606 can

comprise flexing the substrate.” See EX1006, [0082]. Because removal occurs
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“without physically contacting the object with a device (e.g., a chisel, blade, a
person’s hand, etc.) or chemically contacting the object 104 (e.g., chemically
dissolving material at an interface between the object and the substrate),” removal
occurs “with minimal, if any, damage to the substrate 110 and/or the object 104 and
the substrate 110 can be re-used. Thus, the need for replacement substrates can be

minimized or altogether eliminated.” See EX1006, [0082].
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EX1006, Figure 6 (annotated).
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(vii)  Element [1.c.iii]: wherein the polymer coating is not a polymer
tape.

93. As | discussed at Elements [1.c]-[1l.c.ii], the Cable-Naware
Combination includes a flexible substrate with a top layer formed by a polymer
coating. EX1006, [0036], [0061], [0080]. To a POSITA, Cable’s use of the term
“coating,” connotes a structure that is not tape.

94. Forone, when someone skilled in 3D printing talks about tape, they use
the word “tape,” not “coating.” Tapes and adhesive sheets are commonly used
across a variety of applications and are commonly available. They are all classified
and sold as “tape” or “adhesive sheets” and not coatings. “Coating” is a distinct
designation that does not connote common rolls of tape or adhesive sheets. This is
true today, and it was also the case in 2014, as | explained above at Section VI1.B.2
and Section VI.B.3.

95. Further, Cable does not mention tapes while discussing his
embodiments, but rather distinguishes his embodiments from other known solutions
like “painter’s tape.” EX1006, [0002]. If Cable meant to disclose tape in his
embodiments, Cable would have used that word; but he did not. As a matter of

common sense, this word choice suggests to a POSITA that Cable’s “coating” is not

a polymer tape.
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96.  Additionally, it would have been obvious to pursue a non-tape solution
for implementing Cable’s polymer coating. For example, the 660 patent itself
discusses how the difficulties/drawbacks of polymer tapes like Kapton tape were
well documented, which would have prompted a POSITA to choose any one of the
“variety” of admittedly known alternatives, a sampling of which | discussed above
at §VI1.B.3. EX1001, 1:31-64, 4:35-38.

97. Cable also teaches that the layers of the substrate—including the top
layer of polymer coating—can have “any suitable laminar arrangement.” EX1006,
[0078]. This teaching does not compel the use of a tape solution, but rather allows
for non-tape solutions, which were well known and commonly used.

98. Moreover, Cable’s teaching of a “preformed” structure made “to be
reused [] repeatedly” and that “the need for replacement substrates can be minimized
or altogether eliminated” indicates to a POSITA that Cable had other, more
permanent, solutions than tape in mind. EX1006, [0080], [0071], [0082]. As such,
a POSITA would have considered non-tape solutions for fabricating Cable’s
polymer-coated flexible substrate; permanent (or near permanent) coating solutions
suitable for repeated use. A POSITA would have further appreciated that one or
more of the preferred polymer materials described by Cable—e.g., polyetherimide
(EX1006, [0037])—could be applied as a permanent (or near permanent) non-tape

coating, for example, to metal plates and other items. See supra, 8VI1.B.3 (my prior
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discussion of polymer coatings). In all these ways, Cable’s teachings would have
motivated a POSITA to pursue a polymer coating that is not a polymer tape.

2. Claim2

(i) Element [2]: The build apparatus of claim 1, wherein the polymer
coating is a polyimide.

99. As | discussed above at Elements [1.c]-[1.c.ii], the Cable-Naware
Combination includes Cable’s teachings regarding “a coating of the polymeric
material.” EX1006, [0036]; see also [0061], [0080], [0057], [0082]. Among the list
of known polymers, Cable specifically identifies “polyetherimide.” EX1006,
[0036]. | have been informed by Counsel for Petitioner that the Patent Owner has
argued that polyetherimide is a member of the polyimide family.

100. Additionally, polyimide was a well-known and popularized polymer
material known to promote part adhesion during 3D printing. For example, the *660
patent states that “[t]he current 3D printing methods involve [a] heated build plate
using silicone pads and have PID control of [the] heated plate. Also, the present
methods use polyimide tape as a substrate on the build plate for 3D part adherence.”
EX1001, 1:31-34. While it is true that polyimide was often applied in the form of a
tape, a POSITA would have appreciated that, like other polymers, polyimide was

known and described in the patent and technical literature as a non-tape coating,
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which | explained above at Section VI.B.3 (citing EX1038; EX1039; EX1021;
EX1022; EX1023; EX1005)).

101. Further still, a POSITA would have recognized that polyimide is an
obvious variant of Cable’s disclosed list of polymers. Put differently, polyimide
would have been readily apparent to a POSITA applying common sense and basic
engineering/design principles to the straightforward problem of selecting an
appropriate polymer coating material. For example, Cable teaches a coating of
“polymeric material” and specifically lists “polylactic acid, acrylonitrile butadiene

styrene, a polycarbonate, a polyamide, a polyetherimide, a polystyrene, a

polyphenylsulfone, a polysulfone, a polyethersulfone, a polyphenylene, a
poly(methyl methacrylate), or a combination thereof.” EX1006, [0036]. As I have
explained, polyimide was well known and commonly used in 3D printing as a part
adhesion promoter, and a POSITA would have known that polyimide is closely
related to the “polyetherimide” polymer that Cable expressly identified.
Accordingly, when reading Cable’s list of polymer coating materials that includes
polyetherimide, the POSITA would have naturally turned to and considered

polyimide.
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3. Claim3

(i) Element [3]: The build apparatus of claim 1, wherein the
temperature control unit comprises heater cartridges that are
spaced along a surface of the build platform.

102. As | discussed above at Element [1.a], the Cable-Naware Combination
incorporates Naware’s teachings to accommodate a build plate (platform) with
“multiple numbers of zones or modular elements,” each of which “consists of [a]
contact plate, temperature control module [(unit)], and an insulating plate.”
EX1007, [0031] (reference numbers omitted).

103. Naware teaches a configuration where the modular elements—and their
constituent temperature control units—are spaced along a surface of the build
platform. Each square module in the below Figure contains a temperature control
module (unit) that allows for temperature to be distributed in a gradient across the
build plate (platform). EX1007, [0041] (“The multiple zones or modular elements
allow for selective control of the temperature zones, allowing for selective heating

or cooling of the upper surface of the build plate.”).
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Build Plzte (platform

Temperature Control
Unit
spaced along surface
of build platform FIG. 2

EX1007, Figure 2 (annotated).

104. According to Naware, the temperature control units may incorporate
a heating mechanism in the form of “micro/nano heaters, coils, heat pipes,
micro/nano channels, thermo-electric coolers, electromagnetic induction heating or
a combination of them.” EX1007, [0032], Figure 5. From a POSITA’s perspective,
Naware’s disclosure of modular units with integral heating mechanisms teaches,
suggests, or renders obvious the 660 patent’s claimed heater cartridges. In other
words, the POSITA would have understood that a heater cartridge fits Naware’s
description of a modular unit with an integral heating mechanism. Additionally,

Naware’s reference to heating elements that are “housed inside” of a modular
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housing, (EX1007, [0032]), is consistent with a POSITA’s understanding of a
conventional and commercially available heater cartridge. See EX1026, p.1.

105. Further, heater cartridges were well-known modular heat sources for
applications like “hot plates,” “molds,” and “platens,” and it would have been
obvious to use this known solution to fulfill Naware’s above-discussed teachings to
employ modular units with integral heating mechanisms for heating a build platform.
See EX1027, pp.1-2. Not only were heater cartridges well known generally, but
they were also known in the context of 3D printing and additive manufacturing. See
EX1028, Abstract (“A three-dimensional printer...”), 5:61-66 (discussing a
“heating element” in the form of a “cartridge heater”); EX1029, p.5 (explaining that
the extruder for a MakerBot 3D printer has a “redesigned [] hot end with a cartridge
heater””). Because heater cartridges were common, easy-to-obtain, and suitable for
the application, a POSITA would have naturally considered them as a known design
option for implementing Naware’s teachings. See EX1026, p.1 (“Cartridge heaters

are reasonably priced, robust and easy to install.”).
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4. Claim4

(i) Element [4]: The build apparatus of claim 1, wherein the build
platform comprises thermocouples situated at one or several
locations to provide feedback to a controller for maintaining
temperature set points.

106. As | discussed at Elements [l.a] and [3], the Cable-Naware
Combination incorporates Naware’s supplemental teaching of a build plate
(platform) having an array of distributed modular elements, each featuring a
temperature control module with “heating/cooling mechanisms and temperature
sensors.” EX1007, [0031] (references numbers omitted), [0001]. The temperature
sensors can take the form of “any known sensor...capable of measuring the
temperature,” (EX1007, [0032]), which a POSITA would have understood to teach,
suggest, or otherwise render obvious the well-known option of thermocouples—one
of a limited number of solutions for measuring surface temperature. Thermocouples
were commonly used and desired in industry given their increased accuracy
compared to, for example, thermistors. See EX1011, p.36 (“Most electronic main
boards have the capability of reading resistive-based temperature sensors called
thermistors, while others can make more-accurate readings using a type of sensor
called a thermocouple.”); EX1014, p.4 (explaining, with reference to a MakerBot
3D printer: We’ve also switched from thermistors to thermocouples for temperature

measurement on the extruder. Thermocouples are much more standard, and provide
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a higher quality reading of temperature. You can be confident that the temperature
displayed is actually the temperature of your extruder.”).

107. Naware further explains how each of the temperature control modules
“is controlled by a microcontroller/processor,” which can be “positioned proximate
to or in the temperature control module.” EX1007,[0034]. The temperature sensors
(thermocouples) “communicate with” (provide feedback to) the microcontroller,
and the microcontroller “will set the temperature...based on a number of variable[s]
or factors.” EX1007, [0034]; see also generally [0030-0035] (discussing structure
and functionality of temperature control modules (units)).

5. Claim5s

(i) Element [5]: The build apparatus of claim 1, further comprising a
ceramic or high temperature dielectric that insulates the build
platform.

108. As | have explained, the Cable-Naware Combination incorporates
Naware’s supplemental teaching of a build plate (platform) with an array of modular
elements, each of which includes “an insulating plate” as the bottom surface.
EX1007, [0031], Figures 2-4.

109. Understanding that Naware’s modular elements include electrical
circuitry and heating elements, a POSITA would have been motivated to make the
design choice of selecting a ceramic or high temperature dielectric material for

fabricating the insulating plate. For example, the POSITA would have known that
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using a material for the insulating plate that acts as a thermal insulator—such as a

ceramic or high temperature dielectric material—would mitigate heat loss to the
surrounding areas below the build platform and, thus, promote stable temperatures,
faster heating, and increased energy efficiency. For example, the POSITA would
have known that using a material for the insulating plate that acts as an electrical
insulator—such as a ceramic or high temperature dielectric material—would
reduce the likelihood of an electrical short circuit by isolating the electronics of
Naware’s modular elements from other metal components of the 3D printing
apparatus. The POSITA would have known these classes of materials—ceramics
and high temperature dielectrics—were known to possess suitable properties to
effectuate Naware’s goal of thermally and electrically insulating the build platform.

6. Claim6

(i) Element [6]: The build apparatus of claim 1, wherein the build
platform, the thermally conductive plate, and the polymer coating
are able to withstand high temperature ranging between 150
degree Celsius and 300 degree Celsius.

110. Cable teaches that the build material may be heated up to “about 360°
Celsius.” EX1006, [0032]. Accordingly, a POSITA would have been motivated to
provision the build platform, the thermally conductive plate, and the polymer
coating (see Elements [1.a]-[1.c.iii], supra) to withstand high temperatures up to

and including the lower claimed range of between 150 degrees Celsius and 300
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degrees Celsius. To maintain the functionality and integrity of the apparatus, the
build platform, the thermally conductive plate, and the polymer coating would
need to be able to withstand at least the highest anticipated temperature of the build
material—360° Celsius. It would have been clear to a POSITA that these
components of the 3D printing apparatus would face an unacceptably high risk of
damage if their respective service temperatures did not meet or exceed the
temperature of the heated build material being deposited on them.

111. Further, Cable teaches that the build platform can be heated up to
“about 125° Celsius.” EX1006, [0045]. A POSITA looking to implement Cable’s
teaching would have been motivated to design the build platform and the attached
conductive plate and polymer coating by incorporating a safety factor to account for
any unexpected variations in temperature. Otherwise, unintentionally high
temperatures could cause damage to the 3D printing apparatus. Here, even a modest
safety factor of just 1.2 would result in the provisioned components being able to
withstand high temperatures up to and including 150 degrees Celsius, the lower
bound of the claimed range.

112. Cable also discloses “metal” as a suitable building material, (EX1006,
[0007]), and a POSITA would have appreciated that most metals are able to
withstand high temperatures ranging between 150 degrees Celsius and 300

degrees Celsius. Metals are known for their heat resistant properties. For example,
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as shown in the chart below, steels (e.g., Carbon steel, low alloy steel, and stainless
steel) have maximum service temperatures above 300°C, and some aluminum allows
have maximum service temperatures above 150°C. EX1030, pp.33-34 (“The
approximate temperature at which, for any of these reasons, it is unsafe to use a
material is called its maximum service temperature Trmax.””). As for the coating, Cable
identified “polyetherimide” as a suitable polymeric material, and polyetherimide’s

maximum service temperature range is 70-300°C. EX1035, p.4.
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The maximum service temperature—the temperature above which a material becomes unusable.

EX1030, p.34.

113. Inthe context of a 3D printing apparatus like that of the Cable-Naware

Combination, the ability of the constituent components to withstand high
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temperatures was a variable—often called “service temperature”—that a POSITA
would have been well acquainted with. Service temperature represents the range of
temperatures within which a given material or component can function properly
without compromising its performance or integrity. In short, service temperature is
a variable that affects the ability of a component to withstand and operate properly
under high temperatures. Accordingly, for a given 3D printing application involving
high-temperature build materials and heated printbeds (as in the Cable-Naware
Combination), the POSITA would have been able and motivated to select the
optimal service temperatures for the build platform, the thermally conductive plate,
and the polymer coating. In doing so, the POSITA would have arrived at the
claimed range of between 150 degrees Celsius and 300 degrees Celsius.

7. Claim7

(i) Element [7]: The build apparatus of claim 1, wherein the material
for the thermally conductive plate comprises one or more of
aluminum, steel, brass, ceramic, glass, or alloys with a low
coefficient of thermal expansion (CTE).

114. As | discussed at Element [1.b], the Cable-Naware Combination
incorporates Cable’s teaching of a substrate (thermally conductive plate) comprised

of “pliable wood, metal, plastic, rubber, or any other suitably resilient material.”

EX1006, [0077]. Aluminum and steel are well-known metallic materials for

thermally conductive 3D printing substrates. For example, in my experience with
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early 3D printers, we made our printbeds exclusively out of aluminum as it was easy
to heat and machine/cut. Steel printbeds were also known before 2014 by the
printing community. See, e.g., EX1017, p.8 (Bed Style Unheated steel (heated
upgrade available”); EX1011, p.10 (“The surface of the printbeds is often made from
either glass or aluminum to better spread the heat across the area and to make for a
smooth and level surface...[A]luminum conducts heat better for a heated
platform.”). Additionally, a POSITA would have understood that aluminum and
steel are materials that are good thermal conductors, were easy to obtain, and could
be readily fabricated/manufactured into the kind of thin, flexible substrate (plate)
that Cable describes. By simply applying common sense and ordinary
engineering/design principles, a POSITA would have arrived at the notion of an
aluminum and/or steel plate, a common and well-known component of 3D printers
at the time of the *660 patent in 2014.

8. Claim8

(i) Element [8]: The build apparatus of claim 1, wherein the material
for the build platform comprises one or more of aluminum, steel,
brass, ceramic, glass, or alloys with a low coefficient of thermal
expansion (CTE).

115. Cable teaches a build platform that is “attached or fastened to,” and
structurally “supports,” a removable substrate. EX1006, [0034]. The build platform

Is also heated—e.g., up to “about 125° Celsius”—and conducts heat toward the
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substrate to “promote an anti-warping effect on the build material used to form the
object.” EX1006, [0045]. These mechanical and thermal design requirements
would have taught, suggested, or otherwise rendered obvious to a POSITA that the
build platform comprises one or more well-known materials, such as aluminum or
steel, both of which were commonly used in the field of 3D printing and additive
manufacturing and would have enabled meeting the requirements indicated by
Cable’s teachings. For example, in my experience there were many aluminum and
steel printbed designs available to the 3D printing community. See, e.g., EX1017,
p.8 (Bed Style Unheated steel (heated upgrade available™); EX1011, p.10 (“The
surface of the printbeds is often made from either glass or aluminum to better spread
the heat across the area and to make for a smooth and level surface...[A]luminum

conducts heat better for a heated platform.”).

9. Claim9

(i) Element [9]: The build apparatus of claim 1, wherein the
thermally conductive plate thickness ranges from 0.025-0.5” and
wherein the thickness is selected depending on the flexural
character of the material.

116. The Cable-Naware Combination incorporates Cable’s teaching of a
substrate (thermally conductive plate) with a thickness ranging from “1 mm to

about 2 mm [0.039 inches to about 0.079 inches].” EX1006, [0076]. | note that

Cable’s stated range of 0.039-0.079” for the substrate (plate) falls within the claimed
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range of 0.025-0.5”. Even if Cable’s stated range is inclusive of the coating layer,
the main body of the substrate (plate) would still have a thickness range within the
claimed range. A polymer coating is typically only about from 1-100 pum in
thickness. See EX1020, p.75 (“Polymeric coatings are typically on the order of 1—
100 pm in thickness.”)?. Subtracting the minimal thickness of a polymer coating
layer would not change the fact that Cable’s substrate (plate) thickness range falls
within the claimed range.

117. Cable further teaches, suggests, or otherwise renders obvious to a
POSITA that the characteristics of the substrate (plate), including its thickness, are
selected depending on the flexural character of the material. For example, “[t]he
ability for the substrate to bend or flex...can be influenced by the first material of
the substrate and [its] dimensions[.]” EX1006, [0068] (reference numbers omitted));
see also [0076—0078] (substrate characteristics must preserve the ability “to flex or
bend resiliently for enabling removal of the object”). For example, a sheet of steel
12 inches thick loses its flexural character, while a thin sheet of steel 0.025 inches
thick will retain its ability to bend. Because Cable requires bending the substrate to

remove the 3D object, thick substrates would not be effective. As such, a POSITA

2 Although this reference has a copyright date of 2016, the portions of it that I rely
on here is representative of a POSITA’s knowledge in 2014.
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would have been motivated to work with substrates lower in thickness and would
arrive at a range of 0.025-0.5” depending on the flexural character of the material.

10. Claim 10

(i) Element [10]: The build apparatus of claim 1, wherein the
thickness of the polymer coating ranges from 0.001” to 0.1”.

118. As | discussed above at Element [9], Cable teaches a substrate with a

thickness ranging from “1 mm to about 2 mm [0.039 inches to about 0.079 inches].”

EX1006, [0076]. Moreover, as | discussed at Elements [1.c]-[1.c.iii], the substrate
includes a “top layer” formed by coating a main body/portion of the substrate with
a polymeric material. EX1006, [0036], [0061], [0080]. From these teachings in
Cable, a POSITA would have understood that the thickness range of the polymer
coating is included in or at least overlaps the claimed range of firom 0.001” to 0.1
For example, the POSITA would have understood that the maximum coating
thickness is a subdivision of the maximum substrate thickness (2 mm or 0.079”),
both of which are less than 0.1”.

119. Additionally, the POSITA would have been motivated to select a
minimum coating thickness at or above the claimed lower bound (0.001’) as a matter
of routine optimization. EX1006, [0068-0069], [0076], [0078]. Cable teaches that
“[t]he ability for the substrate to bend or flex...can be influenced by the first material

of the substrate and [its] dimensions[.]” EX1006, [0068] (reference numbers
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omitted)). A POSITA would have been motivated to optimize the coating thickness
because it is a variable that directly impacts flexibility of the substrate, which is
critical to Cable’s removal technique. Or, put differently, the POSITA would have
gleaned from Cable’s teachings that the dimensional characteristics—including
thickness—of the coating layer should be selected to maintain the substrate’s
flexibility. Using routine engineering/design principles to select the optimal coating
thickness would have led a POSITA to the claimed range of 0.001” to 0.1".

11. Claim 11

(i) Element [11]: The build apparatus of claim 1, wherein a surface
of the polymer coating includes nano-, micro-, or milli-meter scale
features that increase adhesion to the 3D object.

120. As | discussed above at Elements [1.c]-[1.c.iii], Cable teaches a
polymeric coating material chosen “to promote good adhesion” between the
“substrate and the first layer during the formation of the object.” EX1006, [0061—
0064]; see also [0023], [0036], [0052], [0080]. According to Cable, increased
object/part adhesion is achieved by increasing the “surface energy” of the substrate
surface contacting the object—here, the polymer coating surface. EX1006, [0061—
0064].

121. As a POSITA would have known, surface texturing, e.g., creating
nano-, micro-, or milli-meter scale features, is a conventional and obvious

technique for increasing surface energy and, thus, object/part adhesion. In fact, 3D
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printers had included print surface texturing in this scale long before the *660 patent.
See EX1032, Abstract (“A cover for a print bed for a three-dimensional object...”),
4.1-8 (disclosing a cover for a print bed with a Rz3 roughness of 5 to 25 microns).

122. Additionally, by way of example, Cable suggests a polymer coating of
polystyrene, (EX1006, [0036]), which has a surface free energy of approximately
34 ergs/cm? to 42 ergs/cm?. See EX1036, p.2. ABS, a common 3D printing build
material, (EX1006, [0002]), has a surface free energy of 35 ergs/cm? (equivalent to
35 dynes/cm). See EX1036, p.2. Adding a slight amount of texturing could increase
the surface energy of the polystyrene coating, such that it is 10% higher than the
ABS, in line with Cable’s preferred embodiment. EX1006, [0005].

12. Claim 12

(i) Element [12]: The build apparatus of claim 1, wherein the
thermally conductive plate is flexible so as to allow for easier
dissociation between the 3D object and the thermally conductive
plate upon cooling and reduce damage to the polymer coating or
the 3D object during removal of the 3D object.

123. As | discussed above at Element [1.c.ii], Cable teaches that “the object
can be easily removed from the substrate...after the object has been produced...[b]y
flexing the substrate (thermally conductive plate)...such that the object can ‘pop
off.”” EX1006, [0052] (reference numbers omitted); see also [0023], [0067], [0079],
Figures 1-6. Further, Cable explains its substrate enables the object to be removed

“without mechanically contacting the object with a device [or] chemically contacting
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the object.” EX1006, [0052]; see also [0004], [0006], [0020], [0023]. This approach
results in “no damage to the object and to the substrate,” such that the polymer-
coated substrate (thermally conductive plate) “can be re-used.” EX1006, [0052].

13. Claim 13

(i) Element [13]: The build apparatus of claim 1, wherein the
temperature control unit is a heater cartridge.

124. The Cable-Naware Combination renders obvious Claim 13 for the same
or substantially the same reasons that | discussed above at Claim [3].

14. Claim 15

(i) Element [15]: Element [15]: The build apparatus of claim 1,
wherein the thermally conductive plate is non-magnetically
secured to and removable from the build platform.

125. The Cable-Naware Combination renders obvious Claim 15. Per Cable,
the Combination includes a substrate (thermally conductive plate) that is non-
magnetically secured to and removable from the build platform via “bolts, clamps,
hooks, latches, locks, nails, nuts, pins, screws, slots, retainers, adhesive, Velcro®,

tape, or any other suitable attachment.” EX1006, [0034].

IX.  GROUND 1B: CABLE, KRITCHMAN

A. Kritchman (EX1009)

126. Kritchman teaches “a printing apparatus for three-dimensional

printing” that includes “a printing tray to support the objects being printed by the
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apparatus; and a temperature control unit to control the temperature in the
apparatus.” EX1009, [0007].

127. “The temperature control unit may include, for example, a heating
source” and “temperature sensors.” EX1009, [0007]. “The temperature control unit
may be integrated into the printing tray” to provide pre-heating “prior to printing of
a 3-D object.” EX1009, [0007], [0095].
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EX1009, Figure 2A (annotated).

B. The Cable-Kritchman Combination

128. A POSITA would have been motivated to augment Cable’s 3D printing
apparatus based on Kritchman’s teachings to employ a temperature control unit

within a build tray as an integral heating source. EX1006, [0004]; EX1009, [0007],
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below conceptually demonstrates the Cable-Kritchman

312 =
I - 112
X e \ o 302
4 ‘1‘ polymer
N "TI‘QQ___"_ coating
300 — \
Y4
\ i
)
306(N) ~, x Le
\/ e
306(N-1) —_\ . :
- \l
- thermally
32‘:“’ conductive plate
306(1) — ¥ i
PR (310
302 —, 304 Y \ 308
N { h \ A+ 300
AT . \ - i
tyl N 14
V
]
Temperature Control Unit 204 Platform

1. Reasons to Combine

129. A POSITA would have had multiple reasons to apply Kritchman’s

teachings about a heated build plate in the context of Cable’s 3D printer apparatus.
130. One reason a POSITA would have been motivated to combine Cable
with Kritchman is because Cable’s disclosure suggests and encourages doing so. For
example, Cable teaches a build platform that can be heated “by any suitable heating
element.” EX1006, [0045]. Cable does not limit his disclosure to a specific type of

heating element and instead explains that “any suitable heating element” will do.
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“[A]ny suitable heating element,” as a POSITA would have known, encompasses
known options from references in the same field like Kritchman. Specifically, the
POSITA would have taken Cable’s “any suitable heating element” teaching as a
directive to seek out and consider teachings from references like Kritchman that
propose a viable design concept for accomplishing that goal; the modular approach
of integrating a complete temperature control unit (heating elements, sensors, and
all) into the build platform (what Kritchman calls a “printing tray”). E.g., EX1009,
[0007], [0095].

131. Further, as | discussed above, heated build plates and platforms were
ubiquitous in the 3D printing industry by 2014. See generally 8VI.B.1. The purpose
of applying heat to the surface supporting the object being printed is to prevent
deformation that occurs from uneven cooling of the object. Id. This technique was
also known to prevent warpage of the object and to increase adhesion of the object
to the supporting surface. 1d. As the 660 patent admits in its discussion of
background prior art, it was known that “[t]he current 3D printing methods involve
heated build plate[s]” and that, if a build plate is not heated, the build material “will
not adhere to the build plate or the part will pull off the plate as the polymer
contracts.” EX1001, 1:31-33, 1:44-46.

132. There is no question that heated build plates were a well-known

solution to the equally well-known problem of increasing part quality and adherence.

84



Attorney Docket No. 56224-00061P1
IPR of U.S. Patent No. 9,592,660

Because Kritchman provides a simple approach for implementing this known
solution, a POSITA could have and would have been motivated to readily apply
Kritchman’s teachings in the context of Cable’s 3D printing apparatus. For example,
Kritchman discloses a modular heated build plate with integrated temperature
control units that include a heating source to control the temperature of the build
plate. EX1007, [0007], [0095]. A POSITA, well aware of heated build plates due
to their widespread use, would have looked to Kritchman’s teachings as an
exemplary implementation of this familiar concept.

133. A POSITA would have recognized that Kritchman’s teaching to
integrate a temperature control unit into the build platform promotes a modular
system design, which carries the known advantage of simplifying upgrades,
replacements, and repairs. For example, instead of replacing the entire build plate,
Kritchman’s design allows just the temperature control unit to be replaced upon
malfunction resulting is saved resources.

134. Additionally, Kritchman’s teaching of integrating the componentry of
the temperature control unit within the build platform as a modular item is one of a
limited number of known solutions to the rudimentary design problem of
establishing a real-world system configuration for a 3D printer with a heated build
platform. For example, as Kritchman acknowledges, control functions can be either

centralized or distributed—i.e., “spread across units.” EX1009, [0073]. When a
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POSITA is faced with a binary choice between two viable options, selecting one of
the two is merely a routine part of an ordinary design or fabrication process. Thus,
because it was presented as one of just two alternatives, it would have been obvious
for a POSITA to pursue the distributed, modular approach disclosed by Kritchman.

135. Moreover, a POSITA would have understood that implementing
Kritchman’s basic teaching of an integrated temperature control unit in the context
of the Cable’s heated build platform would have yielded a predictable result from
combining known prior art elements according to known methods. As I've
explained, heated build platforms were well known and commonplace and so were
the controllers used to regulate their temperature. Putting these known and
complementary technologies together would have been routine, predictable, and
obvious. Indeed, a POSITA would have recognized that taking Kritchman’s
disclosure of integrating a temperature control unit within a build platform would
simply result in what Cable already discloses—a heated build platform. In this way,
the elements of Kritchman and Cable perform the same in combination as they do in
their respective original disclosures.

2. Reasonable Expectation of Success

136. A POSITA would have reasonably expected success in the above-
discussed combination of Cable and Kritchman. As I discussed above, 3D printers

with temperature-controlled heated build plates were well-known technologies at the
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time of the 660 patent in 2014, and these technologies had been successfully
demonstrated in the real-world by then. See 8VI.B.1, §8IV.B.1. Thus, the result of
the Cable-Kritchman Combination would have been predictable to a POSITA, and

the POSITA would have expected it to work.

C. Claim Element Analysis
1. Claiml1
(i) Elements [1.pre], [1.b], [1.c], [1.c.i], [1.c.ii], [1.c.iii]

137. The Cable-Kritchman Combination renders obvious Elements [1.pre],
[1.b], [1.c], [1.c.i], [1.c.ii], [1.c.iii] for the same reasons | discussed above in Ground
1A at 88VIIIL.D.1.(i), (iii)—(vii).

(i)  Element [1.a]: a build platform with a temperature control unit
configured to control heating of the build platform;

138. The Cable-Kritchman Combination incorporates Cable’s teaching of an
additive manufacturing system including “a platform 114 that is configured to
support [a] substrate” functioning “as a ‘working surface’ for building the object.”
EX1006, [0034]; see also [0031], [0057].

139. Additionally, as | discussed at S§IX.A, the Combination further
incorporates Kritchman’s teaching to “integrate[]” the componentry of a
temperature control unit within a build platform (what Kritchman calls a “printing

tray”). EX1009, [0007]. This temperature control unit that Kritchman teaches
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“controls the temperature” and, accordingly, includes “heating elements and/or
temperature sensors” for facilitating such control. EX1009, [0007]; see also [0027],
[0073], [0091], Figures 1, 2A, 2D, cls. 133-137. In this way, using an integral
temperature control unit 204, the “printing tray 170 [(build platform)] may be
warmed [(heated)] prior to printing of a 3-D object, to a temperature that is, for
example, close to the glass transition point of the modeling and/or support materials.

EX1009, [0095]-[0096], Figure 2A (below).
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EX1009, Figure 2A (annotated).
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2. Claim2

(i) Element [2]: The build apparatus of claim 1, wherein the polymer
coating is a polyimide.

140. The Cable-Kritchman Combination renders obvious Claim 2 for the
same reasons | discussed above in Ground 1A at §VII1.D.2.

3. Claim4

(i) Element [4]: The build apparatus of claim 1, wherein the build
platform comprises thermocouples situated at one or several
locations to provide feedback to a controller for maintaining
temperature set points.

141. The Cable-Kritchman Combination incorporates Kritchman’s teaching
to “integrate[]” the componentry of a temperature control unit at a location within a
build platform (what Kritchman calls a “printing tray”). EX1009, [0007]; see also
[0027], [0073], [0091], [0095]-[0096], Figures 1, 2A, 2D, cls. 133-137.

142. In addition to heating elements, Kritchman makes clear that the
temperature control unit includes “temperature sensors.” EX1009, [0007].
Kritchman further teaches the rudimentary and well-known concept of using a
“controller that operates the...heating elements according to a sensor reading and
required temperature” set point. EX1009, [0027].

143. Temperature sensors were well known in the prior art, and a POSITA
would have understood that thermocouples were one of a limited number of known

solutions for sensing temperature. At the time of the 660 patent in 2014,
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thermocouples were commonly used and desired in industry given their increased
accuracy compared to, for example, thermistors. See EX1011, p.36 (“Most
electronic main boards have the capability of reading resistive-based temperature
sensors called thermistors, while others can make more-accurate readings using a
type of sensor called a thermocouple.”); EX1014, p.4 (explaining, with reference to
a MakerBot 3D printer: We’ve also switched from thermistors to thermocouples for
temperature measurement on the extruder. Thermocouples are much more standard,
and provide a higher quality reading of temperature. You can be confident that the
temperature displayed is actually the temperature of your extruder.”). A POSITA
would have been motivated to consider this basic design choice given the
temperature-sensing problem to be solved in Kritchman.

4. Claims 6-12 and 15

144. The Cable-Kritchman Combination renders obvious Claims 6-12 and
15 for the same reasons | discussed above in Ground 1A at §VI11.D.6-12, 14.

X. GROUND 1C: CABLE, NAWARE OR KRITCHMAN, COMB
A. Comb (EX1004)

145. Comb’s disclosure “relates to additive manufacturing systems for
printing three-dimensional (3D) parts.” EX1004, 1:6-10. In one aspect, Comb “is

directed to a platen assembly for use in [such] additive manufacturing systems,” one
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that facilitates use of “removable and interchangeable build sheets during printing
operations.” EX1004, 3:43-51; see also 4:42-5:17.

146. With reference to Figures 2—8, Comb describes a platen assembly 26
featuring a platen plate 52 that supports an interchangeable build sheet 36 on a gantry

mechanism. EX1004, 6:64-7:6; see also generally 6:24-7:28, Figures 2-3.

Fré 3 Platen Assembly 26
‘

Interchangeable
Build Sheet 36

Platen Plate 52

EX1004, Figure 3 (annotated).
147. Comb’s “[p]laten plate 52 is a heatable platen” provided with “heating
elements 56 that are “‘configured to heat and maintain platen plate 52 at an elevated

temperature.” EX1004, 7:29-32, 8:9-16, 11:12-20, Figures 3, 5-7. The build sheet
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36 is a “multiple-layer” construction “having a top film 36a laminated on or
otherwise adhered to a metallic base sheet 36b.” EX1004, 8:17-26.
148. According to Comb, the top film 36a “may be derived from one or more

polymeric coatings, tapes, or other lamina.” EX1004, 8:27-50, Figures 5-6; see also

8:17-26, 13:17-24. Comb teaches the “polymeric materials” of the top film 36a
may include “polyimides.” See EX1004, 8:17-50, 13:17-24; see also 13:36-48. As
an aside, a POSITA would understand Comb’s reference to a top “film” as simply
referring to a thin layer, and not limited to a pre-made thin sheet of material (a film)
bonded to the base sheet. Consistently, for example, Comb’s reference to “coatings,
tapes, or other lamina,” describe different ways the polymer could be applied. |
understand “or other lamina” as being a catch-all for any other manner of forming

the layer, and encompassing a pre-made film bonded to the base sheet.
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Interchangeable
Build Sheet 36

Top Film 36a

58 | Fba

Platen Plate 52

Heating Elements 56

EX1004, Figure 5 (annotated).

B. The Cable-Naware or Kritchman-Comb Combination

149. As discussed above (see, e.g., 8VIILA, 88VIIIL.D.(ii)—(iii)), Cable
teaches a substrate comprised of “pliable wood, metal, plastic, rubber, or any other

suitably resilient material,” (EX1006, [0077]), and a heated, thermally conductive
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platform that structurally supports the substrate, (EX1006, [0034], [0045]). As
discussed below (see, e.g., 8X.A, 88XI.C.1.(ii)—(iii), 88XI1.C.5-7), Comb teaches a
platen plate (analogous to Cable’s “platform” fabricated from aluminum and a base
sheet (analogous to Cable’s “substrate’) fabricated from steel. A POSITA would
have been motivated to employ Comb’s preferred materials for fabricating Cable’s
platform and substrate, and the POSITA would have had a reasonable expectation
of success in doing so.

150. A POSITA would have been motivated to employ Comb’s preferred
aluminum and steel materials because they represent relevant, recognized solutions
to the material-selections left generalized in Cable’s disclosure.

151. For example, Cable teaches that it’s substrate may be made of “any

suitable material that allows the substrate to bend or flex resiliently, such as materials

including, without limitation, pliable wood, metal, plastic, rubber, or any other
suitably resilient material.” EX1006, [0077] (reference number omitted). With
Cable being open to “any suitably resilient material,” including “metal,” a POSITA
would have looked to disclosures in the same field, such as Comb, that provide
further specificity and implementation details. Like Cable, Comb also teaches a
“build substrate [that] is preferably flexible” and specifically discloses “steel” as a
preferred material. EX1004, 4.5, 8:23-25. Because both Cable and Comb teach

flexible metallic build substrates, a POSITA would have naturally looked to combine
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these references, recognizing that Comb’s specific teaching to use “steel” as a
fabricating material would similarly apply to Cable. The same is true with respect
to Cable’s build platform, which serves the same purpose as Comb’s platen plate
and, thus, would logically benefit from Comb’s material selection—aluminum.

152. Additionally, because Cable generally identifies “metal” as a suitable
category of construction material, a POSITA would have been prompted to employ
Comb’s complementary disclosure of specific types of metal—namely, aluminum
and steel. As mentioned above, this is especially so considering both Cable and
Comb teach a removable and “flexible” metal substrate supported by an underlying
platform structure. Thus, a POSITA would have looked to Comb to learn about the
specific types of metals that are suitable for use with specific parts of the 3D printing
apparatus—i.e., steel for the substrate and aluminum for the build platform. See
EX1004, 7:29-32, 8:23-25.

153. Further still, the POSITA would have appreciated that Comb’s
preferred materials, aluminum and steel, have advantages in the context of Cable’s
substrate and build platform. For example, aluminum and steel are both relatively
inexpensive and readily available materials that are easy to fabricate. More,
aluminum is known to have high thermal conductivity—approximately 237 W/m-K,
(EX1025, p.31)—which is beneficial in the context of Cable and Comb’s heated

build platforms. Steel, on the other hand, is flexible, durable, and has high
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temperature resistance, making it particularly well suited for Cable and Comb’s

flexible metallic substrates.

C. Claim Element Analysis
1. Claim7

(i) Element [7]: The build apparatus of claim 1, wherein the material
for the thermally conductive plate comprises one or more of
aluminum, steel, brass, ceramic, glass, or alloys with a low
coefficient of thermal expansion (CTE).

154. As discussed in 8VIII (Ground 1A) and 8XI (Ground 2A), the Cable-
Naware/Kritchman-Comb Combination incorporates Cable’s teaching of a flexible
substrate (thermally conductive plate) and Comb’s supplemental teaching of steel
as a preferred material. See supra, 8VIII.D.(iii), 88XI1.C.5-6; EX1006, [0077],
[0034-0035], [0031], [0052], [0057], [0067], [0082], Figures 1-6; EX1004, 8:17—
33, 8:51-9:11, Figure 5, 6:17-23, 6:64-7:6, 7:29-37.

2. Claim8

(i) Element [8]: The build apparatus of claim 1, wherein the material
for the build platform comprises one or more of aluminum, steel,
brass, ceramic, glass, or alloys with a low coefficient of thermal
expansion (CTE).

155. As discussed, the Cable-Naware/Kritchman-Comb Combination
incorporates Cable’s teaching of a build platform and Comb’s supplemental

teaching of aluminum as a preferred material. See supra, §VII1.D.(ii), 88XI.C.5, 7,
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EX1006, [0034], [0057], [0045], [0080], [0031], Figures 1, 3; EX1004, 7:29-32,
6:64-7:6, 11:12-20, Figures 2—7.

3. Claim 14

(i) Element [14]: The build apparatus of claim 1, wherein the build
platform has a first coefficient of thermal expansion (CTE) and
the thermally conductive plate has a second CTE, wherein the first
CTE is greater than the second CTE.

156. As discussed above for Claims 7 and 8, the Cable-Naware/Kritchman-
Comb Combination incorporates Cable’s teaching of a flexible substrate (thermally
conductive plate) and a build platform and further integrates Comb’s supplemental
teachings of steel and aluminum, respectively, as a fabrication materials. See supra,
88VII1.D.(ii)—(iii), 88X1.C.5-7, 13; EX1006, [0077], [0034-0035], [0031], [0045],
[0052], [0057], [0067], [0080], [0082], Figures 1-6; EX1004, 7:29-37, 8:17-33,
6:64-7:6, 6:17-23, 8:51-9:11, 11:12-20, Figures 2—7. As would have been well
known to a POSITA, the (first) coefficient of thermal expansion of aluminum is
greater than the (second) coefficient of thermal expansion of steel. For example,
a POSITA would have known that “[t]he dimensional change of aluminum and its
alloys with a change of temperature is roughly twice that of the ferrous metals,” such

as steel.” EX1033, p.8.
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Xl.  GROUND 2A: COMB, TUMMALA
A. Tummala (EX1005)

157. Tummala is directed to aspects of “three dimensional (3D) printing
systems.” EX1005, [0002]. Tummala acknowledges a well known concern in 3D
printing, namely, that “[a] weak bond between the extruded print material...and the
surface of the print pad can cause the extruded print material to separate from the
print pad prematurely,” which “can lead to a failed print process and/or to
imperfections in the printed 3D object.” EX1005, [0005].

158. Conversely, “a strong bond...[can] make it difficult to remove the
printed 3D object,” which “can require a user to employ a hand tool such as a
scraper’” that may do “damage to the printed 3D object and/or the surface of the print
pad.” Id.

159. Tummala proposes a middle ground using a coating “that provides
satisfactory bonding of the extruded print material...to the print pad during the print
process yet [also] enables the printed material to be easily separated from the print
pad after the print process.” EX1005, [0007].

160. Like Comb, Tummala’s coating features a “polymeric component” and
is applied to “the build surface of the print pad” as a coating of “uniform thickness.”

EX1005, [0063]; see also [0052], [0023], [0034], [0043], [0045].
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161. Tummala’s coating is “a viscous gel at room temperature” and is easily
applied in a gel form. EX1005, [0052]-[0053]. “[P]roviding tackiness throughout

b

the print process,” and “a hard or glassy consistency” once cooled, Tummala’s
coating “act[s] as both a bonding agent and a releasing agent.” EX1005, [0049],
[0046]. Tummala teaches that its coating can be “a first polymeric component” used
with a “second polymeric component” or the coating can be “a single polymeric
component.” EX1005, [0025], [0035]. In either instance, the polymeric
component(s) can be polyimide. EX1005, [0028], [0031], [0034].

B. The Comb-Tummala Combination

162. Comb and Tummala are directed to similar systems that include a build
sheet/print pad covered with a polymer material that facilitates the easy, non-
damaging removal of a printed 3D part without using external part-removal tools.
Comb teaches that its polymeric top film can be “coatings, tapes, or other lamina”
and in certain instances, the polymeric material of the top film can be polyimide.
Tummala teaches a long list of polymeric materials, including polyimide, that can
be applied by coating the build sheet/print pad with the material. Tummala does not
advocate using polyimide tape. Tummala further discloses applying polymeric
materials, including polyimide, in the form of a viscous gel. A POSITA, knowing
Tummala’s teachings of applying a polymeric material to a build sheet in a form

other than as a tape, would have sought to apply the various polymer materials
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described for Comb’s polymeric top film in a manner other than tape, e.g., as coating.
A POSITA would have also found it obvious to apply Comb’s polyimide top film as
a coating. Alternatively, POSITA would have found it obvious to apply Tummala’s
polymer coating, including Tummala’s polyimide coating, as a viscous gel in place
of Comb’s polymeric top coating. Under either articulation of the Comb-Tummala
Combination a POSITA would not have limited themselves to use of tapes.

163. Comb already depicts its top coating 36a as the top surface of its
interchangeable build sheet 36, and the manner of application would not change that.
The visual aid below? conceptually demonstrates the Comb-Tummala Combination

using Tummala’s polymer coating.

3 This visual aid includes an adapted drawing from Comb. The visual aid is not

proposing a bodily incorporation of Comb and Tummala.
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Interchangeable Build Sheet

(thermally conductive plate) 36
) \

66b
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Platen Plate (build

platform) 52

1. Reasons to Combine

164. A POSITA would have pursued the Comb-Tummala Combination
based on the teachings, suggestions, and motivations evident to a POSITA from
Comb itself. For example, Comb’s list of “polymeric coatings” separately identifies
as “coatings, tapes, or other lamina” thus indicating that tapes were not the only
polymeric materials considered by Comb. EX1004, 8:27-42; see also 8:43-50 (“an
adhesive tape or other coating”). A POSITA would have agreed with Comb’s

distinction, knowing that traditional coatings, such as hairspray (copolymers of

101



Attorney Docket No. 56224-00061P1
IPR of U.S. Patent No. 9,592,660

polyvinylpyrrolidone (PVP) and polyvinyl acetate (PVAc)), glue sticks (polyvinyl
acetate), or a custom mixture of a polymer and solvent (e.g. ABS solution or slurry),
were typically applied onto the build platform as liquid, slurry, or gel, unlike tape
which had to be applied in strips or sheets.

165. Looking to implement Comb’s suggestion of non-tape materials, the
POSITA would have sought other disclosures on this topic from references in the
same field of 3D printers, like Tummala, for additional implementation details. A
POSITA would understand Tummala as reinforcing Comb’s suggestion that tape
was not the only manner of applying a polymer top layer, and that coatings similar
to those in Comb could be applied as a gel. For example, both Comb and Tummala
disclose polyimide based coatings, and Tummala provides further detail of
polymeric components for use in the coating and gel based application methods, both
of which a POSITA would consider to supplement Comb’s disclosure. See e.g.,
EX1004, 8:17-50 (“Top film 36a may be derived from one or more polymeric
coatings...”); EX1005, [0028] (disclosing a polymer coating of polyimide), [0045].

166. The 660 patent itself corroborates that it would have been “obvious to
a person skilled in the art that there exists a variety of coating methods and types of
high temperature polymer coatings.” EX1001, 4:35-38.

167. A POSITA would have appreciated the advantages of Tummala’s

teaching that a polymer coating can be applied in the form of “a gel” and “provides
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a uniform adhesive layer thickness” while being easily applied in a variety of
different patterns and would have sought to benefit from these advantages in Comb.
EX1005, [0045], [0052]-[0055], [0057]. For example, a POSITA would have
understood that applying a gel, or any other fluid form, to a build substrate surface,
would be easier than applying strips of tape, an approach known to cause frustration.
See 8VI1.B.2 (my prior discussion of polymer tapes for printbeds), 8VI1.B.3 (my prior
discussion of polymer coatings for printbeds). Moreover, in a manufacturing
context, where the polymer coating is applied to build sheets en mass, using a gel or
fluid based coating has many advantages. For example, gel or fluid coating would
allow use of efficient, large scale coating techniques like dip coating, spin coating,
spraying or fluidized bed coating of the build sheets. Use of a gel or fluid would
also reduce waste during large scale manufacturing. For example, gel or fluid would
not suffer waste due to tape remnants such as may occur at end of a tape roll when
the remaining tape is not enough to cover a build sheet or tape remnants that may
exist because of tape breakage, jams or failures of the taping process. Use of a gel
or liquid would also not have downtime associated with changing the tape rolls, as
the coating could be continually supplied to the coating process. A POSTIA seeking
to mass manufacture polymer coated build sheets would have appreciated these

advantages and be inspired by Tummala’s teachings to apply Comb’s polymer
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coating to the build sheet as gel or liquid and/or would have sought to use Tummala’s
polymer coating as a gel in lieu of Comb’s.

168. A POSITA seeking to implement Tummala’s polymer coating would
have understood that Tummala’s teachings on polymer coating formulations provide
advantages including the ability to establish “satisfactory bonding of the extruded
print material (or support material) to the print pad during the print process” while
still “enabl[ing] the printed material to be easily separated from the print pad after
the print process.” EX1005, [0007]-[0008].

169. Tummala itself discusses the “need” in the art to “improve the printing
of 3D objects to provide accurate parts, models, and other 3D objects that are easily
and safely removed from the print pad.” EX1005, [0003]-[0006]. Similarly, as I
discussed above, prior printbed coverings such as tape were difficult to apply, left
residue on the printing substrate and object, and could interfere with the printing
process if not applied correctly. See 8VI1.B.2 (my prior discussion of polymer tapes).

170. Because Tummala provides solutions to known problems with
traditional coverings, the POSITA would have viewed these advantages espoused
by Tummala as complementary to Comb’s stated desire to remove the printed 3D
part “cleanly” in a manner where the build sheet “retains its integrity” and “may be
reused,” (EX1004, 13:6-16), making the Comb-Tummala Combination a natural

and collaborative pairing of known elements.
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171. Additionally, a POSITA would have appreciated that Tummala’s
teachings provide additional advantages by facilitating a polymer coating capable of

99 ¢¢

“a high thermal or heat resistance,” “a decomposition temperature of greater than

about 300°C,” and “a glass transition temperature below 120°C,” such as “between
about 50°C and about 90°C.” EX1005, [0049]-[0051]; see also [0023], [0046],
[0060]. For example, a coating with higher heat resistance allows for a wider range
of build materials to be used and consequently a greater variety of objects can be
printed.

172. Further, Tummala’s coating “has a rubbery consistency above its glass
transition temperature, providing tackiness throughout the print process,” and “has
reduced tackiness or a hard or glassy consistency below its glass transition
temperature, permitting the adhesive to act as a releasing agent.” 1d. Asthe POSITA
would have appreciated, a coating exhibiting the temperature-dependent properties
Tummala describes across such a wide range of temperatures provides a distinct
advantage in terms of versatility allowing it to be used effectively as a build plate
coating that would work with a wide variety of 3D part materials.

173. Finally, this predictable combination of Comb and Tummala is merely
substituting one element (Comb’s broad teachings of a polymeric coating) for
another known in the field (Tummala’s teachings about applying polymeric

coatings, including polyimide, as a gel and Tummala’s polymer coatings,
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themselves, applied in gel form) to obtain predictable results. For example, both
Comb and Tummala disclose coatings and seek to promote adhesion while allowing
the 3D object to be easily separated from the base sheet. See EX1005, [0007];
EX1004, 8:43-50, 13:6-16. Because Comb considers a coating such as Tummala’s,
supplementing Comb’s 3D printing additive manufacturing system based on
Tummala’s teachings would not have disturbed the other aspects of Comb’s system.
In fact, it would have produced substantially similar functionality to what Comb
described.

2. Reasonable Expectation of Success

174. A POSITA would have reasonably expected a successful outcome from
the above-discussed combination of teachings from Comb and Tummala.

175. As | discussed above, 3D printers with polymer-coated build substrates
were well-known at the time of the *660 patent in 2014 and had been successfully
implemented in the real-world by then. See 8VI.B.3 (my prior discussion on
printbed polymer coatings). For example, a commercial polymer solution sold under
the moniker Wolfbite was used as a printbed coating to promote adhesion prior to
December 2014. See EX1018, p.2; EX1019, p.2. And, as | discussed above, it was
known at the time to apply polymer materials, including polyimide, as a gel or liquid

using known coating techniques. See 8VI.B.3. Even prior to commercialized
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products, general users would apply hair spray or glue sticks to printbeds to promote
adhesion. See §VI.B.3.
176. Thus, the result of the Comb-Tummala Combination would have been

predictable to a POSITA, and the POSITA would have expected it to work.

C. Claim Element Analysis
1. Claim1l

(i) Element [1.pre]: A build apparatus for printing a 3D object of
thermoplastics employing additive manufacturing methods, the
apparatus comprising:

177. The Comb-Tummala Combination includes a build apparatus in the
form of “a platen assembly for use in additive manufacturing systems...to print 3D
parts [(objects)] and support structures” from thermoplastic polymeric materials like
“ABS [acrylonitrile butadiene styrene].” EX1004, 3:43-48; see also 3:52-58, 6:64—
65, 8:9-16. | am very familiar with ABS, as | have used it myself on many 3D prints,
and it is a well-known thermoplastic that has been commonplace in 3D printing for

over a decade.
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build
apparatus print 3D objects
additive manufacturing

FIG. 3

26

EX1004, Figure 3 (annotated).

(i)  Element [1.a]: a build platform with a temperature control unit
configured to control heating of the build platform;

178. The Comb-Tummala Combination includes Comb’s platen assembly
26, which features a platen plate 52 (build platform) that supports an
interchangeable build sheet 36 on a gantry mechanism. EX1004, 6:64—7:6; see also
generally 6:24-7:28, Figures 2-3 A POSITA would understand Comb’s platen plate
to be synonymous with a build platform because both serve the same purpose. For
example, Comb’s platen plate provides a level support surface for the build sheet on

which the 3D object is deposited, just as a build platform does. Figure 3 below
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further shows the platen plate 52 function as a stable build platform for the build
sheet 36. EX1004, Figure 3.

179. Comb’s “[p]laten plate 52 is a heatable platen” with “lateral openings
84> that receive “heating elements 56.” EX1004, 7:29-32, 11:12-20, Figures 3, 5-
7. Comb teaches the “heating elements 56 are a pair of electric heating elements
configured to heat and maintain platen plate 52 at an elevated temperature.”
EX1004, 8:9-16. A POSITA would understand Comb’s heating elements to be
temperature control units as the heating elements are “configured to heat and
maintain” temperature, which is the same function as standard temperature control
units that use a heat source to maintain a defined temperature set point. As such, the
heating elements 56 (temperature control unit) are configured to control heating
of the platen plate 52 (build platform) “conductively.” EX1004, 7:29-32, 8:9-16,

11:12-20.
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FIG. 3

50 /
e |

. e ) | Platen Plate (build
(temperature control units) 56 “ platform) 52

‘ Heating Elements

EX1004, Figure 3 (annotated).

180. I understand that Patent Owner has argued that Element [1.a]’s
temperature control unit is broad enough to encompass Comb’s teachings of a
heated build platform. For example, | understand the Patent Owner has alleged the

following:

43. For example, Bambu Lab makes, uses, sells and offers to sell
various additive manufacturing systems (i.e., 3D printers), including
the X1C, X1E, P1S, P1P, A1, and Al mini, which are used for printing
three-dimensional parts using thermoplastic filaments. The Bambu
printers have a heated build platform (i.e., heatbed). In addition, Bambu
sells thermally conductive build plates with their 3D printers, such as
the Bambu Engineering Plate, Textured PEIl Plate, and High
Temperature Plate, that are placed on the heatbed for fabrication of the
3D part. These build plates are made by coating a polymer (e.g.,
polyetherimide) onto a steel sheet, which facilitates adhesion of the 3D
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part to the build plate. The 3D object is removable from the build plate
without chemically or mechanically removing the polymer coating and
without damaging the polymer coating, such as by flexing the build
plate after the 3D object has cooled. Bambu Lab thus directly infringed
and continues to directly infringe each limitation of at least Claim 1 of
the 660 Patent by using, selling, offering for sale in the United States,
and importing into the United States, without authorization the Accused
’660 Products.

See EX1024, p.12.

181. To the extent the claim term temperature control unit is interpreted as
requiring the generic “heater cartridges” mentioned in the 660 patent’s specification
and dependent claims, a POSITA would still find such heater cartridges obvious in
view of Comb’s disclosure. EX1001, 3:14-31 (the *660 patent describing a build
platform 102 carrying heater cartridges 202 “acting as temperature control means”),
cl.3, cl.13, Figure 2.

182. Comb shows and describes the heating elements 56 in a manner that
suggests a cartridge-type configuration. For example, standard heater cartridges
typically have a thermally conductive sheath and lead wires extending out of the
sheath. Often, heater cartridges are designed to fit easily within drillholes. EX1026,
p.1 (picturing different types of cartridges heaters and explaining that “Cartridge
heaters...consist of a cylindrical steel tube...[and t]here is a heating wire inside
which is wound onto a ceramic core”); EX1027, p.1-2 (discussing size and fit of

holes drilled for cartridge heater).
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R

~

CIR Series Cartridge Heaters with
Incoloy Sheath

EX1026, p.1

EX1027, p.1

183. Comb’s Figures 6—7 depict each of heating elements 56 as including an

enlarged cylindrical portion that looks like a sheath receiving lead wires, aligning

with the conventional construction of a heater cartridge. According to Comb, these

heating elements 56 are received “in a tight-fit manner” by the lateral openings 84

in platen plate 52 to facilitate “conductive[] heat[ing],” just as a POSITA would have

understood conventional heater cartridges to be installed. EX1004, 11:12-31. The

reference to the “tight-fit manner” and “conductive[] heat[ing]” is likewise

consistent with the heating elements 56 having a thermally conductive sheath,

because both a tight fit and thermally conductive sheath are needed for efficient

heating by the cartridge.

112



Attorney Docket No. 56224-00061P1
IPR of U.S. Patent No. 9,592,660
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(temperature
control units) 56

| Lateral Openings 84
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SN

EX1004, Figure 7 (annotated).

184. Regardless, it would have been an obvious design choice to implement
heating elements 56 as heater cartridges, which could be easily obtained as off-the-
shelf or catalog components specifically marketed for temperature control

applications like Comb’s plate 52 and were well-known by those skilled in the art as
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an option for heating in the manner described by Comb. See EX1026, p.1 (product
landing page for heater cartridges, explaining that “Cartridge heaters are reasonably
priced, robust and easy to install.”); EX1027, pp.1-3 (identifying heater cartridge
products by name designation and size); EX1028, Abstract (“A three-dimensional
printer...”), 5:61-66 (discussing a ‘“heating element” in the form of a “cartridge
heater””); EX1029, p.5 (explaining that the extruder for a MakerBot 3D printer has a
“redesigned [] hot end with a cartridge heater”). Implementing heater cartridges as
Comb’s heating elements 56 would be a simple application of a known product
applied according to its intended purpose and to predicably achieve that known
purpose.

185. Comb also discloses an electronic controller to regulate operation of
heating elements. For example, Comb expressly teaches a “controller 22, which is
one or more control circuits, microprocessor-based engine control systems..., and
which is configured to operate the components of system 10 in a synchronized
manner[.]” EX1004, 5:49-54. Heating elements 56 are “‘components of system 10”
and, thus, taught by Comb to be operated by controller 22. EX1004, 11:13-31
(“Heating elements 56 may then be connected to electrical lines of system 10 to
receive electrical power during operation.”). Further, for the system to work as

designed the platen plate must be “heat[ed] and maintain[ed]...at an elevated
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temperature” which necessitates that the heating elements be part of “controller 22.”
EX1004, 8:9-11, 5:49-54.

186. At any rate, it would have been obvious to POSITA as a matter of
common knowledge and common sense to employ an electronic controller—Ilike
controller 22—to implement Comb’s teaching that heating clements 56 are
“configured to heat and maintain platen plate 52 at an elevated temperature,” which
“may vary depending on the composition of the part and support materials.”
EX1004, 8:9-16. Controllers are a rudimentary method of maintaining a defined
temperature set point, just as Comb requires.

(i)  Element [1.b]: a thermally conductive plate disposed adjacent to
the build platform; and

187. The Comb-Tummala Combination includes Comb’s platen assembly
26, which features a platen plate 52 that supports a “multiple-layer” interchangeable
build sheet 36 “having a top film 36a laminated on or otherwise adhered to a metallic

base sheet 36b.” EX1004, 8:17-26. As shown below, base sheet 36b is thin, flexible

plate disposed adjacent to the platen plate 52 (build platform). EX1004, 8:51-9:11,
Figure 5; see also 6:17-23, 6:64—7:6, 7:29-37, 8:23-26, Figure 6. Moreover, Comb
teaches that base sheet 36b (plate) “is derived from” “one or more ferromagnetic
materials,” such as “steel,” which is thermally conductive. EX1004, 8:23-26; see

also 8:27-33. As | discussed above in connection with the Ground 1A, Element
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[1.b], all materials are thermally conductive to various degrees and steel has a
relatively high level of thermal conductivity. For example, steel has a thermal
conductivity of approximately 52 W/m+K, while concrete has a much lower thermal

conductivity of 50.2 W/m<K. approximately 0.9 W/m+K. See, EX1025, p. 31.

Interchangeable Build Sheet

(thermally conductive plate) 36

66b \ ‘32“1

f !

52
: \}34
\__‘\x

| Platen Plate (build
platform) 52

FIG. 5

EX1004, Figure 5 (annotated).

(iv) Element [1.c]: a polymer coating attached to a surface of the
thermally conductive plate

188. The Comb-Tummala Combination includes Comb’s platen assembly

26, which features a platen plate 52 that supports a “multiple-layer” interchangeable
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build sheet 36 “having a top film 36a.” EX1004, 8:17-26. According to Comb, the

top film 36a “may be derived from one or more polymeric coatings, tapes, or other
lamina” and is attached—e.g., “laminated or otherwise adhered”—to a top planar
surface of the base sheet 36b (thermally conductive plate, per Element [1.b]).
EX1004, 8:27-50, Figures 5-6; see also 8:17-26, 13:17-24 (“[T]he top films 36a of
different build sheets 36 may include polymeric materials that are compositionally

different (e.g., polycarbonates versus polyimides).”).

thermally conductive plate polymeric

565 coating

36

EX1004, Figure 5 (annotated).
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189. Alternatively, when the Comb-Tummala Combination incorporates
Tummala’s coating, that coating includes at least one “polymeric component,” such
as “polyimide,” and can be attached “to a...print pad surface” as a gel “coating”

EX1005, [0028], [0034], [0045], [0052]-[0053]. Tummala’s coating is capable of

bonding or adhering to a print pad[.]” See EX1005, [0043]. The coating can also
“be applied to the build surface of the print pad in such a manner as to provide a

layer of adhesive” that is “substantially uniform.” See EX1005, [0063].

190. A POSITA would understand print pad and thermally conductive plate
to be interchangeable as both serve the same function. For example, Tummala
teaches “the ‘build surface’ comprises the surface of the print pad on which building
or printing occurs,” just as a plate functions as the build surface for printing.
EX1005, [0019]. As mentioned above, a POSITA would understand that all
materials to various degrees are thermally conductive.

(V) Element [1.c.i]: [a polymer coating...] which is capable of (i)
facilitating adhesion to the 3D object during printing and

191. As | discussed above at Element [1.c], the Combination includes
Comb’s platen assembly 26, which features a platen plate 52 that supports a

“multiple-layer” interchangeable build sheet 36 “having a top film 36a” derived

from a “polymeric coating” and applied in a manner other than tape. EX1004, 8:17—

50. Per Comb, the coating is capable of facilitating “good adhesion to the
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part...used in the system.” EX1004, 8:43-50, 13:36-48; see also supra, Element
[1.pre] (mapping Comb’s 3D “part” to the claimed 3D object). Additionally, as |
discussed at Element [1.c], the Combination alternatively incorporates Tummala’s

polymeric coating on Comb’s build sheet 36 (to form Comb’s top film 36a) “that

provides satisfactory bonding of the extruded print material [(3D object)].” EX1005,

[0007]; see also id., [0023], [0028], [0034], [0043], [0045], [0052], [0063]; see also
supra, 8X1.B.1-2 (motivation and expectation of success).

(vi)  Element [l.c.ii]: [a polymer coating...which is capable of...] (ii)

permitting removal of the 3D object once the 3D object has been

formed and cooled without chemically or mechanically removing

the polymer coating from 3D object and without damaging the
polymer coating, the thermally conductive plate, or the 3D object,

192. As | discussed at Elements [1.c]-[1.c.i] above, the Comb-Tummala
Combination includes Comb’s platen assembly 26, which features a platen plate 52
that supports a “multiple-layer” interchangeable build sheet 36 “having a top film
36a” derived from Comb’s “polymeric coating,” applied as a coating pursuant to
Tummala’s teachings, that facilitates adherence to a printed 3D object. EX1004,
8:17-50, 13:36-48. As | also discussed, the Combination alternately includes
Tummala’s polymeric coating applied as Comb’s top film 36a to Comb’s build sheet
36. See EX1005, [0007], [0023], [0028], [0034], [0043], [0045], [0052], [0063]; see

also supra, 8X1.B.1-2 (motivation and expectation of success).
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193. Where the top film 36a is Comb’s polymeric coating applied as coating,
Comb explains that “[a]fter the printing operation is completed, the build sheet 36,
with the resulting 3D part 38 and support structure 40, may be removed from platen
plate 52.” EX1004, 12:37-39. Here, a POSITA would have appreciated that the
“resulting 3D part 38” (3D object that has been formed, per Element [1.pre]) has
cooled to some degree because the object is formed into the “resulting 3D part” (and
Is not molten thermoplastic) such that it can be removed from the platen plate 52 and
build sheet 36.

194. Comb also describes how, “[a]fter removal from platen plate 52, the
thin, flexible nature of build sheet 36 allows [(permits)] 3D part 38 [(3D object)] and
support structure 40 to be removed by flexing build sheet 36.” EX1004, 12:49-51.
“This flexing of the build sheet 36 amplifies the stresses induced at the bending line
of action, causing delamination of 3D part 38.” EX1004, 12:51-55. As a POSITA
would have understood, merely flexing the build sheet 36 to effect removal via
delamination is indicative of the 3D part being easily removed from the build sheet
36 and its polymer coating. For example, flexing the build sheet 36 creates an
upward force on the 3D part to counter the force of adhesion, resulting in the removal
of the object with no additional intervention. This is corroborated by Comb’s stated
intent to improve upon “[e]arlier systems” that “involved prying the 3D part off with

[a] crow bar-like device or chisel” or even “a band saw.” EX1004, 4:9-19.
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195. | understand that Patent Owner has identified “flexing the build plate”
as a technique for removing a printed 3D object from a build plate “without
chemically or mechanically removing the polymer coating and without damaging
the polymer coating.” EX1024, p.12. “Flexibility of the plate” is also disclosed in
the 660 patent’s specification as system characteristic that “allows for easier
dissociation between the 3D object and the removable plate” and “reduces the
possibility of damage to the high temperature polymer coating [] or the 3D object.”
EX1001, 5:5-8.

196. Comb teaches that the 3D part 38 is removed “cleanly,” such that the
build sheet 36 “retains its integrity” and “may be reused.” EX1004, 13:6-9. That
the build sheet 36 remains in condition for re-use would have indicated to a POSITA
that the removal process is conducted without damaging the build sheet’s
constituent components, including the base sheet 36b (thermally conductive plate,
per Element [1.b]) and the top film 36a (polymer coating, per Element [1.c]).

197. Furthermore, that the 3D part in Comb is removed “cleanly” and the
build sheet 36 “retains its integrity” indicates that the 3D part was removed without
damaging the 3D part (3D object) and the polymer coating is also not adhered to the
3D part. Thus, there is no need to remove the polymer coating from the 3D part,
chemically, mechanically or otherwise. For example, if the removal process were

to leave some polymer coating on the 3D part, particularly if it were adhered so
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strongly that it required chemical or mechanical removal, the build sheet 36 would
not have “retain[ed] its integrity.” Comb’s purpose was to avoid older “solution[s]
of removal...[that] could damage the 3D part or platen.” EX1004, 4:9-19. If
Intervention were required to remove the polymer coating from the 3D object, the
user would risk deforming the 3D object through contact with a tool for mechanical
removal that could dent or otherwise imprint upon the object. Similarly, chemical
interventions leave residue on the 3D object because of imperfect dissolution of the
adhesive. Thus, a POSITA would recognize a “clean” removal with no damage to
the object necessitates removal without mechanical or chemical intervention.

198. According to the Combination, where Tummala’s polymer coating is
used at top film 36a, Tummala shares Comb’s teaching to provide print/build surface
covered in a polymer material that “provides satisfactory bonding...yet enables the

printed material to be easily separated,” a solution to known problems in the art

where the user was forced to “employ a hand tool such as a scraper...which can lead
to damage.” EX1007, [0005]-[0008]; see also [0046], [0049]-[0050], TABLE 1.
Tummala explains that the polymer coating has “adhesive properties that are tunable
or selectable.” EX1007, [0046]. Tummala also expressly describes “reducing the
temperature” (cooling) to reduce the “bonding strength” and facilitate “removing the
printed 3D article from the print pad.” EX1005, [0068]; see also [0007], [00023],

[0043], [0047], [0049], [0050]. A POSITA would understand Tummala’s
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explanation of the 3D part being “easily separated” and Tummala’s intent to
“remove all extruded print material or support material” from the build plate
indicates the polymer coating permits removal of the 3D object once the 3D object
has been formed and cooled and without damaging the 3D object.

199. That a 3D object is “easily separated” from the build sheet indicates to
a POSITA that the polymer material is also separated from the there is no need to
chemically or mechanically remove the polymer coating from the part.

200. Tummala also sought to provide a polymer coating that addressed a
“need” in the art “to remove all of the extruded print material or support material of
a previous print process prior to beginning a new print process” for the purpose of
enabling “reusable” print pads. EX1007, [0005]-[0008]. Consistent with Comb,
Tummala’s indicate that the 3D part is “easily removed” and Tummala’s intent to
are indicative of how the 3D object is removed without damaging the polymer
coating or the plate. For example, damage to the polymer coating or plate would
run counter to Tummala’s purpose of enabling “reusable” print pads.

201. The claimed polymer coating capabilities of Element [1.c.ii] are
nothing more than a desired result of Comb’s above-discussed delamination removal
process that a POSITA would have been motivated and equipped to achieve by
making the routine material-selection choice that Comb set forth. Comb teaches, for

example, that the material of the film 36a (polymer coating) can be “customiz[ed]”
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so as “to individually tailer the adhesion and/or peeling characteristics to particular

part and/or support materials.” EX1004, 13:36—48. In this way, Comb encourages
the POSITA to select a coating material that optimizes delamination of the part—
I.e., permits removal without chemically or mechanically removing the polymer
coating from 3D object and without damaging the polymer coating, the thermally
conductive plate, or the 3D object.

202. As discussed, Comb teaches a build sheet 36 including a top film 36a
derived from a “polymeric coating” and adhered directly to the top surface of a
metallic base sheet 36b (thermally conductive plate, per Element [1.b]). EX1004,
8:17-50. Among the suitable “polymeric materials, Comb identifies
“polycarbonates” and “polyimides.” EX1004, 13:21-24. The base sheet 36b and
the top film 36a are thin—e.g., between 10-30 mils and 5-10 mils, respectively—to
maintain “sufficient flexibility to remove 3D part 38 and support structure 40 after
a printing operation is completed.” EX1004, 8:51-65.

203. A POSITA would have recognized that the natural result of employing
such a polymer coating is that the coating is at least capable of permitting removal
of the 3D object once the 3D object has been formed and cooled without chemically
or mechanically removing the polymer coating from 3D object and without
damaging the polymer coating, the thermally conductive plate, or the 3D object.

Polymer coatings were known at the time of the *660 patent in 2014 to provide these
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capabilities, having been described as such in the literature and even sold as
commercial products. For example, “Wolfbite” was a commercial product available
prior to December 2014 that was “specially engineered to bond Acrylonitrile
Butadiene Styrene (ABS) plastic parts directly to a heated glass 3D printing surface
without lifting.” EX1018, p.2.* When using Wolfbite, “[o]nce the 3D printed parts
have cooled, they will dismount from the printing surface with minimal effort,
leaving a clean and smooth bottom surface.” EX1018, p.3. Further, prior art patent
literature discloses a polymer coating with the claimed capabilities. For example,
Cable explains, its substrate enables the object to be removed “without mechanically
contacting the object with a device [or] chemically contacting the object” by
“flexing or bending the substrate, causing the object to dislodge, or ‘pop-off’ of the
substrate.” EX1006, [0052], [0020]; see also [0004], [0006], [0020], [0023]. Just
like the 660 patent’s preferred embodiment, Cable teaches that using a flexible
polymer-coated substrate allows the part to simply “pop off.” EX1006, [0067]; see
also e.g., [0023], [0068-0078], [0036], [0061], [0080], Figures 5-6.

204. Further, Comb and Tummala disclose the same operative structural
details—i.e., a polyimide coating applied directly to the surface of a thin and flexible

metallic conductive plate—as are identified in the 660 patent’s specification. For

4 See also https://www.youtube.com/watch?v=IlecY WUMpe-o
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example, the *660 patent discloses a “the material for the removable plate 104 may

be aluminum, steel, brass, ceramic, glass or alloys similar with low coefficient of

thermal expansion (CTE),” while Comb similarly teaches “[b]ase sheet 36 b is

derived from one or more ferromagnetic materials, such as one or more metallic
materials (e.g., steel),...” See EX1001, 3:63-66; EX1006, at 8:23-25.

205. The ’660 patent also states “[t]he removable plate 104 must be thin

enough to allow for minor flexing for part removal,” just as Comb discloses that the

“the thin, flexible nature of build sheet 36 allows 3D part 38 and support structure

40 to be removed by flexing build sheet.” EX1001, 4:3—4; EX1006, 12:49-51.

206. The ’660 patent teaches that the “high temperature polymer coating 106

is applied directly over the surface of the removable plate 104,” likewise Comb’s

“[t]op film 36a may be derived from one or more polymeric coatings, tapes, or other

lamina, which may be adhered to base sheet 36b.” See EX1001, 4:30-33; EX1006,

8:27-29.

(vii)  Element [1.c.iii]: wherein the polymer coating is not a polymer
tape.

207. The Comb-Tummala Combination includes Comb’s teaching that the
top film 36a “may be derived from one or more polymeric coatings, tapes, or other
lamina.” EX1004, 8:27-33; see also 8:43-50 (“The top film 36a, as an adhesive

tape or other coating...”). That Comb identifies polymeric coatings in a disjunctive
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list of alternatives including “tapes” makes clear to the POSITA coatings and tapes
are distinct alternatives—i.e., the polymer coating is not a polymer tape (and vice
versa). For example, polymer tapes and polymer coatings were distinctive solutions
for 3D object adhesion within the industry and thus a POSITA would understand
their separate listing to indicate this distinctiveness. Moreover, according to the
Combination, a POSITA would have found it obvious to Comb’s polymeric coating
as a gel or the like, and not a tape, based on Tummala’s teaching that similar polymer
materials, including polyimide materials, could be applied to the build sheet as a gel.

208. Alternatively, the Combination incorporates Tummala’s polymeric

coating “that provides satisfactory bonding of the extruded print material [(3D

object)].” EX1005, [0007]; see also id., [0023], [0028], [0034], [0043], [0045],
[0052], [0063]; see also supra, 8XI.B.1-2 (motivation and expectation of success).
As discussed at Element [1.c], Tummala teaches that the polymer coating can be
applied to a print pad as a gel. EX1005, [0045], [0052]-[0053]; see also [0063] (The
coating ““can be applied to the build surface of the print pad in such a manner as to
provide a layer of adhesive” that is “substantially uniform”). As a POSITA would
have understood a polymer coating applied as a gel is not a polymer tape. See
8VI.B.2 (my prior discussion of polymer tapes as printbed coverings); §VI1.B.3 (my

prior discussion of polymer coatings as printbed coverings).
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2. Claim2

(i) Element [2]: The build apparatus of claim 1, wherein the polymer
coating is a polyimide.

209. As | discussed above at Elements [1.c]-[1.c.ii], the Combination
includes teachings from Comb and Tummala that the polymer coating is a
polyimide. For example, Comb teaches a “[t]Jop film 36a may be derived from one
or more polymeric coatings...” where the “polymeric materials” of the top film 36a
may include “polyimides.” See EX1004, 8:17-50, 13:17-24; see also 13:36-48.

210. Further, Tummala’s embodiments include “a first polymeric
component of an adhesive described herein...comprises one or more
of...polyimide...” and “an adhesive described herein comprises only one polymeric
component” that “consists or consists essentially of...polyimide[.]” See EX1005,
[0028], [0031], [0034]; see also [0043], [0045], [0052], [0063].

3. Claim3

(i) Element [3]: The build apparatus of claim 1, wherein the
temperature control unit comprises heater cartridges that are
spaced along a surface of the build platform.

211. As | discussed above at Element [1.a], a POSITA would have
understood that Comb teaches, suggests, or otherwise renders obvious that heating
elements 56 (temperature control unit) are implemented in the form of heater

cartridges. See EX1004, 11:12-31, Figures 3, 5-8.
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212. Further, as discussed above in Element [1.a], Comb illustrates and
describes heating elements 56 in a manner that suggests a cartridge-type form factor,
and it would also have been an obvious design choice to implement heating elements
56 as heater cartridges.

213. Additionally, Comb teaches that “heating elements 56 extend through
lateral openings 84,” which, as shown below, are spaced along a side surface of the
platen plate 52 (build platform, per Element [1.a]). See EX1004, 11:12-31, Figure

6.

Heating Elements
s6» | (temperature control unit) 56
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Platen Plate (build platform) 52

FIG. 6

EX1004, Figure 6 (annotated).
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4., Claim5b

(i) Element [5]: The build apparatus of claim 1, further comprising a
ceramic or high temperature dielectric that insulates the build
platform.

214. The Comb-Tummala Combination includes Comb’s teaching regarding
an “[i]nsulator 50” provided as “one or more liners or standoffs disposed between
gantry adaptor 48 and platen plate 52.” EX1004, 7:16-28, Figure 3. As a POSITA
would have known, placing an insulator between two components insulates those
components from one another. Insulators by definition are materials that block or
slow the flow of electrical of thermal currents. Insulators are used widely throughout
different industries to prevent transfer of heat or electricity between two separate
components of a system. Thus, the POSITA would have appreciated that the
liner/standoff material of insulator 50 insulates the platen plate 52 (build platform,
per Element [1.a]) with respect to the gantry adaptor 48. Additionally, Comb
identifies “mica” as an exemplary material of insulator 50, which is a well-known
high-temperature dielectric. EX1034, p.2 (“Mica has superior electrical properties
as an insulator and as a dielectric.”), (Mica “has a high dielectric breakdown [and],

is thermally stable to 500 °C”).
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5. Claim6

(i) Element [6]: The build apparatus of claim 1, wherein the build
platform, the thermally conductive plate, and the polymer coating
are able to withstand high temperature ranging between 150
degree Celsius and 300 degree Celsius.

215. The Comb-Tummala Combination includes Comb’s teachings that the
platen plate 52 (a build platform, as I discussed at Element [1.a]) is “preferably
fabricated from...aluminum” and the base sheet 36b (a thermally conductive plate,
as | discussed at Element [1.b]) is “derived from...steel.” See EX1004, 7:29-32,
8:17-26. As I discussed above in Ground 1A, Claim 6, a POSITA would have
understood, aluminum and steel are materials able to withstand high temperature
ranging between 150 degree Celsius and 300 degree Celsius because they have
service temperatures above 150°C and 300°C, respectively EX1030, pp.33-34
(“The approximate temperature at which, for any of these reasons, it is unsafe to use
a material is called its maximum service temperature Tmax.”).

216. Additionally, as | discussed at Element [1.c] and Element [2], the
Combination further includes the teachings of Comb and Tummala regarding a
polymer coating made from polyimide. See EX1004, 8:17-50, 13:17-24, 13:36—
48; EX1005, [0028], [0031], [0034], [0043], [0045], [0052], [0063]. Like aluminum
and steel, it was well known to those skilled in the art that polyimide is a material

able to withstand high temperature ranging between 150 degree Celsius and 300
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degree Celsius. See, e.g., EX1005, [0051] (“an adhesive has a decomposition
temperature greater than about 300° C”). For example, polyimide can withstand
temperatures up to 520°F before decomposing. EX1031, p.3 (“Does not melt,
Decomposes at 520°C™).

6. Claim7

(i) Element [7]: The build apparatus of claim 1, wherein the material
for the thermally conductive plate comprises one or more of
aluminum, steel, brass, ceramic, glass, or alloys with a low
coefficient of thermal expansion (CTE).

217. The Comb-Tummala Combination renders obvious Claim 7 for at least
the same reasons | discussed above regarding Element [6].

218. For example, Comb teaches the build sheet 36b (a thermally conductive
plate, as | discussed at Element [1.b]) is “derived from...steel.” See EX1004, 8:17—
26.

7. Claim8

(i) Element [8]: The build apparatus of claim 1, wherein the material
for the build platform comprises one or more of aluminum, steel,
brass, ceramic, glass, or alloys with a low coefficient of thermal
expansion (CTE).

219. The Comb-Tummala Combination renders obvious Claim 8 for at least

the same reasons | discussed above regarding Element [6].
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220. For example, Comb teaches the platen plate 52 (a build platform, as |
discussed at Element [l.a]) is “preferably fabricated from...aluminum.” See
EX1004, 7:29-32.

8. Claim9

(i) Element [9]: The build apparatus of claim 1, wherein the
thermally conductive plate thickness ranges from 0.025-0.5” and
wherein the thickness is selected depending on the flexural
character of the material.

221. Comb teaches that “[s]uitable thicknesses for base sheet 36b
[(thermally conductive plate)] may range from about 5 mils to about 100 mils, and
more preferably from about 5 mils to about 50 mils, and even more preferably from
about 10 mils to about 30 mils.” EX1004, 8:51-65. The ranges Comb describes
overlap the claimed range of 0.025-0.5” and, thus, create a presumption of
obviousness. 1 mil isequivalentto 0.001 inches. Thus, Comb’s disclosed thickness
ranges of “about 5 mils to about 100 mils, and more preferably from about 5 mils to
about 50 mils, and even more preferably from about 10 mils to about 30 mils.” are
0.005-0.1,” 0.005-0.05,” and 0.01-0.03” respectively. EX1004, 8:51-65. Thus,
Comb’s disclosures teach a POSITA to utilizes thicknesses for the thermally
conductive plate that fall within the claimed range of 0.025-0.5.

222. Comb further teaches that “these thicknesses for build sheet 36b” are

selected to achieve “sufficient flexibility to remove 3D part 38 and support structure
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40 after a printing operation is completed.” EX1004, 8:51-65. As would have been
apparent and obvious to a POSITA, the degree of flexibility for build sheet 36b
(thermally conductive plate) depends on its dimensions—including its thickness—
and the flexural character of the material from which it is made. For example, a
sheet of steel 12 thick loses its flexural character, while a thin sheet of steel 0.025
thick will retain its ability to bend. As such, a POSITA would be motivated to
experiment with thicknesses based on the flexural character of the material to
optimize results.

9. Claim 10

(i) Element [10]: The build apparatus of claim 1, wherein the
thickness of the polymer coating ranges from 0.001” to 0.1”.

223. Comb teaches that “suitable thicknesses for top film 36a [(polymer
coating)] may range from about 1 mil to about 30 mils, more preferably from about
5 mils to about 20 mils, and even more preferably from about 5 mils to about 10
mils,” all of which fall within the claimed range of 0.001” to 0.1”. 1 mil is equivalent
to 0.001 inches. Comb’s disclosed ranges for the polymer coating of “range from
about 1 mil to about 30 mils, more preferably from about 5 mils to about 20 mils,
and even more preferably from about 5 mils to about 10 mils” are 0.001-0.03”,

0.005-0.02”, and 0.005-0.01 respectively. Thus, Comb’s disclosures teach a
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POSITA to utilizes thicknesses for the polymer coating that all fall within the
claimed range of 0.001-0.1".

10. Claim 11

(i) Element [11]: The build apparatus of claim 1, wherein a surface
of the polymer coating includes nano-, micro-, or milli-meter scale
features that increase adhesion to the 3D object.

224. Comb teaches that the “top film 36a [(polymer coating)] may

optionally be surface treated or otherwise conditioned to increase its adhesive

properties (e.g., texturing).” EX1004, 8:43-50. As would have been conventional
and obvious to a POSITA, surface treating a coating to add texture involves adding
nano-, micro-, or milli-meter scale features for increasing part adhesion and a
POSITA would have sought to implement similar scale texturing as Comb’s
“texturing” for part adhesion. In fact, 3D printers had included print surface
texturing in this scale long before the 660 patent. See EX1032, Abstract (“A cover
for a print bed for a three-dimensional object...”), 4:1-8 (disclosing a cover for a

print bed with a Rz3 roughness of 5 to 25 microns).
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11. Claim 12

(i) Element [12]: The build apparatus of claim 1, wherein the
thermally conductive plate is flexible so as to allow for easier
dissociation between the 3D object and the thermally conductive
plate upon cooling and reduce damage to the polymer coating or
the 3D object during removal of the 3D object.

225. The Comb-Tummala Combination renders obvious Claim 12 for the
same or substantially the same reasons | discussed above at Element [1.c.ii].

226. For example, Comb describes how, “[a]fter removal from platen plate
52, the thin, flexible nature of build sheet 36 allows [(permits)] 3D part 38 [(3D
object)] and support structure 40 to be removed by flexing build sheet 36.” EX1004,
12:49-51. “This flexing of the build sheet 36 amplifies the stresses induced at the
bending line of action, causing delamination of 3D part 38.” EX1004, 12:51-55.
Comb also teaches that the 3D part 38 is removed “cleanly,” such that the build sheet
36 “retains its integrity” and “may be reused.” EX1004, 13:6-9.

12. Claim 13

(i) Element [13]: The build apparatus of claim 1, wherein the
temperature control unit is a heater cartridge.

227. The Comb-Tummala Combination renders obvious Claim 13 for the
same or substantially the same reasons | discussed above at Element [1.a] and Claim

3.

136



Attorney Docket No. 56224-00061P1
IPR of U.S. Patent No. 9,592,660

13. Claim 14

(i) Element [14]: The build apparatus of claim 1, wherein the build
platform has a first coefficient of thermal expansion (CTE) and
the thermally conductive plate has a second CTE, wherein the first
CTE is greater than the second CTE.

228. As | discussed above at Claims [6]-[8], Comb teaches that the platen
plate 52 (build platform) can be fabricated from aluminum and the base sheet 36b
(thermally conductive plate) can be fabricated from steel. See EX1004, 7:29-32,
8:17-26. As would have been well known to a POSITA, the CTE of aluminum, the
first CTE, is greater than the CTE of steel, the second CTE. For example, a
POSITA would have known that “[t]he dimensional change of aluminum and its
alloys with a change of temperature is roughly twice that of the ferrous metals,” such
as steel.” EX1033, p.8.

14. Claim 15

(i) Element [15]: Element [15]: The build apparatus of claim 1,
wherein the thermally conductive plate is non-magnetically
secured to and removable from the build platform.

229. Although Comb features magnetic-based solutions for removably
securing the base sheet 36b to the platen plate 52, Comb also acknowledges that it
was known in the art to use materials that lack magnetic properties. Specifically,
Comb discusses an analogous system that employs “[f]lexible plastic trays” and uses
non-magnetic “snap features” to removably secure them “in a reasonably flat

condition.” EX1004, 4:20-29. Tummala likewise discloses non-magnetic “print
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pad[s]” with an “aluminum print surface” or “a polycarbonate print surface.”
EX1005, [0019].

230. A POSITA would have been motivated to pursue a predictable variation
of Comb’s preferred embodiments that further include a non-magnetic solution—
e.g., snap features—for removably securing the base sheet 36b (thermally
conductive plate) to the platen plate 52 (build platform). For example, doing so
would allow use of base sheet materials other than steel. Also, the materials of
magnets used in a magnetic-based attachment solution can lose their magnetic
properties at high heat. Using a non-magnetic solution can allow the platen plate 52
greater freedom in maximum temperatures to reach higher temper. A POSITA
would be motivated to make the system as versatile as possible to appeal to the
largest number of potential applications and users.

XIl. GROUND 2B: COMB, TUMMALA, KRITCHMAN
A. The Comb-Tummala-Kritchman Combination

231. Ground 2B incorporates the analysis of Ground 2A for several claim
elements. Kritchman’s supplementary teachings provide an additional/alternative
basis for finding Element [1.a] of Claim 1 and Claim 4 obvious.

1. Reasons to Combine

232. A POSITA would have recognized that Kritchman’s teaching to

integrate the temperature control unit into the build platform promotes a modular
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system design, which carries the known advantage of simplifying upgrades,
replacements, and repairs. For example, instead of replacing the entire build plate,
Kritchman’s design allows just the temperature control unit to be replaced upon
malfunction resulting is saved resources.

233. Additionally, Kritchman’s teaching of integrating the componentry of
the temperature control unit within the build platform as a modular item is one of a
limited number of known solutions to the rudimentary design problem of
establishing a real-world system configuration for a 3D printer with a heated build
platform. For example, as Kritchman acknowledges, that control functions can be
either centralized or distributed—i.e., “spread across units.” EX1009, [0073]. A
distributed control unit assigned to the build platform would need to be connected
to the build platform. A POSITA would therefore look to integration within the
build platform as this design saves space compared to the temperature control unit
being placed externally. See supra, 134 (my prior “binary choice” discussion).

234. Further, a POSITA would have understood that implementing
Kritchman’s basic teaching of an integrated temperature control unit in the context
of the Comb-Tummala heated build platform would have yielded a predictable result
from combining known prior art elements according to known methods. For
example, temperature control units are widely used in industry as a method of

controlling temperature and maintaining a temperature set point.  Taking

139



Attorney Docket No. 56224-00061P1
IPR of U.S. Patent No. 9,592,660

Kritchman’s disclosure of integrating this known solution within a build platform
would simply result in Cable’s disclosed solution of a heated build platform. As
such, element in combination merely performs the same function as it does
separately.

2. Reasonable Expectation of Success

235. It would have been well within the POSITA’s level of skill to
implement the Comb-Tummala-Kritchman Combination with a reasonable
expectation of success given the relatively advanced state of the art. As I discussed
above, 3D printers with temperature-controlled heated build plates were well-known
technologies at the time of the 660 patent in 2014, and these technologies had been
successfully demonstrated in the real-world by then. See 8VI.B.1, 8XII.A.1. Thus,
the result of the Comb-Tummala-Kritchman Combination would have been

predictable to a POSITA, and the POSITA would have expected it to work.

B. Claim Element Analysis
1. Claim1l
(i) Elements [1.pre], [1.b], [1.c], [1.c.i], [1.c.ii], [1.c.iii]

236. The Comb-Tummala-Kritchman Combination renders obvious
Elements [1.pre], [1.b], [1.c], [1.c.i], [1.c.ii], [1.c.iii] for the same reasons discussed

above in Ground 2A at 88XI1.C.1.(i), (iii)—(vii).
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237. For example, Comb teaches a build apparatus in the form of “a platen
assembly for use in additive manufacturing systems...to print 3D parts [(objects)]
and support structures” with a platen plate 52 that supports a “multiple-layer”
interchangeable build sheet 36 “having a top film 36a laminated on or otherwise

adhered to a metallic base sheet 36b.” EX1004, 3:43-48; see also 3:52-58, 6:64—

65, 8:9-16, 8:17-26. Comb’s top film 36a “may be derived from one or more
polymeric coatings. . . ” where the coating is capable of facilitating “good adhesion
to the part...used in the system.” EX1004, 8:27-50; 8:43-50. The 8:27-50. The 3D
object is removed by flexing the build sheet. EX1004, 12:49-51.

238. The Comb-Tummala-Kritchman combination also includes Tummala’s
teachings of a coating made of at least one “polymeric component,” such as
“polyimide,” and can be attached “to a...print pad surface” as a “coating.” EX1005,
[0028], [0034], [0045], [0052]; see also [0043], [0063].

(i)  Element [1.a]: a build platform with a temperature control unit
configured to control heating of the build platform;

239. The Comb-Tummala-Kritchman Combination includes Comb’s platen
assembly 26, which features a platen plate 52 (build platform) that supports an
interchangeable build sheet 36 on a gantry mechanism. EX1004, 6:64—7:6; see also
generally 6:24-7:28, Figures 2-3; [Expert]. “Platen plate 52 is a heatable platen”

provided with “lateral openings 84" that receive “heating elements 56.” EX1004,
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7:29-32,8:9-16, 11:12-20, Figures 3, 5-7. The heating elements 56 are configured
to control heating of the platen plate 52 (build platform) “conductively.” EX1004,
7:29-32, 8:9-16, 11:12-20. More, this Combination incorporates Kritchman’s
teaching to “integrate[]” the componentry of a temperature control unit within a
build platform (what Kritchman calls a “printing tray”). EX1009, [0007]
(explaining that the temperature control unit “controls the temperature” and
includes “heating elements and/or temperature sensors”); see also [0027], [0073],
[0091], [0095]-[0096] (“[P]rinting tray 170 [(build platform)] may be warmed
[(heated)] prior to printing of a 3-D object, to a temperature that is, for example,
close to the glass transition point of the modeling and/or support materials, by, for

example, a temperature control unit 204.”), Figures 1, 2A, 2D, cls. 133-137.

142



Attorney Docket No. 56224-00061P1
IPR of U.S. Patent No. 9,592,660

=

#~
Object 200
220 OBJECT Printing Tray (build
230\ platform) 170
21?\\ \ .f""/
—
202 -1 T PRINTING TRAY I
2047 T— - J
Temperature Control Unit 204 .
including heating element FIG&A

EX1009, Figure 2A.

2. Claim 2-3

240. The Comb-Tummala-Kritchman Combination renders obvious Claims
2—3 for the same reasons discussed above in Ground 2A at 88X1.C.2-3.

3. Claim4

(i) Element [4]: The build apparatus of claim 1, wherein the build
platform comprises thermocouples situated at one or several
locations to provide feedback to a controller for maintaining
temperature set points.

241. The  Comb-Tummala-Kritchman  Combination Incorporates
Kritchman’s teaching to “integrate[]” the componentry of a temperature control unit

at a location within a build platform (what Kritchman calls a “printing tray”).
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EX1009, [0007]; see also [0027], [0073], [0091], [0095]-[0096], Figures 1, 2A, 2D,
cls. 133-137.

242. In addition to heating elements, Kritchman makes clear that the
temperature control unit includes “temperature sensors.” EX1009, [0007].
Kritchman further teaches the rudimentary and well-known concept of using a
“controller that operates the...heating elements according to a sensor reading and
required temperature” set point. EX1009, [0027].

243. Moreover, Comb directly points the POSITA to the teachings of U.S.
Patent Publication No. 2013/0186549 which discloses temperature sensors
“configured to monitor the temperature of the 3D part and/or associated support
structure” where the build platform “may [] also include one or more temperature
sensors.” EX1037, [0177-0181], [0194]; EX1004, 5:18-30, 6:8-16, 8:9-16
(referencing U.S. Patent Publication No. 2013/0186549).

244. Temperature sensors were well known in the prior art, and a POSITA
would have understood that thermocouples were one of a finite number of known
solutions for sensing temperature. At the time of the ’660 patent in 2014,
thermocouples were commonly used and desired in industry given their increased
accuracy compared to, for example, thermistors. See EX1011, p.36 (“Most
electronic main boards have the capability of reading resistive-based temperature

sensors called thermistors, while others can make more-accurate readings using a
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type of sensor called a thermocouple.”); EX1014, p.4 (explaining, with reference to
a MakerBot 3D printer: We’ve also switched from thermistors to thermocouples for
temperature measurement on the extruder. Thermocouples are much more standard,
and provide a higher quality reading of temperature. You can be confident that the
temperature displayed is actually the temperature of your extruder.”). A POSITA
would have been motivated to consider this basic design choice given the
temperature-sensing problem to be solved in Kritchman.

4. Claim 5-15

245. The Comb-Tummala-Kritchman Combination renders obvious Claims

5-15 for the same reasons discussed above in Ground 2A at 88X1.C.4-14.
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X1,  CONCLUSION
| declare that all statements made in this Declaration of my own knowledge
are true and that all statements made on information and belief are believed to be true.
| further declare that these statements are made with the knowledge that willful false
statements and the like so made are punishable by fine or imprisonment, or both

(under Section 1001 of Title 18 of the United States Code).

Executed this 9" day of December, 2024. W

Michael Hickner
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Poly. Sci., B: Poly. Phys. 2006, 44, 2226-2239.

- Over 100 citations

20. Hickner, M. A., N. P. Siegel, D. N. McBrayer, K. S. Chen, D. S. Hussey, D. L. Jacobson, M.
Arif, “Real-Time Imaging of Liquid Water in an Operating Proton Exchange Membrane Fuel Cell,”
J. Electrochem. Soc. 2006, 153(5), A902-A908.

- Over 100 citations

19. Hickner, M. A., C. H. Fujimoto, C. J. Cornelius, “Transport in sulfonated poly(phenylene)s: Proton
conductivity, permeability, and the state of water,” Polymer 2006, 47(11), 4238-4244,

18. Liu, D., M. A. Hickner, S. W. Case, J. J. Lesko, “Relaxation of Proton Conductivity and Stress
in Proton Exchange Membranes Under Strain,” J. Eng. Mater - T ASME 2006, 128(4), 503-508.

17. Hickner, M. A., B. Pivovar, “The chemical and structural nature of proton exchange membrane
fuel cell properties,” Fuel Cells 2005, 5(2), 213-229.

- Over 150 citations

16. Harrison, W. L., M. A. Hickner, Y. S. Kim, J. E. McGrath, “Poly(arylene ether sulfone) copolymers
and related systems from disulfonated monomer building blocks: synthesis, characterization, and
performance - a topical review,” Fuel Cells 2005, 5(2), 201-212.

- Review article with over 150 citations

15. Fujimoto, C. H., M. A. Hickner, C. J. Cornelius, D. A. Loy, “lonomeric poly(phenelene)
prepared by Diels-Alder Polymerization: Synthesis and physical properties of a novel
polyelectrolyte,” Macromolecules 2005, 38(12), 5010-5016.

- Over 100 citations.

14. Akle, B.J., D.J. Leo, M. A. Hickner, J. E. McGrath, “Correlation of capacitance and actuation in
ionomeric polymer transducers,” Journal of Materials Science 2005, 40(14), 3715-3724.

13. Webb, V., M. Hickner, D. Baird, J. Lesko, S. Case, “Durability and performance of press molded
polymer composite monopolar plates,” Science and Engineering of Composite Materials 2005, 12(1-2),
35-41.

12. Einsla, B.R., Y. S. Kim, M. A. Hickner, Y.-T. Hong, M. Hill, B. S. Pivovar, J. E. McGrath,
“Sulfonated naphthalene dianhydride based polyimide copolymers for proton-exchange-membrane fuel
cells. II. Membrane properties and fuel cell performance,” Journal of Membrane Science 2005, 255(1-2),
141-148.

- Over 100 citations
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11. Chen, K. S., M. A. Hickner, D. R. Noble “Simplified models for predicting the onset of liquid
water droplet instability at the gas diffusion layer/gas flow channel interface in a polymer electrolyte
fuel cell,” Int. J. Energ. Res. 2005, 29, 1113-1132.

10. Every, H. A., M. A. Hickner, J. E. McGrath, T. A. Zawodzinski, “An NMR study of methanol
diffusion in polymer electrolyte fuel cell membranes,” J. Membr. Sci. 2005, 250(1-2), 183-188.

9. Hickner, M.A., H. Ghassemi, Y.S. Kim, B.R. Einsla, J.E. McGrath, “Alternative polymer systems for
proton exchange membranes (PEMs),” Chem. Rev. 2004, 104, 4587-4612.
- Review article with over 1400 citations

8. Kim, Y. S., M. A. Hickner, L. Dong, B. S. Pivovar, J. E. McGrath, “Sulfonated poly(arylene ether
sulfone) copolymer proton exchange membranes: composition and morphology effects on the
methanol permeability,” J. Membrane Sci. 2004, 243(102), 317-326.

- Over 100 citations

7. KimY. S., L. Dong, M. Hickner, T. E. Glass, J.E. McGrath, “State of water of disulfonated
poly(arylene ether sulfone) copolymers and a perfluorosulfonic acid copolymer (Nafion) and its effect on
physical and electrochemical properties,” Macromolecules 2003, 36(17), 6281-6285.

- Over 200 citations

6. Kim, Y., F. Wang, M. Hickner, T. Zawodzinski, J. E. McGrath, “Properties and interaction of
heteropolyacid (HsPW2040)/sulfonated poly(arylene ether sulfone) composite membranes for fuel cell
applications,” J. Membr. Sci. 2003, 212, 263-282.

- Over 250 citations

5. KimY. S., F. Wang, M. Hickner, S. McCartney, Y. T. Hong, W. Harrison, T.A. Zawodzinski,
J.E. McGrath, “Effect of acidification treatment and morphological stability of sulfonated
poly(arylene ether sulfone) copolymer proton exchange membranes for fuel cell use above 100°,” J.
Poly. Sci., B: Poly. Phys. 2003, 41(22), 2816-2828.

- Over 100 citations

4. Kim Y. S., L. Dong, M. Hickner, B.S. Pivovar, J. E. McGrath, “Processing induced
morphological development in hydrated sulfonated poly(arylene ether sulfone) copolymer
membranes,” Polymer 2003, 44(19), 5729-5736.

3. Wang, F., M. Hickner, Y. Kim, T. Zawodzinski, J. E. McGrath, “Direct polymerization of sulfonated
poly(arylene ether sulfone) random (statistical) copolymers: candidates for new proton exchange
membranes,” J. Membr. Sci. 2002, 197, 231-242.

- Over 700 citations

2. O'Donnell, B.R., M. Hickner, B.A. Barna, “Economic risk analysis using analytical and monte
carlo techniques,” Chem. Eng. Education 2002, 36(2).

1. Wang, F., M. Hickner, Q. Ji, W. Harrison, J.B. Mecham, T. Zawodzinski, J.E. McGrath,
“Synthesis of highly sulfonated poly(arylene ether sulfone) random (statistical) copolymers via
direct polymerization,” Macromolecular Symposia 2001, 175, 387.

- Over 200 citations
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List of non-peer reviewed proceedings and conference papers with American Chemical Society and
Electrochemical Society available on request.

Book Chapters

Patents

4. Pawar, M. S., Y. Zha, M. L. Disabb-Miller, Z. D. Johnson, M. A. Hickner, G. Tew, “Metal-ligand
based anion exchange membranes,” in Polymer Composites for Energy Harvesting, Conversion, and
Storage, ACS Symposium Series Volume 1161, 127-146, eds L. Li, W. Wong-Ng and J. Sharp,
American Chemical Society: Washington, DC, DOI: 10.1021/bk-2014-1161.ch006, Published July 7,
2014.

3. J. E. McGrath, M. A. Hickner, R. Hofer, Polymers for a Sustainable Environment and Green
Energy, Vol. 10 in: K. Matyjaszewski, M. Moller (eds.) Polymer Science: A Comprehensive
Reference, Elsevier, Amsterdam, Oxford, Waltham 2012.

2. M. A. Hickner, “Proton Exchange Membrane Nanocomposites” in Functional Polymer
Nanocomposites for Energy Storage and Conversion, ACS Symposium Series Volume 1034, 155-
170, eds Q. Wang and L. Zhu, American Chemical Society: Washington, DC, DOI: 10.1021/bk-
2010-1034, Published March 11, 2010.

1. D. S. Hussey and M. A. Hickner, "Neutron Radioscopy: Industrial and Scientific Applications" in
Encyclopedia of Analytical Chemistry, Eds. R.A. Meyers, John Wiley: Chichester, DOI:
9780470027318. Published 15th March 2010.

12. Periyasamy, M. R. R. Campbell, E. Sassano, W. J. Hajduczek, M. A. Hickner, L. Peeke, “Method For
Forming Layered Thermoset Silicone and Thermoplastic Articles Using Additive Manufacturing, Articles

Formed Therefrom and Apparatus for Use Therein,” U.S. Patent App. 20210299949 filed September
2021.

11. Yandrasits, M. A., C. A. Laskowski, T. M. Gillard, M. Hickner, L. Zhu, “Anion exchange membranes
based on polymerization of long chain alpha olefins,” US Patent App. 20210032378 filed February 2021.

10. Rahn, C., C. Bakis, Y. Zhang, M. Hickner “Sandwich panels with battery cores,” U.S. and
international patent application filed January 2014, application #US 20160351939.

9. Shelnutt, J. A., W. Li, Y. Song, M. A. Hickner, “Dendritic metal nanostructures for fuel cells and other

applications” U.S. 8,574,789 2013.
8. Li, W., T. Kawamura, T. Nagami, H. Takahashi, J. Muldoon, J. A. Shelnutt, Y. Song, J. E. Miller, M.
A. Hickner, C. Medforth, “Photocatalytic methods for preparation of electrocatalyst materials,” U.S.
8,541,146 2013.

7. McGrath, J. E., M. Hickner, F. Wang, Y.-S. Kim, “lon-conducting sulfonated polymeric materials,”
U.S. 8,383,763 2013.

6. Hibbs, M., C. H. Fujimoto, K. Norman, M. A. Hickner, “Epoxy-crosslinked sulfonated
poly(phenylene) Copolymer Proton Exchange Membranes,” U.S. 7,816,482 2010.

5. McGrath, J. E., M. Hickner, F. Wang, Y.-S. Kim, “lon-conducting sulfonated polymeric materials,”
U.S. 7,361,729 2008 and 7,790,837 2010; European patent, EP 1 327 278 B1.
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4. McGrath, J. E., M. Hickner, “Sulfonated polymer composition for forming fuel cell electrodes,” U.S.
7,790,314 2010 and 7,544,764 2009.

3. Cornelius, C. J., C. H. Fujimoto, M. A. Hickner, “Sulfonated polyphenylene polymers useful for
polymer electrolyte membranes and nanocomposites,” U.S. 7,301,002 2007.

2. McGrath, J. E., M. Hickner, F. Wang, Y.-S. Kim, “lon-conducting sulfonated polymeric materials,”
Japan 2002-528869.

1. McGrath, J. E., M. Hickner, “Sulfonated polymer composition for forming fuel cell electrodes,” U.S.
7,544,764 and 7,790,314, Canadian patent 2,481,343.

Lectures and Conference Activities *denotes invited talks

205. * “The Effects of Water Binding and Morphology on Proton Transport in Polymer Membranes,”
Invited lecture at General Motors, Pontiac M1, April 27, 2023.

204. **“Advanced Batteries and Graduate School: Where to Chemical Engineers Fit?,” Invited talk at 2023
MSU AIChE chapter meeting, East Lansing, MI, March 12, 2023.

203. *“Synthesis of lon Exchange Membranes for Large-Scale Energy Conversion and Storage,” Invited
talk at 2022 AIChE Annual Meeting, Polymer Synthesis and Reaction Engineering session, Phoenix, AZ
November 14, 2022.

205. *“3D Printed Membranes for Next-Generation Energy and Water Applications,” Invited talk at The
ASTM International Conference on Additive Manufacturing (ICAM 2022), Orlando, FL November 1,
2022.

204. *“Polymer Membranes for Large-Scale Energy Conversion and Storage,” Invited lecture at
University of Illinois Chicago, Department of Chemical Engineering, Chicago, IL October 27, 2022.

203. **“Asymmetric Transport in Bipolar Membranes,” Invited talk at Polymers for Fuel Cells, Energy
Storage, and Conversion, an ACS Polymer Chemistry Division workshop, Napa, CA, May 16", 2022,

202. **Novel Membranes and lonomers,” Invited talk at DOE H2-AMP Workshop, Online, March 20,
2022.

201. **“Transport in Polymer Membranes for Large-Scale Energy Conversion and Storage,” Invited talk at
American Physical Society March Meeting, Transport in Polymers, DPOLY Division, Chicago, IL March
14, 2022.

200. **“3D Printed Polymer Membranes,” Invited lecture at Penn State University, EMS 125"
Anniversary Symposium, University Park, PA April 10, 2021.

199. **Polymer Membranes for Large-Scale Energy Conversion and Storage,” Invited lecture at Bucknell
University, Department of Chemical Engineering, Lewisburg, PA February 12, 2021.

198. *“Polymer Membranes for Large-Scale Energy Conversion and Storage,” Invited lecture for Penn
State Electrochemistry Club, University Park, PA December 14, 2020.
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197. **Polyolefin Anion Exchange Membranes,” Invited talk at American Chemical Society Spring 2020
National Meeting & Expo, Designing Polymers for Electrochemical Energy Conversion & Storage,
PMSE Division, Philadelphia, PA April 30, 2020.

196. **Polymer Membranes for Large-Scale Energy Conversion and Storage,” Invited lecture at Virginia
Tech, Department of Chemistry, Blacksburg, VA February 27, 2020.

195. **Polymer Membranes for Large-Scale Energy Conversion and Storage,” Invited lecture at
Michigan State University, Department of Chemical Engineering and Materials Science, East Lansing,
MI February 21, 2020.

194. **Polymers Containing Acidic or Basic Groups,” Invited talk at Toyota Research Center, Ann
Arbor, MI December 20, 2019.

193. **Polymers Containing Acidic or Basic Groups,” Invited talk at The University of Pennsylvania,
Advanced Membrane Workshop, Philadelphia, PA December 17, 2019.

192. ** Jon-Conducting Membranes for Large-Scale Energy Storage,” Invited talk at Materials Research
Society Fall 2019 National Meeting, Session on Advanced Membranes for Energy-Efficient Molecular
Separation and lon Conduction, Boston, MA December 2, 2019.

191. **Polymer Membranes for Large-Scale Energy Conversion and Storage,” Invited lecture at
University of Wyoming, Department of Mechanical Engineering, Laramie, WY October 31, 2019.

190. **“Polymer Membranes for Large-Scale Energy Conversion and Storage,” Keynote lecture at 5"
International Symposium on Energy Chemistry & Materials, Fudan University, Shanghai, China October
20", 2019.

189. * “Polyolefin Anion Exchange Membranes: Fundamentals, Membranes, and Devices,” Invited
lecture at Cornell University, Center for Alkaline-Based Electrochemical Systems, Ithaca, NY October
11, 2019.

188. *“Polymer Membranes for Large-Scale Energy Conversion and Storage,” Invited lecture at
Louisiana State University, Department of Chemical Engineering, Baton Rouge, LA September 13, 2019.

187. **Using quantitative IR spectroscopy to probe thin polymer films,” Invited talk at American
Chemical Society Spring 2019 National Meeting & Expo, Young Industrial Polymer Scientist Award
Symposium, POLY Division, San Diego, CA August 27, 2019.

186. **Toughening Anion Exchange Membranes,” Invited talk at American Chemical Society Spring
2019 National Meeting & Expo, Toughening of Networks & Gels through Molecular Design, PMSE
Division, San Diego, CA August 27, 2019.

185. **“New Polymer Structures for Anion Exchange Membranes,” Invited talk presented at the 235"
Meeting of the Electrochemical Society, An Invited Symposium on Advances and Perspectives on
Modern Polymer Electrolyte Fuel Cells, Dallas, TX, May 29™ 2019.

184. **Membrane Design Principles and Characterization Methods,” Roundtable on lon Selective
Membranes in CO2 Electrolysis, CIFAR Symposium, Pittsburg PA May 15, 2019.

183. “Using quantitative IR spectroscopy to probe thin polymer films,” Invited talk at American Chemical
Society Spring 2019 National Meeting & Expo, Cooperative Research Award Symposium, PMSE
Division, Orlando, FL April 3, 2019.
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182. **New ion transport membranes for large-scale energy storage,” Invited talk at American Chemical
Society Spring 2019 National Meeting & Expo, Transport in Polymer Membranes, POLY Division,
Orlando, FL April 2, 2019.

181. **“Ionic Materials - Applications and Future Prospects,” Invited talk at American Chemical Society
Spring 2019 National Meeting & Expo, ACS Award in Applied Polymer Science Symposium, PMSE
Division, Orlando, FL April 1, 2019.

180. **Polyolefin-based Anion Exchange Membranes,” Invited talk at Polymers for Fuel Cells, Energy
Storage, and Conversion, an ACS Polymer Chemistry Division workshop, Asilomar, CA, Feb. 25% 2019.

179. **Polymer Membranes for Large-Scale Energy Conversion and Storage,” Invited lecture at New
York University, Department of Chemical Engineering, New York, NY October 12", 2018.

178. *“The Effects of Water Binding and Morphology on Proton Transport in Polymer Membranes,”
Invited talk presented at the AIMES 2018 Joint International meeting of ECS and SMEQ, Cancun,
Mexico, October 3%, 2018.

177. **“Designing Hydroxide-Conducting Polymer Membranes,” Invited presentation at 19" Solid State
Proton Conductors, Stowe, VT Sept 19, 2018.

176. **Polymers Containing Acidic and Basic Groups,” Invited lecture at Case Western Reserve
University, Department of Macromolecular Science and Engineering, Cleveland, OH September 7, 2018.

175. * “Polymer Membranes for Large-Scale Energy Conversion and Storage,” Invited lecture at Case
Western Reserve University, Department of Chemical Engineering, Cleveland, OH September 6, 2018.

174. *“Polyolefin-Based Anion Exchange Membranes,” Invited presentation at 16™ International
Symposium on Polymer Electrolytes, Yokohama, Japan June 26, 2018.

173. ** Polymer Membranes for Large-Scale Energy Conversion and Storage,” Invited lecture at Tokyo
Institute of Technology, Department of Chemical Engineering, Yokohama, Japan June 22, 2018.

172. * “Polymers Containing Acidic and Basic Groups,” Invited lecture at UT Austin, Department of
Chemical Engineering, Austin, Texas December 13, 2017.

171. * “Toughening Anion Exchange Membranes,” Invited talk at 4™ US-Mexico Symposium on
Advances in Polymer Science — MACROMEX 2017, Los Cabos, Mexico, December 5, 2017.

170. * “Polymer Membranes for Large-Scale Energy Conversion and Storage,” Invited lecture at Texas
A&M University, Department of Chemical Engineering, College Station, Texas November 3, 2017.

169. * “Membranes With Tethered Basic Groups,” Invited lecture at King Abdullah University of
Science and Technology (KAUST), Advanced Membranes and Porous Materials (AMPM) Center,
Thuwal, Saudi Arabia, October 10, 2017.

168. * “Micropatterned Membranes for Energy, Water, and Separation Applications,” Invited lecture at
SABIC Advanced Manufacturing Seminar, Plastic Applications Development Center (SPADC), Riyadh,
Saudi Arabia, Oct 2, 2017.

167. * “Polymer Membranes for Large-Scale Energy Conversion and Storage,” Invited presentation at
Arkema, King of Prussia, PA August 31, 2017.
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166. * “Polymer Membranes for Large-Scale Energy Conversion and Storage,” Invited presentation at
21 International Conference on Solid State Ionics, Padova, Italy June 15, 2017.

165. * “Polymer Membranes for Large-Scale Energy Conversion and Storage,” Invited lecture at 3M
Company, St. Paul, Minnesota June 12, 2017.

164. * “3D Printing of Micro-patterned Anion Exchange Membranes for Green Energy and Clean Water
Applications,” Invited lecture at Polytechnic University of Milan, Department of Energy, Milan, Italy
May 22, 2017.

163. * “Additive Manufacturing Technologies for Polymer Membranes,” Invited lecture at European
Polymer Forum 8" Summer School on Transport Phenomena in Polymers and Hybrid Materials,
Gragnano, Italy May 19, 2017.

162. * “3D Printing of Functional Micro-Patterned Membranes for Water and Energy Applications,”
Introductory Speaker for the Taylor Lecture, Department of Materials Science and Engineering,
University Park, PA, April 27, 2017.

161. * “Structured Anion Exchange Membranes,” Invited talk at CARISMA 2017 — European
Coordination Fuel Cell Network Conference, Newcastle, UK, April 10" 2017.

160. * “New Membranes for Aqueous Batteries,” Invited talk at International Battery Seminar, Flow
Batteries — Deliver the Right Charge at the Right Time, Ft. Lauderdale, FL, March 23", 2017.

159. * “New Polymer Structures for Anion Exchange Membranes,” Invited talk at APS March Meeting,
Ion Containing Polymers - The Role of Structure and Dynamics I, New Orleans, LA, March 13® 2017.

158. * “3D Printing of Micro-patterned Anion Exchange Membranes for Green Energy and Clean Water
Applications,” Invited lecture at Michigan State University, Department of Chemical Engineering, East
Lansing, Michigan March 2, 2017.

157. * “Polymer Membranes for Large-Scale Energy Conversion and Storage,” Invited talk at Advances
in Polymers for Fuel Cells, Energy Storage, and Conversion, an ACS Polymer Chemistry Division
workshop, Asilomar, CA, Feb. 26™, 2017.

156. * “Polymer Membranes for Large-Scale Energy Conversion and Storage,” Invited lecture at Dalian
University of Technology, Department of Chemical Engineering, Dalian, China December 12, 2016.

155. * “Designing lon Exchange Membranes for New Energy and Clean Water Processes,” Invited
lecture at Tsinghua University, Department of Environmental Science, Beijing, China December 9, 2016.

154. * “Crosslinked Anion Exchange Membranes,” Invited talk at Beijing Forum 2016 on
Electrochemical Frontier, Wuhan University, Wuhan, China December 7, 2016.

153. * “New Designs for Anion Conducting Membranes,” Keynote talk 2016 AIChE Annual Meeting,
Session on Membrane and Direct Methanol Fuel Cells, San Francisco, CA November 14, 2016.

152. * “Polymer Membranes for Large-Scale Green Energy and Clean Water Technologies,” DeNora
N.A. Research Symposium, Cleveland, OH November 10, 2016.

151. * “Polymer Membranes for Large-Scale Energy Conversion and Storage,” Invited lecture at Drexel
University, Department of Materials Science and Engineering, Philadelphia, PA October 26, 2016.
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150. * “Membranes and Water,” Invited lecture at The Millennium Cafe, Materials Research Institute,
University Park, PA October 11, 2016.

149. * “3D Printing of Micro-patterned Anion Exchange Membranes,” Invited lecture at The
Pennsylvania State University, Department of Engineering Science and Mechanics, University Park, PA
September 14, 2016.

148. * “lon-Conducting Polymers for Green Energy and Clean Water Applications,” Invited lecture at
The Pennsylvania State University, Department of Materials Science and Engineering, University Park,
PA September 15, 2016.

147. * “Composition and Alignment in Layer-by-layer Polyamide Thin Films,” Invited talk at 252nd
American Chemical Society Fall 2016 National Meeting & Exposition, Polymer Science at the Interface
of Industry, Government & Academics Session, Philadelphia, PA August 24, 2016.

146. “3D Printing of Micro-patterned Anion Exchange Membranes,” Invited talk at 252nd American
Chemical Society Fall 2016 National Meeting & Exposition, Polymers Designed for 3D Printing
Applications: Evaluation of the Fundamental & Applied Aspects of the Field Session, Philadelphia, PA
August 22, 2016.

145. “Crosslinked Anion Exchange Membranes with Complex Structures,” International Symposium on
Polymer Electrolytes, ISPE-15, Uppsala, Sweden August 15-19, 2016.

144. * “Nanostructured Anion Exchange Membranes,” Invited talk at MRS 2016 Spring Meeting &
Exhibit, Phoenix, AZ March 28-April 1, 2016.

143. * “Polymer Membranes for Large-Scale Energy Conversion and Storage,” Invited lecture at Arizona
State University, School for Engineering of Matter, Transport and Energy, October 15", 2015.

142. * “New Polymer Structures for Anion Exchange Membranes,” Invited talk presented at the 228™
Meeting of the Electrochemical Society, Phoenix, AZ, October 14", 2015.

141. * “Synthesis of Cationic Polymers for Membrane Applications,” Invited talk at Center for
Nanophase Materials Sciences User Meeting, Oak Ridge, TN, Sept. 2% 2015.

140. * “Polymer Membranes for Large-Scale Energy Conversion and Storage,” Invited lecture at Ohio
University, Department of Chemical and Biomolecular Engineering, Athens, OH, Aug. 31*, 2015.

139. * “Ion Transport in Functionalized Polymers,” Invited talk at Center for Nanophase Materials
Sciences, Oak Ridge, TN, May 14™, 2015.

138. * “Polymers in Additive Manufacturing - Materials and Processes,” Invited seminar at Center for
Innovative Materials Processing by Direct Deposition (CIMP-3D), The Pennsylvania State University,
Mar. 3%, 2015.

137. * “Anion Exchange Membranes for Energy Applications,” Invited talk at Advances in Polymers for
Fuel Cells and Energy Devices, an ACS Polymer Chemistry Division workshop, Asilomar, CA, Feb. 9",
2015.

136. * “Anion Exchange Membranes for Energy Applications,” Invited talk at 3" US-Mexico
Symposium on Advances in Polymer Science - MACROMEX 2014, Nuevo Vallarta, Mexico, December
6,2014.
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135. * “Anion Exchange Membranes for Energy Applications,” Invited lecture at Yamanashi University,
Fuel Cell Nanomaterials Center, Kofu, Japan, November 10, 2014.

134. * “Polymer Membranes for Large-Scale Energy Conversion and Storage,” Invited lecture at Boston
University, Department of Materials Science and Engineering, Boston, MA, November 7, 2014,

133. * “Acidity and Morphology in Proton-Conducting Membranes,” Invited lecture at Carnegie Mellon
University, Department of Chemical Engineering, Pittsburgh, PA, October 28, 2014.

132. * “Anion Exchange Membranes for Ammonium Bicarbonate-based Reverse Electrodialysis,”
Invited lecture at Clemson University, Department of Chemical Engineering, Clemson, SC, October 9,
2014.

131. * “Anion Exchange Membranes for Ammonium Bicarbonate-based Reverse Electrodialysis,”
Invited lecture at Hanyang University, Department of Energy Engineering, Seoul, South Korea,
September 17, 2014.

130. * “Headgroup Acidity Effects in Proton Exchange Membrane Performance,” Keynote speech Solid
State Protonic Conductors — 17 (SSPC-17), Korea Institute of Science and Technology (KIST), Seoul,
South Korea, September 16, 2014.

129. “Acidic Polymers and Basic Polymers: Materials Synthesis and Mechanistic Analysis,” MATSE
590 seminar at Penn State University, Department of Materials Science and Engineering, University Park,
PA, September 11, 2014.

128. * “Water Hydrogen Bonding in Functionalized Membranes,” Invited talk at 248th American
Chemical Society Fall 2014 National Meeting & Exposition, Transport in Polymer Membranes Session,
San Francisco, CA August 13, 2014.

127. * “Hydration, Conductivity, and Stability of Anion Exchange Membranes,” Invited lecture at the
Gordon Research Conference on Fuel Cells, Smithfield, RI, August 6, 2014.

126. * “Membranes for Ammonium Bicarbonate-based Reverse Electrodialysis,” Keynote lecture at the
International Conference on Membranes (ICOM) 2014, Suzhou, China, July 24, 2014.

125. * “Polycondensation for High Performance Fuel Cells,” Invited lecture at the American Chemical
Society Polymer Chemistry Division Workshop - From Anionic Polymerization to Aerospace Materials
to Membranes, Cetraro, Italy, June 30, 2014.

124. * “Designing lon Exchange (Polymers and) Membranes for New Energy Processes,” Invited lecture
at the North American regional meeting of the International Society for Electrochemistry and
Microbiology (ISMET), The Pennsylvania State University, University Park, PA, May 15, 2014.

123. * “Jon-Containing Polymers for New Energy and Clean Water,” Keynote lecture at The 16™ Israel
Materials Engineering Conference (IMEC16), Technion — Israel Institute of Technology, Haifa, Israel,
February 24-25, 2014.

122. * “Anion Exchange Membranes — Fundamental Polymer Properties and Performance in Pure Water
Systems,” Invited lecture at Daihatsu Motor Company, Ryuo, Shiga Prefecture, Japan, December 18",
2013.

121. * “Superacid Aromatic Membranes and Thin lonomer Films,” Invited lecture at Nissan Motor
Company Automotive Research Center, Yokosuka, Japan, December 16", 2013.
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120. * “Underlying Factors Governing Membrane Resistance and Permselectivity,” Invited lecture at
Francqui Symposium: Recent Advances in Microbial and Enzymatic Electrocatalysis, Ghent University,
Ghent, Belgium, Nov. 22, 2013.

119. * “Stability of Anion Exchange Membranes,” Invited lecture at 7" Santa Fe Workshop on Materials
for Energy Conversion, Alkaline Membrane Fuel Cells, Bishop’s Lodge, NM, November 4-5, 2013.

118. * “Cationic Polymers for Anion Exchange Membranes,” Invited lecture at Rensselaer Polytechnic
Institute, Department of Chemistry, Troy, NY, October 22 2013.

117. * “lon Exchange Membranes for New Energy and Clean Water,” Plenary Lecture, The Pennsylvania
State University, Materials Day 2013 — Converging on Materials, October 16, 2013.

116. * “Water Binding Interactions in Superacid Proton Exchange Membranes,” Invited lecture at
Norwegian University of Science and Technology (NTNU), PEM 2013 International Workshop,
Trondheim, Norway, October 3-4, 2013.

115. * “Ion Mobility in Anion Exchange Membranes,” Invited lecture at University of Surrey, Anion-
Exchange Membranes for Energy Generation Technologies Workshop, Guildford, England, July 25,
2013.

114. * “lon-Containing Polymers in Energy and Water Applications,” Invited lecture at University of
Massachusetts Ambherst, Polymer Science and Engineering Department, Amherst, MA, May 23, 2013.

113. “Effects of Membrane Thickness on the Performance of Vanadium Redox Flow Batteries,”
Contributed talk presented at the 223™ Meeting of the Electrochemical Society, Toronto, CA, May 14",
2013.

112. “Anion Exchange Membranes for Vanadium Redox Flow Batteries,” Contributed talk presented at
the 223 Meeting of the Electrochemical Society, Toronto, CA, May 14™ 2013.

111. * “Designing New lonic Polymers for Electrochemical Applications,” Invited lecture at Wuhan
University, Department of Chemistry, Wuhan, China, May 23, 2013.

110. * “Anion Exchange Membranes for Energy Applications,” Invited lecture at Sun Yat-sen
University, Department of Chemical Engineering, Guangzhou, China, March 19, 2013.

109. * “Using Infrared Spectroscopy to Learn about Water Treatment Membranes,” Invited talk at
Advances in Materials and Processes for Polymeric Membrane Mediated Water Purification, an ACS
POLY Division workshop, Pacific Grove, CA, Feb. 25, 2013.

108. * “Anion Exchange Membranes,” Advances in Materials for Proton Exchange Membrane Fuel Cell
Systems, an ACS POLY Division workshop, Pacific Grove, CA, Feb. 20, 2013.

107. * “Cationic Polymers for Platinum-Free Fuel Cells,” Invited lecture at IPC 2012, The 9th SPSJ
International Polymer Conference, Kobe, Japan, December 13, 2012.

106. * “Thin lon-Containing Polymer Films,” Invited lecture at Texas A&M University, Materials
Science and Engineering Program, College Station, TX, October 26, 2012.

105. * “Side Chain Functionalized Aromatic Polymers,” Invited talk at 244th American Chemical
Society Fall 2012 National Meeting & Exposition, Journal of Polymer Science Award: Symposium in
Honor of Christopher Bielawski, Philadelphia, PA August 20, 2012.
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104. * “Tuning Polymer Nanophase Morphology for Higher Performance in Vanadium Redox Flow
Batteries,” Invited talk at 244th American Chemical Society Fall 2012 National Meeting & Exposition,
WCU International Symposium on Energy Storage and Conversion, Philadelphia, PA August 20, 2012.

103. * “Polymer membranes for new batteries and fuel cells,” Invited talk at 244th American Chemical
Society Fall 2012 National Meeting & Exposition, Polymer Science of Everyday Things, Philadelphia,
PA August 19, 2012.

102. * “New Polymers for Electrochemical Energy Conversion and Storage,” Invited lecture at Penn
State-University of Freiburg Symposium on Energy Conversion, Freiburg University, Freiburg, Germany,
July 13, 2012.

101. * “Using Lessons of Fuel Cell Membranes to Design Polymers for Energy Storage Applications,”
Green Energy Conversion Science and Technology, University of Yamanashi, Kofu Japan, August 1,
2012.

100. * “Water-polymer interactions in cation and anion conducting membranes,” Invited lecture at Macro
2012 - IUPAC World Polymer Congress, Blacksburg, VA, June 25™ 2012.

99. * “Water Dynamics in Thin Polymer Films,” Invited lecture at Dow Water Solutions, Edina, MN,
June 19, 2012.

98. * “Designing New lonic Polymers for Electrochemical Applications,” Invited lecture at Technion —
Israel Institute of Technology, Department of Materials Science and Engineering, Haifa, Israel, June 7,
2012.

97. * “New Polymer Membranes for Redox Flow Batteries and Fuel Cells,” Invited lecture at University
of Rochester, Rochester Advanced Materials Program Nanomaterials 2012, Rochester, NY, May 21,
2012.

96. * “lon and Water Motion in Self-Assembled Polymers,” Invited lecture at Carnegie Mellon
University, Department of Chemistry, Pittsburgh, PA, April 20, 2012.

95. * “Electrostatically Assembled Mixed Charge Multilayers for Antifouling Applications,” Invited
lecture at Dow Chemical Company for the Dow Discussion Group on Interfacial Science, Midland, MI,
April 11, 2012.

94. * “Ion and Water Motion in Self-Assembled Polymers,” Introductory Speaker for the Taylor Lecture,
Department of Materials Science and Engineering, University Park, PA, April 5, 2012.

93. * “Synthesis and Degradation of Anion Exchange Membranes,” Invited talk at 243" American
Chemical Society Spring 2012 National Meeting & Exposition, Materials and Catalysis in Fuel Cells, San
Diego, CA March 27", 2012.

92. * “Aromatic lon-Conducting Membranes,” Invited lecture at WL Gore & Associates, Newark, DE,
March 6, 2012.

91. * “Thin Ion-Containing Polymer Films,” Invited lecture at National Institute of Standards and
Technology, Boulder, CO, Feb. 10, 2012.

90. * “New Polymers for Water Treatment and Energy Storage,” Invited lecture at King Abdulla
University of Science and Technology (KAUST), Saudi Arabia, Jan. 22, 2012.
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89. * “Polymer Assemblies for lon Transport and Anti-fouling Surfaces,” Invited lecture at Penn State
University, Department of Civil and Environmental Engineering, University Park, PA, Jan. 18, 2012.

88. * “Water in lon-Containing Polymer Membranes,” Invited lecture at Penn State University,
Department of Chemical Engineering, University Park, PA, Jan. 12, 2012.

87. * “lon-Conducting Polymers for Electrochemical Applications,” Invited lecture at Queen’s
University, Department of Chemical Engineering, Kingston, ON Canada, Nov. 17, 2011.

86. * “Water in lon-Containing Polymers,” Invited lecture at University of Akron, Department of
Polymer Engineering, Akron, OH, Oct. 21, 2011.

85. * “Block Copolymers for Fast Ion Transport,” Invited lecture at Michigan Technological University,
Department of Chemistry, Houghton, MI, Oct. 14, 2011.

84. * “Block Copolymers for Fast Ion Transport,” Invited lecture at Case Western Reserve University,
Department of Macromolecular Science and Engineering, Cleveland, OH, Sept. 30, 2011.

83. * “Surface charge and molecular adsorption on poly(ethylene oxide)-containing multilayer
assemblies,” Invited talk at 242" American Chemical Society Fall 2011 National Meeting & Exposition,
Polyelectrolyte Complexes and Multilayers, Denver, CO Sept. 1%, 2011.

82. * “Structure property relationships of anion exchange membranes,” Invited talk at 242" American
Chemical Society Fall 2011 National Meeting & Exposition, Fuel Cells Chemistry and Operation,
Denver, CO Aug. 29", 2011.

81. * “Block Copolymers as lon Transport Membranes,” Invited lecture at Clark University, Department
of Chemistry, Worchester, MA, April 6, 2011.

80. * “Ionic nanopores as ion and water transport pathways in polymer membranes,” Invited talk at
American Chemical Society Spring 2011 National Meeting & Exposition, Aerogels, Foams, and other
Nanoporous Materials, Anaheim, CA, March 29" 2011.

79. * “Designing selective membranes for energy storage applications,” Invited talk at American
Chemical Society Spring 2011 National Meeting & Exposition, Polymers for Energy Storage and
Delivery, Anaheim, CA, March 29", 2011.

78. * “Surface Charge and Fouling of lon-Containing Nanofiltration Membranes and Coatings,” Invited
talk at Advances in Materials and Processes for Polymeric Membrane Mediated Water Purification, an
ACS POLY Division workshop, Pacific Grove, CA, Feb. 28, 2011.

77. * “Block Copolymers as Ion Transport Membranes,” Invited lecture at Colorado School of Mines,
Department of Chemistry, Golden, CO, Feb. 25, 2011.

76. * “lon-Conducting Polymers for Electrochemical Applications,” Invited talk at Golden Gate Polymer
Forum, Mountain View, CA, Feb. 23, 2011.

75. * “Block Copolymers for Ion-Conducting Membranes,” Advances in Materials for Proton Exchange
Membrane Fuel Cell Systems, an ACS POLY Division workshop, Pacific Grove, CA, Feb. 22, 2011.

74. * “Hydration and Nanostructure in lon-Containing Polymers,” Invited lecture at University of
Nevada Las Vegas, Department of Chemistry, Las Vegas, NV, Oct 13" 2010.
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73. * “Mechanisms of Morphology and Water Motion in Proton Exchange Membranes,” Plenary lecture
at218™ Meeting of the Electrochemical Society Meeting, Las Vegas, NV, Oct 1 1™ 2010.

72. * “Liquid-Like Conductivity in a Solid Polymer: Features of Fast Ion Conduction,” Invited lecture at
Pennsylvania State University, Department of Chemistry — Analytical Division, State College, PA,
September 29", 2010.

71. “Ion and Water Motion in Anion Exchange Membranes,” Contributed talk presented at Progress
MEA 2010 - CARISMA meeting, La Grande Motte, France, Sept. 13" 2010.

70. * “Designing Polymers for Fast Ion Transport,” Invited lecture at University of Wisconsin Madison,
Department of Materials Science and Engineering, Madison, W1, September 16™, 2010.

69. * “Poly(thiophene)/Carbon Nanotube Composites for Solar Cells,” Invited lecture at the Center for
Nanophase Materials Sciences, Oak Ridge National Laboratory, Users Week, September 14™ 2010.

68. “Anion and Water Mobility in Poly(sulfone) Anion Exchange Membranes,” Contributed talk at the
12" International Symposium on Polymer Electrolytes, Padova, Italy, Aug. 31%, 2010.

67. * “Nanostructured Polymeric Membranes for Fuel Cell and Water Treatment Applications,” Invited
lecture at ACS Fall National Meeting, WCU International Symposium on Energy Storage and
Conversion, Boston, MA, August 22, 2010.

66. * “The Role of Water in Proton Exchange Membranes,” Invited lecture at 1¥ International Summer
Seminar for Young Scientists, Lake Kawaguchiko, Japan, Aug. 19", 2010.

65. * “lon-Conducting Membranes for Electrochemical Applications,” Invited lecture at Pacific
Northwest National Laboratory, Richland, WA, Aug. 16", 2010.

64. * “Poly(thiophene)-Carbon Nanotube Composites for Solar Cells,” Invited lecture at Illinois Institute
of Technology, Department of Chemical Engineering, Chicago, IL, April 21*, 2010.

63. * “Poly(thiophene)-Carbon Nanotube Composites for Solar Cells,” Invited talk at Polymer
Nanocomposites 2010, Lehigh University, Bethlehem, PA, March 9™ 2010.

62. * “Polymer-Water Interactions and Transport Properties in Fuel Cell and Reverse Osmosis
Membranes,” Invited lecture at Drexel University, Department of Chemical Engineering, Philadelphia,
PA, Jan. 15", 2010.

61. * “Polymers, Water, and Ions: Interesting Observations on Morphology, Diffusion, and
Conductivity,” Invited talk at the National Institute of Standards and Technology, Gaithersburg, MD, Jan.
14™2010.

60. * “Interactions Between lon-containing Polymers and Water - Applications Towards Water
Treatment Membranes and Antifouling Surfaces,” Invited talk at the Naval Research Lab, Washington,
DC, Jan. 12, 2010.

59. * “Ion-Containing Polymers and Their Interactions with Water,” Invited lecture at Rochester Institute
of Technology, Department of Chemistry, Rochester, NY, Jan. 5% 2010.

58. “Morphology Control in Mid-block Sulfonated Triblock Copolymers,” Contributed talk at MRS Fall
Meeting, Boston, Nov. 30" 2009.
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57. * “Well-controlled Block Copolymer Architectures for lon-conducting Membranes,” Invited talk at
LANL-NEDO-AIST workshop, Palm Springs, CA, Nov. 19 2009.

56. * “Thiophene Polymerization and Polythiophene-Carbon Nanotube Composites for Solar Cells,”
Invited talk at Waseda University, Department of Chemistry, Tokyo, Japan August 22", 2009.

55. * “Anion Exchange Membranes for Electrochemical Applications,” Invited talk at Polymer Batteries
and Fuel Cells 2009, Yokohama, Japan, Aug. 6th, 2009.

54. * “Proton and Anion Exchange Membranes for Electrochemical Applications:
Nanophase Structure and lon-Transport,” Invited talk at Waseda University, Department of Chemistry,
Tokyo, Japan August 5™, 2009.

53. * “Structured Poly(thiophene)/Carbon Nanotube Thin Films for Organic Photovoltaic Applications,”
Invited lecture at Virginia Tech Polymer Alumni Symposium, Blacksburg, VA July 17th, 2009.

52. * “Morphology and Transport Properties of Anion and Cation Exchange Membranes,” Invited lecture
at 3M Corporation Tech Forum for Polymers and Energy, St. Paul, MN, June 16th, 2009.

51. * “lon-Containing Polymers and Their Application Towards Water Treatment,” Invited lecture at
Dow Water Solutions, Edina, MN, June 15th, 2009.

50. * “Synthesis, Structure, and Properties of lon-Containing Polymers,” Invited lecture at WL Gore &
Associates, Newark, DE, May 13th, 2009.

49. * “Morphology and Transport Properties of lon-Containing Polymers,” Invited lecture at the Army
Research Lab, Aberdeen Proving Grounds, MD, April 21st, 2009.

48. * “Transport Properties of Proton Exchange Membrane Nanocomposites,” Invited talk at American
Chemical Society Spring 2009 National Meeting & Exposition, Functional Polymer Nanocomposites for
Energy Storage and Conversion, Salt Lake City, UT, March 23", 2009.

47. “Efficient Synthesis and Properties of Anion Exchange Membranes,” Contributed talk at American
Chemical Society Spring 2009 National Meeting & Exposition, lon-containing Polymers for New
Technologies, Salt Lake City, UT, March 22™, 2009.

46. * “lon-Containing Polymers: Cutting-Edge Energy Applications Enabled by Insights into Chemistry,
Morphology, and Transport Properties,” Invited talk at the joint meeting of the Polymers and
Power/Energy panels of the Materials group of the Technical Cooperation Program (TTCP), Victoria, BC,
March 10®, 2009.

45. * “Nanostructured Polymers: Using Chemistry and Morphology to Tune Transport Properties ,”
Invited lecture at Oak Ridge National Laboratory, Center for Nanophase Materials Sciences, Oak Ridge,
TN, March 4™, 2009.

44. * “Cation and Anion Transport in Functionalized Polymers,” Invited lecture at University of
Tennessee, Knoxville, Department of Chemical & Bimolecular Engineering, Knoxville, TN, March 31
2009.

43. * “Flux and Rejection in lon-containing and Surface-modified Polymer Membranes,” Invited talk at
Advances in Materials and Processes for Polymeric Membrane Mediated Water Purification, an ACS
Polymer Chemistry Division workshop, Asilomar, CA, Feb. 23%.2009.
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42. * “Water Binding and Transport in Anionic and Cationic Membranes,” Invited talk at Advances in
Materials for Proton Exchange Membrane Fuel Cell Systems, an ACS Polymer Chemistry Division
workshop, Asilomar, CA, Feb. 16™, 2009.

41. * “Functional Materials for Fuel Cells,” Invited lecture for ASM Local Chapter, University Park, PA,
Jan. 20™, 2009.

40. “Water uptake characteristics and backbone flexibility of novel polymers for proton exchange
membranes,” Contributed talk presented at the Electrochemical Society Fall Meeting, Honolulu, HI, Oct.
15", 2008.

39. “Water Uptake and Transport in Flexible Proton Exchange Membrane Networks,” Contributed talk
presented at Progress MEA 2008 - CARISMA meeting, La Grande Motte, France, Sept. 227 2008.

38. * “Functionalized Polymers for Fuel Cells,” Invited lecture at The Pennsylvania University,
Department of Engineering Science and Mechanics, University Park, PA, Sept. 17", 2008.

37. * “Cation and Anion Transport in Fuel Cell Membranes,” Invited lecture at University of
Connecticut, Polymer Program, Storrs, CT, Sept. 12™ 2008.

36. “Bulk Heterojunction Morphology Control by Electro-deposition of Polythiophene,” Physical
Chemistry of Interfaces and Nanomaterials VII, SPIE NanoScience + Engineering, San Diego, CA, Aug.
11", 2008.

35. * “Cation and Anion Transport in Functionalized Polymers,” Invited lecture at University of
Yamanashi, Clean Energy Research Center, Kofu, Japan, July 7% 2008.

34. * “Polymers with Tethered Anionic and Cationic Groups as Membranes for Fuel Cells,” Invited
lecture at Macro 2008, 42™ TUPAC World Polymer Congress, Taipei, Taiwan, July 1%, 2008.

33. * “Jon Transport Membranes,” Invited lecture at Virginia Tech, Macromolecules and Interfaces
Institute, Blacksburg, VA, April 23", 2008.

32. * “Fuel Cells,” Materials Day Tutorial, The Pennsylvania State University, University Park, PA,
April 14™,2008.

31. * “Polymers for Fuel Cells,” American Chemical Society Spring 2008 National Meeting &
Exposition, ACS Award in Polymer Chemistry: Symposium in Honor of James McGrath, New Orleans,
LA, April 8", 2008.

30. * “Membranes for Acidic and Basic Fuel Cells: Examples, Limits, and Directions,” NRC Institute for
Fuel Cell Innovation, US-Canada Fuel Cell Workshop, Vancouver, BC, Canada, March 16™, 2008.

29. * “Morphology and Transport in lon-containing Polymers,” Invited lecture at University of Illinois at
Urbana-Champaign, NSF STC WaterCAMPWS, Champaign, IL, March 7% 2008.

28. * “Cation and Anion Transport in Functionalized Polymers,” Invited lecture at Colorado School of
Mines, Department of Chemical Engineering, Golden, CO, Jan. 18™, 2008.

27. * “Functional Polymers: Transport and Nanophase Morphology for Fuel Cell Applications,” Invited
lecture for Materials Advantage, University Park, PA, Sept. 10®, 2007.

26. * “Neutron Imaging of Liquid Water in Fuel Cells,” Invited talk at the Gordon Research Conference
— Fuel Cells, Smithfield, RI, July 22-27, 2007.
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25. * “Neutron Imaging of Liquid Water Transport in Proton Exchange Membrane Fuel Cells: Heat
Transfer and Fluid Dynamics,” Invited lecture at Michigan Technological University, Department of
Mechanical Engineering, Houghton, MI, Nov. 30™, 2006.

24. * “Neutron Imaging Studies of Liquid Water Transport in PEM Fuel Cells,” Invited lecture presented
to the San Francisco Local Section of the Electrochemical Society, Berkeley, CA, Nov. 20, 2006.

23. Hickner, M., N. Siegel, K. Chen, D. Hussey, D. Jacobson, M. Arif, “Neutron Imaging Studies of
Water and Heat Transport in PEM Fuel Cells,” Contributed talk presented at the Fuel Cell Seminar &
Exhibition, Honolulu, HI, Nov. 1317, 2006.

22. Hickner, M., N. P. Siegel, K. Chen, D. Hussey, D. Jacobson, M. Arif, “Exploring Liquid Water
Distribution and Local Heating Effects in an Operating PEM Fuel Cell,” Contributed talk at the World
conference on neutron radiography, National Institute of Standards and Technology Gaithersburg, MD,
Oct. 16-19, 2006.

21. * Hickner, M., C. J. Cornelius, M. R. Hibbs, C. H. Fujimotol, T. M. Alam, “Water Binding and
Transport in Polymer Membranes with High Ion Content,” Invited talk presented at the 232nd ACS
National Meeting, San Francisco, CA, Sept. 10-14 2006.

20. Hickner, M., K. Chen, N. Siegel, D. McBrayer, “Water and Heat Transport in PEM Fuel Cells,”
Poster presented at The Gordon Research Conference - Fuel Cells, Smithfield, RI, July 23-28, 2006.

19. Hickner, M. C. J. Cornelius, M. R. Hibbs, C. H. Fujimoto, T. M. Alam, “The Nature of Water and
Transport in Functionalized Poly(phenylene)s,” Contributed talk at the MRS 2006 Spring Meeting, San
Francisco, CA, April 17 - 21, 2006.

18. * “Novel Polymeric Membranes for Fuel Cells,” Invited lecture at the University of Texas at Austin,
Department of Chemical Engineering, Austin, TX, Oct. 27% 2005.

17. * Hickner, M., K. Chen, “PEM Fuel Cell Water Management,” Invited lecture presented at the
National Research Council of Canada's Institute for Fuel Cell Innovation, Vancouver, BC, Aug. 1%, 2005.

16. Hickner, M., K. Chen, N. Siegel, D. McBrayer, “Key Phenomena in PEM Fuel Cells
Liquid Water Transport,” Poster presented at the Gordon Research Conference — Fuel Cells, Smithfield,
RI, July 17-22, 2005.

15. Hickner, M., K. Chen, N. Siegel, D. McBrayer, “Key Phenomena in PEM Fuel Cells
Liquid Water Transport,” Contributed talk presented at the 2nd International Conference on Polymer
Batteries and Fuel Cells Las Vegas, NV, June 13-17, 2005.

14. * “Elucidating the Key Phenomena of Water Transport in Proton Exchange Membrane Fuel Cells,”
Invited lecture at the New Mexico State University, Department of Chemical Engineering, Las Cruces,
NM, Feb. 17%, 2005.

13. * “Polymer electrolytes for fuel cell applications,” Invited lecture at Highlands University,
Department of Chemistry, Las Vegas, NM, Nov. 5%, 2004.

12. Hickner, M., K. Grossarth, K. S. Chen, D. R. Noble, “Liquid water droplet instability and
removal at the GDL/Gas flow channel interface,” Poster presented at The Gordon Research
Conference - Fuel Cells, Bristol, RI, July 25-30, 2004.
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11. Hickner, M., J. E. McGrath, “The Role of Inorganic Additives in Determining Transport
Properties of Organic-Inorganic Composite Proton Exchange Membranes,” Contributed talk at the
203rd Meeting of The Electrochemical Society, Paris, France, April 27-May 2, 2003.

10. Hickner, M., B. Pivovar, F. Wang, T. Zawodzinski, J. E. McGrath, “Transport of methanol and
protons in proton exchange membranes,” Contributed talk at the 201st Meeting of The
Electrochemical Society, Philadelphia, PA, May 12-17, 2002.

9. “Fuel cell research at Virginia Tech: A student’s perspective,” Contributed talk at the ACS 2002
Spring National Meeting, Orlando, FL, April 7-11, 2002.

8. Hickner, M., F. Wang, Y. S. Kim, B. Pivovar, T. Zawodzinski, J. E. McGrath, “Influencing the
transport of water, methanol, and protons through a fuel cell ion exchange membrane,” Contributed
talk at the AIChE Spring National Meeting, New Orleans, LA, March 10-14, 2002.

7. Hickner, M., F. Wang, Y. Kim, B. Pivovar, T. Zawodzinski, J. E. McGrath, “Development of
thin-film fuel cell electrodes containing novel polymers,” Contributed talk at the 200th Meeting of
The Electrochemical Society, San Francisco, CA, Sept. 2-7, 2001.

6. Hickner, M., F. Wang, Y. Kim, J. E. and McGrath, “Chemistry-morphology-property
relationships of novel proton exchange membranes,” Contributed talk at the 200th Meeting of The
Electrochemical Society, San Francisco, CA, Sept. 2-7, 2001.

5. Hickner, M., F. Wang, Y. Kim, T. Zawodzinski, J.E. McGrath, “Chemistry-morphology-property
relationships of novel proton exchange membranes for direct methanol fuel cells,” Contributed talk
at the ACS 2001 Fall National Meeting, Chicago, IL, Aug. 26-30, 2001.

4. Hickner, M., F. Wang, H. Shohba, N. Gunduz, J. Mecham, J. E. McGrath, T. Zawodzinski, “New
proton exchange membranes via direct step or polycondensation,” Contributed talk at the 199th
Meeting of The Electrochemical Society, Washington D. C., March 25-30, 2001.

3. Hickner, M., F. Wang, H. Shobha, N. Gunduz, J. B. Mecham, J. E. McGrath, “Synthesis of proton
exchange membranes via direct step or polycondensation,” Contributed talk at the AIChE 2000 Fall
National Meeting, Los Angeles, CA, Nov. 12-17, 2000.

2. Hickner, M. A., M. Sankarpandian, T. Zawodzinski, J. E. McGrath, “Adhesion issues within PEM
membrane electrode assemblies,” Contributed talk at the AIChE 2000 Fall National Meeting, Los
Angeles, CA, Nov. 12-17, 2000.

1. Hickner, M. A., A. Banthia, J. E. McGrath, “Synthesis and characterization of phosphine oxide
diol modified epoxy adhesives,” Contributed talk at the ACS 2000 Fall National Meeting,
Washington, D.C., Aug. 20-25, 2000.

Scientific Collaborators (Last Five Years)
C. Bae (RPI), C.J. Cornelius (UNebraska), C.H. Fujimoto (Sandia), E. Gomez (Penn State), Y.A. Elabd
(TAMU), M.R. Hibbs (Sandia), D.S. Hussey (NIST), I. Ivanov (ORNL), D.A. Jacobson (NIST), M. Janik
(Penn State), S. Kim (PNNL), Y.S. Kim (LANL), J. Liu (PNNL), B.E. Logan (Penn State), J.L.
Lutkenhaus (TAMU), M.K. Mahanthappa (U. Wisconsin, Madison), D. Pickel (ORNL), S. Paddison (UT-
Knoxville), B.S. Pivovar (NREL), R. Schaak (Penn State), G. Tew (UMass), C.-Y. Wang (Penn State), D.
Wang (Penn State), Q. Wang (Penn State), A.Z. Weber (LBNL), Z. Yang (PNNL)
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Graduate Advisor Principal Postdoctoral Sponsor
James E. McGrath (Virginia Tech) (deceased) Ken S. Chen (Sandia National Laboratories)

Synergistic Activities

Teaching
I developed a new course at Penn State entitled “Materials in Energy Research” which focuses on the uses

of advanced materials for the conversion and utilization of energy. Research topics in important fields such
as photovoltaics, fuel cells, solar thermal energy, and CO, conversion are stressed with an emphasis on
energy transfer at the molecular/nanoscale and state-of-the-art materials research. The class is discussion-
driven and covers fundamental materials science, energy transfer processes at the molecular scale,
thermodynamics of energy conversion, and economic and political issues that influence energy choices.
This class has been adapted for both first year and senior students depending on the need.

I have also developed “Polymer Materials II”. This is a lecture-based course, but covers modern research
topics such as conducting polymers, ionic polymers, super-tough gels, and other relevant topics from the
polymer science literature that the students will be exposed to in graduate school.

A new senate-approved course was developed in Fall 2016 — Polymers in 3D Printing as an elective in the
Master’s Program in Additive Manufacturing. The purpose of the class is to educate students at the
intersection of polymer science and additive manufacturing. Polymers-focused students will what is unique
about 3D printing processes as they relate to polymer science, and additive manufacturing specialists will
get a deeper look into the polymer science of 3D printing and the macromolecular nature of polymeric
materials as applied in additive manufacturing.

Outreach

I have worked towards developing exciting hands-on units for two week-long residential camps for
secondary educators and high school students (drawn from around the Northeast and the country) on Penn
State’s University Park campus. These experimental activities focus on using the tools of chemistry and
physical science to synthesize polymeric materials and explore their structure and function for water
treatment and alternative energy applications. The student camp, which attracts 20-30 high school students
annually, is sponsored by the ASM Materials Education Foundation and is designed to immerse students in
exciting discovery-based learning and expose them to advanced scientific concepts. The teacher camp,
sponsored by the Pennsylvania NASA Space Grant Consortium, gives approximately 20 high school
teachers a chance to engage with college-level educators on new technical topics to both hone their own
knowledge and develop new activities and modules to take back to their classrooms. The week is designed
so that the teachers leave with information, materials, and demonstrations that can directly supplement their
current courses.

Students and Researchers Currently Supervised

Graduate Students (8 current, 30 total) Undergraduate Researchers (5 current, 42 total)
Clara Cappirelli (Chem E) Hannah Pohlmann (MATSE), Schreyer thesis
Nayan Sakia (Chem E) Teague Williams (MATSE), Senior thesis
Raymond Lopez-Hallman (MATSE) Lachlan Peeke (MATSE)

Richard Wiencek (Chemistry) Kenneth Kimmons (MATSE)

Preeya Kuray (MATSE) Natalie Mamrol (MATSE)

Megan Matta (Chemistry)

Sarah Sheffield (Chemistry)
Harrison Cassady (Chem E)

Post-Doctoral Researchers (2 current, 18 total)
Jing Pan (PhD Wuhan University)
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Tawanda Zimudzi (Chemistry)

Visiting Researchers and Staff (4 current, 11 total)

Matthias Park (postgraduate researcher)

Carlos Rolando Fernandez Pulido (postgraduate researcher)

Hafis Graha (Tokyo Tech)

Saima Shabbir (Institute of Space Technology, Islamabad, Pakistan)

Hickner Group Alumni

Graduate Students

o Karan Doss (MS MATSE, August 2018), currently a PhD candidate in MATSE.

o Yifan Deng (MS MATSE, August 2018), currently a researcher in the Hickner Group.

o Tawanda Zimudzi (PhD Chemistry, August 2016), currently a staff researcher in MCL, Penn State.

o Liang Zhu (PhD MATSE, March 2016), currently a staff scientist at Dioxide Materials.

o Sean Nunez (PhD MATSE, August 2015), currently a staff scientist at Arkema.

o Douglass Kushner (PhD MATSE, August 2016), currently a postdoc at Lawrence Berkeley National
Laboratory.

o Harrison Cassady (MS Chemical Engineering, March 2015), currently an entrepreneur in Portland, OR.

o Jiho Seo (MS MATSE, February 2016), currently a PhD candidate with Ralph Colby at PSU MATSE.

o Caroline Christensen (MS Chemistry, November 2015), currently a lab supervisor at University of
Delaware.

o Clara Capparelli (MS MATSE, July 2015), currently in Argentina with the Fulbright Commission.

o Sarah Black (PhD Chemistry, July 2015), currently a staff member at the Center for Naval Analyses.

o Brian Chaloux (PhD MATSE, August 2014), currently a National Research Counsel Postdoc at the Naval
Research Lab.

o Changwoo Nam. Currently a PhD candidate at Penn State.

o David Jones (MS MATSE, August 2014), currently resides in Knoxville, TN.

o Lizhu Wang (PhD MATSE, December 2013), postdoc at University of Nebraska Medical Center.
Currently a research scientist at Missouri University of Science and Technology.

o Melanie Disabb-Miller (PhD MATSE, December 2013), currently resides in Baltimore, MD.

o Stephanie Petrina (MS MATSE, April 2010, PhD MATSE August 2013), currently employed with
Georgia Pacific.

o Zhaoyan Ai (MS candidate), currently a PhD candidate in PSU Chemistry.

o Romesh Patel (PhD MATSE, December 2011), Postdoc in the PV group at AFRL in Dayton, OH.
Currently at Nike.

o Alfonso Mendoza (PhD MATSE, December 2012), currently an entrepreneur in San Francisco, CA.

o Xie He (PhD MATSE, December 2012), postdoc at Penn State. Currently resides in Boston, MA.

o Matthew Gross (MS MATSE, Aug 2010), currently MGL Consulting, Boulder, CO.

o Hunter Moore (MS MATSE, April 2011), currently Virginia Western Community College, Roanoke, VA.

Post-Doctoral Researchers

o Liang Zhu March 2016-December 2017 (Ph.D. Penn State), currently at Dioxide Materials.

o Chris Lyon March 2017-November 2017 (Ph.D. UNH), current at Vantage Chemicals.

o Sean Nunez September 2015-February 2017 (Ph.D. Penn State), currently at Arkema.

o Brandon Calitree November 2012 — March 2015 (Ph.D. University of Buffalo), currently at University of
Delaware.

o Geoff Geise, September 2012 — June 2014, (Ph.D. University of Texas) currently faculty in Chemical
Engineering at University of Virginia.

o Praveen Meduri January 2013 — May 2014, (Ph.D. University of Kentucky) — PSIEE Postdoctoral Fellow.
Currently a professor at IIT India.

o lan Sines, January 2012 — August 2013, (Ph.D. The Pennsylvania State University, joint with Manish
Kumar, PSU CHE). Currently a research scientist at St. Gobain.

o Nanwen Li, February 2012 — December 2013, currently a postdoc at Georgia Tech.
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o Shudipto Dishari, October 2010 — August 2013, currently a postdoc at Penn State University.

o Dongyang Chen, August 2011 — August 2013, currently a postdoc at Northwestern University.

o Min Zhang, August 2012-March 2013, currently a postdoc at National University of Singapore.

o Guang Chen, August 2011-March 2013, currently a postdoc at National University of Singapore.

o Youngjin Cho, Feb. 2011-Jul. 2012, currently a staff scientist at DGIST, Korea.

o Timothy B. Tighe, Oct. 2009-Dec. 2011, currently a staff scientist at Penn State Materials
Characterization Laboratory.

o Tomonori Saito, June 2008-July2010, currently a staff member at Oak Ridge National Laboratory.

o Jingling Yan, Feb. 2008-Oct. 2010, currently a research associate at Changchun Institute of Applied
Chemistry, Chinese Academy of Sciences, China.

Visiting Researchers and Staff

o Hideaki Ono, March 2015-October 2015, Graduate Researcher, Yamanashi University.

o Juanjuan Han, August 2015-June 2016, Graduate Researcher, Wuhan University.

o Fang Chen, December 2012-December 2013, Professor, Department of Applied Chemistry, School of
Natural and Applied Science, Northwestern Polytechnic University, Xi’an, China.

o Bencai Lin, October 2015-March 2016, Professor, School of Materials Science and Engineering,
Changzhou University, China.

o Masaki Koike, January 2009-June 2009, visiting graduate researcher, Yamanashi University.

o Shinya Kawamura, January 2009-June 2009, visiting graduate researcher, Yamanashi University.

Undergraduate Research Students

o Xuedi Yu (MATSE), research student and visiting researcher — currently employed at Aleo BME, Inc.

o Franky Bernal (REU student), finishing degree at Cal State LA.

o Jessi Purawic (MATSE), undergraduate researcher — currently a senior in MATSE.

o Robert Kaminsky (MATSE), undergraduate researcher — currently employed at Arkema.

o Emma Vetland (MATSE), senior thesis — currently employed at NASA.

o Lindsay Erndwine (MATSE), senior thesis — currently a graduate student at University of Delaware.

o Kaitlyn Eckert (Chem E), undergraduate researcher.

o Christopher Malencia (Chem E), Schreyer Honors Thesis.

o Will Ferrell (MATSE), senior thesis — graduate student at UT Knoxville.

o Nichole Baer (MATSE), currently at First Quality Enterprises.

o Ziyi (Kent) Miao (MATSE), Schreyer Honors Thesis, currently a graduate student at Northwestern
University.

o Emily Cimino (MATSE), senior thesis — currently employed at PPG.

o Sumant Kalidindi (MATSE), undergraduate research in PSU MATSE.

o Victoria Christensen (MATSE), undergraduate in PSU MATSE.

o John Nese (MATS, senior thesis student), currently employed at AK Steel.

o Will Salem (BS PSU MATSE), currently employed at PPG.

o Rebecca Balaj (NSF Soft Materials REU), finishing degree at Columbia University.

o Christopher Rodriguez (NSF Soft Materials REU), finishing degree at Univ. Puerto Rico.

o Charles Michaelis (PSU CHE), currently at U. Virginia for graduate school.

o Kathleen Murzynski (PPG Fellow MATSE), finishing degree in PSU MATSE.

o Ying-Hsun “Mindy” Lin (MATSE), finishing degree in PSU MATSE.

o Jie “Jenny” Mou (MATSE), finishing degree in PSU MATSE.

o Andrew DeCarlo (PSU MATSE)

o Eric Fuemmeler (NSF Soft Materials REU, BS Chemistry Truman State University) currently graduate
student at University of [llinois.

o Zach Johnson (NSF REU), finishing degree in PSU MATSE.

o Andrew Curtis (NSF Soft Materials REU, BS Chemistry Drake University).

o Rich Schatz (PSU Chemistry 2010).

o Kevin Dicker (BS PSU MATSE 2011, senior thesis student) currently a graduate student at UDEL
MATSE.
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o Julianne Carlson (BS PSU MATSE, senior thesis student).

o Colin Smith (BS PSU CHE) currently on coop with Medtronic.

o Tim Roberts (BS PSU CHE 2011) currently at Sunoco, Memphis TN.

o Matthew Menyo (BS PSU MATSE May 2009) currently a graduate student at UCSB, MATSE/BIO.

o Ernesto Martinez (NSF Soft Materials REU 2011) currently an undergraduate student at MIT.

o Rebecca Nolin (NSF Soft Materials REU, summer 2010) currently and undergraduate student at Virginia
Tech.

o Kyle Bryson (BS PSU MATSE May 2010). PhD and NSF Graduate Fellowship recipient at UMASS-
Ambherst, PMSE. Currently employed at 3M Company.

o Chris Ewing (BS PSU CHE May 2010) currently graduate student at PITT, CHE.

o Patrick Mangiagli (BS PSU MATSE May 2010) currently a graduate student at Georgia Tech.

o Amy Beasten (NSF NNIN REU, summer 2008) CHE Tulane May 2009, currently a graduate student at
North Carolina State University.

o Matthew Gross (BS PSU MATSE 2009, senior thesis student) currently at Ball Aerospace, Boulder CO.

o Kevin Donaher (NSF NNIN REU, summer 2009) currently an undergraduate student at Columbia
University.

o Titi Shodiya (BS PSU MATSE May 2010). PhD Duke University. Currently a staff member at NIST.
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