@ﬂﬂf]ﬂﬁ

Petitioner’s Oral Argument Demonstratives
IPR2024-00761
U.S. Patent No. 7,487,684
Before Administrative Patent Judges
* Jennifer S. Bisk
* John A. Hudalla
* Alyssa A. Finamore

Boeing Ex. 1057, p.1 of 46
Boeing v. Regent Univ Cal.

PDX-1



Grounds of Unpatentability

LS007487684B2

2 United States Patent 10 Patent No.:  US 7,487,684 B2
Gupta et al. (451 Date of Patent: Feb. 10, 200%
(54) GLASS-MODIFIED STRESS WAVES FOR (561 References Cited

SEPARATION OF ULTRA THIN FILMS AND
NANOELECTRONICS DEVICE
FABRICATION

LIS, PATENT DOCUMENTS

(22} Filed: A, 15, 2006 a Daviss
w—John P, O Bagion

(165} Prior Publication Data
LIS 20070039395 A1 Feh, 22, 2007

ABSTRACT

(51} Ine.CL
GUIL 124 [ 2006.01)
52) 1L

100 104 108
o~ ] )
102— |~ 112
114 Nd-Yag
N
Laser Pulse

\

106 110

Boeing Ex. 1001, p. 1 of 21
Boeing v. Regents Univ. Cal.

Ground Claims

Basis for Unpatentability

1 1-22

§ 102 — Wang-Dissertation (Ex-
1005)

2 4,6,9, 15,17, 20,

23-24

§ 103 — Wang-Dissertation

3 1-24

§ 103 — Wang-Dissertation in view
of Gupta-1992 (Ex-1011)

4 1-8, 10-19, 21-22

§ 102 — Gupta-1992

5 9. 20

§ 103 — Gupta-1992 in view of
Gupta-1993 (Ex-1013)

6 4.6.10.15.17.
23-24

§ 103 — Gupta-1992

7 1-24

§ 103 — Wang-2002 (Ex-101 6)‘ m
view of Gupta-1992

Ex-1001

@ﬂaflﬂa

Paper %&Pet

oing Bx 1057, p.2 of 46

Boeing v. Regent Univ Cal.

PDX-2



US00748 7684 B2

12y United States Patent (1) Patent No,: US 7,487,684 B2

Gupta et al. 4% Date of Patent: Feb. 10, 2009

(54} GLASS-MODIFIED STRESS WAVES FOR {561 References Cited
SEPARATION OF ULTRA THIN FILMS AN

(51} L
GUIL 124
LS. €1,

(52) US. L .
(58} Field of CL

Sew application file for complete seanch history

100\ / )

102— | ~112

114 Nd-Yag
N

—_—
—

Laser Pulse

Vo

106 110

Boeing Ex. 1001, p. 1 of 21
Boeing v. Regents Univ. Cal.

Ex-1001

Overview

1. Technology Background
2.Wang-Dissertation is Prior Art

3. Wang-Dissertation Discloses the
Challenged Claims

4. Gupta 1992 Discloses the Challenged
Claims

Boeing Ex. 1057, p.3 of 46
Boeing v. Regent Univ Cal.

@Eﬂf]ﬂﬂ PDX-3



Background

Boeing Ex. 1057, p.4 of 46
Boeing v. Regent Univ Cal.

@ﬂﬂf]ﬂﬂ PDX-4



Background - 684 Patent

100 104 108
/ >0 N / )
24 co
/ rd 102~ N
. 114 Nd-Y
< | \_a.g;
/ Laser Pulse
54 / (
52 [
56 S8 106 110
Prior Art (Figure 2A) Figure 4 (Annotated)
Paper 1 (Pet.) at 11 (citing Ex-1001 at Fig. 2A, Fig. 4) Boeing Ex. 1057, p.5 of 46

Boeing v. Regent Univ Cal.

@ﬂﬂf]ﬂa PDX5



Glass Element -’684 Patent

IN THE UNITED STATES PATENT AND TRADEMARK OFFIGE
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RESPONSE TO NON-FINAL QFFIGE AGTION

Daar sir:
It esponge ko the NonsF ral Office Action maiec on Movembes 28, 2007, please
amend the above-identified LS. patent application as folows:

Amendmenis o the Claims are reflecied In the lisling of ¢ aims, which begng on page
2 ol this paper.

Remarks beEgin an page 9 of this papss,

Page1
Boeing Ex. 1002, p. 58 of 177
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Glass-Modified Stress Waves

The glass stress wave modification element is particularly important to this

invention, as it has been found that with sufficiently high pulse pressures, glass
materials tend to modify an input stress wave to where it has a virtually instantaneous
post-peak drop time, resulting in a “rarefaction shock”.

It is believed that this behavior results from certain glass-like materials being
“anomalous materials”, which, with sufficiently high pressure stress waves with a short
enough duration, enters a regime of stress wave propagation where the velocity of the
stress wave decreases with increasing pressure. This property has the effect of

compressing the tail end of a propagated shock, resulting in a “rarefied shock” pulse tail.

In AMENDMENT FIG. 1, which is an annotated FIG. 4 from the present
application, one sees an important principle of operation in this invention, which is that
the stress wave propagates through a glass substrate, rather than merely using a glass

substrate as a confinement for generating a wave launched directly into g gybsiraig; ;6

. Cal.
Ex-1002 at 77, 79; Paper 1 (Pet.)at 12
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Wang-Dissertation Prior Art
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in the Graduate College of the
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Figure 2.1: Schematic of the tensile laser-spallation techniqu.

strate is determined for both tensile and mixed-mode loading cases. Fused silica is found
to be an ideal substrate material for launching high-amplitude shock waves (its negative
nonlinear elasticity being critical for the development of a decompression shock). By insert-
ing an extra layer of the desired substrate material between the fused silica and the thin
film, the current technique can be used to test a variety of substrates and films, especially
those of interest to the microelectronics industry, such as polyimide, copper (Cu), aluminum

(aluminum) and polysilicon on single-crystal silicon substrates. Boeing Ex. 1057, p.7 of 46

Boeing v. Regent Univ Cal.
Paper 1 (Pet.) at 15; Ex-1005 at Fig. 2.1; 45, 124
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1. Mech Phys, Solids Vel 40, No. |, pp. 141-130, 1992 D002 S096/92 55,004 0,00
Printed in Chreat Britoin 21991 Pergaman Pross ple

MEASUREMENT OF INTERFACE STRENGTH BY A
LASER SPALLATION TECHNIQUE

V. Gurra,t A. 8. Arcon,$ D. M. Parks and J. A. CorNiE
Institute of Cambridge, MA 02139, US.A.

{Received 34 Seprember 1990)

ABSTRACT

A Lasen ypallation experiment has been developed W0 measure the strength of planar interfaces between o
substraie and a thin coating (in the |Iuchms range of 0.3-3 m ). In this technique a laser pulse of = high

enough cncrgy and a pre uration is a pressure pubse of a critical amplitude
and width nm is sent through the mlmm: toward the free mrlm with the couting. The reflected tensile
wave (rom the free surface of the couting pries-off th g Th i that,

the removil of the coating is determined from a compuier simulation of the process, The simulation itself
is verified by means of a piezo-glectric crystal probe that is capable of mapping out the profile of the sress
pules genersted by the laser pulse. Interface strength values ranging from 1.7 to 10.5 GPa were delermined
Tor the Si/S¢C system. For the interfaces between pyrolytic graphite and SiC coatings an average strength
of 7.2 GPA was measured, while the corresponding nlerface strength between & Pitch-55 type nbbon with
a fiber-ike morphology and SiC coatings was found 10 be 0.23 GPa. Intrinsic strengths of SiC coatings
and i crystal were akso determined using this technique. These were, on the average, 8.6 GPa for Si erystals
and 11.9 GiPa for 2 SiC coating. rulthcrmn:e lh:pmcmnl of the laser technique o determine the inlerfuce
hness was also d, provided well-ch bie flaws can be planied on the interface,

1. INTRODUCTION

It 1s vow widely recognized that derable tough in positcs with brittle,
but strong reinforcing fibers, can be achieved by controlled debonding of the fibers
from the matrix to prevent premature fiber fracture. In composites with brittle
matrices, such as, ceramics and glass, this is often the only means of obtaining
toughness (Evans, 1989), In metal matrix composites, an additional problem of &
possible interface reaction is often present between the matrix and the fiber, which
can degrade the strength of the fiber and can lead to premature failure. To neutralize
this problem, it is now a standard practice to protect the fibers with a less reactive
sacrificial coating (GUPTA ef al., 1989). This also permits controlled delamination of
the coating from the fiber along the fiber-coating interface to prevent cracks external
to the fiber, or residual reaction products on the fiber from damaging the latter, Thus,
it has been suggested (GuPTa er al., 1989 ; ARGON er al., 1989) that such fiber—coating
interfaces with tailored strength and toughness properties can be used as mechanical
fuses to decouple the undamaged fibers from their damaged surroundings to prevent

# Present address - Thayer School of Engincering, Durtmouth College, Hanover, NH 03755, US.A
T Author o whom correspondence should be sddressed

141

Boeing Ex. 1011, p_ 1
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Paper 1 (Pet.) at 16-17; Ex-1011 at 145
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Wang-Dissertation Overview

This dissertation investigates thetfeasibilit.y of using laser-generated stress waves to produce
mixed-mode failure of thin-film interfaces and to characterize quantitatively the interfacial

adhesion strength.
THIN-FILM ADHESION MEASUREMENT BY
LASER-INDUCED STRESS WAVES

In Chapter 2, theoretical analysis is developed to gain insights of the wave-generation

BY
JUNLAN WANG

B.S.. University of Science and Technology of China, 1994
M.E.. University of Science and Technalogy of China, 1997

mechanism following a laser pulse deposition at the interface between two adjacent materi-
als, the subsequent geometric attenvation due to finite YAG source size, the development

of a decompression shock in a fused-silica substrate, and the associated shock attenuation.

THESIS

Submitted in partial fulfillment of the requirements
for the degree of Docter of Philosophy in Theoretical and Applied Mechanics
in the Graduate College of the
University of Illinois at Urbana-Champaign, 2002

In Chapter 3, a parametric study on the tensile laser spallation was carried out. The spal-
lation behavior of aluminum thin films was investigated as a function of substrate thickness,
Cibana. lincs film thickness, confining layer thickness, laser energy, and various parameters governing the
source, Two different substrate materials—single erystal silicor (100) and fused silica—were

Boeing Ex. 1005, p. 3 of 171

Boeng v. Regents Univ. Cal studied. The parametric study results reveal important i f; ri ving %
ed p y po design parameters foBo g}}gr& /i 0% ihgm

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission

of 46

Boeing v. Regent Univ Cal.
Ex-1005 Paper 1 (Pet.) at 13-15; Ex-1005 at 4-5
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Wang-Dissertation is Prior Art Under 88 102(a) and 102(b)

2002

Dr. Wang Defends
Wang-Dissertation
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March 4, 2003

Record of Wang-
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Available on

ProQuest

Wang-Dissertation
Available for Sale
on ProQuest

~

J

§ 102(a)

March 10, 2003

Wang-Dissertation
listed in WorldCat
Database

~
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March 5, 2004

Claimed Priority
Date of 684 Patent

September 6, 2010

Full Text of Wang-
Dissertation
Loaded into PQDT
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Wang-Dissertation is Prior Art Under 88 102(a) and 102(b)
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March 10, 2003 — Wang-Dissertation OCLC FirstSearch Record

7. Page 4 is the MARC record. The first six digits of Field 008 show the
record was created on “030310” (i.e.. March 10. 2003). and the code of “s2002”
following the record creation date indicates this work has a single publication date
of 2002. Subfields “a” and “c” of Field 040 show “UIU” created the record and
entered it into the OCLC WorldCat database. According to the Directory of OCLC

Members (https://www.oclc.org/en/contacts/libraries.html), “UIU” is the OCLC

library symbol for the library system of the University of Illinois, Urbana-
Champaign. Fields 008 and 040 inform my opinion that the library system of the
University of Illinois. Urbana-Champaign created an original record for the Wang
dissertation on March 10, 2003, making it discoverable in their online catalog from

that date on.

leader
P01
Pe5
008
B35
P35
B35
040
049
P92
P92
100
245
246
260
300
500
502
500
504
530
690
690
959
959
994
994

00985ctm a2200277Ka 4500
991098774209705816
20200411094820.0
03031052002 XX a b
##%$a6751514-01carli_network
##%a(0ColLC)ocm51821449
##%a(UIUdb) 4560864

##$aUIU $cUIU $dUTU $dUIUdb
##$aUIUU $mNO

0#$a620.1 $bThO2w $221
0#$a620.1 $bTb02w $221 $9LOCAL

1#$awWang, Junlan, $d1971-

10$aThin—film adhesion measurement by laser-induced stress waves / $cby Junlan Wang
3#%aThin film adhesion measurement by laser induced stress waves.

##4c2002.

##%axiii, 154 leaves, bound :
##%$aPrintout.

##%$aThesis (Ph. D.)——University of Illinois at Urbana-Champaign, 2002.
##%aVita.

##%aIncludes bibliographical references (leaves 146-153)

##%aAvailable on microfilm from Pro Quest Information and Learning.
##%aTheses $xUIUC $y2002 $xTheoretical and Applied Mechanics.
##%aTheses $xUIUC $y2002 $xTheoretical and Applied Mechanics. $9LOCAL
##%a(UIUdb) 4560864

##%a(UIudb) 4560864 $9L0CAL

##%a02 $bUIU

##$a02 $bUIU $9LOCAL

00 @ eng d

$bill. ; $c29 cm.

Paper 25 (PR) at 12-13; Ex-1041, 97
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Paper 25 (PR) at 12; Ex-1041, 97; Ex-1042 at 4
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March 10, 2003 — Wang-Dissertation OCLC FirstSearch Record

12. The OCLC FirstSearch record for the Wang dissertation (Exhibit 1043)
confirms that the record created by the library system of UTUC was entered into the
WorldCat database on OCLC to share with the OCLC community on March 10,
2003. This means the Wang dissertation became publicly discoverable by the UTUC
community, by subscribers of OCLC FirstSearch, and by the general public who
have free access to WorldCat.org, the free web portal. As of March 10, 2003,
interested users could reach out to the library system of UIUC or ProQuest to access

the Wang dissertation.

Paper 25 (PR) at 12-13; Ex-1041, 1112

@ﬂﬂf]ﬁa

Title: Thin-film adhesion measurement by laser-nduced stress waves Author: Wang, Junlan
Accession Mumber: 51821443

Libraries with Item: "Thin-film adhesion measur..."{ Becord for [tem | Get This Hem }
Location  Library
Us,IL UNIV OF ILLINDIS

US.MI PROGQUEST LLC

U

UM

Title: Thin-film adhesion measurement by laser-induced
stress waves /
Author{s): Wang, Junlan, 1971-
Year: 2002
Description: i, 154 leaves, bound : illustrations ; 23 cm
Dissertation: Ph. D.; University of lllincis at Urbana-Champaign; 2002
Language: English

Access: Matenals specified: ProGuest, Abstracthopygmmsny. proguest cormooenud 7
orl_yer=Z 38 B0 val _fmiinocofif

fmtkmvomicdissertntionfms_datri:pomSrl_ dateocpgdiss: 3070468
—_—

Hote{s): Printout.” Vita.! Indudes bibliographical references (leaves 146-153)./
Ayailable on microfilm from Pro Guest Information and Leaming.

Class Desoriptors: Dewey: 620.1
Responsibility: by Junlan Wang.
Material Type: Thesis/dissertation {deg); Manwscript (mss)
Document Type: Book; Archival Matenial
Date of Entry: 20030310

Update: 20231128
Accession No: OCLC: 51321449

Database: WorkdCat

4
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Wang-Dissertation is Prior Art Under 88 102(a) and 102(b)

2002

Dr. Wang Defends
Wang-Dissertation
at UIUC

8§ 102(b)

March 4, 2003

Record of Wang-
Dissertation
Available on

ProQuest

Wang-Dissertation
Available for Sale
on ProQuest

~

J

§ 102(a)

March 10, 2003

Wang-Dissertation
listed in WorldCat
Database

March 5, 2004

Claimed Priority
Date of 684 Patent

1

More than 1 year

@ﬂﬂf]ﬂa

September 6, 2010

Full Text of Wang-
Dissertation
Loaded into PQDT
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March 4, 2003 — Wang-Dissertation “Record” Publishes

Record Contents

Abstracts International Database ("Abstract Database").! A “Record” consists of an
abstract. index record, and citation information including title. author name. degree

granting institution and degree date|

Record Availability

Paper 25 (PR) at 7; Ex-1037 at 1-2

OCLC. In 1987, ProQuest began to offer the Abstract Database on CD ROM. In 1997,
ProQuest made available the contents of the Abstract Database in its ProQuest® Digital
Dissertations and Theses database (“PQDT™). which 1s accessible via the world wide
web to authenticated subscribers. The Abstract Database allows for text searching of

the Records. including the title, author, index terms and the abstract.

10.

11.

As of 03/04/2003. the title. author. granting mstitution, and degree date of the
Dissertation, as shown in Paragraph § above. were available digitally on PQDT.
as part of the Record for the Dissertation.

Also. as of 03/04/2003. the Abstract of the Dissertation was available digitally
on PQDT. as part of the Record for the Dissertation.

As 0f 03/04/2003. PDQT could be searched electronically for the Record of
the Dissertation, so that, for example. the Dissertation Record could be found in PDQT

by searching for words and phrases from the title.

Paper 25 (PR) at 7; Ex-1037 at 3

Paper 25 (PR) at 7; Ex-1037 at 2

monthly basis. Once a Record 1s published on the Abstract Database. the Record 1s
available to the students, faculty. staff and/or patrons of any institutions that subseribe

to the Abstract Database. At the time of publication the Abstract Database was

14.

At the time of the Dissertation’s publication on 3/4/2003. the Record of the
Dissertation was made available directly from ProQuest in electronic format

and online via third party vendors. possibly including Dialog. as part of the Abstract
Database which was made available via such vendors in the ordinary course of
business.

Paper 25 (PR) at 7-8; Ex-1037 at 2

@ﬂﬂf]ﬂa

Paper 25 (PR) at 7; Ex-1037 at 3
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March 4, 2003 — Wang-Dissertation Available for Sale

Full Text Availability

First Made Available for Sale (print 2003-03-04
or electronic)

DALT volume issue: B63/11

DAT publication month and year:

Date full text is loaded into PQDT: 2010-09-06

Paper 25 (PR) at 7; Ex-1037 at 3; Ex-1035 at 3

10

11

12

13

14

A TIn ProQuest's system a sales transaction,
when work is published, it would follow the same
process as any other user, librarian or patron or
anyone 1lnterested in purchasing that document.
This was a paper submission that came in, and it
was not digitized until 2010, but anyone wanting
to purchase that document could do so as of the

date of publication which was in March 2003.

20
21

22

L N

Q So you referred now to publishing a
document. What do you mean by publishing a

document?

A There is a record of it in our system, and
that means it's published. When it's published,
there is the opportunity for anyone finding that
record to purchase a copy of the full text
dissertation or theses.

Q I see.

A So this was available for purchase in

March of 20 -- of 2003.

Paper 25 (PR) at 7-8; Ex-2004 at 44:7-14

@ﬂﬂf]ﬁa

Paper 25 (PR) at 8; Ex-2004 at 41:20-42:8
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March 4, 2003 — Wang-Dissertation Available for Sale

12

13

14

15

16

17

18

19

20

21

22

A If someone wished to purchase a
dissertation in 2003, they could do so in multiple
ways. They could obtain one of our order forms
and submit 1t to us by sending it to
dispublprogquest.com, or they can send us an e-mail
directly and request assistance with ordering 1it,
or they could call cur B00 number to place an
order over the phone with a credit card, or they
could go to the website, PQDT, and within that
database search for this title and click on a

button in that site that says "order a copy."

Q And your knowledge as to that, that
procedure in 2003 is based on what?
A Training that I've had regarding works

published at that time.

Paper 25 (PR) at 8-9; Ex-2004 at 46:12-22

Paper 25 (PR) at 9; Ex-2004 at 47:1-4

Boeing Ex. 1057, p.18 of 46
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Full Text Searchability Not Required

In re Lister, 583 F.3d 1307, 1315 (Fed. Cir. 2009)

“Users of the Westlaw and Dialog databases could perform keyword searches of the titles, but not the full texts, of
the works.”

“Areasonably diligent researcher with access to a database that permits the searching of titles by keyword would
be able to attempt several searches using a variety of keyword combinations.”

“Accordingly, we conclude that the Lister manuscript was publicly accessible as of the date that it was
included in either Westlaw or Dialog, the databases that permitted keyword searching of titles.”

M & K Holdings, Inc. v. Samsung Elecs. Co., 985 F.3d 1376, 1382 (Fed. Cir. 2021)

“M&K's argument emphasizing the lack of full-content-search capability on the JCT-VC website also misses the
mark. A factor relevant to public accessibility is whether a repository indexes its documents or otherwise
categorizes them by subject matter. See Blue Calypso, 815 F.3d at 1349. The Board found that the documents in
question on the meeting pages of the JCT-VC website were effectively indexed by subject matter in light of the
title-search functionality and the fact that Park and Zhou featured descriptive titles. That finding supports the
Board's conclusion that Park and Zhou were publicly accessible. See In re Lister, 583 F.3d 1307, 1314-17 (Fed. Cir.
2009) (concluding that a reference with a descriptive title was publicly accessible as of the date it was posted to an

Internet database on which users “could perform keyword searches of the titles, but not the full texts, of the
Y\ 9 Boeing Ex. 1057, p.19 of 46
works ) Boeing v. Regent Univ Cal.
Paper 25 (PR) at 5
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Wang-Dissertation is Prior Art Under 88 102(a) and 102(b)

2002

Dr. Wang Defends
Wang-Dissertation
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March 4, 2003
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Dissertation
Available on
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Wang-Dissertation
Available for Sale
on ProQuest
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§ 102(a)

March 10, 2003

Wang-Dissertation
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Database
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March 5, 2004

Claimed Priority
Date of 684 Patent
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Dissertation
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Wang-Dissertation Discloses the Challenged
Claims
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Overview of Wang-Dissertation

THIN-FILM ADHESION MEASUREMENT BY
LASER-INDUCED STRESS WAVES

BY
JUNLAN WANG

B.S.. University of Science and Technology of China, 1994
M.E.. University of Science and Technalogy of China, 1997

THESIS

Submitted in partial fulfillment of the requirements
for the degree of Docter of Philosophy in Theoretical and Applied Mechanics
in the Graduate College of the
University of Illinois at Urbana-Champaign, 2002

Urbana. 1llincis
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Test film
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Figure 2.1: Schematic of the tensile laser-spallation techniqu.

strate is determined for both tensile and mixed-mode loading cases. Fused silica 1s found
to be an ideal substrate material for launching high-amplitude shock waves (its negative
nonlinear elasticity being crifical for the development of a decompression shock). By insert-
ing an extra layer of the desired substrate material between the fused silica and the thin
film, the current technique can be used to test a variety of substrates and films, especially

those of interest to the microelectronics industry, such as polyimide, copper (Cu), aluminum

(aluminum) and polysilicon on single-crystal silicon substrates.

Boeing Ex. 1057, p.22 of 46

Boetrg v Regentumv-Cal.
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Paper 1 (Pet.) at 15; Ex-1005 at 45, 124
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Wang-Dissertation Discloses the Challenged Claims

US007487684B2

1z United States Patent
Gupta et al.
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nt No.: US 7,487,684 B2
(45) Date of Patent:

Feb. 10, 2009

Laser Pulse

106

110

Boeing Ex. 1001, p. 1 of 21
Boeing v. Regents Univ. Cal.

1[pre]. An apparatus for generating a tensile stress between a substrate and
a coating, comprising:

1[a]. a substrate having a thickness, said thickness defined by a first side
and a second side in a first axis;

1[b]. a coating applied to the first side of the substrate such that the coating
and substrate are axially spaced along the first axis in intimate facing
contact with each other such to form a coating/substrate interface; and

1[c]. a glass element disposed on the second side of the substrate and
axially spaced along the first axis;

1[d]. wherein the glass element is configured to propagate and modify a
stress wave to the coating/substrate interface to generate a tensile stress
between the substrate and the coating.

Ex-1001

@ﬂﬂf]ﬂﬂ

Boeing Ex. 1057, p.23 of 46
Boeing v. Regent Univ Cal.
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Wang-Dissertation Discloses Limitation 1[Pre]

1[pre]. An apparatus for generating a tensile stress between a substrate and a coating, comprising:

Nd:YAG

contla

Substrate
(S)

Ll

Test film

o
layer Absorbing layer  Test interface
(AL)

Figure 2.1: Schematic of the tensile laser-spallation techniqu.

@ﬂﬂf]ﬂa

Boeing Ex. 1057, p.24 of 46
Boeing v. Regent Univ Cal.
Paper 1 (Pet.) at 20; Ex-1005 at Fig. 2.1, 7-8
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Wang-Dissertation Discloses Claim Limitation 1[a]

1[a]. a substrate having a thickness, said thickness defined by a first side and a second side in a first axis;

First side
Second side “ Substrate
Pulsinglaser  Focusing lens | (S)
——NGYAG = First axis
r Test film
(F)

/

Confining laye Absorbing layer  Test interface
(CL) (AL)

Figure 2.1: Schematic of the tensile laser-spallation techniqu.

Boeing Ex. 1057, p.25 of 46
Boeing v. Regent Univ Cal.
Paper 1 (Pet.) at 21; Ex-1005 at Fig. 2.1
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Wang-Dissertation Discloses Claim Limitation 1[b]

1[b]. a coating applied to the first side of the substrate such that the coating and substrate are axially spaced along the
first axis in intimate facing contact with each other such to form a coating/substrate interface; and

Test film: Absorbing layer:
Al10.6-3.0 um e Al ~0.4 um
Substrate: ~
S1400-3000 pum Confining layer:
fused silica 1-6 mm waterglass 0.4-30 pm
Figure 3.2: Schematic of thin film sample for spallation experiment.

Boeing Ex. 1057, p.26 of 46
Boeing v. Regent Univ Cal.
Paper 1 (Pet.) at 23; Ex-1005 at Fig. 3.2
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Wang-Dissertation Discloses Claim Limitation 1[c]

1[c]. a glass element disposed on the second side of the substrate and axially spaced along the first axis;

Pulsing laser

Focusing lens

Nd:YAG

e e —  —

(CL

-3 -

Substrate
(8)

Test film
()

Confining laye Absorbing layer  Test interface
(AL)

Figure 2.1: Schematic of the teusile laser-spallation techniqu.

Ex-1001

strate is determined for both tensile and mixed-mode loading cases. Fused silica is found
to be an ideal substrate material for launching high-amplitude shock waves (its negative
nonlinear elasticity being critical for the development of a decompression shock). By insert-
ing an extra layer of the desired substrate material between the fused silica and the thin
film, the current technique can be used to test a variety of substrates and films, especially
those of interest to the microelectronics industry, such as polyimide, copper (Cu), aluminum

(aluminum) and polysilicon on single-crystal silicon substrates. Boeing Ex. 1057, p.27 of 46

Boetmg v Regentumiv-CarT
Paper 1 (Pet.) at 15, 23-24; Ex-1005 at 45, 124

PDX-27
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Wang-Dissertation Discloses Claim Limitation 1[d]

1[d]. wherein the glass element is configured to propagate and modify a stress wave to the coating/substrate interface
to generate a tensile stress between the substrate and the coating.

Wang-Dissertation Flg. 3.1 5(C) 2. As expected from the shock analysis, the initial Gaussian stress pulse evolves into a shock
long before it reaches the test film. The rising part of the initial compression pulse thus
O 6 evolves into a linear ramp, a classic acceleration wave. This ramp is precisely what is seen
o in Fig. 3.15c. The slope of that ramp (in units of stress per time/thickness) is a material
4
O 4 t Paper 1 (Pet.) at 15, 25; Ex-1005 at 65
0.2F - . . _
. In fused silica substrates, the compressive pulse evolved into a decompression shock, The
-

0.0
-0.2
-04
-0.6

0 5 10 1 S 20 25 30 spallation test in that it is intrinsically strong and no substrate damage occurs before the

existence of a shock created a large stress at the film interface, promoting failure. The
development of the shock is due to the nonlinear elastic properties of fused silica [51]. This
shock mechanism is advantageous in the design of laser-spallation tests of thin-film interface

TTI]V'V'Ir‘

adhesion. Moreover, fused silica is an ideal material for studying the mechanics of the

Substrate stress (GPa)

interfacial failure. Although shock development in fused silica was demonstrated in the

Time (ns)

1970s by Barker and Hollenbach using a gas-gun facility, the usefulness of such shocks in

Paper 1 (Pet.) at 25; Paper 15 (PR) at 15; Ex-1005 at 64 (Fig. 3.15(c)) applications to laser spallation has not been reported.

Boeing Ex. 1057, p.28 of 46

Boeing-v-Regent-Univ-Cal.
Paper 1 (Pet.) at 15, 25; Ex-1005 at 81
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Wang-Dissertation Discloses Claim 1

Test film:
Al0.6-3.0 um

N

Substrate: e o

- Al ~0.4 um

Absorbing layer

|

Element [1.pre] I

Element [1.a]

Ex-1005 at 124 (“extra
layer of substrate
material”)

Element [1.b]

Si400-3000um |
fused silica 1-6 mm

y
Figure 3.2: Schematic of thin film sample for|spallation experiment.| | (o in claim 1)

Element [1.c]/[1.d]

Confining layer:

waterglass 0.4-30 pm

Confining layer (not in
claim 1)

110

Energy absorbing layer

Fig. 3.2 from Wang Dissertation Ex-1005 (Prior Art) (Annotated)

Fig. 4 °684 Patent (Annotated)

@ﬂﬂf]ﬂa

Boeing Ex. 1057, p.29 of 46

Boeing v. Regent Univ Cal.

Paper 1 (Pet.) at 26; Ex-1001, Fig. 4; Ex-1005, Fig. 3.2
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Wang-Dissertation Discloses Claim 13

uz United States Patent

US007487684R2

1oy Patent No.:
(45) Date of Patent:

US 7487684 B2

Gupta et al. Feb. 10, 2009

) STRESS WAVES FOR References Cited
ULTRA THIN FILMS AN
NICS DEVICE

100 \ 104 108
102— |~ 112
114 —_ Nd-Yag
Laser Pulse
106 110

Boeing Ex. 1001, p. 1 of 21
Boeing v. Regents Univ. Cal.

Ex-1001

13[pre]. A method for separating a coating from a substrate, the substrate
having a first side and a second side transversely disposed in a first axis,
the coating applied to the first side of the substrate such that the coating
and substrate are axially spaced along the first axis in intimate facing
contact to form a coating/substrate interface, the method comprising:

13[a]. positioning a glass element along the first axis on the second side
of the substrate;

13[b]. directing a laser pulse in the first axis at the glass element;

13]c]. propagating and modifying a stress wave through the glass element
to the coating/substrate interface to generate a tensile force between the
substrate and the coating; and

13[d]. separating the coating from the substrate as a result of the stress

wave-generated tensile force. Bosing Ex. 1057, p.30 of 46

Boeing v. Regent Univ Cal.

PDX-30
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Wang-Dissertation Discloses Claim Limitation 13[d]

13[d]. separating the coating from the substrate as a result of the stress wave-generated tensile force.

Observations of damage revealed both substrate and film failure in silicon substrate sam-
ples but only film failure in fused silica substrate samples. Interferometric measurements
confirmed the difference in stress development for the iwo kinds of sample. In fused-silica-
substrates, the compressive pulse evolved into a decompression shock. The existence of a
shock created a large stress at the film interface, promoting failure. The development of the
shock was due to the nonlinear elastic properties of fused silica. This shock mechanism was
advantageous for failing thin-film interfaces on thick substrates. The experimental paramet-

ric study revealed important design variables for improving the tensile spallation test and

developing the mixed-mode loading experiments.

current project is 3.5 mm. In order to increase the laser fluence, the laser beam is focused
onto a 1-2 mm diameter spot on the energy-absorbing layer. The laser energy is increased

until a longitudinal wave is generated with an amplitude sufficient to fail the film/substrate

interface. Interferometric measurements of out-of-plane displacement are made at the surface
Boeing Ex. 1057, p.31 of 46

Boeing v. Regent Univ Cal.
Paper 1 (Pet.) at 33, 26; Ex-1005 at 120, 42
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Wang-Dissertation Discloses Claims 7/18

“wherein the glass elementis bonded to the second side of the substrate.”

Pulsing laser  Focusing lens

Nd:YAG fe=e —| | —

-3 -

Substrate
(8)

Test film
()

Conﬁning laye Absorbing layer  Test interface
(CL (AL)

Figure 2.1: Schematic of the teusile laser-spallation techniqu.

strate is determined for both tensile and mixed-mode loading cases. Fused silica is found
to be an ideal substrate material for launching high-amplitude shock waves (its negative
nonlinear elasticity being critical for the development of a decompression shock). By insert-
ing an extra layer of the desired substrate material between the fused silica and the thin
film, the current technique can be used to test a variety of substrates and films, especially
those of interest to the microelectronics industry, such as polyimide, copper (Cu), aluminum

(aluminum) and polysilicon on single-crystal silicon substrates. Boeing Ex. 1057, p.32 of 46

Boetmg v Regentumiv-CarT
Paper 1 (Pet.) at 29; Ex-1005 at 45, 124

PDX-32

@ﬂﬂf]ﬁa



Wang-Dissertation Discloses Claims 8/19

“wherein the glass element comprises one of the following: Pyrex, soda lime, quartz, or borosilicate.”

claim 1. Instead. fused quartz 1s. the “same™ or “equivalent™ to the fused silica
material described in the Wang-Dissertation . and differentiated above. Ex-2009
186:7-9: Ex-1003, 1200 (“fused quartz. i.e.. fused silica™).

Both fused quartz and fused silica are identical materials as far as wave

propagation is concerned. EX-2011. 9188. “Both are amorphous solids. Quartz

15 Q What's fused =ilica?
16 A So fused silica would be equivalent

17 to fused guartz.

Paper 19 (POR) at 52

Paper 25 (PR) at 24 (citing Ex-1039, 85:15-17)

columns 3 and 6 of the table). They are identical. meaning that the fused quartz,
fused silica, and piezo-electric quartz are identical materials as far as wave

propagation 1s concerned. Furthermore, Dr. Wang has taken the position in her

-

Both quartz. a type of silica glass. and fused silica have a chemical

composition of S10,.

Paper 19 (POR) at 52 (citing Ex-2011, 1188)

Paper 25 (PR) at 22 (citing Ex-1038, 17)

Boeing Ex. 1057, p.33 of 46
Boeing v. Regent Univ Cal.
Paper 1 (Pet.) at 26
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Wang-Dissertation Discloses Claim 10

“wherein the substrate comprises silicon.”

Pulsing laser

Focusing lens

Nd:YAG

-

-3 -

Substrate
(8)

Test film
()

Conﬁnin& laye Absorbing layer  Test interface
(CL (AL)

Figure 2.1: Schematic of the teusile laser-spallation techniqu.

strate is determined for both tensile and mixed-mode loading cases. Fused silica is found
to be an ideal substrate material for launching high-amplitude shock waves (its negative
nonlinear elasticity being critical for the development of a decompression shock). By insert-
ing an extra layer of the desired substrate material between the fused silica and the thin
film, the current technique can be used to test a variety of substrates and films, especially
those of interest to the microelectronics industry, such as polyimide, copper (Cu), aluminum

(aluminum) and polysilicon on single-crystal silicon substrates. Boeing Ex. 1057, p.34 of 46

Boeng V. Regent umv-Catr
Paper 1 (Pet.) at 30; Ex-1005 at 45, 124

PDX-34
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Wang-Dissertation Discloses Claims 11/21

“la]ln apparatus as recited in claim 1, further comprising a constraining element disposed adjacent to the glass element.”

Test film: Absorbing layer:
Al 0.6-3.0 um | Al ~0.4 pm
Substrate: ~
Si 400-3000 pm Confining layer:
fused silica 1-6 mm waterglass 0.4-30 pm
Figure 3.2: Schematic of thin film sample for spallation experiment.

Boeing Ex. 1057, p.35 of 46
Boeing v. Regent Univ Cal.
Paper 1 (Pet.) at 31; Ex-1005, Fig. 3.2
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Wang-Dissertation Discloses Claims 12/22

“la]ln apparatus as recited in claim 1, further comprising a constraining element disposed adjacent to the glass element.”

Test film: Absorbing layer:
Al 0.6-3.0 um Ve Al ~0.4 pm
Substrate: ~
Si 400-3000 pm Confining layer:
fused silica 1-6 mm waterglass 0.4-30 pm
Figure 3.2: Schematic of thin film sample for spallation experiment.

Boeing Ex. 1057, p.36 of 46
Boeing v. Regent Univ Cal.
Paper 1 (Pet.) at 31; Ex-1005 at 44-45, 124
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Gupta-1992 Discloses the Challenged Claims

Boeing Ex. 1057, p.37 of 46
Boeing v. Regent Univ Cal.
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Overview of Gupta-1992

1. Mech Phys, Solids Vel 40, No. |, pp. 141-130, 1992 D002 S096/92 55,004 0,00
Printed in Chreat Britoin 21991 Pergaman Pross ple

MEASUREMENT OF INTERFACE STRENGTH BY A
LASER SPALLATION TECHNIQUE

V. Gurra,t A. 8. Arcon,$ D. M. Parks and J. A. CorNiE
Institute of Cambridge, MA 02139, US.A.

{Received 34 Seprember 1990)

ABSTRACT

A Lasen ypallation experiment has been developed W0 measure the strength of planar interfaces between o
substraie and a thin coating (in the |Iuchms range of 0.3-3 m ). In this technique a laser pulse of = high

enough cncrgy and a pre uration is a pressure pubse of a critical amplitude
and width nm is sent through the mlmm: toward the free mrlm with the couting. The reflected tensile
wave (rom the free surface of the couting pries-off th g Th i that,

the removil of the coating is determined from a compuier simulation of the process, The simulation itself
is verified by means of a piezo-glectric crystal probe that is capable of mapping out the profile of the sress
pules genersted by the laser pulse. Interface strength values ranging from 1.7 to 10.5 GPa were delermined
Tor the Si/S¢C system. For the interfaces between pyrolytic graphite and SiC coatings an average strength
of 7.2 GPA was measured, while the corresponding nlerface strength between & Pitch-55 type nbbon with
a fiber-ike morphology and SiC coatings was found 10 be 0.23 GPa. Intrinsic strengths of SiC coatings
and i crystal were akso determined using this technique. These were, on the average, 8.6 GPa for Si erystals
and 11.9 GiPa for 2 SiC coating. rulthcrmn:e lh:pmcmnl of the laser technique o determine the inlerfuce
hness was also d, provided well-ch bie flaws can be planied on the interface,

1. INTRODUCTION

It 1s vow widely recognized that derable tough in positcs with brittle,
but strong reinforcing fibers, can be achieved by controlled debonding of the fibers
from the matrix to prevent premature fiber fracture. In composites with brittle
matrices, such as, ceramics and glass, this is often the only means of obtaining
toughness (Evans, 1989), In metal matrix composites, an additional problem of &
possible interface reaction is often present between the matrix and the fiber, which
can degrade the strength of the fiber and can lead to premature failure. To neutralize
this problem, it is now a standard practice to protect the fibers with a less reactive
sacrificial coating (GUPTA ef al., 1989). This also permits controlled delamination of
the coating from the fiber along the fiber-coating interface to prevent cracks external
to the fiber, or residual reaction products on the fiber from damaging the latter, Thus,
it has been suggested (GuPTa er al., 1989 ; ARGON er al., 1989) that such fiber—coating
interfaces with tailored strength and toughness properties can be used as mechanical
fuses to decouple the undamaged fibers from their damaged surroundings to prevent

# Present address - Thayer School of Engincering, Durtmouth College, Hanover, NH 03755, US.A
T Author o whom correspondence should be sddressed

141

Boeing Ex. 1011, p_ 1
Boeing v. Regents Univ.

Energy absorbing gold film

Pitch-55 x ;
Carbon Ribbon °'Cc00ting

Fused quartz

Light
pulse

- (b}

".«-""”"F /,.--C

\

pC kA u,a Thin glue Layer
(0.5-Ium thick)

Fi1G. 2. (a) Configuration of the laser spallation probe with a homogeneous substrate. (b) Configuration
for testing the Pitch-55 Ribbon/SiC system.

—AWNT WA

Paper 1 (Pet.) at 16-18; Ex-1011 at 145

Boeing Ex. 1057, p.38 of 46

Boeing v. Regent Univ Cal.
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Gupta-1992 Discloses a “Glass Element”

IPR2024-00761
Patent 7.487.684

BEFORE THE PATENT TRIAL AND APPEA]I BOARD

THE BOEING COMPANY
Petitioner,

THE REGENTS OF THE UNIVERSITY OF CAIIFORNIA
Patent Owner.

Case IPR2024-00761
Patent 7.487.684

PATENT OWNER'S RESPONSE

Under Ground 3. Petitioner contends that claims 1-24 of the’684 Patent are
rendered obvious 1n view of the Wang-Dissertation and Gupta-1992. As
explained above, the Gupta-1992 reference 1s cumulative of the Wang-Dissertation
— relevant disclosures 1n the Gupta-1992 reference are all also present in the
Wang-Dissertation , which 1s addressed above. Ex-2011. 99247-250. Gupta-1992

does not cure any of the deficiencies in the Wang-Dissertation discussed above.

Id.

Paper 19 (POR) at 64

Boeing Ex. 1057, p.39 of 46
Boeing v. Regent Univ Cal.
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Fused Quartz is Equivalent to Fused Silica

claim 1. Instead. fused quartz 1s. the “same™ or “equivalent™ to the fused silica
material described in the Wang-Dissertation . and differentiated above. Ex-2009
186:7-9: Ex-1003, 1200 (“fused quartz. i.e.. fused silica™).

Both fused quartz and fused silica are identical materials as far as wave

propagation is concerned. EX-2011. 9188. “Both are amorphous solids. Quartz

15 Q What's fused =ilica?
16 A So fused silica would be equivalent
17 to fused guartz.

Paper 19 (POR) at 52

Paper 25 (PR) at 24 (citing Ex-1039, 85:15-17)

columns 3 and 6 of the table). They are identical. meaning that the fused quartz,
fused silica, and piezo-electric quartz are identical materials as far as wave

propagation 1s concerned. Furthermore, Dr. Wang has taken the position in her

-

Both quartz. a type of silica glass. and fused silica have a chemical

composition of S10,.

Paper 19 (POR) at 52 (citing Ex-2011, 1188)

@ﬂﬂf]ﬂa

Paper 25 (PR) at 22 (citing Ex-1038, 17)

Boeing Ex. 1057, p.40 of 46
Boeing v. Regent Univ Cal.
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Gupta-1992 Discloses Limitation 1[Pre]

1[pre]. An apparatus for generating a tensile stress between a substrate and a coating, comprising:

o Substrate :
Confining fused quartz SiCrystal, Pitch-55

late
P \ / Ribbon, etc.

Pressure wave

Pulsin‘q Laser

. ™

- - [ ——
— 0 Surface acceierations
/ megsured
Wave length = |.06 um ’
Maximum energy 850 mJ /
Normal pulse duration =8ns
SiC Coating

Energy absorbing gold film
Test interface

F16. 1. Schematic view of the laser spallation experiment.

Boeing Ex. 1057, p.41 of 46
Boeing v. Regent Univ Cal.
Paper 1 (Pet.) at 44; Ex-1011, 142-143
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Gupta-1992 Discloses Claim Limitation 1[a]

1[a]. a substrate having a thickness, said thickness defined by a first side and a second side in a first axis;

Energy absorbing gold fiim

Energy absorbing gold film

SiC coating Pitch -55 SiCcoatin
Fused quartz Substraote f Fused quartz Carbon Ribbon / 9
AAA AN ~r an—E. "
o TAY L Mg = jo— —n .
Light Light
pulse pulse
A i A T
- - i =i - 131 - - - [b]
]
Q 1l S q ”
A AP -

th.hlhlpiq

pC kA u,a Thin glue Layer
(0.5-1wm thick)

FiG. 2. (a) Configuration of the laser spallation probe with a homogeneous substrate. (b) Configuration

for testing the Pitch-55 Ribbon/SiC system.

Boeing Ex. 1057, p.42 of 46
Boeing v. Regent Univ Cal.
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Paper 1 (Pet.) at 45-46; Ex-1011, 142-144
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Gupta-1992 Discloses Claim Limitation 1[b]

1[b]. a coating applied to the first side of the substrate such that the coating and substrate are axially spaced along the
first axis in intimate facing contact with each other such to form a coating/substrate interface; and

o Substrate :
Confining fused quartz SiCrystal, Pitch-55

late
P \ / Ribbon, etc.

Pressure wave

Pulsin‘q Laser

. ™

- - [ ——
— 0 Surface acceierations
/ megsured
Wave length = |.06 um ’
Maximum energy 850 mJ /
Normal pulse duration =8ns
SiC Coating

Energy absorbing gold film
Test interface

F16. 1. Schematic view of the laser spallation experiment.

Boeing Ex. 1057, p.43 of 46
Boeing v. Regent Univ Cal.
Paper 1 (Pet.) at47; Ex-1011, 142-143
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Gupta-1992 Discloses Claim Limitation 1][c]

1[c]. a glass element disposed on the second side of the substrate and axially spaced along the first axis;

Energy absorbing gold film

Pitch -55 ; i
Carbon Ribbon SiCcoating

Fused quartz

/

™

— .

Light
pulse

- b

Q
A

AC kA u,a Thin glua Layer
(0.5-Ikm thick)

FiG. 2. (a) Configuration of the laser spallation probe with a homogeneous substrate. (b) Configuration
for testing the Pitch-55 Ribbon/SiC system.

Boeing Ex. 1057, p.44 of 46
Boeing v. Regent Univ Cal.
Paper 1 (Pet.) at 47-48; Ex-1011, Fig. 2(b)
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Gupta-1992 Discloses Claim Limitation 1[d]

1[d]. wherein the glass element is configured to propagate and modify a stress wave to the coating/substrate interface
to generate a tensile stress between the substrate and the coating.

Energy absorbing gold film

100
Piteh -55 Sit coating _‘\
R —— Carbon Ribbon

Light
pulse

(b —_—

Laser Pulse

w6 110

P,k g, a Thin glue Layer
(0.5 =lum thick]

Figure 2(b) PRIOR ART (annotated) Figure 4 CLAIMED INVENTION
(annotated)

Boeing Ex. 1057, p.45 of 46
Boeing v. Regent Univ Cal.
Paper 1 (Pet.) at 48; Ex-1011, Fig. 2(b)
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Fused Quartz is Equivalent to Fused Silica

claim 1. Instead. fused quartz 1s. the “same™ or “equivalent™ to the fused silica
material described in the Wang-Dissertation . and differentiated above. Ex-2009
186:7-9: Ex-1003, 1200 (“fused quartz. i.e.. fused silica™).

Both fused quartz and fused silica are identical materials as far as wave

propagation is concerned. EX-2011. 9188. “Both are amorphous solids. Quartz

Paper 19 (POR) at 52

columns 3 and 6 of the table). They are identical. meaning that the fused quartz,
fused silica, and piezo-electric quartz are identical materials as far as wave

propagation 1s concerned. Furthermore, Dr. Wang has taken the position in her

16

17

Q What's

A So fused silica would be equivalent

to fused guartz.

fused =silica?

Paper 19 (POR) at 52 (citing Ex-2011, 1188)

@ﬂﬂf]ﬂa

Paper 25 (PR) at 24 (citing Ex-1039, 85:15-17)

Boeing Ex. 1057, p.46 of 46
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