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‘ UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandna, Virginia22313-1450
WWW.USPto.gov

BIB DATA SHEET
CONFIRMATION NO. 7433
SERIAL NUMBER FILING or CLASS GROUP ART UNIT ATTORNEY
371(c) DATE DOCKET NO.
90/019,275 10/12/2023 343 3992 SKAD002
RULE
APPLICANTS |

FRACTUS S.A.(OWNER), Residence Not Provided;
UNIFIED PATENTS LLC, CHEVY CHASE, MD;

INVENTORS |
11349200, Barcelona, SPAIN;
SKADDEN, ARPS, SLATE, MEAGHER & FLOM, LLP CHRISTOPHER J. COULSON, Residence Not
Provided;
Josep MUMBRU, Asniéres-sur-Seine, FRANCE;
Jordi ILARIO, Barcelona, SPAIN;

** CONTINUING DATA
This application is a REX of 17/246,192 04/30/2021 PAT 11349200
*which is a CON of 16/832,820 03/27/2020 PAT 11031677
which is a CON of 15/856,626 12/28/2017 PAT 10644380
which is a CON of 14/738,090 06/12/2015 PAT 9899727
which is a CON of 14/246,491 04/07/2014 PAT 9099773
which is a CON of 11/614,429 12/21/2006 PAT 8738103
which claims benefit of 60/856,410 11/03/2006
and claims benefit of 60/831,544 07/18/2006

** FOREIGN APPLICATIONS
EUROPEAN PATENT OFFICE (EPO) 06117352 07/18/2006

** [F REQUIRED, FOREIGN FILING LICENSE GRANTED **

Foreign Priority claimed Ovyes A no STATE OR SHEETS TOTAL |[INDEPENDENT
s5usC 1o cordtars et ., Meicte, | COUNTRY |DRAWINGS| CLAIMS | CLAIMS
Verified and : SPAIN 20 3
Acknowledged “Examiner's Signature ! Tnitials.

ADDRESS

EDELL, SHAPIRO & FINNAN, LLC
9801 Washingtonian Blvd.

Suite 750

Gaithersburg, MD 20878

UNITED STATES

TITLE
Multiple-Body-Configuration Multimedia and Smartphone Multifunction Wireless Devices

’EI All Fees
_ o |0 1.16 Fees (Filing) |
FILING FEE FEES: Authority has been given in Paper Q . .
RECEIVED |No. to charge/credit DEPOSIT ACCOUNT ||= 1-17 Fees (Processing Ext. of time)
(1 1.18 Fees (Issue)

BIB (Rev. 05/07).
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UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark @ffice
Address: COMMISSIONER FOR PATENTS

PO Box 1450

Alexandria, Virginia 22313-1450

Www.usplo.gov

[ REEXAM CONTROL NUMBER FILING OR 371 (c) DATE [ PATENT NUMBER |
90/019,275 10/12/2023
CONFIRMATION NO. 7433
CHRISTOPHER J. COULSON REEXAMINATION REQUEST
SKADDEN, ARPS, SLATE, MEAGHER & FLOM, LLP NOTICE

ONE MANHATTAN WEST

30TH FLOOR RN NI
NEW YORK, NEW YORK 10001 0

NOTICE OF REEXAMINATION REQUEST FILING DATE

(Third Party Requester)

Requester is hereby notified that the filing date of the request for reexamination is 10/12/2023, the date that the
filing requirements of 37 CFR § 1.510 were received.

A decision on the request for reexamination will be mailed within three months from the filing date of the request
for reexamination. (See 37 CFR 1.515(a)).

A copy of the Notice is being sent to the person identified by the requester as the patent owner. Further patent
owner correspondence will be the latest attorney or agent of record in the patent file. (See 37 CFR 1.33). Any

paper filed should include a reference to the present request for reexamination (by Reexamination Control
Number).

cc: Patent Owner

27896

EDELL, SHAPIRO & FINNAN, LLC
9801 Washingtonian Blvd.

Suite 750

Gaithersburg, MD 20878

/rbell/

Legal Inssruments Examiner
Cenwral Reexamination Unit 571-272-7705; FAX No. 571-273-9900
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UNITED STATES DEPARTMENT OF C@MMERCE
United States Patent and Trademark @ffice
Address COMMISSIONER FOR PATENTS

PO 50

Alex: Virginia 22313-1450
WWWUSPLO.gOv

] REEXAM CONTROL NUMBER FILING OR 371 (¢) DATE | PATENT NUMBER i
90/019,275 10/12/2023

CONFIRMATION NO. 7433
27896 REEXAM ASSIGNMENT NOTICE

9801 Washingtonian Bive AN

9801 Washingtonian Blvd.
Date Mailed: 10/19/2023

*,

Suite 750
Gaithersburg, MD 20878

NOTICE OF ASSIGNMENT OF REEXAMINATION REQUEST

The above-identified request for reexamination has been assigned to Art Unit 3992. All future correspondence to
the proceeding should be identified by the control number listed above and directed to the assigned Art Unit.

A copy of this Notice is being sent to the latest attorney or agent of record in the patent file or to all owners of
record. (See 37 CFR 1.33(c)). If the addressee is not, or does not represent, the current owner, he or she is
required to forward all communications regarding this proceeding to the current owner(s). An attorney or agent
receiving this communication who does not represent the current owner(s) may wish to seek to withdraw pursuant
to 37 CFR 1.36 in order to avoid receiving future communications. If the address of the current owner(s) is
unknown, this communication should be returned within the request to withdraw pursuant to Section 1.36.

NOTICE OF USPTO EX PARTE REEXAMINATION PATENT OWNER STATEMENT WAIVER PROGRAM

The USPTO has implemented a pilot program where, after a reexamination proceeding has been granted a

filing date and before the examiner begins his or her review, the patent owner may orally waive the right to file a
patent owner's statement. See "Pilot Program for Waiver of Patent Owner's Statement in Ex Parte Reexamination
Proceedings,” 75 FR 47269 (August 5, 2010). One goal of the pilot program is to reduce the pendency of
reexamination proceedings and improve the efficiency of the reexamination process.

Ordinarily when ex parte reexamination is ordered, the USPTO must wait until after the receipt of the patent
owner's statement and the third party requester's reply, or after the expiration of the time period for filing the
statement and reply (a period that can be as long as 5 to 6 months), before mailing a first determination of
patentability. The USPTO's first determination of patentability is usually a first Office action on the merits or a
Notice of Intent to Issue Reexamination Certificate (NIRC).

Under the pilot program, the patent owner's oral waiver allows the USPTO to act on the first determination
of patentability immediately after determining that reexamination will be ordered, and in a suitable case
issue the reexamination order and the first determination of patentability (which could be a NIRC if the
claims under reexamination are confirmed) at the same time.

Benefits to the Patent Owner for participating in this pilot program include reduction in pendency.

To participate in this pilot program, Patent Owners may contact the USPTO's Central Reexamination Unit
(CRU) at 571-272-7705. The USPTO will make the oral waiver of record in the reexamination file in an interview
summary and a copy will be mailed to the patent owner and any third party requester.

cc: Third Party Requester(if any)

CHRISTOPHER J. COULSON

SKADDEN, ARPS, SLATE, MEAGHER & FLOM, LLP
ONE MANHATTAN WEST

30TH FLOOR

NEW YORK, NEW YORK 10001
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/rbell/

Legal Inswruments Examiner
Central Reexamination Unit 571-272-7705; FAX No. 571-273-9900
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United States Patent and Trademarl( Office

Under Sacretary of Commerce for inteliectual Property and
Director of the United States Patent and Trademark Office

WELCOME YO THE UNITED STATES PATENT AND TRADEMARK OFFICE (USPTO)

Congratulations on taking the first step to protect your invention. You can now advertise or mark any prodiicts
covered by this application for your invention as “Patent Pending™ for as long as this application is panding!

We are here to help you on the rest of your journey.

New to the process? The Patant Basics pags will take vou from Contact us:
“"What is a patent?” to assistance with the application process. » General information: USPTO Contact Center

* www.uspio.gov/PateniBasics - www.uspto.gov/help
»  Patent Center:
atent Electronic Businiess Center
- www.uspto.gov/EBC

Consider cosi savings. You might qualify for small entity or
micro entity status, which means a discount on most USPTO
patent fees.
o www.uspta.gov/EntityStatus = Pre or post-examination: Application Assistance Unit
- www.uspto.gov/PatentAssistance
Become aregistered electronic filer {eFiler. You'l gain access

o s ) . _ 2
t0 the tull capabilitias of Patent Center. As a registered efFilar, Want to learn more

you ean electronically view your submission, track the progress ~ * Access our free services all in one spot. Find all of our
of vour application, and respond to USPTO corresponderice. contact centers, nationwide services, events, education,

and training.

* www.uspto.gov/NewPatentFilers
- www.uspta.gov/FreeServices

{earn how to identify which of your creative ideas might be
4 ¥ 2 »  Connect with us on Instagram, LinkedIn, Twitter,

intellectual property assets and how to protect them by usin | .
property ow o pro ¥ Using Facebook, and YouTube.

the USPTO intellectual Property {iP) Identifier.

° ipidentifieruspto.gov = Hear about resources for startups, inventors, and
Wa also provide Pro Se Assistancs, support specifically entrepraneurs, as well as our iritiatives engaging women,
geared for independent inventors without an attornay or the military community, and others. These programs offer
agent. Foilow the link beiow, call us at RE6-767-3848, or emnail helpful tips and tricks on idertifying and managing your iF,
proseassistancecenter@uspto.gov. finding options for funding, and expanding vour network to
= www.uspta.gov/ProSePaienis support your business.

- www.uspto.gov/stariups
Meed help near you? We hava regional offices across the
cotintry, as well as Patent and Trademark Resource Cernters in
libraries in nearly every state, with specialists standing by to
help you at no cost.

- www.uspto.gov/inventors

www.uspto.gov/initiatives

) ) s \We hope you connect with us by subscribing to receive
* www.uspto.gov/iocations imiportani notifications by amail.

T www.usptogov/ptre - www.uspto.gov/subiscribe

Vot Vidal Yy

Kathi Vidal Derrick Brent
Linder Secretary of Commerce for Intellectual Property and Deputy Under Secretary of Commerce for Intellectual Property and
Director of the United States Patent and Tradernark Office Deputy Director of the United States Patent and Trademark Office

EX1047 - Page 290



Patent Assignment Abstract of Title

Total Assignments: 1
Application #: 17246192  Filing Dt: 04/30/2021 Patent #: 11349200 Issue Dt 05/31/2022
PCT #: NONE Intl Reg #: Publication #: US202:03514%3 Pub D& 1171172021
Inventors: Carles PUENTE BALIARDA, Jordi ILARIO, Josep MUMBRU
Title: Multiple-Body-Configuration Multimedia and Smartphone Multifunction Wireless Devices

Assignment: 1

eeane S0 otk Sk e e
Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).
Assignors: FUENTE BALIARDA, CARLES Exec Dis 04/07/2014
MUMBRY, J0SEF Exec Dt: 04/03/2014
ILARIO, JORDI Exec Dts 04/07/2014

Assignee: FRACTUS, S.A,

AY. ALCALDE BARNILS, 64-68
SANT CUGAT #EL VALLES
BARCELONA, SPAIN E-08174

Correspondent: EDELL, SHAPIRO & FINNAN, LLC
PATRICK 1 FINNAN
9831 WASHINGTONIAN BLVD., SUITE 750
GAITHERSSURG, MD 20878

Bearch Resulis as of: 10/18/2023 11:03 AM

vl

if you have any comments or questions conceming the datadisplayed, contact PRD / Assignments at 571-272-3350. v.2.8
Web interface igst modified: Jun 26, 2017 v.28
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Page 1 of 2
UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONERFOR PATENTS

P.O. Box 1450

Alexandnia, Virginia 22313-1450

WWww.uspto.gov

BIB DATA SHEET
CONFIRMATION NO. 7433

SERIAL NUMBER FILING or CLASS GROUP ART UNIT ATTORNEY
371(c) DATE DOCKET NO.
90/019,275 10/12/2023 343 3992 SKAD002
RULE
APPLICANTS |

CARLES PUENTE BALIARDA, Residence Not Provided;
UNIFIED PATENTS LLC, CHEVY CHASE, MD;

INVENTORS |
11349200, Barcelona, SPAIN;
SKADDEN, ARPS, SLATE, MEAGHER & FLOM, LLP CHRISTOPHER J. COULSON, Residence Not
Provided;
Josep MUMBRU, Asniéres-sur-Seine, FRANCE;
Jordi ILARIO, Barcelona, SPAIN;

** CONTINUING DATA
This application is a REX of 17/246,192 04/30/2021 PAT 11349200
*which is a CON of 16/832,820 03/27/2020 PAT 11031677
which is a CON of 15/856,626 12/28/2017 PAT 10644380
which is a CON of 14/738,090 06/12/2015 PAT 9899727
which is a CON of 14/246,491 04/07/2014 PAT 9099773
which is a CON of 11/614,429 12/21/2006 PAT 8738103
which claims benefit of 60/856,410 11/03/2006
and claims benefit of 60/831,544 07/18/2006

** FOREIGN APPLICATIONS
EUROPEAN PATENT OFFICE (EPO) 06117352 07/18/2006

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **

Foreign Priority claimed Qyes Ao STATE OR SHEETS TOTAL |[INDEPENDENT

5 USC 1o condons et [, (1, [ Letater,  COUNTRY |DRAWINGS  CLAIMS CLAIMS
SPAIN 20 3

Verified and
Acknowledged Examiner's Signature Initials

ADDRESS

EDELL, SHAPIRO & FINNAN, LLC
9801 Washingtonian Blvd.
Suite 750
Gaithersburg, MD 20878
UNITED STATES
TITLE
Multiple-Body-Configuration Multimedia and Smartphone Multifunction Wireless Devices

’EI All Fees |
_ o |0 1.16 Fees (Filing) |
FILING FEE |FEES: Authority has been given in Paper O ) .
RECEIVED |No. to charge/credit DEPOSIT ACCOUNT 1.17 Fees (Processing Ext. of time)
U 1.18 Fees (Issue)

BIB (Rev. 05/07).
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Litigation Search Report CRU 3999

Reexamination Control No. 90/019,275

To: New Request From: GRAVES, Monica A.
Location:  OCRU Location:  OCRU

Art Unit: 3992 Phone: 2-7253

Date: 18 October 2023 E-mail: graves.monica @yahoo.com

Search Notes

US PATENT NO: 11,349,200 - See Attached

1. Performed a KeyCite Search in Westlaw, which retrieves all history on the patent including any
litigation.

2. Performed a search on the patent in Lexis CourtLink for any open dockets or closed cases.

3. Performed a search in Lexis in the Federal Courts and Administrative Materials databases for
any cases found.

4. Performed a search in Lexis in the IP Journal and Periodicals database for any articles on the
patent.

5. Performed a search in Lexis in the news databases for any articles about the patent or any
articles about litigation on this patent.

Paper No. 20231018B
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Citing References (6)

Treatment = Title . Date Type Headnote(s)
— . PORTABLE MULTIFUNCTION WIRELES July 18, 2006 DWPI - _

DEVICE LE. HANDHELD 3IULTBASDIA
TERNINAL, HAS ANTENNA SYSTEM PLACED
gwm N UPPER BODY AND LOWER BODY

| AND INCLUDING SHAPE WITH LEVEL OF
;cmﬁmmxs?\' OF ANTENNA CONTOUR
OEFINED BY COMPLESITY FACTORS &
EDWPI 2021-C73733

"\ ANG

WIRELES

(2.3 , SUCH AS PORTABLE
W ULY%FU:\CTE("\ WIRELESS DEVICE (MFWD},
(COMPRISES ANTENNA SYSTEM COMPRISING |
CGROUND PLANE AND TWQ ANTENNAS WITHIN |
CWIRELESS DEVICE, FIRST ANTENNA 18 E
CONFIGURED YO TRANSMIT AND RECEWWE
(QIGNALS FROM FOQURTH i:E\ER&.‘ECN {43}

COMMUNMCATION STANDARD £
:DWPI 2022-C92317+

July 18, 2006 DWPI -

ion wnum‘v Earliest Pricnty

JSA v ADTLLG Docket

Summanes
‘Docket ' :
: Summaries

3. Fractus

4 }vy,ag;msvsg v\iwmggnc 00121, 2022

gM{stﬂﬂL(‘?A AND *\i‘ﬁAR} PH(‘N&
EMHL VEFUNCTION WIRSLESS DEVICES
:US PAT 11735810+, U.S. PTO Utility

A multifunction wireless device having at least
:one of multimedia functionality and smartphone
i functionality, the multifunction wireless device
‘including an upper body and a lower...

Hong, Bung Hong Dung 2843 Pri
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Treatment

16, MULTIPLE-BQRY-CONFIGURATION
P MUL TIMEDHA AND SMARTRHONE

| MUL TIFUNCTION WIRELESS DEVICES
:US PAT APP 20220328954 , U.S. PTO Application

A multifunction wireless device having at least
:one of multimedia functionality and smartphone
:functionality, the multifunction wireless device
{including an upper body and a lower...
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on of Applicat
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fs for: 11349200 or 13,349,200  Terns & Connectars ~
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®

Madify your sesrch (edit or remove some search terrns or add synonyms),

e Check for spelling errors.

3

Use the options availabie from the Actions menu shove to mocify your search.
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Lexis+®

v 11349200 wr 11,349,200

Briefs, Pleadings and Motions {14} Sort by: Relevance

bt Y .
LENRNN S

Oct 24,2022 | Fractus,S.A.V Vivint,inc. - Complaint | 2:22cv413
. IAZEXMHIBIT 3 Case 2:22-cv-00413-JRG Drocument 1-4 { THF az United StatesPatent Puente Baliards et al. FAVA R e US011349200B2 US 14,349,200 B2 *May 31,
2022 {10} Patent No.: 45} Dateof Patent : (54) MULTIPLE-BODY-CONFIGURATION MULTIMEDIA AND SMARTPHONE MULTIFUNCTION WIRELESS DEVICES {71} {72)

... Barcelona (ES) Notice: Subject to any disclaimer, the term of this patent is extended or adjusted under 35 U.S.C. 154{b) by O days. This patent is subject to a terminal dis-

.. HO1.(3 1/242; HO1Q '1/241: HOIQ 5/50; (Continued) {56} References Cited U.S, PATENT DOCUMENTS 2/1963 Du Hamel 7/4970 Shelton (Continued) 3,079,602 A

3,521,284 AFOREIGN PATENT DOCUMENTS CACA 23822128 2416437 3/2001 1/2002 {Continued) OTHER PUBLICATIONS US. .
... 1-4 Filed 10/21/22P3ge 3 of 80 Pagellr #: 145 US 14,349,200 32 Page 2 Related ...

. PATENT DOCUMENTS 2/1963 Du Hamel 7/1970 Shelton (Continued) 3,079,602 A 3,521,284 AFOR

N PATENT DOCUMENTS CACA 23822128 2416437 3/2001

1/2002 {Continued) OTHER PUBLICATIONS U.S. ...
.. 1-4 Filed 10/21/22 Page 3 of 80 PagelD #: 145 US 14,349,200 32 Page 2 Related U.5. Application Data 4912.481 A 3/1990 Mace ...

Oct 21,2022 | Fractus, SAM Adt Lic | Complaint | 2:22¢cv412

.. Na. 2, Pag, 170-182 . Infringement Chart Blackberry 8220. Patent 7202822, Fractus, Mov. 5, 2009 . Infringement Chart Biackberry 8310, Patent 7148850, Fracius,
Nav. 5, 2009 . Infringement Chart - Biackherry 8310, Patent: 7202822, Fractus ,Nov. 5, 2009. infringement Chart Blackberry 8320. Patent 7148850, Fractus, Nov. 5,

200%. infringement Chart Blackberry 8320, Patent 7202822, Fractus, Nov. 2, 2009. Infringernent Chart- Blackberry 8330. Patent 7148850, Fractus, Nov. 5, 2009,

ent Chart 8lac

“kberry 8330. Patent 7202822, Fractus,Nov. 5, 2009 . infringement Chart Slackbherry 8820. Patent 7148850, Fractus, Nov. 5, 2009,

infringement Chart - Blackberry 8820, Patent 7202822, Fractus, Nov. 5, 2009 . infringement Chart - Blackberry 8830. Patent 7148850, Fractus, Naov. 5,200%.

infringement Chart Blackberry 8830. Patent 7202822, Fractus , Nov....

California Northern Bankruptcy Court | Mar01, 2021 | Blade Global Corporation & MISC — 21-50275

.19 Purchases, le ficenses,etc, of intangible property rights {(For example, patents , trademarks, secref formuias) 19 20 Cansideration paid for technical, mana

ses,

.. 6 kaies, leases, licenses, etc., gible property rights (for example, patents , trademarks, secret formulas) 6 7 Consideration received for technical, manageria

J.

... 19 Purchases, lease

..5,798.200 D8 HY 5 COMPUTER 17 02/19 02/28/2019 11,349. 100. 11,34%. 200 OB HY 5 COMPUTER 18 03/19 03/31/2019 7,476.100. 7,476. 200 ...

icenses, etc., of intangible property rights {for exampie, patents , trademarks, secret formulas) 19 20 Consideration paid for technicsl, managerial, ...

California Northermn Bankruptey Court | Mar 01, 2021 Blade Giobal Corporation © MISC . 21-50275%

... 6 Rales, leases, licenses, etc., ofintan proparivrights (forexample, patents | trademarks, secretformulas) 6 7 Consideration received for technical, managerial, ...

.. 19 Purchases, leases, licenses, etc., of intangible propertyrights{forexample, patents , trademarks,secret formulas) 19 20 Consideration paid for technical, managerial, ...

s, leases, licenses, etc., of intangible property rights (for example, patents , trademarks, secret formutash & 7 Consideration received for technical, managerial, ...

£

formulas) 19 20 Consi

ration pa

tc., of intangitle property rights {for example, patents , tradernarks, se ar technical, managerial, ...

..5,798.200 B2 HY 5 COMPUTER 17 02/1902/28/2019 11,349, 100. 11,349. 200 DB HY 5 COMPUTER 18 03/19 03/31/2019 7,476, 100.7,476. 200 ..

Oct 21,2022 | Fractus,5.A.V. Adtiic | Answer to Counterclaim | 2:22cv412

a
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... Patent No.13,468.7 70 (the 770 Patent}, and U.S. Patent No. 11,349,200 {the 200 Patent) (together the Asserted Patents & All averments and aliegations not expressty

admitted hereinare ¢
.. COUNTERCLAIM COUNT 1: DECLARATORY JUDGMENT OF NON- INFRINGEMENT OF THE 092 PATENT 8. This paragraph purports o reallege and incorporate by
reference paragraphs ...

... 14 COUNTERCLAIM COUNT 2: DECLARATORY JUDGMENT OF iNVALIDITY OF THE 092 PATENT 15. This paragraph purports to reallege and incorporate by
reference paragraphs...

...COUNTERCLAIM COUNT 3: DECLARATORY JUDGMENT OF NON- INFRINGEMENT OF THE 103 PATENT 19.This paragraph purports tc reallege and incorpeorate by
reference paragraphs...

...25. COUNTERCLAM COUNT 4: DECLARATORY JUDGMENT OF INVALIDITY OF THE 103 PATENT 24. This paragraph purperts to reallege and incorporate by
reference paragraphs ...

.. COUNTERCILAIM COUNT 5: DECLARATCORY JUDGMENT OF NON- INFRINGEMENT OF THE 604 PATENT Case 2:22-¢v-00412-JRG Document 30 Filed 01/04/23
Page 3of 18 PageiD ..

.. 36. COUNTERCLAIM COUNT 6: DECLARATORY JUDGMENT OF iINVALIDITY OF THE 604 PATENT 37.

is paragraph purports to reallege and incorporate by

reference paragraphs...

Oct 21, 2022 | Fractus, SANV.Adt e | Complaint | 2:22cv412

.. never disputed the validity of the Patents-in-Suit. In particular, ADT has never communicated any allegedly invalidating prior ..

...or attempted to bring any past-grant action at the United States Patent and Trademark Office. 2. ADTs canduct has demonstrated a pattern of had-faith actions in

centinuingtc infringe upon the Patents-in-Suit despite being on notice thatitwas infringing Fractuss patents. Instead of duly obtaining authorization or alicense to

practice the Patents -in-Suit and as shown beiow, ADT has continued making, using, setling, ...

=%

ch work focused on fractal antennas ..

... the Universitat Politcnica de Catalunya, is the lead inventor on the Batents - in-Suit. Dr. Puentes early rese,

... flexible antenna designs that appear in and are covered by the Patents-in- Suit. 12, The Patents -in-Suit were filed as a result of novel research by Fractus ..

... to compromise on ather able device attributes, such as size. The Patents -in-Suit soive these problems through a variety of novel solutions enabiing ...

.. The letters informed ADTthat Fractus believed ADTwas infringing Fractuss patents. The letters provided a full list of Fractuss patent portfolio, and specificaity identified

certain Fractus patentsincluding several of the Patents -in-Suitwhich ADTs praducts infringed upon. One letterwas sent ta Mr. .

Oct 23, 2022 Fractus, SA. V. Vivint, Inc. - Complaint | 2:22cv413

...crattempted to bring any post-grant action at the United States Patent and Trademark Case 2-cv-00413-JRG Document 1 Filed 1G/21/22 Page 8 of ...

... a pattern of bad-faith actions in continuing ta infringe upon the Patents-in-Suit despite being on notice that it was infringing Fractuss patents, instead of duly obtaining

authorization or alicense to e the Patents -in-Suit and as shown below, Vivint has continued making, using, g .

... the Universitat Politcnicade Catalunya, is the lead inventor on the Patents - in-Suit. Dr. Puentes early researchwork focused onfractat antennas ..

... Flexible antenna designs that appear in and are covered by the Patents-in- Suit. 12. The Patents -in-Suit were fited as a result of novat research by Fract

... tc compromise cn other desirable device attributes, such as size. The Patents -in-5uit scive these probiems through a variety ofnovel solutions enabiing...

e letters informed Vivint that Fractus believed Vivint was infringing Fractuss patents. The letters provided a full list of Fractuss patent portfolic, and specifically

identified certain Fractus patentsinciuding twe of the Batents -in-Suitwhich, e.g., the Vivint Smart Hub Panelinfringad upon. Oneletter...

... teinclude additional infringing Products with similarly designedantennas. 16. The Patents -in-Suit generaliyrelate to the design and construction of antennas capabie ..

Qct 21, 2022 © Fractus, SAN. Adt Lo Claim Construction Chart/Prehearing Statement | 2:22cvd12

...construction hearing on january 13,2024 is scheduled Lo address nine patents: U.S. Patents No. 7,471,246 {the 244 Patent), No. 7,707,092 {the 092 Patent), No.
8,456,365 {the 355 Patent), No. 8,674 887 (the 887 Patent), No. 8,738,103 (the 163 Patent), Nc. 8,994,604 (the 604 Batent), No. 10,135,138 (the 138 Patent), No.
10,468,770 {the 770 Patent), and No. 11,349,200 {the 200 Patent).1 1 The term Aszerted Patents means U.S. Patent Nos. 7,471,246; 7,907,092; 8,456,365; 8,674,887,
8,738,103, 11,249,200:8,994,604; 10,135,1.38: and 10,468,770 ..

...to the Courts Docket Control Order (Dkt. No. 41) and Local Patent Rute 4-3, Plaintiff Fractus, SA. {Fractus) and Defendants ADT LLC and ...

... construction hearing on January 18, 2024 is scheduled to address nine patents: ...

... to the Tourts Docket Controt Order {(Dkt. No. 21) and LocalPatent Ruie 2-3, Plain actus, S.A. {Fractus) and Defendants ADT L. Cand ..
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.. construction hearing on January 18, 2024 is scheduled to address nine patents: US, Patents No. 7,471,246 {the 2464 Patant), No. 7,907,092 {the 092 Pat=nt), No.

8,456,365 {the 365 Patent }, No. 8,674,837 {the 887 ...

Dec 14,2022 ¢ Fractus, SA V. Adt Ll © Answerto Complaint § 2:22cvA42

... admits that patents asserted in this action are U.S. Patent Nos. 7,471,244 (244 patent), 7,907,092 (092 patent}, 8,456,365 {345 patent), 8,674,887 (887 patent),
8,738,103 {103 patent}, and 11,349,200{200 patent) {collectively, the Patents -in-Suit). ADT lacks sufficient factual basis to determine the accuracyof ..

LBATENT NQG. 7,907,092 30.ADT admits that the 092 patent is entitied Antenna With One ar More Holes and that it ...

... that Exhibit 2 purports to be 3 copy of the 092 patent. ADT denies the remaining allegations in paragraph 30 of the ..

... the extent that paragraph 32 contains a summary of the 092 patent, ADT neither admits nor denies the summary, and respectfuily refers the Court to 092 patent for the
full content thereof. ADT further denies the aliegaticns of ...

..of Paragraph 32, 33. Paragraph 33 contains excerpts from the 092 patent, ADT neither admits nor denies the excerpts, and respectfully refers the Court to the 092 patent

for the full content therzof. 34. ADY denies the ailegationsin ...
..ADT denies the allzgations in paragraph 37 ofthe Compiaint. U.S. BATENT NO. 8,671,887 58. ADT admits that the 837 patent is entitled Multi-Band Monopole Antenna

far a Mabile Communications Deviceand ...

10.

O e
SENERE

Dec 14,2022 : Fractus, SA V. Adt Llc Answer to Compiaint Counterciaim . 2:22cv412

...infringe and has not infringed any valid ciaim of the 092 Patent, 103 Patent, 200 Patent, 604 Patent, 138 Patent, or 770 Patent, either iteraily or under the doctrine of

equivalents, Third Defense ty) The claims of the 092 Patent, 103 Patent, 200 Patent, 604 Patent, 128 Patent, and 770 Patent are inv for failure to satisfy one or
more requirements of ...

..taset forth the fanguage of claim 12 ofthe 103 Patent, but the contentafclaim 12 efthe 103 Patents isshown by the 103 Patert in its proper context and netby the
allegationsofthe..

.. to set forth the language of claim 1 of the 138 Patent, but the content of claim 1 of the 138 Patents is shown by the 138 Patent in its proper context and not by the
aliegations of the ...

... to set forth the fanguage of claim 1 of the 604 Patent ,but ...

s far

Dec19,2022 : Fractus, SA V. Adtilc | Notice {Other) | 2:22cv412

.. previcuslyfiled in the Eastern District of Texas involving the same patent or patents. The patents-in-suit for the consalidated cases are U.S. Patent No. 7,907,092, U.S.
Patent No. 8,738,103, ..

12

STantantisane
Y Cantantions

VNS

Oct 24,2022  Fractus, SA V. Adtilc | Amend/Correct !
...noticed a minor tvpographical error concerning the filing date of European Patent No. 061173 52. Specificalty, in Fractus Patent Rule 3-i(e) Disclosuires regarding the
Asserted Claims of U.S. Patent 11,349,200 {the 200 Patent ), the fling date of EP 06117352 should be July ..

..06117352 eisewhere inits disclosures regarding the Asserted Claims of US. Patent No. 8,738,103 (the 103 Patent}, and the correct filing date for EP 06117352 5 listed

on the face of the 200 Patent. ...

... Amend Disciosure of Asserted {Clairns and Infringement Contentions Pursuant to Local Patent Rules 3-1 and 3-2. Fractus served its Disclosure of Asserted Claims ...

Oct 12,2020 | Maiiinckrodt pic | Unknown | 20-12522
-~ ATTN: President & CEO Mississauga ON L5R OB7 Canada 11365220 Pharma Patent Licensing 950 F ST NORTHWEST WASHINGTON DC 20004 11363221 Pharma

Solutions .
. UNITED STATES 2051 JAMIESON AVE, SUITE 300 ATTN DEPOSIT ACCOUNTS 131160, PATENT AND TRADEMARK OFFICE ALEXANDRIA VA 223114 111455399
DIRECTOROF THE UNITED ...
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LUNITED STATES 2051 JAMIESON AVE, SUITE 300 ATTN DEPOSIT ACCOUNTS 1131160, PATENT AND TRADEMARK OFFICE ALEXANDRIAVA 22314 113464671
Directorie 16903 BOTTLEBRUSH COURT ...

.. 2051 IAMIESON AVE, SUITE 300 AT TN DEPOSIT ACCOUNTS 131160, PATENT AND TRADEMARK OFFICE ALEXANDRIAVA 2231411455399 DIRECTOR OF THE
UNITED ...

L UNITED STATES 2051 JAMIESON AVE, SUITE 300 ATTN DEPGSIT ACCOUNTS 131160, PATENT AND TRADEMARIKOFFICE ALEXANDRIAVA 22314 11364671
Directorie 16903 BOTTLEBRUSH COURT ..

Virginia Eastern Bankruptoy Court ik 23,2020 Retait Group, Inc, et al. | Unknown 20-33113
.. 11344834 11287414:11277494 11339874 1134894064 111282055 11.280314 OU' EGCLLC/ PATENT GCILLC QUTSLAY, JESSICA OVALL, HOLLY GVALL JENNY

OVALLE, NATALIE GVALLES, ..

.. 11337574 11291599 11333526 11317398 11359995 11306954 11323125 11271913 11351111 11277799 OVERSEAS PATENT AGENCY, INC. OVERSTREET,
CANDY OVERSTREET, KiLEY OVERSTREET, LAMIYA OVERSTREET, MyA GVERSTREET, ..

...COUNTY SAN FRANCISCO £A 94145-G901 11118849 11339675 11292447 11360387 11318254 1127293C 13349200 11327756 11311026 11335138 11314330

11272178 11318059 14277257 11285035 11354150 11.359852 111313363 ..
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SN

- \\\\\ LexisNexis

EX1047 - Page 303



war

fs for: 11349200 or 13,349,200  Terns & Connectars ~

intellectual Property ¢

3
N
N
N

No documents found in inteilectual Property filtered by intellectual Property.

Search Tree:

O results found

Try the following:

o

» Remove one or more fiiters: { Intelle

&
{
N

& Review vour results in the other categories.

Madify your search {edit or remaove some search terms or add svnonvims),

®

& Check for spelling errors.

Use the options avaifable from the Actions menu shove tg modify your search.

3

Customer Supgort

LexisNexis

EX1047 - Page 304



0 13349200 %r 11,348,200

News {1} Sort by: Relevance

K Ear VRS
LR VR

US Fed News | jun 01,2022 | 262words

a4 g

.. US Patent issued to Fractus on May 31 for "Multiple-body-configuration multimedia and smartphone muttifunction wireless devices™ { Spanish , French inventors)...

LALEXANDRIA, Va., dune 1 -- United States Patent no. 11,349,200, issued an May 31, was assigned to Fractus SA. {Barcelona, Spain ). "Muitiple-bady-configuration

multimedia and smartphone muitifunction wireless devices” was invented by Carles...

... Puente Baliarda {Barcelona, Spain }, Josep Murnbru {(Asnieres-sur-Seine, France ) and Jordi llario (Barcelona, Spain ). According to the abstract” released by the U.S. Patent

& Trademark Office: "A multifunction wireless device having at feast one of...
..having avalue of atleast 1.05 and notgreaterthan 1.80 and F32 having a value of at feast 1.10 and not greater than 1.90." The patentwas filed an Aprii 30, 2621, under

Application No. 17/246,192. *Far further infarmation, inciuding irnages, charts and..
... tables, please visit: httpr//patit.uspto.gov/netacgi/nph-Parser?Sect 1=PTO28 Sect2= HITOFF&p=1& u=%2Fnetahtmi%2FPTO%2F search-

=508 001 =ANDSd=PTXT s 1= 113472008 0S=113492008&RS=11249200 For any guery with respect o this article or any other..

boothtmiSr=1&f=

Content type: News

Terms: 11349200 or 11,319,260

Search Type: Boolean - Fewer Resuits

Navrrow By: Sources: News, Search Within Results: patent
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Approved for use through 05/31/2024. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Complete if Known \
Application Number Ex Parte Re-Exam of 11,349,200 |

INFORMATION DISCLOSURE Fiing Date October 12, 2023

First Named Inventor Puente Baliarda, Carles

STATEMENT BY APPLICANT At Unit

(Use as many sheets as necessary) Examiner Name
\_ Sheet |1 | of 1 Attorney Docket Number SKADO002

Substitute for form 1449/PTO

\__| _

U. S. PATENT DOCUMENTS
Examiner Cite Document Number Publication Date Name of Patentee or Pages, Columns, Lines, Where
Initials* No." MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant

Number-Kind Code? "kown Figures Appear

Ex. 1011 Y5 2004/0134795 01-14-2004 Bolin, Thomas

Ex. 1014 Y$-2004/0051669 09-25-2003  Rutfors, Tomas
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us-
us-
Us-
us-
uUs-
Us-
Us-
us-
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Us-
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FOREIGN PATENT DOCUMENTS

Examiner Cite  Foreign Patent Document Publication Name of Patentee or Pages, Columns, Lines,
Initials* No." Date Applicant of Cited Document Where Relevant Passages
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Country Code® Number *“Kind Code? (if known)
Ex. 1012 GB2416625A 02-01-2006 Langley, Richard
Ex. 1013 EP1294049A1 03-19-2003 Ollikainen, Jani
[ Examiner Date
Signature Considered
.

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant. ' Applicant’s unique citation designation number (optional). 2See Kinds Codes of
USPTO Patent Documents at wwswy.usoto.aQy or MPEP 901.04. ® Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). * For
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. *Kind of document by
the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ®Applicant is to place a check mark here if English language
Translation is attached.

A Federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to comply with an
information collection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a currently valid OMB Control Number.
The OMB Control Number for this information collection is 0651-0031. Public burden for this form is estimated to average 2 hours per response, including the time for
reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the information collection. Send
comments regarding this burden estimate or any other aspect of this information collection, including suggestions forreducing this burden to the Chief Administrative
Officer, United States Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email InformationCollection@uspto.gov. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. If filing this completed form by mail, send to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 (1-800-786-9199) and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. The United States Patent
and Trademark Office (USPTO) collects the information in this record under authority of 35 U.S.C. 2. The
USPTO'’s system of records is used to manage all applicant and owner information including name,
citizenship, residence, post office address, and other information with respect to inventors and their legal
representatives pertaining to the applicant's/owner’s activities in connection with the invention for which a
patent is sought or has been granted. The applicable Privacy Act System of Records Notice for the
information collected in this form is COMMERCE/PAT-TM-7 Patent Application Files, available in the
Federal Register at 78 FR 19243 (March 29, 2013). https://www.govinfo.gov/content/pkg/FR-2013-03-29/
pdf/2013-07341.pdf

Routine uses of the information in this record may include disclosure to: 1) law enforcement, in the event
that the system of records indicates a violation or potential violation of law; 2) a Federal, state, local, or
international agency, in response to its request; 3) a contractor of the USPTO having need for the
information in order to perform a contract; 4) the Department of Justice for determination of whether the
Freedom of Information Act (FOIA) requires disclosure of the record; 5) a Member of Congress
submitting a request involving an individual to whom the record pertains, when the individual has
requested the Member’s assistance with respect to the subject matter of the record; 6) a court,
magistrate, or administrative tribunal, in the course of presenting evidence, including disclosures to
opposing counsel in the course of settlement negotiations; 7) the Administrator, General Services
Administration (GSA), or their designee, during an inspection of records conducted by GSA under
authority of 44 U.S.C. 2904 and 2906, in accordance with the GSA regulations and any other relevant
(i.e., GSA or Commerce) directive, where such disclosure shall not be used to make determinations
about individuals; 8) another federal agency for purposes of National Security review (35 U.S.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)); 9) the Office of Personnel
Management (OPM) for personnel research purposes; and 9) the Office of Management and Budget
(OMB) for legislative coordination and clearance.

If you do not furnish the information requested on this form, the USPTO may not be able to process and/
or examine your submission, which may result in termination of proceedings, abandonment of the
application, and/or expiration of the patent.

Additional Uses

Additional USPTO uses of the information in this record may include disclosure to: 1) the International
Bureau of the World Intellectual Property Organization, if the record is related to an international
application filed under the Patent Cooperation Treaty; 2) the public i) after publication of the application
pursuantto 35 U.S.C. 122(b), ii) afterissuance of a patent pursuant to 35 U.S.C. 151, iii) if the record
was filed in an application which became abandoned or in which the proceedings were terminated and
which application is referenced by either a published application, an application open to public
inspections, or an issued patent, or iv) without publication of the application or patent under the specific
circumstances provided for by 37 CFR 1.14(a)(1)(v)-(vii); and/or 3) the National Archives and Records
Administration, for inspection of records.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inre patent of Carles Puente Baliarda, eral.  § REQUEST FOR F£x Parte

§ REEXAMINATION
U.S. Patent 11,349,200 §

§  Attorney Docket No: SKAD002
Issue Date: May 31, 2022 §

§
Filing Date: April 30, 2021 §

§
For. MULTIPLE-BODY- §
CONFIGURATION MULTIMEDIA AND  § Real Party in Interest:
SMARTPHONE MULTIFUNCTION § Unified Patents, LLC
WIRELESS DEVICES §

REQUESTER’S POWER OF ATTORNEY PURSUANT TO 37 C.F.R. 1.510(f)

Pursuant to 37 C.F.R. 1.510(f) Requester, Unified Patents, LLC, hereby appoints the
following Practitioner(s) as its attorney(s) to prosecute and transact all business in the United
States Patent and Trademark Office in connection with the above-identified request for £x Parte
Reexamination. Please recognize the correspondence address (including any electronic mail
address) associated with the attorney(s) listed below for the above-identified Fx Parte
Reexamination proceeding number to be the address associated with the appointed counsel(s).

Christopher J. Coulson (Reg. # 61,771)
Douglas R. Nemec (Reg. # 41,219)

Skadden, Arps, Slate, Meagher & Flom LLP
One Manhattan West
New York, New York, 10001
Tel.: (212) 735-3785
Fax: (917) 777-3785
chris.coulson@skadden.com

douglas.nemec@skadden.com
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The undersigned is authorized to sign this Power of Attorney on behalf of the Requester.

Executed on 10/6/2023

Unified Patents, LLC
By %m Stasud

Printed Name: Jonathan Stroud

Title: General Counsel
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Petition for /nter Partes Review of U.S. Patent No. 11,349,200
Exhibit BB — Ground 1 Claim Chart (Bolin, Langley, Rutfors)

Claim Chart for Fractus 200 Patent

1. GROUNDS OF UNPATENTABILITY

Claims 11-12 103 Bolin, Langlcy, Rutfors

(a) Prior Art Relied Upon

Ex. 101 Bolin .S. Patent Publ No.2004/0137950) w March 20,
| published Julv 15, 2004 and is nrior art to the '200 Patent under nre-AIA 35 U.S.C. 102(b). |
Ex. 1012 (“Langley”) (UK. Patent Publication No. GB2416625) was filed July 22, 2004 and
| published Januarv 2, 2006 and is nrior art to the *200 Patent under nre-AIA 35 U.S.C. 102(b).
Ex. 1013 (“Rutfors”) (U.S. Patent Publication No. 2004/0051669) was filed July 10, 2001 an
| published March 18,2004 and is nrior artto the 200 Patent under nre-AIA 35 U.S.C. 102(b). |

(b)  Claim Chart

’200 Patent Claim Ground 2: Bolin in view of Langley and Rutfors

&

11[pre]. A wireless Claim 11 (and the other claim in this chart) is obvious over the
device comprising;: combination of Bolin, Langley, and Rutfors. See Request at Section

LLE.2. A Person of Ordinary Skill in the Art (“POSITA”) would have
been motivated to incorporate the antenna of Langley into the
wireless device of Bolin because Langley discloses an antenna for
usein a wireless device, and because Langley offers the advantage of
an antenna that operates on multiple bands (5 bands) and also is
compact and efficient. See Langley at 1:3-5, 2:21-22; Ex. 1009, 99
84,104, 112. A POSITA would have incorporated the multi-band
antenna of Langley into the wireless device of Bolin in order to get
the benefit of a compact antenna that operates on additional bands
and is efficient. Ex. 1009 at Y 84, 104, 112.

Additionally, a POSITA would have been further motivated to add
the antenna shielding and antenna system configuration to the
wireless device of Bolin/Langley to further improve the isolation
between the two antennas and thus improve overall wireless
performance of the antenna system while maintaining a compact
design. Ex. 1009 at § 126.

To the extent 11[pre] is limiting, Bolin discloses element 11[pre].

Unified Exhibit BB Page 1 of 46
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Petition for Inter Partes Review of U.S. Patent No. 11,349,200
Exhibit BB — Ground 1 Claim Chart (Bolin, Langley, Rutfors)

’200 Patent Claim Ground 2: Bolinin view of Langley and Rutfors
Language
Bolin discloses in Figure 3 a wireless device that includes an antenna
system.
10
(FPrimayy
side of
telephone)
(Antenna
{(Antanna carrier)
connector)
Bolin Figure 3
Bolin at [0001]:

The “invention relates to...portable communication devices that
need... a built-in, multi band, multi antenna system.”

[11.1] an antenna Bolin in light of Rutfors discloses element [11.1]; alternatively, any
system comprising a  differences would have been obvious to a POSITA.
ground plane and at

least two antennas Bolin discloses an antenna system (item 1) in Figure 1 that there are

within the wireless two antennas; a first antenna is the main antenna (item 2 surrounded

device, the antenna by dashed lines in Figure 1 of Bolin, which is reproduced below) and

system comprising: the second antenna is a separate Bluetooth antenna (item 3 in Figure
1 of Bolin):

Unified Exhibit BB Page 2 of 46
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Petition for /nter Partes Review of U.S. Patent No. 11,349,200
Exhibit BB — Ground 1 Claim Chart (Bolin, Langley, Rutfors)

200 Patent Claim
Language

Ground 2: Bolin inview of Langley and Rutfors

1o

h S

(GSM
part)

2
{Main
antenna)
e N

\

\ \ \ [Feed #2) e 3
o N {Bisetooth

7 )\\\\ 7 antenna}

{Feed #1 (Gromd #)
N {Gmound #3
7a \\\ Te
{Ground #1} {Ground £2)
Fig 1
Bolin at [0019]:

“The antenna system has a main antenna 2 for GSM/DCS/PCS and a
separate smaller Bluetooth™ antenna 3 positioned very close to the
main antenna 2.”

“The antenna system 1 has five connection traces...” Bolin at [0025].

Bolin also discloses a ground plane, which is the antenna connector,
and the grounding metal to which it is connected. Ex. 1009 at 9 79-
80. The main antenna (2), parasitic part (6) and Bluetooth antenna
(3) each have ground traces that connect to the antenna connector
(11). Bolin at [0025] (“The antenna system 1 has five connection
traces 7a-7¢, which all are located in the third plane. Of these
connection traces, the main antenna 2 has a ground trace 7a (“Ground
#1”) and a feed trace 7b (“Feed #1”) for the GSM part 4 and the DCS
part5. The parasitic PCS part 6 has only a ground trace 7c (“Ground
#27), whereas the Bluetooth™ antenna 3 has a ground trace 7d
(“Ground #3)as well as a feed trace 7¢ (“Feed #2”°), as shown in FIG.
1.”)

Unified Exhibit BB Page 3 of 46
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Petition for /nter Partes Review of U.S. Patent No. 11,349,200
Exhibit BB — Ground 1 Claim Chart (Bolin, Langley, Rutfors)

200 Patent Claim
Language

Ground 2: Bolin in view of Langley and Rutfors

Bolin discloses that various shapes of the main antenna elements may
be combined with the PCS part (6) and the Bluetooth antenna (3) that
are shown in Figure 1 of Bolin. Ex. 1009 at | 78. These various

antenna element shapes are disclosed in Figures 9-12 of Bolin. Bolin

at [0034].

Bolin Figure 5 shows the antenna connector (to which the antenna is
connected when the system is assembled) and the PCB board to
which the antenna connector is attached. The antenna connector has
five pins, which match to the five connections shown on Figure 1 of
Bolin (above). Therefore, the ground traces are connected through
the antenna connector to grounding metal (not further shown in
Bolin). Ex. 1009 at 9 79-80.

e
{Antenna system / ;

urfoides))  /
| \
£k 12 :
{Antarna  (Pogo 13
coniestor)  pins) {PCB)

Bolin Figure 5

To the extent that Patent Owner argues that Bolin does not disclose a
ground plane, a POSITA would have employed the two-antenna and
ground plane configuration of Rutfors in order to get the benefit of
improved isolation between the two antennas. Rutfors at [0018] —
[0019]; Ex. 1009 at 19 126-144.

Rutfors discloses a two-antenna configuration with a ground plane
(item 3) in Figures 1-2 of Rutfors. Rutfors at [0013] — [0019]. See
Rutfors Figure 1 (showing two antennas and ground plane (3)):

Unified Exhibit BB Page 4 of 46
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Petition for Inter Partes Review of U.S. Patent No. 11,349,200
Exhibit BB — Ground 1 Claim Chart (Bolin, Langley, Rutfors)

200 Patent Claim
Language

[11.2] a first antenna
configured to provide
operation in at least
three frequency bands
being used by 4G
communication
standards,

Ground 2: Bolinin view of Langley and Rutfors

g /"' I

3 ey

£l

ST

’ r\//j

Rutfors Figure 1

Bolin in view of Langley and Rutfors discloses element [11.2];
alternatively, any differences would have been obvious to a POSITA.

A POSITA would have substituted the multi-band antenna of
Langley for the multi-band antenna of Bolin (while retaining the
Bluetooth antenna of Bolin), for the reasons below. The antenna of
Langley employed in the combined device of Bolin/Langley is the
first antenna.

Langley discloses an antennathatis configured to provide operation
on five frequency bands, which exceeds the required at least three
frequency bands. The antenna invention of Langley is the first
antenna that is configured to provide operation in at least three
frequency bands. A POSITA would have considered it obvious to
substitute the antenna of Langley for the main antenna components of
Bolin (item 2), while retaining the Bluetooth antenna (item 3) of
Bolin, for the reasons explained below.

The multi-band antenna of Bolin operates in three bands (a two-band
antenna plus athird parasitic element that covers the third band while

also functioning as a high-impedance block). Bolin at [0022] —
[0023] and Claim 1. The need for additional bandwidth coverage in

Unified Exhibit BB Page 5 of 46
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wireless devices is disclosed by Bolin. Bolin at [0001]. Langley
advantageously offers an antenna that covers five bands, which is
more than the three bands covered by the main antenna of Bolin.
See Langley at 4:29-32. A POSITA would have understood that
coverage of additional wireless bands was advantageous, given the
known need at the time of the alleged invention for wireless devices
that covered more wireless bands. Ex. 1009 at 9 104-105.

A POSITA would have understood that the multi-band antenna of
Langley could be used in place of the main antenna components of
the antenna system of Bolin. Ex. 1009 atq9 127-131. Langley
discloses a compact antenna. Langley at 3:4-6. A POSITA would
consider it obvious to substitute the antenna of Langley for the main
antenna components of Bolin (item 2). Ex. 1009 at 4§ 127-131, 138.

A POSITA would have considered the substitution of the antenna of
Langley for the main antenna of Bolin (item 2 of Figure 1 of Bolin)
to be the simple substitution of one known element (the Langley
Antenna) for another (the Bolin main antenna) to obtain predictable
results of increasing the number of wireless bands that the antenna
system covers. Ex. 1009 at § 105. A POSITA would have
understood that the elements of the antenna of Langley could be
tuned (that is, adjusted) in order to operate in the antenna system of
Bolin. Ex. 1009 at9 93. Langley explains that the resonant
frequencies ofits antenna can be “easily and predictably altered by
changing the thickness if [sic, of] the substrate.” Langleyat 10:8-10.
(The thickness referred to by Langley is the thickness of the printed
circuit board substrate, Langley at 6:21-24, and therefore changing
this thickness would not affect the dimensions used to calculate
complexity factor. Ex. 1009 at §93. The antenna examples of
Langley shown in Figures 2 and 13 are x-y dimensions whereas the
thickness is the z dimension. Ex. 1009 at § 93.

Langley explains that the antenna invention of Langley operates on
five frequency bands. Langley at 4:29-5:7. Therefore these two
antenna embodiments each operate on five frequency bands. See
Langley at 5:12-6:13. The antennas of Figure 2 (embodiment
example 1) and Figure 13 (embodimentexample2)are two examples
oftheinvention of Langley, and therefore these two antennas operate
on five frequency bands. See Langley at 5:12-6:13. Ex. 1009 at 9
102, 104-105.
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The invention of Langley is shown, for example, in Figure 13 of

Langley:

5 14
] r~
&w@“ﬁm Sic = i
& R Er

Fig. 13

Langley at [4:29-30]:

“Another aspect of the invention provides an antenna for use with
five separate frequency bands, comprising the antenna described
above.”

Langley explains that the antenna shown in Figure 13 is an example
of'the invention (which, as described above, the invention is an

antenna that operates on five bands). Langley at 5:12-6:13.

Langley discloses the following chart:

'System | Frequency Band
BV S0 — 980 Mz

- DCS18007 1740 <1850 MHz
DESY TTTIE00 Mg

UMTS B2 VZITOMHEE
Biustcor 3460~ 2483 6 Mz

CRipenan 2 S 5150~ 5725 MMz

Langley at 8:12-13.
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As Langley explains, “Coverage of these commercially useful
frequency bands is provided by the Invention within the following
three frequency bands, for which the measured return loss is less than
-10dB.” Langley at 8:14-16. (Generally, as a POSITA would have
understood, a return loss of 10 or more on a negative scale for a
particular frequency band indicates a commercially useful antenna
for that frequency band. Ex. 1009 at 9 85-57. Langley summarizes
the frequency bands covered by the antenna of example 1 as follows:
[Frequency band (MHz} | Bandwidth | System covered |
A ——

D080 Mz

11340 MHzMng Fioedan 1777

{ Hinerian 2

Langley at p.8 (bottom).

Langley explains that antennas of the invention (of which the
antennas of example 1 (shown by Figure 2 of Langley) and example
2 (shown by Figure 13 of Langley are two embodiments) preferably
cover “frequencies of 900MHz, 1800MHz, 2000MHz, 2400MHz and
5400MHz.” Langley at 4:29-32.

Langley discloses an “antenna configured to provide operation in at
least three frequency bands being used by 4G communication
standards.” Three frequencies in the above charts (Langley p.8 and
8:12-13) fall within the 2-11 GHz range that is identified by the 200
Patent as being used by 4G standards: 1920-2170 Mhz, which
overlaps the 2-11 GHz range, and 2400-2483.5 MHz and 5150-5725
MHz, both of which fall within the 2-11 GHz range. Also, based on
the disclosure of frequencies in which the antenna invention of
Langley preferably operates as disclosed as above, at least three of
the wireless bands (2000MHz, 2400MHz and 5400MHz) in which
the antenna of Langley operates (as explained above) fall within the
range of 2-11 GHz that the ‘200 Patent explains is a range that is
used by 4G communications standards. See Ex. 1001 at 25:14-23.
A POSITA would have understood the plain and ordinary meaning of
“frequency bands being used by 4G communication standards” to
include at least three of the frequency ranges that the antenna of
Langley is disclosed to cover. Ex. 1009 at 9 85-90.
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Evenifa POSITA were to apply post-2006 (that is, after the alleged
date of the invention) 4G communications standards, Langley still
discloses an antenna configured to provide operation in at least three
bands of those communications standards. Ex. 1009 at §91. The
3GPP Version 8§ which formalized the 4G standard includes
frequency bands of 900 MHZ (e.g., 880-915 MHz) and between 1805
MHz - 2400 MHz inclusive. Ex. 1016 at 13-14; Ex. 1017 at 32-33;
Ex. 1009 at Y 54-56. Langley discloses that its antenna invention
operates in three bands, 900MHz, 2000MHz, 2400MHz, that fall
within these ranges. Langley at 4:29-32.

To the extent that Patent Owner argues that Langley does not satisfy
the claim element of an “antenna configured to provide operation in
at least three frequency bands being used by 4G communication
standards,” it would have been obvious to modify Langley to provide
this functionality. Ex. 1009 at § 93. A POSITA would also have
understood that the frequency bands of Langley could be readily
tuned to provide coverage for 4G wireless standards bands, and a
POSITA would have understood that it was advantageous for the
wireless device to operate in 4G wireless standards bands. Ex. 1009
at9 93.

Langley at [3:15-17]:
“[T]he positional relationship between the different conductive
elements provides a number of useful frequency bands.”

Langley at [3:4-5]:
“The invention provides a compact and efficient multi-band antenna
capable of supporting a variety of frequency bands.”

Langley also emphasizes the importance of its disclosed five-band

antenna invention as it claims this functionality: “[Langley claim] 17.
An antenna for use with five separate frequency bands, comprising
the antenna of any preceding claim.

‘Langley claim] 18. The antenna of claim 17, wherein the five
separate frequency bands comprise frequencies of 9000MHz,
1800MHz, 2000MHz, 2400MHz and S400MHz respectively”
Langley at 13:7-12.

As explained by Langley, “[a] number of antenna designs that are
capable of operating in at least two defined frequency bands have
been proposed. One approach for providinga multiple band antenna
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is to use separate antennas, each corresponding to a different
frequency band. Another approach is to use a single antenna capable
of resonance in a plurality of frequency bands. However, there
remains a need for a compact and efficient multi-band antenna.”
Langley at 2:17-22 (emphasis added).

In the Bolin/Langley device of this combination, the multi-band
antenna of Langley is substituted for the entire main antenna (item 2).
The multi-band antenna of Langley replaces all the antenna elements
of the main antenna of Bolin, including replacing the high-impedance
blocking element (6) of Bolin that improves isolation between the
first main antenna and the second Bluetooth antenna. Ex. 1009 at
126-127. Therefore, as explained below, a POSITA would have been
motivated to include the antenna shield of Rutfors in place of the
high-impedance blocking element (6) of Bolin to provide isolation
between the two antennas (which are the multi-band antenna of
Langley and the Bluetooth antenna of Bolin). Ex. 1009 at ] 126-
127.

A POSITA would have been motivated to incorporate the antenna
shield and two-antenna configuration of Rutfors in the wireless
device of Bolin/Langley in order to get the benefit of improved
isolation between the two closely-spaced antennas. Ex. 1009 at 4
126-129.

A POSITA would have incorporated the antenna configuration
(including the antenna shield) of Rutfors to improve isolation

between the antennaof Langley and the Bluetooth antenna of Bolin,
for the reasons explained below. Ex. 1009 at Y 126, 132.

Rutfors discloses a shield (item 4 in Figure 1 of Rutfors below) that is
positioned between two internal antennas.
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Rutfors at Figure 1. In the embodiment shown in Figure 1, “The
screen 4 [i.e., the shield separating the two antennas] is grounded and
elevated over the ground plane device 3, forcing the currents passing
it to change direction (up onto the screen). This additionally reduces
the amount of current flowing on the PCB from one antenna to the
other, thus minimizing the coupling between the antennas.” Rutfors
at [0018].

Rutfors explains that the shield between its two internal antennas
allows for closer placement of the two antennas. “An object of the
present invention is to provide an antenna arrangement that offers
improved isolation, i.e. decreased coupling, between antennas in a
portable radio communication device, such as a mobile telephone. . . .
A further object of the present invention is to provide a portable radio
communication device, such as a mobile telephone, that offers
improved isolation between antennas inside said device. ... With a
shield between internal antennas in a portable radio communication
device the coupling between the antennasis reduced and therewith it
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[11.3] the first antenna
defining an antenna
contour comprising an
entire perimeter of the
first antenna, the
antenna contour
comprising at least
twenty segments,

Ground 2: Bolin in view of Langley and Rutfors

is possible to place the antennas close to each other. Further, with
internal antennas of different types, such as meander antenna and
PIFA, the coupling between the antennas are less than with two
antennas of the same type, such as PIFA and PIFA. Thus two
antennas of different types and separated by a shield can be
positioned closer together than two of the same type separated by a
shield, still providing the same amount of isolation.” /d. at [0005],
[0007], [0010].

Bolin in view of Langley discloses this element [11.3]; alternatively,
any differences would have been obvious to a POSITA.

The antenna invention of Langley is the first antenna that defines an
antenna contour comprising its entire perimeter that comprises at
least 20 segments. A POSITA would have substituted the antenna of
Langley for the main antenna of Bolin for the reasons explained in
[11.2].

Langley discloses at least two antenna embodiments that include at
least 20 segments. Langley discloses the antenna of example 1
(shown in Figure 2 of Langley) and the antenna of example 2 (shown
in Figure 13 of Langley), each of which, when calculations are
performed using the procedure set forth in the 200 patent, have a
contour with at least 20 segments. See Langley at 5:15-16, 6:12-13,
6:21-7:33, 10:2-4 (generally describing the two embodiments
represented by these figures); Ex. 1009 at § 113.

The antenna of the embodiment of example 1 of Langley (shown in
Figures 1 and 2 of Langley, reproduced below, which have been
faded to show annotations) discloses at least 25 segments in the
antenna contour, as shownin the annotated versions 1 below. (Figure
2 is Figure 1 with dimensioning).

”k\\\\\\\\\\\\\\\\\\\\@&\\\\\\\\m\\\\\\\\\\\\\\\\%§I

‘ Langley Figuré 1 “
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Langley Figure 2

Likewise, the antenna of example 2 of Langley, as shown in Figure
13 of Langley (faded to show annotations), discloses at least 25
segments in the antenna contour:

Langlev Figure 13

[11.4] wherein the
antenna contour has a
level of complexity
defined by complexity
factor F21 having a
value of at least 1.20

Bolin in view of Langley discloses element [11.4]; alternatively, any
differences would have been obvious to a POSITA.

The antenna invention of Langley is the first antenna that has an
antenna contour with a level of complexity defined by a complexity
factor F21 having a value of at least 1.20. A POSITA would have
substituted the antenna of Langley for the main antenna of Bolin for
the reasons explained in [11.2].

Langley discloses at least two antenna embodiments that have an
antenna contour with a complexity factor F21 with a value of at least

1.20. Langley discloses the antenna of example 1 (shown in Figure 2
of Langley) and the antenna of example 2 (shown in Figure 13 of
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Langley), each of which, when calculations are performed using the
procedure set forth in the 200 patent, have an F21 value of at least
1.20. See Langley at5:15-16, 6:12-13, 6:21-7:33, 10:2-4 (generally
describing the two embodiments represented by these figures).

As shown in the appendix to this chart below at page 38-41, the
antenna embodiment of example 1 (shown in Figure 2 of Langley)
has an F21 value of atleast 1.38 when F21 is calculated according to
the procedure set forth in the ‘200 Patent. For avoidance of doubt,
the calculation was performed using all four corners of the antenna
box as a feed corner, and also, the calculation was performed both
including and excluding “close call” boxes of the respective grids,
and the lowest calculated value is reported.

As shown in the appendix to this chart below at pages 43-46, the
example antenna of Figure 13 of Langley has an F21 value of at least
1.32. The calculation was performed using the same procedure
described above for the antenna of Figure 2 of Langley.

As shown in the appendix to this chart below at pages 38-41, 43-46:
Calculation for Antenna Example 1 (Figure 2 of Langley):

When using N2 = 26 and N1 = 10, we get the following:

F21 = —108(26)~108(10) _ 4 370095 — 1 38
log (0.5)

Calculation for Antenna Example 2 (Figure 13 of Langley):
When using N2 = 26 and N1 = 10, we get the following:

_ log(26)-log(10) _

F21 =
log (0.5)

1.378512 =1.38

When using N2 = 26 and N1 = 9, we get the following:

F1 = —'0820)710g®) _ 4 p3p595 =1 53
log (0.5)

When using N2 = 25 and NI = 10, we get the following:

F21 = —'08(29)-1og(10) _ 4 351978 - 132
log (0.5)

Finally, when using N2 = 25 and NI = 9, we get the following:
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F21 = —108(25)-10809) _ 1 473931 =1 47
log (0.5)

[11.5] and complexity
factor F32 having a
value of at least 1.35,

Bolin in view of Langley discloses element [11.5]; alternatively, any
differences would have been obvious to a POSITA.

The antenna invention of Langley is the first antenna that has an
antenna contour with a level of complexity defined by a complexity
factor F32 having a value of at least 1.35. A POSITA would have
substituted the antenna of Langley for the main antenna of Bolin for
the reasons explained in [11.2].

As shown in the appendix to this chart below at page 40-41, the
example 1 antennaof Langley,shown in Figure 2 of Langley has an
F32 value of at least 1.58 when F32 is calculated according to the
procedure set forth in the ‘200 Patent. For avoidance of doubt, the
calculation was performed using all four corners of the antenna box
as a feed corner, and also, the calculation was performed both
including and excluding “close call” boxes of the respective grids,
and the lowest calculated value is reported.

As shown in the appendix to this chart below at page 42-43, the
example 2 antennaof Langley,shownin Figure 13 of Langleyhas an
F32 value of atleast 1.55. The calculation was performed using the
same procedure described above for the antenna of Figure 2 of
Langley.

As shown in the appendix to this chart below at pages 40-43:
Calculation for Antenna Example 1 (Figure 2 of Langley):

When using N3 = 76 and N2 = 26, we get the following:

F3p _ 108(78)-10g(26) _ 4 capgea -1 53
log (0.5)

Calculation for Antenna Example 2 (Figure 13 of Langley):

When using N3 = 76 and N2 = 26, we get the following:
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[11.6] and wherein the
first antenna defines
an antenna box that is
a minimum-sized
parallelepiped that
completely encloses a
volume of the first
antenna and wherein
each face of the
minimum-sized
parallelepiped is
tangent to at least one
point of the volume of
the first antenna, an
orthogonal projection
of the antenna box
along a normal to a
face with a largest
arca of the first
antenna defining an
antenna rectangle, an
aspect ratio of the
antenna rectangle
being defined as a

Ground 2: Bolin in view of Langley and Rutfors

_log(76)-108(26) _ | 547488 =1 55

F32 = log (0.5)

When using N3 = 76 and N2 = 25, we get the following:

F32 = _log(76)—log(25) _

1.604071 =1.60
log (0.5)

When using N3 = 78 and N2 = 26, we get the following:

F32 = _ log(78)~log(26) -

1.584963 =1.58
log (0.5)

Finally, when using N3 = 78 and N2 = 25, we get the following:

F32 = _log(78)—log(25) _

1.641546 =1.64
log (0.5)

Bolin in view of Langley discloses element [11.6]; alternatively, any
differences would have been obvious to a POSITA.

The antenna invention of Langley is the first antenna that defines an
antenna box that is a minimum-sized parallelepiped that completely
encloses a volume of the first antenna and wherein each face of the
minimum-sized parallelepiped is tangent to at least one point of the
volume of the first antenna, an orthogonal projection of the antenna
box along a normal to a face with a largest area of the first antenna
defining an antennarectangle, an aspect ratio of the antenna rectangle
being defined as a ratio between a width and a height of the antenna
rectangle, wherein the aspect ratio has a value of at least 2. A
POSITA would have substituted the antenna of Langley for the main
antenna of Bolin for the reasons explained in [11.2].

The rectangle that is the outer perimeter of the grid G2 shown in the
appendix to this chart at pages 32 (for Langley example 1 shown in
Figure 2 of Langley) and 26 (for Langley example 2 shown in Figure
13 of Langley) is the antenna box that is a minimum-sized
parallelepiped that completely encloses a volume of the first antenna
and wherein each face of the minimum-sized parallelepiped is
tangent to at least one point of the volume of the first antenna, an
orthogonal projection of the antenna box along a normal to a face
with a largest area of the first antenna defining an antenna rectangle.
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ratio between a width
and a height of the
antenna rectangle,
wherein the aspect
ratio has a value of at
least 2; and

Ground 2: Bolin in view of Langley and Rutfors

The aspect ratio of the antenna rectangle is the ratio between the
width and height of that rectangle that is the outer perimeter of the
grid G2 shown in the appendix to this chart at pages 28 (for Langley
example 1 shown in Figure 2 of Langley) and 22 (for Langley
example 2 shown in Figure 13 of Langley).

Langley discloses a width to height ratio of at least 2 for the example
antennas disclosed in Figure 2 (example 1 embodiment, see Langley
at 5:15-16, 6:21-7:33) and Figure 13 (example 2 embodiment, see
Langley at 6:12-13, 10:2-4), as shown in the annotated diagrams
below.

Langley provides dimensions for the antennas of Figures 2 and 13
that are the same as the dimensions of the antenna rectangle

discussed above.

Asshown in Figure 2 of Langley, the width is 94 and the height is 29.
The ratio is 94 / 29, or 3.24, which is at least 2.

Langley at Figure 2 (annotations added):

As shown in Figure 13 of Langley, the width is 94 and the height is
29. The ratio is 94 / 29, or 3.24, which is at least 2.

Langley at Figure 13 (annotations added):
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[11.7] a second
antenna configured to
provide operation in a
first wireless service,

Ground 2: Bolin in'view of Langley and Rutfors

A

Bolin discloses element [11.7]; alternatively, any differences would
have been obvious to a POSITA.

The second antenna configured to provide operation in a first

wireless service is the separate Bluetooth antenna that is disclosed by
Bolin. See Ex. 1009 at ] 102-103. Bolin discloses at Figure 1 the
location of the Bluetooth antenna 3, which lies outside the

rectangular dotted line that encloses the first antenna. “[T]he second
antenna (3) is a Bluetooth™ antenna.” See Bolin Claim 4.

p—
.. {Main
{ o, ) part) arteanz)
N \ {Feed #2} ~— 3
\,u \\\ {Blustaoth
\ tFecad B3 74 antenna
. . S Ground #3}
7a N Tc
{Ground #1) ‘Ground 82
Fig 1
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[11.8] the second
antenna being
proximate to a side of
a ground plane
rectangle enclosing
the ground plane.

Ground 2: Bolinin view of Langley and Rutfors

The first wireless service for which the second antenna (item 3 in
Figure 1 of Bolin as shown above) is Bluetooth. See Ex. 1009 at
99 102-103.

Figure 1 shows how “[t]he main antenna 2 is a built-in patch with
parasitic element, whereas the smaller Bluetooth™ antenna 3 is a
PIFA, however folded a little bit to fit the small space available.”
Bolin at [0020]. “The combination of the antennas, their individual
positions, and the folding together with the electrical connection are
noteworthy features.” /d.

Bolin in view of Rutfors discloses element [11.8]; alternatively, any
differences would have been obvious to a POSITA.

The second antenna (which is the Bluetooth antenna, item 3 of Figure
1 of Bolin) is proximate to a side of a ground plane rectangle
enclosing the ground plane. Ex. 1009 at 49 78-80. To the extent that
Patent Owner argues that Bolin does not disclose a ground plane
rectangle enclosing the ground plane, Rutfors discloses this and a
POSITA would have employed the ground plan configuration of
Rutfors, for the reasons explained below.

Bolin discloses that the Bluetooth antenna (item 3 in Figure 1 of
Bolin) is connected to the antenna connector (11) to the PCB board
(13), as shown in Figures 3-5 of Bolin.

“As seen in FIG. 2, the antenna system 1 is connected to radio
circuitry on a printed circuit board 13 (FIG. 5) through electrical
feeding 8. As appears from FIGS. 3-5, the electrical feeding 8 is
implemented as an antenna connector 11, which is mounted to the
printed circuit board 13 and comprises a group of five pogo pins 12
(one for each connection trace 7a-7¢).” Bolin at [0026]

Bolin Figure 3 shows the antenna carrier (that encloses the antenna
system) and the antenna connector):
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EY

{Prirmaany
side of

telephons}

{Antenna
{Antenna arrer)
connector)

Bolin Figure 3.

Bolin Figure 5 shows the antenna connector (to which the antenna is
connected when the system is assembled) and the PCB board to
which the antenna connector is attached:
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L

{Antenna system
{unfolded)y /'

11 12 \
{Antenna  {Pogo ﬂ
connactery  pins) (PCB)

Bolin at Figure 5.

As drawn in the below figure, whether the ground plane rectangle is
substantially drawn around the antenna connector (small box), or
whether it is drawn around the PCB board (including the antenna
connector area, large box), in either case a side of the ground plane
will be proximate to the second Bluetooth antenna. Ex. 1009 at

99 78-80. This is because the Bluetooth antenna that is disclosed by
Bolin is located near the bottom edge of the wireless device, as
shown in Figures 3-5 of Bolin.
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Bolin at Figure 5 (annotations added).

The ground plane disclosed by Bolin is the antenna connector and
any grounding metal to whichitis connected. Ex. 1009 at 9 78-80.
Because the second antenna (the Bluetooth antenna) is proximate to
the bottom of the PCB and of the wireless device, however the
grounding metal extends from the antenna connector, the second
antenna will be proximate to a side of a rectangle enclosing the
ground plane, as shown in the two example ground plane rectangles
drawn to annotate Bolin Figure 5 above. Ex. 1009 at 99 78-80.

To the extent that the Patent Owner alleges that the combination of
Bolinand Langley does not disclose a “second antenna . . . proximate
to a side of a ground plane rectangle enclosing the ground plane,” a
POSITA would have included the teachings of Rutfors and modified
the Bolin/Langley device to include the placement of the multi-
antenna system of Rutfors that is located proximate to the side of the
ground plane rectangle. Ex. 1009 at [ 79-80, 128, 132. A POSITA
would have understood that Rutfors improves the Bolin/Rutfors
device by enabling improved antenna isolation in the multi-antenna
system of Bolin and additionally enabling a compact antenna system
design. Ex. 1009 at § 132.
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200 Patent Claim
Language

Ground 2: Bolin in view of Langley and Rutfors

Rutfors discloses a ground plane and discloses a configuration in
Figures 1 and 2 in which the second antenna is proximate to the side
ofthe rectangle that encloses the ground plane. Ex. 1009 at Y 119-
121. Rutfors discloses at Figures 1 and 2 two antennas located near
thetop edge and side edges ofthe ground plane. For example, Figure
1 of Rutfors shows:

Rutfors Figure 1

Rutfors at [0016]:

The “first and a second antenna element 1, 2 are connected to a
ground plane device 3, i.e. the PCB of a portable radio
communication device, such as a mobile telephone.”

A POSITA wouldhaverecognized that the placement of the second
antenna in the arrangement disclosed by Rutfors would result in an
antenna system proximate to a side of a ground plane rectangle,
which is a proxy for the edges of the ground plane. Ex. 1009 at
9 119-121, 135, 137. Bolin discloses how such a design is
conducive to a compact antennasystem with good isolation between
the two antennas, while Rutfors discloses how such a design provides
“greater functionality and better radio channel quality.” Bolin at
[0032]; Rutfors at [0002].
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200 Patent Claim
Language

12. The wireless
device of claim 11,
wherein the first
antenna is configured
to support at least four
frequency bands.

Ground 2: Bolin in view of Langley and Rutfors

Bolin in view of Langley discloses [12]; alternatively, any
differences would have been obvious to a POSITA.

Langley discloses an antennainvention that is configured to support
five bands, which satisfies the “at least four” frequency bands
requirement. Langley at 4:29-30. Ex. 1009 at 9 66, 84, 153.

See [11.2], above.
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APPENDIX TO CLAIM CHARTS FOR FRACTUS
200 PATENT

COMPLEXITY FACTOR CALCULATION FOR
TWO EMBODIMENTS OF LANGLEY (the antennas

of examples 1 and 2, as reflected in Figures 2 and 13 of
Langley respectively)
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Langley Fig. 13 —G2
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Langley Fig. 13 — G1, Upper Right Feeding Corner
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Langley Fig. 13 — G1, Bottom Right Feeding Corner

e
N
R R

%

RS
A
3
RS

Unified Exhibit BB Page 30 of 46

EX1047 - Page 340



Petition for /nter Partes Review of U.S. Patent No. 11,349,200

Exhibit BB — Ground 1 Claim Chart (Bolin, Langley, Rutfors)

Langley Fig. 13 - G3
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Langley Fig. 2 — G2

5 ot
gy SR SR ARy,

Z
[
?

S "‘“"‘\

R AR RN RN

1%

FIPVIIR I LS

) \\\\

Unified Exhibit BB Page 32 of 46

EX1047 - Page 342



— G1, Upper Left

2

12

Exhibit BB — Ground 1 Claim Chart (Bolin, Langley, Rutfors)

Petition for /nter Partes Review of U.S. Patent No. 11,349,200

Langley F

Unified Exhibit BB Page 33 of 46

AR

N
&

AR

R

EX1047 - Page 343

R TS




Upper Right

Gl,

o

Exhibit BB — Ground 1 Claim Chart (Bolin, Langley, Rutfors)

Petition for /nter Partes Review of U.S. Patent No. 11,349,200

% : ; s
B %

: 2 o, o

R s 3 A

O, i
D 4

R

N

R

3

S
R

R

N

g

v

PERTRRNVIE, TR CENPRRREERIN

7 |
“\&Q&w\&\w\\\\\\%&i&?

Langley Fig. 2

Unified Exhibit BB Page 34 of 46

EX1047 - Page 344



Exhibit BB — Ground 1 Claim Chart (Bolin, Langley, Rutfors)

Langley Fig. 2 — G1, Bottom Left
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Langley Fig. 2 — G1, Bottom Right
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Langley Fig. 2 — G3
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CALCULATION FOR LANGLEY FIGURE 2

The F21 value for Langley Figure 2 is 1.38. It is calculated using the N2 and NI values.

The N2 value is found by counting the number of cells that intercept a part of the antenna
contour as seen below:

s

<o,

N ¥ \_3:

Uttassssancissssns.

N

FRRFEREERRNee

The boxes above are the G2 cells. There are 26 cells that intercept some part of the antenna
contour (then antenna elements are represented by dark shading). N2 is therefore 26.

The N1 value is found with the same method as N2. The cells we count, however, are now four
times larger than the G2 cells. See below the new cells:

FRSNSIN
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G1 for Langley Figure 2

There are 10 cells that touch a part of the antenna contour. N1 is therefore 10.
Note that N1 is 10 no matter if the grid starts at the bottom left, right, or upper right corner of the

antenna rectangle:
~ Bottom Left Corner:
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G1 with Alternative Starting Corner for Langley Figure 2
Bottom Right Corner:

Y
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Upper Right Corner:

& &

G A gy

G1 with Alternative Starting Corn

Plug in the N2 and N1 values into the following equation:

_ log(N2) — log (N1)

F21 =
log (0.5)

_]og(26) — log (10)

F21 =
log (0.5)

F21 = 1378512 =1.38

For Figure 2, based on the above calculation, the lowest complexity factor F21 by any
calculation (including and excluding close call cells, and using all possible feed point
corners) is 1.38. This number is greater than the threshold of 1.20 that is required by

Claim 11.

The F32 value for Langley Figure 2 is 1.58. Itis calculated using the N2 and N3 values.

The N3 values are found in the same way as N1 and N2, except the cells we count are four times
smaller than the original N2 cells. See below:
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There are 78 N3 cells that intercept the antenna contour. N3 is therefore 78.
Plug in the N3 and N2 values into the following equation:

_‘log(N 3) —log (N 2)

F32 =
log (0.5)

‘log(78) —log (26)

F232 —
log (0.5)

F32 = 1.584963 =1.58

Based on the above calculation for Figure 2, the lowest complexity factor F32 is 1.58. This
number is greater than the threshold of 1.35 that is required by Claim 11.
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CALCULATION FOR LANGLEY FIGURE 13

The F32 values for Langley Figure 13 ranges from 1.55 to 1.64. They are calculated using
various N2 and N3 values.

The antenna in Figure 13 is slightly different in shape from the one in Figure 2. This causes
some differences in N2 and N3 values. Note that in order to be conservative in calculating the
complexity factor value, we separately count cells that could be considered close calls in terms of
whether the contour intersects the cell. See below:

R .
R .

G2 for Langley Figure 13

The cell with a star is an example where a cell barely intercepts the antenna contour. To be
conservative, we calculate the N value with and without these cells included. When we count
the starred cell, N2 is 26. When we don’t count the starred cell, N2 is 25.
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There are two starred cells barely intercept the antenna contour. To be conservative, we
calculate the N value with and without these cells. When we count the starred cells, N3 is 78.
When we don’t count the starred cells, N3 is 76.

Thus, F32 can be calculated using N2 = 25 or 26, and N3 = 76 or 78.

When using N3 =76 and N2 =26, we get the following:

log(76) — log (26
F32 = _ log(76) —log (26)
log (0.5)
F32 = 1.547488 =1.55
When using N3 =76 and N2 =25, we get the following:

_ log(76) — log (25)
log (0.5)

F32 =

F32 = 1.604071 =1.60
When using N3 =78 and N2 =26, we get the following:

log(78) — log (26)
log (0.5)

F32 = —

F32 = 1.584963 =1.58
Finally, when using N3 =78 and N2 =25, we get the following:

3 ‘log(78) — log (25).

F32 = log (0.5)

F32 = 1.641546 = 1.64
For Figure 13, based on the above calculation, the lowest complexity factor F32 by any

method is 1.64. This number is greater than the threshold of 1.35 that is required by Claim
11.

The same principles apply to F21 valuesfor Langley Figure 13. F21 values for Langley Figure
13 vary between 1.32 to 1.53.

N1 for Figure 13 depends on which corner of the blue rectangle the grid starts. The bottom
left corner could be N1 =10 or N1 =9:
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Bottom Left, N1 = 10 or9:

Gl for Langley F1gure 13

All other grids for Figure 13 have a value of N1 = 10.

Upper Left, N1 =10:

Gl w1th Alternatlve Startmg Corner for Langley Flgure 13 -

Upper Right, N1 =10:
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R =
s\

G1 with Alternative Starting Corner for Langley Figure 13
Bottom Right, N1 =10:

. \\\\W \\\\\\‘&\\\\\\&\\\m\&\
Gl with Alternative Stamng Comer for Langley Figure 13

F21 can therefore be calculated using values N1 =9 or 10, and N2 = 26 or 25.
When using N2 =26 and N1 = 10, we get the following:

]og(26) — log (10)

F2l= =" 10g (0.5)

F21 = 1.378512 =1.38

When using N2 =26 and N1 =9, we get the following:

log(26) —log 9

F2l= =" 05 (0.5)

F21 = 1.530515=1.53

When using N2 =25 and N1 =10, we get the following:
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log(25) — log (10
roq — _108(25) — log (10)
log (0.5)

F21 = 1.321928 =1.32

Finally, when using N2 =25 and N1 =9, we get the following:

B log(25) —log )

F2l= log (0.5)

F21 = 1473931 =1.47

For Figure 13, based on the above calculation, the lowest complexity factor F21 by any
calculation (including and excluding close call cells, and using all possible feed point
corners) is 1.32. This is greater than the threshold of 1.20 that is required by Claim 11.
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MANOS (EMMANOUIL) M. TENTZERIS
Ken Byers Professor
Georgia Institute of Technology,
School of Electrical and Computer Engineering
24 June 2023

I: EARNED DEGREES

» Ph.D., University of Michigan, Ann Arbor, 1998 (Graduate Advisor: Prof. Linda
P.B.Katehi)

« M.Sc., University of Michigan, Ann Arbor, 1994

- B.S.E.E. (Diploma-“Summa Cum Laude”) National Technical University of Athens,
GREECE, 1992

Ii: EMPLOYMENT HISTORY
Ken Byers Professor in flexible electronics, School of Electrical and Computer
Engineering, Georgia Tech, 2016-present
Professor, School of Electrical and Computer Engineering, Georgia Tech,
2009-2016
Humboldt Guest Professor, FAU, Nuremberg, GERMANY, 8/19-12/19.
MediaTek Visiting Professor, NTU, Singapore, 1/18-12/18.
Finland Distinguished Professor (Fi.Di.Pro.), TUT, 8/12-12/16
Distinguished Visiting Professor, LAAS, Toulouse, 5/12-8/12
Visiting Professor, GTRI-Ireland, Athlone, Ireland, 5/09-7/09
Associate Professor, School of Electrical and Computer Engineering, Georgia
Tech, 2004-2009
Invited Professor, School of Electrical and Computer Engineering, Technical
University of Munich, Germany, 5/02-8/02
Assistant Professor, School of Electrical and Computer Engineering, Georgia
Tech, 1998-2004
Research Assistant, Radiation Laboratory, University of Michigan, Ann Arbor, MI,
1992-1998
Research Assistant, Microwave Lab, National Technical University of Athens,
Greece, 1991-1992

li: HONORS AND AWARDS
IEEE Fellow

* |EEE MTT-S Distinguished Microwave Lecturer (2010-2012)

* Origami RF research was featured in a publication in the Proceedings of National
Academy of Science (PNAS) in November 2018.

* Listed among the Top-25 Downloaded IEEE Sensor Papers in November 2013
and in December 2011.

* Listed among the 99t percentile of Scientific Reports with 109,000+ article
accesses by 12/1/21.

* Listed among the 25 featured “Science @Microsoft” Technologies highlighting the
most significant achievements of Microsoft Reseach over its 20 years of activities
[http://www.microsoft.com/en-us/researchconnections/science/stories/anti-
counterfeit.aspx]
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“56G as a Wireless Grid Technology” was listed among the Top 10 emerging
technologies of 2021 published by Scientific American and The World Economic
Forum [https://www.scientificamerican.com/page/contributors-to-top-10-
emerging-technologies-of-2021/]

2023-2027 IEEE EPS Distinguished Lecturer

2023 IEEE Wireless Power Technology Conference & Expo (WPTCE) Second
Best Contibution Award

2022 Georgia Tech Outstanding Doctoral Thesis Advisor Award

2021 IEEE Antennas and Propagation Symposium (APS) Best Student Paper
Award

2019 Humboldt Research Prize

2016-2022 |IEEE CRFID (RFID Council) Distinguished Lecturer

2018 IEEE ECTC Intel Best Student Paper Award

2018 ISAP Second Best Paper Award

2017 IMAPS Best Student Paper Award

2017 SRC TECHCON Best-in-Session Award

2017 Georgia Tech Outstanding Achievement in Research Program
Development Award

2017 Archimedes IP Salon Gold Medal

2016 Bell Labs Prize Third Award

2016 GOMACTech Best Poster Paper Award

2016 Georgia Tech Capstone Design Expo Best Overall Project ECE, December
2016

2015 IET Microwaves, Antennas and Propagation Premium Award

2014 Georgia Tech ECE Distinguished Faculty Achievement Award

2014 |[EEE RFID-TA Best Student Paper Award

2013 IET Microwaves, Antennas and Propagation Premium Award

2013 IEEE Wireless Power Transfer Conference (WPTC) Second Best Paper
Award

2012 FiDiPro [Finland Distinguished Professor] Award from the Academy of
Finland

2012 iCMG Architecture Award of Excellence

Selected by NSF to represent US as a member of a team of 5 US prominent
researchers, that participated in the US-Ireland R&D Partnership
Telecommunications Workshop, hold in 11/2011 in Dublin, Ireland, and focusing
on Millimeter-wave and sub-THz communication systems.

Prof. Tentzeris’ research activity in electromagnetic energy scavenging has been
highlighted in CBS, NSF Homepage, MSNBC, CNN, Yahoo, Discovery Channel,
Boston Globe, IEEE The Institute and 500+ top High-Tech sites (e.g.
engagdget.com) as well as in numerous international newspapers (e.g. Asahi
Shibun, Vima, Kathimerini, ...) as one of the major technical inventions of 2011.
Selected by SRC and NSF to be part of the 25-member US team to participate in
the SRC/NSF/SFI Forum on Integrated Sensors for Cybersystems (FISC-2030)
that took place in Ireland in 3/2012 aiming in identifying the critical ultra-low-
power (low-frequency, UHF, RF and millimeter-wave) sensor technologies by
2030 and define global guidelines.
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Member of the first Oustanding U.S. Alumni Class of Alexander von Humboldt
Foundation/German Research Foundation (DFG)

2011 International Workshop on Structural Health Monitoring Best Student Paper
Award

2010 IEEE Antennas and Propagation Society Piergorgio L. E. Uslenghi Letters
Prize Paper Award

2010 Georgia Tech Senior Faculty Outstanding Undergraduate Research Mentor
Award

2010 World-Wide Distinguished Professor Award from the State Administration of
Foreign Experts Affairs of China

2009 |EEE Transactions on Components and Packaging Technologies Best
Paper Award

2009 |[EEE Antennas and Propagation Symposium (APS) Second Best Student
Paper Award

2009 E.T.S. Walton Award from Science Foundation Ireland (SFI)

2000 NSF CAREER Award

2008 IEEE International Microwave Symposium (IMS) Honorable Mention
Student Paper Award.

2007 IEEE Antennas and Propagation Symposium (APS) Best Student Paper
Award.

2007 IEEE International Microwave Symposium (IMS) Third Best Student Paper
Award.

2007 IEEE International Symposium on Antennas and Propagation (ISAP) Poster
Presentation Award.

2006 Asian-Pacific Microwave Conference (APMC) Award.

2006 IEEE Microwave Theory and Techniques (MTT) Society Outstanding Young
Engineer Award.

2003 IEEE Components, Packaging and Materials’ Technology (CPMT) Society
Outstanding Young Engineer Award.

2004 IBA International Educator of the Year Award.

2004 IEEE Transactions on Advanced Packaging Commendable Paper Award.
2003 NASA Godfrey "Art” Anzic Collaborative Distinguished Publication Award.
Best Paper Award by the International Symposium in Microwave and Millimeter-
Wave Technology, Beijing, CHINA, August 2002.

2002 Qutstanding Junior Faculty Award, School of ECE, Georgia Tech.

Best Paper Award by the Advanced Computational Electromagnetics Society
(ACES), ACES Conference, Monterey, CA, March 2001.

« Listed at "Who-is-Who in America”, Marquis Eds., 2002-2011 and at "Who-is-
Who in the World”, Marquis Eds.,2003-2011.

Best Paper Award by the International Hybrid Microelectronics and Packaging
Society, ISHM, Philadelphia, PA, October 1997.

Greek Government Academic Excellence Fellowships, 1988-1992.
Papastavridios Greek Mathematics Excellence Fellowship, 1989.

TEACHING
IILLA : INDIVIDUAL STUDENT GUIDANCE
llLA.1. Research Personnel

1.

R.Li, Research Scientist Il, “Design and Optimization of Compact/Multiband
Antennas for Broadband Wireless Applications (PCS, GSM,WLAN, LMDS, UWB,
mm-wave)”, Period of Collaboration: Summer 2001 — Fall 2011.
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lILA.2.

lll.A.3.

Y.Fang, Research Scientist, "Nanotechnology-Based Gas, Chemical and
Biological Wireless Sensors”, Period of Collaboration: 2014 — now.

Xiaogiang Zhang, ‘Railway applications of RFID’s”, Visiting Professor, Period of
Collaboration: Spring 2010-Spring 2011

Min Jin, “Smart skin configurations”, Visiting Professor, Period of Collaboration:
Spring 2010-Spring 2011

D.Staiculescu, Research Engineer Il, “Design and Optimization of SOP Multilayer
Wireless Modules Using Statistical and Genetic Algorithms for Biosensing
Applications”, Period of Collaboration: Fall 2003 - 2009.

G.Jin, “Inkjet-Printed Wideband Baluns for Wearable RF Modules”, Visiting
Professor, Period of Collaboration: Summer 2011-Summer 2012.

Y.Kawahara, “RF Power Scavenging Modules for Internet of Things
Applications”, Visiting Professor, Period of Collaboration: Fall 2011-Fall 2013.
H.R.Ahn, “Broadband Couplers for Arbitrarily High Coupling Ratios”, Visiting
Scientist, Period of Collaboration: Summer 2015-Summer 2016.

Postdoctoral Fellows

N.Bushyager, “Application of Fluid-Dynamics Computational Techniques to the
Design of Compact Wireless Modules”, Period of Collaboration: Spring 2005 -
Spring 2006.

C.You, “Hybrid Electromagnetic/Mechanical Modeling, Design and Optimization
of Antenna Arrays on Composite Materials”, Period of Collaboration: Fall 2005 -
Fall 2007.

D.Anagnostou, “Design of Large Antenna Arrays on Flexible Organics for Space
Applications”, Period of Collaboration: Fall 2005 - Fall 2006.

Ph.D. Students

llI.A.3.1. Graduated Ph.D. Students

1.

N.Bushyager, “Novel Adaptive Time-Domain Techniques for the Analysis and
Design of Complex RF and Wireless Structures”, Period Advised: Fall 1999 - Fall
2004, GRADUATED: December 2004, Current Employer: Northrop-Grumman.
D.Thompson, “Novel Microwave Structures on Organic and Liquid Crystal
Polymer (LCP) Substrates”, (Main advisor; co-advisor: Prof. J.Papapolymerou),
Period Advised: Fall 2002 — Spring 2006, GRADUATED: April 2006, Current
Employer: Ansoft.

G.Dedean, “Multilayer Multiband Compact Antennas for Wireless/WLAN
Applications”, Period Advised: Fall 2001 - Fall 2006, GRADUATED: January
2007, Current Employer: Microsoft Research Center.

I.-K.Kim, “Design of Fractal-based Filters and Compact Endfire Antennas in
Organic and Ceramic Multilayer Technologies”, Period Advised: Spring 2004 -
Spring 2006, GRADUATED: April 2006. (Yonsei University, KOREA, co-advisor:
Prof. J.-G.Yook), Current Employer: Samsung. Dr.Kim spent significant amount of
time (aggregate of 2 years) at GEDC covering the 80% of the design and all
fabrication and experiments for his Ph.D. Thesis; the effort culminated in 2
Journal and 3 Conference Publications
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10.

11.

12.

13.

14.

15.

16.

J.H.Lee, “Hybrid EM and Circuit Optimization of RF Devices Built on Si, GaAs
and Multilayer Ceramic (LTCC) and Organic Substrates™”, Period Advised: Fall
2001 - Fall 2006, GRADUATED: June 2007, Current Employer: Skyworks.
S.Nikolaou, “UWB Antennas and Integrated Modules on Silicon Substrates”,
(Main advisor; coadvisor: Prof. J.Papapolymerou), Period Advised: Fall 2003 -
Summer 2007, GRADUATED: June 2007, Current Employer: Frederick
University (Cyprus).

L.Martin, “Nanomagnetic Materials for Miniaturized UHF/VHF Antennas”, (Main
advisor; coadvisor: Prof. C.PWong), Period Advised: Fall 2003 - Spring 2008,
GRADUATED: March 2008, Current Employer: Motorola.

Bo Pan, “Ultrawideband Antennas and Ulira-Low-Loss Transitions on
Micromachined Silicon and Glass Substrates for Millimeter-Wave Applications”,
(Equal advising load with co-advisor: Prof. J.Papapolymerou), Period Advised:
Fall 03 - Spring 2008, GRADUATED: Spring 2008, Current Employer: Wionics.
V.Palazzari, “Design of Novel Filters in LCP Multilayer Structures”, Period
Advised: Spring 2003 -Fall 2003, Ph.D.; GRADUATED: 11/2003 (University of
Perugia, ITALY; Equal advising load with co-advisor: Prof. L.Roselli), Current
Employer: W.1.S. (ltaly) Dr. Palazzari spent the 11-month period from January-
November 2003 in GEDC putting together the last 2 chapters of her PhD Thesis
and performing most of the experimental work required for her PhD Thesis; Prof.
Tentzeris started co-advising her during his trip to University of Perugia in
September 2001; the effort culminated in 2 Journal and 2 Conference
Publications.

Li Yang, “Inkjet-Printed Paper-Based RFID’s”, Period Advised: Fall 2005-Fall
2009, Ph.D., GRADUATED: 9/2009, Current Employer: Texas Instruments.
A.Rida, “Multiband and Wideband Antennas for Applications up to mmW?, Period
Advised: Fall 2006-Spring 2011, GRADUATED: 3/2011, Current Employer:
Northrop Gruman.

T.Wu, “Integrated Antennas for Communication and Sensing Applications”,
Period Advised: Fall 2006-Spring 2011, GRADUATED: 4/2011, Current Employer:
Direct TV

S.Kim, “Energy-Optimized Design Techniques for Wireless Communication and
Ubiquitous Sensing Nodes”, Period Advised: Fall 2009-Fall 2011, PhD Proposal:
1/2011, GRADUATED: 11/2011, Current Employer: Intel.

S.Beck, “An Interference-Cancellation Receiver for Multi-Band and Multi-
Standard Wireless Communication Systems”, Period Advised: Fall 2009-Summer
2011, PhD Proposal Exam: 9/2010, GRADUATED: 6/2011, Current Employer:
Texas Instruments..

V.Lakafosis, “A hardware-Enabled Certificate of Authenticity System with
Intrinsically High Entropy”, Period Advised: Fall 2007 -Present, passed
Preliminary Exam: Fall 2007, GRADUATED: Spring 2013, Current Employer:
CISCO.

H.Lee, “Inkjet-printed RF Modules for Sensing and Communication Applications”,
period Advised: Fall 2009-Present, GRADUATED: Summer 2013, Current
Employer: Southern Polytechnic State University (SPSU)

17. T.Thai, “Design and Development of Novel RF Sensors based on Far-Field and

Near-Field Principles”, Period Advised: Spring 2007-Present, passed Preliminary
Exam: Fall 2008, PhD Proposal Exam: Spring 2013, GRADUATED: Fall 2013,
Current Employer: GE Global Research Microsoft Fellowship Recipient
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18. R.Vyas, “An Embedded Wireless Energy Harvesting Platform (E-WEHP) for
Powering Sensors using Existing Ambient Wireless Signals”, Period Advised: Fall
2006-Present, Passed Preliminary Exam: Fall 2007, Ph.D.Proposal: Spring 2013,
GRADUATED: Spring 2014, Current Employer: University of Calgary, CANADA

19. J.Cooper, “A Novel Topology for Wireless Sensors Incorporating an Isotropic
Radiator on an EBG Material”, Period Advised: Summer 2010-Present, Passed
Preliminary Exam: Spring 2011, Ph.D.Proposal: Summer 2013, Expected
GRADUATED: Spring 2014, Current Employer: Curo Corporation NSF Graduate
Fellowship Recipient

20. S.Kim, “Integrated Inkjet-Printed Sensors and Via-Enabled Structures for WSN
and RFID-based Autonomous Wireless Sensor Platforms”, Period Advised: Fall
2010-Present, Passed Preliminary Exam: Fall 2010, Ph.D.Proposal: Fall 2013,
GRADUATED: Fall 2014, Current Employer: Qualcomm

21. A.Traille, “Inkjet-Printed Ground-Penetrating Radar Systems”, Period Advised:
Fall 2011-Present (LAAS-CNRS, France; Co-Advisor: Prof. H.Aubert),
GRADUATED: Fall 2014.

22. B.Cook, “Vertical Integration of Inkjet-Printed RF Circuits and Systems”, Period
Advised: Spring 2012-Present, Ph.D.Proposal: Fall 2013, GRADUATED:
Summer 2014, Current Employer: Texas Instruments-Kilby Labs

23.T.Le, “Inkjet-Printed Graphene/CNT-Based Ultrasensitive Wireless Gas Sensors”,
Period Advised: Spring 2012-Present, Passed Preliminary Exam: Fall 2013,
GRADUATED: Fall 2016.

24.J.Bito, "Energy Harvesting and Wireless Power Transfer Systems", Period
Advised: Fall 2013 — Fall 2017, Passed Preliminary Exam: Spring 2014, Expected
GRADUATED: Fall 2017, Current Employer: Texas Instruments-Kilby Labs.

25.J.Kimionis, “Software-Defined-Radio Readers for RFID Applications”, Period
Advised: Fall 2013-Fall 2017,GRADUATED: Fall 2017, Current Employer: Bell
Labs.

26.W.Su, "Inkjet-Printed Microfluidic-Enabled Tunable RF Structures and Sensors",
Period Advised: Fall 2013 — Spring 2018, Passed Preliminary Exam: Spring 2014,
GRADUATED: Spring 2018, Current Employer: Google.

27.J.Hester, "Low-Cost Printed, Flexible and Energy Autonomous Van Atta and
Carbon Nanotubes Based mm-Wave RFID Gas Sensors for Ultra-Long Range
Ubiquitous loT and 5G Implementations”, Period Advised: Fall 2013 — Summer
2019, Passed Preliminary Exam: Spring 2015, GRADUATED: Summer 2019,
Current Employer: Atheraxon (Founder).

28. A.Nauroze, "Origami-Inspired Tunable RF Structures", Period Advised: Fall 2014-
Fall 2019, GRADUATED: Fall 2019, Current Employer: Amazon.

29.S.Alotaibi, “3D Printed Wireless Sensors for Strain and Stress Monitoring in
Smart Skin Applications”, Period Advised: Spring 2016-2020, GRADUATED:
February 2020, Current Employer: Aramco.

30.S.Jeong, "Load-Reconfigurable Wireless Power Transfer Systems and Machine
Learning Optimization", Period Advised: Fall 2014-2020, GRADUATED: April
2020, Current Employer: Qorvo.

31. Tong-Hong Lin, “Wearable Zero-Power Sensors and Microfluidics for 5G
Applications”, Period Advised: Spring 2016-2020, GRADUATED: September
2020, Current Employer: Apple.
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32.B.Tehrani, “Additive Manufacturing Solutions for Application-specific Millimeter-
Wave Wireless System Design and Packaging”, Period Advised: Summer
2013-2020, GRADUATED: December 2020, Current Employer: Analog Devices.

33.R.Bahr, “3D-Printed RF Circuits”, Period Advised: Spring 2015-2020,
GRADUATED: December 2020, Current Employer: Dujud.

34.Xuanke He, “Additively Manufactured RF Components, Packaging, Modules and
Flexible Modular Phased Arrays enabling widespread massively scalable

mmWave/5G Applications”, Period Advised: Spring 2017-2021, GRADUATED:
July 2021, Current Employer: Skyworks.

35. E.M.Jung, “FM and UHF Energy Harvesting Systems”, Period Advised: Fall
2018-2021, GRADUATED: December 2021, Current Employer: PowerCast.

36.A.Eid, “3D printed Novel Lenses, Energy Harvesters and Active Devices for loT
Applications”, GRADUATED: December 2021, Current Employer: MIT-Media Lab.

37. A.Alreshaid, “MM-wave Reconfigurable Antenna Systems for 5G Applications”,
GRADUATED: January 2022, Current Employer: KFUPM (Assistant Professor)

38. Y.Cui, “Additively Manufactured Shape-changing RF Devices Enabled by
Origami-inspired Structures”, GRADUATED: August 2022, Current Employer:
Apple.

39.A.Adeyeye, “Novel RFID Systems and Techniques for Localization, Positioning
and Sensing Applications”, GRADUATED: August 2022, Current Employer: Apple.

*. H.Kim, “CMOS Radio-Frequency Power Amplifiers for Multi-Standard Wireless
Communications”, Period Advised: Spring 2010-Summer 2011, GRADUATED:
5/2011. [Academic Advisor]

*.  K.-H.Lee, “Design of Signal Integrity Enhancement Circuits”, Period Advised:
Summer 2010-Fall 2010, GRADUATED: 11/2010. [Academic Advisor]

*. S.Woo, “Low Noise RF CMOS Receiver Integrated Circuits”, Period
Advised:Summer 2010-Fall 2010, GRADUATED: 10/2010. [Academic Advisor]

*.  J.Cha, “A CMOS Radio-Frequency Front-End for Multi-Standatd Wireless
Communications”, Period Advised: Summer 2010, GRADUATED: 8/2010.
[Academic Advisor]

*. J.Choi, “Fully-Integrated DLL/PLL-Based CMOS Frequency Snthesizer for
Wireless Systems”, Period Advised: Summer 2010, GRADUATED: 7/2010.
[Academic Advisor]

*. H.-W.Kim, “CMOS RF Transmitter Front-End Module for High-Power Mobile
Applications “, Period Advised: Spring 2010-Present, PhD Proposal Exam:
8/2011, GRADUATED: Spring 2012 [Academic Advisor], Current Employer:
RFMD

llI.A.3.2. Current Ph.D. Students

1. C.Lynch, “Additively Manufactured Wireless Sensors for Smart Agriculture and
Smart Biomonitoring Applications”, Period Advised: Fall 2019-Present, Expected
Graduation: Fall 2023.

2. K.Hu, “Additively Manufactured RF Structures for 5G and mmW Applications”,
Period Advised: Spring 2020-Present, Expected Graduation: Spring 2024.

3. G.S.V.Angulo, “Printed Wireless Sensors for Space and Gas Detection
Applications”, Period Advised: Fall 2021-Present, Expected Graduation: Fall
2025.
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ll.A.4.

L.Smith, “Origami Reconfigurable Energy Harvesters”, Period Advised: Fall 2021-
Present, Expected Graduation: Fall 2025.

[.-T.Chen, “Wireless Power Transfer and Zero-Power RF Components for
Reconfigurable Intelligent Surfaces”, Period Advised: Fall 2021-Present,
Expected Graduation: Fall 2025.

H.Al Jamal, “Self-Calibrated Tile-Based Antenna Arrays Using Computer Vision
Techniques”, Period Advised: Fall 2022-Present, Expected Graduation: Fall 2026.
M.Joshi, “Multiband flexible RF enhanced-accuracy localization systems”, Period
Advised: Fall 2022-Present, Expected Graduation: Fall 2026.

W.Callis, “Additively manufactured wireless bio/chemical sensors”, Period
Advised: Fall 2022-Present, Expected Graduation: Fall 2026.

M.Sc. Students

I1I.A.4.1. Graduated M.Sc. Students

1.

10.
11.

12.

13.
14.

B.McGarvey, “Efficient Numerical Coupling of FDTD and Solid-State Equations
for 1D-circuits”, Period Advised: Summer 2002 - Fall 2007, Graduation Date: Fall
2007, Current Employer: DoD-NSA.

S.Bassat, “Design and Optimization of RFID Compact Antennas”, Period
Advised: Fall 2003- Fall 2006, GRADUATED: Fall 06, Current Employer:
Motorola.

N.Tavassolian, “UWB Antennas and Integrated Modules for Breast Cancer
Detection Applications™, Period Advised: Fall 2006-Summer 2007.

B.Kim, “Reconfigurable Multiband Antennas for mm-wave Applications”, Period
Advised: Summer 2005 - Fall 2006, Graduation Date: Fall 06 (Korea University,
KOREA), Current Employer: Samsung.

L.Ward, “FDTD Modeling of the Crosstalk between Closely Spaced Microstrip
Lines on Silicon Substrates”, Period Advised: Summer 2000 - Winter 2000,
Graduation Date: Winter 2000, Current Employer: Argon Labs.

E.Tsai, “Adaptive Modeling of Novel Micromachined Antennas on High-Resistivity
Si Substrates”, Period Advised: Spring 2001 - Fall 2002, Graduation Date: Fall
2002, Current Employer: Northrop-Grumman Corporation.

Y.Zhang, “Dual-Band Antenna Arrays for Conformal Space Applications”, Period
Advised: Fall 2007-Fall 2009 (UoLille/France; co-advisor: Prof.Pavlidis).

N. Chaisilwattana, “Novel UHF RFID Antennas for Automotive and Container
Applications”, Period Advised: Fall 2007-Fall 2009.

C.Kruesi, “3D Conformal Antennas for Supply-Chain and Inventory Tracking
Applications”, Period Advised: Fall 2007-Spring 2009.

J.Pan, “Compact RFID’s on Metallic Structures”, Period: Fall 2008-Fall 2009.
S.Mukala, “Wearable antennas integration with smart clothing”, Period Advised:
Fall 2009-Fall 2010.

A.Harrabi, “Novel RFID’s for Agricultural Applications”, Period Advised: Fall
2010-Fall 2011 (Faculty of Sciences in Tunis, Tunisia; co-advisor:
Prof.Gharsallah)

Diapa Sanogo, “Broadband Harvesting Systems”, Period Advised: Fall 2011
Guillaume Caillet, “RF Characterization of inkjet-printed CNT films and
transmission lines”, Thesis MSc Visiting Student from UoLille, FRANCE, Period
Advised: Spring 2011-Fall 2011
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15.

16.

17.

18.

Sebastien Mauzole, “Doubler implementations on ultralow-cost flexible materials

for wireless crack detection”, Thesis MSc Visiting Student from UolLille,

FRANCE, Period Advised: Spring 2011-Fall 2011

S.Palacios, “Inkjet Printed Smart Wireless Integrated Modules (SWIM)”, Period
Advised: Fall 2012-Fall 2013

R.Herre, “Novel Inkjet printed Humidity Sensors”, Period Advised: Summer
2013-Fall 2013 (performed his MS Thesis Research as an Exchange Student

from University of Erlangen-Nuremberg)

C.Saintsing, “Origami Foldable Structures for RF Sensing Applications™, Period
Advised: Fall 2013-Fall 2014.

lI.A.4.2 Visiting/Current M.Sc. Students

R.Bahr, "Inkjet Printed Wearable Motion Sensors", Period Advised: Summer
2014-Present
K.Nate, "3D Printed Origami Antennas", Period Advised: 2014-Present

M.Sc./Ph.D. Special Problems Students

N.Vasiloglou, “Fractal Antennas for WiFi Modules”, Period Advised: Summer
2003 - Summer 2004.

F.Caliskan, “MPI Parallelization of FEM Algorithms”, Period Advised: Spring
2001.

K.Madidmanana, “Survey of Carbon Nanotube Fabrication Techniques for
Semiconductive and Metal Surfaces”, Period Advised: Fall 2006 - Summer 2007.
U.Onyewuchi, “Development of WiMax Miniaturized Antenna Arrays for Base
Stations”, Advised: Fall 2006 - Spring 2007

Undergraduate UROP/Special Problems Students

B.McGarvey, “Numerical Modeling of Cascaded Transmission Line Interfaces
through the Use of Bounce Diagrams”, Period Advised: Winter 1999 - Fall 1999,
UROP, Graduation Date: Fall 1999.

M.Delwar, “Numerical Modeling of Wire Antennas Using FDTD”, Period: Winter
1999 - Spring 1999, UROP, Graduation Date: Summer 1999.
T.Owens, “Numerical Design of a Coupled-Line Planar Filter”, Period: Winter
1999, UROP, Graduation Date: N/A.

M.Rutledge, “Study of Crosstalk Effects in Planar Transmission Lines”, Period:
Winter 1999, UROP, Graduation Date: N/A.

M.Fisher, “Numerical Design of Interdigitated Filters”, Period: Fall 1998 -
Summer 1999, UROP, Graduation Date: Fall 1999.

L.Compton, “Planar Antennas Analysis Using FDTD”, Period: Fall 1998 -Winter
1999, Independent Research, Graduation Date: Spring 1999.

Q.Yasser, “Review of Commonly Used High-Frequency Packaging Geometries”,
Period: Winter 1999, Special Topics, Graduation Date: Spring 1999.

D.Gauthier, “Review of Amplifier Topologies Used in Wireless Communication
Systems”, Period: Winter 1999, Special Topics, Graduation Date: Spring 1999.
K.Browse, “Preliminary Models of Finite-Ground Coplanar Waveguides”, Period:
Fall 1999, Special Topics, Graduation Date: Summer 2000.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

A. Awa, “Estimation of Health Effects Caused by Radiation of Handheld Unit
Antennas”, Period: Fall 1999 - Summer 2000, Special Topics, Graduation Date:
Summer 2000.

D.Feren, “Preliminary Design of a PCB for Monitoring the Beowulf Cluster”,
Period: Spring 2000 -Summer 2000, Special Topics.

R.Myers, “Benchmarking of a Beowulf Cluster Using LINUX with MPI/PVM
Interfaces”, Period: Fall 1999 - Fall 2000, Special Topics..

W.Frishe, “Development of GUIs for Commercial EM Simulators in Time-
Domain”, Period: Spring 1999 - Fall 2001, UROP.

R.Cicconetti, C.Pearson, B.Moudry and S.McCord, “Development of Monitoring
and Geometry Acquisition Tools and Parallelization of ATHENA Adaptive EM
Simulation Tool using a BEOWULF Cluster”, Period: Summer 1999 - Fall 2001,
Special Topics, Graduation Date: N/A.

S.0Owens, “Gridding and Modeling of a Novel Wideband Vialess CPW-to-Mstrip
Transition”, Period: Fall 2001, Special Topics, Graduation Date: Spring 2002.
S.Bassat, “Design Rules for the Minimization of Crosstalk for Finite-Ground
Microstrip Lines in Space Applications”, Period: Spring 2002 - Fall 2003, Special
Topics, Graduation Date: Fall 2003, President’s Undergraduate Research
Award (PURA) recipient, School of ECE Undergraduate Research 2nd
Place.

S.Kulkarni, “Study of Nonsymmetrical Coplanar Waveguides that Are Embedded
in Low-Resistivity Si Layers”, Period: Spring 2002 - Spring 2003, Special Topics,
Graduation Date: Spring 2003, President’s Undergraduate Research Award
(PURA) recipient.

J.Vickers, “Desigh and Modeling of LTCC Vertically-integrated Baluns in
Microstrip and CPW Configurations”, Period: Spring 2002 - Fall 2002, Special
Topics, Graduation Date: Fall 2002.

T.Cervantes, “Code Optimization for RF-MEMS Numerical Hubrid Simulators”,
Period: Fall 2002 -Spring 2003, Special Topics, Graduation Date: Fall 2003.
G.Schumann, Anya Traille, C.Sanders, B.-C.Nguyen, “Setup of a new anechoic
chamber up to 40 GHz/Modeling of Metamaterial-Based Circuits”, Period: Fall
2003-Spring 2004, Special Topics.

G.Doney, “Fabrication of 3D Metamaterial Structures”, Period: Spring 2005,
Special Topics.

22. A.Rida, “Modeling of Micromachined Monopole Antennas”, Period: Spring 2005-

23.

24.

25.

26.

Summer 2006, Special Topics, 2006 IEEE MTT-S Undergraduate/Pre-graduate
Scholarship Recipient.

L.Nisonov, “Modeling and Design of Metamaterial/Loaded Transmission Lines”,
Period: Spring 2005, Special Topics.

Q.Xu, “Development of RFID Antennas for Embedded Tire Applications”, Period:
Spring 2005, Special Topics.

A.Sharpe, “60GHz Filters Using 3D resonators in LTCC Technologies”, Period:
Spring 2005, Special Topics.

E.Tsai, “60GHz Yagi-Uda Antennas and Integration with Nanostructures”, Period:
Summer 2005 -Fall 2005, Special Topics.

27. T.Ferrer, “HF and UHF RFID Characterization”, Period: Fall 2005 - Fall 2006,

Special Topics, President’s Undergraduate Research Award (PURA)
recipient.
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28. F.Falcon, “RFID’s for Container Tracking Applications”, Period: Fall 2005 - Fall
2006, Special Topics.

29. M.Pichkhadze, “Authentication Algorithms for RFIDs”, Period: Spring 2007,
Special Topics.

30. D.Compston, “Modeling of Carbon-NanoTube Ultrasensitive Chemical Sensors”,
Period: Spring 2007-Fall 2007, Special Topics.

31. T.Thai, “Nanoengineering Thermal Solutions on Graphene”, Period: Fall 2006-
Fall 2007, Special Topics, President’s Undergraduate Research Award
(PURA) recipient, 2007 Georgia Tech School of ECE Undergraduate
Research Award recipient, 2007 IEEE MTT-S Undergraduate/Pre-graduate
Scholarship recipient, 2007 SAIC Student Paper Award recipient.

32. R.Moussounda, “Adhesives for Paper-Printed Electronics™, Period: Spring 2008-
Fall 2008, Special Topics.

33. J.Pan, “Compact RFID’s on Metallic Structures”, Period: Spring 2008, Special
Topics.

34. N.Gorheski, “Automotive Passive RFID’s with Enhanced Range”, Period: Spring
2008, Special Topics.

35. S.Travis, “Miniaturized Wideband/Dual-Band UHF Antennas”, Period: Fall 2007-
Spring 2008, Special Topics.

36. J.Ratner, “Nanotechnology and Plasmonis RF Applications”, Period: Fall 2008-
Spring 2009, Special Topics

37. Dora Ahbe, “Miniaturized Antennas for Smart-Skin Sensing Applications”, Period:
Spring 2011-Summer 2011, Diploma Visiting Student from TU Karlsruhe,
GERMANY

38. A Amaya, “Inkjet-printed CNT-based Wireless Sensors”, Period: Fall 2009-
Summer 2010, ORS/Special Topics, President’s Undergraduate Research
Award (PURA) recipient.

39. S.Palacios, “Conformal Automotive Radars”, Period: Fall 2009-Present, ORS/
Special Topics, President’s Undergraduate Research Award (PURA)
recipient, 2012 Georgia Tech School of ECE Undergraduate Research
Award recipient, 2012 Georgia Tech College of Engineering Undergraduate
Research Award recipient.

40. S.Y.Lee, “Inkjet-printed Antennas for Power scavenging applications”, Period:
Summer 2011-Present.

41. W.J.Hwang, “ Circuit design for doublers and scavenging modules”, Period”
Summer 2011-Present

42. R.Roca, “Inkjet-Printed CNT-based Gas Sensors”, Period: Fall 2010-Present,
GT-ORS, IEEE MTT-S Undergraduate/Pre-Graduate Fellowship

43. S.Elia, “Inkjet-Printed Integrated Wireless Sensor Modules”, Period: Summer
2011-2012, GT-ORS Student.

44, J.T.Brock, “Zero-Power Wireless Sensors”, Period: Fall 2011-2012.

45. S.Wilson, “Investigation of Chemical Mechanisms for the Ultrasensitive Gas
Detection”, Period: Summer 2011-2012, GT-ORS Student.

46. Aisha Jackson, “Sense for Cents”, Period: 2015-Present, GT-ORS Student

47. Emily Pitts, “Sense for Cents”, Period: 2015-Present, GT-ORS Student

48. Eric Rafalovsky, “Sense for Cents”, Period: 2015-Present, GT-ORS Student

49. Hans Webster, “Sense for Cents”, Period: 2015-Present, GT-ORS Student

lI.B: OTHER TEACHING ACTIVITIES
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1. Development of home pages for EE3310 [Electromagnetics 1], ECE3065
[Electromagnetic Applications] (http://www.ece.gatech.edu/ etentze/3065f08.html),
ECE4390 [Radar and Electromagnetic Sensing], ECE6261 [Numerical Methods for
Electromagnetics] and ECE6380 [Numerical Methods for Electromagnetics] (http//
www.ece.gatech.edu/ etentze/6380f08.html) Courses. Through the use of these home
pages (Summer 1998-Fall 2010), undergraduate and graduate students can obtain
previous homeworks and solutions, as well as important information concerning textbook
typos and deadlines. Additional examples have been added in .pdf format and an easy-
to-use Course Schedule is available.

2. Development of a Preliminary Graphical User Interface (GUI) for the full-wave FDTD
modeling of Transmission Lines, Filters and Antennas. This CAD tool could be used as a
means for a comprehensive demonstration and the visualization of high-frequency effect
in the semester format Electromagnetics courses (ECE3025 [Electromagnetics],
ECE3065 [Electromagnetic Applications]).

3. Development of a Beowulf Parallel-Processor Cluster with 8 dual nodes, that is
currently extended to 24 dual nodes. This cluster could be used as a testbed for the
demonstration of the principles of code parallelization for the simulations of complex
wireless structures (ECE6380 [Numerical Techniques for Electromagnetics])).

4. Development of a new senior-level course on RFID Technologies (ECE4803A) in
collaboration with Prof. Durgin. This proposal was approved from the Electromagnetics-
TIG and School of ECE and the course has been already taught twice (Spring 2009,
Spring 2010).

IV:SCHOLARLY ACCOMPLISHMENTS

IV.A: PUBLISHED BOOKS AND PARTS OF BOOKS

1. L.P.B.Katehi, J.F.Harvey and E.Tentzeris, “Time-Domain Analysis Using
Multiresolution Expansions”, Chapter in the book: Advances in Computational
Electrodynamics, edited by A.Taflove, pp.111-162, Artech House, 1998.

2. E.M.Tentzeris, “Numerical Techniques in RF and Microwave Design”, Section
for the Book: The RF and Microwave Handbook, edited by M.Golio,
pp.8.13-8.34, CRC Press, 2000.

3. J.Laskar, E.M.Tentzeris, J.Schutt-Aine and R.Tummala, “Fundamentals of RF
Packaging”, Chapter in the book: Fundamentals of Microsystems Packaging,
edited by R.Tummala, pp.500-541, McGraw- Hill, 2001.

4. E.M.Tentzeris, “Full-Wave Methods for the Analysis, Modeling and Design of RF
and Microwave Geometries”, Section for the Book: The RF/Microwave
Applications: Challenges and Solutions, edited by M.Golio, pp.18.1-18.32, CRC
Press, June 2003.

5. E.M.Tentzeris and N.Bushyager, “Electromagnetics: Time-Domain Techniques,”
Chapter for the Book: Encyclopedia of RF and Microwave Engineering, edited
by K.Chang, Wiley Eds., June 2004.

6. E.M.Tentzeris, K.Lim, S.Pinel and J.Laskar, “RF/Wireless Packaging,” Chapter
for the Book: Encyclopedia of RF and Microwave Engineering, edited by
K.Chang, Wiley Eds., June 2004.

7. J.Goswami, E.M.Tentzeris and N.Bushyager, “Application of Wavelets to
Electromagnetics,” Chapter for the Book: Encyclopedia of RF and Microwave
Engineering, edited by K.Chang, Wiley Eds., June 2004.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

E.M.Tentzeris and R.L.Li, “Wideband Antennas on Silicon,” Chapter for the
Book: The Silicon Heterostructure Handbook, edited by J.D.Cressler,
pp.1099-1118, Marcel-Dekker Eds., December 2005.

N.Bushyager and M.M.Tentzeris, “MRTD (MultiResolution Time-Domain)
Method in Electromagnetics”, Synthesis Lectures on Computational
Electromagnetics, Morgan and Claypool Editions, November 2005.
E.M.Tentzeris,L.Yang, A.Rida and S.Basat “RFID: Beyond the Basics”, Chapter
for the Book: RFID Applied, edited by J.Banks, D.Hanny, M.Pachano and
L.Thompson, pp.95-123, J.Wiley and Sons Eds., June 2007.
E.M.Tentzeris,L.Yang, A.Rida and S.Basat “RFID: Issues of Security and
Privacy”, Chapter for the Book: RFID Applied, edited by J.Banks, D.Hanny,
M.Pachano and L.Thompson, pp.269-296, J.Wiley and Sons Eds., June 2007.
J.-H.Lee and M.M.Tentzeris, “Three-Dimensional Integration and Modeling: A
Revolution in RF and Wireless Packaging”, Synthesis Lectures on
Computational Electromagnetics, Morgan and Claypool Editions, December
2007.

E.M.Tentzeris, “Numerical Techniques for the Analysis and Design of RF/
Microwave Structures”, Section for the Book: RF and Microwave Circuits,
Measurements and Modeling, edited by M.Golio, pp.28.1-28.34, CRC Press,
January 2008.

B.Pan, J.Papapolymerou and E.M.Tentzeris, “MEMS for Antennas”, Chapter for
the Book: Modern Antenna Handbook, edited by C.Balanis, pp.829-865, J.Wiley
and Sons Eds., July 2008.

M.M.Tentzeris, B.Pan and R.L.Li, “Multiband Planar Wire Antennas”, Chapter for
the Book: Multiband Integrated Antennas for 4G Terminals, edited by
D.Sanchez-Hernandez, pp.53-94, Artech House Eds., August 2008.
J.Papapolymerou, M.M.Tentzeris, J.Laskar and S.Bhattacharya, “Radio-
Frequency System-on-Package (RF SOP)”, Chapter for the Book: Introduction
to System-On-Package (SOP): Miniaturization of the Entire System, edited by
R.R.Tummala and M.Swaminathan, McGraw-Hill, August 2008.

S.Chakraborty, J.Laskar and E.M.Tentzeris, “Mixed-Signal Design and
Packaging of RF and Wireless Microsystems”, J.Wiley and Sons Eds., January
2009.

L.Yang, A.Rida and M.M.Tentzeris, “Design and Development of RFID’s and
RFID-enabled Sensors on Flexible Low-Cost Substrates”, Synthesis Lectures
on Computational Electromagnetics, Morgan and Claypool Editions, June 20089.
V.Lakafosis, R.Vyas and M.M.Tentzeris, “Enabling Localization Services in
Single- and Multihop Wireless Networks”, Chapter for the Book: Handbook on
Smart Antennas for RFID Systems, edited by N. Karmakar, Wiley Eds., July
2010.

A.Rida, L.Yang and M.M.Tentzeris, “RFID-Enabled Sensor Design and
Applications™”, Artech House Publishers, February 2010.

M.M.Tentzeris, L.Yang, A.Traille and A.Rida, “ “Green” Inkjet-Printed Wireless
Sensor Nodes on Low-Cost Paper, Liquid and Flexible Organic Substrates”,
Chapter for the Book: Electromagnetics and Network Theory and Their
Microwave Technology Applications: A Tribute to Peter Russer, edited by
S.Lindenmeier and R.Weigel, Springer Eds., July 2011.
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22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.
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296. R.Vyas, V.Lakafosis, M.M.Tentzeris, H.Nishimoto and Y.Kawahara, “A Battery-
less Wireless Mote for Scavenging Wireless Power at UHF (470-570 MHz)
Frequencies”, Procs. Of the 2011 IEEE Antenna and Propagation Symposium,
Spokane, WA, July 2011. Listed in CBS, NSF Homepage, MSNBC, CNN,
Discovery Channel, IEEE The Institute and 500+ top High-Tech sites as one
of the major technical inventions of the year

297. C.Occhiuzzi, A.Rida, G.Marrocco and M.M.Tentzeris, “Passive Ammonia
Sensor: RFID Tag Integrating Carbon Nanotubes”, Procs. Of the 2011 |IEEE
Antenna and Propagation Symposium, Spokane, WA, July 2011.

298.G.Orecchini, L.Yang, M.M.Tentzeris and L.Roselli “ “Smart Shoe”: An
Autonomous Inkjet-Printed RFID System Scavenging Walking Energy”, Procs.
Of the 2011 IEEE Antenna and Propagation Symposium, Spokane, WA, July
2011.

299.H.Lee, G.Shaker, K.Naishadham and M.M.Tentzeris, “A Novel Highly-Sensitive
Antenna-based “Smart Skin” Gas Sensor Utilizing Carbon Nanotubes and Inkjet
Printing”, Procs. Of the 2011 IEEE Antenna and Propagation Symposium,
Spokane, WA, July 2011. Best Student Paper Competition Honorable
Mention APS 2011
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300. X.Quan, R.LLi and M.M.Tentzeris, “A Novel Broadband Omni-Directional
Circularly Polarized Antenna for Mobile Communications”, Procs. Of the 2011
IEEE Antenna and Propagation Symposium, Spokane, WA, July 2011. Best
Student Paper Competition Honorable Mention APS 2011.

301. T.Zhang, M.M.Tentzeris and R.L.Li, “A Dual-Frequency Broadband Antenna for
Mobile Phone Applications”, Procs. Of the 2011 IEEE Antenna and Propagation
Symposium, Spokane, WA, July 2011.

302. A.Rida, S.Nikolaou and M.M.Tentzeris, “Design of Low-Cost Microstrip Antenna
Arrays for mm-Wave Applications”, Procs. Of the 2011 |[EEE Antenna and
Propagation Symposium, Spokane, WA, July 2011.

303. M.Marroncelli, D.Trinchero and M.M.Tentzeris, “ Paper-Based Inkjet-Printed
Text-Meandered UHF Resonant Antennas for RFID’s”, Procs. Of the 2011 URSI
General Assembly, Istanbul, TURKEY, August 2011.

304. A.Traille and M.M.Tentzeris, “Liquid RF Antennas, Electronics and Sensors: A
Modeling Challenge”, Procs. Of the 2011 URSI General Assembly, Istanbul,
TURKEY, August 2011. National Academy of Engineering (NAE) Travel Grant
Award.

305. S.Beck, S.T.Kim, K.Lim, M.M.Tentzeris, “A Multi-Band WCDMA SAW-less
Receiver with a Frequency Selective Feedback Loop”, Procs. 54th International
Midwest Symposium on Circuits and Systems (MWSCAS), Seoul, KOREA,
August 2011..

306. A.Rida, V.Lakafosis, R.Vyas, M.M.Tentzeris and S.Nikolaou, “Review of
Technologies for Low-Cost Integrated Sensors”, Procs. 2011 IEEE International
Conference on RFID Technologies and Applications (RFID-TA), pp.513-520,
Barcelona, SPAIN, September 2011.

307.X.Yi, TWu, G.Lantz, J.Cooper, C.Cho, Y.Wang, M.M.Tentzeris and R.T.Leon,
“Sensing Resolution and Measurement Range of a Passive Wireless Strain
Sensor”, Procs. 8™ International Workshop on Structural Health Monitoring,
Stanford, CA, September 2011. Best Student Paper Award

308. A.Traille, S.Bouaziz, H.Aubert, P.Pons and M.M.Tentzeris, “A Novel Wireless
Passive Temperature Sensor Utilizing Microfluidic Principles in Millimeter-Wave
Frequencies”, Procs. IEEE Sensors 2011 Conference, pp.524-525, Limerick,
IRELAND, October 2011.

309. V.Lakafosis, X.Yi, T.Le, E.Gebara, Y.Wang and M.M.Tentzeris, “ Wireless
Sensing with Smart Skins”, Invited Paper to the IEEE Sensors 2011
Conference, pp.623-626, Limerick, IRELAND, October 2011.

310. T.T.Thai, H.Aubert, P.Pons, R.Plana and M.M.Tentzeris, “A Newly Developed
Radio Frequency Wireless Passive Highly Sensitive Strain Transducer”, Procs.
IEEE Sensors 2011 Conference, pp.211-214, Limerick, IRELAND, October 2011.

311. A.Traille, S.Bouaziz, S.Pinon, P.Pons, H.Aubert, M.M.Tentzeris and
A.Boukabache, “A Wireless Temperature Sensor Using Liquid Metal and
Microfluidic Technologies”, Procs. European Microwave Week 2011,
Manchester, UK, October 2011.

312.G.Shaker, H.Lee, S.Safavi-Naeini and M.M.Tentzeris, “Printed Electronics for
Next Generation Wireless Devices”, Procs. 2011 Antennas and Propagation
Conference (LAPC 2011), Loughborough, UK, November 2011.

313. F.Ciuppi, A.Georgiadis, S.Via, A.Collado, R.Vyas, M.M.Tentzeris and M.Bozzi,
“A 927 MHz Solar Powered Active Antenna Oscillator Beacon Signal
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Generator”, Procs. 2012 IEEE Conference on Wireless Sensors and Sensor
Networks (WiSNeT 2012), Santa Clara, CA, January 2012. Best Student Paper
Award Finalist

314.Le, Taoran; Lakafosis, Vasileios; Lin, Ziyin; Wong, C. P.; Tentzeris, M. M.; ,
"Inkjet-printed graphene-based wireless gas sensor modules,” Procs. 2012 IEEE
Electronic Components and Technology Conference (ECTC), pp.1003-1007,
June 2012, San Diego, CA.

315.A.Georgiadis, A.Collado, S.Kim, H.Lee and M.M.Tentzeris, “UHF solar powered
active oscillator antenna on low cost flexible substrate for wireless identification
applications”, Procs. 2012 IEEE International Microwave Symposium, pp.1-3,
June 2012, Montreal, CANADA.

316.H.Lee, S.Kim, D.De Donno and M.M.Tentzeris, “A novel “Universal” inkjet-
printed EBG-backed flexible RFID for rugged on-body and metal mounted
applications”, Procs. 2012 IEEE International Microwave Symposium, pp.1-3,
June 2012, Montreal CANADA. Best Student Paper Finalist

317.R.Vyas, H.Nishimoto, M.M.Tentzeris, Y.Kawahara and T.Asami, “A battery-less,
energy harvesting device for long range scavenging of wireless power from
terrestrial TV broadcasts”, Procs. 2012 IEEE Internatinal Microwave Symposium
, pp-1-3, June 2012, Montreal, CANADA. Best Student Paper Finalist

318.S.Kim, M.M.Tentzeris, G.Jin, S.Nikolaou, "'Inkjet Printed Ultra Wideband Spiral
Antenna Using Integrated Balun on Liquid Crystal Polymer (LCP)", Procs. 2012
IEEE International Symposium on Antennas and Propagation, pp.1-2, July 2012,
Chicago, IL.

319.H.Lee, F.Bush, M.M.Tentzeris and G.Shaker, "'Inkjet-Printed Cylindrical EBG
for Low-Cost Omnidirectional Antennas Using Split-Ring Resonators”, Procs.
2012 IEEE International Symposium on Antennas and Propagation, pp.1-2, July
2012, Chicago, IL.

320.H.Lee, M.M.Tentzeris and J.Geiger, "‘Flexible Spiral Antenna with Microstrip
Tapered Infinite Balun for Wearable Applications”, Procs. 2012 IEEE
International Symposium on Antennas and Propagation, pp.1-2, July 2012,
Chicago, IL.

321.S.Kim, M.M.Tentzeris, S.Nikolaou, '‘Wearable Biomonitoring Monople
Antennas Using Inkjet Printed Electromagnetic Band gap Structures"”, Procs.
2012 IEEE International Symposium on Antennas and Propagation, pp.1-2, July
2012, Chicago, IL.

322.S Palacios, S.Kim, S.Elia, A.Rida, M.M.Tentzeris and S.Nikolaou, "'Inkjet-
Printed Planar Antenna for a Wireless Sensor on Paper Operating at WiFi
Frequencies", Procs. 2012 IEEE International Symposium on Antennas and
Propagation, pp.1-2, July 2012, Chicago, IL.

323.D.DeDonno, L.Tarricone, V.Lakafosis and M.M.Tentzeris, ‘"Multipacket
Reception MAC Schemes for the RFID EPC Gen2 Protocol”, Procs. 2012
International Symposium on Wireless Communication Systems (ISWCS),
pp-311-315, August 2012, Paris, FRANCE.
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324.H.Lee, M.M.Tentzeris, Y.Kawahara and A.Georgiadis, ""Novel Inkjet-Printed
Ferromagnetic-Based Solutions for Miniaturized Wireless Power Transfer (WPT)
Inductors and Antennas", Procs.2012 International Symposium on Antennas and
Propagation (ISAP), pp.14-17, October 2012, JAPAN.

325.T.Le, Vlakafosis, Z.Lin, M.M.Tentzeris and C.P.Wong, “A Novel Graphene-
Based Inkjet-Printed WISP-Enabled Gas Sensor”, Procs. 2012 European
Microwave Conference, Amsterdam, NETHERLANDS, November 2012._Listed
among Best Conference Papers.

326.R.Moro, M.Bozzi, S.Kim and M.M.Tentzeris, “Substrate Integrated Waveguide
Components in Paper-Based Inkjet-Printed Technologies”, Procs. 2012
European Microwave Conference, Amsterdam, NETHERLANDS, November
2012._Listed among Best Conference Papers.

327.R.Shigeta, T.Sasaki, D.M.Quan, Y.Kawahara, R.Vyas, M.Tentzeris and T.Asami,
“Ambient RF Energy Harvesting Sensor Node with Capacitor-Leakage-Aware
Duty Cycle Control”, Procs. 2012 IEEE Sensors Conference, Taipei, TAIWAN,
November 2012._Second Best Paper Award Prize

328.T.Le, T.Thai, V.Lakafosis, M.Tentzeris, Z.Lin, Y.Fang, K.Sandhage, C.P.Wong,
““Graphene-Enhanced Wireless Sensors", Procs. 2012 IEEE Sensors
Conference, pp.1-4, Taipei, TAIWAN, November 2012.

329.J.R.Cooper and M.M.Tentzeris, “Novel “Smart-Cube” Wireless Sensors with
Embedded Processing/Communication/Power Core for “Smart Skin”
Applications", Procs. 2012 IEEE Sensors Conference, pp.1-4, Taipei, TAIWAN,
November 2012,

330.J.Virkki, J.Virtanen, L.Sydanheimo, L.Ukkonen and M.Tentzeris, ~*'Embedding
Inkjet-Printed Antennas into Plywood Structures for Identification and Sensing",
Procs. 2012 IEEE International Conference on RFID Technologies and
Applications (RFID-TA), pp.34-39, Nice, FRANCE, November 2012.

331.H.Aubert, F.Chebila, M.Jatlaoui, T.Thai, H.Hallil, A.Traille, S.Bouaziz, A.Rifai,
P.Pons, P.Menini and M.Tentzeris, ~Wireless Sensing and Identification of
Passive Electromagnetic Sensors based on Milimeter-Wave FMCW Radar",
Procs. 2012 IEEE International Conference on RFID Technologies and
Applications (RFID-TA), pp.398-403, Nice, FRANCE, November 2012.

332.L.Aluigi, T.T.Thai, M.M.Tentzeris, L.Roselli, F.Alimenti, ““Heterogeneous
Integration of Flexible Substrate Spiral Antennas and Silicon Chips by Magnetic
Coupling", Procs. 2012 Asia-Pacific Microwave Conference, pp.848-850,
TAIWAN, December 2012.

333.C.Mariotti, V.Lakafosis, M.M.Tentzeris and L.Roselli, " An IPv6-enabled Wireless
Shoe-Mounted Platform for Health Monitoring", Procs. 2013 |EEE Topical
Conference on Wireless Sensors and Sensor Networks (WiSNet), pp.46-48,
Austin, TX, January 2013. Invited Paper

334.L.Aluigi, T.T.Trang, M.M.Tentzeris, L.Roselli and F.Alimenti, ~"Chip-to-Package
Wireless Power Transfer and its Application to mm-Wave Antennas and
Monolithic Radiometric Receivers", Procs. 2013 IEEE Radio and Wireless
Symposium (RWS), pp.202-204, Austin, TX, January 2013.

335.Y.Kawahara, W.Wei, Y.Narusue, R.Shigeta, T.Asami and M.M.Tentzeris,
“Virtualizing Power Cords by Wireless Power Transmission and Energy
Harvesting", Procs. 2013 IEEE Radio and Wireless Symposium (RWS),
pp.37-39, Austin, TX, January 2013.
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336.T.Bjorninen, J.Virkki, J.Virtanen, L.Sydanheimo, L.Ukkonen and M.M.Tentzeris,
““Inkjet-Printing and Performance Evaluation of UHF RFID Tag Antennas on
Renewable Materials with Porous Surfaces", Procs. 2013 European Conference
on Antennas and Propagation (EuCAP), pp.1721-1725, SWEDEN, March 2013.

337.H.Aubert, P.Pons and M.M.Tentzeris, ~"Wireless Remote Sensing Based on
Radar Cross Section Variability Measurement of Passive Electromagnetic
Sensors", Procs. 2013 European Conference on Antennas and Propagation
(EuCAP), pp.1714-1717, SWEDEN, March 2013.

338.5.Kim, R.Moro, M.Bozzi, S.Nikolaou and M.M.Tentzeris, *"Inkjet-Printed
Wearable Microwave Components for Biomedical Applications", Procs. 2013
European Conference on Antennas and Propagation (EuCAP), pp.1714-1717,
SWEDEN, March 2013.

339.0.Jonah, S.V.Georgakopoulos and M.M.Tentzeris, ~"Wireless Power Transfer to
Mobile Wearable Devices via Magnetic Resonance", Procs. 2013 IEEE Wireless
and Microwave Technology Conference (WAMICON), pp.1714-1717, Orlando,
FL, April 2013.

340.A.Vena, E.Moradi, K.Koski, A.A.Babar, L.Sydanheimo, L.Ukkonen and
M.M.Tentzeris, "'Design and Realization of Stretchable Sewn Chipless RFID
Tags and Sensors for Wearable Applications", Procs. 2013 IEEE International
Conference on RFID, pp.176-183, Orlando, FL, pp.176-183, April 2013.

341. O.Jonah, S.V.Georgakopoulos and M.M.Tentzeris, ' Orientation-Insensitive
Power Transfer by Magnetic Resonance in Mobile Devices", Procs. 2013 IEEE
Wireless Power Transfer Conference (WPTC), pp., Perugia, ITALY, May 2013.
Second Best Paper Award

342.T.Le, Z.Lin, C.PWong and M.M.Tentzeris, “"Novel Enhancement Techniques for
Ultra-High-Performance Conformal Wireless Sensors and "Smart Skins" Utilizing
Inkjet-Printed Graphene", Procs. 2013 IEEE Conference on Electronic
Components and Technology (ECTC), pp.1640-1643, Las Vegas, NV, May 2013.

343.B.S.Cook, J.R.Cooper, S.Kim and M.M.Tentzeris, A Novel Inkjet-Printed
Passive Microfluidic RFID-Based Sensing Platform"”, Procs. 2013 IEEE
International Microwave Symposium (IMS), pp., Seattle, WA, June 2013.

344.S.Kim, B.Cook, J.Cooper, A.Traille, A.Georgiadis, H.Aubert and M.M.Tentzeris,
A Novel Dual-Band Retrodirective Reflector Array on Paper Utilizing Substrate
Integrated Waveguide (SIW) and Inkjet Printing Technologies for Chipless RFID
Tag and Sensor Applications”, Procs. 2013 IEEE International Microwave
Symposium (IMS), pp., Seattle, WA, June 2013.

345.R.Vyas, B.Cook, Y.Kawahara and M.M.Tentzeris, "“A Self-sustaining
Autonomous Wireless Sensor Beacon Powered from Long-Range Ambient RF
Energy", Procs. 2013 |IEEE International Microwave Symposium (IMS), pp.,
Seattle, WA, June 2013.

346.R.De Paolis, T.Le, F.Coccetti, G.Monti, L.Tarricone and M.M.Tentzeris, A Novel
Circuit Model of Nanotechnology-Enabled Inkjet-Printed Gas Sensors Using
Multi-Wall Carbon Nanotubes", Procs. 2013 |EEE International Microwave
Symposium (IMS), pp., Seattle, WA, June 2013.

347.S.Kim, Y.Kawahara, A.Georgiadis, A.Collado and M.M.Tentzeris, ~Low-Cost
Inkjet-Printed Fully Passive RFID Tags Using Metamaterial-inspired Antennas
for Capacitive Sensing Applications", Procs. 2013 IEEE International Microwave
Symposium (IMS), pp., Seattle, WA, June 2013.
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348.A.Rifai, E.Debourg, S.Bouaziz, A.Traille, P.Pons, H.Aubert and M.M.Tentzeris,
“Wireless Chipless Passive Microfluidic Temperature Sensor", Procs. 2013
International Conference on Transducers and Eurosensors, pp.1024-1027,
Barcelona, SPAIN, June 2013.

349.W.Su, B.Cook, M.Tentzeris, C.Mariotti and L.Roselli, "A Novel Inkjet-Printed
Microfluidic Tunable Coplanar Patch Antenna", Procs. 2014 IEEE Antennas and
Propagation International Symposium (APS), pp.858-859, Memphis, TN, July
2014.

350.P.Pons, H.Aubert and M.Tentzeris, "Overview of electromagnetic transducers
with radar interrogation for passive wireless sensors applications"”, Procs. 2014
20th International Conference on Microwaves, Radar, and Wireless
Communication (MIKON), pp.1-3, Gdansk, POLAND, June 2014.

351.8.Yao, X.Liu, S.V.Georgakopoulos and M.M.Tentzeris, "A novel reconfigurable
origami spring antenna', Procs. 2014 |EEE Antennas and Propagation
International Symposium (APS), pp.374-375, Memphis, TN, July 2014.

352.A.Traille, S.Kim, A.Coustou, H.Aubert and M.M.Tentzeris, "A conformal/rollable
monolithic miniaturized ultra-portable ground penetrating radar using additive
and inkjet printing", Procs. 2014 |IEEE MTT-S International Microwave
Symposium (IMS), pp.1-4, Tampa Bay, FL, June 2014.

353.A.Traille, A.Coustou, H.Aubert, S.Kim, J.Kimionis, M.M.Tentzeris, A.Georgiadis,
A.Collado, "Novel Inkjet Printed Modules for Sensing, Radar and Energy
Harvesting Applications", Procs. 2014 44th European Microwave Conference
(EuMC), pp.1-4, Paris, FRANCE, October 2014.

354.S.Jang, S.Kim and M.M.Tentzeris, "Low-cost flexible RFID tag for on-metal
applications", Procs. 2014 IEEE Antennas and Propagation International
Symposium (APS), pp.1298-1299, Memphis, TN, July 2014.

355.S.Yao, S.V.Georgakopoulos, B.Cook and M.M.Tentzeris, "A novel reconfigurable
origami accordion antenna", Procs. 2014 IEEE MTT-S International Microwave
Symposium (IMS), pp.1-4, Tampa Bay, FL, June 2014.

356.X.Liu, S.Yao, S.V.Georgakopoulos, B.S.Cook and M.M.Tentzeris,
"Reconfigurable helical antenna based on an origami structure for wireless
communication system", Procs. 2014 IEEE MTT-S International Microwave
Symposium (IMS), pp.1-4, Tampa Bay, FL, June 2014.

357.C.Mariotti, L.Aluigi, T.T.Thai, F.Alimenti, L.Roselli and M.M.Tentzeris, "A fully
inkjet-printed 3D transformer balun for conformal and rollable microwave
applications", Procs. 2014 I|EEE Antennas and Propagation International
Symposium (APS), pp.330-331, Memphis, TN, July 2014.

358.S5.Kim, H.Aubert and M.M.Tentzeris, "An inkjet-printed flexible broadband
coupler in substrate integrated waveguide (SIW) technology for sensing, RFID
and communication applications", Procs. 2014 IEEE MTT-S Microwave
Symposium (IMS), pp.1-4, Tampa Bay, FL, June 2014.

359.D.Daerhan, O.Jonah, H.Hu, S.V.Georgakopoulos and M.M.Tentzeris, "Novel
highly-efficient and misalignment insensitive wireless power transfer systems
utilizing Strongly Coupled Magnetic Resonance principles", Procs. 2014 IEEE
64th Electronic Components and Technology Conference (ECTC), pp.759-762,
Orlando, FL, May 2014.

360.S.Kim, T.Le, M.M.Tentzeris, A.Harrabi, A.Collado and A.Georgiadis, "An RFID-
enabled inkjet-printed soil moisture sensor on paper for “smart” agricultural

EX1047 - Page 424



applications", Procs. 2014 IEEE Sensors Conference, pp.1507-1510, Valencia,
SPAIN, November 2014.

361.J.Bito, B.Tehrani, B.Cook and M.Tentzeris, "Fully inkjet-printed multilayer
microstrip patch antenna for Ku-band applications", Procs. 2014 IEEE Antennas
and Propagation International Symposium (APS), pp.854-855, Memphis, TN,
July 2014.

362.R.J.Vyas, J.Bito, S.Kim and M.M.Tentzeris, "Harvesting wireless signals from
two-way talk-radios to power smart meters and displays", Procs. 2014 IEEE
MTT-S International Microwave Symposium (IMS), pp.1-4, Tampa Bay, FL, June
2014.

363.H.Saghlatoon, L.Sydanheimo, L.Ukkonen and M.M.Tentzeris, "Optimized RF/
microwave antennas and circuits on low-cost fibrous substrates using inkjet-
printing technology”, Procs. 2014 IEEE Antennas and Propagation International
Symposium (APS), pp.322-323, Memphis, TN, July 2014.

364.M.Yoo, S.Lim and M.Tentzeris, "Flexible inkjet-printed metamaterial paper
absorber", Procs. 2014 IEEE Antennas and Propagation International
Symposium (APS), pp.2060-2061, Memphis, TN, July 2014.

365.J.Kimionis, M.M.Tentzeris and S.Nikolaou, "Inkjet-printed UHF RFID folded
dipole antennas for remote sensing applications", Procs. 2014 IEEE Antennas
and Propagation International Symposium (APS), pp.332-333, Memphis, TN,
July 2014.

366.A.Traille, A.Coustou, H.Aubert, S.Kim and M.M.Tentzeris, "A Technology for fully
printable and rollable ground penetrating radar (GPR) systems", Procs. 2014
IEEE Antennas and Propagation International Symposium (APS), pp.334-335,
Memphis, TN, July 2014.

367.J.Kimionis, A.Georgiadis, S.Kim, A.Collado, K.Niotaki and M.M.Tentzeris, "An
enhanced-range RFID tag using an ambient energy powered reflection
amplifier", Procs. 2014 |IEEE MTT-S International Microwave Symposium (IMS),
pp.1-4, Tampa Bay, FL, June 2014.

368.Y.-H.Di, X.-Y.Liu and M.M.Tentzeris, "A conformable dual-band antenna
equipped with AMC for WBAN applications", Procs. 2014 3rd Asia-Paciic
Conference on Antennas and Propagation (APCAP), pp.388-391, Harbin,
CHINA, July 2014.

369.X.Liu, S.Yao, S.V.Georgakopoulos and M.Tentzeris, "Origami Quadrifilar Helix
Antenna in UHF band", Procs. 2014 IEEE Antennas and Propagation
International Symposium (APS), pp.372-373, Memphis, TN, July 2014..

370.J.Bito, S.Kim, M.Tentzeris and S.Nikolaou, "Ambient energy harvesting from 2-
way talk-radio signals for “smart” meter and display applications", Procs. 2014
IEEE Antennas and Propagation International Symposium (APS), pp.1353-1354,
Memphis, TN, July 2014.

371.M.Hasani, A.Vena, L.Sydanheimo, L.Ukkonen and M.M.Tentzeris, "A novel
RFID-enabled strain sensor using the double power measurement technique”,
Procs. 2014 IEEE MTT-S International Microwave Symposium (IMS), pp.1-4,
Tampa Bay, FL, June 2014.

372.B.Tehrani, B.Cook, J.Cooper and M.Tentzeris, "Inkjet printing of a wideband,
high gain mm-Wave Vivaldi antenna on a flexible organic substrate", Procs.
2014 |IEEE Antennas and Propagation International Symposium (APS),
pp-320-321, Memphis, TN, July 2014.
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373.Y.He, Z.Pan, J.Yang, G.Sun and M.M.Tentzeris, "Effect of feeder cable's phase
tolerance on the first sidelobe level of base station antenna", Procs. 2014
International Wireless Communications and Mobile Computing Conference
(IWCMC), pp.1022-1026, Nicosia, CYPRUS, August 2014.

374.R.Goncalves, J.Hester, N.Carvalho, P.Pinho and M.Tentzeris, "Passive sensors
for food quality monitoring and counterfeiting”", Procs. 2014 IEEE Sensors
Conference, pp.1511-1514, Valencia, SPAIN, November 2014.

375.A.Vena, M.Tedjini, T.Bjorninen, L.Sydanheimo, L.Ukkonen and M.M.Tentzeris, "A
novel inkjet-printed wireless chipless strain and crack sensor on flexible
laminates", Procs. 2014 IEEE Antennas and Propagation International
Symposium (APS), pp.1294-1295, Memphis, TN, July 2014.

376.S.-H.Zheng, X.-Y.Liu and M.M.Tentzeris, "A novel optically controlled
reconfigurable antenna for cognitive radio systems", Procs. 2014 IEEE Antennas
and Propagation International Symposium (APS), pp.1246-1247, Memphis, TN,
July 2014.

377.B.K.Tehrani, J.Bito, B.S.Cook and M.M.Tentzeris, "Fully inkjet-printed multilayer
microstrip and T-resonator structures for the RF characterization of printable
materials and interconnects", Procs. 2014 IEEE MTT-S International Microwave
Symposium (IMS), pp.1-4, Tampa Bay, FL, June 2014.

378.A.Vena, L.Sydanheimo, L.Ukkonen and M.M.Tentzeris, "A fully inkjet-printed
chipless RFID gas and temperature sensor on paper", Procs. 2014 IEEE RFID
Technology and Applications Conference (RFID-TA), pp.115-120, Tampere,
FINLAND, September 2014.

379.S.Kim, M.M.Tentzeris and H.Aubert, "An inkjet-printed flexible broadband
multilayer SIW coupler for antenna array systems", Procs. 2014 IEEE Antennas
and Propagation International Symposium (APS), pp.324-325, Memphis, TN,
July 2014.

380.B.S.Cook, C.Mariotti, J.R.Cooper, D.Revier, B.K.Tehrani, L.Aluigi, L.Roselli and
M.M.Tentzeris, "Inkjet-printed, vertically-integrated, high-performance inductors
and transformers on flexible LCP substrate", Procs.2014 IEEE MTT-S
International Microwave Symposium (IMS), pp.1-4, Tampa Bay, FL, June 2014.

381.W.Su, C.Mariotti, B.S.Cook, S.Lim, L.Roselli and M.M.Tentzeris, "A
metamaterial-inspired temperature stable inkjet-printed microfluidic-tunable
bandstop filter", Procs. 2014 44th European Microwave Conference (EuMC),
pp.9-12, Rome, ITALY, October 2014.

382.J.Kimionis and M.M.Tentzeris, "RF tag front-end design for uncompromised
communication and harvesting", Procs. 2014 |IEEE RFID Technology and
Applications Conference (RFID-TA), pp.109-114, Tampere, FINLAND,
September 2014. Best Student Paper Award

383.S.Yao, X.Liu, S.V.Georgakopoulos and M.M.Tentzeris, "A novel tunable origami
accordion antenna", Procs. 2014 |IEEE Antennas and Propagation International
Symposium (APS), pp.370-371, Memphis, TN, July 2014.

384.A.Traille, A.Georgiadis, A.Collado, Y.Kawahara, H.Aubert and M.M.Tentzeris,
"Inkjet-printed “Zero-Power” wireless sensor and power management nodes for
loT and “Smart Skin” applications", Procs. 2014 XXXIth URSI General Assembly
and Scientific Symposium (URSI GASS), pp.1-4, August 2014.

385.K.Niotaki, S.Kim, F.Giuppi, A.Collado, A.Georgiadis and M.M.Tentzeris,
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Phased Antenna Arrays with Integrated Microfluidic Cooling Channels for 5G/
mmWave System-on-Package Designs”, Procs. of the 2023 IEEE International
Microwave Symposium (IMS), San Diego, CA, June 2023.

562.M.Joshi, C.A.Lynch Ill, G.Soto-Valle, A.Adeyeye, R.Bahr and M.M.Tentzeris,
“Machine Learning-Enhanced Gyro mmID-Sensor for Virtual Reality and Motion
Tracking Applications”, accepted for presentation to European Microwave Week
(EuMW) 2023, Berlin, GERMANY, September 2023.

IV.C: OTHER PUBLICATIONS

1. E.Tentzeris, N.Dib, L.P.B.Katehi, J.Oswald and P.Siegel, “Modeling of Diode
Mounting Structures Using the Finite Difference Time-Domain Method”, Proc. of
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the 1994 International Union of Radio Science (URSI) Symposium, p.277,
Seattle, WA, June 1994,

K.Goverdhanam, E.Tentzeris and L.P.B.Katehi, “Macromodeling of Circuit
Components for High-Frequency Applications”, Proc. of the 1995 URSI
Symposium, p.361, Newport Beach, CA, June 1995.

J.-G.Yook, E.Tentzeris and L.P.B.Katehi, “Parallelization of the Finite Difference
Time-Domain Code on Shared Memory Machine™, Proc. of the 1996 Progress in
Electromagnetics Research Symposium (PIERS), p.85, Innsbruck, AUSTRIA,
July 1996.

G.E.Ponchak, E.Tentzeris and L.P.B.Katehi, “Finite Ground Coplanar (FGC)
Waveguide: A Better Transmission Line”, Proc. of the 1998 PIERS Symposium,
p.86, Nantes, FRANCE, October 1998.

E.M.Tentzeris, D.Staiculescu, N.G.Cafaro and J.Laskar, “Design and
Optimization of Novel RF Packaging Structures Using Multiresolution and
Statistical Schemes”, Invited Paper in the 2000 PIERS Symposium, p.384,
Boston, MA, July 2000.

N.Bushyager, B.McGarvey and E.M.Tentzeris, “Modeling of Photonic Bandgap
(PBG) Devices Using MRTD Adaptive Schemes”, Invited Paper in the 2000
PIERS Symposium, p.58, Boston, MA, July 2000.

D.Staiculescu, J.Laskar and E.M.Tentzeris, “Flip-Chip vs. Wirebond”, Printed
Circuit Design Magazine, pp.12-16, June 2002.

M.M.Tentzeris, R.Vyas, V.Lakafosis, T.Le, A.Rida and S.Kim, “Conformal 2D/3D
Wireless Modules Utilizing Inkjet Printing and Nanotechnology”, Cover Story in
the Microwave Magazine, February 2012.

IV.D: PRESENTATIONS (Selected)

1.

2.

Invited Presentation in theWorkshop: “Multiresolution Techniques in
Electromagnetics” in the 1998 IEEE AP-S Conference, Atlanta, GA, June 1998.
Invited Presentation in the Workshop: “Novel Full-Wave Techniques for HF
Circuit Analysis” in the 1999 IEEE IMS (MTT-S) Conference, Anaheim, CA, June
1999.

Invited Presentation in the Workshop: “Time-Domain Techniques for Radiation
Problems” in the 1999 AP-S Conference, Orlando, FL, July 1999.

Invited Presentation in the Short Course: “RF Packaging State-of-the-Art” in the
2000 NEPCONWest Conference, Anaheim, CA, March 2000.

Invited Presentations in the Workshops: “Novel Techniques for RF Packaging
Design” in the 2000 IEEE-CPMT Conference, Las Vegas, NV, May 2000, 2001
IEEE-CPMT Conference, Orlando, FL, May 2001, 2002 IEEE-CPMT Conference,
San Diego, CA, May 2002, 2003 IEEE-CPMT Conference, New Orleans, LA,
May 2003 and 2004 IEEE-CPMT Conference, Las Vegas, NV, June 2004.

Invited Presentation in theWorkshop: “Time-Domain Techniques for the Design of
RF Circuits” in the 2000 IEEE IMS (MTT-S) Conference, Boston, MA, June 2000.
Invited Presentations at the National Technical University Athens, Greece in July
2000 (“Wavelets and Electromagnetics”) and October 2001 (“RF
Packaging:Challenges and Future™).

Invited Presentation in the Workshop: “High-Density/Multilayer RF Interconnects”
in the 2001 IEEE IMS (MTT-S) Conference, Phoenix, AZ, May 2001.
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10.

11.

12.
13.
14.
15.
16.
17.
18.

19.
20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Invited Presentation at Tokyo University of Technology, Tokyo, Japan (“RF
Packaging Solutions for Wireless Communication Systems”), August 2001.
Yamacraw Invited Speaker at Georgia Southern University (“Broadband Wireless
Access Hardware”), October 2001.

Invited Presentation at Ferdinand-Braun Institut, Berlin, Germany, (“Multigridding
Approaches for the Modeling and Optimization of Vertically Integrated RF
Modules”), July 2002.

Invited Presentation at IMEC Research Center, Leuven, Belgium, (“Challenges in
RF/Wireless Packaging”), July 2002.

Invited Presentation at Tsinghua University, Beijing, China, (“Novel Solutions for
RF/Wireless Multilayer Transceivers”), August 2002.

Invited Presentation at the Technical University of Munich, Germany, April 2003.
Invited Presentation at University of lllinois, Urbana Champaign, IL, April 2003.
Invited Presentation in the Workshop: “Concurrent EM, Mechanical and Thermal
Modeling of RF MEMS” in the 2003 IEEE IMS (MTT-S) Conference, Philadelphia,
PA, June 2003.

Invited Presentation in the Workshop: “Active and Integrated Antennas” in the
2003 IEEE IMS (MTT-S) Conference, Philadelphia, PA, June 2003.

Invited Presentation at ASME INTERPACK 2003 Symposium, Maui, HI, July
2003.

Invited Presentation to the NEC Headquarters, Kansai, Japan, August 2003.
Invited Presentation to the National Semiconductor Headquarters, San Jose, CA,
August 2003.

Invited Presentation to the Siemens Headquarters, Munich, Germany, (“RF/WiFi/
mm-wave Modules: 3D Solutions and Materials”), August 2003.

Invited Presentation at the School of Physics, National University of Athens,
Greece, (“RF/Wireless Integration: Challenges of the Future”), March 2004.
Invited Panelist at the 2004 Tl System Hardware Design Symposium and
Exhibition, Dallas, TX, May 2004.

Invited Presentation in the Workshop: “Active and Integrated Antennas” in the
2004 IEEE IMS (MTT-S) Conference, Fort Worth, TX, June 2004.

Invited Presentation at the Electrochemical Society Meeting in Honolulu, HI,
October 2004.

Invited Presentations to National Semiconductor, Motorola, Tl, Infineon, Siemens
in 2005-2006.

Invited Presentation at UCLA WINMEC Conference, LA, CA, (“Fully Integrated
and Packaged RFID’s for Health-Related Applications”), October 2006.

Invited Presentation at the University of lllinois, Urbana-Champaign, IL, (“3D RF
Integration and Packaging Using Conformal Organics”), October 2006.

Invited Presentation to the 3M Research Headquarters, Minneapolis, MN,
(“Paper-Printed RFID and Wireless Sensors”), November 2006.

Invited Presentation to the AAPA Port Operation, Safety and Information
Technology Seminar, Jacksonville, FL, (“RFID andWireless Modules: Challenges
for Port-Authority Applications™), April 2007.

Invited Presentation at the Symposium in Honor of Prof. W.J.R.Hoefer, (“State-
of-the-Art of RF/Wireless Packaging”), Technical University of Munich,
GERMANY, May 2007.
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41

42.

43.
44.

45.
46.
47.
48.
49.
50.

51.
52.

53.
54.

55.

56.

Invited External PhD Committee “Challenging Member”/ Invited Presentation
(“State-of-the-Art of RF/Wireless Paper-printed Electronics”), Mid-Sweden
University, Sundsvall, SWEDEN, May 2007.

Invited Presentation in the Workshop: “RFID and Printed Electronics” in the 2007
IEEE IMS (MTT-S) Conference, Honolulu, HI, June 2007.

Invited Presentation at IEEE PIMRC2007, Athens, GREECE, (“RF
Reconfigurable Fully-Packaged Modules for Telecom, Multimedia and Sensing
Applications”), September 2007.

Invited Presentation at IEEE Eurasia RFID, Istanbul, TURKEY, (“Global ltem
Tracking Using RFID’s”), September 2007.

Invited Presentation at National Technical University of Athens, GREECE,
(“Paper-Based RF Electronics”), December 2007.

Invited Presentation at Ain Shams University, Cairo, EGYPT, (“Flexible Wireless
Sensors”), May 2008.

Invited Presentation at |IEEE COMCAS Meeting, Tel Aviv, (“Paper-based
Wearable Sensors”), May 2008.

Invited Presentation at Port of Savannah E-Tag Roundtable, Savannah, GA,
(“RFID’s in a Globalized Port Environment”), June 2008.

Invited Presentation at MEMSWAVE Conference, Iraklion, GREECE, (“Paper:
The Solution for Ubiquitous Wireless Sensors?”), July 2008.

. Invited Presentation at LAAS 50th Anniversary Conference, Toulouse, FRANCE,

(”Inkjet-Printed Electronics and Power Scavenging: The Path for
Environmentally-Friendly Cognitive Intelligence”), October 2008.

Invited Presentation at IEEE ISAP Symposium, Taipei, Taiwan, (“Wearable
Conformal Wireless Sensor Modules”), October 2008.

Invited Presentation at USNC/URSI 2009 Meeting, Boulder, CO, January 2009.
Invited Presentation at IEEE RAWCON 2009 Conference, San Diego, CA,
January 2009.

Invited Presentation at the University of Perugia, Perugia, Italy, March 2009.
Invited Presentation at Pischiello Research Center, Pischiello, Italy, March 2009.
Invited Presentation at EU Comission, Brussels, Belgium, March 2009.

Invited Presentation at IEEE RFID 2009, Orlando, FL, April 2009.

Invited Presentation at National Semiconductors (NSC), Norcross, GA, May
2009.

Invited Presentation at Dublin Institute of Technology (DIT), Dublin, Ireland, June
2009.

Invited Presentation at Heriott-Watt University, Edinburgh, June 2009.

Invited Presentation at IEEE Geoscience and Remote Sensing Conference 2009
(IGARSS), Cape Town, July 20089.

Invited Presentation at University of Galway, Galway, Ireland, July 2009.

Invited Presentation at e-Democracy Conference 2009, Athens, Greece,
September 2009.

Invited Presentation at COST IC803 Action Meeting, Athens, Greece, October
2009.

Invited Presentations at CSIRO/ICT Centre, Sydney, Australia; University of New
South Wales, Sydney, Australia; Macquarie University/[EEE New South Wales
Section, Sydney, Australia; Monash University, Melbourne, Australia, October
2009.
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57.

58.

59.

60.
61.

62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.

74.
75.

76.

77.

78.
79.

80.

81.

82.

83.

84.

85.

Invited Presentation at the |IEEE Sensors 2009 Conference, Christchurch, New
Zealand, October 2009.

Invited Presentations at National University of Singapore (N.U.S.) and at IEEE
RFIT 2009, Singapore, Singapore, December 2009.

Invited Presentation at IEEE RAWCON 2010 Conference, New Orleans, LA,
January 2010.

Invited Presentation at NEDO workshop, Hakone, Japan, February 2010.

Invited Presentations at the University of Brazilia, University of Sao Paolo,
University of Campinas in Brazil, March 2010.

Invited Presentation at the University of Wisconsin, Madison, WI, April 2010.
Invited Presentation at GTRI-SEAL, Smyrna, GA, April 2010.

Invited Presentation at the IFC-SRC Workshop at M.I.T., Cambridge, MA, May
2010.

Plenary IEEE DML Presentation at the European Microwave Week 2011, Paris,
FRANCE, October 2010.

Invited Presentation at the Asian Pacific Microwave Symposium 2011,
Yokohama, JAPAN, December 2010.

Invited Presentation at the IEEE RWS Symposium 2011, January 2012.

Invited Presentation at the PIERS 2011, Marrakech, MOROCCO, March 2011.
Invited IEEE DML Presentation at the University of Valetta, MALTA, March 2011.
Invited Presentation at the European Antennas and Propagation Symposium
(EuCAP 2011), April 2011.

Invited/Featured Presentation at the URSI General Assembly 2011, Istanbul,
TURKEY, August 2011.

Invited Presentation at the 8" IDGA Military Antennas Coference, Washington,
DC, September 2011.

Plenary Talk at the 2011 IEEE Conference on RFID and Technical Applications
(RFID-TA), Barcelona, SPAIN, September 2011.

Invited Presentation at IEEE MTT Dallas Section, 2011.

Invited Presentation at the 2011 European Microwave Conference, Manchester,
UK, October 2011.

Invited Presentation at the 2011 CLASTECH Conference, ElI Segundo, CA,
Octaober 2011.

Invited Presentation at the IEEE Sensors 2011, Athlone, IRELAND, October
2011.

Invited DML Presentation at Tyndall Institute, Cork, IRELAND, November 2011.
Invited Presentation at 2011 IDTEX Conference on Energy Harvesting and
Wireless Sensor Networks, Boston, MA, November 2011.

Invited Presentation at the 2011 ST Energy Harvesting Council, Aix-en-Provence,
FRANCE, December 2011.

Invited DML Talk at the 2011 |IEEE International RF and Microwave Conference
(RFM 2011), Seremban, MALAYSIA, December 2011.

Invited Presentation at the IEEE WiSNet Symposium 2012, Santa Clara, CA,
January 2012.

Keynote talk at the International School on Internet of Things (loT), Aveiro,
PORTUGAL, January 2012.

Invited Presentation at the 2012 Winter Enrichment Program (WEP) 2012,
Jeddah, Saudi Arabia, January 2012.

Invited Presentation at the NSF/SRC/SFI Joint meeting, IRELAND, March 2012.
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86. Keynote Prsesentation at the IEEE APEMC2012 Conference (“Millimeter-Wave
and Nanotechnology: The path to “green” electronics?”), SINGAPORE, May
2012.

87. Plenary Talk at the 2012 Radio Conference, MAURITIUS, September 2012.

88. Invited DML Presentation at University of Alberta, Edmonton, CANADA, February
2013.

89. Panelist_in the “Wireless Power” panel in IEEE Wireless Sympaosium, Beijing,
CHINA, April 2013.

90. Invited Presentation at the 60t Anniversary NJUST Workshop on RF and
Microwave/mmW Technologies and Applications, Nanjing, CHINA, September
2013.

91. Plenary Talk atthe 2013 IEEE RFID-TA Conference, Malaysia, September 2013.

92. Plenary Talk_at the 2013 PACO Conference, Gardanne/Aix-en-Provence,
FRANCE, October 2013.

93. Invited presentation at IWS2014 Symposium, Xi'an, CHINA, March 2014.

94. Invited presentation at MIKON 2014 Conference, Gdansk, POLAND, June 2014.

95. Invited DML takks in Poland (Krakow, Gdansk, Warsaw), June 2014.

96. Invited DML Talks in Indonesia (Jakarta, Yogyakarta and Bali), September 2014.

97. Invited DML Talks in Peru (Lima, Arequippa, Chiclayo and Puno), March 2015.

98. Invited DML/CRFID-DL talk on Internet of Things, Alexandria, VA, March 2016.

99. Invited Presentation at University of Minnesota ECE Colloquium, March 2016.
Invited Presentation at the 2016 AFRL Workshop on RF Reconfigurable
Electronics, Arlington, VA, May 2016.

100.Invited Talk at Physics Colloquium, Georgia Southern University, Statesboro,
GA, August 2016.

101.Keynote University Speaker at Altair/Georgia Tech Symposium, November 2016.

102.Invited IEEE MTT-S Webinar Speaker on “3D Printed RF Circuits”, March 2017.

103.Invited Talks at NTU-MediaTek Workshops 2017 and 2018, SINGAPORE,
January 2017 and January 2018.

104.Invited Talk at ICNC 2018 Conference, Maui, HI, March 2018.

105.Invited Talk at CMOC 2018 Symposium, Orange, CT, April 2018.

106.Invited Talk at MITRE Symposium on Additive Manufacturing of Antennas and
EM Structures, McLean, VA, April 2018.

107.Invited talk at IEEE ETCMQOS 2018 Conference, Whistler, CANADA, May 2018.

108.Invited Talk at 2018 TechConnect World Innovation Conference, Anaheim, CA,
May 2018.

109.Invited Tutorial on Inkjet-Printed RFID-Enabled Wireless Sensors, Ottawa,
CANADA, August 2018.

110.Invited SRC/GRC e-Workshop on Printed RF Elecgtronics, October 2018.

111.Distinguished Guest Lecture at ARIA European School of Antennas 2018, Beirut,
LEBANON, October 2018.

112.Keynote Presentation at the IEEE WISEE Conference 2018, Huntsville, AL,
December 2018.

113.Invited Talk at ICNC 2019 Conference, Honolulu, HI, March 2019.

114.Invited Talk at University of Hawaii, Honolulu, HI, March 2019.

115.Invited Talk at the University of Alabama, Tuscaloosa, AL, April 2019.

116.Invited Talk at the University of Southern California, LA, April 2019.

117.Keynote Presentation at the 7% International Symposium on Deformation
Characteristics of Geomaterials (1S-Glasgow 2019), Glasgow, UK, June 2019.

EX1047 - Page 446



118.Invited Talk at American University of Beirut, Beirut, LEBANON, September
2019.

119.Invited Talk at 2019 EMN Meeting on Flexible Electronics, Dubrovnik, CROATIA,
October 2019.

120.Invited Talk at the Workshop “Get Started with Flexible Hybrid Electronics”,
Fraunhofer EMFT, Munich, GERMANY, October 2019.

121.Invited Talk at European School of Antennas-ARIA, Nice, FRANCE, November
2019.

122.Invited Talk at Fraunhofer IHP, Frankfurt (Oder), GERMANY, December 2019.

123.Invited Talk at TEDxEmory 2020, February 2020.

124.Invited Talk at MIT Horizons Series 2020, June 2020.

125.Invited |IEEE CRFID Distinguished Lecture, IEEE PES Kerala Chapter, INDIA,
June 2020.

126.Keynote Talk at Mediterranean Microwave Symposium (MMS) 2020,
MOROCCO, December 2020.

127.Invited Talk at Virtual Vertical and Topical IoT Summit at IEEE Radio and
Wireless Week — RWW 2021, USA, January 2021.

128.Keynote Talk at 6" ICREGA 2021, UAE, February 2021.

129.Invited Talk at IEEE International Conference on Flexible Printable Sensors and
Systems (FLEPS) 2021 Conference, June 2021.

130.Invited Presentation at 32nd Annual Electronics Packaging Symposium,
Binghamton University, NY, USA, September 2021.

131.Invited Presentation at IRTG Energy Conversion System Series, FIU,
GERMANY, September 2021.

132.Invited Presentation at Space Solar Power Workshop, IEEE WiSee 2021, USA,
October 2021.

133.Invited Lecture at US Government Seminar on Smart Materials and Intelligent
Systems (SMIS), The MITRE Corporation, October 2021.

134.Keynote Speech, International Emerging Technologies Competition (IETC)
2021, Universiti Teknology PETRONAS, MALAYSIA, October 2021.

135.Keynote Speaker, SBMO/IEEE International Microwave and Optoelectronics
Conference (IMOC 2021), BRAZIL, October 2021.

136.Invited Lecture at Korean Institute of Electromagnetic Engineering and Science
(KIEES 2022) Tutorial on Backscattering Communication, KOREA, February
2022

137.Invited Lecture at International Workshop on Antenna Technology 2022 (iWAT
2022), Dublin, IRELAND, May 2022.

138.Plenary Speaker, IEEE SpliTech International Conference on Smart and
Sustainable Technologies 2022, Split and Bol, CROATIA, July 2022.

139.Keynote Speaker, International Workhop on Antenna Technologies in
Shenzhen University (IWAT-SZU 2022), Shenzhen, PR China, July 2022.

140.Plenary Speaker, EMN Eurosensors 2022 Conference, Leuven, BELGIUM,
September 2022.

141.Invited Talk at ICNC 2023 Conference, Honolulu, HI, February 2023.

142.Keynote Speaker, |EEE MTT-S Latin America Microwave Conference
(LAMC-2023), San Jose, COSTA RICA, December 2023.

IV.E: OTHER SCHOLARLY ACCOMPLISHMENTS - PATENTS (more pending)
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1. R.Li, E.M.Tentzeris and J.Laskar, “Multiband Broadband Planar Wire Antennas for
Wireless Communication Handheld Terminals”, US Patent 6,917,339.

2. M.G.Allen, Y.-K.Yoon, J.-W.Park, Y.-H.Joung, F.Cros, |.Papapolymeroy, E.M.Tentzeris
and B.Pan, “Surface Micromachined Milimeter-Scale RF System and Method”, US
Patent 7,196,666.

3. E.Gebara, J.Laskar and E.M.Tentzeris, “Method and system for antenna interference
cancellation”, US Patent 7,366,244, US Patent 7,729,341 and EP Patent 1,687,929.

4. D.Thompson, G.Wang, N.D.Kingsley, |.Papapolymerou, E.M.Tentzeris,
R.Bairavasubramanian, G.DedJean and R.L.Li, “Multilayer Electronic Component
Systems and Methods of Manufacture”, US Patent 7,834,808.

5. E.Gebara, A.J.Kim, J.Laskar, A.Stelliga and E.M.Tentzeris, “Method and System for
Reducing Signal Interference”, US Patent 7,522,883.

6. J.S.Lee, P.D.Schmalenberg, A.Rida, R.L.Li and E.M.Tentzeris, “Microwave Antenna”,
US Patent 8,325,092.

7. E.Gebara, A.J.Kim, J.Laskar, A.Steliga and E.M.Tentzeris, “Reducing signal
interference”, US Patent 8,503,940.

8. J.S.Lee, P.D.Schmalenberg, A.Rida, R.L.Li and E.M.Tentzeris, “Antenna with tapered
array”, US Patent 8,743,016.

9. A.Rida, L.Yang, A.Margomenos and M.Tentzeris, “Three-dimensional array antenna
on a substrate with enhanced backlobe suppression for mm-wave automotive
applications”, US Patent 8,786,496.

10. S.Georgakopoulos, E.Tentzeris and B.Cook, “Origami folded antennas”, US Patent
9,214,722.

11. M.Tentzeris and B.Cook, « Additively deposited electronic components and methods
for producing the same », US Patent 9,343,233.

12. S.Georgakopoulos and M.Tentzeris, « Misalignment Insensitive Wireless Power
Transfer », US Patent 9,406,435

13. S.Georgakopoulos, M.Tentzeris and O.Jonah, « Multi-band and broadband wireless
power transfer through embedded geometric configurations », US Patent 9,466,418

14. X.Yi, C.Cho, B.Cook, Y.Wang, M.Tentzeris and R.T.Leon, « Frequency doubling
antenna sensor for wireless strain and crack sensing », US Patent 9,506,848.

15. H.Griguer, M.M.Tentzeris, M.Drissi, « Device for Protecting the Human Body and
Equipment Against Electromagnetic Radiation », International Patent W0O2018236202.
16. S.Georgakopoulos and M.Tentzeris, « Wireless power transfer through embedded
geometric configurations », US Patent 9,799,443.

17. J.Hester and E.M.Tentzeris, « Inkjet Printed Flexible Van Atta Array Sensor », US
Patent 10,511,100.

18. J. Bito and E.M.Tentzeris, « Hybrid Energy Harvesting Systems and Devices
Incorporating the Same », US Patent 10,566,844.

19. N.Arora, G.D.Abowd, M.Gupta, D.Osorio, S.F.Shahmiri, T.E.Starner, Y.-C.Wang,
Z.Wang, Z.L.Wang, S.L.Zhang, P.McAughan, Q.Xue, D.Bansal, R.Bahr and E.Tentzeris,
« Thin and flexible self-powered vibration transducer employing triboelectric
nanogeneration », US Patent 10,932,063.

20. A.Eid, J.G.D.Hester and M.Tentzeris, « High gain and large beamwidth rotman-lens-
based and mm-wave energy harvester systems and associated methods », WIPO (PCT)
W02020223486A1

21. J.G.D.Hester and E.M.Tentzeris, « System for Sensing Backscatter Tag
Communications from Retrodirective Antenna Arrays », US Patent 11,474,233.
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V: SERVICE
V.A. PROFESSIONAL CONTRIBUTIONS
V.A.1. Conference Leadership (Selected)

Co-Chair in 2023 IEEE WPTCE Conference, San Diego, CA, June 2023.
Multi-Society Panel Session Organizer and Chair in 2023 IEEE IMS
Conference, San Diego, CA, June 20283.
Co-Chair in 2019 IEEE Antenas and Propagation Conference (AP-S), Atlanta,
GA, July 2019.
ADCOM Member of IEEE CRFID, 2017-present.
Panel Session Organizer and Chair in 2011 IEEE RFID-TA Conference,
Barcelona, SPAIN, September 2011.
Technical Program Chair in 2008 IEEE IMS hold in Atlanta, GA, June 2008.
Technical Program Co-Chair in 2009 ACES Conference hold in Monterey, CA,
March 2009.
Interactive Forum Chair in 2009 IEEE APS Conference, Charleston, SC, May
2009.

» Panel Session Organizer in 2010 IEEE ECTC Conference, Las Vegas, NV, June
2010.
Member of the Technical Program Committee (TPC) of the annual IEEE
International Microwave Symposium (IEEE-IMS), June 2001-present.
Member of the Technical Program Committee (TPC) of the annual IEEE
Antennas and Propagation Symposium (IEEE-APS), January 2001-present.
Member of the Technical Program Committee (TPC) of the annual IEEE
Electronic Components and Technology Conference (IEEE-ECTC), June 2003-
present.
Member of the Technical Program Committee (TPC) of the annual IEEE
Vehicular Technology Conference (IEEE-TC), September 2006-September 2009.
Member of the Technical Program Committee (TPC) of the annual European
Microwave Conference (EuMC), January 2008-present.

* Member of the International Advisory Committee of 2007 PIERS Conference
held in Pisa, ITALY, March 2007.
Member of the International Program Committee of annual IASTED International
WOC Conference held in Banff, CANADA, June 2004-present.
Member of the Technical Program Committee of 2007 IEEE Conference on
Wireless Rural and Emergency Communications (WRECOM), Rome, ITALY,
October 2007.
Conference Chairman of 2005 IEEE CEM-TD held in Atlanta, GA, in September
2005.
Member of the International Advisory Committee of 2007 IEEE CEM-TD
Conference held in Perugia, ITALY, in October 2007.
Technical Program Co-Chair in ARFTG Conference, Atlanta, GA, December
1999.
Vice-Chair of the IEEE Components Packaging, and Manufacturing Technology
Society (IEEE-CPMT) Technical Committee TC16 (RF Subcommittee), January
2000-2005.
Chair: Numerous Special/Regular Sessions in IEEE IMS, RAWCON, APS,
APMC and EuMW Conferences
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Organizer of 20+ Workshops/Short Courses in IEEE IMS, APS, EuMW, APMC,
RWS.

Founder and organizer of numerous panels and special sessions on mmID
(millimeter-wave RFID’s) and millimeter-wave automotive radars.

VA 2. Other Conference Activities

Member of the Student Paper Contest Committee, 2000 IEEE-IMS Conference,
Boston, MA, June 2000.

Member of the Student Paper Contest Committee, 2010 IEEE RFID-TA
Conference, Guangzhou, CHINA, June 2010.

Member of the Student Paper Contest Committee, 2011 IEEE RFID-TA
Conference, Barcelona, SPAIN, September 2011.

Member of the Student Paper Contest Committee, 2012 IEEE RWS Symposium,
Santa Clara, CA, January 2012.

Member of the Steering Committee and the Student Paper Contest Committee,
1998 IEEE-AP Conference, Atlanta, GA, June 1998.

VA 3 Editorial/Reviewer Activity

Member of the Editorial Board, Proceedings of IEEE, 2019-2022

Guest Editor for the Special Issue of Proceedings of IEEE (“Energy Harvesting
Systems”) to be published in November 2014.

Associate Editor for the IEEE Transactions on Microwave Theory and
Techniques from June 2007-June 2009.

Guest Editor for the Special Issue of IEEE Transactions on Microwave Theory
and Techniques (”RFID Architectures”) published in May 2009.

Associate Editor for the ETRI Journal from May 2009-May 2010.

Associate Editor at the ACES Society Newsletter from April 2001-April 2005.
Associate Editor at the International Journal of Antennas and Propagation (IJAP)
from 11/1/2006-11/1/2007.

Guest Editor for the Special Issue on RFID’s of the Proceedings of European
Microwave Association published in December 2007.

Guest Editor for the Special Issue of International Journal of Antennas and
Propagation (“Conformal Antennas”) to be published in December 2012.

Guest Editor for International Journal of Numerical Modeling for 2006.

Member of the NSF Proposal Reviewers’ Panels of 5/30-5/31/00, 5/17-5/18/01,
4/15-4/16/02, 6/15-6/16/02, 12/15-12/16/03, 10/21-10/22/04, 5/15-5/16/06,
11/24-11/25/08, 6/7-6/8/10, 1/5-1/6/12, 3/13, 10/27-10/28/14, 10/25/16,
3/29-3/30/17, 2/20-2/21/18, 5/1-5/2/18, 10/23-10/24/18, 4/15-4/16/20

Member of the Proposal Reviewers’ Committee for NSERC (Canada), ISF
(Israel), CRDF (U.S.A.), DFG (Germany), Singapore Research Foundation
(Singapore), Hong Kong Research Committee (China), KAUST (Saudi Arabia),
State of Indiana Research Committee (U.S.A.), State of S.Carolina Research
Committee (U.S.A.), EPSRC (U.K.), ANR (France), Austrian Science Fund-FWF
(Austria).

Reviewer: |EEE Transactions on Microwave Theory and Techniques (54 papers,
1996-present), IEEE Transactions on Antennas and Propagation (36 papers,
1997-present), The International Journal of Microcircuits and Electronic
Packaging (3 papers, 1998 present), IEEE Microwave and Guided Wave Letters/
Microwave and Wireless Components Letters (39 papers, 1998-present), IEEE
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Transactions on Electromagnetic Compatibility (8 papers, 2000-present),
International Journal of Numerical Modeling (12 papers, 2000-present),
International Journal of Electronics (2 papers, 2001-present), IEEE Transactions
on Advanced Packaging (58 papers, 2002-present), Journal of the Optical
Society of America (5 papers, 2000-present), IEEE Transactions on Components
and Packaging (6 papers, 2002-present), IEEE Transactions on Signal
Processing (3 papers, 2002-present), IEEE Electron Devices Letters (4 papers,
2003-present), IEEE Transactions on Electron Devices (2 papers, 2005-present),
International Journal of RF and Microwave Computer-Aided Engineering (10
papers, 2003-present), IEEE/ASME Journal on MEMS (3 papers, 2004-present),
SPIE OE Journal (2 paper, 2004-present), IEEE Transactions on Circuits and
Systems |, (3 paper, 2004-present) ETRI Journal (10 papers, 2006-present),
Radio Science Journal (5 papers, 2004-present), Measurement Science and
Technology Journal (3 papers, 2007-present), IEEE Sensors Journal (2 papers,
2007-present), International Journal of Microwave Science and Technology (1
paper, 2007-present), IEEE Microwave Magazine (1 paper, 2007-present), IEEE/
OSA Journal of Lightwave Technology (2 papers, 2007-present), IEEE Design
and Test of Computers (2 papers, 2007-present), IEEE Antennas and
Propagation Magazine (1 paper, 2007-present), Journal of Electronic Imaging (1
paper, 2007-present).

V.A.4. Professional Society Activity

IEEE, Fellow, (MTT, AP, CPMT Societies), 2010-present.

IEEE CRFID Committee/Council (IEEE Inter-Society Committee on RFID
Technologies) Founding Member (2008) and Secretary-Treasurer since 2011.
IEEE MTT TC-24 (RFID) Founder-Chair, 2009-present.

IEEE MTT TC-25 (Nanotechnology) Founder-Member, 2010-present.

IEEE MTT TC-26 (Wireless Power Transfer) Founding Member, 2011-present
IEEE MTT Representative at the IEEE CRFID Committee, 2009-2015.

URSI, Member (Commission D), 1999-present.

PIERS, Fellow, 2007-present.

IEEE MTT-15 Committee, Member, 2006-2008.

IEEE CPMT TC-16 Committee, Member, 2002-present [Vice-Chair:2003].
European Microwave Association (EuMA), Associate Member, 2005-present.
Technical Chamber of Greece, Member, 1993-present.

Chairman of the IEEE MTT/AP Atlanta Chapter from 1/1/02-12/31/02.
Member of the Board Committee of the IEEE MTT/AP Atlanta Chapter from
1999-2002.

V.A.5. Professional Collaborations/Technical Advising

* Northrop, Rockwell-Collins, Raytheon, Motorola, Intel, IBM, Google, Lockheed,
National Semiconductors, Kyocera, Asahi, NEDO, FHWA, Rogers, Siemens, Lucent,
Hitachi, Intracom, Samsung-Techwin, ETRI, Manheim, Port of Savannah, Avery-
Denison, 3M, Excelletron, Infineon, Dimatix, DELL, Microsoft Research Center, Toyota
TEMA, NASA Glenn/Lewis Center, Qualcomm, Eaton Corporation, Samsung, Honeywell
+ University of Michigan, Ann Arbor, MI 9/92-5/98

Graduate Research Assistant (GSRA) with the Radiation Laboratory.

- Jet Propulsion Laboratory (J.P.L.), Pasadena, CA 9/92-6/94
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Collaborator on Optimization of Novel Waveguide Probes.
« National Technical University of Athens, GREECE 9/90-8/92
Research Assistant with the Microwaves Laboratory.

_VB CAMPUS CONTRIBUTIONS

Associate Director for RFID and Sensors Research at Georgia Electronic Design
Center (GEDC), 8/1/05-12/09.

+ Associate Director for RF Research at Georgia Tech Packaging Research Center
(PRC), 8/1/03-8/1/05.
Chair of ECE Electromagnetics Technical Interest Group, 2011-2012.
Member of the ECE RPT Committee, Fall 2011.
Active member of the Georgia Tech ORS Program, 9/2008-Present.
Member of the ECE Graduate Recruitment Committee, 9/1/00-8/31/02.
Leader of the Novel Integration Techniques Subthrust of the Broadband
Hardware Access Thrust of the Yamacraw Initiative of the State of Georgia,
1/1/00-8/1/05.
Member of the ECE Research Committee, 9/98-8/00, 9/02-5/2004.
Member of the ECE Education / Research Technology Transfer Committee,
9/2004-5/2005.

+ Member of the ECE Graduate Student Recruitment Committee, 9/2005-5/2006.

* Member of the ECE Undergraduate Committee, 9/2006-5/2009.

- Member of the ECE Undergraduate Curriculum Committee, 9/2009-5/2011.
Head of the RF Alliance of Georgia Tech Packaging Research Center (PRC),
1/1/01-12/31/06.
Member of Georgia Tech Broadband Institute (GTBI), 9/1/99-5/2004.
Member of M.Sc. Thesis (21), Ph.D. Qualifying Exam (19), Ph.D. Thesis
Proposal (62) and Ph.D. Thesis Defense (65) Committees

VI. EXPERT WITNESS/LITIGATION EXPERIENCE

» LG vs. NFCT IPR: 2014 [Fish & Richardson P.C.] / 2 patents (all claims
accepted by IPTO)

« HTC vs. NFCT IPR: 2014-2015 [Perkins Coie LLP]; deposed on 4/30/15, 5/1/15,
9/30/15 and 11/19/15 / 2 patents (all claims accepted by IPTO)

» HID vs. Morphotrust: 2017-2018 [Finnegan]; deposed on 5/25/18 / 4 IPRs (all
claims accepted by IPTO)

» DeCurtis vs Carnival Cruises: 2021 [Quinn Emmanuel]; deposed on 10/25/21

« 5 Additional IPR Cases

» References: Ai Bing (Perkins Coie), Miguel Bombach (Perkins Coie), Won Yoon
(Fish & Richardson), David Seastrunk (Finnegan), Patrick Schmidt (Quinn
Emmanuel)
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PTO/SB/57 (01-18)

Approved for use through 11/30/2024. OMB 0651-0064

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required torespondto a collection of information unless it displays a valid OMB control number.

(Also referred to as FORM PTO-1465)

REQUEST FOR EX PARTE REEXAMINATION TRANSMITTAL FORM

Address to:

Mail Stop Ex Parte Reexam

Commissioner for Patents Attorney Docket No.:_SKAD002
P.O. Box 1450

Alexandria, VA 22313-1450 Date: October 12, 2023

1. |E| This is a request for ex parte reexamination pursuant to 37 CFR 1.510 of patent number_1 1 :349200
issued May 31, 2022 . The request is made by:

|:| patent owner. |:| third party requester.

2. E The name and address of the person requesting reexamination is:

Unified Patents, LLC
4445 Willard Avenue, Suite 600
Chevy Chase, Maryland 20815

3. Requester [_] asserts small entity status (37 CFR 1.27) or [] certifies micro entity status (37 CFR 1.29). Only
a patent owner requester can certify micro entity status. Form PTO/SB/15A or B must be attached to certify
micro entity status.

4. This request is accompanied by payment of the reexamination fee as set forth in:

[m] 37CFR 1.20(c)2); or

|:| 37 CFR 1.20(c)(1). In checking this box for payment of the fee set forth in 37 CFR 1.20(c)(1), requester
asserts that this request has forty (40) or fewer pages and complies with all other requirements of
37 CFR 1.20(c)(1).

Payment of the reexamination fee is made by the method set forth below.
a. |:| A check in the amount of $ is enclosed to cover the reexamination fee;
b. El The Director is hereby authorized to charge the reexamination fee
to Deposit Account No. 50-6990 ;
c. D Payment by credit card. Form PTO-2038 is attached; or
d. |:| Payment made via EFS-Web.
E In addition, the Director is hereby authorized to charge any fee deficiencies to
Deposit Account No. 50-6990

5, |E| Any refund should be made by [ Jcheck or [W]credit to Deposit Account No, 20-6990
37 CFR 1.26(c). If payment is made by credit card, refund must be to credit card account.

6. E] A copy of the patent to be reexamined having a double column format on one side of a separate paper is
enclosed. 37 CFR 1.510(b)(4).

7. E] CD-ROM or CD-R in duplicate, Computer Program (Appendix) or large table
D Landscape Table on CD

[Page 1 of 3]
A Federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to comply with an
information collection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a currently valid OMB Control
Number. The OMB Control Number for this information collection is 0651-0064. Public burden for this form is estimated to average 18 minutes per response,
including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the
information collection. Send comments regarding this burden estimate or any other aspect of this information collection, including suggestions for reducing this
burden to the Chief Administrative Officer, United States Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email
InformationCollection@uspto.gov. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. If filing this completed form by mail, send to:
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

Ifyou need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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PTO/SB/57 (01-18)
Approved for use through 11/30/2024. OMB 0651-0064
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
_Under the Paperwork Reduction Act of 1995, no persons are reauired to resoond to a collection of information unless it disnlavs a valid OMB control number._

8. El Nucleotide and/or Amino Acid Sequence Submission
If applicable, items a. — c. are required.

a |:| Computer Readable Form (CRF)

b. Specification Sequence Listing on:
i. D CD-ROM (2 copies) or CD-R (2 copies) or
ii. |:| paper

C. |:| Statements verifying identity of above copies.

9. |E] A copy of any disclaimer, certificate of correction or reexamination certificate issued in the patent is included.

10. El Reexamination of claim(s) 11-12 is requested.

11. |E| A copy of every patent or printed publication relied upon is submitted herewith including a listing thereof on
Form PTO/SB/08, PTO-1449, or equivalent.

12. E An English language translation of all necessary and pertinent non-English language patents and/or printed
publications is attached.
13. EI The attached detailed request includes at least the following items:

a. A statement identifying each substantial new question of patentability based on prior patents and printed
publications. 37 CFR 1.510(b)(1).

b. An identification ofevery claim for which reexamination is requested, and a detailed explanation of the

pertinency and manner of applying the cited art to every claim for which reexamination is requested.
37 CFR1.510(b)(2).

14. |:| A proposed amendment is included (only where the patent owner is the requester). 37 CFR 1.510(e).

15. EI It is certified that the statutory estoppel provisions of 35 U.S.C. 315(e)(1) or 35 U.S.C. 325(e)(1) do not
prohibit requester from filing this ex parte reexamination request. 37 CFR 1.510(b)(6).

16. Service

a. El It is certified that a copy of this request (if fled by other than the patent owner) has been served in its
entirety on the patent owner as provided in 37 CFR 1.33(c).

The name and address of the party served are:

27896 - EDELL, SHAPIRO & FINNAN, LLC
9801 Washingtonian Blvd., Suite 750
Gaithersburg, Maryland 20878

Date of Service: October 12, 2023

OR

b. |:| A duplicate copy is enclosed since service on patent owner was not possible. An explanation of the
efforts made to serve patent owner is attached. See MPEP 2220.

[Page 2 0f 3]
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required torespondto a collection of information unless it displays a valid OMB control number.

17. Correspondence Address: Direct all communication about the reexamination to:
|:| The address associated with Customer Number:

OR

Firm or Individual name CRIIIStOphier J. Goulson

(atthe address identified below)

Address

Skadden, Arps, Slate, Meagher & Flom LLP, One Manhattan West, 30th Floor
City State Zip

New York New York 10001

Country

United States

Telephone Email

212-735-3000 chris.coulson@skadden.com

18. EI The patent is currently the subject ofthe following concurrent proceeding(s):

a. I:l Copending reissue Application No.

b. [:l Copending reexamination Control No.

o

. I:l Copending Interference No.

d El Copending litigation styled:
Fractus, S.A. v. ADT LLC d/b/a ADT Security Services, No. 2:22-cv-00412 (E.D. Tex. filed Oct. 21, 2022)

Fractus, S.A. v. Vivint, Inc., No. 2:22-cv-00413 (E.D. Tex. filed Oct. 21, 2022)

WARNING : Information on this form may become public. Credit card information should not be included on this
form. Provide credit card information and authorization on PTO-2038.

/Christopher J. Coulson/ October 12, 2023
Authorized Signature Date
Christopher J. Coulson 61,771
Typed/Printed Name Registration No.
|:| For Patent Owner Requester El For Third Party Requester
[Page 3 of 3]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission
of the attached form related to a patent application or patent. The United States Patent and Trademark Office (USPTO)
collects the information in this record under authority of 35 U.S.C. 2. The USPTO's system of records is used to
manage all applicant and owner information including name, citizenship, residence, post office address, and other
information with respect to inventors and their legal representatives pertaining to the applicant's/owner’s activities in
connection with the invention for which a patent is sought or has been granted. The applicable Privacy Act System of
Records Notice for the information collected in this form is COMMERCE/PAT-TM-7 Patent Application Files, available in
the Federal Register at 78 FR 19243 (March 29, 2013). https:/www.govinfo.gov/content/pkg/FR-2013-03-29/
pdf/2013-07341.pdf

Routine uses of the information in this record may include disclosure to: 1) law enforcement, in the event that the
system of records indicates a violation or potential violation of law; 2) a Federal, state, local, or international agency, in
response to its request; 3) a contractor of the USPTO having need for the information in order to perform a contract; 4)
the Department of Justice for determination of whether the Freedom of Information Act (FOIA) requires disclosure of the
record; 5) a Member of Congress submitting a request involving an individual to whom the record pertains, when the
individual has requested the Member’s assistance with respect to the subject matter of the record; 6) a court,
magistrate, or administrative tribunal, in the course of presenting evidence, including disclosures to opposing counsel in
the course of settlement negotiations; 7) the Administrator, General Services Administration (GSA), or their designee,
during an inspection of records conducted by GSA under authority of 44 U.S.C. 2904 and 2906, in accordance with the
GSA regulations and any other relevant (i.e., GSA or Commerce) directive, where such disclosure shall not be used to
make determinations about individuals; 8) another federal agency for purposes of National Security review (35 U.S.C.
181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)); 9) the Office of Personnel Management
(OPM) for personnel research purposes; and 9) the Office of Management and Budget (OMB) for legislative
coordination and clearance.

If you do not furnish the information requested on this form, the USPTO may not be able to process and/or examine
your submission, which may result in termination of proceedings, abandonment of the application, and/or expiration of
the patent.

Additional Uses

Additional USPTO uses of the information in this record may include disclosure to: 1) the International Bureau of the
World Intellectual Property Organization, if the record is related to an international application filed under the Patent
Cooperation Treaty; 2) the public i) after publication of the application pursuant to 35 U.S.C. 122(b), ii) after issuance of
a patent pursuant to 35 U.S.C. 151, iii) if the record was filed in an application which became abandoned or in which the
proceedings were terminated and which application is referenced by either a published application, an application open
to public inspections, or an issued patent, or iv) without publication of the application or patent under the specific
circumstances provided for by 37 CFR 1.14(a)(1)(v)-(vii); and/or 3) the National Archives and Records Administration,
for inspection of records.
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Manos Declaration

Request for Reexamination of U.S. Patent 11,349,200

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re patent of Carles Puente
Baliarda, et al.

U.S. Patent 11,349,200

Issue Date: May 31, 2022

Filing Date: April 30, 2021

For:  Multiple-body-configuration

multimedia and smartphone
multifunction wireless devices

§ Attorney Docket No.: SKADO002

§
S

§ Real Party in Interest:

§ Unified Patents, LLC

§

DECLARATION OF MANOS M. TENTZERIS, PH.D.

Unified Ex. 1009 Page 1
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Manos Declaration
Request for Reexamination of U.S. Patent 11,349,200
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Manos Declaration
Request for Reexamination of U.S. Patent 11,349,200

L. BACKGROUND AND QUALIFICATIONS

1. My name is Manos M. Tentzeris, and I am over 21 years of age and
otherwise competent to make this Declaration. I make this Declaration based on facts and
matters within my own knowledge and on information provided to me by others, and, if
called as a witness, I could and would competently testify to the matters set forth herein.

2. I have been retained as a technical expert witness in this matter by
Counsel for Unified Patents, LLC (“Requester”) to provide my independent opinions on
certain issues requested by counsel for Requester relating to the accompanying Request
for Reexamination (“Request”) of U.S. Patent No. 11,349,200 (“the '200 Patent”),
challenging claims 11-12. My compensation in this matter is not based on the substance
of my opinions or on the outcome of this matter. I have been informed that Fractus, S.A.
(“Fractus” or “Patent Owner”) is the purported owner of the '200 Patent. I note that I
have no financial interest in Requester or Patent Owner, and I have no other interest in
this matter’s outcome.

3. Between 1991 and 1992, I was a research assistant in the Microwave Lab
at the National Technical University of Athens, Greece. I received the Diploma degree in
Electrical Engineering and Computer Science (Magna Cum Laude) from the that
University 1992.

4, From 1992 to 1998, I was a research assistant in the Radiation Laboratory
at the University of Michigan, Ann Arbor. I received M.S. and Ph.D. degrees in Electrical
Engineering and Computer Science from the University of Michigan in 1993 and 1998.

I became an assistant professor at the School of Electrical and Computer Engineering
(“ECE”) at Georgia Technical Institute in 1998, lasting until I became an Associate
Professor in the same School in 2004. I then served as Associate Professor until my
promotion to Professor in 2016, a title I have held since then. Also in 2016, I was
appointed as the Ken Byers Professor in Flexible Electronics with the School of ECE at
Georgia Tech, a role I retain today.

5. I have served as the Head of the Electromagnetics Technical Interest
Group of the School of ECE, Georgia Tech. Also, I have served as the Georgia Electronic
Design Center Associate Director for RFID/Sensors research from 2006-2010 and as the

Unified Ex. 1009 Page 4
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GT-Packaging Research Center (NSF-ERC) Associate Director for RF research and the
leader of the RF/Wireless Packaging Alliance from 2003-2006.

6. As described in my CV, [ have more than 30 years of industry and
academic experience. | have experience with antennas, fractal RF structures and circuit
design for these systems. As a professor of Electrical and Computer Engineering, I have
taught courses relating to antenna and electromagnetic technologies. A complete list of
my teaching positions, honors, and classes taught is set out in my CV. As a professor, I
collaborated with over 130 Undergraduate, Masters and Doctoral students, as well as
visiting students, post-doctoral fellows, and other researchers.

7. Throughout my career, [ have received a variety of awards. I am a Fellow
of IEEE, a member of the MTT-15 Committee, an Associate Member of European
Microwave Association (EuMA), a Fellow of the Electromagnetics Academy, and a
member of Commission D, URSI and of the Technical Chamber of Greece. In
recognition of my world-leading achievements in the area of antennas and
miniaturized/fractal RF structures, I served as an IEEE C-RFID (Committee on RFID
technologies) Distinguished Lecturer from 2016-2022 and I served as an IEEE MTT
Distinguished Microwave Lecturer (DML) from 2010-2012. I have won awards for my
contributions in developing various technologies, including numerous multiband antenna
topologies operating at different frequencies and integrated RF modules up to sub-THz

frequencies. My achievements include the following:

(@) IEEE fellow — a distinction reserved for select IEEE members whose
extraordinary accomplishments in any of the IEEE fields of interest are deemed fitting of
this prestigious grade elevation. IEEE, About the IEEE Fellow Program,
http://www ieee.org/membership/fellows/.

(b) 2021 IEEE Antennas and Propagation Symposium (APS) Best Student
Paper Award (co-authored)

©) 2019 Humboldt Research Prize
(d) 2019 IEEE Antennas and Propagation (APS) Conference Co-Chair
(e) 2018 Intel IEEE ECTC 2018 Best Student Paper Award

63) 2015-present IEEE CRFID Distinguished Lecturer

Unified Ex. 1009 Page 5
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(g)  2010-2012 IEEE MTT-S Distinguished Microwave Lecturer

(h) 2017 Georgia Tech Outstanding Achievement in Research Program
Development Award

@) 2017 Archimedes IP Salon Gold Medal

)] 2016 Bell Labs Prize Third Award

(9] 2015 IET Microwaves, Antennas and Propagation Premium Award
0] 2014 Georgia Tech ECE Distinguished Faculty Achievement Award
(m) 2014 IEEE RFID-TA Best Student Paper Award

(n) 2013 IET Microwaves, Antennas and Propagation Premium Award
(o) 2012 Finland Distinguished Professor (Fi.Di.Pro.) Award

(V)] 2012 Architecture Award of Excellence, Architecture World Summit

(@ 2010 IEEE Antennas and Propagation Society Piergiorgio L. E. Uslenghi
Letters Prize Paper Award

(r) 2010 Georgia Tech Senior Faculty Outstanding Undergraduate Research
Mentor Award

8) 2009 IEEE Transactions on Components and Packaging Technologies
Best Paper Award

® 2009 IEEE Antennas and Propagation Symposium (APS) Second Best
Student Paper Award

(u) 2009 E.T.S. Walton Award from Science Foundation Ireland

) 2007 IEEE Antennas and Propagation Symposium (APS) Best Student
Paper Award

(w) 2007 IEEE International Microwave Symposium (IMS) Third Best
Student Paper Award

(x) 2007 IEEE International Symposium on Antennas and Propagation (ISAP)
Poster Presentation Award

(y) 2006 Asian-Pacific Microwave Conference (APMC) Award

Unified Ex. 1009 Page 6
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(2) 2006 IEEE-MTT Outstanding Young Engineer Award

(aa) 2004 IEEE Transactions on Advanced Packaging Commendable Paper
Award

(bb) 2003 NASA Godfrey “Art” Anzic Collaborative Distinguished Publication
Award

(cc) 2003 IBC International Educator of the Year Award
(dd) 2003 IEEE-CPMT Outstanding Young Engineer Award

(ee) 2002 International Conference on Microwave and Millimeter-Wave
Technology Best Paper Award (Beijing, China)

(ff) 2002 Georgia Tech-ECE Outstanding Junior Faculty Award
(gg) 2001 ACES Conference Best Student Paper Award
(hh) 2000 NSF CAREER Award

(i) 1999 Technical Program Co-Chair of the 54th ARFTG Conference,
Atlanta, GA

an 1997 Best Paper Award, International Hybrid Microelectronics and
Packaging Society

(kk) 1989 Papastavridios Greek Mathematics Excellence Fellowship
(1) 1988-1992 Greek Government Academic Excellence Fellowships

8. In Google scholar, there are over 27,650 citations to my work and my
work has an h-index of 83. An h-index represents the number of papers with the same
number of citations, meaning I have over 83 papers with 83 citations.

9. I have authored or contributed to over 30 books and 850 refereed journal
and conference papers; spoke in over 140 presentations, many of which relate to
antennas, antenna arrays, RFID systems, and other modes of wireless communication and
electronics design. A complete list of my publications and conference presentations is
included in my curriculum vitae.

10.  Iam a named inventor on 20 patents in the US and in Europe. In

particular, I am a named inventor on patents relating to antenna design, RF systems, and
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means of reducing signal interference in RF applications. A complete list of my patents
and published applications is included in my curriculum vitae.

11. In addition to gaining expertise via my academic training, professional
experiences, and research accomplishments described above, | have kept abreast of
various sub-disciplines within the antennas space, by reading technical literature,
attending and presenting at conferences, and attending and presenting at symposia. [ have
served as an editor for various journals and participated in the peer review process for
various technical journals and conferences, and have reviewed manuscripts submitted by
other scholars relating to antenna topologies. I have contributed further to the profession
by chairing conference committees and planning conferences and panels. Furthermore, I
have collaborated with or have communicated with many of the scholars and engineers in
the field of antennas systems.

12. I am not an attorney and offer no legal opinions, but in the course of my
work, I have had experience studying and analyzing patents and patent claims from the
perspective of a POSITA.

13. As part of my work in forming my opinions in connection with this
proceeding, I have reviewed the following materials in the table below, which I believe
those in the field would reasonably rely upon in forming opinions regarding the subject
matter of this proceeding. I have further reviewed, had input into the creation of, and
endorse Exhibits AA-CC (including the appendix and the calculations and grid drawings
atthe end of each chart, which I do not repeat herein), which are claim charts mapping
the references discussed below to the challenged claims:

Exhibit Description

Ex. 1001 U.S. Patent No. 11,349,200 (*’200 Patent”)

Ex. 1002  File History (U.S. Patent Application No. 17/246,192) of U.S. Patent No.
11,349,200

Ex. 1003  Excerpt of File History (U.S. Patent Application No. 11/614,429) of U.S.
Patent No. 8,738,103

Ex. 1004  U.S. Provisional Patent Application No. 60/856,410

Ex. 1005  U.S. Provisional Patent Application No. 60/831,544
Ex. 1006  (intentionally omitted)
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Exhibit Description

Ex. 1007  (intentionally omitted)

Ex. 1008  (intentionally omitted)

Ex. 1009  (intentionally omitted)

Ex. 1010  (intentionally omitted)

Ex. 1011  U.S. Patent Publication No. 2004/0137950 to Bolin, et al. (“Bolin”)

Ex. 1012 UK. Patent Publication No. GB2416625 to Langley, et al. (“Langley”)

Ex. 1013 European Patent Publication No. EP1294049 to Ollikainen, et al.
(“Ollikainen™)

Ex. 1014  U.S. Patent Publication No. 2004/0051669 to Rutfors, et al. (“Rutfors”)

Ex. 1015  Ang, et al., Compact Internal Quad-Band Antenna for Mobile Phones,
Microwave and Optical Technology Letters, Vol. 38, No. 3 (Aug. 5, 2003).

Ex. 1016  ETSITS 136 104 V8.8.0 (2010-02) Technical Specification

Ex. 1017  Rohde & Schwarz, LTE Release 9, Technology Introduction White Paper,
IMA191

Ex. AA Claim Chart comparing the combination of Bolin and Langley to claims
11-12 (Ground 1)

Ex. BB Claim Chart comparing the combination of Bolin, Langley and Rutfors to
claims 11-12 (Ground 2)

Ex. CC Claim Chart comparing the combination of Ollikainen, Bolin and Langley
to claims 11-12 (Ground 3)

IL. LEGAL FRAMEWORK

A. Obviousness

14. I am a technical expert and, as [ mention above, I do not offer any legal
opinions. However, I have been informed about certain legal principles regarding
patentability and related matters under United States patent law, which I have applied in
performing my analysis and arriving at my technical opinions in this matter.

i General Framework
15. I am informed that a person cannot obtain a patent on an invention if the

differences between the invention and the prior art are such that the subject matter as a
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whole would have been obvious to a person having ordinary skill in the art at the time of
the invention. I am informed that a conclusion of obviousness may be founded upon
more than a single item of prior art. I am also informed that obviousness is determined
by evaluating the following factors: (1) the scope and content of the prior art; (2) the
differences between the prior art and the claim at issue; (3) the level of ordinary skill in
the pertinent art; and (4) secondary considerations of non-obviousness. In addition, the
obviousness inquiry should not be done in hindsight. Instead, the obviousness inquiry
should be done through the eyes of a person having ordinary skill in the art at the time of
the alleged invention.

16.  In considering whether certain prior art renders a particular patent claim
obvious, I am informed that one must consider the scope and content of the prior art,
examples of which include disclosures in patents, trade publications, journal articles,
conference papers, industry standards, product literature and documentation, texts
describing competitive technologies, requests for comment published by standard setting
organizations, and materials from industry conferences.

17. I am informed that for a patent claim to be found obvious, the proper
perspective to consider is that of a person having ordinary skill in the art (often referred
to as a “PHOSITA,” “POSITA,” or “POSA”) at the time of the alleged invention. Iam
informed that the factors to consider in determining the level of ordinary skill in the art
include: (1) the educational level and experience of people working in the field at the
time the invention was made; (2) the types of problems faced in the art and the solutions
found to those problems; and (3) the sophistication of the technology in the field.

i Analogous Art

18.  Iam informed that for a prior art reference to be proper for use in an
obviousness analysis, the reference must be “analogous art” to the claimed invention. I
am informed that a reference is analogous art to the claimed invention if: (1) the
reference is from the same field of endeavor as the claimed invention (even if it addresses
a different problem);, or (2) the reference is reasonably pertinent to the problem faced by
the inventor (even if it is not in the same field of endeavor as the claimed invention). In
order for a reference to be “reasonably pertinent” to the problem, it must logically have

commended itself to an inventor’s attention in considering his problem. In determining
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whether a reference is reasonably pertinent, one should consider the problem faced by the
inventor, as reflected either explicitly or implicitly, in the specification. Ibelieve that all
of the references I considered in forming my opinions in support of the Request are well
within the range of references a person having ordinary skill in the art would have
consulted by the time of the invention to address the type of problems described in the
challenged claims.

iii Combining Known Elements in the Art, Common Sense

19. I am informed that, in order to establish that a claimed invention was
obvious based on a combination of prior art elements, a clear articulation of the reason(s)
why a claimed invention would have been obvious must be provided. Specifically, I am
informed that, under the U.S. Supreme Court’s KSR decision, a combination of multiple
items of prior art renders a patent claim obvious when there was an apparent reason for a
person having ordinary skill at the time of the invention to combine or modify the prior
art. I am informed that such reason may include, but is not limited to, one or more of the
following rationales: (A) combining prior art methods according to known methods to
yield predictable results; (B) substituting one known element for another to obtain
predictable results; (C) using a known technique to improve a similar device in the same
way; (D) applying a known technique to a known device ready for improvement to yield
predictable results; (E) trying a finite number of identified, predictable potential
solutions, with a reasonable expectation of success; (F) identifying that known work in
one field of endeavor may prompt variations of it for use in either the same field or a
different one based on design incentives or other market forces if the variations are
predictable to one of ordinary skill in the art; or (G) identifying an explicit teaching,
suggestion, or motivation in the prior art that would have led one of ordinary skill to
modify the prior art reference or to combine the prior art references to arrive at the
claimed invention.

20.  ITam informed that the test for obviousness is 7ot whether the features of a
secondary reference may be bodily incorporated into the structure of the primary
reference, but rather whether one of skill would have been motivated to combine the
teachings of the prior art references to achieve the claimed invention. Nevertheless, I am

informed that an invention that is a combination of prior art must do more than yield
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predictable results to be non-obvious and that, even where one or more motivations to
combine exist, claims are not necessarily obvious unless a person having ordinary skill in
the art would have had a reasonable expectation of success in implementing or applying
the proposed combination at the time of the invention.

21. I also am informed that in conducting an obviousness analysis, a precise
teaching directed to the specific subject matter of the challenged claim need not be sought
out because it is appropriate to take account of the inferences and creative steps that a
person having ordinary skill in the art at the time of the invention would employ. In other
words, the prior art need not be directed towards solving the same specific problem as the
problem addressed by the patent. Further, the individual prior art references themselves
need not all be directed towards solving the same problem. The prior art considered can
be directed to any need or problem known in the field of endeavor at the time of
invention and can provide a reason for combining the elements of the prior art in the
manner claimed. Common sense teaches that familiar items may have obvious uses
beyond their primary purposes, and a person having ordinary skill in the art will often
have been able to fit the teachings of multiple prior art references like pieces of a puzzle.
I am informed that, under the KSR standard, common sense is important and should be
considered in assessing obviousness.

22. I also am informed that the fact that a particular combination of prior art
elements was “obvious to try” may indicate that the combination was obvious even if no
one attempted the combination. If the combination was obvious to try (regardless of
whether it was actually tried) or leads to anticipated success, then it is likely the result of
ordinary skill and common sense rather than innovation. I am further informed that in
many fields it may be that there is little discussion of obvious techniques or
combinations, and it often may be the case that market demand, rather than scientific
literature or knowledge, will drive the design of an innovation. When there is a design
need or market pressure to solve a problem and there are a finite number of identified,
predictable solutions, a person having ordinary skill in the art has good reason to pursue
the known options within his or her technical grasp. If this leads to the anticipated
success, it is likely the product not of innovation, but of ordinary skill and common sense.

iv Teaching Away
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23.  Tam informed that it is improper to combine references where the
references teach away from their combination. I am informed that a reference may be
said to teach away when a person of skill, upon reading the reference, would be
discouraged from following the path set out in the reference, or would be led in a
direction divergent from the path that was taken by the patent applicant. In general, a
reference will teach away if it suggests that the line of development flowing from the
reference’s disclosure is unlikely to be productive of the result sought by the patentee. I
am informed that a reference teaches away, for example, if (1) the combination would
produce a seemingly inoperative device; or (2) the references leave the impression that
the product would not have the property sought by the patentee. However, I am informed
that a reference does not teach away if it merely expresses a general preference for an
alternative invention but does not criticize, discredit, or otherwise discourage
investigation into the invention claimed. Further, a person of skill will often appreciate
that different courses of action frequently have simultaneous advantages and
disadvantages, and I am informed the existence of such does not necessarily obviate a
motivation to combine.

v Secondary Considerations

24, I am informed that even if a prima facie case of obviousness is
established, the final determination of obviousness must also consider “secondary
considerations” if presented. I am informed that in most instances, the patentee raises
these secondary considerations of non-obviousness. In that context, the patentee argues
an invention would not have been obvious in view of these considerations, which include:
(a) commercial success of a product due to the merits of the claimed invention; (b) a
long-felt, but unsatisfied need for the invention; (c) failure of others to find the solution
provided by the claimed invention; (d) deliberate copying of the invention by others; (e)
unexpected results achieved by the invention; (f) praise of the invention by others skilled
in the art; (g) lack of independent simultaneous invention within a comparatively short
space of time; and (h) teaching away from the invention in the prior art.

25. I am further informed that secondary-considerations evidence is only
relevant if the offering party establishes a connection, or nexus, between the evidence and

the claimed invention. The nexus cannot be based on prior art features. For example,
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suppose commercial success of products allegedly embodying the claims is presented as a
secondary indicium of non-obviousness. In that case, the patent owner must show that
such success is due to the claimed invention’s features, and not features unrelated to the
claimed invention or that already existed in the prior art. The establishment of a nexus is
a question of fact.

26. It does not appear that the Patent Owner has previously offered any
secondary considerations of non-obviousness during prosecution of the '200 Patent.
Should any such considerations be offered with respect to the 200 Patent itself, in my
opinion, the clear teachings of the prior art herein and discussed in the Request would
overcome such “secondary considerations,” if any were offered.

B. Claim Construction

27. I am informed that in performing an obviousness analysis, it is necessary
to understand the scope of the claims. I have also been informed the first step in an
unpatentability analysis, therefore, involves construing the claims. Second, the construed
claim language is then compared to the disclosures of the prior art.

28. I am informed that while during reexamination, unexpired patent claims
must be given their “broadest reasonable interpretation consistent with the specification.”

29.  Forpurposes of this proceeding, I have applied the claim constructions set
forth in the claim construction section of the Request that this declaration accompanies
when analyzing the prior art and the claims, which is plain and ordinary meaning.

III. OPINION

A. Level of Skill of a Person Having Ordinary Skill in the Art

30. I was asked to provide my opinion as to the level of skill of a person
having ordinary skill in the field of the 200 Patent at the time of the claimed invention
(referred to herein as a “POSITA”). I have been instructed to assume that the time of the
claimed invention of the 200 Patent is July 18, 2006. I have also been asked to provide
my opinion on the assumption that the time of the claimed invention is July 18, 2006
(which I understand is the earliest claimed priority date of the 200 Patent).

31.  In determining the characteristics of a POSITA, I was told to consider
several factors, including the type of problems encountered in the art, the solutions to

those problems, the rapidity with which innovations are made in the field, the
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sophistication of the technology, and the education level of active workers in the field. I
also placed myself back in the time frame of the claimed invention and considered the
colleagues with whom I had worked at that time.

32 In my opinion, a POSITA would be a person having, as of July 18, 2006:
(1) an undergraduate degree in electrical engineering or closely related field, or similar
advanced post-graduate education in this area; or (2) three years of experience in
electrical engineering; and also 2 years of experience in antenna and wireless device
design and development. Such a person of ordinary skill in the art would have been
capable of understanding the '200 Patent and the prior art references discussed herein. It
is from this lens that I offer my opinions below.

33. Based on my education, training, and professional experience in the field
of the claimed invention, I am familiar with the level and abilities of a POSITA.
Additionally, I met at least these minimum qualifications at least as of July 18, 2006. I
also closely supervised numerous graduate students throughout my career who met or
exceeded these minimum qualifications. Although my qualifications may exceed those
of the hypothetical person defined above, my analysis and opinions regarding the 200
Patent have been rendered from the perspective of a POSITA during the relevant time
frame. My mentorship and supervision of graduate and undergraduate students assists
me in providing my opinion from the perspective of a POSITA during the relevant time
frame, as [ am aware of the abilities and backgrounds of students and early-career
professionals at various stages of their academic and professional development.

B. Summary of My Opinions

34. I have reviewed the claims of the 200 Patent, the prior art cited in the
Request, and the mapping of the prior art charted against claims 11-12 in Exhibits AA
through CC, and I agree with Requester that each of claims 11-12 recite concepts that
either are disclosed by, or are obvious variations of, the prior art grounds cited in the
Request. The concept of a wireless device that includes two antennas; a first antenna that
operates on four wireless bands with a contour that includes at least 20 segments, and that
further has a width and height ratio of at least two; and a second antenna that is proximate
to a side of a ground plane rectangle for the wireless device was well-known prior to the

earliest claimed priority date of the 200 Patent.

Unified Ex. 1009 Page 15

EX1047 - Page 472



35.  Although the Patent Owner appears to have defined a way of graphically
analyzing antennas using the physical shape of the antenna contour and parameterized the
results of this analysis as “complexity factors” F21 and F32, antennas were disclosed in
the prior art that exceed the complexity factor thresholds for F21 and F32 when those
factors are calculated based on the method provided by the *200 Patent.

36. Claims 11-12 of the 200 Patent cover any antenna that, when evaluated in
accordance with the calculation method disclosed in the *200 Patent, have a shape that
results in complexity factors F21 and F32 that exceed a certain threshold, regardless of
how such an antenna was developed in the prior art. Claims 11-12 do not cover the
method of performing the complexity factor calculation. Therefore, whether or not that
calculation method it itself novel, the fact that prior-art antennas were disclosed that
satisfy the complexity factor threshold when evaluated according to the method of the
200 Patent, in conjunction with other prior art disclosures, renders the claims obvious ,
for the reasons stated in Charts AA-CC.

37. In Section II1.C, below, I provide some background regarding the state of
the art related to the '200 Patent. This background is based on my recollection and
experience around the time of the '200 Patent, reflected in certain references cited below.
I cite the Unified exhibit page number for non-patent/patent application references unless
otherwise indicated for ease of reference. I note that the background information I have
provided is non-exhaustive, and there may be many additional materials that would
reflect the common knowledge and skill of a POSITA by July 2006 in the context of a the
antenna system design choices available and in common use for wireless devices.

C. Background of the Technology

i The '200 Patent
38. The *200 Patent is directed to a wireless device that includes an antenna
system that has a level of complexity above a certain threshold. Ex. 1001 at Abstract. The
field of the invention is a multifunction wireless device and antenna designs for such
devices. Id. at 1:29-38.
39.  The ’200 Patent coins two terms in order to parameterize the level of
complexity of antennas. /d. at 16:64-17:4. The two terms that the applicant created are

the complexity factors F21 and F32, which “capture and characterize certain aspects of
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the geometrical details of the antenna contour (such as for instance its edge-richness,
angle-richness and/or discontinuity-richness) when viewed at different levels of scale.”
Id. at 16:67-17:4. The 200 Patent presents a method of calculating these complexity
factors F21 and F32 by drawing a series of grids onto the physical structure of the
antenna, counting which of the boxes of each grid intersect with a contour (i.e. edge) of
the antenna structure, and performing a calculation based on the count of boxes for each
grid. Id. at 17:5-20:17.
40. Independent claim 11 of the ‘200 Patent recites as follows:
11. A wireless device comprising:
an antenna system comprising a ground plane and at least
two antennas within the wireless device, the antenna system comprising;
a first antenna configured to provide operation in at least
three frequency bands being used by 4G communication standards,
the first antenna defining an antenna contour comprising an entire
perimeter of the first antenna, the antenna contour comprising at
least twenty segments, wherein the antenna contour has a level of
complexity defined by complexity factor F21 having a value of at
least 1.20 and complexity factor F32 having a value of at least
1.35, and wherein the first antenna defines an antenna box thatis a
minimum-sized parallelepiped that completely encloses a volume
of the first antenna and wherein each face of the minimum-sized
parallelepiped is tangent to at least one point of the volume of the
first antenna, an orthogonal projection of the antenna box along a
normal to a face with a largest area of the first antenna defining an
antenna rectangle, an aspect ratio of the antenna rectangle being
defined as a ratio between a width and a height of the antenna
rectangle, wherein the aspect ratio has a value of at least 2; and
a second antenna configured to provide operation in a first
wireless service, the second antenna being proximate to a side of a

ground plane rectangle enclosing the ground plane.
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41. I note that, although claim 11 refers to “4G communication standards,” as
of the date that I have been asked to assume is the earliest claimed priority date of the
200 Patent, which is the earliest date listed on the face (page 1) of the ‘200 Patent,
September 2006, 4G standards had not been formally defined. The ‘200 Patent provides
several examples of frequency bands that fall within those being used by 4G
communication standards (I note that 4G standards were announced almost 2 years after
the earliest claimed priority date of the 200 Patent, as I explain in Paragraph 53): “A
MFWD incorporating 3.5G or 4G features (i.e. comprising 3G and other advanced
services such as for instance HSDPA, WiBro, WiFi, WiMAX, UWB or other high-speed
wireless standards, hereinafter 4G services) might require operation in additional
frequency bands corresponding to said 4G standards (for instance, bands within the
frequency region 2-11 GHz and some of its sub-regions such as for instance 2-11 GHz, 3-
10 GHz, 2.4-2.5 GHz and 5-6 GHz or some other bands).” Ex. 1001 at 25:14-23. As |
explain in the section regarding Langley, I have reviewed the frequencies covered by the
antenna of Langley and it is my opinion that the antenna of Langley covers at least three
frequencies that would fall within the plain meaning of those being used by 4G
communication standards as this term is used by the claims of ‘200 Patent (I again note
that 4G standards were announced almost 2 years after the earliest claimed priority date
of the *200 Patent, as I explain in Paragraph 53).

42.  The ’200 Patent generally describes a wireless device that includes an
antenna system with a level of complexity (as calculated by the method provided in
the 200 Patent) above a certain threshold. The *200 Patent explains that complex
antennas can be made smaller (i.e., miniaturized) while offering multiband capabilities.
Ex. 1001 at 32:42-33:3. The *200 Patent asserts that the complexity factors F21 and F32
that are coined and explained in the patent “are very useful tools for the modern antenna
design for MFWD and similar devices. Use of these tools in accordance with the
invention yields antenna designs, as well as MFWD devices having antennas, with
enhanced performance characteristics.” /d. at 32:66-33:3.

43.  The patent explains at length how to calculate these newly-defined factors
for a particular antenna in order to assess whether the particular antenna design is

sufficiently complex and therefore, as the patent claims, more likely to offer improved
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bandwidth performance in a small-sized antenna. See Ex. 1001 at 17:5-20:17, 29:45-
32:26, 33:65-35:44 and Figs. 3-4, 6A-12A, 13A-18.

44.  Briefly, in order to calculate the complexity factor for an antenna system,
the 200 Patent explains, we first draw a three-dimensional antenna box around the
physical antenna system, and then project the largest-area side of that box into two
dimensions, as shown in Figure 3 of the *200 Patent. Ex. 1001 at 7:10-11, 14:14:6-24,
27:57-28:28. The two-dimensional representation (shown on the bottom of Figure 3

below) is called the antenna rectangle. Ex. 1001 at 14:21-30.
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’200 Patent at Figure 3.

45.  The antenna contour is the perimeter (i.e., outline or edge) of all of the
antenna elements that fall within the antenna box 351. Ex. 1001 at 15:14-47. Said simply,
in the example of Figure 3 of the *200 Patent, above, the antenna contour is comprised of
the lines that make up the outline of the antenna structure, including the lines inside of
the “hole” in the antenna structure (item 352). Id. at 28:8-17. The antenna box 351 can

also be called the antenna rectangle. In accordance with the procedure set forth in
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the *200 Patent, the antenna rectangle is drawn such that it just touches the sides of the
antenna contour, as seen in Figure 3 of the *200 Patent.

46.  Three grids (a small, medium, and large grid) are drawn on the antenna
rectangle, as shown in the example of Figures 6A-6C of the 200 Patent. Ex. 1001 at
7:22-28.
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47. The process begins with the drawing of the medium grid. The medium
grid is drawn on top of the antenna rectangle to tesselate the rectangle into nine columns
and an odd number of rows. /d,, 17:49-51. The cells that make up the grid should be as
square as possible. See the below excerpt of Figure 13B of the 200 Patent, showing the
medium grid (with nine cells across the width of the grid) drawn on an example antenna.

Ex. 1001 at 8:1-9.

’200 Patent, Figure 13B (except)

48. Four cells of this Figure 13B grid are then combined to make one larger

cell, which can be used to tesselate the rectangle on a coarser level (the larger cell-sized
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grid). On the other hand, one cell from the Figure 13B grid can be split into four cells,
which can tesselate the rectangle on a finer level (the smaller cell-sized grid). These three
grids — one with small squares, one with medium squares, and one with large squares —

are used to find numbers for the following equations:

_logfVa) - loglV)) logiNy) = log(N3)

Fj = i Al %o iouod
| gy 1 sl 15

-

Ex. 1001 at 19:3-20:17.

49. In these equations, N1, N2, and N3 are all values that represent the
number of cells that intercept some point of the antenna contour grid. Ex. 1001 at 19:12-
20, 20:5-12. For instance, in Figure 13B, the top row of the antenna rectangle counts five
cells out of nine. N1 is for the coarsest grid, N2 is for the original grid with nine columns,
and N3 represents the finest grid.

50.  Inessence, the allegedly novel concept disclosed by the 200 Patent is the
fact that antennas with increased complexity (i.e., more edges, turns in the contour of the
antenna, and holes within the antenna structure) may offer performance advantages over
less-complex antenna shapes. However, as shown herein, numerous prior-art antennas,
when evaluated using the calculation method explained in the patent, exceed the
complexity threshold for the complexity factors F21 and F32 claimed by Claim 11 of
the 200 Patent.

51.  Whether by trial-and-error or otherwise, some prior art antennas that offer
high performance also have a “complex” shape rather than a simple shape. While it may
be that the listed inventors of the 200 Patent developed a method that is helpful in
evaluating antenna systems, that method is not what is claimed. Any antenna that is
sufficiently complex satisfies the complexity-factor elements of claims 11-12 of the *200
Patent.

i State of the Technology

52. The field of endeavor of the invention of the *200 Patent is a multifunction
wireless device and antenna designs for such devices. Ex. 1001 at 1:29-38.

53.  As of 20006, the 4G standards had not yet been formally defined. The ITU
(International Telecommunication Union) first defined 4G standards in 2008. The 4G
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standards were defined in the 3GPP Release 8 that was released in 2008, with the first
commercial deployment in 2009.

54.  The 4G standard continued to be updated in future releases. For example,
3GPP TS (Technical Specification) Version 8.8.0 of Release 8, dated February 2010,
indicates frequency ranges including 900 MHZ (e.g., 880-915 MHz) and between 1805
MHz - 2400 MHz inclusive, and additional frequencies. Ex. 1016 at 13-14. I obtained
Exhibit 1016 from the ETSI website etsi.org. Specifically, I downloaded Exhibit 1016
from the URL
https://www.etsi.org/deliver/etsi_ts/136100_136199/136104/08.08.00_60/ts_136104v080
080p.pdf.

55. And as another example, a white paper discussing 3GPP Release 9 (2011)
also lists 4G frequency ranges including 900 MHZ (e.g., 880-915 MHz) and between
1805 — 2400 MHz (1.8 — 2.4 GHz) inclusive, and additional frequencies. Ex. 1017 at 32-
33.

56. I obtained Exhibit 1017 by downloading it from the website
https://www.rohde-schwarz.com/us/applications/Ite-rel ease-9-technology-introduction-
white-paper-white-paper 230854-15541.html.

57. It is important to note that the 3GPP Release 8 was not promulgated as of
2006. Of course, later releases (such as Release 9) were also not promulgated as of 2006.

S8. The problem purportedly solved by the 200 Patent, the need for antennas
systems with both a small form factor and multi-band capability, (Ex. 1001, 3:28-33, 5:1-
26) was well-known and well-understood in the prior art. Wireless devices that
incorporated multi-band capabilities, including those that employed two antennas, were
also well-known. See generally Rutfors, Bolin. Market forces had begun driving mobile
telephones to include three-band antenna systems as early as 2003. Ex. 1014 (Ang) at 217
(proposing a four-band antenna).

59. As explained by Ollikainen, a 2003 European patent publication, the need
for compact multi-band antennas for use in wireless devices was a well-known problem:
“The development of small antennas for mobile phones has recently received much
attention due to size reduction of the handsets, requirements to keep the amount of

radiofrequency (RF) power absorbed by a user below a certain level regardless of the
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handset size, and introduction of multi-mode phones. It would be advantageous, desirable
and even necessary to provide internal multi-band antennas to be disposed inside a
handset body, and these antennas should be capable of operating in multiple system such
as E-GMS900 (880 MHz - 960 MHz), GSM1800 (1710 MHz - 1880 MHz), and
PCS1900 (1859 MHz - 1990 MHz).” Ollikainen at [0002]. The trade-off between antenna
size and performance was also well-known: “Currently, the antenna is one of the largest
parts in a mobile phone. In order to fit more antenna elements with acceptable
performance in the available space, there is an ongoing effort to reduce their physical
size. As the size of the mobile phone decreases, the radiation efficiency of traditional
small internal handset antennas also decreases, particularly in an antenna system that has
wavelengths corresponding to a resonance frequency below 1GHz.” /d. at [0004].

60. Ollikainen discloses an antenna system (1) that operates in three wireless
bands. Ollikainen at [0006] — [0008]. Ollikainen is an example of an antenna system
design element in a wireless device that was ubiquitous in the art in which the antenna
system was placed near the top or bottom edge of the wireless device, near the edge of a
ground plane. Ollikainen at [0017] —[0018], Figs. 2 and 3. As a POSITA would have
understood, placing the antenna system towards the edge of the wireless device, near the
edge of the ground plane, was a common design choice at the time of the purported
invention. I note that Rutfors and Bolin are other examples of a wireless device design
with the antenna system located near the edge of both the device and the ground plane, as
I explain further in the sections regarding each reference herein.

61. A 2004 U.S. Patent publication, Rutfors, disclosed a wireless device with
two antennas located near each other. Rutfors at Figures 1-2. As Rutfors explains, the
need for multiple-antenna systems in a wireless device was well known. “In a portable
radio communication device the space for an internal antenna arrangement is limited.
With the growing need for greater functionality and better radio channel quality it is often
necessary to utilize more than one antenna element in a portable radio communication
device, such as a mobile telephone.” /d. at [0001] — [0002].

62.  Rutfors identifies the problem of potential interference between two
closely-spaced antennas, which is solved in Rutfors by employing a shield between the

antennas and further by placing the feed points of the two antennas away from each other.
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Id. at [0002], [0005], [0007], [0010], [0019]. In Figures 1 and 2, Rutfors provides two
examples of the first and second antenna separated by the shield (item 4).

63.  Bolin, a 2004 U.S. Patent publication, as disclosed a two-antenna system
that includes one multi-band antenna and a separate Bluetooth antenna. Bolin at [0019] —
[0020] and Figures 1-2 Bolin also explains that the need for smaller form factor antenna
systems that provide good multi-band performance in wireless devices was well-known.
Bolin at [0002], [0006]. Bolin explains that, by providing a high-impedance parasitic
element between two closely-spaced antennas, the size of the antenna system can be
reduced while providing good multi-band performance. Bolin at [0021], [0023] - [0024].
The parasitic element provides good isolation between the closely-spaced antennas which
allows each antenna to provide good wireless performance. /d. at [0032].

64.  AsBolin explains, the two-antenna system is in a preferred embodiment
located towards the edge of the wireless device. See Bolin at Figures 3-5.

65. A 2005 U.S. Patent, Jarmuszewski, is another example of a wireless
communications device that includes both a multi-band antenna (see Figure 8 of
Jarmuszewski) and a separate short-range communication module to provide Bluetooth or
WiFi connectivity. Jarmuszewski at 8:66 — 10:7, 12:61 — 13:4, 14:61 — 15:1.

66. A 2006 U K. Patent publication, Langley, also disclosed a compact and
efficient multi-element, multi-band antenna that operates on five frequency bands.
Langley at 2:24-26, 4:29-7, 8:12-13. As Langley explains, the need for a compact,
efficient multi-band antenna was well-known and well-understood. Langley at 2:21-22,
3:4-17.

67. As illustrated above, the prior art disclosed numerous examples of
compact, multi-band wireless antenna systems in a wireless device, and the advantages of
compact, multi-band antenna systems were well known.

D. Ground 1: The Combination of Bolin and Langley (Claims 11-12)
i Overview of Bolin

68. Bolin, a 2004 U.S. Patent publication, disclosed “[a] build-in, multi band,
multi antenna system (1) for a protable [sic, portable] communicaiton [sic,
communication] device (10) has a first antenna (2, 4, 5), which is resonant in first an [sic,

and] second frequency band. A second[d] antenna (3) is resonant in a fourth frequency
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bank [sic, band]. The first antenna, the papasitic [sic, parasitic] element and the second
antenna are provided on a common flexible substrate.” Bolin at Abstract.

69. Bolin identifies the known problem of the need for compact antennas with
good multi-band performance in wireless devices. “A basic problem of today is to be able
to put one or several very small antennas on e.g. a mobile telephone. Main emphasis is
put on size, but a good electrical performance is also important.” Bolin at [0002]. Bolin
further identifies the need to add coverage for additional frequency bands, in particular
Bluetooth, to mobile devices due to proliferating wireless standards. /d. Bolin identifies
as a solution the implementation of multiple antennas located near to each other,
preferably at the “top of the telephone.” /d. Bolin explains that it is important to get
“good isolation” between these closely-spaced antennas. /d.

70.  Bolin provides a solution to the problem of providing a compact antenna
with good multi-band performance in a wireless device by providing for a parasitic
element as a high impedance block between two closely-spaced antennas. The parasitic
element acts to isolate the two closely-spaced antennas. “It is an object of the present
invention to propose a very compact multi band, multi antenna system, with a cheap and
sophisticated mechanical concept to get good isolation by clever design of a parasitic
element as a high impedance block.” /d. at [0006].

71.  Bolin provides, as an illustration of its invention, a compact two-antenna
system. “A simplified illustration of the antenna system 1 according to the invention is
given in FIGS. 1 and 2. The antenna system has a main antenna 2 for GSM/DCS/PCS and
a separate smaller Bluetooth™ antenna 3 positioned very close to the main antenna 2. . . .
The main antenna 2 is a built-in patch with parasitic element, whereas the smaller
Bluetooth™ antenna 3 is a PIFA, however folded a little bit to fit the small space
available.” Bolin at [0019] — [0020]

72. Bolin explains that its design is advantageously compact. “A significant
advantage with the antenna system according to the present invention is the size
reduction that obtained by placing the antennas close together as well as the folding of
the antenna patterns.” /d. at [0021]. Bolin explains that the parasitic element allows for a
more compact design while maintaining good isolation between the two closely-spaced

antennas. “By arranging the antennas in this manner, it is possible to reduce the overall
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size of the antenna system compared to if the parasitic element was not present. As can
be understood, moving the antennas further apart, which would be necessary in the
absence of the parasitic element, would increase the isolation between the main antenna
and the Bluetooth™ antenna.” Id. at [0024]. Bolin reports that the “isolation is very good,
even in the highest band despite the short distance between the antennas.” /d. at [0032].

73. The antenna system of Bolin is illustrated in Figure 1:

—— 4
(GSM
part}

2
Main
antenna)

-~ 3
{Biustoath
(Fead #13 ~ 74  antenna)
- N (Ground #3)
" ™7

{Ground #1} {Ground #2}

Fig 1
Bolin at Figure 1.

74. The main antenna (item 2) is surrounded by the dotted line in Figure 1. A
smaller, Bluetooth antenna is shown as item 3, which is positioned “very close” to the

main antenna. Bolin at [0019]. The PCS part (item 6) is the parasitic part between the
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main and Bluetooth antennas that provides “high impedance blocking” between the two
antennas. /d. at [0023].

75. As Bolin explains, the two-antenna system is in a preferred embodiment
located towards the bottom edge of the wireless device. The antenna system is connected
to radio circuitry on a printed circuit board (13) via an antenna connector (11). See Figure

3 of Bolin:

10
{Primary
= side of
. telephone)
S _
- 9
11 {Antenna
(Antenna carrier)
connector)
Bolin at Figure 3
76.  See also Figure 4 of Bolin, which shows the antenna system unfolded:
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{Antenna 12 {An&?ﬂﬁa
comnector) 080 carvier)
’ pins)
Bolin at Figure 4

77.  Figure 5 of Bolin shows the antenna system (unfolded) and the antenna
connector and naked PCB in order to illustrate the connection and relative location

between the antenna system and the connector/PCB:
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{Antenna system
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confectory  pins) (PCB)
Bolin at Figure 5.
78. Bolin provides numerous other embodiments of various antenna shapes

(Figs. 9-12 of Bolin), and explains that “different parts of the antenna system may look
different depending on e.g. the amount of space available inside the portable
communication device.” Id. at [0034].

79.  The ground plane disclosed by Bolin is the antenna connector and any
grounding metal to which it is connected. The annotated diagram below illustrates this
ground plane. As shown in the annotations, whether the ground plane is essentially the
antenna connector, or extends to additional grounding metal beyond the ground plane, the
antenna system is located near the edge of the ground plane because the antenna

connector is located near the edge of the PCB and device.
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Bolin at Figure 5 (annotations added).

80. As explained above, because the antenna system is proximate to the
bottom of the PCB and of the wireless device, however the grounding metal extends from
the antenna connector, the second antenna will be proximate to a side of a rectangle
enclosing the ground plane.

81. For example, Figures 9-10 of Bolin, which are each alternative

embodiments of its antenna system, are reproduced below:
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Fig 9

l-r

Fig 10

Bolin Figures 9-10

82. A POSITA would have understood Bolin tobe analogous art to the *200
Patent. The field of endeavor of the invention of the 200 Patent is a multifunction
wireless device and antenna designs for such devices. Ex. 1001 at 1:29-38. Bolin
discloses an antenna arrangement for a wireless device, which is within the same field of
endeavor. Bolin at Abstract, Figure 1.

83. Also, Bolin is reasonably pertinent to at least one problem concerning the
inventors of the 200 Patent. The problem purportedly solved by the *200 Patent is the
need for, and difficulty in attaining, an antenna system for a wireless device that has both
a small form factor and also good wireless performance in multiple wireless bands. Ex.
1001, 3:28-33, 5:1-26. Bolin recognizes this problem, and provides the solution of a
compact antenna system that offers good wireless performance in multiple wireless

bands. Bolin at [0002], [0006], [0024], [0032].
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i Overview of Langley

84. A 2006 U K. Patent publication, Langley, disclosed a compact and
efficient multi-element, multi-band antenna that operates on five frequency bands.
Langley at 2:24-26, 4:29-7, 8:8-13. As Langley explains, the need for a compact,
efficient multi-band antenna was well-known and well-understood. Langley at 2:21-22.
“The invention [of Langley] provides a compact and efficient multi-band antenna capable
of supporting a variety of frequency bands for cellular telecommunications and wireless
connectivity.” Langley at 3:4-6. Langley advantageously allows independent tuning of
each frequency band for its multi-band antenna via tuning individual elements of the
multi-element antenna. Langley at 3:8-17. Langley provides several example of its
efficient, compact, multi-band antenna. The first example is shown in Figures 1 and 2 of
Langley, with Figure 1 showing a schematic of the example antenna without dimensions,
and Figure 2 showing conductive elements of the same example antenna with

dimensions:
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Langley at Figs. 1-2.
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85. The first example antenna of Langley (shown in Figures 1-2 above) covers

six commercially-useful frequency bands:

System Frequency Band
GSM 800 8O0~ 98D MMz
DUSTRA0 TS0 S BEAMFR T
UECY 1900 MMz

UNTS {850 H IO Mz

“Bluetoom 400 IR R NN

Hiperian 12 5150~ 5725 Mz

Langley at 8:12-13.

86. As Langley explains, “Coverage of these commercially useful frequency
bands is provided by the Invention within the following three frequency bands, for which
the measured return loss is less than -10dB” Langley at 8:14-16. Generally, as a POSITA
would have understood, a return loss of 10 or more on a negative scale for a particular
frequency band indicates a commercially useful antenna for that frequency band, as
evidenced by Langley’s reference to this 10 decibel threshold.

87.  Langley summarizes the frequency bands covered by the antenna of

example 1 as follows:

Frequency band (MHz) | Bandwidth | System covered
REEERRTT BE Az GEMEaT
1530 - 2580 oS0 MM TTTBESTRG T
L UMTS
Blustaoth
DECT
. | Hiperlan 2

Langley at p.8 (bottom).
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88. As shown in the two tables disclosed by Langley, above, Langley
discloses that its antenna invention covers frequencies including 1920-2170 Mhz, 2400-
2483.5 MHz and 5150-5725.

89.  Langley further explains that antennas of the invention of Langley of
which the embodiment of example 1 (shown in Figure 2 of Langley and the embodiment
of example 2 (shown in Figure 13 of Langley) are examples preferably cover
“frequencies of 900MHz, 1800MHz, 2000MHz, 2400MHz and 5400MHz.” Langley at
4:29-32.

90. Although, as I explain above, no official 4G standards were established in
September 2006. the antenna disclosed by Langley covers at least three frequencies that a
POSITA would have understood to fall within the range of frequencies being used by 4G
communication standards as that term is used by the ‘200 Patent. As to the frequencies
listed in the two charts of Langley that are reproduced above, 1920-2170 Mhz, 2400-
2483.5 MHz and 5150-5725 MHz of which fall within the range of frequencies that a
POSITA would have understood to be included among those in the frequencies being
used by 4G communication standards under the plain and ordinary meaning of that term
as it was used by the ‘200 Patent (the 4G standard was announced almost 2 years after the
earliest claimed priority date of the ‘200 Patent, as I explain above). As to the preferred
frequencies disclosed by Langley for its antenna invention, three of these frequencies
(2000, 2400 and 5400 MHz) fall within fall within the range of frequencies that a
POSITA would have understood to be among those being used by 4G communication
standards.

91. I note that, even if a POSITA were to apply 4G communications standards
as set forth in 3GPP Release 8 or later that includes the frequency ranges of 900 MHZ
(e.g., 880-915 Mhz) and between 1805 — 2400 MHz (1.8 — 2.4 GHz) inclusive, Langley
would still disclose that its antenna provides operation in three bands that fall within 4G
communications standards, those being 900MHz, 2000MHz, 2400MHz.

92. Based on either the charts reproduced above or Langley’s disclosure of
preferred frequencies of operation of its antenna inventions, the antenna invention
disclosed by Langley provides that the antenna covers at least three frequencies that fall

within those that a POSITA would have understood as those being used by 4G
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communications standards under the plain and ordinary meaning of that term as it was
used by the 200 Patent (the 4G standard was announced almost 2 years after the earliest
claimed priority date of the ‘200 Patent, as I explain above). And even if a POSITA were
to apply the later-released 3GPP Release 8 4G communications standards, Langley still
discloses that its antenna provides coverage for at least three bands that a POSITA would
have understood were being used by 4G communications standards under the plain and
ordinary meaning of that term as it was used by the ‘200 Patent. Again, the 4G standard
was announced almost 2 years after the earliest claimed priority date of the ‘200 Patent,
as [ explain above.

93. A POSITA would have understood that the antenna of Langley could be
readily modified to operate in commercially-useful frequency bands. A POSITA would
have understood that the elements of the antenna of Langley could be tuned (that is,
adjusted) in order to operate in the antenna system of Bolin. Langley explains that the one
method (although not the only method) to adjust the resonant frequencies of its antenna is
to adjust the thickness of the antenna—Langley states that its antenna can be “easily and
predictably altered by changing the thickness if [sic, of] the substrate.” Langley at 10:8-
10. (The thickness referred to by Langley is the thickness of the printed circuit board
substrate, Langley at 6:21-24, and therefore changing this thickness would not affect the
dimensions used to calculate complexity factor. The antenna examples of Langley shown
in Figures 2 and 13 are x-y dimensions whereas the thickness is the z dimension.) A
POSITA would also have understood that it was advantageous to provide an antenna that
operates within the frequencies being used by 4G communication standards (under the
plan and ordinary meaning of that term as it was used in the 200 Patent) in order to
provide compatibility with wireless standards. Again, the 4G standard was announced
almost 2 years after the earliest claimed priority date of the ‘200 Patent, as I explain
above.

94, Langley also claims: “19. A multi-band antenna comprising a substrate
having three electrically conductive elements formed on a first surface, wherein: two of
the elements define antenna terminals for connection to an electronic circuit, the other

element not defining any antenna terminals; and the antenna provides frequency bands
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having a return loss of less than -1 0dB, the bands including frequencies of 900MHz,
1800MHz, 2000MHz, 2400MHz and 5400MHz.” Langley at 13:14-20.

9s. Langley provides a graphical representation of the return loss for the

antenna of Example 1 as follows (the -10db line has been annotated with the box):
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Langley at Figure 4.
96. Langley provides a second example of its invention as shown with

dimensions of the conductive elements in Figure 13. “Apart from the slightly different
element dimensions, the second example is similar to the first example, except also that

the substrate is 1.6mm thick.” Langley at 10:2-4.
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97.
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Fig. 13

Langley at Figure 13.

As illustrated by Figure 14, a return-loss diagram provided by Langley,

the antenna of example 2 offers similar multi-band performance with “resonant

frequencies [that] occur at lower frequencies” than the first example. Langley at 10:6-8.
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Fig. 14
Langley at Figure 14.
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98. The frequency scale of Figure 4 is megahertz (MHz), while the frequency
scale of Figure 14 is gigahertz (GHz). One gigahertz is 1,000 megahertz. Thus, the
frequencies shown on Figure 14 are roughly equivalent to the left portion of those shown
in Figure 4, 500 through 2,500 megahertz.

99.  As Langley explains, “[t]he position of the resonant frequencies of the
antenna can thus be easily and predictably altered by changing the thickness if the
substrate.” /d. at 10:8-10.

100. A POSITA would have understood Langley to be analogous art to the *200
Patent. As explained above, the field of endeavor of the invention of the *200 Patent is a
multifunction wireless device and antenna designs for such devices. Ex. 1001 at 1:29-38.
Langley discloses an antenna arrangement for a wireless device, which is within the same
field of endeavor. Langley at 2:24-26, 4:29-7, 8:8-13.

101.  Also, Langley is reasonably pertinent to at least one problem concerning
the inventors of the *200 Patent. As explained above, the problem purportedly solved by
the *200 Patent is the need for, and difficulty in attaining, an antenna system for a
wireless device that has both a small form factor and also good wireless performance in
multiple wireless bands. Ex. 1001, 3:28-33, 5:1-26. Langley recognizes this problem, and
provides the solution of a compact antenna system that offers good wireless performance

in multiple wireless bands. Langley at 2:21-26, 3:4-17, 4:29-7, 8:8-13.
iii Motivation to Combine Bolin and Langley

102.  In my opinion, a POSITA would have been motivated to apply the multi-
band antenna of Langley to the wireless device of Bolin because the antenna of Langley
advantageously covers five wireless bands and is compact and efficient. See Langley at
1:3-5, 2:21-22. A POSITA would have incorporated the multi-band antenna of Langley
into the wireless device of Bolin in order to get the benefit of a compact antenna that
operates on multiple bands and is efficient. A POSITA would have also have been
motivated to combine Bolin and Langley in order to achieve a wireless device with both
multi-band coverage and a separate Bluetooth antenna that provides good Bluetooth
coverage. Bluetooth, in general, operated in 2006 at a higher power level than cellular

signals and therefore a POSITA would have understood that it would be advantageous to

Unified Ex. 1009 Page 40

EX1047 - Page 497



have a separate Bluetooth antenna such that the separate Bluetooth antenna could operate
at higher power levels with less interference with the multi-band antenna.

103.  As explained above, a POSITA would have substituted the multi-band
antenna of Langley for the main antenna of Bolin. The resulting antenna system of
Bolin/Langley comprises: (i) the multi-band antenna of Langley; (ii) the separate
Bluetooth antenna of Bolin; (iii) the high-impedance blocking element of Bolin that
provides for good isolation between the multi-band antenna of Langley and the Bluetooth
antenna of Bolin. See Ex. AA.

104.  The multi-band antenna of Bolin operates in three bands (a two-band
antenna plus a third parasitic element that covers the third band while also functioning as
a high-impedance block). Bolin at [0022] —[0023] and Claim 1. The need for additional
bandwidth coverage in wireless devices is disclosed by Bolin. Bolin at [0001]. Langley
advantageously offers an antenna that covers five bands, which is more than the three
bands covered by the main antenna of Bolin. See Langley at 4:29-32. A POSITA would
have understood that coverage of additional wireless bands was advantageous, given the
known need at the time of the alleged invention for wireless devices that covered as more
wireless bands. See Bolin at [0001].

105. A POSITA would have considered substituting the multi-band antenna of
Langley for the main antenna elements of Bolin, while retaining the high-impedance
blocking element (item 6 of Figure 1 of Bolin) and the Bluetooth antenna of Bolin (item 3
of Figure 1 of Bolin) to be a simple substitution of one known element (the antenna of
Langley) for another (the Bolin main antenna components) to obtain predictable results of
increasing the number of wireless bands that the antenna system covers. As a POSITA
would have understood, the antenna of Langley was developed to be used as a multi-band
antenna in a wireless device to provide coverage of additional wireless bands, and indeed
the antenna disclosed by Langley covers five wireless bands. Langley at 2:24-26, 4:29-7,
8:8-30, 13:7-20.

106. As Bolin discloses in alternative embodiments shown in Figures 9-12,
various main antenna component shapes were compatible with the antenna system of
Bolin including the high-impedance blocking element (item 6) and the Bluetooth antenna

(item 3). Bolin at [0018], [0034] and Figures 9-12.
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107. Bolin teaches that, through the use of a parasitic element (item 6) between
the antennas, high-impedance blocking can be achieved that results in good isolation
between the two antennas even when they are closely spaced. /d. at[0015] — [0016],
[0023] — [0024], Figs. 6-7. It would have been obvious to a POSITA to substitute the
multi-band antenna of Langley for the main antenna components of Bolin, while
retaining the benefit of the good isolation between the multi-band antenna components
and its separate Bluetooth antenna that is offered by the high-impedance blocking
element (item ©).

108. A POSITA would have looked to the teachings of Langley to modify
Bolin because a POSITA would have considered Langley to be a compatible reference
that is within the same field of endeavor as the 200 Patent because Bolin describes a
wireless device with multiple antennas, while Langley provides an improved wireless
antenna. Ex. 1001 at 1:29-38. A POSITA would have understood that Langley enhances
the wireless performance of Bolin by enabling the wireless device to cover more wireless
bands.

109. A POSITA would have expected that the combination of Bolin with
Langley described in Exhibit AA would be successful because Bolin discloses a multi-
antenna system including a multi-band antenna and Langley discloses an improved multi-
band antenna that a POSITA would have understood to be operable in the antenna system
of Bolin. A POSITA would further have expected that substituting the multi-band
antenna of Langley for the main antenna components of Bolin while retaining the high-
impedance blocking element of Bolin would result in good isolation between the multi-
band antenna of Bolin and the separate Bluetooth antenna of Bolin.

110.  Accordingly, it would have been obvious to a POSITA to combine the
teachings of Bolin with those of Langley to modify Bolin’s system according to the
teachings of Langley. A POSITA would have recognized that the combination would
provide multi-antenna wireless device of Bolin with the ability to operate on additional
wireless bands.

111. A POSITA would have recognized that such a combination would have
been nothing more than the use of a known technique to improve similar devices and

methods in the same way. Bolin discloses the base wireless device that offiers multiple

Unified Ex. 1009 Page 42

EX1047 - Page 499



antennas (a multi-band antenna and a separate Bluetooth antenna) with good isolation
between the antennas in a compact configuration. Langley offers an improved multi-
band antenna that covers more wireless bands than does the multi-band antenna of Bolin.
A POSITA would have applied the improvement of the multi-band antenna of Langley to
Bolin to achieve the predictable result of a wireless device that is capable of operating on
additional wireless bands while offering good isolation between its multi-band antenna
and its Bluetooth antenna.

112. A POSITA would have recognized that applying the multi-band antenna
of Langley to the wireless device of Bolin as a routine design choice that could be readily
implemented in a wireless device such as Bolin. As mentioned above, Langley provides
an explicit motivation and reasons to implement its multi-band antenna in that Langley
explains that the antenna is compact and efficient. Langley at 2:21-22. 3:4-6. Langley
also explains that its multi-band antenna offers “near independent control of the different
bands” by tuning its multiple limbs and fingers. Langley at 3:8-10.

113.  Thavereviewed, and had input to, and endorse the explanations found in
the chart Exhibit A A that maps the combination of Bolin and Langley to the limitations
of claims 11-12 of the *200 Patent, including the appendix to Exhibit AA that explains
the manner in which the complexity factors were calculated for the antenna embodiments
of Langley. In summary, the combination discloses a wireless device that includes two
antennas; a first antenna that operates on four wireless bands with a contour that includes
at least 20 segments that exceeds complexity factor thresholds for F21 and F32 when
those factors are calculated based on the method provided by the *200 Patent, and that
further has a width and height ratio of at least two; and a second antenna that is proximate
to a side of a ground plane rectangle for the wireless device.

E. Ground 2: The Combination of Bolin, Langley and Rutfors (Claims

11-12)

i Overview of Bolin
114.  An overview of Bolin is provided in Ground 1.
ii Overview of Langley

115.  Anoverview of Langley is provided in Ground 1.
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i Overview of Rutfors

116. Rutfors discloses “[a]n antenna arrangement for a portable radio
communication device, comprising a first (1) and a second (2) antenna element, and a
conductive shield (4) connectable to a ground plane device (3), said first (1) and second
(2) antenna elements are located on opposite sides of the shield (4), wherein said first (1)
and second (2) antenna elements are of different types.” Rutfors at Abstract.

117. Rutfors explains that “[t]he present invention relates generally to antenna
arrangements and particularly to coupling between closely spaced antennas in portable
radio communication devices. . . . In a portable radio communication device the space for
an internal antenna arrangement is limited. With the growing need for greater
functionality and better radio channel quality it is often necessary to utilize more than one
antenna element in a portable radio communication device, such as a mobile telephone.”
Id. at [0001] - [0002].

118.  Rutfors identifies the problem of potential interference between two
closely-spaced antennas. “With closely spaced antenna elements unwanted coupling
between the antennas can arise.” /d. at [0002]. Rutfors also provides a solution to this
problem of a shield between the internal antennas. “An object of the present invention is
to provide an antenna arrangement that offers improved isolation, i.e. decreased coupling,
between antennas in a portable radio communication device, such as a mobile
telephone. . . . A further object of the present invention is to provide a portable radio
communication device, such as a mobile telephone, that offers improved isolation
between antennas inside said device. . . . With a shield between internal antennas in a
portable radio communication device the coupling between the antennas is reduced and
therewith it is possible to place the antennas close to each other. Further, with internal
antennas of different types, such as meander antenna and PIFA, the coupling between the
antennas are less than with two antennas of the same type, such as PIFA and PIFA. Thus
two antennas of different types and separated by a shield can be positioned closer
together than two of the same type separated by a shield, still providing the same amount
of isolation.” Id. at [0005], [0007], [0010].

119. In Figures 1 and 2, Rutfors provides two examples of the first and second

antenna separated by the shield (item 4). For each example, the “first and a second
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antenna element 1, 2 are connected to a ground plane device 3, i.e. the PCB of a portable
radio communication device, such as a mobile telephone,” /d. at [0016], which is also
shown on the figures. The antennas are each located near the top edge (and also the side

edges) of the ground plane:

Rutfors at Figure 1.

120.  In the embodiment shown in Figure 1, “The screen 4 [i.e., the shield
separating the two antennas] is grounded and elevated over the ground plane device 3,
forcing the currents passing it to change direction (up onto the screen). This additionally
reduces the amount of current flowing on the PCB from one antenna to the other, thus

minimizing the coupling between the antennas.” /d. at [0018].

Unified Ex. 1009 Page 45

EX1047 - Page 502



i
H it | [
2 .f'\\ |
‘xrf {:\\
%\\ ¥ ’ \\fﬁ

Rutfors at Figure 2.

121.  Inthe embodiment of Figure 2, the feed point placement and the shield (4)
both improve the isolation between the two antennas that are closely-spaced in the single
wireless device. “The feeding of the PIFA antenna element 1 is positioned at the top of
the PCB 3, while the meander antenna element 2 is fed at its lower end. The separation of
feeding points has the effect that the current distribution from each antenna is different,
which provides isolation between the antennas. This effect is further enhanced by the
shield 4 between the antennas.” /d. at [0019].

122.  Rutfors explains that its embodiments can be modified to include different

antenna designs, including designs that operate on multiple frequency bands. “In these
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embodiments, the antennas 1, 2 are suitable for dual-band operation. It is possible to
reduce or extend the number of frequency bands of the antennas by changing the design
of the antenna patterns.” Rutfors also explains that both antennas can be transmission or
reception antennas, and may operate in frequency bands including GSM or Bluetooth
bands.

123.  “Inthe embodiments described abovethe PIFA antenna 1 is preferably
optimized as a receiver antenna and the meander antenna 2 as a transmit antenna.
However, with slightly different designs, both antennas could be optimized for
transmission or reception, providing a transmitter or a receiver antenna diversity system,
respectively. The antennas may further be optimized individually in different frequency
bands, such as GSM900 and GSM1800, or in different communication systems, such as
GSM and Bluetooth.” /d. at [0021] — [0022]. Rutfors further explains that various types
of antennas may be used in its design, and “[t]he important part is that the antennas are
somewhat different, having different current distributions on the ground plane device,
e.g. the PCB, so that the coupling between the antennas is low. The conductive screen
helps to alter the current distribution, which makes the coupling even lower.” Id. at
[0025].

124. A POSITA would have understood Rutfors to be analogous art to the *200
Patent. As explained above, the field of endeavor of the invention is a multifunction
wireless device and antenna designs for such devices. Ex. 1001 at 1:29-38. Rutfors
discloses an antenna arrangement for a wireless device, which is within the same field of
endeavor. Rutfors at [0001] — [0002] and Figures 1-2.

125.  Also, Rutfors is reasonably pertinent to at least one problem concerning
the inventors of the 200 Patent. As explained above, the problem purportedly solved by
the *200 Patent is the need for, and difficulty in attaining, an antenna system for a
wireless device that has both a small form factor and also good wireless performance in
multiple wireless bands. Ex. 1001, 3:28-33, 5:1-26. Rutfors recognizes this problem, and
provides for an antenna configuration that enables a compact antenna system that offers
good wireless performance in multiple wireless bands. Rutfors at [0005], [0007], [0010]
and Figures 1-2.

iv Motivation to Combine Bolin, Langley and Rutfors
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126. A POSITA would have been motivated to apply the multi-band wireless
antenna of Langley to the wireless device of Bolin. For this combination, however,
instead of retaining the high-impedance blocking element of Bolin, a POSITA would
have employed the antenna shield of Rutfors. Specifically, a POSITA would have been
motivated to further modify the wireless device of Bolin/Langley to incorporate Rutfor’s
antenna shield to get the benefit of improved isolation between the main antenna of
Langley and the Bluetooth antenna of Bolin. The POSITA would have been further
motivated to incorporate the antenna shield of Rutfors to get the additional benefit of the
compact design of the antenna system of Rutfors. See Rutfors at [0017 — 0018]
(disclosing compact antenna system enabled by the antenna shield). To the extent that
Bolin is found not to disclose a ground plane, a POSITA would have been motivated to
incorporate the ground plane of Rutfors. A POSITA would have understood, as explained
by Rutfors, that he combination of the antenna shield and ground plane of Rutfors offers
further minimization of coupling between closely-spaced antennas and thus provides a
further benefit over the antenna shield alone. See Rutfors at [0016].

127.  As explained in Ground 1, the combination of Bolin and Langley disclose
each of the elements of claims 11-12. A POSITA would have substituted the multi-band
antenna of Langley for the main antenna of Bolin. However, for this combination, instead
of retaining the high-impedance blocking element of Bolin, a POSITA would have
employed the antenna shield of Rutfors to provide improved isolation between the multi-
band antenna of Langley and the Bluetooth antenna of Bolin.

128. Tothe extent that Bolin is found notto disclose a ground plane, Rutfors
provides a ground plane. Rutfors at [0016]. As Rutfors explains, the ground plane in
combination with the antenna shield minimizes coupling (that is, improves isolation)
between the two antennas of the antenna system. Rutfors at [0018]. Rutfors also explains
that its antenna system is suitable for two antennas for different systems such as GSM
and Bluetooth. Rutfors at [0009].

129.  The resulting antenna system of Bolin/Langley/Rutfors comprises: (i) the
multi-band antenna of Langley; (ii) the separate Bluetooth antenna of Bolin; (iii) the
antenna shield of Rutfors to provide good isolation between the multi-band antenna of

Langley and the separate Bluetooth antenna of Bolin. See Ex. BB.
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130. The motivation to combine Bolin and Langley is explained in Ground 1.
A POSITA would have been motivated to apply the wireless antenna of Langley to the
wireless device of Bolin in order to provide the wireless device with improved multi-
band coverage, and to provide the device with a compact and efficient antenna system.

131. A POSITA would have considered substituting the multi-band antenna of
Langley for the main antenna elements (item 2) of Bolin to be a simple substitution of
one known element (the antenna of Langley) for another (the Bolin main antenna) to
obtain predictable results of increasing the number of wireless bands that the antenna
system covers.

132. A POSITA would have been further motivated to add the antenna shield
Rutfors (including the ground plane of Rutfors, to the extent that the combination of
Bolin/Langley is found not to disclose a ground plane) to the wireless device of Bolin to
improve the isolation between the two antennas and thus improve overall wireless
performance of the antenna system while maintaining a compact design. A POSITA
would have understood that employing the antenna shield of Rutfors for its intended
purpose in the device of Bolin/Langley would have been nothing more than the use of
known techniques to improve similar devices and methods in the same way.

133.  As explained above, a POSITA would have looked to the teachings of
Langley to modify Bolin because a POSITA would have considered Langley to be a
compatible reference that is within the same field of endeavor as the 200 Patent, as Bolin
describes a wireless device with multiple antennas, while Langley provides an improved
wireless antenna. Ex. 1001 at 1:29-38. A POSITA would have understood that Langley
enhances the wireless performance of Bolin by enabling the wireless device to cover
more wireless bands.

134. A POSITA would further have looked to the teachings of Rutfors to
modify the wireless device of Bolin/Langley because a POSITA would have considered
Rutfors to be a compatible reference that is within the same field of endeavor as the 200
Patent, as Rutfors describes an improved antenna arrangement in a wireless device. Ex.
1001 at 1:29-38.

135.  To the extent that the combination of Bolin and Langley is found to not

disclose a ground plane and therefore to not disclose a “second antenna . . . proximate to
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a side of a ground plane rectangle enclosing the ground plane,” a POSITA would have
included the teachings of Rutfors and modified the Bolin/Langley device to include the
ground plane of Rutfors.

136. A POSITA would have understood that the combination of the ground
plane and the antenna shield of Rutfors further improves isolation between the antennas.
Rurfors at [0017 —0018] (“A conductive shield 4, extending from the ground plane
device 3, is positioned between the antennas 1, 2. The shield 4 provides additional
isolation, and thereby reduces the coupling between the antennas 1, 2, which is usually
present between closely spaced antennas. . . . The screen 4 is grounded and elevated over
the ground plane device 3, forcing the currents passing it to change direction (up onto the
screen). This additionally reduces the amount of current flowing on the PCB from one
antenna to the other, thus minimizing the coupling between the antennas.”)

137. The antenna system of Bolin is located near the edge of the ground plane
and also near the edge of the device, as is the antenna system of Rutfors. See Bolin at
Figure 1; Rutfors at Figures 1-2. A POSITA would have understood that locating the
antenna system near the edge of the device (which for this combination would locate the
antenna system near the edge of the ground plane) to be a standard design practice that
was an obvious design choice. A POSITA would have thus located the antenna system
and ground plane in the device of Bolin/Langley/Rutfors such that the antenna system
was located near the edge of the ground plane.

138.  Accordingly, it would have been obvious to a POSITA to combine the
teachings Langley and Rutfors to modify the wireless device of Bolin to provide a
wireless device with improved multi-band performance with a compact and efficient
antenna system design.

139.  Both Bolin and Rutfors disclose an antenna system that is located near the
edge of the ground plane, and further near the edge of the device. Bolin at Fig. 1; Rutfors
at Figs. 1-2. A POSITA would have further have understood the location of the antenna
system at the edge of ground plane as disclosed by Bolin (and to the a ground plane is
found to be absent from Bolin, as disclosed by Rutfors) to be a typical design choice that

a POSITA would have expected to result in a successful device.
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140.  Such a combination would have been nothing more than the use of known
techniques to improve similar devices and methods in the same way. As explained in
Ground 1, Bolin discloses the base wireless device with a multi-antenna system, and
Langley discloses a comparable wireless antenna for a wireless device that offiers
improved multi-band performance. Rutfors discloses a comparable multi-antenna
configuration for a wireless device that provides improved isolation between the antennas
and thus improved wireless performance in a compact configuration.

141. A POSITA would have applied the improvement of the antenna
configuration of Rutfors to Bolin/Langley to achieve the predictable result of wireless
device with an antenna system with improved isolation between the antennas and thus
improved wireless performance in a compact configuration. A POSITA would have
recognized that applying the antenna configuration of Rutfors a routine design choice that
could be readily implemented in a wireless device such as Bolin/Langley. As mentioned
above, Rutfors itself provides an explicit motivation and reasons to implement the
antenna configuration of Rutfors in a wireless device to reduce unwanted coupling
between antennas and allow for a more compact antenna configuration. See Ex. BB;
Rutfors at [007], [0010], [0019].

142. A POSITA would have applied the known technique of antenna shielding
and optimizing feed point placement of Rutfors to achieve the predictable result of
reduced unwanted coupling between closely-spaced antennas in a wireless device. A
POSITA would have recognized that antenna shielding and optimizing feed point
placement advantageously allows the wireless device antenna system to be more compact
and offer improved wireless performance.

143. A POSITA would have understood that the teachings of Rutfors
advantageously allows the wireless antennas to be placed closer together in a compact
configuration without unwanted coupling between the antennas.

144. A POSITA would have expected that the combination of Bolin with
Langley and Rutfors described in Exhibit BB would be successful because Bolin
discloses a multi-antenna system including a multi-band antenna, Rutfors discloses a
multi-antenna antenna system, and Langley discloses an improved multi-band antenna

that a POSITA would have understood to be operable in the antenna system of Bolin. A
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POSITA would have expected the antenna shield of Rutfors to provide good isolation
between the multi-band antenna of Langley and the separate Bluetooth antenna of Bolin.
A POSITA would have further expected the antenna shield of Rutfors in combination
with the ground plane of Rutfors to provide good isolation between these two antennas.

145. Thavereviewed, and had input to, and endorse the explanations found in
the chart Exhibit BB that maps the combination of Bolin, Langley and Rutfors to the
limitations of claims 11-12 of the 200 Patent, including the appendix to Exhibit BB that
explains the manner in which the complexity factors were calculated for the antenna
embodiments of Langley. In summary, the combination discloses a wireless device that
includes two antennas; a first antenna that operates on four wireless bands with a contour
that includes at least 20 segments that exceeds complexity factor thresholds for F21 and
F32 when those factors are calculated based on the method provided by the *200 Patent,
and that further has a width and height ratio of at least two; and a second antenna that is
proximate to a side of a ground plane rectangle for the wireless device.

F. Ground 3: The Combination of Ollikainen, Langley and Bolin

(Claims 11-12)

i Overview of Ollikainen

146.  Ollikainen discloses an antenna system (1) that operates in three wireless
bands. As Ollikainen explains, the first resonance frequency is substantially in a
frequency range of 1710 MHz to 1880 MHz, the second resonance frequency is
substantially in a frequency range of 880 MHz to 960 MHz, and the third resonance
frequency is substantially in a frequency range of 1850 MHz to 1990 MHz. The third
resonance frequency, in general, is higher than the first frequency, but their frequency
ranges have an overlapping section. Ollikainen at [0006] — [0008]. The antenna is shown

in Figure 1:
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Ollikainen at Figure 1.

147. Ollikainen is an example of an antenna system design elementin a
wireless device that was ubiquitous in the art in which the antenna system was placed
near the top or bottom edge of the wireless device, near the edge of a ground plane.
Ollikainen explains that “Preferably, the antenna 1 is located near the top end 102 of a
hand-held telecommunication device, such as a mobile phone 90, as shown in Figures 2
and 3.” Ollikainen at [0017]. As shown in Figure 3 of Ollikainen, the antenna system (1)
is positioned near the top edge of the wireless device and also near the top edge of the

ground plane (5). See Id.
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FIG. 3

Ollikainen at Figure 3.

148.  As shown above in Figure 3 of Ollikainen, the antenna system (1) is
located near the edge of the device, and at the edge of the ground plane (5). As shown in
more detail in Figure 2 of Ollikainen, and as can also be seen from the side view
presented in Figure 3, the antenna system is partially inside and partially outside the
rectangle that enclose the ground plane, that is, the antenna system, when viewed from
the plane in which the antenna rectangle would be drawn on the thin, roughly rectangular

ground plane, is at the edge of the antenna rectangle. See Figure 2 below:
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Ollikainen at Figure 2.

149. A POSITA would have understood Ollikainen to be analogous art to
the *200 Patent. As explained above, the field of endeavor of the invention is a
multifunction wireless device and antenna designs for such devices. Ex. 1001 at 1:29-38.
Ollikainen discloses a wireless device with an antenna system, which is within the same
field of endeavor. Ollikainen at [0001] — [0002] and Figures 1-3.

150.  Also, Ollikainen is reasonably pertinent to at least one problem concerning
theinventors of the 200 Patent. As explained above, the problem purportedly solved by
the 200 Patent is the need for, and difficulty in attaining, an antenna system for a
wireless device that has both a small form factor and also good wireless performance in
multiple wireless bands. Ex. 1001, 3:28-33, 5:1-26. Ollikainen recognizes the need for
small, multi-band wireless antennas for wireless devices. Ollikainen at [0002], [0004] —
[0005]. Ollikainen provides a wireless antenna configuration for a wireless device that
offers good multi-band wireless performance even in a small form factor. /d. at [0004] —
[0005].

ii Overview of Langley
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151.  An overview of Langley is provided in Ground 1.
i Overview of Bolin
152.  An overview of Bolin is provided in Ground 1.
iv Motivation to Combine Ollikainen, Langley, and Bolin

153. A POSITA would have been motivated to apply the multi-band antenna of
Langley to the wireless device of Ollikainen because the antenna of Langley
advantageously covers at five wireless bands and is compact and efficient. See Langley at
1:3-5, 2:21-22. A POSITA would have incorporated the multi-band antenna of Langley
into the wireless device of Ollikainen in order to get the benefit of a compact antenna that
operates on multiple bands and is efficient. A POSITA would have also been motivated
to incorporate the multi-antenna system of Bolin that includes a separate Bluetooth
antenna into the Ollikainen/Langley device in order to achieve a wireless device with
improved Bluetooth coverage. As a POSITA would understand, including the dedicated
Bluetooth antenna of Bolin would allow for tuning of the multi-band antenna of Langley
to cover additional wireless bands. Also, the dedicated Bluetooth antenna of Bolin in
combination with the multi-band antenna of Langley would offer improved Bluetooth
performance, in those embodiments of the antenna of Langley such as example 1 in
which the multi-band antenna of Langley provides Bluetooth coverage.

154. A POSITA would have included the following antenna system in place of
the antenna (element 1) of Ollikainen, while retaining the location of the antenna (1) at
the edge of the ground plane: An antenna system comprising (i) the multi-band antenna
of Langley; (ii) the separate Bluetooth antenna of Bolin; (iii) the high-impedance
blocking element of Bolin in order to provide good isolation between the multi-band
antenna of Langley and the Bluetooth antenna of Bolin. See Ex. CC. As explained below
and in Exhibit CC, the antenna location of Ollikainen was a common design choice, as a
POSITA would have understood.

155. A POSITA would have looked to the teachings of Langley to modify
Ollikainen because a POSITA would have considered Langley to be a compatible
reference that is within the same field of endeavor as the *200 Patent because Ollikainen

describes a wireless device with a wireless antenna, while Langley provides an improved
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wireless antenna. Ex. 1001 at 1:29-38. A POSITA would have understood that Langley
enhances the wireless performance of Ollikainen by enabling the wireless device to cover
more wireless bands.

156. A POSITA would have been further motivated to apply the multi-antenna
system including the separate Bluetooth antenna and the high-impedance blocking
element (item 6 Figure 1 of Bolin) as taught by Bolin to the wireless device of
Ollikainen/Langley because the antenna system of Bolin offers the advantage of size
reduction of the antenna system and the ability to place the two antennas in close
proximity while providing improved isolation between the two antennas. Bolin at [0021],
[0023] — [0024]. That is, a POSITA would have retained the high-impedance blocking
element (6) of Bolin to provide improved isolation between the multi-band antenna of
Langley and Bluetooth antenna (3) of Bolin.

157. A POSITA would have looked to the teachings of Bolin to modify
Ollikainen/Langley because a POSITA would have considered Bolin to be a compatible
reference that is within the same field of endeavor as the *200 Patent because Ollikainen
describes a wireless device with a wireless antenna, while Bolin provides an improved
wireless antenna system that includes a separate Bluetooth antenna to provide Bluetooth
functionality in the wireless device. Ex. 1001 at 1:29-38. A POSITA would have
understood that Bolin enhances the wireless performance of Ollikainen/Langley by
enabling the wireless device to cover Bluetooth via a dedicated antenna, while providing
for improved isolation between the main multi-band antenna and the Bluetooth antenna.

158.  Accordingly, it would have been obvious to a POSITA to combine the
teachings of Ollikainen with those of Langley and Bolin to modify Ollikainen’s system
according to the teachings of Langley and Bolin. A POSITA would have recognized that
the combination would provide the wireless device of Ollikainen with the ability to
operate on more wireless bands, including the Bluetooth band.

159.  Such a combination would have been nothing more than the use of a
known technique to improve similar devices and methods in the same way. Ollikainen
discloses the base wireless device where the antenna system is located at the edge of the
device and the ground plane, which, as a POSITA would have understood, was a

common design choice. Langley offers an improved multi-band antenna that covers more
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wireless bands than does the multi-band antenna of Ollikainen. A POSITA would have
applied the improvement of the multi-band antenna of Langley to Ollikainen to achieve
the predictable result of a wireless device that is capable of operating on additional
wireless bands. Likewise, Bolin offiers an improved antenna system that enables the use
of a dedicated Bluetooth antenna along with a main multi-band antenna while providing
good isolation between the two antennas and a compact design, due to the high-
impedance blocking element (item 6 Figure 1 of Bolin) of Bolin which improves
isolation between the closely-spaced antennas.

160. A POSITA would have recognized that applying the multi-band antenna
of Langley to the wireless device of Ollikainen as a routine design choice that could be
readily implemented in a wireless device such as Ollikainen. As mentioned above,
Langley provides an explicit motivation and reasons to implement its multi-band antenna
in that Langley explains that the antenna is compact and efficient. Langley at 2:21-22,
3:4-6. Langley also explains that its multi-band antenna offers “near independent control
of the different bands” by tuning its multiple limbs and fingers. Langley at 3:8-10.

161. A POSITA would also have recognized that applying the multi-antenna
system of Bolin (that is, including a separate Bluetooth antenna as taught by Bolin) to the
wireless device of Ollikainen/Langley as a routine design choice that could be readily
implemented in a wireless device such as Ollikainen/Langley. Bolin provides an explicit
motivation and reasons to implement its multi-antenna system that Bolin explains that the
antenna system is compact; provides good isolation between the two antennas that are in
close proximity in the antenna system of Bolin; and advantageously provides Bluetooth
coverage in the wireless device. Bolin at [0002] — [0004].

162. A POSITA would have expected that the combination of Ollikainen with
Langley and Bolin described in Exhibit CC would be successful because Ollikainen
discloses a wireless device with a multi-band antenna, Langley discloses an improved
multi-band antenna, and Bolin discloses an antenna system that includes both a multi-
band antenna and also a separate Bluetooth antenna while providing for good isolation
between the two antennas. A POSITA would have expected the high-impedance blocking
element (6) of Bolin to provide improved isolation between the multi-band antenna of

Langley and Bluetooth antenna (3) of Bolin.
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163. I have reviewed, and had input to, and endorse the explanations found in
the chart Exhibit CC that maps the combination of Ollikainen, Langley, and Bolin to the
limitations of claims 11-12 of the 200 Patent, including the appendix to Exhibit CC that
explains the manner in which the complexity factors were calculated for the antenna
embodiments of Langley. In summary, the combination discloses a wireless device that
includes two antennas; a first antenna that operates on four wireless bands with a contour
that includes at least 20 segments that exceeds complexity factor thresholds for F21 and
F32 when those factors are calculated based on the method provided by the 200 Patent,
and that further has a width and height ratio of at least two; and a second antenna that is

proximate to a side of a ground plane rectangle for the wireless device.
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Manos Declaration
Request for Reexamination of U.S. Patent 11,349,200

IV. CONCLUSION

164.  Forthe reasons stated above, it is my opinion that claims 11-12 of the *200
Patent would have been obvious to a POSITA as of the earliest claimed priority date of
that patent, which is July 18, 2006.

165. I declare that all statements made herein of my knowledge are true, and
that all statements made on information and belief are believed to be true, and that these
statements were 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.

Date: OCTOBER 12, 2023

P

By; %«w

Name Manos M, Tenteers, Ph.D.
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Petition for £x Parte Review of U.S. Patent No. 11,349,200
Exhibit AA — Ground 1 Claim Chart (Bolin, Langley)

Claim Chart for Fractus 200 Patent

I GROUNDS OF UNPATENTABILITY

Claims 11-12

Bolin, Langley

A. Prior Art Relied Upon

Ex. 1011 (“Bolin”) (U.S. Patent Publication No. 2004/0137950) was filed March 20,2002 and
| published Julv 15, 2004 and is orior art to the 200 Patent under nre-AIA 35 U.S.C. 102(b). |
Ex. 1012 (“Langley”) (UK. Patent Publication No. GB2416625) was filed July 22, 2004 and
| published Januarv 2, 2006 and is nrior art tothe "200 Patent under nre-AIA 35 U.S.C. 102(b). |

B. Claim Chart

[ 2200 Patent Claim Ground 1: Bolin and Langley

[pre]. A wireless Claim 11 (and the other claim in this chart) are obvious over the
device comprising; combination of Bolin and Langley. See Request at Section LE.1. A
Person of Ordinary Skill in the Art (“POSITA”) would have been
motivated to incorporate the antenna of Langley into the wireless
device of Bolin because Langley discloses an antenna for usein a
wireless device, and because Langley offers the advantage of an
antenna that operates on multiple bands (5 bands) and also is compact
and efficient. See Langley at 1:3-5, 2:21-22; Ex. 1009, 99 84, 104,
112. APOSITA would have incorporated the multi-band antenna of
Langley into the wireless device of Bolinin order to get the benefit of
a compact antenna that operates on additional bands and is efficient.
Ex. 1009, 9y 84, 104, 112.

To the extent 11[pre] is limiting, Bolin discloses element 11 [pre].

Unified Exhibit AA Page 1 of 42
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Petition for £x Parte Review of U.S. Patent No. 11,349,200
Exhibit AA — Ground 1 Claim Chart (Bolin, Langley)

’200 Patent Claim
Language

11[pre]. A wireless
device comprising;

Ground 1: Bolin and Langley

Bolin discloses in Figure 3 a wireless device thatincludes an antenna
sy stem.

10

g . € (Primary
5 \ side of
S telephone)
\ ~— s
11

{Antenna

{Antenna carrier)
connectar)
Fig 3

Bolin at [0001]:
The “invention relates to...portable communication devices that
need...a built-in, multi band, multi antenna system.”

[11.1] an antenna
system comprising a
ground plane and at
least two antennas
within the wireless
device, the antenna
system comprising;

Bolin discloses element [11.1]; alternatively, any differences would
have been obvious to a POSITA.

Bolin discloses an antenna system (item 1) in Figure 1 with two
antennas; a first antenna is the main antenna (item 2 surrounded by
dashedlinesin Figure 1 of Bolin, which is reproduced below) and the
second antenna is a separate Bluetooth antenna (item 3 in Figure 1 of
Bolin):

Unified Exhibit AA Page 2 of 42
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Petition for £x Parte Review of U.S. Patent No. 11,349,200
Exhibit AA — Ground 1 Claim Chart (Bolin, Langley)

200 Patent Claim
Language

Ground 1: Bolin and Langley

1o

h S

(GSM
part)

2
{Main
antenna)
e N

\ \ \\\{Feed #2) e 3

{Bisetooth

Y
7 )\\\\ 7 antenna}

_{Ground #3)
7a N2

.
{Ground #4) e

{Ground #2)
Fig 1

Bolin at [0019]:
“The antenna system has a main antenna 2 for GSM/DCS/PCS and a

separate smaller Bluetooth™ antenna 3 positioned very close to the
main antenna 2.”

“The antenna system 1 has five connection traces...” Bolin at [0025].

Bolin also discloses a ground plane, which is the antenna connector,
and the grounding metal to which itis connected. Ex. 1009 at | 79-
80. The main antenna (2), parasitic part (6) and Bluetooth antenna
(3) each have ground traces that connect to the antenna connector
(11). Bolin at [0025] (“The antenna system 1 has five connection
traces 7a-7e, which all are located in the third plane. Of these
connection traces, the main antenna 2 has a ground trace 7a (“Ground
#1”) and a feed trace 7b (“Feed #1”) for the GSM part 4 and the DCS
part 5. Theparasitic PCS part 6 has only a ground trace 7c¢ (“Ground
#2”), whereas the Bluetooth™ antenna 3 has a ground trace 7d
(“Ground #3) as well as a feed trace 7¢ (“Feed #27), as shown in FIG.
1.”)

Unified Exhibit AA Page 3 of 42
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Petition for £x Parte Review of U.S. Patent No. 11,349,200
Exhibit AA — Ground 1 Claim Chart (Bolin, Langley)

200 Patent Claim
Language

[11.2] a first antenna
configured to provide
operation in at least
three frequency bands
being used by 4G
communication
standards,

Ground 1: Bolin and Langley

Bolin discloses that various shapes of the main antenna elements may
be combined with the PCS part (6) and the Bluetooth antenna (3) that
are shown in Figure 1 of Bolin. Ex. 1009 at{ 78. These various
antenna element shapes are disclosedin Figures 9-12 of Bolin. Bolin
at [0034].

Bolin Figure 5 shows the antenna connector (to which the antenna is
connected when the system is assembled) and the PCB board to
which the antenna connector is attached. The antenna connector has
five pins, which match to the five connections shown on Figure 1 of
Bolin (above). Therefore, the ground traces are connected through
the antenna connector to grounding metal (not further shown in
Bolin). Ex. 1009 at Y9 79-80.

e
{Antenna system / ;

urfoides))  /
| \
£k 12 :
{Antarna  (Pogo 13
coniestor)  pins) {PCB)

Bolin Figure 5

Bolin in view of Langley discloses element[11.2]; alternatively, any
differences would have been obvious to a POSITA.

A POSITA would have substituted the multi-band antenna of
Langley for the multi-band antenna of Bolin, while retaining the
high-impedance blocking element (6) and the Bluetooth antenna (3)
of Bolin, for the reasonsbelow. The antenna of Langley employed in
the combined device of Bolin/Langley is the first antenna.

Unified Exhibit AA Page 4 of 42

EX1047 - Page 527



Petition for £x Parte Review of U.S. Patent No. 11,349,200
Exhibit AA — Ground 1 Claim Chart (Bolin, Langley)

200 Patent Claim
Language

Ground 1: Bolin and Langley

Langley discloses an antenna that is configured to provide operation
on five frequency bands, which exceeds the required at least three
frequency bands. Ex. 1009 at {9 84, 102, 104-105. The antenna
invention of Langley is the firstantennathatis configured to provide
operation in at least three frequency bands. A POSITA would have
considered it obvious to substitute the antenna of Langley for the
main antenna components of Bolin, while retaining the high-
impedance blocking element (item 6) and Bluetooth antenna (item 3)
of Bolin, for the reasons explained below.

A POSITA would have understood that the multi-band antenna of
Langley could be used in place of the main antenna components of
the antenna system of Bolin. Ex. 1009 at 9 84, 102, 104-105.
Langley discloses a compact antenna. Langley at 3:4-6. A POSITA
would consider it obviousto substitute the antenna of Langley for the
main antenna components of Bolin, while retaining the LCS part (6)
and Bluetooth antenna (3) of Bolin. Ex. 1009 at 4§ 84, 102, 104-105.

The multi-band antennaof Bolin operatesin three bands (a two-band
antenna plus a third parasitic element that covers the third band while
also functioning as a high-impedance block). Bolin at [0022] —
[0023] and Claim 1. The need for additional bandwidth coverage in
wireless devices is disclosed by Bolin. Bolin at [0001]. Langley
advantageously of fers an antenna that covers five bands, which is
more than the three bands covered by the main antenna of Bolin. See
Langley at 4:29-32. A POSITA would have understood that
coverage of additional wireless bands was advantageous, given the
known need at the time of the alleged invention for wireless devices
that covered more wireless bands. Ex. 1009 at 44 102-113.

Because Bolin shows various shapes of main antenna elements that
are combined with the high-impedance blocking element (6), Bolin at
[0034] and Figures 9-12, a POSITA would have understood that the
compact multi-band antenna of Langley could readily be
incorporated into the antenna system of Bolin while retaining the
high-impedance blocking element (6) and the Bluetooth antenna (3)
of Bolin. Ex. 1009 atq 112. Langley discloses a compact antenna.
Langley at 3:4-6. As Bolin explains, “[a]s can be seen from the
figures different parts of the antenna system may look different
depending on e.g. the amount of space available inside the portable
communication device.” Bolin at [0034]. The resulting antenna
system would include: (i) the compact multi-band antenna of Langley

Unified Exhibit AA Page S of 42
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Petition for £x Parte Review of U.S. Patent No. 11,349,200
Exhibit AA — Ground 1 Claim Chart (Bolin, Langley)

200 Patent Claim
Language

Ground 1: Bolin and Langley

(which is satisfies the complexity factor criteria of the claim); (ii) the
high-impedance blocking element of Bolin; and (iii) the Bluetooth
antenna of Bolin.

Bolin teaches that, through the use of a parasitic element between the
antennas, high-impedance blocking can be achieved that results in
good isolation between the two antennas even when they are closely
spaced. Bolin at [0015] — [0016], [0023] — [0024], Figs. 6-7. A
POSITA would have recognized that the improved isolation between
the main antenna of Langley (the first antenna as claimed) and the
Bluetooth antenna of Bolin could be maintained because the high-
impedance blocking element could be retained in the antenna system
of Bolin/Langley. Ex. 1009 at 9 103.

A POSITA would have considered the substitution of the antenna of
Langley forthe main antenna of Bolin (item 2 of Figure 1 of Bolin)
to be the simple substitution of one known element (the Langley
Antenna) for another (the Bolin main antenna) to obtain predictable
results of increasing the number of wireless bands that the antenna
system covers. Ex. 1009 at4 105. A POSITA would have
understood that the elements of the antenna of Langley could be
tuned (thatis, adjusted) in order to operate in the antenna system of
Bolin. Ex. 1009 atq 93. Langley explains that the resonant
frequencies of its antenna can be “easily and predictably altered by
changingthe thickness if [sic, of] the substrate.” Langley at 10:8-10.
(The thickness referred to by Langley is the thickness of the printed
circuit board substrate, Langley at 6:21-24, and therefore changing
this thickness would not affect the dimensions used to calculate
complexity factor. Ex. 1009 at § 93. The antenna examples of
Langley shown in Figures 2 and 13 are x-y dimensions whereas the
thickness is the z dimension. Ex. 1009 at § 93.

Langley explains that the antenna invention of Langley operates on
five frequency bands. Langley at 4:29-5:7. Therefore these two
antenna embodiments each operate on five frequency bands. See
Langley at 5:12-6:13. The antennas of Figure 2 (embodiment
example 1) and Figure 13 (embodiment example 2) are two examples
of the invention of Langley, and therefore these two antennas operate
on five frequency bands. See Langley at 5:12-6:13. Ex. 1009 at 9
102, 104-105.

The invention of Langley is shown, for example, in Figure 13 of
Langley:

Unified Exhibit AA Page 6 of 42
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Petition for £x Parte Review of U.S. Patent No. 11,349,200
Exhibit AA — Ground 1 Claim Chart (Bolin, Langley)

200 Patent Claim
Language

Ground 1: Bolin and Langley

Fig. 13

Langley at[4:29-30]:

“Another aspect of the invention provides an antenna for use with
five separate frequency bands, comprising the antenna described
above.”

Langley explains that the antenna shown in Figure 13 is an example
of the invention (which, as described above, the invention is an

antenna that operates on five bands). Langley at 5:12-6:13.

Langley discloses the following chart:

System Frequency Band

G5V 800 89C - 960 Mz

DCS 1800 AT RESO M
CURTE TGO M

Brustontn | 2400 SR W

CRISUST2S Mz

AN

Riperan 1@

Langley at 8:12-13.

As Langley explains, “Coverage of these commercially useful
frequency bands is provided by the Invention within the following

Unified Exhibit AA Page 7 of 42
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Petition for £x Parte Review of U.S. Patent No. 11,349,200
Exhibit AA — Ground 1 Claim Chart (Bolin, Langley)

200 Patent Claim
Language

Ground 1: Bolin and Langley

three frequency bands, for which the measured return loss is less than
-10dB.” Langley at 8:14-16. (Generally, as a POSITA would have
understood, a return loss of 10 or more on a negative scale for a
particular frequency band indicates a commercially useful antenna
for that frequency band. Ex. 1009 at §85. Langley summarizes the
frequency bands covered by the antenna of example 1 as follows:
| Fraguency band (MHz) | Bandwidth Systemcovered |

FrONE EWE T CRHER :
080 Mz QCEIRE T

D3l M

Langley at p.8 (bottom).

Langley discloses two charts (Langley p.8 and 8:12-13) that disclose
that the antenna of Langley covers frequencies including 1920-2170
Mhz, which overlaps the 2-11 GHz range, and 2400-2483.5 MHz and
5150-5725 MHz, both of which fall within the 2-11 GHz range. Ex.
1009 at 44 85-88, 90.

Langley also explains that antennas of the invention (of which the
antennas of example 1 (shown by Figure 2 of Langley) and example
2 (shown by Figure 13 of Langley are two embodiments) preferably
cover “frequencies of 900MHz, 1800MHz, 2000MHz, 2400MHz and
5400MHz.” Langley at 4:29-32.

Langley discloses an “antenna configured to provide operation in at
least three frequency bands being used by 4G communication
standards.” Three frequencies in the above charts (Langley p.8 and
8:12-13) fall within the 2-11 GHz range that is identified by the ‘200
Patent as being used by 4G standards: 1920-2170 Mhz, which
overlaps the 2-11 GHz range, and 2400-2483.5 MHz and 5150-5725
MHz, both of which fall within the 2-11 GHz range. Also, based on
the disclosure of frequencies in which the antenna invention of
Langley preferably operates as disclosed as above, at least three of
the wireless bands (2000MHz, 2400MHz and 5400MHz) in which
the antenna of Langley operates (as explained above) fall within the
range of 2-11 GHz that the ‘200 Patent explains is a range that is
used by 4G communications standards. See Ex. 1001 at25:14-23. A
POSITA would have understood the plain and ordinary meaning of

Unified Exhibit AA Page 8 of 42
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Petition for £x Parte Review of U.S. Patent No. 11,349,200
Exhibit AA — Ground 1 Claim Chart (Bolin, Langley)

200 Patent Claim
Language

Ground 1: Bolin and Langley

“frequency bands being used by 4G communication standards” to
include at least three of the frequency ranges that the antenna of
Langley is disclosed to cover. Ex. 1009 at 4|4/ 85-90.

EvenifaPOSITA were to apply post-2006 (that is, after the alleged
date of the invention) 4G communications standards, Langley still
discloses an antenna configured to provide operation in at least three
bands of those communications standards. Ex. 1009 at § 91. The
3GPP Version 8 which formalized the 4G standard includes
frequency bands 0of900 MHZ (e.g., 880-915 MHz) and between 1805
MHz - 2400 MHz inclusive. Ex. 1016 at 13-14; Ex. 1017 at 32-33;
Ex. 1009 at 44| 54-56. Langley discloses that its antenna invention
operates in three bands, 900MHz, 2000MHz, 2400MHz, that fall
within these ranges. Langley at 4:29-32.

To the extent that Patent Owner argues that Langley does not satisfy
the claim element of an “antenna configured to provide operation in
at least three frequency bands being used by 4G communication
standards,” it would have been obvious to modify Langley to provide
this functionality. Ex. 1009 at 4 93. A POSITA would also have
understood that the frequency bands of Langley could be readily
tuned to provide coverage for 4G wireless standards bands, and a
POSITA would have understood that it was advantageous for the
wireless device to operate in 4G wireless standards bands. Ex. 1009
atq 93.

Langley at [3:15-17]:
“The positional relationship between the different conductive
elements provides a number of useful frequency bands.”

Langley at[3:4-5]:
“The invention provides a compact and efficient multi-band antenna
capable of supporting a variety of frequency bands.”

Langley also emphasizes the importance of its disclosed five-band

antenna invention as it claims this functionality: “[Langley claim] 17.
An antenna for use with five separate frequency bands, comprising
the antenna of any preceding claim.

[Langley claim] 18. The antenna of claim 17, wherein the five
separate frequency bands comprise frequencies of 900MHz,

1800MHz, 2000MHz, 2400MHz and 5400MHz respectively”
Langley at 13:7-12.

Unified Exhibit AA Page 9 of 42
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Petition for £x Parte Review of U.S. Patent No. 11,349,200
Exhibit AA — Ground 1 Claim Chart (Bolin, Langley)

200 Patent Claim
Language

Ground 1: Bolin and Langley

As explained by Langley, “[a] number of antenna designs that are
capable of operating in at least two defined frequency bands have
been proposed. One approach for providing a multiple band antenna
is to use separate antennas, each corresponding to a different
frequency band. Another approach is to use a single antenna capable
of resonance in a plurality of frequency bands. However, there
remains a need for a compact and efficient multi-band antenna.”
Langley at2:17-22 (emphasis added).

[11.3] the first antenna
defining an antenna
contour comprising an
entire perimeter of the
first antenna, the
antenna contour
comprising at least
twenty segments,

Bolinin view of Langley discloses this element [11.3]; alternatively,
any differences would have been obvious to a POSITA.

The antennainvention of Langley is the first antenna that defines an
antenna contour comprising its entire perimeter that comprises at
least 20 segments. As discussed above, a POSITA would have
substituted the antenna of Langley for the main antenna of Bolin,
while retaining the high-impedance blocking element (6) and the
Bluetooth antenna (3) of Bolin, for the reasons explained in [11.2].

Langley discloses at least two antenna embodiments that include at
least 20 segments. Langley discloses the antenna of example 1
(shown in Figure 2 of Langley) and the antenna of example 2 (shown
in Figure 13 of Langley), each of which, when calculations are
performed using the procedure set forth in the 200 patent, have a
contour with atleast 20 segments. See Langley at 5:15-16, 6:12-13,
6:21-7:33, 10:2-4 (generally describing the two embodiments
represented by these figures); Ex. 1009 at § 113.

The antenna of the embodiment of example 1 of Langley (shown in
Figures 1 and 2 of Langley, reproduced below, which have been
faded to show annotations) discloses at least 25 segments in the
antenna contour, as shown in the annotated versions 1 below. (Figure
2 is Figure 1 with dimensioning).
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’200 Patent Claim Ground 1: Bolin and Langley
Language

Figure

Figure 2

The antenna of the embodiment of example 2 of Langley (shown in
Figure 13, faded to show annotations) also discloses at least 25
segments in the antenna contour:

Figure 13

See Ex. 1009 at §113.
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’200: Patent Claim
Language

[11.4] wherein the
antenna contour has a
level of complexity
defined by complexity
factor F21 having a
value of at least 1.20

Ground 1: Bolin and Langley

Bolin in view of Langley discloses element [11.4]; alternatively, any
differences would have been obvious to a POSITA.

The antenna invention of Langley is the first antenna that has an
antenna contour with a level of complexity defined by a complexity
factor F21 having a value of at least 1.20. A POSITA would have
substituted the antenna of Langley for the main antenna of Bolin
while retaining the high-impedance blocking element (6) and the
Bluetooth antenna (3) of Bolin for the reasons explained in [11.2].

Langley discloses atleast two antenna embodiments that have an
antenna contour with a complexity factor F21 with a value of at least
1.20. Langley discloses the antenna of example 1 (shown in Figure 2
of Langley) and the antenna of example 2 (shown in Figure 13 of
Langley), each of which, when calculations are performed using the
procedure set forth in the *200 patent, have an F21 value of at least
1.20. See Langley at5:15-16, 6:12-13, 6:21-7:33, 10:2-4 (generally
describing the two embodiments represented by these figures).

As shown in the appendix to this chart below at page 34-37, the
antenna embodiment of example 1 (shown in Figure 2 of Langley)
has an F21 value of atleast 1.38 (greater than 1.2) when F21 is
calculated according to the procedure set forth in the ‘200 Patent.
For avoidance of doubt, the calculation was performed using all four
corners of the antenna box as a feed corner, and also, the calculation
was performed both including and excluding “close call” boxes of the
respective grids, and the lowest calculated value is reported.

As shown in the appendix to this chart below at page 40-42, the
example antenna of Figure 13 of Langley has an F21 value of at least
1.32 (greater than 1.2). The calculation was performed using the
same procedure described above for the antenna of Figure 2 of
Langley.

As shown in the appendix to this chart below at pages 21-42:
Calculation for Antenna Example 1 (Figure 2 of Langley):

When using N2 = 26 and N1 = 10, we get the following:

F21 = —108(26)-108(10) _ 4 390095 ) 33
log (0.5)
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200 Patent Claim
Language

[11.5] and complexity
factor F32 having a
value of at least 1.35,

Ground 1: Bolin and Langley

Calculation for Antenna Example 2 (Figure 13 of Langley):
When using N2 = 26 and N1 = 10, we get the following:

_ log(26)—log(10) _

F21 =
log (0.5)

1.378512 =1.38

When using N2 = 26 and N1 = 9, we get the following:

F21 = 108207108 _ 4 30515 =1 53
log (0.5)

When using N2 = 25 and NI = 10, we get the following:

F21 = _108(89)-10g(10) _ 4 359958 =1 32
log (0.5)

Finally, when using N2 = 25 and N1 = 9, we get the following:

F21 = 108297108 _ 4 4739371 =147
log(0.5)

Bolin in view of Langley discloses element [11.5]; alternatively, any
differences would have been obvious to a POSITA.

The antenna invention of Langley is the first antenna that has an
antenna contour with a level of complexity defined by a complexity
factor F32 having a value of at least 1.35. A POSITA would have
substituted the antenna of Langley while retaining the high-
impedance blocking element (6) and the Bluetooth antenna (3) of
Bolin for the main antenna of Bolin for the reasons explained in
[11.2].

As shown in the appendix to this chart below at page 36-37, the
example 1 antenna of Langley, shown in Figure 2 of Langley has an
F32 value of atleast 1.58 (greater than 1.35) when F32 is calculated
according to the procedure set forth in the ‘200 Patent. For
avoidance of doubt, the calculation was performed using all four
corners of the antenna box as a feed corner, and also, the calculation
was performed both including and excluding “close call” boxes of the
respective grids, and the lowest calculated value is reported.

As shown in the appendix to this chart below at pages 38-39, the
example 2 antenna of Langley, shown in Figure 13 of Langley has an
F32 value of at least 1.64 (greater than 1.35). The calculation was
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200 Patent Claim
Language

[11.6] and wherein the
first antenna defines
an antenna box thatis
a minimum-sized
parallelepiped that
completely encloses a
volume of the first
antenna and wherein
each face of the

Ground 1: Bolin and Langley

performed using the same procedure described above for the antenna
of Figure 2 of Langley.

As shown in the appendix to this chart below at pages 21-42:
Calculation for Antenna Example 1 (Figure 2 of Langley):

When using N3 = 76 and N2 = 26, we get the following:

F3p — l08(78)-10g(26) _ 4 cgsge3 — 1 53
log (0.5)

Calculation for Antenna Example 2 (Figure 13 of Langley):

When using N3 = 76 and N2 = 26, we get the following:

F32 = _108(76)-108(26) _ 4 cpm480 — 1 55
log (0.5)

When using N3 = 76 and N2 = 25, we get the following:

F32 = _108(76)-108(25) _ 4 644071 =1.60
log (0.5)

When using N3 = 78 and N2 = 26, we get the following:

F32 = _108U78)-108(26) _ 4 c04g63 — ] 53
log (0.5)

Finally, when using N3 = 78 and N2 = 25, we get the following:

F32 = —'0BU®10BE) _ 4 641546 = 1.64
log (0.5)

Bolin in view of Langley discloses element [11.6]; alternatively, any
differences would have been obvious to a POSITA.

The antenna invention of Langley is the first antenna that defines an
antenna box that is a minimum-sized parallelepiped that completely
encloses a volume of the first antenna and wherein each face of the
minimum-sized parallelepiped is tangent to at least one point of the
volume of the first antenna, an orthogonal projection of the antenna
box along a normal to a face with a largest area of the first antenna
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’200: Patent Claim
Language
minimum-sized
parallelepiped is
tangent to at least one
point of the volume of
the first antenna, an
orthogonal projection
of the antenna box
along a normal to a
face with a largest
area of the first
antenna defining an
antenna rectangle, an
aspect ratio of the
antenna rectangle
being defined as a
ratio between a width
and a height of the
antenna rectangle,
wherein the aspect
ratio has a value of at
least 2; and

Ground 1: Bolin and Langley

defining an antennarectangle, an aspect ratio of the antenna rectangle
beingdefined as aratio between a width and a height of the antenna
rectangle, wherein the aspectratio has a value of at least 2. A
POSITA would have substituted the antenna of Langley for the main
antenna of Bolin for the reasons explained in [11.2].

The rectangle that is the outer perimeter of the grid G2 shown in the
appendix to this chart at page 28 (for Langley example 1 shown in
Figure 2 of Langley) and page 22 (for Langley example 2 shown in
Figure 13 of Langley) is the antenna box that is a minimum-sized
parallelepiped that completely encloses a volume of the first antenna
and wherein each face of the minimum-sized parallelepiped is
tangent to at least one point of the volume of the first antenna, an
orthogonal projection of the antenna box along a normal to a face
with a largest area of the first antenna defining an antenna rectangle .

The aspect ratio of the antenna rectangle is the ratio between the
width and height of that rectangle that is the outer perimeter of the
erid G2 shown in the appendix to this chart at pages 28 (for Langley
example 1 shown in Figure 2 of Langley) and 22 (for Langley
example 2 shown in Figure 13 of Langley).

Langley discloses a width to height ratio of atleast2 for the example
antennas disclosed in Figure 2 (example 1 embodiment, see Langley
at 5:15-16, 6:21-7:33) and Figure 13 (example 2 embodiment, see
Langley at 6:12-13, 10:2-4), as shown in the annotated diagrams
below. See Ex. 1009 at 9] 163.

Langley provides dimensions for the antennas of Figures 2 and 13
that are the same as the dimensions of the antenna rectangle
discussed above.

As shown in Figure 2 of Langley, the width is 94 and the height is 29.
The ratio is 94 /29, or 3.24, which is at least 2.

Langley at Figure 2 (annotations added):
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200 Patent Claim
Language

Ground 1: Bolin and Langley

[11.7] a second
antenna configured to
provide operation in a
first wireless service,

{ & }
i i
X Fig 2 <
{ {
i

As shown in Figure 13 of Langley, the width is 94 and the height is
29. The ratio is 94 /29, or 3.24, which is atleast 2.

Langley at Figure 13 (annotations

]

§§

N

added):

S §

RN SN ... i
SR R TR

Bolin discloses element [11.7]; alternatively, any differences would

have been obvious to a POSITA.

The second antenna configured to provide operation in a first
wireless service is the separate Bluetooth antenna that is disclosed by
Bolin. See Ex. 1009 at ] 102-103. Bolin discloses atFigure 1 the

EX1047 - Page 539
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200 Patent Claim
Language

[11.8] the second
antenna being
proximate to a side of
a ground plane
rectangle enclosing
the ground plane.

Ground 1: Bolin and Langley

location of the Bluetooth antenna 3, which lies outside the

rectangular dotted line that encloses the first antenna. “[T]he second
antenna (3) is a Bluetooth™ antenna.” See Bolin Claim 4.
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Fig 1

The first wireless service for which the second antenna (item 3 in

Figure 1 of Bolin as shown above) is Bluetooth. See Ex. 1009 at
99 102-103.

Figure 1 shows how “[t]he main antenna 2 is a built-in patch with
parasitic element, whereas the smaller Bluetooth™ antenna 3 is a
PIFA, however folded a little bit to fit the small space available.”
Bolin at [0020]. “The combination of the antennas, their individual

positions, and the folding together with the electrical connection are
noteworthy features.” Id.

Bolin discloses element [11.8]; alternatively, any differences would
have been obvious to a POSITA.

The second antenna (which is the Bluetooth antenna, item 3 of Figure
1 of Bolin) is proximate to a side of a ground plane rectangle
enclosing the ground plane. Ex. 1009 at Y 78-80.
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200 Patent Claim
Language

Ground 1: Bolin and Langley

Bolin discloses that the Bluetooth antenna (item 3 in Figure 1 of
Bolin) is connected to the antenna connector (11) to the PCB board
(13), as shown in Figures 3-5 of Bolin.

“As seen in FIG. 2, the antenna system 1 is connected to radio
circuitry on a printed circuit board 13 (FIG. 5) through electrical
feeding 8. As appears from FIGS. 3-5, the electrical feeding 8 is
implemented as an antenna connector 11, which is mounted to the
printed circuitboard 13 and comprises a group of five pogo pins 12
(one for each connection trace 7a-7e).” Bolin at [0026].

Bolin Figure 3 shows the antenna carrier (that encloses the antenna
system) and the antenna connector):

& ~ 10
D ad (Primary
side of
telephong)
]
{Antenns
{Antenna carrier)

comector)

Bolin Figure 3.

Bolin Figure 5 shows the antenna connector (to which the antenna is
connected when the system is assembled) and the PCB board to
which the antenna connector is attached:
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200 Patent Claim
Language

Ground 1: Bolin and Langley

L

{Antenna system
{unfolded)y /'

11 12 \
{Antenna  {Pogo " ,i
connactery  pins) (PCB)

Bolin at Figure 5.

As drawn in the below figure, whether the ground plane rectangle is
substantially drawn around the antenna connector (small box), or
whether it is drawn around the PCB board (including the antenna
connector area, large box), in either case a side of the ground plane
will be proximate to the second Bluetooth antenna. Ex. 1009 at

99 78-80. This is because the Bluetooth antenna that is disclosed by
Bolin is located near the bottom edge of the wireless device, as
shown in Figures 3-5 of Bolin.
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200 Patent Claim
Language

Ground 1: Bolin and Langley

[ Claim 12
12. The wireless
device of claim 11,
wherein the first
antenna is configured
to support at least four
frequency bands.

Bolin at Figure 5 (annotations added).

The ground plane disclosed by Bolin is the antenna connector and
any grounding metal to which it is connected. Ex. 1009 at 9|y 78-80.
Because the second antenna (the Bluetooth antenna) is proximate to
the bottom of the PCB and of the wireless device, however the
grounding metal extends from the antenna connector, the second
antenna will be proximate to a side of a rectangle enclosing the
ground plane, as shown in the two example ground plane rectangles
drawn to annotate Bolin Figure 5 above. Ex. 1009 at q{ 78-80.

Bolin in view of Langley discloses [12]; alternatively, any
differences would have been obvious to a POSITA.

Langley discloses that its antenna invention that is configured to
support five bands, which satisfies the “at least four” frequency bands

requirement. Langley at 4:29-30.

See [11.2], above.

Unified Exhibit AA Page 20 of 42

EX1047 - Page 543



Petition for £x Parte Review of U.S. Patent No. 11,349,200
Exhibit AA — Ground 1 Claim Chart (Bolin, Langley)

APPENDIX TO CLAIM CHARTS FOR FRACTUS
200 PATENT

COMPLEXITY FACTOR CALCULATION FOR
TWO EMBODIMENTS OF LANGLEY (the antennas

of examples 1 and 2, as reflected in Figures 2 and 13 of
Langley respectively)
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CALCULATION FOR LANGLEY FIGURE 2

The F21 value for Langley Figure 2 is 1.38. Itis calculated using the N2 and NI values.

The N2 value is found by counting the number of cells that intercept a part of the antenna
contour as seen below:

st N

A

The boxes above are the G2 cells. There are 26 cells that intercept some part of the antenna
contour (then antenna elements are represented by dark shading). N2 is therefore 26.

The N1 value is found with the same method as N2. The cells we count, however, are now four
times larger than the G2 cells. See below the new cells:
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Gl for Langley Figure 2

There are 10 cells that touch a part of the antenna contour. NI is therefore 10.
Note that N1 is 10 no matterif the grid starts atthe bottom left, right, orupper right corner of the

antenna rectangle:
~Bottom Left Corner:

LRty :
ogey,

Dlepey,, v
Gt o2

Y,
274

27

Gl with Alternative Starting Corner for Langley Figure 2
Bottom Right Corner:
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Upper Right Corner:

&

i e e o T RS ARV

Gl with Alternative Starting Corner for Langley Figure 2

Plug in the N2 and N1 values into the following equation:

_ log(N2) —log (N1)

F21 = log (0.5)

_]og(26) — log (10)

F21 =
2 log (0.5)

F21 = 1378512 =1.38

For Figure 2, based on the above calculation, the lowest complexity factor F21 by any
calculation (including and excluding close call cells, and using all possible feed point

corners) is 1.38. This number is greater than the threshold of 1.20 that is required by
Claim 11.

The F32 value for Langley Figure 2 is 1.58. Itis calculated using the N2 and N3 values.

TheN3 values are foundin the same way as N1 and N2, except the cells we count are four times
smaller than the original N2 cells. See below:
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G3 for Langley Figure 2
There are 78 N3 cells that intercept the antenna contour. N3 is therefore 78.
Plug in the N3 and N2 values into the following equation:

_log(NS) — log (N2)

F32 =
log (0.5)

‘log(78) —log (26)

F232 —
log (0.5)

F32 = 1.584963 =1.58

Based on the above calculation for Figure 2, the lowest complexity factor F32 is 1.58. This
number is greater than the threshold of 1.35 that is required by Claim 11.
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CALCULATION FOR LANGLEY FIGURE 13

The F32 values for Langley Figure 13 ranges from 1.55 to 1.64. They are calculated using
various N2 and N3 values.

The antenna in Figure 13 is slightly different in shape from the onein Figure 2. This causes some
differences in N2 and N3 values. Note that in order to be conservative in calculating the
complexity factor value, we separately count cells that could be considered close calls in terms of
whether the contour intersects the cell. See below:

ad

T
R

N
¥ .
B e B S

G2 for Langley Figure 13

The cell with a star is an example where a cell barely intercepts the antenna contour. To be
conservative, we calculate the N value with and without these cells included. When we count
the starred cell, N2 is 26. When we don’t count the starred cell, N2 is 25.

oo

When we split every G2 cell into four, we create the following grid with the same problems:
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angley Figure 13
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There are two starred cells barely intercept the antenna contour. To be conservative, we
calculate the N value with and without these cells. When we count the starred cells, N3 is 78.
When we don’t count the starred cells, N3 is 76.

Thus, F32 can be calculated using N2 = 25 or 26, and N3 = 76 or 78.

When using N3 =76 and N2 =26, we get the following;

log(76) — log (26
p3p —  108(76) —log (26)
log (0.5)
F32 = 1547488 =1.55
When using N3 =76 and N2 =25, we get the following;

_ log(76) — log (25)
log (0.5)

F32 =

F32 = 1.604071 =1.60
When using N3 =78 and N2 =26, we get the following;

log(78) — log (26)
log (0.5)

F32 = —

F32 = 1.584963 =1.58
Finally, when using N3 =78 and N2 =25, we get the following;

3 ‘log(78) — log (25).

32 =
F32 log (0.5)

F32 = 1.641546 = 1.64
For Figure 13, based on the above calculation, the lowest complexity factor F32 by any

method is 1.64. This number is greater than the threshold of 1.35 that is required by Claim
11.

The same principles apply to F21 values for Langley Figure 13. F21 values for Langley Figure
13 vary between 1.32 to 1.53.

N1 for Figure 13 depends on which corner of the blue rectangle the grid starts. The bottom
left corner could be N1 =10 or N1 =9:
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Bottom Left, N1 = 10 or9:

Gl for Langley Flgure 13

All other grids for Figure 13 have a value of N1 =10.

Upper Left, N1 =10:

\\\\\ \\\\@\\\\

Gl Wlth Alternative Startmg Corner for Langley Flgure 13

Upper Right, N1 =10:
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R =
s\

G1 with Alternative Starting Corner for Langley Figure 13
Bottom Right, N] =10:

= \x\\\\\&&\\»
\\\\

. — \\m&&
Gl with Alternative Starting Corner for Langley Figure 13

F21 can therefore be calculated using values N1 =9 or 10, and N2 = 26 or 25.
When using N2 =26 and N1 =10, we get the following;

log(26) — log (10
o1 — _108(26) —log (10)
log (0.5)

F21 = 1.378512=1.38
When using N2 =26 and N1 =9, we get the following;

log(26) —log 9

F2l= =" ""10g (0.5)

F21 = 1.530515=1.53

When using N2 =25 and N1 =10, we get the following
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log(25) — log (10
roq — _108(25) — log (10)
log (0.5)
F21 = 1.321928 =1.32

Finally, when using N2 =25 and N1 =9, we get the following;

B log(25) —log ©)

F2l= log (0.5)

F21 = 1473931 =1.47

For Figure 13, based on the above calculation, the lowest complexity factor F21 by any
calculation (including and excluding close call cells, and using all possible feed point
corners) is 1.32. This is greater than the threshold of 1.20 that is required by Claim 11.
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