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UNITED STATES p ATENT AND TRADEMARK OFFICE 

BIB DATA SHEET 

Page 1 of 2 

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

P.O. Box 1450 
Alexandria, Virginia22313-1450 
www.uspto.gov 

CONFIRMATION NO. 7433 

SERIAL NUMBER 

90/01 9,275 

FILING or 
371 (c) DATE 

1 0/1 2/2023 

CLASS 

343 

GROUP ART UNIT 

3992 

ATTORNEY 
DOCKET NO. 

SKAD002 
RULE 

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

INVENTORS I 
1 1 349200, Barcelona, SPAIN ;  
SKADDEN, ARPS, SLATE, MEAGHER & FLOM, LLP CHRISTOPHER J .  COULSON, Residence Not 
Provided; 
Josep MUMBRU, Asnieres-sur-Seine, FRANCE; 
Jordi ILARIO, Barcelona, SPAIN; 

** CONTINUING DATA ************************* 

This application is a REX of 1 7  /246, 192 04/30/2021 PAT 1 1 349200 
*which is a CON of 1 6/832,820 03/27/2020 PAT 1 1 031 677 
which is a CON of 15/856,626 12/28/201 7 PAT 10644380 
which is a CON of 14/738,090 06/1 2/201 5  PAT 9899727 
which is a CON of 14/246,491 04/07/201 4  PAT 9099773 
which is a CON of 1 1 /614,429 12/21/2006 PAT 8738103 
which claims benefit of 60/856,410 1 1 /03/2006 
and claims benefit of 60/831 ,544 07/1 8/2006 

** FOREIGN APPLICATIONS ************************* 
EUROPEAN PATENT OFFICE (EPO) 061 1 7352 07/1 8/2006 

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED ** 

Foreign Priority claimed D Yes D No STATE OR 
Met after COUNTRY 35 USC 1 1 9(a-d) conditions met D Yes D No O Allowance 

Verified and 
Acknowledged Examiner's Signature 

ADDRESS 
! Initials 

EDELL, SHAPIRO & FINNAN, LLC 
9801 Washingtonian Blvd. 
Suite 750 
Gaithersburg, MD 20878 
UNITED STATES 

TITLE 

SPAIN 

SHEETS 
DRAWINGS 

TOTAL 
CLAIMS 

20 

Multiple-Body-Configuration Multimedia and Smartphone Multifunction Wireless Devices 

□ All Fees 

□ 1 . 16  Fees (Filing) 

INDEPENDENT 
CLAIMS 

3 

FILING FEE FEES: Authority has been given in Paper 
RECEIVED No. _____ to charge/credit DEPOSIT ACCOUNT □ 1 . 1 7  Fees (Processing Ext. of time) 

□ 1 . 18  Fees (Issue) 
BIB (Rev. 05/07). 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

REEXAM CONTROL NUMBER FILING OR 371 (c) DATE 

90/0 19,275 

CHRISTOPHER J. COULSON 
SKADDEN, ARPS, SLATE, MEAGHER & FLOM, LLP 
ONE MANHATTAN WEST 
30TH FLOOR 
NEW YORK, NEW YORK 1 0001 

10/12/2023 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. �Sl1:fM[;3.��CJ'JER FOR PATENTS 

PATENT NUMBER 

CONFIRMATION NO. 7433 
REEXAMINATION REQUEST 

NOTICE 

l llllllllllllllllll l l l lllllllll�������m��mwRW]IIIIIIII 

NOTICE OF REEXAMINATION REQUEST FILING DATE 
(Third Party Requester) 

Requester is hereby notified that the fi l i ng date of the request for reexamination is 1 0/1 2/2023, the date that the 
f i l ing requ i rements of 37 CFR § 1 .51 0 were received. 

A decision on the request for reexamination wi l l  be mai led with in  th ree months from the f i l ing date of the request 
for reexamination. (See 37 CFR 1 .51 5(a)). 

A copy of the Notice is being sent to the person identified by the requester as the patent owner.  Further patent 
owner correspondence wi l l  be the latest attorney or agent of record in the patent fi le. (See 37 CFR 1 .33). Any 
pape r f i led should i nclude a reference to the present request for reexami nation (by Reexamination Control 
Number). 

cc : Patent Owner 
27896 
EDELL, SHAPIRO & FINNAN, LLC 
980 1 Washingtonian Blvd. 
Su ite 750 
Gaithersburg ,  MD 20878 

/rbell/ 

Legal Instruments Examiner 
Central Reexamination Unit 571-272-7705; FAX No. 571 -273-9900 

page 1 of 1 
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UNITED STATES PATENT A..'-1D TRADE.MARK OFFICE 

REEXAlvl CONTROL NUMBER 

90/019,275 

27896 
EDELL,  SHAPIRO & FINNAN , LLC 

9801 Washington ian Blvd. 

Su ite 750 
G aithersburg , MD 20878 

FILING OR 371 (c) DATE 

10/1 2/2023 

UKJTF,D STATF,S DF,PA RThfE'-T OF COMMF,RCR 

United States Patent and Trademark Office 

A<lmess. COMMISSIO"IER FOR PATEN,S 
p_o Box 1450 
Alexandria, V:irg:nia 22313-1-450 
WV\T\Y.uspto.g,::,v 

PATENT NUMBER 

CONFIRMATION NO. 7433 

REEXAM ASSIG NMENT NOTICE 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
*OC000000063422263* 

Date Mai led : 1 0/1 9/2023 

NOTICE OF ASSIGNMENT OF REEXAMINATION R EQUEST 

The above-identified request for reexamination has been assigned to Art U n it 3992. Al l  future correspondence to 
the proceeding shou ld be identified by the control n u mber l isted above and d i rected to the assigned Art Un it. 

A copy of this Notice is be ing sent to the latest attorney or agent of record in the patent fi le or to al l  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 
requ i red to forward al l  communications regarding th is proceed i ng to the cu rrent 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 commun ications. I f  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 R EEXAMINATION PATENT OWN ER STATEMENT WAIVER PROGRAM 

The USPTO has implemented a pi lot program where, after a reexamination proceeding has been granted a 
f i l ing date and before the examiner beg ins h is or her review, the patent owner  may oral ly waive the right to f i le 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, 201 0) .  One goal of the pi lot program is to red uce the pendency of 
reexamination proceedings and i mprove the efficiency of the reexamination process. 

Ordinarily when ex parte reexamination is ordered , the USPTO must wait unti l  after the receipt of the patent 
owner's statement and the th ird party requester's reply, or after the expi ration of the time period for f i l i ng the 

statement and reply (a period that can be as long as 5 to 6 months), before mai l ing a fi rst determination of 

patentabil ity. The USPTO's first determination of patentabi l i ty is usually a f irst Office action on the merits or a 
Notice of I ntent  to Issue Reexamination Certificate (N IRC). 

Under the pi lot program, the patent owner's oral waiver al lows 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 patentabi lity (which could be a N IRC 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 p i lot program, Patent Owners may contact the USPTO's Central Reexamination Unit 
(CRU) at 571 -272-7705. The USPTO wil l make the oral waiver of record in  the reexamination fi le in an interview 

summary and a copy wi l l  be mai l ed to the patent owner  and any third party requester. 

cc : Third Party Req uester( if any) 

CHR ISTOPH ER J. COULSON 
SKADDEN , ARPS, SLATE ,  MEAGHER & FLOM , LLP 

ONE MANHATTAN WEST 

30TH FLOOR 
NEW YORK, N EW YORK 1 0001 

page 1 of 2 
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/rbell/ 

Legal Instruments Examiner 
Central Reexamination Unit 571-272-7705; FAX No. 571-273-9900 

page 2 of 2 
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United States Patent and Trademark Office 

Under Secretary of Commerce for I ntelfectua/ Property and 

Director of the United States Patent and Trademark Office 

WELCOME TO 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 products 

covered by this application for your invention as uPatent Peruiingn for as long as this application is pending! 

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

New to the process? The Patent Basics page wil l  take you frorn 
"What is a patent?" to assistance with the appi ication process. 

• www.uspto.gov/PatentBaslcs 

Consider cost savings. You m ight qua l ify for smal l  entity or  
m icro entity status, wh ich  means  a discount on  most USPTO 
patent fees. 

• www.uspto.gov/EntityStatus 

Become a registered electronic flier (eFiler). You ' l i  gain access 
to the fu l l  capabi l it ies of Patent Center. As a registered e Fi ler, 
you can electron ical ly v iew your subrn ission, track the progress 
of you r  appl ication, and respond to US PTO correspondence. 

• www.uspto.gov/NewPatentFl!ers 

learn how to identify which of your creative ideas might be 
intellectual property assets and hovv to protect thern by using 
the US PTO intel l ectua l  Property ( I P) Identifier. 

• lpldentifler.uspto.gov 

We also provide Pm Se Assistance, su pport specifica l ly 
geared for independent inventors without an attorney or 
agent Fo l low the l i nk  bel ow, cai l  us at 866-767-3848, or emai l  
proseassistancecenter@uspto.gov. 

• www.uspto.gov/ProSePatents 

Need help near you? We have regiona l  offices across the 
co untry, as wel l  as Patent and Trademark Reso urce Centers in 
l i b raries i n  neariy every sta te, with spec ia l ists  stand ing by to 
help you at no  cost. 

• www.uspto.gov/locations 

• www.uspto.gov/ptrc 

Kathi Vida! 
Under Secretary of Commerce for I ntel lectual Proper·ty and 
D i 1·ecto1· of the Un ited States Patent and Trademark Office 

Contact us: 

• General information: USPTO Contact Center 
- www.uspto.gov/help 

• Patent Center: 
Patent Electronic Business Center 

- www.uspto.gov/EBC 

• Pre or post-examination: Appl ication Assistance Un it 
- www.uspto.gov/PatentAsslstance 

Want to learn more? 
• Access our free services a l l  in one spot. F ind a l l  of our 

contact cen ters, nationwide services, events, educa t ion, 
and t ra in ing. 

- www.uspto.gov/FreeServices 

• Connect with us on l nstagram, Linked ln, Twitter, 
Facebook, and You Tube. 

• Hear about resources for startups, inventors, and 
entrepreneurs, as wel l  as our  i n it iatives engaging women, 
the mi l itary commun ity, and others. These programs offer 
helpful tips and tricks on identify i ng and rnanaging your i �1, 
f inding options for funding, and  expanding your  network to 
support your bus iness. 

- www.uspto.gov/startups 

- www.uspto.gov/inventors 

www.uspto.gov/initiatlves 

• We hope you connect with us by su bscribing to receive 
importan t  notif ications by emaiL  

- www.uspto.gov/subscrlbe 

Derrick Brent 
Deputy Under Secretary of Co1,1r,1er·ce for- I ntellectua l  Property and 
Deputy D i rector of the Un ited States Patent and T,·ademark Office 
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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 #: US202l0351493 Pub Dt:: 11/11/2021 

Inventors: Carles PUENTE BAUARDA, Jordi ILARIO, Josep MUMBRU 

Title: Multiple-Body-Configuration M ultimedia and Smartphone Multifunction Wireless Devices 

Assignment: 1 
064068 / 

Reel/Frame: 
0344 

Received: 
06/27/2023 

Recorded: 
06/27/2023 

Mailed: 
06/28/2023 

Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS). 

Assignors: PUENTE BALIARDA, CARLES 

MUMBRU, JOSEf-' 

ILARIO, JORDI 

Assignee: FRACTUS, SA 

AV. ALCALDE BARNILS, 64-68 

SANT CUGA
T 

DEL VALLES 

BARCELONA, SPAIN E-08174 

Correspondent: EDELL, SHAPIRO & FINNAN, LLC 

PATRICK J. FJNNAN 

9801 WASHINGTONIAN BLVD., SUITE 750 

GAITH ERSBURG, MD 20878 

Exec Dt: 04/07/2014 

Exec Dt: 04/03/2014 

Exec Dt: 04/07/2014 

Pages: 
3 

Search Results as of: 10/18/2023 11 :03 AM 

if you have any comments or queslions concerning the data displayed, coniact PRD i Assignments al 571 -272-3350. v.2.6 
Web interface iasl modified : Jun 26, 2017 v.2.6 
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UNITED STATES PATENT AND TRADEMARK. OFFICE 

BIB DATA SHEET 

Page 1 of 2 

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

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

CONFIRMATION NO. 7433 

SERIAL NUMBER 

90/01 9,275 

FILING or 
371 (c) DATE 

1 0/12/2023 

CLASS 
343 

GROUP ART UNIT 

3992 

ATTORNEY 
DOCKET NO. 

SKAD002 
RULE 

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

INVENTORS 
1 1349200, Barcelona, SPAIN ;  
SKADDEN, ARPS, SLATE, MEAGHER & FLOM, LLP CHRISTOPHER J .  COULSON, Residence Not 
Provided; 
Josep MUMBRU, Asnieres-sur-Seine, FRANCE; 
Jordi ILARIO, Barcelona, SPAIN; 

** CONTINUING DATA *********************-** 
This application is a REX of 1 7/246, 1 92 04/30/2021 PAT 1 1349200 
*which is a CON of 1 6/832,820 03/27/2020 PAT 1 1 031677 
which is a CON of 1 5/856,626 12/28/201 7 PAT 1 0644380 
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 1 1 /614,429 12/21/2006 PAT 8738103 
which claims benefit of 60/856,41 0 1 1 /03/2006 
and claims benefit of 60/831 ,544 07/1 8/2006 

** FOREIGN APPLICATIONS ************************* 
EUROPEAN PATENT OFFICE {EPO) 061 1 7352 07/1 8/2006 

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED -
Foreign Priority claimed D Yes D No ST ATE OR 

Met after COUNTRY 35 USC 1 19(a-d) conditions met D Yes D No O Allowance 

Verified and 
Acknowledged Examinefs Signature 

ADDRESS 
Initials 

EDELL, SHAPIRO & FINNAN, LLC 
9801 Washingtonian Blvd. 
Suite 750 
Gaithersburg, MD 20878 
UNITED STATES 

TITLE 

SPAIN 

SHEETS 
DRAWINGS 

TOTAL 
CLAIMS 

20 

Multiple-Body-Configuration Multimedia and Smartphone Multifunction Wireless Devices 

D AIi Fees 

D 1 . 16  Fees {Fi l ing) 

INDEPENDENT 
CLAIMS 

3 

FILING FEE FEES: Authority has been given in Paper 
RECEIVED No. ____ to charge/credit DEPOSIT ACCOUNT D 1 . 1 7  Fees {Processing Ext. of time) 

D 1 . 1 8  Fees {Issue) 
BIB (Rev. 05/07). 
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Litigation Search Report CRU 3999 

Reexamination Control No. 90/01 9,275 

To : New Request From : GRAVES,  Monica A. 

Location : OCRU Location :  OCRU 

Art Unit : 3992 Phone:  2-7253 

Date : 1 8  October 2023 E-mai l :  graves.monica @yahoo.com 

Search Notes 

US PATENT NO: 1 1 ,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. 2023 10 18B 
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Citing References (6) 

Treatment Title 
1 .  PORT ABLE MUL TiFUNCT!ON WIRELESS 
DEVICE LE. HANDH ELD MULTIMEDIA 
TERMINAL, HAS AMlENNA SYSTEM PLACED 
wm·l!N UPPER BODY AND LOWER BODY 
AND !NCLUDING SHAPE WffH LEVEL OF 
COMPLEXITY OF ANTENNA CONTOUR 
DEnNED BY COMPLEXITY FACTORS -''"1{''-"'''-'' 
DWPI 2021 -C73733 

... HO i <}-5/40 HOi f}-9/0407 H01 (} 9/04;?.1 
La.ngua��e :Eng! is!-1 C!aim(s) :En��nsh 1 --20. 
( canci:�!E3d) First DenAN�nt AppE:arance '.2022 .002 
Publicat,on Ne. (Derwent) : US 1 D49200 82 
Original Hie (Engl ish) :MULTIPLE BODY 
COl'JFIGU[·1ATION fVlULTiMED!A ,<\i'JD 
SMAHTPHONE MUL T lfUf\lCTION WIHELESS 
DEVICES Publ ic«!ion D«!,:J :2022-05 3 1  Applic:at:o,� 
No. :US ?461 9;?. Appn::.:at:on Datt� . , .  

Date Type 
July 1 8, 2006 DWPI 

2. WIRELESS DEVICE, SUCH AS PORT ABLE July 1 8, 2006 DWPI 
MULT!FUNCT!ON wmELESS DEVICE (MFWD), 
COMPRISES ANTENNA SYSTEM COMPRISING 
GROUND PLANE AND TWO ANTENNAS WITHIN 
W!RELESS DEVICE, FIRST ANTENNA !S 
CONFIGURED rn TRANSMrr AND RECEIVE 
SIGNALS FROM FOURTH GENERATION (4G) 
COMMUNICATION STANDARD cy, cip"'" 
DWPl 2022-C9231 7+ 

. , .  2006-0 7- "1 8  App,,cation priority Earliest Priority 
Date:2006 Oi'" - , 8 Related :Continuation of US patent 
numbm US 8889727 fl Continuat,on ol US pat,,n1 
number US 1 1  �149200 B Continuation cf US patent 
nwd:.:•er US 9099773 8 Conti nuatior, of US ;:;atm�t 
numbm US 1 Of)44380 f3 Continuation of US patent 
nun:ber US 8738 1 03 . . .  
3. Frnc!ws, S.A " "  ADT U .. C 

4. Fractws, S.A. v. Vivint, !nc, 

5. MULT!PtE .. BODY-CONFIGURATION 
MUL T!MED!A AND SMARTPHONE 
MUL T!FUNCTION 11',flRELESS DEVICES ,,,,, ?U":,;, 
US PAT 1 1 73581 O+ , U.S. PTO Utility 

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 ... 
- - ·  Hong. Dung Hong Dung 2643 Priority information 
RE,iated i,�forrnatior,:This applioatior, is a 
ConUnua.tion cf Appn::.:at:on Ne. 1 71;?4f} J : 92\ fnt�d 
on 202 1 104/30, now Patent No. , 1 ,349,200 US 
US whicr, is a cm�tinua!ion of f\pplicatior, No. 

1 1 ,03 1 .6Tl, issued on 202 1 . . .  

Oct. 2 1 , 2022 Docket 
Summaries 

Oct. 2 1 , 2022 Docket 
Summaries 

Aug. 22, 2023 Patents 

Depth Headnote(s) 
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Treatment Title 
6. MULT!PLE-BODY-CONFIGURAT!ON 
MUL T!MErnA AND SMARTPHONE 
MUL Tff'lJNCTION WIRELESS DEVICES P'.,:"Li:''i'\ 
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 ... 

. , .  iLAf-1I0 Barceior:a, Spain Barceiona Spa,n 
Priority i,�forrnatior; Rr::,latE,d lnf0:rnation :Tl1is 
appn::.:at:on i�: a Continuation cf AppH::.:at:on Ne. 
i 'l/246, ·: 92 i med on 2021 /04!30: no\1V Patent No. 
1 i �349,200 US US 'fVh!ch is a C;ontinuation of 
i\ppncation No. i fi/832 ,82{\ med on 2020/03/27, 
now Patent [\Jo.  1 1 ,03 1 .6Tl US US whicl1 . . .  

Date Type Depth Headnote(s) 
Oct. 1 3 , 2022 Patents 
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its for: 11349200 or 11l349,200 Tern")s & Connectors -._,· CJ 

Cases 0 

,tzl' LexisNexis' 

No documents found in Cases filtered by Cases. 

Search Tree: 

0 results found 

Try the following: 

o0 Remove one or more fi!ters: (ca.::es �� x) 
• Review your results in the other categories. 

* Modify your search (edi t  or ren:ove some search tenr:s or add �:>ynonyms), 

• Check for spe!ling errors. 

o0 Use the option�:> availab!e froni the Action�:> menu above to mot�ifyyour search. 

Customer Support 



EX1047 - Page 299

its for: 11349200 or 11l349,200 Tern")s & Connectors -._,· CJ 

Cases 0 

,tzl' LexisNexis' 

No documents found in Cases filtered by Cases. 

Search Tree: 

0 results found 

Try the following: 

o0 Remove one or more fi!ters: (ca.::es �� x) 
• Review your results in the other categories. 

* Modify your search (edi t  or ren:ove some search tenr:s or add �:>ynonyms), 

• Check for spe!ling errors. 

o0 Use the option�:> availab!e froni the Action�:> menu above to mot�ifyyour search. 

Customer Support 
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Lexis+® 

Re�uHs. for: 1 1349200 or 11,349,200 

Briefs, Plead ings and Motions (14) Sort by: Relevance 
1. 

Oct 21, 2022 I Fractus, S.A. V. V1vint, Inc. Complaint I 2:22cv413 

... 143 EXHI BIT 3 Case 2:22-cv-0041:3-JRG Document 1-4 [T!F az United States Patent Puente Baliarda et al. FAVA rR m US011349200B2 US 11,349,200 B2 *May 31, 

2022 (10) Patent No.: 45) Date of Patent : (54) MUrnPLE-BODY-CONFIGURAT !ON MULTIMEDIAAND SMARTPHONE MUUIFUNCTION WIRELESS DEVICES (7 1 )  (72) 

... Barcelona (ES) Notice: Subject to any dic;dain1e,; the ten;, of this patent is exten,�ed or adjusted under 35 U.S.C. -i54(b) by O dayc;. This patent is subject to a terminal dis· 

claimer. 21) (22} Appl. No.: ... 

... HOJ.Q "l/242: HO1Q :l/241: HO·lQ 5/50; (Continued) (56) References; Cited U.S. PATENT DOCUMENrs 2/1963 Du Hamel 7/'.t970 Shelton (Continued) 3,079,602 A 

3,'S2l,284 A FOREIGN PATENT DOCUM ENTS CACA 23822 1 28 2416437 3/2001 l/2002 (Continued) OTHER PUBUCAT IONS U.S . ... 

... 1-4 Filed 10/21/22 Page 3 of 80 PagelD # :  145 US 11,349.200 82 Page 2 Related ... 

... PATENT DOCU MENTS 2/1963 Du Hamel 7/1970 Shelton (Continued) 3,079,602 A 3,521,284 A FOREIGN PATENT DOCUM ENTS CA CA 23822128 2416437 3/2001 

1/2002 (Continued) OTHER PUBLICATIONS U.S . ... 

... 1 -4 Filed ·10/21/22 Page 3 of 80 PagelD #: 145 US 11,349.200 82 Page 2 Related U.S. Application Data 4912.48:l A 3/1.990 Mace ... 

Oct 21, 2022 I Fractus, S.A. V. Adt Uc Complaint 2:22cv11 12 

... No. 2 ,  Pag. 170·-J.82 . Infringement Chart B!ackben-y 8220. Patent 7202822 ,  Fractus . Nov. 5 . 2009 . infringement Chart B!ackberry 83:10. Patent 7J.488SO . Fractus . 

Nov. 5 ,  2009 . Infringement Chart - Blackbe1-ry 831.0. Patent : 7202822 , Fractus , Nov. 5 ,  2009 . lntringement Chart Blackberry 8320. Patent 7148850 , Fractus , Nov. 5 ,  

2009 . Infringement Chart Blackberry 8320. Patent 7202822 , Fractus ,  Nov. 5 ,  2009 . lnfringerr,ent Chart- Blackberry 8330. Patent 7148850 ,  Fractus , Nov. 5 ,  2009 . 

lntringernent Chart Blackberry 8330. Patent 7202822 , Fractus ,  Nov. 5 ,  2009 . Infringement Chart Blackberry 8820. Patent 7148850 , Fractus , Nov. 5 ,  2009 . 

Infringement Chart - Blackberry 8820. Patent 7202822 , Fractus , Nov. 5 ,  2009 . Infringement Chart - Blackberry 8830. Patent 7148850 , Fractus ,  Nov. 5 ,  2009 . 

!nfringen1ent Chart Blackberry 8830. Patent 7202822 ) Fractu�;; 1 Nov, ." 

3. 

Cal i fornia Northern Bankruptcy Court Mar 01. 202'.l Blade Global Corporation M ISC 21 -50275 

... 6 Sales, leases, l icenses, etc., of intangible property rights (for example, patents , trademarks, secret formulas} 6 7 Consideration received for technical, manageriai, ... 

... 19 Purchases1 leases. Hcense�;;. etc., of intangible property rights (for exarnp!e, patents , traden1arks1 secret formulas} 19 20 Consideration paid for techn1ca!, n'i<.magedaL 

. 6 Saies, leases, l icenses, etc.: of intangible property rights (for example, patents , trademarks: secret formulas} 6 7 Consideration received for technical, manageria!, ... 

. ,, 19 Purchases, leases, Hcenses, etc.) of intangible property rights {for exarnp!ej patent:; 1 trademarks, secret formulas) 19 20 Consideration paid fer technicat managerial, .. , 

... 5,798. 200 DB HY 5 COMPUTER l7 02/19 02/28/2019 ll,349. 100. 11,349. 200 DB HY 5 COMPUTER 18 03/19 03/31/2019 7,476. 100. 7,476. 200 ... 

California Northern Bankruptcy Court Mar 01, 2021 Blade Giobal Corporation M ISC 21-50275 

6 Sales. leases. l icenses, etc., of intangible property rights (for example. patents , trademarks, secret torniulas} 6 7 Consideration received for technical, manageria!, ... 

19 Purchases, leases, iicenses, etc., of intangible property rights (for example, patents , trademarks, secret formulas) 19 20 Consideration paid for technical, managerial, ... 

... 6 Sa!es, !eases) l icenses, etc .. of intangible property right;; (for example) patents , trademark�;;. �;;ecret formulas} 6 7 Consideration received for technical, managerial1 '" 

. 19 Purchases, leases, l icenses, etc., of intangible property rights (fo1· example, patents , t1·adernai-i<s, secret formulas) 19 20 Consideration paid to1· technical, managerial, ... 

. .  5,798. 200 DB HY 5 COMPUTER 17 02/19 02i28/2019 11,349. 100. 11,349. 200 DB HY 5 COMPUTER 18 03/19 03/31/2019 7,476. 100. 7,476. 200 . .  

5. 

Oct 21, 2022 j Fractus, S.A. V. Adt Uc Answer to Counterclaim I 2:22cv412 
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... Patent No.J.0,468.770 (the 770 Patent). and U5. Patent No. 11,349.200 (the 200 Patent) (together· the Asserte,� Patents ). All avern1ents am� ai iegations not expn,ssly 
admitted herein a1·e denied . ... 
... COUNTERCLAIM COUNT 1: DECL4.RATORY JUDGMENT OF NON- INFRiNGEMENT OFTHE 092 PATENT 8. This paragraph purports to reallege and incorporate by 
refe1·ence paragraphs ... 
... 1,:_ COU NTERCL<\i M COUNT 2: DEC LARA TORY JUDGM ENT OF I NVAU DITY OF THE 092 PATENT 15. This paragraph purports to reallege and incorporate by 
refen,nce paragraphs .. 
. . . COUNTERCLAIM COUNT 3: DECLARATORY JUDGMENT OF NON- INFRiNGEMENT OF THE 103 PATENT 19. This paragraph purports to reallege and incorporate by 
reference paragraphs .. . 
. . . 25. COUNTERCLAIM COUNT 4: DECLARATORY JUDGM ENT OF iNVAUDITY OF"THE  103 PATENT 26. This paragraph purports to reallege and incorporate by 
reference paragraphs "" 
... COUNl"ERCI.AIM COUNT 5: DECLARATORY jlJDGMENT OF NON- INFR INGEMENT OF rHE 604 PATENT Case 2:22- cv-00412-JRG Document 30 f'iled 01/04/23 
Page 3 cf 10 Page !D  ... 

.. 36. COUNTl:'.RCLAIM COUNT 6: DECL.ARATORY JUDGM ENT OF iNVAI.IDITY Of' T HI:'. 604 PATENT 37. rhic; paragraph purports to reallege am� incorporate by 
refe1·ence paragraphs ... 
6. 

Oct 21, 2022 I F·ractus, S.A. V. Adt Lie Complaint 2:22cv4 l2 
... never disputed the validity of the Patents-in-Suit. !n particular, ADT has never communicated any al legedly inva lidating prior 
... or attempted to bring any post-grant action at the United States Patent and Trademark Office. 20.ADTs conduct has demonstrated a pattern of bad-faith actions in 
continuing to infringe upon the Patents-in-Suit despite being on notice that it was infringing Fractuss patents. Instead of duly obtaining authorization or a i icense to 
practice the Patents --1n··Suit and as shown below. ADT has continued n1aking. u�:i ing, sel ling) ." 
... the Universitat Politcnica de Catalunya, is the lead inventor on the Patents - in-Suit. Dr. Puentes early research work focused on fractal antennas ... 
. ,, flexible antenna designs that appear in and are covered by the Patents-in- Suit. 12, The Patents -in-Suit vvere filed as a result cf ncvd research by Fractus .,, 
... to compromise on other desirable device attributes, such as size. The Patents -in-Suit solve these problems through a variety of novel solutions enabiing ... 
... The letters informed ADTthat Fractus bdieved ADTvvas infringing ::-ractuss patents. The letters provided a full l ist of Fractuss patent portfolio. and specif•ca!!y identified 

certain r:·ractus patents1ncluding several of the Patents - in--Suitwh1ch ADTS products infringed upon. One lettervva�;; sent to Mr. 
7. 
C{):'-··H)L,�� r�rr :�ga:!n.-2,·t \/!�•·krt� � n(. { rL ,  .. :b J,,._¢ $ .. i:;2 ; ..::,_,:< s�:. ; ;dhS �.:::�· .. 1\J}�[[};�-91 '::2 ·L� �-..: .. ;, �--�k:d b'l Fn�.::Ju��- 5:_�j�-- {..-:\n��chr::ent�� #� :t (:;vn 
(:o\,•{:r Sh�:-{:t� ��- �� Exh lb�t :t # 3 Exh{bH: 2, # l� Exh;b;t :\ ��: S E�f�iblt -tL # 6 Exh�bH: �;,, # 7 Exh�. b�· t 6H}-k:nr;·\ �::L�{re) (Entf:f{:d� :10/2:t/202�n 

Oct 21., 2022 \ �-ractus, S.A. V. Vivint, Inc. Complaint \ 2:22cv4l3 
... or attempted to bring any post-grant action at the United States Patent and Trademark Case 2:22-cv- 0011 13-J RG Document 1 Fiied 10/21/22 Page 8 of ... 
... a pattern of bad-faith actions in continuing to infringe upon the Patents-in-Suit despite being on notice that it was infringing Fractuss patents. !nsteat� of duly obtaining 
authorization or a license to practice the Patents ·-in-Suit and as shown be!m,v: Vivint has continued maki ng, using, seiHng1 •• 

. ,, the Universitat Pclitcnica de CatalunyaJ is the lead inventor on the Patents - in-Suit Dr. Puentes eady research vv·ork focused on fractal antennas " 

... flexible antenna designs that appear in and are covei-ed by the Patents- in·· Suit. 12. The Patents -in-Suit wei-e filed as a result of novel research by F·ractus ... 

... to compromise on other desirable device attributes, such as size. The Patents -in-Suit solve these probiems through a variety of novel solutions enabiing ... 

... The letters informed Vivint that ,:·ractus bel ieve,� Vivintwac; infringing f''ractuss patents. The letters provided a ful l  list of f'ractuss patent portfoiio, and c;pecifically 
identified certain Fractus patents including two of the Patents -in-Suitwhich, e.g., the Vivint Smart Hub Panel infringed upon. One letter ... 
... to include add itional I nfringing Products with similarly designed antennas, 16. The Patents -in-Suit genera!!y relate to the design and construction of antennas capable , 
8. 

Oct 21, 2022 I F·ractus, S.A. V. Adt Lie Claim Construction Chart/Prehearing Statement I 2:22cv412 
. . .  construction hearing on January 18,  2024 is scheduled to address nine patents: U.S. Patents No. 7,471,246 (the 246 Patent), No.  7,907,092 (the 092 Patent), No. 
8,456,365 (the 36'S Patent). No. 8,674,887 (the 887 Patent). No. 8,738,103 (the 103 Patent). No. 8,994,604 (the 604 Patent), 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 Asserted Patents means U.S. Patent Nos. 7,471,246; 7,907,092; 8,456,365; 8,674,887; 
8,738,103; 1.1,349,200: 8,994,604: 10,135,1.38: and 10,468,770 . .. . 
. . . to the Courts Docket Control Order (Dkt. No. 41) and Local Patent Ruie 4-3, Plaintiff >'ractus, S.A. (>'ractus) and Defendants ADT LLC and ... 
. ,, construction hearing on January 181 2024 is scheduled to address nine patents: "" 
... to the Courts Docket Control Order (Dkt. No. 41) and Local Patent Ruie 4-3, Plaintiff Fractus, SA (Fractus) and Defendants ADT I.LC and 
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... construction hearing on January 18, 202.4 is scheduled to address nine patents: U.S. Patents No. 7,471.,246 (the 246 Patent), No. 7,907,092 (the 092 Patent), No. 
8,456,365 (the 36'S Patent ), No. 8,674,887 (the 887 
9. 

Dec 14, 2022 Fractus, S.A. V. ,l\dt Uc I Answer to Complaint 2:22cv412 
... admits that patents asserted in this action a1·e U.S. Patent Nos. 7,471,246 (246 patent), 7,907,092 (092 patent), 8,456,365 (365 patent), 8,674,887 (887 patent), 
8,738.103 (103 patent), and 11,349,200 (200 patent) (collectively, the Patents -in-Suit). ADT lacks suff,cient factual basis to determine the accuracy of 
... PATENT NO. 7,907,092 30.ADT adrnit:; that the 092 patent is entitied Antenna With One or More Holes and that it ... 
... that Exhibit 2 purports to be a copy cf the 092 patent .  ADT denies the remaining al legations in paragraph 30 of the ... 
'" the extent that paragraph 32 contains a sun1n1ary of the 092 patent. ADT neither admits nor denies the surnrnary, and respectfu:!y 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 respectfu!!y refers the Court to the 092 patent 
for the fuli content thereof. 34. ADT denies the a!legations in .. 
... ADT denies the al legations in paragraph 37 of the Complaint. U.S. PATENT NO. 8,67tJ,887 38. ADT admits that the 887 patent is entitled Multi-Band Monopole Antenna 
for a Mobile Communications Device and ... 
10. 

Dec 1.4, 2022 r:ractu:;, SA V. Adt Uc I Answer· to Complaint Counterdaim 2.:22cv4·1 2  
... infringe and has not infringed any valid ciaim of the 092 Patent, 103 Patent, 200 Patent, 604 Patent, 138 Patent, o r  770 Patent, either literally o r  under the doctrine of 
equivalents. Third Defense 0nva!id ity) The daims of the 092 Patent) 103 Patent, 200 Patent, 604 Patent) 1:38 Patent, and 770 Patent are invalid for failure to satisfy one or 
more requirements of .. 
... to set forth the language of claim 12 of the 103 Patent, but the content of claim 12 of the 103 Patents is shown by the 103 Pateflt in its proper context and not by the 
allegations of the ... 
... 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 
allegations cf the ... 
... to set fo1·th the language cf claim l cf the 604 Patent , but 
11. 

Dec 19, 2022 Fractus. S.A. V. ,l\dt Uc I Notice (Other) 2:22cv412 
... p1·eviouslynled in the Eastern District cf Texas involving the same patent or patents. The patents-in-suit for the consolidated cases are U.S. Patent No. 7,907,092, U.S. 
Patent No. 8. 738.103. 

lJN()PP(JSE[) ;'i]f)T�{)N to .��rn�nd/(:�)rr{:ct [);scl.:..)�;Uf{: �)f .-�'$.'$.{:rted (:la:in��; and � nfr; ng{:�-r�f:nt (:r�nt�nt;on�; by Fr��ctu�;, �� .t�'"-- {f-...-1 lna, i-\rgl�} 
{..-:\dd;t;ona! ��tt achn���nt{:s) add�:d on :10/10/202�1: # :1 Pr.:..)pos�:d {)rder) {ch, ). tEnt�:red: 10./:t0/2023} 

Oct 21, 2022 I Fractus, SA V. Adt Uc Amend/Correct I 2:22cv412 
... noticed a minor typographical error concerning the ti ling date cf European Patent No. 06ll73 52. Specifically, in Fractus Patent Rule 3··1(e) DisclcsL!l'es regarding the 
Asserted Claims of U.S. Patent 11,349,200 (the 200 Patent ) , the nlingdate of EP 06117352 should be July ... 
... 06:1 ·1 7352 eisevvhere in its t� isclosures regarding the Assertet� C!atms of U.S. Patent No. 81738,103 (the 103 Patent) ) and the correct fding date for EP 06:1 ·1 7352 i�;; listed 
on the face of the 200 Patent . ... 
... Amend Disdosure of Asserted (]airns and Infringement Contentions Pursuant to Local Patent Rules 3-1 and 3-2. Fractus served its Disclosure of Asserted Claims ... 
13. 

Oct 12, 2020 I Maiiinckrodt pie I Unknown I 20-12522 
... AHN: President & CEO Mississauga ON l.5R 087 Canada 11363220 Pharma Patent Licensing 950 F ST NORTHWEST WASHi NGTON DC 20004 1.1363221  Pharma 

... UN !TED STATES 2051 JAMIESON AVE, SUITE 300 ArrN DEPOSIT ACCOUNTS :131 1.60, PATENT AND rRADEMARKmTICE Ai.EXANDRIA VA 223:14 1:1455399 
D IRECTOR OF THE UNITED ... 
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... UN ITED STATES 2051 JAMIESON AVE, SUITE 300 ArrN DEPOSIT ACCOUNTS :131 160, PATENT AND TRADEMARK mTICE ALEXANDRIA VA 223:14 1:1364671 

Directorie 16903 BOTTL.EBRUSH COURT ... 

... 2051 JAMIESON AVE, SUITE 300ATTN DEPOSIT ACCOUNTS 131160. PATENT AND TRADEMARK OFFICE ALEXANDRIA VA22314 11455399 D IRECTOR OF THE 

UN ITED ... 

... UN ITED STATES 2051 JAMIESON AVE, SUITE 300 ATTN DEPOSIT ACCOUNTS 131160, PATENT ANDTRADEMARl<OFFICEALEXANDRIA VA 22314 1136'\671 

Directorie 16903 BOTT Lt. B RUSH COUR"f 

14. 

Virginia Eastern Bankruptcy Court Jul 23, 2020 I Retail Group, Inc., et al. I Unknown I 20-33113 

. . .  11344634 lJ.2874 14 : l  1 277494 '.l1339874 1 1369406 1:12.82055 1.'.l280314 OUTSIDE GC Li_C/ PATENT GC i_LC OUTSlN{. ! ESSICA OVALL, HOLLY OVALL. J ENNY 

OVAU.E, NATAL.IE OVAU_ES, ... 

... 11337574 112.91599 11333926 11317398 11359995 11306996 11323125 1 1271913 11351111 112.77799 OVERSEAS PATENT AGENCY, I NC. OVERSTREET, 

CANDY OVERSTREET, Ki LEY OVERSTREEl; LAM IYA OVERSTREE"f; MYA OVERSTREEl; ... 

... COUNTY SAN FRANCISCO CA 94145-0901 11 118869 11339675 11292,:117 11360387 11318254 11272930 11349200 11327756 11311026 11335138 11316330 

1 1272178 1 :1 �318059 J.1277257 ·1 1 285035 11354150 lJ.359852 :l ·1 313363 ... 

Content type: Briefs, Plead ings and Motions 

Terms: 11349200 or 1 1.349,200 

Search Type: Boolean - Fewer Re:;ul t:; 

Narrow By: Sources: Briefs, Plead ings & lv1otions, Sea1·ch Within Results: patent 

Date and Time: Oct 18, 2023 04:1,\:13 p.m. EDT 
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its for: 11349200 or 11l349,200 Tern")s & Connectors -._,· CJ 

·······································, 
Intellectual Property O (!ntd!echj2.!

.P
r!";perty ----�·- ·� 

No documents found in intel lectual Property filtered by Intel lectual Property. 

Search Tree: 

0 results found 

Try the following: 

.. •·"'·····································..._ • Remove one or more f;!ters: (_lr,telle,:tc1�I Prnperty __ X) 

• Review your results in the other categories. 

* Modify your search (edi t  or ren:ove some search tenr:s or add �:>ynonyms), 

• Check for spe!ling errors. 

o0 Use the option�:> availab!e froni the Action�:> menu above to mot�ifyyour search. 

,tzl' LexisNexis' Customer Support 
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Lexis+® 

Re�uHs. for: 1 1349200 or 11,349,200 

News ( 1) Sort by: Relevance 

1. 

US f'ed News I Jun 01, 202.2 262 wordc; 
. US Patent !ssued to F·1·actus on May 31 for "Multiple··body-coniiguration multimedia and smartphone rnu!tifunction wireless devices'' ( Spanish , French Inventors) ... 

... ALEXA.ND RIA , Va. ,  June 1 -- United States Patent no. 11,349.200, issued on May 31, was assigned to Fractus S.A. (Barcelona, Spain ). "Multiple-body-conf,guration 
multimedia and smartphone muitffunction wire!ess devices'1 was invented by Carles ... 
... Puente Baliarda (Barcelona, Spain }, Josep Murnbru (Asnieres-sur-Seine, >'ranee ) and Jordi I lario (Barcelona, Spain ).According to the abstract' released by the U.S. Patent 
& Trademark Office: 11A multifunction wireless device having at !east one of ... 
... having a value of at least 1.05 and not greater than 1.80 and F32 having a value of at least 1 . 10 and not greater than 1.90." The patent was ii led on April 30, 2021, under 
Application No. 17/246,192, *For further information, induding irnages, charts amL . 
... tables, please visit: http:;/pattt.uspto.gov/netacgi/nph--Parser?Sect l �PTO2&Sect2� H ITOFF&p� 1&u�%2Fnetahtm1%2FPTO%2 Fsearch-
bool.html&r� 1&H::;&J � 50&co 1 �AN D&d � PTXT&s 1 �11349200&OS�11349200&RS� 113-19200 For any query with respect to this article or any other. .. 

Content type: News 

Terms: 11349200 or 11,3,\9,200 

Search Type: Boolean - Fewer Results 

Narrow By: Sources: News, Search \'jithin Resul ts;: patent 

Date and Time: Oct 18, 2023 04: 16:43 p.m. EDT 

{{i' LexisNexis' 
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Narrow By 

patent 

Dockets (O) 

No documents found in Dockets fi ltered by patent 

Try the following: 

• Remove one or more niters: patent X 

19 Modify your search (edit er rernove sorne search terms or acid synonyrns). 

• Check for speiling errors. 

• Use the options available from the Actions menu above to modify your search. 

19 Note: Some content may not be visible based on the restrictions of your subscription. 
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r 

'---

PTO/SB/08a (07-09) 
Approved for use through 05/31 /2024. 0MB 0651 -0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paoerwork Reduction Act of 1 995 no oersons are reauired to resoond to a collection of information unless it contains a valid 0MB control number 

Complete if Known 
Substitute for form 1 449/PTO 

Application Number Ex Parte Re-Exam of 1 1 ,349,200 

INFORMATION DISCLOSURE 
Filing Date October 1 2 , 2023 
First Named I nventor Puente Bali arda, Carles 

STATEMENT BY APPLICANT Art Unit 
(Use as many sheets as necessary) Examiner Name 

Sheet 1 1  I of 1 1  Attorney Docket Number SKAD002 � 

U. S. PATENT DOCUMENTS 

Examiner Cite Document Number Publication Date Name of Patentee or Pages, Columns, Lines, Where 
Initials* 

Ex. 
Ex. 

Examiner 
Initials* 

Ex. 
Ex. 

Examiner 
Signature 

No. 1 

1 0 1 1  
1 0 1 4  

Cite 
No. 1 

1 0 1 2  
1 0 1 3  

Number-Kind Code2 r;tknown) 

US- 2004/01 34795 
US- 2004/005 1 669 
US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

Foreign Patent Document 

MM-DD-YYYY Applicant of Cited Document 

01 -1 4-2004 Bolin, Thomas 

09-25-2003 Rutfors, Tomas 

FOREIGN PATENT DOCUMENTS 

Publication Name of Patentee or 
Date Applicant of Cited Document 

MM-DD-YYYY 
Countrv Code3 -Number 4 -Kind Code5 

(if known) 

GB241 6625A 02-0 1 -2006 
E P 1 294049A 1 03-1 9-2003 

Langley, Richard 

Ollikainen, Jani 

Date 

I Considere� 

Relevant Passages or Relevant 
Figures Appear 

Pages, Columns, Lines, 
Where Relevant Passages 
Or Relevant Figures Appear Te 

*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. 1 Applicant's unique citation designation number (optional). 2 See Kinds Codes of 
USPTO Patent Documents at www.usotO.OQY. or MPEP 901 .04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4 For 
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 5Kind of document by 
the appropriate symbols as indicated on the document under WIPO Standard ST. 1 6  if possible. 6 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 fa ilure to comply with an 
information collection subject to the requirements of the Paperwork Reduction Act of 1 995, unless the information collection has a currently valid 0MB Control Number. 
The 0MB 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 for reducing this burden to the Chief Administrative 
Officer, United States Patent and Trademark Office, P.O. Box 1 450, Alexandria, VA 2231 3-1 450 or email lnformationCollection@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 1 450, Alexandria, VA 2231 3-1450. 

ff you need assistance in completing the form, ca/1 1-800-PTO-9199 (1-800-786-9 199) and select option 2. 
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Privacy Act Statement 

The Privacy Act of 1 974 (P .L .  93-579) requires that you be g iven certain information in  connection with 
your  submission of the attached form related to a patent appl ication or patent. The Un ited States Patent 
and Trademark Office (USPTO) collects the information in th is 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 perta in ing to the appl icant's/owner's activities in connection with the invention for wh ich a 
patent is sought or has been g ranted . The appl icable Privacy Act System of Records Notice for the 
information collected in this form is COMMERCE/PAT-TM-7 Patent Application Files, avai lable in the 
Federal Register at 78 FR 1 9243 (March 29,  201 3) .  https://www.govinfo.gov/contenUpkg/FR-201 3-03-29/ 
pdf/201 3-07341 . pdf 

Routine uses of the information in  th is record may include d isclosure to : 1) law enforcement, in the event 
that the system of records ind icates a violation or potential violation of law; 2) a Federal ,  state , loca l ,  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 I nformation Act (FOIA) requires d isclosure 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 admin istrative tribunal ,  in  the cou rse of presenting evidence, including d isclosures to 
opposing counsel in  the course of settlement negotiations; 7) the Admin istrator, General Services 
Admin istration (GSA) , o r  their designee, du ring an inspection of records conducted by GSA under 
authority of 44 U.S.C. 2904 and 2906, in  accordance with the GSA regu lations and any other re levant 
(i . e . ,  GSA or Commerce) d i rective , where such d isclosu re shal l  not be used to make determinations 
about ind ividuals; 8) another federal agency for purposes of National Security review (35 U.S.C.  1 81 )  
and for review pursuant to the Atomic Energy Act (42 U .S .C .  21 8(c)) ;  9) the Office of Personnel  
Management (OPM) for personnel research purposes; and 9) the Office of Management and Budget 
(0MB) for legislative coordination and clearance. 

If you do not fu rn ish the information requested on th is form, the USPTO may not be able to process and/ 
or examine you r  submission, wh ich may resu lt in termination of proceedings, abandon ment of the 
appl ication,  and/or expiration of the patent. 

Additional Uses 

Additional USPTO uses of the information in this record may include d isclosu re to: 1 )  the I nternational 
Bureau of the World I ntellectual Property Organization ,  if the record is related to an international 
appl ication filed under the Patent Cooperation Treaty; 2) the public i) after publ ication of the application 
pursuant to 35 U .S .C .  1 22(b) , i i) after issuance of a patent pursuant to 35 U .S .C .  1 51 ,  i i i) if the record 
was filed in an application wh ich became abandoned or in which the proceedings were terminated and 
which appl ication is referenced by either a published appl ication,  an application open to public 
inspections, or an issued patent, o r  iv) without publ ication of the application or patent under the specific 
circumstances provided for by 37 CFR 1 . 1 4(a)(1 ) (v)-(vi i) ; and/or 3) the National Arch ives and Records 
Admin istration ,  for inspection of records.  
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Petition for Inter Partes Review of U.S. Patent No . 1 1 ,349,200 
Exhibit BB - Ground 1 Claim Chart (Bolin, Langley, Rutfors) 

Claim Chart for Fractus '200 Patent 

1 .  GROUNDS OF UNPATENTABILITY 

fljqijpJJ ? 
2 

(a) Prior Art Relied Upon 

Ex. 1 0 1 1 ("Bolin") (U.S. Patent Publication No . 2004/0 137950) was filed March 20, 2002 and 
ublished Jul 1 5 ,  2004 and is rior art to the '200 Patent under re-AIA 3 5  U.S.C. 1 02 b . 

Ex. 1 0 1 2  ("Langley") (U.K. Patent Publication No. GB24 1 6625) was filed July 22, 2004 and 
ublished Janu 2, 2006 and is rior art to the '200 Patent under re-AIA 3 5  U.S.C. 1 02 b . 

Ex. 1 0 1 3  ("Rutfors") (U.S. Patent Publication No. 2004/005 1 669) was filed July 1 0 , 200 1 an 
ublished March 1 8 , 2004 and is rior art to the '200 Patent under re-AIA 3 5  U.S.C. 1 02 b . 

(b) Claim Chart 

1 1  [pre] . A wireless 
device comprising: 

Ground 2: Bolin in view of Langley and Rutfors 

Claim 1 1  (and the other claim in this chart) is obvious over the 
combination of Bolin, Langley, and Rutfors. See Request at Section 
I.E.2. A Person of Ordinary Skill in the Art ("POSIT A") would have 
been motivated to incorporate the antenna of Langley into the 
wireless device of Bolin because Langley discloses an antenna for 
use in 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 :2 1 -22; Ex. 1 009, ,i,i 
84, 1 04, 1 1 2.  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. 1 009 at ,i,i 84, 1 04 ,  1 1 2 .  

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. 1 009 at ,i 1 26. 

To the extent 1 1  [pre] is limiting, Bolin discloses element 1 1  [pre] . 

Unified Exhibit BB Page 1 of 46 
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[ 1 1 . 1 ]  an antenna 
system comprising a 
ground plane and at 
least two antennas 
within the wireless 
device, the antenna 
system comprising: 

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

Ground 2 :  Bolin in view of Langley and Rutfors 

Bolin discloses in Figure 3 a wireless device that includes an antenna 
system. 

Bolin at [000 1 ] : 

(Antenna 
connector} 

9 
(Antenna 
carrier} 

Bolin Figure 3 

1 0  
{Primaiy 
sioo ol 

telephone) 

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

Bolin in light ofRutfors discloses element [ 1 1 . 1 ] ; alternatively, any 
differences would have been obvious to a POSITA. 

Bolin discloses an antenna system (item 1 )  in Figure 1 that there are 
two antennas; a first antenna is the main antenna (item 2 surrounded 
by dashed lines in 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 BB Page 2 of 46 
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Petition for Inter Partes Review of U.S. Patent No . 1 1 ,349,200 
Exhibit BB - Ground 1 Claim Chart (Bolin, Langley, Rutfors) 

Ground 2 :  Bolin in view of Langley and Rutfors 

Fig 1 

Bolin at [00 1 9] :  
"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. 1 009 at ,i,i 79-
80 .  The main antenna (2), parasitic part (6) and Bluetooth antenna 
(3) each have ground traces that connect to the antenna connector 
(1 1 ). Bolin at [0025 ]  ("The antenna system 1 has five connection 
traces 7a-7e, which all are located in the third p lane. Of these 
connection traces, the main antenna 2 has a ground trace 7 a ("Ground 
# 1 ") and a feed trace 7b ("Feed # 1 ") for the GSM part 4 and the DCS 
part 5 .  The parasitic PCS part 6 has only a ground trace 7 c ("Ground 
#2"), whereas the Bluetooth™ antenna 3 has a ground trace 7d 
("Ground #3)  as  well as  a feed trace 7e ("Feed #2"), as  shown in FIG. 
1 . " 

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

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. 1 009 at ,i 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 i s  
connected when the system i s  assembled) and the PCB board to 
which the antenna connector is attached. The antenna connector has 
five p ins, 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. 1 009 at ,i,i 79-80 .  

// 
1 

(Antenn.a system ,.,,,.-

(unfcidoo)) / 
I 
I 

1 1  
(Antenna 

oo.nnactof) 

I 

12 
(Pogo 
pin:;;) 

Bolin Figure 5 

1 
13 

(PCB} 

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 p lane configuration of Rutfors in order to get the benefit of 
improved isolation between the two antennas. Rutfors at [00 1 8 ] -
[00 19] ;  Ex. 1 009 at ,i,i 1 26- 144. 

Rutfors discloses a two-antenna configuration with a ground plane 
(item 3) in Figures 1 -2 of Rutfors . Rutfors at [00 1 3 ] - [00 1 9]. See 
Rutfors Fi ure 1 showin two antennas and round lane 3 

Unified Exhibit BB Page 4 of 46 
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[ 1 1 .2] a first antenna 
configured to provide 
operation in at least 
three frequency bands 
being used by 4G 
communication 
standards, 

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

Ground 2 :  Bolin in view of Langley and Rutfors 

Rutfors Figure 1 

Bolin in view of Langley and Rutfors discloses element [ 1 1 .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 antenna that is 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 a third parasitic element that covers the third band while 
also functioning as a high-impedance block). Bolin at [0022] -
roo23 l and Claim 1 .  The need for additional bandwidth coverage in 

Unified Exhibit BB Page 5 of 46 
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Petition for Inter Partes Review of U.S. Patent No . 1 1 ,349,200 
Exhibit BB - Ground 1 Claim Chart (Bolin, Langley, Rutfors) 

Ground 2 :  Bolin in view of Langley and Rutfors 

wireless devices is disclosed by Bolin. Bolin at [000 1 ] .  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. 1 009 at ,i,i 1 04- 1 0 5 .  

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. 1 009 at ,i,i 127-1 3 1 . 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. 1 009 at ,i,i 127-1 3 1 , 1 3 8 .  

A POSIT A 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. 1 009 at ,i 1 05 .  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. 1 009 at ,i 93.  Langley explains that the resonant 
frequencies of its antenna can be "easily and predictably altered by 
changing the thickness if [sic, of] the substrate ." Langley at 1 0 :8- 1 0 . 
(The thickness referred to by Langley is the thickness of the printed 
circuit board substrate, Langley at 6:2 1 -24, and therefore changing 
this thickness would not affect the dimensions used to calculate 
complexity factor. Ex. 1 009 at ,i 93 .  The antenna examples of 
Langley shown in Figures 2 and 1 3  are x -y dimensions whereas the 
thickness is the z dimension. Ex. 1 009 at ,i 9 3 .  

Langley explains that the antenna invention o f  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 : 1 3 .  The antennas of Figure 2 (embodiment 
example 1 )  and Figure 1 3  ( 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: 1 3 .  Ex. 1 009 at ,i,i 
1 02 ,  1 04- 1 0 5 .  

Unified Exhibit BB Page 6 of 46 
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Ground 2 :  Bolin in view of Langley and Rutfors 

The invention of Langley is shown, for example, in Figure 1 3  of 
Langley: 

Fig. 1 3  

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 : 1 2-6 : 1 3 .  

Langley discloses the following chart: 

r system I Frequency Band 
I GSM 900 I 890 - 960 tv1Hz 
I DCS 1 800 17Tir:::'Te.IllCK�-, H-z--1 
i DECT • • 1 900 MHz 

i 1920 ---- 2170 MHz """i -B-lu_e_k_)O_t_h ___ ,,_,_
i 
2400 ·"' 2483.5 MHzi 

""", -H-. --, --1-,,-� __ i_,,_1_.t::._O_ �7,,J.t � ,n ,  • ) \ ; ipenan •. fL ] t:i .,) ••w th L,.) 1\itd:Z: ! '-i ______ ........,l ......... , ............................................... , ...... ,.,.. . :: 

Langley at 8 : 12 - 1 3 .  

Unified Exhibit BB Page 7 of 46 
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Petition for Inter Partes Review of U.S. Patent No . 1 1 ,349,200 
Exhibit BB - Ground 1 Claim Chart (Bolin, Langley, Rutfors) 

Ground 2 :  Bolin in view of Langley and Rutfors 

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 
- l OdB." Langley at 8 : 14 - 1 6 .  (Generally, as a POSITA would have 
understood, a return loss of 1 0  or more on a negative scale for a 
particular frequency band indicates a commercially u seful antenna 
for that frequency band. Ex. 1 009 at ,i,i 8 5 -5 7. Langley summarizes 
the frequency bands covered by the antenna of example 1 as follows : 

j System cover�d 
• • • • • • •"""""""u---��- ---,-_,-� 

: HB�� w Hi:� 88 f-..·��z : GSM9DO , 

1 ·1530 .. 2590 ••• 1 060 MH,: ' DCS rnca 
' UMTS 

1 B!t.m!oot�i 

· ·,:;-5ii:: . .. ssifr:---- ----,.., -n-4u-, 1,-1,-., 1 �:::: ; 
Langley at p . 8  (bottom). 

'""""' 0 

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 1 3  of Langley are two embodiments) preferably 
cover "frequencies of900MHz, 1 800MHz, 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 :  1 2-1 3 )  fall within the 2- 1 1 GHz range that is identified by the '200 
Patent as being used by 4G standards :  1 9 20-2 1 70 Mhz, which 
overlaps the 2- 1 1 GHz range, and 2400-2483 .5  MHz and 5 1 50 -5725 
MHz, both of which fall within the 2 - 1 1 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- 1 1 GHz that the '200 Patent explains is a range that is 
used by 4G communications standards .  See Ex. 1 00 1  at 2 5 : 14 -23 .  
A POSIT A 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. 1 009 at ,i,i 85-90. 

Unified Exhibit BB Page 8 of 46 
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Petition for Inter Partes Review of U.S. Patent No . 1 1 ,349,200 
Exhibit BB - Ground 1 Claim Chart (Bolin, Langley, Rutfors) 

Ground 2 :  Bolin in view of Langley and Rutfors 

Even if a POSIT A 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. 1 009 at ,i 9 1 .  The 
3 GPP Version 8 which formalized the 4G standard includes 
frequency bands of900 MHZ (e.g., 880-9 1 5  MHz) and between 1805 
MHz - 2400 MHz inclusive. Ex. 1 0 1 6  at 1 3 - 1 4; Ex. 1 0 1 7  at 32-3 3 ;  
Ex. 1 009 at ,i,i 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. 1 009 at ,i 93 . A POSITA would also have 
understood that the frequency b ands 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. 1 009 
at ,i 93 . 

Langley at [3 : 1 5 - 1 7 ] :  
"[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] 1 7 .  
An antenna for use with five separate frequency bands, comprising 
the antenna of any preceding claim. 

'Langley claim] 1 8 .  The antenna of claim 1 7 , wherein the five 
separate frequency bands comprise frequencies of 900MHz, 
1 800MHz, 2000MHz, 2400MHz and 5400MHz respectively" 
Langley at 1 3 :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 providing a multiple band antenna 

Unified Exhibit BB Page 9 of 46 
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Ground 2 :  Bolin in view of Langley and Rutfors 

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 p lurality of frequency bands. However, there 
remains a need for a compact and efficient multi-band antenna." 
Langley at 2 :  1 7-22 ( 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. 1 009 at ,i,i 
1 26- 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 iso lation 
between the two antennas (which are the multi-band antenna of 
Langley and the Bluetooth antenna of Bolin). Ex. 1 009 at ,i,i 1 26-
1 27 .  

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. 1 009 at ,i,i 
1 26- 129 .  

A POSITA would have incorporated the antenna configuration 
(including the antenna shield) of Rutfors to improve iso lation 
between the antennaofLangley and the Bluetooth antenna of Bolin, 
for the reasons explained below. Ex. 1 009 at ,i,i 1 26, 1 32. 

Rutfors discloses a shield (item 4 in Figure 1 ofRutfors below) that is 
positioned between two internal antennas. 

Unified Exhibit BB Page 10 of 46 
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Ground 2 :  Bolin in view of Langley and Rutfors 
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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 p lane 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 [00 1 8 ] .  

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 cou lin between the antennas is reduced and therewith it 

Unified Exhibit BB Page 1 1  of 46 



EX1047 - Page 322

'200 Patent Claim 
Lan2:ua2:e 

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

Ground 2 :  Bolin in view of Langley and Rutfors 

is possib le 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 PIP A and PIP A. 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 iso lation. " Id. at [0005] ,  
[0007],  [00 1  0] .  

[ 1 1 .3 ]  the first antenna Bolin in view of Langley discloses this element [ 1 1 .3 ] ;  alternatively, 
defining an antenna any differences would have been obvious to a POSITA. 
contour comprising an 
entire perimeter of the 
first antenna, the 
antenna contour 
comprising at least 
twenty segments, 

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 POSIT A would have substituted the antenna of 
Langley for the main antenna of Bolin for the reasons explained in 
[ 1 1 .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 1 3  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 : 1 5 - 1 6 ,  6 : 1 2- 1 3 ,  
6 :2 1 -7 : 33 ,  1 0 :2-4 (generally describing the two embodiments 
represented by these figures) ; Ex. 1 009 at ,i 1 1 3 .  

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). 

" :,"""'"""""' 4;·""'·""""""""'-"""""""" ... """""""""""' ..... "'""'·' • •  •,• • •,•; • • • • • • • • •  , • • • • • • • • • • • •  "" 14."'"""'•'•"""'·"· 

m•��lfih .. . ·• ·· :. 1s,1wm··
· I 

t=_iiiir.J;:~:,�, l " I s �t9 s \ 1.0 !tl��'iWm&Wta• 1s I : 
•'\��'§i� t 7 \  •. 11 -,�7®::,'¾,���� : 

6 

. i .. .. . . . . . . . . . . . i. . . . . . . . . . . . . . . . . . . . . . . . , .. !,�,, .. ·"'·' """l • • • • • • • • • • • • • • •·•·•·• .� •·• •·• •·•·•·•·•·•·•·•·•·•·•·•·•· ..... ·.·•·•·•·•,:·.· .......... °'v.-.:• '<">">">">">">">">">�">•,-.• ·••�•• -.-.�• • • • •  • 

Langley Figure 1 
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Ground 2 :  Bolin in view of Langley and Rutfors 

Langley Figure 2 

Likewise, the antenna of example 2 of Langley, as shown in Figure 
1 3  of Langley (faded to show annotations) , discloses at least 25  
segments in  the antenna contour: 

l4 

4-----....... -• --------- • 

Bolin in view of Langley discloses element [1 1 .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 F2 1 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 [ 1 1 .2] .  

Langley discloses at least two antenna embodiments that have an 
antenna contour with a complexity factor F2 1 with a value of at least 
1 .20. Langley discloses the antenna of example 1 (shown in Figure 2 
of Lan le and the antenna of exam le 2 shown in Fi ure 1 3  of 
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Ground 2 :  Bolin in view of Langley and Rutfors 

Langley), each of which, when calculations are performed using the 
procedure set forth in the '200 patent, have an F2 1 value of at least 
1 .20. See Langley at 5 : 1 5 - 1 6, 6 : 1 2- 1 3 ,  6 :2 1 -7 : 33 ,  1 0 :2 -4 (generally 
describ ing the two embodiments represented by these figures). 

As shown in the appendix to this chart below at page 3 8-4 1 ,  the 
antenna embodiment of example 1 (shown in Figure 2 of Langley) 
has an F2 1 value of at least 1 .3 8  when F2 1 is calculated according to 
the procedure set forth in the '200 Patent. For avoidance of doubt, 
the calculation was performed using all four comers of the antenna 
box as a feed comer, and also, the calculation was performed both 
including and excluding "close call" boxe s 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 1 3  of Langley has an F2 1 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 3 8 -4 1 ,  43-46 :  

Calculation for Antenna Example 1 (Figure 2 of Langley): 

When using N2 = 26 and NJ = 1 0, we get the following: 

F21 = 
log(Z6)-log( 1D) 

= 1.378512 = 1 .3 8  log (0.5) 

Calculation for Antenna Example 2 (Figure 13 of Langley) : 
When using N2 = 26 and NJ = 1 0, we get the following: 

F21 = 
log(Z6) -log( 1D) = 1.3785 12 = 1 .3 8  log (0.5) 

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

F21 = 
log(Z6)-log(9) 

= 1 .530515 = 1 .5 3  log (0.5) 
When using N2 = 25 and NJ = 10, we get the following: 

F21 = 
log(Z5) -log( 10) 

= 1.32 192 8 = 1 .32  log (0.5) 

Finallv when usinz N2 = 25 and NJ = 9 we zet the followinz: 
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F21 = 

Ground 2 :  Bolin in view of Langley and Rutfors 

log(Z5) -log(9) = 1 .473931 = 1 .47 
log (0.5) 

[ 1 1 .5 ]  and complexity Bolin in view of Langley discloses element [1 1 . 5 ] ;  alternatively, any 
factor F32 having a differences would have been obvious to a POSITA. 
value of at least 1 . 3 5 ,  

The antenna invention o f  Langley i s  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 .3 5 .  A POSITA would have 
substituted the antenna of Langley for the main antenna of Bolin for 
the reasons explained in [ 1 1 .2] .  

As shown in the appendix to this chart below at page 40-4 1 ,  the 
example 1 antenna ofLangley, shown in Figure 2 of Langley has an 
F32 value of at least 1 .5 8  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 comers of the antenna box 
as a feed comer, 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 antenna ofLangley, shown in Figure 1 3  ofLangley has an 
F32 value of at least 1 . 5 5 .  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: 

F32 - log( 78) -log (26) 
= 1 .584963 = 1 . 5 8  

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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Ground 2 :  Bolin in view of Langley and Rutfors 

F32 = 
log(76) -log(26) 

= 1 .547488 = 1 .55  
log (0.5) 

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

F32 = 
log(76) -log(25) 

= 1.60407 1 = 1 .60 
log (0.5) 

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

F32 = 
log(78) -log(26) 

= 1.58496 3 = 1 .5 8  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) 

[ 1 1 .6] and wherein the Bolin in view of Langley discloses element [1 1 .6] ;  alternatively, any 
first antenna defines differences would have been obvious to a POSITA. 
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 
antenna rectangle, an 
aspect ratio of the 
antenna rectangle 
being defined as a 

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 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. A 
POSITA would have substituted the antenna of Langley for the main 
antenna of Bolin for the reasons explained in [ 1 1 .2] .  

The rectangle that is the outer perimeter of the grid 02 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 
1 3  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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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 02 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 1 3  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 : 1 5 - 1 6 , 6 :2 1 -7 : 33 )  and Figure 1 3  (example 2 embodiment, see 
Langley at 6 : 1 2 - 1 3 ,  1 0 :2-4), as shown in the annotated diagrams 
below. 

Langley provides dimensions for the antennas of Figures 2 and 1 3  
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): 

-

-
. . . . . . . . . . . . . .... . . ... . . .  • 

: _ . . . . . . . . . . . . . . . - - -· - .............. �;-�: ........ . . . . . . . .  · . . .  · . .  · . . . . .  ·.·.·-·-·.-.-.-.-.
� 

• • • • • • - - • " • " •  �:,.;,;; �u��nu, . - ,  .. , , _ ., .. . .  , . .  • • • • • • • • • • • • • • • • • • • • • •  - - - - - - i 

________ ...,n ... • --------, t 
"'-

t 
l 

As shown in Figure 1 3  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 1 3  (annotations added): 
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Ground 2 :  Bolin in view of Langley and Rutfors 

, ..... --------"I\_· ______ , 
' t 
)( X 

Bolin discloses element [ 1 1 .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. 1 009 at ,i,i 1 02- 1 0 3 .  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. 

Flg 1 
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[ 1 1 .8] the second 
antenna being 
proximate to a side of 
a ground plane 
rectangle enclosing 
the ground plane. 
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Ground 2 :  Bolin in 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. 1 009 at 
,i,i 1 02- 1 0 3 .  

Figure 1 shows how "[t]he main antenna 2 i s  a built-in patch with 
parasitic element, whereas the smaller Bluetooth TM antenna 3 is a 
PIFA, however folded a little b it 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 in view of Rutfors discloses element [ 1 1 .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 p lane. Ex. 1 009 at ,i,i 78-80. To the extent that 
Patent Owner argues that Bolin does not disclose a ground p lane 
rectangle enclosing the ground p lane , 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 ( 1 1 )  to the PCB board 
(1 3 ), 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 1 3  (FIG. 5 )  through electrical 
feeding 8.  As appears from FIGS. 3 -5 ,  the electrical feeding 8 is 
implemented as an antenna connector 1 1 ,  which is mounted to the 
printed c ircuit board 1 3  and comprises a group of five pogo p ins 1 2  
(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) : 
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Ground 2 :  Bolin in view of Langley and Rutfors 

1 1  
{Antenna 

connector) 

Bolin Figure 3 .  

_)( 10 
.,,,,......, (Ptimaiy 

{Antenna 
c.amer} 

· sroe of 
telephone} 

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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Ground 2 :  Bolin in view of Langley and Rutfors 

(Aotenna system // 
(unfolded)) /' 

I I 
1 1  

(Antenna {Pogo 
con11ector) pins} 

( ' 
13 

(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 p lane 
will be proximate to the second Bluetooth antenna. Ex. 1 009 at 
,i,i 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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Ground 2 :  Bolin in view of Langley and Rutfors 

tf¾��� 
l��)�} 

Bolin at Figure 5 (annotations added). 

The ground p lane disclosed by Bolin is the antenna connector and 
any grounding metal to which it is connected. Ex. 1 009 at ,i,i 78-80. 
Because the second antenna (the Bluetooth antenna) is p roximate 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. 1 009 at ,i,i 78-80. 

To the extent that the Patent Owner alleges that the combination of 
Bolin and Langley does not disclose a "second antenna . . .  proximate 
to a side of a ground plane rectangle enclosing the ground plane ," a 
POSIT A would have included the teachings of Rutfors and modified 
the Bolin/Langley device to include the placement of the multi­
antenna system ofRutfors that is located proximate to the side of the 
ground plane rectangle. Ex. 1 009 at ,i,i 79-80, 128 ,  1 32 .  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. 1 009 at ,i 1 32 .  
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Ground 2 :  Bolin in view of Langley and Rutfors 

Rutfors discloses a ground p lane and discloses a configuration in 
Figures 1 and 2 in which the second antenna is proximate to the side 
of the rectangle that encloses the ground p lane. Ex. 1 009 at ,i,i 1 1 9-
1 2 1 . Rutfors discloses at Figures 1 and 2 two antennas loc ated near 
the top edge and side edges of the ground plane. For example, Figure 
1 of Rutfors shows: 

/ \/
3 

Rutfors Figure 1 

Rutfors at [00 1 6] :  
The "first and a second antenna element 1 ,  2 are connected to a 
ground p lane device 3 ,  i.e. the PCB of a portable radio 
communication device, such as a mobile telephone ." 

A POSIT A would have recognized 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 p lane. Ex. 1 009 at 
,i,i 1 1 9- 1 2 1 ,  1 3 5 ,  1 3 7. Bolin discloses how such a design is 
conducive to a compact antenna system 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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Ground 2 :  Bolin in view of Langley and Rutfors 

Bolin in view of Langley discloses [ 1 2] ;  alternatively, any 
differences would have been obvious to a POSITA. 

antenna is configured Langley discloses an antenna invention that is configured to support 
to support at least four five bands, which satisfies the "at least four" frequency bands 
frequency bands. requirement. Langley at 4 :29-30. Ex. 1 009 at ,i,i 66, 84, 1 5 3 .  

See [ 1 1 .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 - Gl , Upper Left Feeding Corner 
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Langley Fig. 13 - Gl , Upper Right Feeding Corner 
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Langley Fig. 13  - Gl , Bottom Left Feeding Corner 
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Langley Fig. 13 - Gl , Bottom Right Feeding Corner 
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Langley Fig. 13 - G3 
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Langley Fig. 2 - G2 
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Langley Fig. 2 - Gl , Upper Left 
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Langley Fig. 2 - Gl , Upper Right 
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Langley Fig. 2 - Gl , Bottom Left 
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Langley Fig. 2 - Gl , Bottom Right 
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Langley Fig. 2 - G3 
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CALCULATION FOR LANGLEY FIGURE 2 

The F2 I value for Langley Figure 2 is 1 . 3 8 .  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: 

02 for Langley Figure 2 

The boxes above are the 02 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 NI value i s  found with the same method as  N2. The cells we count, however, are now four 
times larger than the 02 cells. See below the new cells: 

:/{ ........... ,,,,,,
.... 

. .·.·.· ............ :��:� .·.·.··"""""' 

t cJ:= :J. , -:" l. ,. ,�· • <(�\¾��,,�\_��� ���\,���-· 

��11it�1 ,�:1�tm;�1ws : �����y---�;� 
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G 1 for Langley Figure 2 

There are 10  cells that touch a part of the antenna contour. Nl is therefore 10. 
Note that NI is 1 0  no matter if the grid starts at the bottom left, right, or upper right comer of the 
antenna rectangle: 

Bottom Left Comer: 
,,:,,.. �� 

¼•·•·•·•·•·•·•S"·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•···•·•?·•·•·•·•·•·•·•·•·•·t<
'
��:':':.::: •• \�(·•·•·•·•·•·1 S.·•·•·•· ·•·•·•·•·••·•·•·•·•· ·•·•·•·•·• •·•·•·•·•· ·•·•·•·•·• ·•·•·•·•·

i 

• •  · · · · · · ·1�t�t)l:y11,�ttt '"" ""' "t '" · :: 1:"."'"'""•·•·•·•·•·•·•·•·•·•·•·•·•-. 

& lt 

G 1 with Alternative Starting Comer for Langley Figure 2 
Bottom Right Comer: 

G 1 with Alternative Starting Comer for Langley Figure 2 

.·.· . .  ·.-.-.... ,-.; 
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G 1 with Alternative Starting Comer for Langley Figure 2 

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

F21 = 

F21 

log(N2) - log (Nl) 

log (0. 5) 

log(26) - log (10) 
log (0. 5) 

F21 = 1.37851 2 = 1 .3 8  

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 1 1 .  

The F32 value for Langley Figure 2 i s  1 .5 8 . It i s  calculated using the N2 and N3 values.  

The N3 values are found in the same way as NI and N2 , except the cells we count are four times 
smaller than the original N2 cells. See below: 
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03 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: 

F32 

F232 

F32 

log(N3) - log (N2) 
log (0. 5) 

log(78) - log (26) 
log (0.5) 

1 .58496 3 = 1 .5 8 

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 1 1 . 
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CALCULATION FOR LANGLEY FIGURE 13 

The F32 values for Langley Figure 1 3  ranges from 1 .5 5  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: 

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. 

03 for Langley Figure 1 3  
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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 (0. 5) 

F32 = 1.547488 = 1 .5 5  

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

F32 = 
_ _  lo

_
g(
_
7
_
6)
_

-_lo
_
g
_
(2
_

5
_
) 

log (0. 5) 

F32 = 1.6040 7 1  = 1 .60 

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

F32 = 
_ _  lo

_
g(
_
7
_
8)
_

-_lo
_
g
_
(2
_

6
_
) 

log (0. 5) 

F32 = 1.58496 3 = 1 .5 8 

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

log(78) - log (25)  
F32 = - log (0. 5) 

F32 = 1.641546 = 1 .64 

For Figure 1 3 , 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 
1 1 .  

The same principles apply to F2 1 values fo r  Langley Figure 1 3 .  F2 1 values fo r  Langley Figure 
1 3  vary between 1 . 32  to 1 .5 3 .  

N l  for Figure 1 3  depends on which corner of the blue rectangle the grid starts. The bottom 
left comer could be Nl = 10 or Nl = 9 :  
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All other grids for Figure 1 3  have a value of NI = 1 0 .  

G 1 with Alternative Starting Comer for  Langley Figure 1 3  

Upper Right, N I  = 1 0 :  
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F2 1 can therefore be calculated u sing values Nl = 9 or 10 ,  and N2 = 26 or 25. 

When using N2 = 26 and NI = 1 0 , we get the following: 

log(26) - log (10) FZl = - log (0. 5) 

F21 = 1.37851 2 = 1 .3 8  

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

log(26) - log (9) 
FZl  = - log (0. 5) 

F21 = 1.53051 5  = 1 .5 3  

When using N2 = 2 5  and NI = 1 0 , we get the following: 
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F21 = 
log(25) - log (10) 

log (0. 5) 

F21 = 1.32192 8 = 1 .32  

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

log(25) - log (9) F2 l = - log (0. 5) 

F21 = 1.47393 1 = 1 .47 

For Figure 1 3 , 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 1 1 .  
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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, 1 998 (Graduate Advisor: Prof. Linda 
P.B.Katehi) 
• M.Sc. ,  University of Michigan, Ann Arbor, 1 994 
• B.S .E .E .  (Diploma-"Summa Cum Laude") National Technical Un iversity of Athens, 
GREECE, 1 992 

II: EMPLOYMENT HISTORY 
Ken Byers Professor in flexible electronics, School of Electrical and Computer 
Engineering, Georg ia Tech,  201 6-present 
Professor, School of E lectrical and Computer Engineering, Georg ia Tech, 
2009-201 6 
Humboldt Guest Professor, FAU,  Nuremberg,  GERMANY, 8/1 9-1 2/1 9. 

• MediaTek Visiting Professor, NTU, Singapore, 1 /1 8-1 2/1 8.  
• Fin land Disti ng u ished Professor (F i .D i . Pro . ) ,  TUT, 8/1 2-1 2/1 6 

Disting uished Visiting Professor, LAAS, Tou louse, 5/1 2-8/1 2 
Visiti ng Professor, GTR l - l reland, Ath lone, I reland, 5/09-7/09 
Associate Professor, School of Electrical and Com puter Engineering, Georgia 
Tech, 2004-2009 
Invited Professor, School of Electrical and Computer Engineering , Techn ical 
University of Mun ich, Germany, 5/02-8/02 
Assistant Professor, School of E lectrical and Computer Engineering , Georg ia 
Tech, 1 998-2004 
Research Assistant, Radiation Laboratory, University of Michigan, Ann Arbor, M l ,  
1 992- 1 998 
Research Assistant, M icrowave Lab , National Technical University of Athens, 
Greece, 1 991 - 1 992 

Ill: HONORS AND AWARDS 
• IEEE Fel low 
• IEEE MTT-S Distingu ished Microwave Lecturer (201 0-201 2) 
• Origami RF research was featured in a publ ication i n  the Proceedings of National 

Academy of Science (PNAS) in November 201 8. 
• Listed among the Top-25 Downloaded IEEE Sensor Papers in November 201 3 

and in December 201 1 .  
• Listed among the 99th percenti le of Scientific Reports with 1 09,000+ article 

accesses by 1 2/1 /21 .  
• Listed among the 25 featured "Science @Microsoft" Technolog ies highl ight ing the 

most sig nificant 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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• "5G as a Wireless G rid Technology" was l isted among the Top 1 O emerg ing 
technologies of 2021 publ ished by Scientific American and The World Economic 
Forum [https ://www.scientificamerican.com/page/contributors-to-top-1 O­
emerg ing-technolog ies-of-2021 /] 

• 2023-2027 IEEE EPS Distingu ished Lecturer 

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

• 2022 Georg ia Tech Outstanding Doctoral Thesis Advisor Award 
• 2021 IEEE Antennas and Propagation Symposium (APS) Best Student Paper 

Award 
• 201 9 Humboldt Research Prize 
• 201 6-2022 IEEE CRFID (RFID Cou nci l) Disti ngu ished Lecturer 
• 201 8 IEEE ECTC Intel Best Student Paper Award 
• 201 8 ISAP Second Best Paper Award 
• 201 7 IMAPS Best Student Paper Award 
• 201 7 SRC TECHCON Best- i n-Session Award 
• 201 7 Georg ia Tech Outstanding Achievement in Research Program 

Development Award 
• 201 7 Archimedes IP Salon Gold Medal 
• 201 6 Bell Labs Prize Third Award 
• 201 6 GOMACTech Best Poster Paper Award 
• 201 6 Georg ia Tech Capstone Design Expo Best Overall Project ECE, December 

201 6 
• 201 5 IET Microwaves, Antennas and Propagation Prem ium Award 
• 201 4 Georg ia Tech ECE Distingu ished Facu lty Achievement Award 
• 201 4 IEEE RFID-TA Best Student Paper Award 
• 201 3 IET Microwaves, Antennas and Propagation Prem ium Award 
• 201 3 IEEE Wireless Power Transfer Conference (WPTC) Second Best Paper 

Award 
• 201 2 FiDiPro [Finland Distingu ished Professor] Award from the Academy of 

Finland 
• 201 2 iCMG Architecture Award of Excel lence 
• Selected by NSF to represent US as a member of a team of 5 US prominent 

researchers, that participated in the US- I reland R&D Partnership 
Telecommunications Workshop, hold in 1 1 /201 1  in Dubl in ,  I reland, and focusing 
on Mi l l imeter-wave and sub-THz communication systems. 

• Prof. Tentzeris' research activity in electromagnetic energy scaveng ing has been 
h igh l ighted 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 wel l as in numerous international newspapers (e.g . Asahi 
Shibun, Vima, Kathimerin i ,  . . .  ) as one of the major technical inventions of 201 1 . 

• Selected by SRC and NSF to be part of the 25-member US team to participate in 
the SRC/NSF/SFI  Forum on Integ rated Sensors for Cybersystems (F ISC-2030) 
that took place in I reland in 3/201 2  aiming in identifying the critical u ltra-low­
power ( low-frequency, UHF, RF and mi l l imeter-wave) sensor technologies by 
2030 and define global gu idel ines. 
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• Mem ber of the fi rst Oustanding U.S .  Alumni  Class of Alexander von Hu mboldt 
Fou ndation/German Research Foundation (DFG) 

• 201 1 I nternational Workshop on Structural Health Monitoring Best Student Paper 
Award 

• 201 0 IEEE Antennas and Propagation Society Piergorg io L. E. Uslenghi  Letters 
Prize Paper Award 

• 201 O Georg ia Tech Sen ior Faculty Outstanding Underg raduate Research Mentor 
Award 

• 201 O World-Wide Disting uished Professor Award from the State Admin istration of 
Foreign Experts Affairs of China 

• 2009 IEEE Transactions on Components and Packag ing Technolog ies Best 
Paper Award 

• 2009 IEEE Antennas and Propagation Symposium (APS) Second Best Student 
Paper Award 

• 2009 E .T.S.  Walton Award from Science Foundation I reland (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, Packag ing and Materials' Technology (C PMT) Society 

Outstanding Young Engineer Award . 
• 2004 IBA International Educator of the Year Award. 
• 2004 IEEE Transactions on Advanced Packag ing Com mendable Paper Award. 
• 2003 NASA Godfrey "Art" Anzic Col laborative Disting u ished Publ ication Award. 
• Best Paper Award by the I nternational Symposium in  Microwave and Mi l l imeter­

Wave Technology, Beij ing ,  CH INA, August 2002. 
• 2002 Outstanding Ju nior Facu lty 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 . ,  2002-201 1  and at "Who-is­

Who in the World", Marquis Eds. ,2003-201 1 .  
• Best Paper Award by the I nternational Hybrid M icroelectronics and Packag ing 

Society, ISHM, Phi ladelphia, PA, October 1 997. 
• Greek Government Academic Excellence Fel lowships, 1 988-1 992. 
• Papastavridios Greek Mathematics Excellence Fellowship, 1 989 . 

TEACHING 
I l l .A : INDIVIDUAL STUDENT G UIDANCE 
1 1 1 .A.1 . Research Personnel 

1 .  R.Li , Research Scientist I I ,  "Design and Optimization of Compact/Mu ltiband 
Antennas for Broadband Wireless Appl ications (PCS, GSM ,WLAN, LMDS, UWB, 
mm-wave)", Period of Collaboration : Summer 2001 - Fal l 201 1 .  
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2. Y. Fang, Research Scientist, "Nanotechnology-Based Gas, Chemical and 
Biolog ical Wi reless Sensors", Period of Col laboration : 201 4 - now. 

3. Xiaoqiang Zhang , ' Railway appl ications of RF ID's", Visiti ng Professor, Period of 
Col laboration : Spring 201 0-Spring 201 1  

4. Min Jin, "Smart skin configu rations", Visiting Professor, Period of Collaboration:  
Spring 201 0-Spring 201 1 

5. D.Staicu lescu , Research Engineer I I ,  "Design and Optim ization of SOP Mult i layer 
Wireless Modu les Using Statistical and Genetic Algorithms for Biosensing 
Applications", Period of Col laboration : Fall 2003 - 2009 . 

6. G.Jin, " Inkjet-Printed Wideband Baluns for Wearable RF Modu les", Visiting 
Professor, Period of Collaboration: Summer 201 1 -Sum mer 201 2. 

7 .  Y.Kawahara, "RF Power Scavenging Modules for Internet of Things 
Applications", Visiting Professor, Period of Collaboration : Fall 201 1 -Fall 201 3. 

8. H. R.Ahn, "Broadband Couplers for Arbitrarily High Coupl ing Ratios", Visiti ng 
Scientist, Period of Collaboration : Summer 201 5-Sum mer 201 6. 

111.A.2. Postdoctoral Fellows 
1 .  N .Bushyager, "Application of Flu id-Dynamics Computational Techniques to the 

Design of Compact Wireless Modu les", Period of Collaboration: Spring 2005 -
Spring 2006. 

2 .  C.You , "Hybrid Electromagnetic/Mechanical Model ing ,  Design and Optim ization 
of Antenna Arrays on Composite Materials", Period of Col laboration : Fall 2005 -
Fal l 2007. 

3 .  D.Anagnostou, "Design of Large Antenna Arrays on Flexible Organics for Space 
Applications", Period of Col laboration : Fall 2005 - Fal l 2006. 

111.A.3. Ph.D. Students 
111.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 1 999 - Fal l 
2004, G RADUATED: December 2004, Current Employer: Northrop-Grumman. 

2 .  D.Thompson,  "Novel Microwave Structu res on Organic and Liqu id Crystal 
Polymer (LCP) Substrates", (Main advisor; co-advisor: Prof. J . Papapolymerou) ,  
Period Advised : Fal l 2002 - Spring 2006, GRADUATED: April 2006, Cu rrent 
Employer: Ansoft. 

3. G . DeJean , "Mult i layer Mu lt iband Compact Antennas for Wireless/WLAN 
Applications", Period Advised : Fall 2001 - Fall 2006, GRADUATED: January 
2007, Cu rrent Em ployer: Microsoft Research Center. 

4. 1 . -K.Kim ,  "Design of Fractal -based Fi lters and Com pact Endfire Antennas in 
Organic and Ceramic Mu lti layer Technolog ies", Period Advised : Spring 2004 -
Spring 2006, GRADUATED: Apri l 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 al l 
fabrication and experiments for his Ph.D .  Thesis; the effort culminated in 2 
Journal and 3 Conference Publ ications 
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5. J .H .Lee, "Hybrid EM and Circuit Optimization of RF Devices Bui lt on Si ,  GaAs 
and Mu lti layer Ceramic (LTCC) and Organic Substrates", Period Advised : Fal l 
2001 - Fall 2006, GRADUATED: June 2007, Current Employer: Skyworks. 

6. S.Nikolaou ,  "UWB Antennas and Integrated Modu les on Si l icon Su bstrates", 
(Main advisor; coadvisor: Prof. J . Papapolymerou) ,  Period Advised : Fal l 2003 -
Summer  2007, G RADUATED:  June 2007, Cu rrent Em ployer :  Frederick 
University (Cyprus) . 

7. L.Martin,  "Nanomagnetic Materials for Min iaturized UHFNHF Antennas", (Main 
advisor; coadvisor: Prof. C .P.Wong) ,  Period Advised : Fal l 2003 - Spring 2008, 
G RADUATED: March 2008, Cu rrent Employer: Motorola. 

8 .  Bo Pan , "U ltrawideband Antennas and U ltra-Low-Loss Trans it ions on 
Micromach ined Si l icon and Glass Su bstrates for Mi l l imeter-Wave Appl ications", 
(Equal advising load with co-advisor: Prof. J . Papapolymerou) ,  Period Advised : 
Fal l 03 - Spring 2008, GRADUATED: Spring 2008, Cu rrent Employer: Wienies. 

9. V. Palazzari , "Design of Novel Fi lters in LCP Mu lti layer Structures", Period 
Advised : Spring 2003 -Fall 2003, Ph . D . ;  GRADUATED: 1 1 /2003 (University of 
Perugia, ITALY; Equal advising load with co-advisor: Prof. L. Rosel l i ) ,  Cu rrent 
Employer: W. I .S. ( I taly) Dr. Palazzari spent the 1 1 -month period from January­
November 2003 in GEDC putting together the last 2 chapters of her PhD Thesis 
and perform ing most of the experimental work requ i red for her PhD Thesis; Prof. 
Tentzeris started co-advising her during his trip to University of Perugia in 
September 2001 ; the effort cu lm inated in  2 Journal and 2 Conference 
Publications. 

1 0. Li Yang,  " Inkjet-Pri nted Paper-Based RFI D's" ,  Period Advised : Fall 2005-Fal l 
2009 , Ph. D . ,  G RADUATED: 9/2009 ,  Current Employer: Texas Instru ments. 

1 1 .  A. Aida, "Mu ltiband and Wideband Antennas for Appl ications up to mmW", Period 
Advised : Fall 2006-Spring 201 1 , GRADUATED: 3/201 1 ,  Current Employer: 
Northrop Gruman. 

1 2. T.Wu , " I ntegrated Antennas for Communication and Sensing Applications", 
Period Advised : Fal l 2006-Spring 201 1 , GRADUATED: 4/201 1 ,  Current Em ployer: 
Direct TV 

1 3. S.Kim, "Energy-Optim ized Design Techniques for Wireless Communication and 
Ubiqu itous Sensing Nodes", Period Advised: Fal l 2009-Fall 201 1 , PhD Proposal : 
1 /201 1 ,  G RADUATED: 1 1 /201 1 ,  Current Employer: I ntel . 

1 4. S. Beck, "An Interference-Cancel lation Receiver for Mu lti-Band and Mu lti­
Standard Wireless Communication Systems", Period Advised : Fal l 2009-Summer 
201 1 , PhD Proposal Exam : 9/201 0, GRADUATED: 6/201 1 ,  Current Employer: 
Texas Instru ments . .  

1 5. V.Lakafosis, "A hardware- Enabled Certificate of Authenticity System with 
Intrinsical ly High Entropy", Period Advised : Fall 2007 -Present, passed 
Prel iminary Exam: Fall 2007, GRADUATED: Spring 201 3, Current Employer: 
C ISCO. 

1 6. H .Lee, " Inkjet-pri nted RF Modules for Sensing and Communication Appl ications", 
period Advised : Fal l 2009-Present, GRADUATED: Summer 201 3, Cu rrent 
Employer: Southern Polytechnic State University (SPSU) 

1 7. T.Thai , "Design and Development of Novel RF Sensors based on Far-Field and 
Near-Field Princip les", Period Advised : Spring 2007- Present, passed Prel iminary 
Exam: Fall 2008, PhD Proposal Exam : Spring 201 3, GRADUATED: Fal l 201 3, 
Current Employer: G E  G lobal Research Microsoft Fellowship Recipient 
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1 8. A.Vyas, "An Embedded Wireless Energy Harvesting Platform (E-WEHP) for 
Powering Sensors using Existing Ambient Wireless Signals", Period Advised : Fall 
2006-Present, Passed Prel iminary Exam: Fal l 2007, Ph .D . Proposal : Spring 201 3, 
G RADUATED: Spring 201 4, Cu rrent Em ployer: University of Calgary, CANADA 

19. J.Cooper, "A Novel Topology for Wireless Sensors Incorporating an Isotropic 
Radiator on an EBG Material", Period Advised : Summer 201 0-Present, Passed 
Prel iminary Exam: Spring 201 1 ,  Ph .D. Proposal : Summer 201 3, Expected 
G RADUATED: Spring 201 4, Cu rrent Em ployer: Curo Corporation NSF Graduate 
Fellowship Recipient 

20. S.Kim, " I nteg rated Inkjet-Printed Sensors and Via- Enabled Structu res for WSN 
and RF ID-based Autonomous Wireless Sensor Platforms", Period Advised : Fall 
201 0-Present, Passed Prel iminary Exam: Fal l 201 0, Ph .D . Proposal : Fal l 201 3, 
G RADUATED: Fal l 201 4, Current Employer: Qualcomm 

21 . A.Trai l le, " Inkjet-Printed Ground-Penetrating Radar Systems", Period Advised : 
Fal l 201 1 -Present (LAAS-CNRS, France ; Co-Advisor: Prof. H.Aubert) , 
GRADUATED:  Fal l 201 4. 

22. B.Cook, "Vertical I ntegration of Inkjet-Printed RF Circu its and Systems", Period 
Advised : Spring 201 2-Present, Ph .D. Proposal : Fall 201 3, G RADUATED: 
Summer 201 4, Cu rrent Employer: Texas Instruments-Ki lby Labs 

23. T.Le, " Inkjet-Printed Graphene/CNT-Based Ultrasensitive Wi reless Gas Sensors", 
Period Advised : Spring 201 2-Present, Passed Prel iminary Exam : Fal l 201 3, 
GRADUATED: Fall 201 6. 

24. J. Bito, "Energy Harvesting and Wireless Power Transfer Systems", Period 
Advised : Fal l  201 3 - Fall 201 7, Passed Prel iminary Exam : Spring 201 4, Expected 
GRADUATED: Fall 201 7, Current Employer: Texas Instruments-Kilby Labs. 

25. J .Kimionis , "Software-Defined-Radio Readers for RFID Applications", Period 
Advised : Fall 201 3-Fal l 201 7 ,GRADUATED: Fal l 201 7, Current Employer: Bell 
Labs. 

26. W.Su,  " Inkjet-Pri nted Microflu id ic-Enabled Tu nable RF Structu res and Sensors", 
Period Advised : Fal l 201 3 - Spring 201 8,  Passed Prel iminary Exam : Spring 201 4, 
GRADUATED: Spring 201 8, Current Employer: Goog le. 

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 
Ubiqu itous loT and 5G Implementations", Period Advised : Fall 201 3 - Summer 
201 9, Passed Prel iminary Exam : Spring 201 5, GRADUATED: Summer 201 9 ,  
Current Employer: Atheraxon (Fou nder) . 

28. A.Nauroze, "Origam i- Inspired Tunable RF Structures", Period Advised : Fal l 201 4-
Fal l 201 9,  GRADUATED: Fall 201 9 ,  Cu rrent Employer: Amazon. 

29. S.Alotaibi ,  "3D Printed Wi reless Sensors for Strain and Stress Monitoring in 
Smart Skin Appl ications", Period Advised : Spring 201 6-2020, GRADUATED: 
February 2020, Cu rrent Employer: Aramco. 

30. S.Jeong, "Load-Reconfigu rable Wireless Power Transfer Systems and Machine 
Learn ing Optim ization", Period Advised : Fal l 201 4-2020, G RADUATED: Apri l 
2020, Current Employer: Qorvo. 

31 . Tong-Hong Lin, "Wearable Zero-Power Sensors and M icroflu idics for 5G 
Applications", Period Advised : Spring 201 6-2020, GRADUATED: September 
2020, Current Employer: Apple. 
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32. B.Tehrani ,  "Add itive Manufacturing Solutions for Appl ication-specific M i l l imeter­
Wave Wireless System Design and Packag ing", Period Advised : Summer 
201 3-2020, G RADUATED: December 2020, Current Employer: Analog Devices. 

33. A . Bah r, "3 D-Pr inted R F  C i rcu i ts" ,  Per iod Advised:  Spri ng 20 1 5-2020 , 
GRADUATED: December 2020, Cu rrent Employer: Dujud. 

34. Xuanke He, "Additively Manufactu red RF Com ponents, Packaging, Modules and 
Flexible Modu lar Phased Arrays enabl ing widespread massively scalable 
mmWave/5G Appl ications", Period Advised : Spring 201 7-2021 , G RADUATED: 
Ju ly 2021 , Cu rrent Employer: Skyworks. 

35. E .M .Jung ,  "FM and UHF Energy Harvesting Systems", Period Advised : Fall 
201 8-2021 , G RADUATED: December 2021 , Current Employer: PowerCast. 

36. A.Eid, "3D printed Novel Lenses, Energy Harvesters and Active Devices for loT 
Applications", G RADUATED: December 2021 , Current Employer: M IT-Media Lab. 

37. A.Al reshaid ,  "MM-wave Reconfigu rable Antenna Systems for 5G Appl ications", 
GRADUATED: January 2022, Current Employer: KFUPM (Assistant Professor) 

38. Y.Cui ,  "Additively Manufactu red Shape-chang ing RF Devices Enabled by 
Origami-inspired Structures", GRADUATED: August 2022, Cu rrent Employer: 
Apple. 

39. A.Adeyeye, "Novel RF ID  Systems and Techniques for Local ization, Positioning 
and Sensing Appl ications", GRADUATE D: August 2022, Current Employer: Apple. 

* H.Kim, "CMOS Radio-Frequency Power Am pl ifiers for Mu lti-Standard Wi reless 
Communications", Period Advised : Spring 201 0-Summer 201 1 ,  GRADUATED: 
5/201 1 .  [Academic Advisor] 

* K . -H .Lee, "Design of Sig nal I ntegrity Enhancement Circu its", Period Advised : 
Summer 201 0-Fall 201 0, G RADUATED: 1 1 /201 0. [Academic Advisor] 

* S.Woo, "Low Noise RF CMOS Receiver Integ rated Circu its", Period 
Advised :Summer 201 0- Fal l 201 0, GRADUATED: 1 0/201 0. [Academic Advisor] 

* J .Cha, "A CMOS Radio-Frequency Front-End for Mu lti-Standatd Wireless 
Communications", Period Advised : Summer 201 0, G RADUATED: 8/201 0. 
[Academic Advisor] 

* J .Choi ,  "Ful ly- Integ rated DLL/PLL-Based CMOS Frequency Snthesizer for 
Wireless Systems", Period Advised : Summer 201 0, G RADUATED: 7/201 0. 
[Academic Advisor] 

* H . -W.Kim, "CMOS RF Transmitter Front- End Module for High-Power Mobi le 
Appl ications ",  Period Advised : Spring 201 0-Present, PhD Proposal Exam : 
8/201 1 ,  G RADUATED: Spring 201 2  [Academic Advisor], Current Employer: 
RFMD 

1 1 1 .A.3.2. Current Ph.D. Students 

1 .  C.Lynch , "Additively Manufactured Wi reless Sensors for Smart Ag ricu ltu re and 
Smart Biomonitoring Appl ications", Period Advised : Fal l 201 9-Present, Expected 
Graduation : Fal l 2023. 

2. K. Hu ,  "Additively Manufactured R F  Structures for 5G and mmW Appl ications", 
Period Advised : Spring 2020-Present, Expected Graduation : Spring 2024. 

3. G .S .V.Ang u lo ,  "Pri nted Wireless Sensors for Space and Gas Detection 
Appl ications", Period Advised : Fal l  2021 - Present, Expected G raduation :  Fal l 
2025. 
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4. L.Smith, "Origami Reconfigurable Energy Harvesters", Period Advised : Fall 2021 -
Present, Expected Graduation : Fall 2025. 

5. 1 . -T.Chen, "Wireless Power Transfer and Zero-Power RF Components for 
Reconfigurable I ntel l igent Su rfaces" ,  Period Advised : Fal l  2021 -Present, 
Expected Graduation:  Fal l 2025. 

6. H.AI Jamal , "Self-Cal ibrated Tile-Based Antenna Arrays Using Computer Vision 
Techniques", Period Advised:  Fall 2022- Present, Expected G raduation : Fall 2026. 

7. M .Joshi ,  "Mu ltiband flexible R F  enhanced-accuracy localization systems", Period 
Advised : Fall 2022-Present, Expected Graduation:  Fal l 2026. 

8. W.Cal l is ,  "Additively manufactured wireless bio/chem ical sensors", Period 
Advised : Fall 2022-Present, Expected Graduation:  Fal l 2026. 

111.A.4. M.Sc. Students 
1 1 1 .A.4.1 . Graduated M.Sc. Students 

1 .  B. McGarvey, "Efficient Numerical Coupl ing of FDTD and Solid-State Equations 
for 1 D-circu its", Period Advised : Summer 2002 - Fal l 2007, Graduation Date: Fal l 
2007, Cu rrent Em ployer: DoD-NSA. 

2.  S. Bassat, "Design and Optim ization of RF ID Compact Antennas", Period 
Advised : Fal l 2003- Fal l 2006, G RADUATED: Fal l 06, Current Employer: 
Motorola. 

3 .  N.Tavassol ian, "UWB Antennas and Integ rated Modules for Breast Cancer 
Detection Applications", Period Advised : Fal l 2006-Summer 2007. 

4 .  B.Kim, "Reconfig urable Multiband Antennas for mm-wave Appl ications", Period 
Advised : Summer 2005 - Fal l 2006, Graduation Date: Fall 06 (Korea University, 
KOREA) , Current Employer: Samsung. 

5 .  L.Ward , "FDTD Model ing of the Crosstalk between Closely Spaced Microstrip 
Lines on Si l icon Substrates", Period Advised : Summer 2000 - Winter 2000, 
Graduation Date: Winter 2000, Current Employer: Argon Labs. 

6. E.Tsai , "Adaptive Model ing of Novel Micromachined Antennas on High-Resistivity 
Si Substrates",  Period Advised : Spring 2001 - Fall 2002, Graduation Date : Fal l 
2002, Cu rrent Em ployer: Northrop-Grumman Corporation. 

7 .  Y.Zhang , "Dual-Band Antenna Arrays for Conformal Space Appl ications", Period 
Advised : Fall 2007-Fall 2009 (Uoli l le/France; co-advisor: Prof.Pavlidis) . 

8. N. Chaisi lwattana, "Novel UHF RFID Antennas for Automotive and Container 
Applications", Period Advised : Fal l 2007-Fall 2009. 

9. C.Kruesi ,  "3D Conformal Antennas for Supply-Chain and Inventory Tracking 
Applications", Period Advised : Fal l 2007-Spring 2009 . 

1 0. J .Pan , "Compact RFI D's on Metal l ic Structures", Period : Fall 2008-Fal l 2009 . 
1 1 .  S .Mukala, "Wearable antennas integration with smart clothing", Period Advised : 

Fal l 2009-Fal l 201 0. 
1 2. A.Harrabi , "Novel RF ID's for Ag ricu ltu ral Appl ications", Period Advised : Fal l 

201 0 -Fa l l  20 1 1  ( Facu l ty of Sc iences i n  Tu n i s ,  Tu n i s i a ;  co- adv isor :  
Prof.Gharsallah) 

1 3. Diapa Sanogo, "Broadband Harvesting Systems", Period Advised : Fal l 201 1 
1 4. Gu i l laume Cai l let, "RF Characterization of inkjet-pri nted CNT fi lms and 

transmission l ines", Thesis MSc Visiting Student from Uoli l le, FRANCE, Period 
Advised : Spring 201 1 -Fall 201 1  
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1 5. Sebastien Mauzole, "Doubler implementations on u ltralow-cost f lexible materials 
for wi reless crack detection", Thesis MSc Visiting Student from Uoli l le ,  
FRANCE, Period Advised : Spring 201 1 -Fal l 201 1  

1 6. S. Palacios, " I nkjet Printed Smart Wireless I ntegrated Modules (SWIM)",  Period 
Advised : Fall 201 2-Fall 201 3  

1 7. A. Herre, "Novel Inkjet pri nted Hum idity Sensors", Period Advised : Summer 
201 3-Fal l 201 3 (performed his MS Thesis Research as an Exchange Student 
from University of Erlangen-Nuremberg) 

1 8. C.Saintsing, "Origami Foldable Structu res for RF Sensing Applications", Period 
Advised : Fall 201 3-Fall 201 4. 

1 1 1 .A.4.2 Visiting/Current M.Sc. Students 
1 .  A.Bahr, " Inkjet Printed Wearable Motion Sensors", Period Advised : Summer 

201 4-Present 
2 .  K.Nate, "3D Printed Origami Antennas", Period Advised : 201 4-Present 

1 1 1 .A.5. M.Sc./Ph.D. Special Problems Students 
1 .  N.Vasi log lou , "Fractal Antennas for WiFi Modules", Period Advised : Summer 

2003 - Summer 2004. 
2 .  F.Caliskan, "M P I  Paral lel ization of FEM Algorithms", Period Advised : Spring 

2001 . 
3 .  K.Mad idmanana, "Survey of Carbon Nanotube Fabrication Techniques for 

Semiconductive and Metal Surfaces", Period Advised : Fal l 2006 - Summer 2007. 
4. U.Onyewuchi, "Development of WiMax Miniaturized Antenna Arrays for Base 

Stations", Advised : Fall 2006 - Spring 2007 

1 1 1 .A.6. Undergraduate U ROP/Special Problems Students 
1 .  B. McGarvey, "Numerical Model ing of Cascaded Transmiss ion Line Interfaces 

through the Use of Bounce Diagrams", Period Advised : Winter 1 999 - Fal l 1 999, 
UROP, Graduation Date: Fal l 1 999. 

2 .  M. Delwar, "Numerical Model ing of Wire Antennas Using FDTD", Period : Winter 
1 999 - Spring 1 999, UROP, Graduation Date : Summer 1 999. 

3 .  T.Owens, "Numerical Design of a Cou pled-Line Planar Fi lter", Period : Winter 
1 999, UROP, Graduation Date: N/A. 

4. M. Rutledge, "Study of Crosstalk Effects in Planar Transmission Lines", Period : 
Winter 1 999, UROP, Graduation Date : N/A. 

5. M. Fisher, "Numerical Design of l nterdig itated Fi lters", Period : Fall 1 998 -
Summer 1 999, UROP, G raduation Date: Fal l 1 999. 

6. L.Compton,  "Planar Antennas Analysis Using FDTD", Period : Fal l 1 998 -Winter 
1 999, I ndependent Research , G raduation Date : Spring 1 999. 

7 .  Q.Yasser, "Review of Commonly Used High-Frequency Packag ing Geometries", 
Period : Winter 1 999, Special Topics, G raduation Date: Spring 1 999. 

8 .  D.Gauthier, "Review of Ampl ifier Topologies Used in  Wireless Communication 
Systems", Period : Winter 1 999, Special Topics, Graduation Date : Spring 1 999. 

9. K.Browse, "Prel iminary Models of Finite-Grou nd Coplanar Wavegu ides", Period : 
Fal l 1 999, Special Topics, G raduation Date : Summer 2000. 
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1 0. A. Awa, "Estimation of Health Effects Caused by Radiation of Handheld Unit 
Antennas", Period : Fal l 1 999 - Summer 2000, Special Topics, Graduation Date: 
Summer 2000. 

1 1 .  D. Feren, "Prel iminary Design of a PCB for Monitoring the Beowulf Cluster", 
Period : Spring 2000 -Summer 2000, Special Topics. 

1 2. A. Myers, "Benchmarking of a Beowulf Cluster Using L INUX with MP I/PVM 
Interfaces",  Period : Fal l 1 999 - Fall 2000, Special Topics . .  

1 3. W. Frishe, "Development of G U ls for Com mercial E M  Simu lators in Time­
Domain", Period : Spring 1 999 - Fall 2001 , UROP. 

1 4. R.Cicconett i ,  C. Pearson, B.Moudry and S. McCord, "Development of Monitoring 
and Geometry Acquisition Tools and Paral lel ization of ATHENA Adaptive EM 
Simulation Tool using a BEOWULF Cluster", Period : Summer 1 999 - Fall 2001 , 
Special Topics, Graduation Date : N/A. 

1 5. S.Owens, "Gridding and Modeling of a Novel Wideband Vialess CPW-to-Mstrip 
Transition", Period : Fall 2001 , Special Topics , Graduation Date: Spring 2002. 

1 6. S. Bassat, "Design Ru les for the Min imization of Crosstalk for Finite-Ground 
Microstrip Lines in Space Appl ications", Period : Spring 2002 - Fal l 2003, Special 
Topics, Graduation Date: Fal l 2003, President's Undergraduate Research 
Award (PURA) recipient. School of ECE Undergraduate Research 2nd 
Place. 

1 7. S .Kulkarn i ,  "Study of Nonsymmetrical Coplanar Wavegu ides 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. 

1 8. J .Vickers, "Desig n and Model i ng of LTCC Vertical ly-i nteg rated Baluns in 
Microstrip and CPW Configurations", Period : Spring 2002 - Fal l 2002, Special 
Topics, Graduation Date: Fal l 2002. 

1 9 . T.Cervantes, "Code Optim ization for RF-M EMS Numerical Hubrid Simu lators", 
Period : Fal l 2002 -Spring 2003, Special Topics, Graduation Date : Fall 2003. 

20. G .Schumann, Anya Trai l le, C.Sanders, B.-C.Nguyen, "Setup of a new anechoic 
chamber up to 40 GHz/Modeling of Metamaterial-Based Circu its", Period : Fal l 
2003-Spring 2004, Special Topics. 

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

22. A.Aida, "Model ing of Micromachined Monopole Antennas", Period : Spring 2005-
Summer 2006, Special Topics, 2006 IEEE MTT-S Undergraduate/Pre-graduate 
Scholarship Recipient. 

23. L.N isonov, "Model ing and Design of Metamaterial/Loaded Transmission Lines", 
Period : Spring 2005, Special Topics. 

24. Q.Xu, "Development of RF ID  Antennas for Embedded Tire Applications", Period : 
Spring 2005, Special Topics. 

25. A.Sharpe , "60GHz Fi lters Using 3D resonators in LTCC Technolog ies", Period : 
Spring 2005, Special Topics. 

26. E.Tsai , "60G Hz Yag i-Uda Antennas and Integration with Nanostructures", Period : 
Summer 2005 - Fall 2005, Special Topics. 

27. T. Ferrer, "HF and UHF RFID Characterization", Period : Fal l 2005 - Fall 2006, 
Special Topics, President's Undergraduate Research Award (PURA) 
recipient. 
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28. F. Falcon, "RFID's for Container Tracking Appl ications", Period : Fall 2005 - Fal l 
2006, Special Topics. 

29. M. Pichkhadze, "Authentication Algorithms for RF IDs", Period : Spring 2007, 
Special Topics. 

30. D.Compston, "Model ing of Carbon-NanoTube Ultrasensitive Chemical Sensors", 
Period : Spring 2007-Fall 2007, Special Topics.  

31 . T.Thai , "Nanoengineering Thermal Solutions on G raphene", Period : Fall 2006-
Fal l 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-
Fal l 2008, Special Topics. 

33. J .Pan , "Compact RF ID 's on Metal l ic Structures", Period : Spring 2008, Special 
Topics. 

34. N.Gorheski ,  "Automotive Passive RFID's with Enhanced Range", Period : Spring 
2008, Special Topics. 

35. S.Travis, "M in iaturized Wideband/Dual-Band UHF Antennas", Period : Fal l 2007-
Spring 2008, Special Topics. 

36. J . Ratner, "Nanotechnology and Plasmonis RF Appl ications", Period : Fal l 2008-
Spring 2009 , Special Topics 

37. Dora Ahbe, "Min iaturized Antennas for Smart-Skin Sensing Appl ications", Period : 
Spring 201 1 -Summer 201 1 ,  Diploma Visiting Student from TU Karlsruhe, 
G ERMANY 

38. A.Amaya, " Inkjet-printed CNT-based Wireless Sensors", Period : Fall 2009-
Summer 201 0, ORS/Special Topics, President's Undergraduate Research 
Award (PURA> recipient. 

39. S. Palacios, "Conformal Automotive Radars", Period : Fal l 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 appl ications", Period : 
Summer 201 1 -Present. 

41 . W.J . Hwang , " Circuit design for doublers and scaveng ing modules", Period" 
Summer 201 1 -Present 

42. A. Roca, " Inkjet- Printed CNT-based Gas Sensors", Period : Fal l 201 0-Present, 
GT-ORS, IEEE MTT-S Undergraduate/Pre-Graduate Fellowship 

43. S. E l ia, " Inkjet-Printed Integ rated Wireless Sensor Modu les", Period : Summer 
201 1 -201 2, GT-ORS Student. 

44. J .T. Brock, "Zero-Power Wi reless Sensors", Period : Fal l 201 1 -201 2. 
45. S.Wilson, " Investigation of Chemical Mechanisms for the Ultrasensitive Gas 

Detection", Period : Summer 201 1 -201 2, GT-ORS Student. 
46. Aisha Jackson,  "Sense for Cents", Period : 201 5-Present, GT-ORS Student 
47. Emi ly Pitts, "Sense for Cents", Period : 201 5-Present, GT-ORS Student 
48. Eric Rafalovsky, "Sense for Cents", Period : 201 5-Present, GT-ORS Student 
49. Hans Webster, "Sense for Cents", Period : 201 5-Present, GT-ORS Student 

111.B: OTHER TEACHING ACTIVITIES 
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1 .  Deve lopment of home pages for EE331 0 [E lectromagnet ics I I ] ,  EC E3065 
[E lectromag netic Appl ications] (http ://www.ece.gatech .edu/ etentze/3065f08 .htm l ) ,  
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 1 998-Fall 201 0) , undergraduate and graduate students can obtain 
previous homeworks and solutions, as well as important i nformation concerning textbook 
typos and deadl ines. Additional examples have been added in .pdf format and an easy­
to-use Course Schedule is available. 
2. Development of a Prel im inary Graphical User I nterface (GUI )  for the ful l-wave FDTD 
model ing of Transmission Lines, Fi lters and Antennas. This CAD tool could be used as a 
means for a comprehensive demonstration and the visual ization of hig h-frequency effect 
in the semester format E lectromagnetics cou rses (ECE3025 [Electromagnetics] , 
ECE3065 [Electromagnetic Appl ications]) .  
3. Development of a Beowulf Paral lel-Processor Cluster with 8 dual nodes, that is 
cu rrently extended to 24 dual nodes. This cluster could be used as a testbed for the 
demonstration of the principles of code paral lel ization for the simu lations of complex 
wireless structu res (ECE6380 [Nu merical Techniques for Electromagnetics]) . 
4. Development of a new senior- level cou rse on RF ID Technologies (ECE4803A) in 
col laboration with Prof. Durg in .  This proposal was approved from the Electromagnetics­
TIG and School of ECE and the course has been already taught twice (Spring 2009, 
Spring 201 0) .  

IV:SCHOLARLY ACCOMPLISHMENTS 

IV.A: PUBLISHED BOOKS AND PARTS OF BOOKS 
1 .  L .P.B .Kateh i ,  J . F. Harvey and E.Tentzeris, "Time-Domain Analysis Using 

Mu ltiresolution Expansions", Chapter in the book: Advances in Computational 
Electrodynamics, edited by A.Taflove, pp. 1 1 1 - 1 62, Artech House, 1 998. 

2. E .M .Tentzeris, "Nu merical Techniques in RF and Microwave Design", Section 
for the Book :  The RF and M icrowave Handbook, ed i ted by M .Gol io ,  
pp.8.1 3-8.34, CRC Press, 2000. 

3. J . Laskar, E .M .Tentzeris, J .Schutt-Aine and R.Tummala, "Fundamentals of RF 
Packag ing", Chapter in the book: Fundamentals of Microsystems Packag ing, 
edited by R.Tummala, pp.500-541 , McGraw- Hi l l ,  2001 . 

4. E .M .Tentzeris, "Ful l-Wave Methods for the Analysis, Modeling and Design of RF 
and Microwave Geometries" , Section for the Book: The RF/Microwave 
Appl ications : Chal lenges and Solutions, edited by M.Golio, pp . 1 8. 1 -1 8 .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 Packag ing ," Chapter 
for the Book: Encyclopedia of RF and Microwave Engineering, edited by 
K.Chang , Wi ley Eds . ,  June 2004. 

7. J .Goswami ,  E .M .Tentzeris and N .Bushyager, "Appl ication of Wavelets to 
Electromagnetics," Chapter for the Book: Encycloped ia of RF and Microwave 
Engineering, edited by K.Chang , Wi ley Eds. ,  June 2004. 
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8. E .M .Tentzeris and R .L.L i ,  "Wideband Antennas on Si l icon ,"  Chapter for the 
Book :  The S i l icon Heterostructure Handbook, edited by J . D .Cressler, 
pp.1 099-1 1 1 8 , Marcel-Dekker Eds . ,  December 2005. 

9. N . Bushyager and M .M .Tentzeris, "MRTD (Mu lti Resolution Time-Domain) 
M ethod in E lectromag net ics" ,  Synthesis Lectu res on  Com putat iona l  
Electromagnetics, Morgan and Claypool Editions, November 2005. 

1 0. E .M .Tentzeris ,L.Yang , A. Aida and S.Basat "RFID:  Beyond the Basics", Chapter 
for the Book: RF ID  Applied, edited by J .Banks, D. Hanny, M . Pachano and 
L.Thompson, pp.95- 1 23, J .Wi ley and Sons Eds . ,  June 2007. 

1 1 .  E .M .Tentzeris ,L.Yang , A. Aida and S .Basat "RFI D:  Issues of Security and 
Privacy", Chapter for the Book: RFID Appl ied ,  edited by J .Banks, D. Hanny, 
M . Pachano and L.Thom pson, pp.269-296, J .Wiley and Sons Eds. ,  June 2007. 

1 2. J . -H .Lee and M.M .Tentzeris, "Three-Dimensional I ntegration and Model ing : A 
Revol ut ion i n  R F  and Wire less Packag i ng " ,  Synthesis Lectu res on 
Computational Electromagnetics, Morgan and Claypool Editions, December 
2007. 

1 3. E .M .Tentzeris, "Numerical Techniques for the Analysis and Design of RF/ 
M icrowave Structures", Section for the Book: RF and Microwave Circu its , 
Measurements and Model ing ,  edited by M.Golio, pp.28 . 1 -28.34, CRC Press, 
January 2008. 

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

1 5. M.M .Tentzeris, B. Pan and R.L.Li ,  "Mu ltiband Planar Wi re Antennas", Chapter for 
the Book: Mu lt iband Integ rated Antennas for 4G Term inals, edited by 
D.Sanchez-Hernandez, pp.53-94, Artech House Eds. ,  August 2008. 

1 6. J . Papapolymerou , M .M .Tentzeris, J . Laskar and S .Bhattacharya, "Rad io­
Frequency System-on- Package (RF SOP)", Chapter for the Book: Introduction 
to System-On-Package (SOP) : Min iaturization of the Ent ire System, edited by 
R. R.Tummala and M.Swam inathan, McGraw-Hi l l ,  August 2008. 

1 7. S .C hakraborty, J .Laskar and E . M .Tentzer is ,  "Mixed-Signal  Des ign and 
Packag ing of RF and Wireless Microsystems", J .Wiley and Sons Eds . ,  January 
2009. 

1 8. L.Yang , A. Aida and M.M .Tentzeris, "Design and Development of RFI D's and 
RFID-enabled Sensors on Flexible Low-Cost Su bstrates", Synthesis Lectures 
on Computational Electromagnetics, Morgan and Claypool Editions, June 2009. 

1 9 . V.Lakafosis, A.Vyas and M.M.Tentzeris, "Enabl ing Local ization Services in 
Sing le- and Mu ltihop Wi reless Networks", Chapter for the Book: Handbook on 
Smart Antennas for RF ID Systems, edited by N.  Karmakar, Wi ley Eds . ,  Ju ly 
201 0. 

20. A. Aida, L.Yang and M .M .Tentzeris, "RF I D- Enabled Sensor Design and 
Appl ications", Artech House Publ ishers,  February 201 0 . 

21 . M .M .Tentzeris, L.Yang , A.Trai l le and A. Aida, " "Green" Inkjet-Pri nted Wireless 
Sensor Nodes on Low-Cost Paper, Liquid and Flexible Organic Su bstrates", 
Chapter for the Book: Electromagnetics and Network Theory and Thei r 
M icrowave Technology Appl ications : A Tribute to Peter Russer, edited by 
S .Lindenmeier and A.Weigel, Springer Eds . ,  Ju ly 201 1 .  
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22. V.Lakafosis, A.Vyas, C. Mariott i ,  T.Le and M .M .Tentzeris, " Integrating Tiny RFID 
and N FC Based Sensors With the Internet", Chapter for the Book: Green RFID 
Systems, Cambridge Un iversity Press, 201 4. 

23. M .M.Tentzeris, S.Kim, A.Trai l le ,  B.S .Cook and T.Le, "Materials for Substrates" ,  
Chapter for the Book: Green RFID Systems, Cam bridge University Press, 201 4. 

24. M .M .Tentzeris, A.Vyas, W.Wei ,  Y. Kawahara, L.Yang , S .Georg akopoulos, 
V.Lakafosis, S.Kim, H .Lee, T.Le, S .Mukala and A.Trai l le, "Power Issues in 
Biomedical Telemetry", Chapter in Handbook of Biomedical Telemetry, edited by 
K.S.Nikita, Wi ley- IEEE Press, August 201 4. 

25. M .M.Tentzeris, S .Kim,  V.Lakafosis, H.Lee, T.Le, A.Vyas, S .Mukala and A.Trai l le ,  
"Advanced Material-Based Sensing Structures", Chapter in Handbook of 
Biomedical Telemetry, edited by K.S.N ikita, Wiley- IEEE Press, Aug ust 201 4. 

26. B.S.Cook, B.Tehrani, J .R.Cooper, S.Kim and M.M .Tentzeris, " I nkjet Printing 
Technology for 2D/3D Flexible Electronic Systems", Chapter in Handbook of 
Flexible Organic E lectronics, Materials, Manufacturing and Appl ications, edited 
by S.Logothetidis, Woodhead Publ ishing , December 201 4. 

27. S .K im,  B.Cook, J .Cooper and M .M.Tentzeris, " Inkjet- Printed Artificial Magnetic 
Conductor (AMC) Plane for Wearable Antennas", Chapter for the Book: 
I nnovation in Wearable and Flexible Antennas, edited by H .Khaleel , WIT Press, 
201 5 . 

28. J .Kimionis, B.Tehrani, J .G .D . Hester, W.Su,  J .Bito and M .M .Tentzeris, " Inkjet­
Printed Wearable "Smart Skins" ", Chapter for the Book: Electromagnetics of 
Body-Area Networks : Antennas, Propagation and RF Systems, edited by 
D.Werner and Z.J iang , Wiley Eds. 201 5. 

29. B.K.Tehrani ,  J . Hester, J. Bito, W.Su ,  A. Bahr, B.S.Cook and M.M.Tentzeris, 
"Advanced Antenna Fabrication Processes (MEMS/LTCC/LC P/Print ing)" , 
Chapter for the Book: Handbook of Antenna Technolog ies, edited by Z.N .Chen, 
D.L iu ,  H. Nakano, X.Qing and Th.Zwick, Springer Eds . ,  201 6. 

30. M .M .Tentzeris, A.Eid, T.-H .Lin, J .G .D . Hester, Y.Cui ,  A.Adeyeye, B.Tehrani and 
S.A.Nauroze,  " lnkjet-/3D-/4D-Printed Nanotechnology-Enabled Radar, Sensing, 
and RFID Modules for I nternet of Things, "Smart Skin , "  and "Zero Power" 
Medical Appl ications", Chapter for the Book: Antenna and Sensor Technolog ies 
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241 .V. Lakafos is ,  N . C ha is i lwattana,  C . Krues i ,  L .  Yang , D . Staicu lescu and 
M .M .Tentzeris, "Low-Cost Low-Power Small-Form-Factor Node for Health 
Mon itoring Wire less Mu lt i-Hop Personal Area Networks with Drastical ly 
I ncreased Range' ,  Procs. of the 2009 IEEE APS Sym posium,  Charleston, SC, 
May 2009. 

242. R.L .Li ,  T.Wu and M.M .Tentzeris, "A Triple-Band Unidirectional Coplanar Antenna 
for 2.4/3.5/5-G Hz WLAN/WiMax Appl ications", Procs. of the 2009 IEEE APS 
Symposium,  Charleston, SC, May 2009 . 

243.T.T.Thai , G .R . DeJean and M.M.Tentzeris, "Novel U ltrasensitive Mi l l imeter-Wave 
Pressu re Transducer Ut i l i z i ng a S i  Membrane and a stacked-patch 
Config u ration", Procs. of the 2009 IEEE APS Symposium,  Charleston, SC, May 
2009. Second Best Student Paper Award APS 2009 

244. R.J.Vyas, V.Lakafosis, Z.Konstas and M .M .Tentzeris, "Design of a Novel ,  
Battery-less, Solar Powered Wireless Tag for Enhanced Range Remote 
Tracking Applications", Procs. of the 2009 IEEE APS Symposium,  Charleston, 
SC, May 2009. Student Paper Competition Finalist APS 2009 

245.T.Thai , J .Ratner, W.Chen, T.Thivikraman , G . DeJean and M.M.Tentzeris, "First 
Generation of Ultrathin Polarized Nanomaterials for Mi l l imeter-Wave (26-40 
G Hz) Texti le Antenna Appl ications", Procs. of the 2009 IEEE APS Symposium,  
Charleston, SC,  May 2009 . 

246.Z.Konstas, K.Katsibas and M .M .Tentzeris, "A Novel "G reen" Inkjet- Pri nted 
M o n o p o l e  A n te n n a  To p o l o g y  f o r  C o n c u r r e n t  R F l  D a n d  C e l  I u l a r  
Communications", Procs. of the 2009 IEEE APS Symposium,  Charleston, SC, 
May 2009. 

247. L.Yang , D .Staicu lescu, A.Zhang , C .P.Wong and M.M.Tentzeris , "A Novel 
"G reen" Fu lly Integrated Ultrasensitive RFID-Enabled Gas Sensor Uti l izing 
Inkjet-printed Antennas and Carbon Nanotubes", Procs. of the 2009 IEEE APS 
Symposium,  Charleston, SC, May 2009 . 

248.T.Wu , R.L.Li and M.M.Tentzeris, "A Mechanically Stable, Low Profi le, Omni­
Directional Solar-Cell I ntegrated Antenna for Outdoor Wi reless Sensor Nodes", 
procs. of the 2009 IEEE APS Symposium, Charleston, SC, May 2009 . 

249.A. Rida, A.Margomenos , T.Wu and M .M .Tentzeris, "Novel wideband 3D 
Transitions on Liquid Crystal Polymer for Mi l l imeter-wave Appl ications up to 1 00 
G Hz", Procs. of the 2009 IEEE IMS Symposium,  pp.953-956, Boston, MA, June 
2009. 
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250.T.T.Thai , G .R . DeJean and M.M .Tentzeris, "A Novel Front-End Radio Frequency 
Pressure Transducer based on a Dual-Band Resonator for Wi reless Sensing",  
procs. of the 2009 IEEE IMS Symposium,  pp. 1 701 -1 704, Boston, MA, June 
2009. 

251 . R.Vyas, V.Lakafosis ,  T.Wu , Y.Kawahara and M.M.Tentzeris, "Near-Perpetual 
Operated Solar and RF Powered Autonomous Sensing Systems", Procs. of the 
2009 IEEE IMS Symposium,  pp.2240-2243, Boston, MA, June 2009. 

252.J. Dowl ing, M .M.Tentzeris and N .Beckett, "RFID-Enabled Temperature Sensing 
Devices: a Major Step Forward for Energy Efficiency in Home and Industrial 
Appl ications?", Procs. of the 2009 IEEE MTT-S International workshop on 
Wireless Sensing, Local Positioning and RF ID ( IMWS 2009) , pp. 1 -4, Croatia, 
September 2009. 

253. R .  Vyas ,  V. Lakafos i s ,  Z . Kon stas and M .  M .  Te ntze r i s ,  " D es i g n  and 
Characterization of a Novel Battery-less, Solar Powered Wireless Tag for 
Enhanced-Range Remote Tracking Appl ications", Procs. of the 2009 European 
M icrowave Conference (EuMC 2009) ,  pp.1 69-1 72, Rome, ITALY, September 
2009. 

254.J .Choo, J . Ryoo, J .Hong , H .Jeon, C.Choi and M.M .Tentzeris, "T-Maching 
Networks for the Efficient Matching of Practical RFI D Tags", Procs. of the 2009 
European M icrowave Conference (EuMC 2009) ,  pp.5-8,  Rome, ITALY, 
September 2009. 

255.A.Rida, F.Nasri , A.Margomenos and M.M.Tentzeris, " Integration of Novel mm­
Wave Components on Flexible Organic Substrates for Automotive Radar 
Appl ications", Procs. of the 2009 European M icrowave Conference (EuMC 
2009) , pp.1 327- 1 330, Rome, ITALY, September 2009 . Best Student Paper 
Finalist 

256.A.Trai l le, L.Yang , A. Aida, V.Lakafosis and M .M .Tentzeris, "Novel Min iaturized 
Antennas for RF I D-enabled Sensors",  Procs. of I E E E  Sensors 2009 , 
Christchurch, NEW ZEALAND, October 2009. 

257. M .M.Tentzeris, "Organic and Ceram ic SoP Solutions and Modules for mmW 
Appl ications", Procs. of the 2009 IEEE International Symposium on Radio­
Frequ e ncy I nteg rat ion Tech no logy ( R F IT 2009 ) ,  p p . 1 66- 1 69 ,  I nv ited 
Presentation , S ingapore, S INGAPORE, December 2009 . 

258. J . Dowl ing and M . M .Tentzeris ,  " "Sm art House" and "Sm art Energy" 
Appl ications of Low-Power RF I D-based Wi reless Sensors", Procs. of the 2009 
APMC Conference, pp.241 2-241 5,  S ingapore, S INGAPORE, December 2009 . 

259 .M .M .Tentzeris, " Inkjet-Printed Paper-Based RFID and Nanotechnology-Based 
U ltrasensitive Sensors : The "Green" Ultimate Solution for an Ever Improving 
Life Qual ity and Safety?", Procs. 201 O IEEE Radio and Wireless Symposium 
(RWS) ,  pp. 1 20- 1 23, New Orleans, LA, January 201 0. 

260.V.Lakafosis, A.Vyas and M .M .Tentzeris ,  "A Local ization and Position Tracking 
Solution uti l izing Solar-Powered RFID Tags", Procs. of the 201 O European 
Conference on Antennas and Propagation (EuCAP) , Barcelona, SPAIN,  Apri l 
201 0. 

261 .T.Trang , A. Haque, J .Ratner, G . R.DeJean and M.M.Tentzeris, "Remote Sensing 
Structu res Based on Su rface Plasmon Resonances and Carbon Nanotu bes", 
Procs. of the 201 O European Conference on Antennas and Propagation 
(EuCAP) , Barcelona, SPAIN,  April 201 0. 
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262.A. Rida, G .Shaker, E.Tan, S.Nikolaou and M.M.Tentzeris, "Design, I ntegration 
and Packag ing of a Wi reless Module for Location Finding and Healthcare 
Appl ications", Procs. of the 201 0 European Conference on Antennas and 
Propagation (Eu CAP), Barcelona, SPAIN,  April 201 0. 

263.Z.Konstas, A.Trai l le, K.Katsibas and M.M.Tentzeris, "A Novel Green Multi­
Antenna Topology for Concurrent 4G Cellu lar and RF ID-Enabled Wi reless 
Sensor Data Bundl i ng", Procs. of the 201 0 European Conference on Antennas 
and Propagation (Eu CAP) , Barcelona, SPAIN ,  April 201 0. 

264.G.Orecchin i ,  A.Zhang , J.Agar, D.Staicu lescu, M .M .Tentzeris, L. Rosel l i  and 
C.P.Wong , " Inkjet Printed Organic Transistors for Sustainable Electronics", 
Procs. of the IEEE 201 0 Electronic Com ponents and Technology Conference 
(ECTC) , pp.985-989, Las Vegas, NV, May 201 0. 

265. M .M.Tentzeris, A.Vyas, V.Lakafosis ,  A.Trai l le, A.Aida and G .Shaker, " Inkjet­
Printed System-on-Paper/Polymer "Green" RFID and Wireless Sensors", Procs. 
of the I E EE 201 0 Electronic Components and Technology Conference 
(ECTC1 0) ,  pp. 1 552- 1 555, Las Vegas, NV, May 201 0. Best Session Paper 
Award 

266.V.Mukala, V.Lakafosis, A.Trai l le and M.M.Tentzeris, "A Novel Zigbee-based Low­
cost Low-power Wireless EKG System", Procs. of the 201 0 IMS Symposium,  
pp.624-627, Anaheim, CA, June 201 0. 

267.V.Lakafosis, A.Trai l le, H.Lee, G.Orecchin i ,  E .Gebara, M.M .Tentzeris ,  J .Laskar, 
G . DeJean , D.Kirovski ,  "An RFID System with Enhanced Hardware-Enabled 
Authentication and Anti-counterfeiting Capabil ities", Procs. of the 201 0 IMS 
Symposium,  pp.840-843, Anaheim, CA, June 201 0. 

268.T.T.Thai , M .Jat laou i ,  P. Pons, H .Aubert, M .M .Tentzeris, G . R . DeJean and 
A. Plana, "A Novel Passive Wireless Ultrasensitive RF Temperature Transducer 
for Remote Sensing", Procs. of the 201 0 IMS Symposium, pp.473-476, 
Anaheim, CA, June 201 0. 

269. R.Vyas, V.Lakafosis and M .Tentzeris, "Wireless Remote Localization System 
Util izing Ambient RF/Solar Power Scaveng ing RFID Tags", Procs. of the 201 0 
IMS Symposium, pp. 1 764-1 767, Anaheim, CA, June 201 0. 

270. L.Yang , G .Orecchini ,  G .Shaker, H.Lee and M .M .Tentzeris, "Battery-free RFID­
enabled Wireless Sensor Nodes", Procs. of the 201 0 IMS Symposium,  
pp.1 528-1 531 , Anaheim, CA, June 201 0. 

271 . F.Al imenti , V. Palazzari , G .Orecchin i ,  G . Pinca, P. Mezzanotte, M .M.Tentzeris and 
L. Rosel l i ,  "Crossed Dipole Frequency Doubl ing RF IDTag Based on Paper 
Su bstrate and Inkjet Printi ng Technology", Procs. of the 201 0 IMS Symposium,  
pp.840-842, Anaheim, CA, June 201 0. 

272. F.Al imenti , M .Viri l i ,  P. Mezzanotte, V. Palazzari ,  M .M.Tentzeris and L.Rosel l i ,  
"Low-Cost Assembly of  UHF RFID Chips and Flexible Su bstrate Antennas by 
Magnetic Co up l i ng Approach",  Procs . of the 201 0 IMS Sympos i u m ,  
pp.1 532-1 535, Anaheim, CA, June 201 0. 

273.X.Zhang , V.Lakafosis, A.Trai l le and M .M .Tentzeris, "Performance Analysis of 
"fast moving" RFID Tags in  State-of-the-Art Hig h-Speed Rai lway Systems", 
Procs. of the 201 0  IEEE International Conference on RFID Technology and 
Appl ications (RFID-TA) , pp.281 -285, Guangzhou,  June 201 0. 

274. R.Vyas, V.Lakafosis and M .Tentzeris, "Enabling Localization i n  WSN's with 
Solar-Powered End Devices", Procs. of the 201 0 IEEE International Conference 
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on Sensor Networks , Ub iqu itous and Trustworthy Comput ing (S UTC) ,  
pp.1 55-1 60, CA, June 201 0. 

275. G .Shaker, M .Tentzeris and S.Safavi-Naein i ,  "Low-cost Antennas for mm-Wave 
Sensing Appl ications Using Inkjet Printing of Si lver nanoparticles on Liquid 
Crystal Polymers", Procs. of the 201 O IEEE APS Symposium,  Toronto, 
CANADA, Ju ly 201 0. 

276.V.Mukala, A.N .Trai l le, V.Lakafosis and M .M .Tentzeris ,  "Design and Development 
of a Novel Wi reless EKG System Uti l iz ing Low-Power Zigbee Standard", Procs. 
of the 201 0  IEEE APS Symposium, Toronto, CANADA, Ju ly 201 0. 

277. G .Orecchini ,  L.Yang , M.M .Tentzeris and L. Rosel l i ,  "High Directivity Passive UHF 
RFID Tag with Dual Radiating-Body Antenna",  Procs. of the 201 0 IEEE APS 
Symposium,  Toronto, CANADA, Ju ly 201 0. 

278.X.Zhou,  R.L .Li and M.M.Tentzeris, "A Compact Broadband M IMO Antenna for 
Mobile Handset Appl ications", Procs. of the 201 0  IEEE APS Symposium,  
Toronto, CANADA, Ju ly 201 0. 

279 .R . Hasse, K.Naishadham , W. Hu nsicker, M .M .Tentzeris and T.Wu , "Ful l-Wave 
Analysis of a Dual-Frequency Printed Slot Antenna with Microstrip Feed", Procs. 
of the 201 0  IEEE APS Symposium, Toronto, CANADA, Ju ly 201 0. 

280.M .Y.Lai, R.L.Li and M .M .Tentzeris, "Low-Profi le Broadband RF ID Tag Antennas 
Mou ntable on Metal l ic Objects", Procs. of the 201 O IEEE APS Symposium,  
Toronto, CANADA, Ju ly 201 0. 

281 .T.T.Thai , F.Chebila, J .M .Mehd i ,  P. Pons, H.Au bert, G . R .DeJean, M.M .Tentzeris 
and A. Plana, " A Novel Passive Ultrasensitive RF Temperature Transducer for 
Remote Sensing and Identification Uti l iz ing Radar Cross Section Variabil ity", 
Procs. of the 201 0 IEEE APS Symposium, Toronto, CANADA, Ju ly 201 0. 

282.A. Rida, R.L.Li ,  P.Schmalenberg , J .S .Lee and M.M.Tentzeris, "Proximity Coupled 
Fed Antenna Arrays on LC P for mm-wave Appl ications", Procs. of the 201 0  
IEEE APS Symposium, Toronto, CANADA, Ju ly 201 0. 

283.G.Shaker, H .Lee, K.Duncan and M.Tentzeris, " Integrated Antenna with Inkjet­
Printed Compact Artificial Magnetic Surface for UHF Applications", Procs. of the 
201 0  IEEE International Conference on Wireless Information Technology and 
Systems ( ICWITS) , Honolu lu ,  H I ,  September 201 0 . 

284.T.T.Thai , F.Chebila, J .M .Mehd i ,  P. Pons, H.Au bert, G . R .DeJean, M.M .Tentzeris 
and A. Plana, "Design and Development of a Mi l l imetre-Wave Novel Passive 
U ltrasensitive Temperature Transducer for Remote Sensing and Identification", 
Procs. of the 201 0  European Microwave Conference (EuMC) , pp.45-48, Paris, 
FRANCE, October 201 0. 

285.A.Takacs , A.Coustou,  H .Au bert and M.M.Tentzeris, " Electromagnetic Analysis of 
the Near-Field Cou pl ing between an RFID Tag and Harness for Aeronautical 
Appl ications", Procs. P IERS 201 1 , Marrakech, MOROCCO, March 201 1 . 

286. M .M .Tentzeris, A.Trai l le, H .Lee, A.Vyas, V.Lakafosis and A. Aida, " Inkjet- Pri nted 
Paper/Polymer-based "Green" RFID and Wi reless Sensor Nodes", Procs. 
P I ERS 201 1 ,  Marrakech, MOROCCO, March 201 1 .  

287.V.Lakafosis ,  A.Trai l le ,  H . Lee, E .Gebara, M .M .Tentzeris , G . DeJean and 
D.Kirovski , "RFID-CoA: The RFID Tags as Certif icates of Authenticity", Procs. Of 
the 201 1 IEEE International Conference on RFID,  pp.207-21 4, Orlando, FL, Apri l 
201 1 . 
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288. M. Marroncel l i ,  D.Trinchero, V.Lakafosis and M .M .Tentzeris ,  Procs. Of the 201 1 
IEEE International Conference on RFID,  pp.6-1 0,  Orlando, FL, April 201 1 .  

289 .G .Shaker, A.Aida, S.Safavi-Naein i ,  M .M.Tentzeris and S .N ikolaou , " Inkjet 
Printing of UWB Antennas on Paper-Based Substrates", Procs. Of the 5th 

E u ropean Conference on Antennas and Propagat ion (E uCAP 20 1 1  ) ,  
pp.3001 -3004, Roma, ITALY, Apri l 201 1 .  

290. G . DeJean , V.Lakafosis, A.Trai l le ,  H .Lee, E .Gebara, M .M .Tentzeris and 
D.Kirovski , "RFDNA: A Wireless Authentication System on Flexible Su bstrates", 
Procs. Of the 201 1 IEEE 61 st Electronic Com ponents and Technology 
Conference (ECTC), pp. 1 332-1 337, Lake Buena Vista, FL, June 201 1 .  Listed 
among the top-20 academic collaboration proiects of Microsoft 
Research[add linki 

291 . A.Trai l le and M .M .Tentzeris, "MultiResolution Time-Domain and Level-Set 
Techniques for Mu lti-Domain / Mu lt i-Physics / Mu lt i-Phase Simulations", Procs. 
Of the 201 1 IEEE International Microwave Symposium ( IMS) , Baltimore, MD,  
June 201 1 .  

292. T.T.Thai , H .Aubert, P. Pons, M .M .Tentzeris and A. Plana, "Design of a Highly 
Sensitive Wireless Passive RF Strain Transducer", Procs. of the 201 1 IEEE 
International M icrowave Symposium ( IMS), Baltimore,  MD, June 201 1 .  

293. G .Orecchini ,  L.Yang , M.M .Tentzeris and L.Rosel l i ,  "Wearable Battery-free Active 
Paper-Printed RFID Tag with Human Energy Scavenger", Procs. Of the 201 1 
IEEE International M icrowave Symposium ( IMS),  Baltimore, MD,  June 201 1 .  
Best Student Paper Competition Finalist IMS 201 1  

294. C.Occhiuzzi , A. Aida, G .Marrocco and M.M .Tentzeris, "CNT-Based RFID 
Passive Gas Sensor", Procs. Of the 201 1 IEEE International Microwave 
Symposium ( IMS) , Baltimore, MD,  June 201 1 .  

295. R. DePaol is, S. Pacchin i ,  F.Coccetti , G .Monti , L.Tarricone, M .M .Tentzeris and 
A. Plana, "Circuit Model of Carbon-Nanotube Inks for Microelectronic and 
M icrowave Tunable Devices", Procs. Of the 201 1  IEEE International Microwave 
Symposium ( IMS) , Baltimore, MD,  June 201 1 .  

296. A.Vyas , V. Lakafosis, M .M.Tentzeris, H.Nishimoto and Y.Kawahara, "A Battery­
less Wireless Mote for Scaveng ing Wi reless Power at UHF  (470-570 M Hz) 
Frequencies", Procs. Of the 201 1 IEEE Antenna and Propagation Symposium,  
Spokane, WA, Ju ly 201 1 . Listed in CBS. NSF Homepage. MSNBC. CNN. 
Discovery Channel. IEEE The Institute and 500+ top High-Tech sites as one 
of the maior technical inventions of the year 

297. C.Occhiuzzi , A. Aida, G .Marrocco and M.M .Tentzeris, "Passive Ammonia 
Sensor: RF ID Tag Integrating Carbon Nanotubes", Procs . Of the 201 1  IEEE 
Antenna and Propagation Sym posium, Spokane, WA, July 201 1 . 

298. G .Orecch in i ,  L.Yang , M .M .Tentzeris and L. Rose l l i ,  " "Smart Shoe" : An 
Autonomous Inkjet-Printed RFID System Scaveng ing Walking Energy", Procs. 
Of the 201 1 IEEE Antenna and Propagation Symposium, Spokane, WA, Ju ly 
201 1 . 

299 .H .Lee, G .Shaker, K. Naishadham and M.M .Tentzeris, "A Novel Highly-Sensitive 
Antenna-based "Smart Skin" Gas Sensor Uti l izing Carbon Nanotubes and Inkjet 
Printing", Procs. Of the 201 1  IEEE Antenna and Propagation Symposium,  
Spokane, WA, Ju ly 201 1 . Best Student Paper Competition Honorable 
Mention AP$ 2011  
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300. X.Quan, R .L.Li and M .M .Tentzeris, "A Novel Broadband Omni-Directional 
Circularly Polarized Antenna for Mobile Communications", Procs. Of the 201 1  
I E E E  Antenna and Propagation Symposium, Spokane, WA, Ju ly 201 1 . Best 
Student Paper Competition Honorable Mention APS 201 1. 

301 . T.Zhang , M.M .Tentzeris and R .L.Li ,  "A Dual-Frequency Broadband Antenna for 
Mobile Phone Appl ications", Procs. Of the 201 1  IEEE Antenna and Propagation 
Symposium,  Spokane, WA, Ju ly 201 1 .  

302. A.Aida, S .N ikolaou and M.M .Tentzeris, "Design of Low-Cost Microstrip Antenna 
Arrays for mm-Wave Appl ications", Procs. Of the 201 1  IEEE Antenna and 
Propagation Symposium,  Spokane, WA, Ju ly 201 1 .  

303. M .Marroncel l i ,  D.Tri nchero and M.M.Tentzeris, " Paper-Based Inkjet- Pri nted 
Text-Meandered UHF Resonant Antennas for RFID's", Procs. Of the 201 1  URSI  
General Assembly, Istanbu l ,  TURKEY, August 201 1 . 

304. A.Trai l le and M.M.Tentzeris, "Liquid RF Antennas, Electronics and Sensors : A 
Modeling Challenge", Procs. Of the 201 1 URSI  General Assembly, Istanbu l ,  
TURKEY, August 201 1 . National Academy of  Engineering (NAE) Travel Grant 
Award. 

305. S.Beck, S.T.Kim, K.Lim,  M .M .Tentzeris, "A Mu lti-Band WCDMA SAW-less 
Receiver with a Frequency Selective Feedback Loop", Procs. 54th I nternational 
M idwest Symposium on Circu its and Systems (MWSCAS), Seoul ,  KOREA, 
August 201 1  . .  

306. A. Aida, V.Lakafosis, A.Vyas, M .M.Tentzeris and S .N ikolaou , "Review of 
Technolog ies for Low-Cost Integ rated Sensors", Procs. 201 1  IEEE International 
Conference on RFID Technolog ies and Appl ications (RFI D-TA) , pp.51 3-520, 
Barcelona, SPAIN,  September 201 1 .  

307.X.Yi ,  T.Wu , G .Lantz, J .Cooper, C.Cho, Y.Wang, M .M.Tentzeris and RT.Leon,  
"Sensing Resolution and Measurement Range of a Passive Wireless Strain 
Sensor", Procs. 8th International Workshop on Structural Health Monitoring, 
Stanford , CA, September 201 1 . Best Student Paper Award 

308. A.Trai l le ,  S .Bouaziz, H.Aubert, P.Pons and M.M.Tentzeris, "A Novel Wireless 
Passive Temperature Sensor Uti l iz ing Microflu idic Principles in Mi l l imeter-Wave 
Frequencies", Procs. IEEE Sensors 201 1 Conference, pp.524-525, Limerick, 
I RELAND, October 201 1 . 

309. V. Lakafosis, X.Yi , T.Le, E .Gebara, Y.Wang and M.M.Tentzeris, " Wireless 
Sensing with Smart Skins", I nvited Paper to the IEEE Sensors 201 1 
Conference, pp.623-626, Limerick, IRELAN D, October 201 1 . 

310. T.T.Thai , H .Aubert, P. Pons, A. Plana and M.M.Tentzeris, "A Newly Developed 
Radio Frequency Wireless Passive H igh ly Sensitive Strain Transducer", Procs. 
IEEE Sensors 201 1 Conference, pp.21 1 -21 4, Limerick, I RELAND, October 201 1 . 

311. A.Trai l l e ,  S . Bouaziz ,  S . P inon ,  P. Pons,  H .Au bert, M . M . Tentzeris and 
A.Boukabache, "A Wi reless Temperature Sensor Using Liquid Metal and 
M icrofl u id ic  Technolog i es",  Procs . E u ropean M icrowave Week 20 1 1 ,  
Manchester, UK, October 201 1 .  

312.G .Shaker, H .Lee, S.Safavi-Naeini and M.M.Tentzeris, "Printed Electronics for 
Next Generation Wireless Devices", Procs. 201 1  Antennas and Propagation 
Conference (LAPC 201 1  ) ,  Loughborough,  UK, November 201 1 .  

313. F.Ciuppi ,  A.Georgiadis, S.Via, A.Collado, A.Vyas, M .M.Tentzeris and M .Bozzi ,  
"A 927 M Hz Solar Powered Active Antenna Osci l lator Beacon S ignal 



EX1047 - Page 421

Generator", Procs. 201 2 IEEE Conference on Wireless Sensors and Sensor 
Networks (WiSNeT 201 2) , Santa Clara, CA, January 201 2. 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. 20 12 IEEE 
Electronic Components and Technology Conference (ECTC), pp. 1 003-1 007, 
June 20 12, San Diego, CA. 

31 5.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. 20 12 IEEE International Microwave Symposium, pp. 1 -3 ,  
June 20 12, Montreal, CANADA. 

31 6.H.Lee, S.Kim, D.De Donno and M.M.Tentzeris, "A novel "Universal" inkjet­
printed EBO-backed flexible RFID for rugged on-body and metal mounted 
applications", Procs. 20 12 IEEE International Microwave Symposium, pp. 1 -3 ,  
June 20 12, 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 20 12, Montreal, CANADA. Best Student Paper Finalist 

31 8 .S .Kim, M.M.Tentzeris, G.Jin, S .Nikolaou, "Inkjet Printed Ultra Wideband Spiral 
Antenna Using Integrated Balun on Liquid Crystal Polymer (LCP)", Procs. 20 12 
IEEE International Symposium on Antennas and Propagation, pp. 1 -2, July 20 12, 
Chicago, IL. 

31 9.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 I.Geiger, "Flexible Spiral Antenna with Microstrip 
Tapered Infinite Balun for Wearable Applications",  Procs. 20 12  IEEE 
International Symposium on Antennas and Propagation, pp. 1 -2, July 20 12, 
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. 20 12 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. 20 12 
International Symposium on Wireless Communication Systems (ISWCS), 
pp.3 1 1 -3 1 5 ,  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 .20 12  International Symposium on Antennas and 
Propagation (ISAP), pp. 1 4- 1 7, October 2012,  JAPAN. 

325.T. Le, V.Lakafosis, Z.Lin,  M .M .Tentzeris and C .P.Wong , "A Novel Graphene­
Based Inkjet- Pri nted WISP-Enabled Gas Sensor", Procs. 201 2  European 
M icrowave Conference, Amsterdam , NETHE RLANDS, November 201 2. Listed 
among Best Conference Papers. 

326. R.Moro, M.Bozzi ,  S .Kim and M.M .Tentzeris, "Substrate Integrated Wavegu ide 
Com ponents in Paper-Based Inkjet-Printed Technolog ies", Procs . 201 2  
European Microwave Conference, Amsterdam, NETHERLAN DS, November 
201 2. Listed among Best Conference Papers. 

327.R.Shigeta, T.Sasaki , D.M .Quan, Y.Kawahara, A.Vyas, M.Tentzeris and T.Asami ,  
"Ambient RF Energy Harvesting Sensor Node with Capacitor-Leakage-Aware 
Duty Cycle Control", Procs. 201 2 I EEE Sensors Conference, Taipei , TA IWAN, 
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328.T. Le, T.Thai , V.Lakafosis, M .Tentzeris, Z.Lin, Y. Fang, K.Sandhage, C .P.Wong , 
" G raphene-Enhanced Wi reless Sensors" ,  Procs . 201 2 I E E E  Sensors 
Conference, pp. 1 -4, Taipei , TA IWAN, November 201 2. 

329 .J .R .Cooper and M .M .Tentzeris, "Novel "Smart-Cube" Wi reless Sensors with 
Em bedded Processi ng/Co m m u n i cat ion/Power  Core for  "Sm art Sk in"  
Appl ications", Procs. 201 2  IEEE Sensors Conference, pp. 1 -4, Taipei, TAIWAN, 
Novem ber 201 2. 

330.J .Virkk i ,  J .Virtanen, L.Sydanheimo, L. Ukkonen and M.Tentzeris, " Embedd ing 
Inkjet-Printed Antennas into Plywood Structu res for Identification and Sensing" ,  
Procs . 201 2 I E EE International Conference on RF ID Technolog ies and 
Appl ications (RFID-TA) , pp.34-39 , Nice, FRANCE, November 201 2. 
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Symposium (RWS), pp.202-204, Austin ,  TX, January 201 3. 

335.Y. Kawahara, W.Wei ,  Y. Narusue,  A .Sh igeta, T.Asami and M .M .Tentzeris, 
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340.A.Vena, E . Morad i ,  K .Koski , A.A. Babar, L . Sydanheimo,  L .Ukkonen and 
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344. S .Kim ,  B.Cook, J .Cooper, A.Trai l le, A.Georgiadis, H .Aubert and M.M.Tentzeris, 
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Barcelona, SPAIN,  June 201 3. 

349.W.Su,  B.Cook, M.Tentzeris, C.Mariotti and L.Rosel l i ,  "A Novel Inkjet- Pri nted 
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Symposium ( IMS) , pp. 1 -4, Tampa Bay, FL, June 201 4. 

353.A.Trai l le ,  A.Coustou , H.Aubert, S .Kim, J .Kim ionis, M .M .Tentzeris, A.Georg iadis,  
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inkjet-pri nted 3D transformer balun for conformal and rel iable microwave 
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Orlando, FL, May 201 4. 
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appl ications" , Procs. 201 4 IEEE Sensors Conference, pp. 1 507-1 51 0, Valencia, 
SPAIN,  November 201 4. 

361 .J .Bito , B.Tehrani ,  B.Cook and M.Tentzeris, "Fu l ly inkjet-printed mu lti layer 
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Ju ly 201 4. 

362. R.J .Vyas, J . Bito, S.Kim and M.M.Tentzeris, "Harvesting wireless signals from 
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201 4. 

363. H .Saghlatoon, L.Sydanheimo, L.Ukkonen and M .M .Tentzeris, "Optim ized RF/ 
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printing technology", Procs. 201 4  IEEE Antennas and Propagation International 
Symposium (APS), pp.322-323, Memphis, TN, Ju ly 201 4. 

364. M .Yoo, S.Lim and M.Tentzeris, "Flexible inkjet-pri nted metamaterial paper 
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Symposium (APS), pp.2060-2061 , Memphis, TN, Ju ly 201 4. 

365.J .Kimionis, M .M.Tentzeris and S.N ikolaou, " I nkjet-printed UHF RF ID folded 
d ipole antennas for remote sensing appl ications", Procs. 201 4 IEEE Antennas 
and Propagation International Symposium (APS), pp.332-333, Memphis, TN, 
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366.A.Trai l le ,  A.Coustou , H.Aubert, S.Kim and M.M .Tentzeris, "A Technology for fu l ly 
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Memphis, TN, Ju ly 201 4 . 

367.J .Kimionis, A.Georg iadis, S.Kim, A.Col lado, K.Niotaki and M.M.Tentzeris, "An 
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ampl ifier", Procs. 201 4 IEEE MTT-S International Microwave Symposium ( IMS) ,  
pp.1 -4, Tampa Bay, FL,  June 201 4. 

368.Y. -H .D i ,  X.-Y. Liu and M . M.Tentzeris, "A conformable dual-band antenna 
equipped with AMC for WBAN applications", Procs. 201 4 3rd Asia-Paciic 
Conference on Antennas and Propagation (APCAP) , pp.388-391 ,  Harbin ,  
CH INA, Ju ly 201 4. 

369.X.Liu , S .Yao, S.V.Georgakopoulos and M.Tentzeris, "Origami Quadrifi lar Helix 
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370.J. Bito, S .Kim,  M.Tentzeris and S.N ikolaou , "Ambient energy harvesting from 2-
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Memphis, TN, Ju ly 201 4 . 

371 . M . Hasani ,  A.Vena, L.Sydanheimo, L .Ukkonen and M.M.Tentzeris, "A novel 
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Tampa Bay, FL, June 201 4. 

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. 
201 4 I E EE Antennas and Propagation I nternational Symposium (APS) ,  
pp.320-321 , Memphis, TN, Ju ly  201 4. 
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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. 201 4  
I nternational Wi reless Commu nications and Mobi le Computing Conference 
( IWCMC) , pp.1 022- 1 026, Nicosia, CYPRUS, August 201 4. 

374. R.Goncalves, J .Hester, N.Carvalho, P. Pinho and M.Tentzeris, "Passive sensors 
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375.A.Vena, M.Tedj in i ,  T. Bjorn inen, L.Sydanheimo, L .Ukkonen and M.M.Tentzeris, "A 
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J .L.Tornero, "Circu larly Polarized Shorted Ring Slot Rectenna with a Mesh 
Design for Opt imized Inkjet Printing on Paper Substrate" , Proc. of the 201 5  
Eu CAP Symposium, Lisbon, PORTUGAL, April 201 5, pp.1 -3. 



EX1047 - Page 428

398. A.Goncalves, P. Pinho, N.Carvalho and M.M.Tentzeris, "Humid ity Passive 
Sensors Based on UHF RF ID Using Cork Dielectric Slabs", Proc. of the 201 5  
Eu CAP Symposium, Lisbon, PORTUGAL, April 201 5, pp.1 -4. 

399. J . Bito, S .Jeong and M.M.Tentzeris, "A Real-Time Electrical ly Controlled Active 
Matching Circuit Uti l iz ing Genetic Algorithms for Biomedical WPT Applications", 
Proc. of the 201 5 IEEE Wireless Power Transfer Conference (WPTC),  pp. 1 -4, 
May 201 5, Boulder, CO. 

400. T.Le, B.Song , Q.Liu ,  A.A.Bahr, S .Moscato, C .P.Wong and M .M .Tentzeris, "A 
Novel Strain Sensor Based on 3D Printi ng Technology and 3D Antenna Design", 
Proc. of the 201 5 IEEE ECTC Conference, May 201 5, San Diego, CA, 
pp.981 -986. 

401 . C. Mariotti , B.S.Cook, F.Al imenti , L. Rosel l i  and M.M.Tentzeris, "Additively 
Manufactured Mu lt i layer High- Performance RF Passive Components on 
Cellu lose Substrates for Internet-of-Things Electronic Circuits" ,  Proc. of the 201 5  
IMS Symposium, Phoenix, AZ, May 201 5, pp. 1 -4. 

402. S.Kim,  J . Bito, S.Jeong , A.Georg iadis and M.M .Tentzeris, "A Flexible Hybrid 
Printed RF Energy Harvester Uti l i z ing Catalyst-Based Copper Pri nti ng 
Technolog ies for Far-Field RF Energy Harvesting Applications", Proc. of the 201 5  
IMS Symposium, Phoenix, AZ, May 201 5, pp. 1 -4. 

403. J . Bito, J .G .Hester and M.M.Tentzeris, "Ambient Energy Harvesting from a Two­
Way Talk Radio for Flexible Wearable Devices Uti l izing Inkjet Printing Masking" ,  
Proc. of  the 201 5  IMS Sym posium ,  Phoenix, AZ, May 201 5 , pp. 1 -4. 

404. J .Kim ionis, A.Georgiadis, M . lsakov, H.J .Qi and M.M.Tentzeris, "3D/lnkjet­
Printed Origami Antennas for Multi-D i rection RF Harvesting", Proc. of the 201 5  
IMS Symposium,  Phoenix, AZ, May 201 5,  pp. 1 -4. Best Student Paper A ward 
Finalist 

405. A.Trai l le and M.M.Tentzeris, "Status and Challenges of Inkjet-Printed RF and 
THz Structures", Proc. of the 201 5 IEEE MTT-S International Microwave 
Workshop Series on Advanced Materials and Processes for RF and THz 
Appl ications ( IMWS-AMP) , Suzhou , CH INA, July 201 5, pp.1 -2. 

406. J . Bito and M.M .Tentzeris, "A Novel Flexible Wearable Magnetic Energy 
Harvester Uti l iz ing Inkjet Masking Techniques", Proc. of the 201 5 APS 
Symposium, Vancouver, CANADA, July 201 5, pp .204-205. 

407. B.K.Tehran i ,  B .S.Cook and M .M .Tentzeris, "Post-Process Fabrication of 
Mu lti layer mm-Wave On-Package Antennas with Inkjet Printing", Proc. of the 
201 5  APS Symposium,  Vancouver, CANADA, Ju ly 201 5, pp.607-608. 

408. S .A.Nauroze and M.M.Tentzeris, "A Novel Printed Stub-Loaded Square Hel ical 
Antenna", Proc. of the 201 5 APS Symposium, Vancouver, CANADA, Ju ly 201 5, 
pp.774-775. 

409. Y. Pan, Y.Cu i ,  R.L.Li and M.M.Tentzeris, "A Dual-Polarized Triple-Band M IMO 
Antenna for WLAN/WiMAX Appl ications", Proc. of the 201 5 APS Symposium,  
Vancouver, CANADA, July 201 5,  pp.934-935. 

41 0. J .H .Kim ,  J . Bito and M.M .Tentzeris, "Design Optim ization of an Energy 
Harvesting RF-DC Conversion Circuit Operating at 2.45 GHz", Proc. of the 201 5 
APS Symposium, Vancouver, CANADA, Ju ly 201 5, pp. 1 280-1 281 . 

4 1 1 . Z. Khonsari , T.Bjorn inen, L.Sydanheimo, M .Tentzeris and L. Ukkonen, " I nkjet­
Printed Monopole Antenna and Voltage Doubler on Cardboard for RF Energy 
Harvesting", Proc. of the 201 5 APS Symposium, Vancouver, CANADA, Ju ly 
201 5 , pp. 1 31 2- 1 31 3. 



EX1047 - Page 429

41 2. W. He, Y. He and M .M .Tentzeris ,  "Model ing ,  Design and Experimentation of a 
UHF RFID Tag Antenna Embedded in Railway Tickets", Proc. of the 201 5 APS 
Symposium, Vancouver, CANADA, July 201 5, pp.1 41 6- 1 41 7. 

41 3. Y. He, Y.He and M.M .Tentzeris, "A Broadband Dual-Polarization Base Station 
Antenna E lement with a Coupl ing Feed" ,  Proc. of the 201 5  APS Symposium,  
Vancouver, CANADA, July 201 5,  pp.2001 -2002. 

41 4. S .Moscato, M . Pasian, M .Bozzi ,  L. Perregrin i ,  A. Bahr, T.Le and M.M.Tentzeris, 
"Exploiting 3D Printed Substrates for Microfluidic S IW Sensors" , Proc. of the 
201 5  EuMW Symposium,  Paris, FRANCE, September 201 5, pp.28-31 . Best 
Paper Award Finalist 

41 5. T.Le, A.Bahr, M .M.Tentzeris, B.Song and C .P.Wong , "A Novel Chipless RFID­
Based Stretchable and Wearable Hand Gesture Sensor", Proc. of the 201 5  
EuMW Symposium,  September 201 5 , Paris, FRANCE, pp.371 -374. 

41 6. K.A.Nate, J . Hester, M . lsakov, A .Bahr and M.M.Tentzeris, "A Fully Pri nted 
Mu lti layer Apertu re-Coupled Patch Antenna Using Hybrid 3D/lnkjet Additive 
Manufactu ring Techniques", Proc. of the 201 5 EuMW Symposium,  September 
201 5 , Paris, FRANCE, pp.61 0-61 3. 

41 7. A .Bahr, T.Le, M .M .Tentzeris, S. Moscato, M . Pasian, M .Bozzi and L. Perregrin i ,  
"RF Characterization of  3D Printed Flexible Materials - N injaFlex Filaments" ,  
Proc. of the 201 5 EuMW Symposium, Paris, FRANCE, September 201 5, 
pp.742-745. 

41 8. J .Hester, M .M.Tentzeris and Y. Fang, " Inkjet-Printed Flexible High-Performance 
Carbon Nanomaterial Based Sensors for Ammonia and DMMP Gas Detection", 
Proc. of the 201 5 EuMW Symposium, September 201 5, Paris, FRANCE, 
pp.857-860. 

41 9. K.Nate and M .M .Tentzeris, "A Novel 3-D Printed Loop Antenna Using Flexible 
NinjaFlex Material for Wearable and loT Applications", Proc. of the 201 5 IEEE 
EPEPS Symposium,  San Jose, CA, October 201 5, pp. 1 7 1 - 1 74. 

420. W.Su,  J .R .Cooper, B.S.Cook, M .M.Tentzeris, C.Mariotti and L. Rosel l i ,  " I nkjet­
Printed Dual M icroflu idic-Based Sensor Integrated Systems" , Proc. of the 201 5  
IEEE Sensors Conference, Busan, KOREA, November 201 5 , pp. 1 -3. 

421 .W.Su,  J .R .Cooper, B.S.Cook, M .M .Tentzeris ,  C.Mariotti and L. Rosel l i ,  " I nkjet­
Printed Dual M icroflu idic-Based Sensor Integrated Systems" , Proc. of the 201 5  
IEEE Sensors Conference, Busan, KOREA, November 201 5 , pp. 1 -3. 

422. T.Le, C.-C.Tuan, A.A.Bahr, C .P.Wong and M.M .Tentzeris, "A Novel Approach to 
I nteg rating 3D/4D Printi ng and Stretchable Conductive Adhesive Technologies 
for High- Frequency Packag ing Appl icat ions", Proc. of the 20 1 6  ECTC 
Symposium, Las Vegas, NV, May 201 6 , pp. 1 551 - 1 556. 

423. S .A.Nauroze, J . Hester, W.Su and M.M .Tentzeris, " I nkjet-Printed Su bstrate 
I nteg rated Wavegu ides (S IW) with "dri l l - less" Vias On Paper Substrates", Proc. 
of the201 6 IMS Symposium,  San Fransisco, AZ, May 201 6, pp. 1 -4. 

424. W.Su,  Q.Liu ,  B.Cook and M.M.Tentzeris, "Al l - Inkjet-Printed Microfluid ics-Based 
Encodable Flexible Chipless RFID Sensors" , Proc. of the 201 6  IMS Symposium,  
San Fransisco, AZ, May 201 6, pp.1 -4. 

425. J . Bito , M .M .Tentzeris and A.Georg iadis, "A Hybrid Heuristic Design Technique 
for Real-Time Matching Optimization Of Wearable Near-Field Ambient RF 
Energy Harvesters", Proc. of the 201 6 IMS Symposium, San Fransisco, AZ, May 
201 6 , pp. 1 -4. 



EX1047 - Page 430

426. J .Kim ionis and M .M .Tentzeris, "Pu lse Shaping for Backscatter Radio", Proc. of 
the 201 6 IMS Symposium, San Fransisco, AZ, May 201 6, pp . 1 -4. 

427. B.K.Tehrani ,  B.S.Cook and M .M .Tentzeris ,  " Inkjet-Printed 3D Interconnects for 
M i l l imeter-Wave System-on- Package Solutions", Proc. of the 201 6 IMS 
Symposium, San Fransisco, AZ, May 201 6, pp. 1 -4. 

428. J .G . D. Hester and M.M.Tentzeris, " Inkjet-Printed Van-Atta Reflectarray Sensors : 
A New Paradigm for Long-Range Chipless Low Cost Ubiqu itous Smart Skin 
Sensors of the Internet of Things", Proc. of the 201 6 IMS Symposium, San 
Fransisco, AZ, May 201 6, pp. 1 -4. 

429. J .Kim ionis and M . M.Tentzeris , "Software-Defined Reader for Mu lti-Modal RFID 
Sensing", Proc. of  the 201 6  IMS Symposium, San Fransisco, AZ, May 201 6, 
pp . 1 -4. 

430. M .M.Tentzeris, A.A.Bahr, AD. Papadopoulos and E .N .Glytsis, "Mu lti -Domain 
Model ing of 3D Printed, Nanotechnology and Morphing/Origami-Based RF 
Modu les", Proc. of the 201 6 IMS Symposium, San Fransisco, AZ, May 201 6, 
pp . 1 -4. 

431 .W.Su,  A.Bahr, S.A.Nauroze and M.M .Tentzeris, "3D Printed Reconfigurable 
Hel ical Antenna Based on Microflu idics and Liqu id Metal Al loy " Proc. of the 201 6  
IEEE APS/URS I Symposium,  Fajardo, PR, Ju ly 201 6, pp 

432.J. Bito and M.M .Tentzeris, "Bias Circuit Design for a Real-Time Electrically 
Controlled Active Matching Circuit Uti l iz ing p- i-n Diode Switches for Wireless 
Power Transfer " Proc. of the 201 6 IEEE APS/URS I Symposium, Fajardo, PR, 
July 201 6, pp.405-406. 

433.B.K.Tehrani and M .M .Tentzeris, "Su bstrate- Independent System-on-Package 
Antenna Integration with Inkjet Printi ng " Proc. of the 201 6 IEEE APS/URS I 
Symposium, Fajardo, PR, July 201 6, pp .827-828. 

434.J .G .D . Hester, M .M .Tentzeris and Y. Fang, "UHF Lumped Element Model of a 
Ful ly- I nkjet-Printed Single-Wal l-Carbon-Nanotube Based lnter-Digitated 
Electrodes Breath Sensor "Proc. of the 201 6 IEEE APS/URSI 
Symposium, Fajardo, PR, Ju ly 201 6, pp. 1 959-1 960. 

435.M.M.Tentzeris, " I nvited Talk :  l nkjet-/3D-/4D-Printed Paper/Polymer-Based 
"Green" mmW Modu les:  The Final Step to Bridge Cognitive Intel l igence 
Nanotechnology and RF for loT and 5G Appl ications " Proc. of the 201 6 
I nternational Conference on Smart Green Technolog ies in E lectrical and 
Information Systems ( ICSGTE IS) ,  Bal i ,  INDONES IA, October 201 6, pp. 1 -4. 

436. M .Bozzi ,  C.Tomassoni ,  L .Perregrin i ,  A. Bahr and M.M.Tentzeris, "Additive 
Manufacturing of Substrate I ntegrated Wavegu ide Components " Proc. of 
the 201 6 46th European M icrowave Conference (EuMC), London,  UK, October 
201 6 , pp.253-256. 

437.C.Tomassoni ,  A. Bahr, M.Tentzeris, M .Bozzi and L. Perregrini , "3D Printed 
Substrate I ntegrated Waveguide Fi lters with Locally Controlled Dielectric 
Permittivity " Proc. of the201 6 IEEE MTT-S International Microwave Workshop 
Series on Advanced Materials and Processes for RF and THz Applications 
( IMWS-AMP) , Chengdu ,  CH INA, October 201 6 , pp. 



EX1047 - Page 431

438.D. Revier and M .M .Tentzeris, "A Low-Cost Single-Platform Hybrid 
Manufacturing System for RF Passives" Proc. of the 201 7 IEEE RWS 
Symposium, Phoenix, AZ, January 201 7, pp .83-85. 

439.S . I . H .Shah, S .Lim and M.M.Tentzeris, "Mi l itary Field Deployable Antennas Using 
Origami" Proc. of the 201 7 I nternational Workshop on Antenna Technology: 
Small Antennas, I nnovative Structures, and Appl ications (iWAT),  Athens?? 
March 201 7, pp.72-73. 

440.J. Bito, J .G . Hester and M.M.Tentzeris, "A Fu lly Autonomous Ultra-Low Power 
Hybrid RF/Photovoltaic Energy HarvestingSystem with -25dbm Sensitivity" Proc. 
of the 201 7 IEEE Wi reless Power Transfer Conference (WPTC), Taipei , 
TAIWAN, May 201 7, pp. 1 -4. 

441 .J .Bito, V. Palazzi ,  J . Hester, A.Bahr, F.Al imenti , P.Mezzanotte, L.Rosel l i  and 
M .M .Tentzeris, "Mi l l imeter-Wave Inkjet-Printed RF Energy Harvester for Next 
Generation Flexible Electronics" Proc. of the 201 7 IEEE Wireless Power 
Transfer Conference (WPTC) , Taipei , TA IWAN, May 201 7, pp. 1 -4. 

442.S.Jeong, J .Bito and M.M.Tentzeris, "Design of a Novel Wireless Power Transfer 
System Using Machine Learn ing Techniques for Drone Appl ications" Proc. of 
the 201 7 IEEE Wi reless Power Transfer Conference (WPTC), Taipei , TAIWAN , 
May 201 7, pp.1 -4. 

443.X.He, J .Bito and M.M.Tentzeris, "A Drone-Based Wireless Power Transfer and 
Communications Platform" Proc. of the 201 7 IEEE Wireless Power Transfer 
Conference (WPTC), Taipei , TAIWAN, May 201 7 , pp. 1 -4. 

444.A.O.Watanabe, M .Al i ,  B.Tehrani ,  J .Hester, H .Matsuura, T.Ogawa, P.M . Raj ,  
V.Sundaram, M .M .Tentzeris and R.Tu mmala, "First Demonstration of 28 G Hz 
and 39 GHz Transmission Lines and Antennas on Glass Substrates for 5G 
Modules" Proc. of the 201 7 IEEE 67th ECTC Symposium, Orlando, FL, May 
201 7 , pp.236-241 . 

445.R. Bahr, A.Nauroze,  W.Su and M.M .Tentzeris, "Self-Actuating 3D Printed 
Packaging for Deployable Antennas" Proc. of the 201 7 IEEE 67th ECTC 
Symposium, Orlando, FL, May 201 7, pp . 1 425-1 430. 

446.W.Su,  Z.Wu , Y. Fang, A.Bahr, P.M . Raj ,  R.Tummala and M.M.Tentzeris, � 
Printed Wearable Flexible S IW and M icroflu idics Sensors for Internet of Things 
and Smart Health Appl ications" Proc. of the 201 7 IEEE IMS 
Symposium, Honolu lu ,  H I ,  June 201 7, pp.544-547. 

447.J .Kim ionis, A.Georgiadis and M.M .Tentzeris, "Mi l l imeter-Wave Backscatter: A 
Quantum Leap for G igabit Commun ication RF Sensing and Wearables" Proc. 
of the 201 7 IEEE IMS Symposium, Honolu lu ,  H I ,  June 201 7, pp.81 2-81 5. 

448.D. Henry, J .G .D . Hester, H.Aubert, P. Pons and M.M.Tentzeris, "Long Range 
Wireless Interrogation of Passive Humidity Sensors Using Van-Atta Cross 
Polarization Effect and 3D Beam Scanning Analysis" Proc. of the 201 7 IEEE 
IMS Symposium, Honolu lu ,  H I ,  June 201 7, pp.81 6-81 9. 

449.T. -H .Lin ,  J . Bito, J .G .Hester, J .Kimionis, A.A.Bahr and M.M .Tentzeris, "Ambient 
Energy Harvesting from Two-Way Talk Radio for On-Body Autonomous Wireless 
Sensing Networks Using Inkjet and 3D Printing" Proc. of the 201 7 IEEE IMS 
Symposium, Honolu lu ,  H I ,  June 201 7, pp. 1 034-1 037. 



EX1047 - Page 432

450.S.-N.Daskalakis, J .Kimionis, A.Col lado, M.M .Tentzeris and 
A.Georg iadis,  "Ambient FM Backscattering fro Smart Agricultu ral 
Monitoring" Proc. of the 201 7 IEEE IMS Symposium,  Honolu lu ,  H I ,  June 201 7, 
pp . 1 339-1 341 . 

451 .J .G .D . Hester and M.M.Tentzeris, "A mm-Wave Ultra-Long-Range Energy­
Autonomous Printed RFID-Enabled Van-Atta Wireless Sensor: At the 
Crossroads of 5G and loT" Proc. of the 201 7 IEEE IMS Symposium, Honolu lu ,  
H I ,  June 201 7, pp.1 557- 1 560. Best Student Paper Award Honorable Mention 

452.S.A.Nau roze,  L.Novelino, M .M.Tentzeris and G laucio H.  Pau l ino, " I nkjet- Pri nted 
"4D" Tu nable Spatial Fi lters Using On-Demand Foldable Su rfaces" Proc. of 
the 201 7 IEEE IMS Symposium, Honolu lu ,  H I ,  June 201 7, pp.1 575- 1 578. 

453.W.Su,  S.A. Nauroze,  A. Bahr and M .M .Tentzeris, "Novel 3D Printed Ligu id-Metal­
Al loy Microflu id ics-Based Zigzag and Helical Antennas for Origami 
Reconfigurable Antenna "Trees" " Proc. of the 201 7 IEEE IMS 
Symposium, Honolu lu ,  H I ,  June 201 7, pp. 1 579-1 582. 

454.R.A.Bahr, Y. Fang , W.Su,  B.Tehran i ,  V. Palazzi and M .M .Tentzeris ,  "Novel 
Uniguely 3D Printed I ntricate Voronoi and Fractal 3D Antennas" Proc. of 
the 201 7 IEEE IMS Symposium, Honolu lu ,  H I ,  June 201 7, pp.1 583- 1 586. 

455.B.K.Tehran i ,  A.A.Bahr, W.Su,  B.S.Cook and M.M.Tentzeris, "E-Band 
Characterization of 3D-Printed Dielectrics for Ful ly-Printed Mi l l imeter-Wave 
Wireless System Packaging" Proc. of the 201 7 IEEE IMS Symposium,  Honolu lu ,  
H I ,  June 201 7, pp.1 756- 1 759 . 

456.T. -H .Lin ,  P.M . Raj ,  A.Watanabe, V.Sundaram, R .Tummala and 
M .M .Tentzeris, "Nanostructured Miniatu rized Artificial Magnetic Conductors 
(AMC) for High-Performance Antennas in 5G loT and Smart Skin 
Applications" Proc. of the 201 7  IEEE 1 7th International Conference on 
Nanotechnology ( IEEE-Nano) , Pittsburgh,  PA, Ju ly 201 7, pp.91 1 -91 5. 

457.B.K.Tehran i ,  S .A.Nauroze, A.A.Bahr and M.M .Tentzeris, "On-Package mm­
Wave FSS Integration with 3D-Printed Encapsu lation" Proc. of the 201 7  IEEE 
APS/URSI Symposium, San Diego, CA, Ju ly 201 7, pp.9-1 0. 

458.W.Su,  A.Bahr, S.A.Nauroze and M.M .Tentzeris, "Novel 3D-Printed "Chinese 
Fan" Bow-Tie Antennas for Origami/Shape-Changing Configurations" Proc. of 
the 201 7 IEEE APS/URS I Symposium,  San Diego, CA, July 201 7,  
pp . 1 245-1 246. 

459.J. lwata, J .Bito and M .M .Tentzeris, "A Wideband and High Gain Antenna on 
Mu lti layer Insulation Blanket for RF Energy Harvesting" Proc. of the 201 7 IEEE 
APS/URSI Symposium, San Diego, CA, Ju ly 201 7, pp.1 603- 1 604. 

460.T. -H .Lin ,  J . Bito and M.M.Tentzeris, "Wearable Inkjet Printed Energy 
Harvester" Proc. of the 201 7  IEEE APS/URS I Symposium, San Diego, CA, July 
201 7 , pp. 1 61 3- 1 61 4. 

461 . H .Griguer, M.M .Tentzeris, A.Nauroze and M . Drissi ,  "A Novel U ltra-Thin Flexible 
Metamaterial Absorber]for Hu man Body Protection from EMF Hazards" Proc. of 
the 201 7 XXX l l nd General Assembly and Scientific Symposium of the 
I nternational Union of Radio Science (URSI  GASS) , Montreal , CANADA, August 
201 7 , pp. 1 -4. 



EX1047 - Page 433

462.S. Daskalakis, J .Kim ionis, J . Hester, A.Col lado, M .M .Tentzeris and 
A.Georg iadis,  " I nkjet printed 24 G Hz rectenna on paper for mi l l imeter wave 
identification and wireless power transfer applications" Proc. of the 201 7 IEEE 
MTT-S International Microwave Workshop Series on Advanced Materials and 
Processes for RF and THz Appl ications ( IMWS-AMP), Pavia, ITALY, September 
201 7 , pp. 1 -3. 

463.V. Palazzi ,  A .Bahr, B.Tehrani , J .Hester, J .Bito, F.Al imenti , P. Mezzanotte, L. Rosel l i  
and M .M .Tentzeris, "A Novel Additive-Manufactured Mu ltiple- I nf i l l  U ltra­
Lightweight Cavity-Backed Slot Antenna for UWB Appl ications" Proc. of 
the 201 7 47th European M icrowave Conference (EuMC), Nurnberg,  GERMANY, 
October 201 7 , pp.252-255. 

464.S .N . Daskalakis, A.Georgiadis, A.Col lado and M.M .Tentzeris, "An UHF Rectifier 
with 1 00% Bandwidth Based on a Ladder LC Impedance Matching 
Network" Proc. of the 201 7 1 2th European Microwave Integ rated Circu its 
Conference (EuMIC)/201 7 47th European Microwave Conference 
(EuMC) , Nurnberg,  GERMANY, October 201 7, pp.41 1 -41 4/1 1 51 - 1 1 54. 

465.S .N . Daskalakis, A.Col lado, A.Georg iadis and M.M .Tentzeris, "Backscatter Morse 
Leaf Sensor for Agricu ltu ral Wireless Sensor Networks" Proc. of the 201 7 IEEE 
Sensors Symposium,  G lasgow, Scotland, UK,  October 201 7, pp. 1 -3. 

466. A.Georgiadis, J .Kim ionis and M.M .Tentzeris, "3D/lnkjet-Printed Mi l l imeter Wave 
Components and Interconnects for Com munication and Sensing" Proc. of 
the 201 7 IEEE Compound Semiconductor Integ rated Circuit Symposium 
(CS ICS), Miami ,  FL,  October 201 7, pp.1 -4. 

467.J .G .D . Hester, J .K imionis, A . Bahr, W.Su,  B.Tehrani and M.M.Tentzeris ,  "Radar & 
Additive Manufactu ring Technologies : The Futu re of I nternet of Things 
,U.Qir,. Proc. of the 201 8 IEEE Radar Conference, Oklahoma City, OK, April 
201 8, pp.447-452. 

468.A.O.Watanabe, T.-H .Lin, T.Ogawa, P. M .Raj ,  V.Sundaram , M .M .Tentzeris and 
R.Tummala, "Design and Demonstration of Ultra-Thin 3D Glass-Based SG 
Modules with Low-Loss Interconnects" Proc. of the 201 8 International 
Conference on Electronics Packaging and iMAPS All Asia Conference ( ICEP­
IAAC), Mie, JAPAN, April 201 8, pp. 1 80- 1 83. l22E CPMT ,},:�P<'U's c i-mpt�N- Young 

469. B.Song , F.Wu , K.-S. Moon, A. Bahr, M.M .Tentzeris and C.P.Wong , "Stretchable, 
Printable .. and .Electrical ly_Co11ductive.Composites.for_Weamble. RF 
Antennas", Proc. of the 20 - W  �2EE 2GTC C(mh.,,n�nc:��, San Diego, CA, May 
201 8, pp.9-1 4. 

470.B.Tehrani , A .Bahr, D. Revier, B.Cook and M.M .Tentzeris, "The_.Princip les _ot 
"Sm.a.rt" Encapsu lation :  Using Add it ive Printino Technology for the Rea.l izaUon of 
_Intel I igent_Appl ication�S pecitic..Packag es_ for __ lo T,_ SG __ and_ Automotive __ Radar 
Appl ications", Proc. of the �Wm !222 ECTG Conhm�.m���\ San Diego, CA, May 
201 8, pp. 1 1 1 -1 1 7. 

471 .T. -H .Lin ,  A .Bahr, M.M .Tentzeris, P. M. Raj ,  V.Sundaram and R.Tummala, "Nove l 
�m-/lnkjet-Printed Flexible On-Package Antennas, Packaginq Structures, and 
Modules _for_Bmadband __ 5G _Appl ications". Proc. of the 2QH� !EEE ECTC 
G,)nfa1rnnr:'\.,,, San Diego, CA, May 201 8, pp.21 4-220. 



EX1047 - Page 434

472.C.L.Taylor, X. He, V.Smet, M .M.Tentzeris and S.Sitaraman, "Lovv-Temperature 
Assembly of Surface-Mou nt Device on Flexible Substrate Usinq Addi tive Printinq 
Process'', Proc. of the 20H 3  lEEE ECTG Confo,r�,m���,, San Diego, CA, May 
201 8, pp.379-385. 

473.M.Al i ,  F.Li u ,  A.Watanabe, P.M . Raj ,  V.Sundaram , M .M .Tentzeris and 
R. R.Tummala, "fv1 in iaturizecl. H igh -Performance . .Filtern for 5G Smal l ·De11. 
Applications". Proc. of the 2Ql B  !EEE EC.TC Gt)nhw��nc�,,, San Diego, CA, May 
201 8, pp. 1 068- 1 075. �nt��� R1i�5Jt S1ttH.i���nt F\:��s�Jr l�.\���tti 

474.R. Bahr, B.Tehrani ,  M .M .Tentzeris and K.Byers, "A.Novel . .lntemation_of 
Stereol i thogra.Dhy and Inkjet Printinq for fv1u1Uchio Modules with High Frequency 
P.f.1!'.2bf.1!.iDJJ.f.\JWJ.lG..f.1t.lQJJ.fil'.'.., Proc. of the 20i �1 IEEE EGTC Confor�,no":>, San Diego, 
CA, May 201 8, pp.2498-2504. 

475.A.Watanabe, T. -H .Lin ,  P.M . Raj ,  V.Sundaram , M.M .Tentzeris, R .R .Tummala and 
T.Ogawa, "LQading�Edge and Ultra-Thin 3D Glass-Polymer 5G Modules with 
Seamless Antenna�to-Transceiver S iona.I Transmissions", Proc. of the �Wm 
lEEE ECTG Cor1fornr1e�,, San Diego, CA, May 201 8, pp.2026-2031 . 

476.S.A.Nauroze,  A. E id and M.M .Tentzeris, "n-RiM: A Paradigm Shilt in the 
Real ization. of .Fu l ly Jnklet- Pri nted _Broadband. Tunable..FSS. Using_ Origami  
Structures", Proc. of the �w-rn !EEE !MS Syrnposiwn, Ph iladelphia, PA, June 
201 8, pp.51 -54. 

477.W.Su,  S .Wang, A .Bahr and M .M.Tentzeris, '.'.Sm.rn:Lf..lQf.1tlJJQ .. 6.f.1lJ.�: .. 3.Q .. 2rl.oJ!J.d. 
Spherical Antennas and Sensors for VVater Quality Monitoring". Proc. of the 2Q·r n 
!EEE l!'I.M3 Syrript)�\urr\ Phi ladelphia, PA, June 201 8, pp.55-58. 

478.J .Kimionis, S.Shahram ian , Y. Bayens, A.Singh and M.M .Tentzeris, "Pushinq 
lnkiet Printi ng to W-Band: An Al l-Printed 90-GHz Bearnform ing Array" . Proc. of 
the zm B !EEE rn.11s Syrnpt)S\mn, Phi ladelphia, PA, June 201 8, pp .63-66. 

479 .S .N . Daskalakis, A.Correia, G.Goussetis, M .M .Tentzeris, N .B.Carvalho and 
A.Georg iadis,  "Spectrally Efficient 4 -PAM Ambient FM Backscattering for 
\Nire less Sensing and RF ID Appl ications", Proc. of the �w-� g !EEE !MS 
Syrnpt)durn, Phi ladelphia, PA, June 201 8, pp.266-269. 

480. T. -H .  Lin ,  W. Su and M .  M .  Ten tze ris, '.'..ED,i2.a.o.d.J.:i.o.tJz.rn10. . .o.t.M..lc.t:afJ.u.idJ.c .. .S.¥.S.t.emr;.; .. A..t1 
Inkjet Printed Flexible Enerqy Autonornous �v1 icmpurnp System lor VVearable and 
loT_ Microfluid ic_Applications".,, Proc. of the w r n  lEEE !MS 
Syrnposiurn 1 Phi ladelphia, PA, June 201 8, pp.81 2-81 5. 

481 .R .Bahr, X. He, B.Tehrani and M.M .Tentzeris, "A Ful ly 3D Pri nted Mu H .i�Chip 
Module _with .. an .. On�Package _Enhanced .. Dielectric _Lens. for _rmn-Wave 
Applica.tions Using Multima.terial Stereolithoqraphy" . Proc. of the 2Q'l B lEEE l!\ilS 
SyffipoiJ s.ffl's , Phi ladelphia, PA, June 201 8, pp. 1 561 -1 564. 

482.S.A.Nauroze,  B.Tehrani and M.M .Tentzeris, "An lnkjet�Printed Origam i�based 
Frequency Selective Surface with Wide Frequency and Bandwidth 
Iu.nab.iJ.ity_'.'., Proc. of the 2n-rn ff:EE /� PS Syrnposium, Boston,  MA, July 201 8, 
pp . 1 677-1 678. 

483.A.Eid, J .Hester, A.Nauroze,  T. -H .Lin .  C.J.Costantine, Y.Tawk, AH. Ramadan and 
M.M.Tentzeris, "/\ Flexible Compact Rectenna tor 2.4G Hz ISM Energy 



EX1047 - Page 435

HBLY-1tS1Log __ App]1QJ1tLo.rn3-'.'.,. Proc. of the 2(tl B IEEE /�PS Byrripos/un·1 1 Boston,  MA, 
Ju ly 201 8, pp.1 887- 1 888. 

484.S .B .Fan , T. H .Chang , X.Y.Liu ,  Y. Fan and M .M .Tentzeris, "A Depolarizi ng Chipless 
RF ID.Tag_ witl1 .. Hum id ity_ Sensing __ Capabi l i ty", Proc. of the 20H 1 !EEE APB 
Syrnp,)durn, Boston,  MA, Ju ly 201 8, pp.2469-2470. 

485.H .X.Zhu ,  Y. Fan, X.Y.Liu and M .M.Tentzeris, "A Compact Low--P rofi le Dua l-Hand 
Patch Filtering Antenna for OH-Body Communications", Proc. of the 20W /�CES 
Syrnp,)durn, Beij ing ,  CH INA, Ju ly 201 8, pp. 

486.B.K.Tehrani and M.M .Tentzeris, "Ful ly l nklet-Printed _Ram_p I nterconnects .for 
\Nire less Ka-Band MMIC Devices and Mu lti-Chip fv1odule Packaginq", Proc. of 
the 20H 1 EuMW Conh�timt�,�,, Madrid, SPAIN,  Septem ber 201 8, pp. 1 037-1 040. 

487.A.Eid, B.Tehrani , J .Hester, X.He and M.M .Tentzeris, "Nanotechnolooy-Enabled 
Additively-Ma.nufactured RF and Mi l l imeter-Wave Electronics", Proc. of the �Wm 

488.S.Ghosh, M .M .Tentzeris and S.L im, "Lightweight �m Printed fv1etrnrwterial for 
EJ_ectr.o.m.agnet[c __ WgVfL!.\lJs.orp!io.o_'.'., Proc. of the 2Gi B !S/W Byrnposiurn, Busan , 
KOR EA, October 201 8, pp. 

489.S.Ghosh, R. Phon , M .M.Tentzeris and S .Lim ,  ''An .Improved. Mu ltifunctional 
Frequency Selective Surlace Based on Microllu idic Technology" . Proc. of 
the �Im B !S/�P  Byrripositm·1 1 Busan, KOREA, October 201 8, pp. 

490.S . I . H .Shah, S .Gosh , M .M .Tentzeris and S .Lim ,  '.'.A.f.�QY.!JL6.l.oJtl§.Plrn.d . .Pf.1H!JID. 
Reconfigurable Quasi-Yagi Hel ical Antenna Using Origami DNA", Proc. of 
the �Wi B !S/�P  Byrripositm·1 1 Busan, KOREA, October 201 8, pp. 

491 .Y.Cu i ,  W.Su and M.M .Tentzeris, "Fully Inkjet-Printed Tunable Flexible 
Microf lu idic Chipless RFI D Sensor". Proc. of the �w-r n l?,.CES 
Syrnp,)!.:�h.ffr! , Miami ,  FL, April 201 9 ,  pp. 

492.Z.Zhai , Y. Fan , X.Liu and M.M .Tentzeris, "A Frequency Tu nable Wideband 
C!rcu!arty _Polarized AntennaH

f Proc. of the 2t)·� 9 �EEE �nt��rr����t§�:�rH:§� C�z)nf��r��nc�� 
;::)n �V1 �t�rc��v.r§VR� {:�nr� NlH �hTH:�tR�r \1.h:�vl� ·1\�t�hnc�h:)�JY {�C��i�vrT)� Guangzhou , 
CH INA, May 201 9, pp. 

493 .P.Sun, T.Chang , Y. Fan, X.Liu and M.M .Tentzeris, '.'.Ql1j.9.J.e§.§ .. .8.EJ.D. .. SQ.O.$..QLlsagJ.or. 
Anqular Velocity and Displacement Measurement",  Proc. of the Wi 9 !EEE 
�nt��rn�"§t�z)nf�� VV� r�����§S S}?rt��:�Z)§§un·� {�\VS)� Guangzhou , CH INA, May 201 9, pp. 

494. H.Yang , Y. Fan , X.Y.Liu and M .M .Tentzeris, '.'.S.lng.1.fi�.EQ.d. . .D!J.a.l::8.rnxl..C]rc.u.l.a.[ly 
Polarized Patch Antenna with Wide 3-dB Axi<.'J.I Ratio Beamwidth for CNSS 

{!WB), Guangzhou,  CH INA, May 201 9, pp. 
495. M.Al i ,  A.Watanabe, T. -H .Lin ,  M .R .Pu lugurtha, M .M .Tentzeris and 

R. R.Tummala, "3D G lass Packaqe- l nteqrated Hiqh-Perlorrnance Povver Divid inq 
NRl.works for 5G Broadband Antennas", Proc. of the wrn  IEEE ECTG 
Ctmh.mm,:.�e, Las Vegas, NV, May 201 9, pp.960-967. 

496.A.O.Watanabe, Y.Wang, N .Ogu ra, P. M. Raj ,  V.Smet, M.M .Tentzeris and 
R.Tummala, "Low -Loss Add itiw.:ly _Deposited _Ultra--Short_Copper--Paste 



EX1047 - Page 436

l nterconnections_Jn_ 3D_Antenna-· l ntewated Packages for.5G_andJoT 
Applications", Proc. of the 20H 1  !EEE ECTC (>:�nfori�nc:�,\ Las Vegas, NV, May 
201 9,  pp.972-976. 

497.A. Eid, J .Hester and M.M .Tentzeris, "A.Scalable_ Hiqh-Gain .. and .Large-Beamwidth 
mm-Wave Harvestinq Aporoach for 5G-Powered loT", Proc. of the 20%% lEEE 

498.S.A.Nauroze and M.M .Tentzeris, "Ful lv lnkiet-Printed Mu lti-la.yer Tunable 
Origami . .FSS. Structures .. witl1 _ _1 nteq rated _Thermal_Actuation.Jvfochanism", Proc. of 
the wr n !t:.EE lMS Sympt)i>h.m1, Boston,  MA, June 201 9,  pp.1 363- 1 366. 8(,,�t 

499.Y.Cu i ,  S.A.Nauroze and M .M.Tentzeris, "Novel 3D-Printed Reconfigurable 
Oriqami Freqm:.n1cv Selective Surfaces with Flexible lnkiet -Printed Conductor 
Traces 1

; ;  Proc. of the ���11 �� �EEE u���s Sy,rnr�f.)�� �urn� Boston ,  MA, June 201 9,  
pp . 1 367-1 370. 

500.V. Palazzi ,  P.Mezzanotte, F.Al imenti , M .M .Tentzeris and L. Rosel l i ,  "M icrofluidics·· 
based 3D-Printed 4x4 Butler Matrix in Coaxial Technology !or /\ppl ications up to 
K:B.a.o.d.'.'.,. Proc. of the 20' H) IEEE n'I.M3 SyrnpZ)$km1, Boston, MA, June 201 9, 
pp . 1 371 -1 374. 

501 .T. -H .Lin ,  S .N .Daskalakis, A.Georg iadis and M.M .Tentzeris, "Achievino Ful lv 
Autonomous. System-on-P ackage __ Desig ns :. An .. Em bedded-on-Package. 5G. 
Enerqy Harvester vvith in 3D Pri n ted Multilayer Flexible PackatJ inq 
S.tt1ic.t.urn.s'.'..,, Proc. of the W'l 9 !EEE IMS Syffipm,h-ffl's, Boston, MA, June 201 9,  
pp . 1 375-1 378. 

502.S.Jeong, T.-H .Lin and M.M .Tentzeris, "Ranoe-AdapUve Impedance Ma.tch ing of 
Wire less.Power. Transfer. Systems .. Usi np__a .�v1 ach i ne _Learn i no .. Stratepy _Baseci .. on 
Neural Networks". Proc. of the 2o·r n IEEE !MS SvmpZ)$lun-� , Boston, MA, June 
201 9,  pp. 1 423- 1 425. 

503.Y.Guan, S.Wang, M .M.Tentzeris and Y.Liu ,  "/\ Microl lu idic Spherical Hel ix 
ModulR Using Liquid Metal .and Additive Manufacturing for Dnm Delivery 
AP.P.l.i.c.atl.o.o.ft, Proc. of the 2rrr n !EEE !MS Syrnp,:>slum, Boston,  MA, June 201 9,  
pp . 1 446-1 449 . 

504.X.He and M .M .Tentzeris, " l nklet.PrintertLan9e_CouplerJor.Antenna 
Systerns", Proc. of the w·r n  !EEE APS Syn-�fK�i, lurn, Atlanta, GA, Ju ly 201 9,  
pp.91 -92. 

505.Y.Cu i ,  W.Su and M.M .Tentzeris, "I\Novel.30.ancUnkiet .Pri nteci..Pressure­
sensing Button-shaped Resonator", Proc. of the 20-r n !EEE APS 
SympoiJs.ffl's , Atlanta, GA, July 201 9, pp.591 -592. 

506.S.Wang, M.Tong , Y.Guan and M.M .Tentzeris, "30 Printed Inverted+ Antenna 
and Temperature Sensor Using Microflu idics Technolooies", Proc. of the wn 
!ETE APS Sympm,lmn, Atlanta, GA, Ju ly 201 9,  pp.599-600. 

507.S .N . Daskalakis, S .D .Assimonis, G.Goussetis, M .M .Tentzeris and 
A.Georg iadis,  "The .Futu re.of. Backscatter.in .Precision.Agricu lture".,, Proc. of 
the :m·r n !EEE APS Syn-�fK�i,lmn, Atlanta, GA, Ju ly 201 9,  pp.647-648. 



EX1047 - Page 437

508.M.Al i ,  A.Watanabe, T.-H .Lin ,  M .Tentzeris, R.Tummala and P.M. Raj ,  "U ltra -. 
VVideband Glass Packaqe- lntegrated Power Dividers for 50 and mm-VVave 
Applications". Proc. of the 2GW IEEE _g),PS Syrnpo:.1sium, Atlanta, GA, Ju ly 201 9, 
pp.863-864. 

509.S .D.Assimonis, S .N . Daskalakis, V. Fusco, M .M .Tentzeris and A.Georgiadis, "H ioh 
Effk;:iency .RF .Energy .Harvester tor. loT.Emtieddecl Sensor.Nodes"� Proc. of 
the �WH� !EEE i\PS Syrnpt)durn, Atlanta, GA, Ju ly 201 9,  pp. 1 1 61 -1 1 62. 

51 0.A.Eid, J .Hester, B.Tehrani and M.Tentzeris, "Flexible W-Band RecWiers for 5O­
Powered __ loT Autonomous_ModuJes",. Proc. of the w·r n !ET:E APS 
Syn1ptsi,h.u1t, Atlanta, GA, July 201 9, pp.1 1 63-1 1 64. 

5 1 1 .A. Eid, J .Hester and M.M.Tentzeris, "AScalable_ H igh -Gain __ and _Larqe-BeamwidH1 
rmn-Wave Harvesting Approach tor 5G-powered loT", Proc. of the ;;.m·r n !EEE 
i\PS Syrript"l:�\urr\ Atlanta, GA, Ju ly 201 9,  pp.1 309- 1 31 2. 

51 2.T. -H .Lin and M.M.Tentzeris, "Printeci.SG .. Recontigurable .. Wireless.Modu les .. Using_ 
Additive Manutacturinq Techniques". Proc. of the zn·r n �EEE APS 
Syffipoi,h.ffl"s , Atlanta, GA, July 201 9, pp.1 705- 1 706. 

51 3.A.O .Adeyeye, A .A.Bahr and M .M.Tentzeris, '.'..3.D. .. .P.ri.o.tgd..2,.45.G.H.z .. Ya.gi::.Ud.a . .lo_Qp 
Antenna Ut i l izino tv11 icroflu idic Channels .and Liqu id Metal" . Proc. of the zn·r n 
!EEE APS Syn1pm,/�uss i Atlanta, GA, Ju ly 201 9,  pp. 1 983-1 984. 

51 4.S.A.Nauroze and M.M .Tentzeris, "hi l ly Inkjet-Prin ted Tu nable Hybrid n-Ripple 
!Vl iura (n--RiM1 Frequency Selective Surfaces". Proc. of the ;;_�o-r n !EEE APS 
Sympm>kms , Atlanta, GA, July 201 9, pp.201 9-2020. 

51 5.S. Daskalakis, A.Georgiadis, G .Goussetis and M .M.Tentzeris, "Low Cost Ambient 
Backscatter for Agricultur�l)\p_p lication�{ ,  Proc. of the 2m £� K�EAt),--!EEE APS 
·1z)�)§t�&�� t::c�nfr§tR�nct:� c�n i-\ntl�nnas anti f-.�rt�t).f§t]&�t§t)n §n \V�r-�� �l�t�s 
t:t:�rnrnun§cf�·Ut)n& {.Af�\tt(:} Syrn�Ji)S�uni�. G ranada, SPAIN,  September 201 9, 
pp.201 . 

51 6.A.O.Adeyeye, J . Hester and M .M .Tentzeris, "Minia.turized tv11 i l l imeter Wave RFID 
Tag. for _SpatiaUdentification. and .. Local ization.Jn.Jnternet of _Things 
Applica.tions" .  Proc. of the ;;.m·r n fam.)p��,.,m !\l�h�rnw.,hi�� V\fod·,, Paris, FRANCE, 
October 201 9,  pp. 1 05- 1 08. 

51 7.S.A.Alotaib i ,  Y.Cui  and M.M .Tentzeris, "Ultn:i.sensitivQ Planar Metamaterials for 
Material Characterization Usino Tapered CSRR with Appl ica.tion to NDT of 3D 
Printed _Structures j j� Proc. of the ��t) •i 9 Euti)f-%�.�§.�n N1 §�:�r-(:n.�v§.�v�� vv����k� Paris, 
FRANCE, October 201 9,  pp.508-51 1 .  

51 8.E .Antonino-Daviu ,  A.Eid, A .Bahr and M.M .Tentzeris, "Flexible Antenna Design 
with Characteristic Modes", Proc. of the 2020 1 4th European Conference on 
Antennas and Propagation (EuCAP) , Copenhagen, DENMARK, March 2020, pp. 

51 9. A. E id ,  J .Hester and M.M .Tentzeris, "A 5.8G Hz Ful ly-Tunnel-Diodes-Based 
20uW, 88mV and 48dB-Gain Ful ly-Passive Backscattering RFID Tag" ,  Proc. of 
the 2020 IEEE International M icrowave Sym posium ( IMS), Virtual/Los Angeles, 
CA, June 2020, pp.607-61 0. 

520. X. He, Y. Fang , A.A.Bahr and M.M .Tentzeris, "RF Systems on Antenna (SoA) : a 
Novel I ntegration Approach Enabled by Additive Manufactu ring", Proc. of the 



EX1047 - Page 438

2020 IEEE International Microwave Symposium ( IMS) , Virtual/Los Angeles, CA, 
June 2020, pp. 1 1 57-1 1 60. 

521 . Y.Cu i ,  S .A.Nauroze, A .Bahr and M.M.Tentzeris, "3D Printed One-Shot 
Deployable Flexible "Kirigami" Die lectric Reflectarray Antenna for mm-Wave 
Appl ications", Proc. of the 2020 IEEE International Microwave Symposium ( IMS) , 
Virtual/Los Angeles, CA, June 2020, pp . 1 1 64-1 1 67.  

522. A.A.Bahr, A.O.Adeyeye, S.Van Rijs and M.M.Tentzeris, "3D-Printed 
Omnidirectional Luneburg Lens Retroreflectors for Low-Cost mm-Wave 
Positioning", Proc. of the 2020 IEEE International Conference on RFID,  October 
2020, pp. 

523. M .Ote, S.Jeong and M .M .Tentzeris, "Foreign Object Detection for Wireless 
Power Transfer Based on Machine Learning", Proc. of the 2020 IEEE Wireless 
Power Transfer Conference (WPTC) , Seoul ,  KOREA, November 2020, 
pp.476-479 . 

524. Y.Cu i ,  S.Van Rijs, A.Bahr and M.M.Tentzeris, "A Novel Fully Inkjet Printed Dual­
Polarization Broadband Tuneable FSS Using Origam i "Eggbox" Structure", Proc. 
of the 2020 50th European M icrowave Conference (EuMC), Virtual/Utrecht, 
NETHERLAN DS, January 2021 , pp.760-763. 

525. A. Papathanasopoulos, Y. Rahmat-Sami i ,  A. Bahr, Y.Cui and M.M.Tentzeris, 
" I ntroducing Inkjet Printing Technology to the Fabrication of Flat-Layered Meta­
Lens Antennas", Proc. of the 2021 USNC-URSI  NRSM Symposium, Boulder, 
CO, January 2021 , pp.49-50. 

526. C.A.Lynch, A.O.Adeyeye, J .G .D . Hester and M .M .Tentzeris, "When a Sing le 
Chip becomes the RFID Reader: An Ultra-low-cost 60 G Hz Reader and mm ID  
System for Ultra-accu rate 2D Microlocal ization" , Proc. of the 2021 IEEE 
International Conference on  RFID (RFID) ,  V IRTUAL, April 2021 . 

527. A.Adeyeye, C .Lynch, X.He,  S .Lee, J .D .Cressler and M.M .Tentzeris, "Fu l ly Inkjet 
Printed 60 G Hz Backscatter 5G RFID Modules for Sensing and Localization in 
I nternet of Things and Digital Twins Appl ications", Proc. of the 2021 IEEE 71 st 
E lectronic Components and Technology Conference (ECTC), VIRTUAL, June 
2021 , pp. 1 1 93-1 1 98. 

528.C.A.Lynch , A. E id ,  Y.Fang and M .M .Tentzeris, " lnkjet-/3D-/4D-Printed "Zero­
Power" Flexible Wearable Wireless Modules for Smart Biomonitoring and 
Pathogen Sensing", Proc. of the 2021 IEEE International Conference on Flexible 
and Printable Sensors and Systems (FLEPS), Manchester, UK, June 2021 , pp. 

529.V. Palazzi ,  P.Mezzanotte, F.Al imenti , M.Tentzeris and L. Rosel l i ,  "Ultra-Low-Cost 
Passive 3D-Printed Vibration Transducers for Condition Monitoring by means of 
Wi reless Chip less Transponders", Proc. of the 2021 I nternational Microwave 
Symposium ( IMS) ,  Atlanta, GA, June 2021 , pp.82-85. 

530.Y.Cu i ,  S.A.Nauroze, A .Bahr and M.M.  Tentzeris, "A Novel Additively 4D Printed 
Origami- inspired Tunable Mu lti- layer Frequency Selective Su rface for mm-Wave 
loT, RF ID, WSN, 5G , and Smart City Appl ications", Proc. of the 2021 
I nternational M icrowave Symposium ( IMS), Atlanta, GA, June 2021 , pp.86-89. 

531 .X .He and M .M .Tentzeris, " In-Package Additively Manufactured Sensors for Bend 
Prediction and Cal ibration of Flexible Phased Arrays and Flexible Hybrid 



EX1047 - Page 439

Electronics", Proc. of the 2021 International M icrowave Sym posium ( IMS), 
Atlanta, GA, June 2021 , pp.327-330. 

532.S.Jeong, J .Hester, A. Bahr and M .M .Tentzeris, "A Machine Learn ing Approach­
based Chipless RFID System for Robust Detection in Real-world 
Implementations", Proc. of the 2021 I nternational Microwave Symposium ( IMS) , 
Atlanta, GA, June 2021 , pp.661 -664. 

533.A. D .Boursianis, M.Salucci ,  S .Kou louridis, A.Georgiadis, M.Tentzeris and 
S. K.Goudos, "Dual-Band Frequency Selective Surface Design Using Harris 
Hawks Optim ization", Proc. of the 2021 1 0th I nternational Conference on 
Modern Circu its and Systems Technolog ies (MOCAST) , Thessaloniki , G REECE, 
July 2021 , 

534.C.A.Lynch , A.O .Adeyeye, A. E id ,  J .G .D . Hester and M.M .Tentzeris, "5G/m m-Wave 
Next Generation RF ID Systems for Futu re loT Appl ications", Proc. of the 2021 
IEEE International Conference on RFID Technology and Applications (RFI D-TA) , 
Delhi ,  IND IA, October 2021 , pp.77-80. 

535.G.D. Durg in ,  M .A.Varner, M.A.Weitnauer, J .Cressler, M.M .Tentzeris, A.Zajic, 
S.Zeinolabedinzadeh, R.Zekavat, K. Pahlavan , U.Guler and K.Van der Merwe, 
"Dig ital Spectrum Twinning and the Role of RFID and Backscatter 
Communications in Spectral Sensing", Proc. of the 2021 IEEE International 
Conference on RF ID Technology and Appl ications (RFID-TA) , Delh i ,  IND IA, 
October 2021 , pp.89-92. 

536.A.Eid, J .G .D . Hester and M.M.Tentzeris, "Solving the Gain/Coverage Problem to 
enable 5G- Powered loT", Procs . of the 2021 Antenna Measurement Techniques 
Association Sym posium (AMTA) , Daytona Beach, FL, October 2021 . 

537.K.Hu ,  X .He and M.M.Tentzeris, "Flexible and Scalable Additively Manufactured 
Antenna Array Tiles for Satel l ite and 5G Applications Using a Novel Rugged 
M icrostrip-to-Microstrip Transition", Procs. IEEE 2021 Antennas and Propagation 
Symposium, S INGAPORE, December 2021 , pp.37-38. 

538.A.O.Adeyeye, C .A.Lynch, M .M.Tentzeris and J . Hester, "24GHz RF ID for 
Orientation Detection and Tracking Appl ications in Hu man Activity Recog nition 
and Motion Capture", Procs. IEEE 2021 Antennas and Propagation Symposium ,  
S INGAPORE, December 2021 , pp. 1 71 -1 72. 

539.M. Holda, Y.Cui ,  A.Nauroze, M .Tentzeris and P.Dahmen, "Pop-Up Card I nspired 
3D-Printed Corner Reflector Antenna - A  Novel Deployable Antenna", Procs. 
IEEE 2021 Antennas and Propagation Symposium,  S INGAPORE, December 
2021 , pp.751 -752. 

540.A.Eid, M .M.Tentzeris, J .Zhu, L.Xu and J . Hester, "UHF Tags Array for 
Holographic Target Local ization and Wireless Health Monitori ng", Procs. IEEE 
2021 Antennas and Propagation Symposium,  S INGAPORE, December 2021 , 
pp . 1 037-1 038. [Best Student Paper Award1 

541 .A.Alreshaid, Y.Cui ,  A.Bahr, M .M .Tentzeris and M .S.Sharawi, "A Mi l l imeter Wave 
Tri -Polarized Patch Antenna with a Bandwidth-Enhancing Parasitic Element", 
Procs. IEEE 2021 Antennas and Propagation Symposium,  S INGAPORE, 
December 2021 , pp. 1 051 -1 052. 
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542.A.Eid, J .Hester and M.M .Tentzeris, "Optimizing Rotman Lens Topolog ies for 5G 
Wi reless Grids", Procs. IEEE 2021 Antennas and Propagation Symposium, 
S INGAPORE, December 2021 , pp. 1 061 -1 062. 

543.C.A.Lynch , A.O .Adeyeye, B.Tehrani and M.M.Tentzeris, "Flexible Passive Smart 
Skin Temperature Sensor for Remote Sensing in Structural Health Monitoring 
Appl ications", Procs. IEEE 2021 Antennas and Propagation Symposium, 
S INGAPORE, December 2021 , pp. 1 1 23-1 1 24.  

544.A.Eid, J .Hester and M.M .Tentzeris, "Extending the Range of 5G Energy 
Transfer: Towards the Wireless Power G rid", Procs. 2022 1 6th European 
Conference on Antennas and Propagation (EuCAP) , Madrid , SPAIN,  March 
2022. 

545.C.A.Lynch, A.O .Adeyeye and M.M.Tentzeris, " "Smart" Packaging of Self­
Identifying and Local izable mmlD for Dig ital Twinning and Metaverse 
Temperature Sensing Appl ications", Procs. of the 2022 I EEE 72nd Electronic 
Components and Technology Conference (ECTC) , San Diego, CA, May 2022, 
pp .87-92. 

546.Y.Zhou , K .Hu ,  M.M .Tentzeris and S.K.Sitaraman, "Mechanical and Ka-Band 
Electrical Rel iabi l ity Testing of Interconnects in 5G Wearable System-on­
Package Desig ns Under Bending", Procs. of the 2022 IEEE 72nd E lectronic 
Components and Technology Conference (ECTC) , San Diego, CA, May 2022, 
pp.91 4-923. 

547.S. D.Assimonis, V. Fusco and M .M.Tentzeris, "Efficient Circular Polarized 
Metamaterial RF Energy Harvester for Wi-Fi Appl ications", Procs.2022 
International Workshop on Antenna Technology (iWAT) ,  Dubl in ,  IRELAND, May 
2022, pp. 1 50-1 52. 

548.C.A.Lynch I l l ,  A.Adeyeye, A. Eid, J . Hester and M.M.Tentzeris, "U ltra-Long-Range 
Dual Rotman Lenses-Based Harmonic mmlD's for 5G/m m-Wave loT 
Appl ications", Procs. of the 2022 IEEE I nternational M icrowave Symposium 
( IMS) ,  Denver, CO, June 2022. 

549.A.Adeyeye, C.Lynch, J .Hester and M.M .Tentzeris, "A Machine Learn ing Enabled 
mmWave RFID for Rotational Sensing in Human Gesture Recog nition and 
Motion Capture Appl ications", Procs. of the 2022 IEEE International Microwave 
Symposium ( IMS) ,  Denver, CO, June 2022. 

550.K.Hu ,  G .Soto-Val le, Y.Cui and M.M .Tentzeris, "Flexible and Scalable Additively 
Manufactured Ti le-Based Phased Arrays for Satel l ite Communication and 5G 
mmWave Appl ications", Procs. of the 2022 I EEE International Microwave 
Symposium ( IMS) ,  Denver, CO, June 2022. 

551 . R .Salvati ,  V. Palazzi , G .Cicion i ,  G.Simoncin i ,  F.Al imenti , M .M.Tentzeris, 
P.Mezzanotte and L. Rosel l i ,  "Zero-Power Wireless Pressure Sensor based on 
Backscatter Harmonic Transponder in a WPT context", Proc. of the 2022 IEEE 
Wireless Power Week (WPW) , Bordeaux, FRANCE, Ju ly 2022, pp. 1 99-202. 

552. K .Hu ,  Y.Zhou,  S.K.Sitaraman and M.M.Tentzeris, "Ful ly Additively Manufactured 
Flexible Dual-Band Slotted Patch Antenna for 5G/mmW Wearable Appl ications" , 
Proc. of the 2022 IEEE International Symposium on Antennas and Propagation 
(APS) ,  Denver, CO, Ju ly 2022, pp.878-879. 
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553. A.Boursianis, M.S. Papadopou lou , S .Koulouridis, A.Georgiadis, M .M .Tentzeris 
and S.Goudos, "Dual-Band Frequency Selective Surface Design Using Artificial 
Hummingbird Algorithm", Proc. of the 2022 IEEE International Symposium on 
Antennas and Propagation (APS) , Denver, CO, July 2022, pp.982-983. 

554. M . Holda, Y.Cu i ,  M .M .Tentzeris, A.Nauroze and P. Dahmen, "A Novel FSS­
Enhanced Pop-Up Card Inspired Corner Reflector Antenna", Proc. of the 2022 
IEEE International Symposium on Antennas and Propagation (APS) ,  Denver, 
CO, Ju ly 2022, pp.1 584- 1 585. 

555. V. Palazzi ,  M.Tentzeris, F.Al imenti , P.Mezzanotte and L. Rosel l i ,  "A Novel 
Additively-Manufactured Pressure Transducer for Zero-Power Wireless 
Sensing", Proc. of the 2022 European Microwave Conference (EuMC),  M i lan, 
ITALY, September 2022, pp.68-71 . 

556.K.Hu ,  Y.Zhou, S .K.Sitaraman and M.M .Tentzeris, "Additively manufactu red 
flexible material characterization and on-demand "smart" packag ing topologies 
for 5G/mmwave wearable applications", Procs. of the 2023 I EEE 73rd Electronic 
Components and Technology Conference (ECTC) , Orlando, FL, May 2023. 

557.A.Eid, N .Rich, A.Hattori , 1 . -T.Chen, J .Hester and M.M.Tentzeris, "Deployable 
Origami Coils for Wireless UAV in-Fl ight Powering", Procs. of the 2023 IEEE 
Wireless Power Technolog ies Conference & Expo (WPTCE) , San Diego, CA, 
June 2023. [Second Best Contribution Award] 

558.L.Smith, C.Lynch, C.A. Kaylor, LA.Campos, L.Cheng , S. Ralph and 
M .M .Tentzeris, "A Converged Optical and mm-Wave Dual-Band Mu lt i-Beam 
Rotman Lens Antenna System Enabling Simpl ified Desig ns of 5G/mmW Base 
Stations and Network Densification", Procs. of the 2023 IEEE International 
Microwave Symposium ( IMS) ,  San Diego, CA, June 2023. 

559.C.A.Lynch I l l ,  G .Soto-Valle, J .Hester and M.M .Tentzeris, "mm lDs Enter the 3rd 

Dimension: A Camera Inspired Broadbeam H igh-Gain Retrodirective Backscatter 
Tag", Procs. of the 2023 IEEE International Microwave Symposium ( IMS),  San 
Diego, CA, June 2023. 

560. 1 .-T.Chen, C.A.Lynch I l l ,  A.Eid, J .G .D . Hester and M.M.Tentzeris, "Rotman-Lens­
Based Reconfigu rable I ntel l igent Surface mmlD with Energy Harvesting 
Capabi l i ty", Procs. of the 2023 IEEE International Microwave Symposium ( IMS) , 
San Diego, CA, June 2023. 

561 .K .Hu ,  T.Call is and M .M .Tentzeris, "Additively Manufactured Flexible On-Package 
Phased Antenna Arrays with I ntegrated Microfluid ic Cool ing 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 I l l ,  G .Soto-Val le, A.Adeyeye, A .Bahr and M.M .Tentzeris, 
"Machine Learn ing-Enhanced Gyro mm I D-Sensor for Virtual Real ity and Motion 
Tracking Appl ications", accepted for presentation to European Microwave Week 
(EuMW) 2023, Berl in ,  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 Structu res Using the Finite Difference Time-Domain Method", Proc. of 
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the 1 994 International Union of Radio Science (URSI)  Symposium, p.277, 
Seattle, WA, June 1 994. 

2 .  K.Goverdhanam, E.Tentzeris and L. P.B .Katehi , "Macromodel ing of Circuit 
Components for High- Frequency Applicat ions", Proc. of the 1 995 URSI  
Symposium, p.361 , Newport Beach, CA, June 1 995. 

3 .  J . -G .Yook, E .Tentzeris and L. P.B .Katehi , "Parallel ization of the Finite Difference 
Time-Domain Code on Shared Memory Machine", Proc. of the 1 996 Progress in 
Electromagnetics Research Symposium (P IERS), p.85, I nnsbruck, AUSTRIA, 
Ju ly 1 996. 

4 .  G .E .Ponchak, E.Tentzeris and L .P.B .Katehi ,  "Fin ite G round Coplanar (FGC) 
Wavegu ide: A Better Transmission Line", Proc. of the 1 998 P IERS Symposium,  
p.86, Nantes, FRANCE, October 1 998. 

5 .  E . M . Tentzer is ,  D . Sta icu lescu ,  N . G . Cafaro and J . Laskar, "Desig n and 
Optim ization of Novel RF Packag ing Structu res Using Multiresolution and 
Statistical Schemes", I nvited Paper in the 2000 P I ERS Sym posium, p.384, 
Boston,  MA, Ju ly 2000. 

6. N .Bushyager, B. McGarvey and E .M.Tentzeris, "Model ing of Photonic Bandgap 
(PBG) Devices Using MRTD Adaptive Schemes", I nvited Paper in the 2000 
P IERS Symposium, p.58, Boston, MA, Ju ly 2000. 

7. D.Staicu lescu , J .Laskar and E .M.Tentzeris, "Fl ip-Chip vs. Wirebond", Pri nted 
Circuit Design Magazine, pp. 1 2- 1 6, June 2002. 

8. M .M.Tentzeris, A.Vyas, V.Lakafosis, T.Le, A.Aida and S .Kim ,  "Conformal 2D/3D 
Wireless Modules Uti l izing Inkjet Printing and Nanotechnology", Cover Story in  
the Microwave Magazine, February 201 2. 

IV.D: PRESENTATIONS (Selected) 
1 .  I nv i ted Presentat ion  i n  theWorkshop :  "Mu l t i reso l u t ion  Techn iques i n  

Electromagnetics" in the 1 998 I E E E  AP-S Conference, Atlanta, GA, June 1 998. 
2 .  Invited Presentation in the Workshop: "Novel Ful l-Wave Techniques for HF 

Circuit Analysis" i n  the  1 999 IEEE IMS (MTT-S) Conference, Anaheim, CA, June 
1 999. 

3 .  Invited Presentation in the Workshop: "Time-Domain Techniques for Radiation 
Problems" in the 1 999 AP-S Conference, Orlando, FL, Ju ly 1 999. 

4 .  Invited Presentation i n  the Short Course: "RF Packag ing State-of-the-Art" in the 
2000 NEPCONWest Conference, Anaheim ,  CA, March 2000. 

5. Invited Presentations in the Workshops : "Novel Techniques for RF Packag ing 
Design" in the 2000 IEEE-CPMT Conference, Las Vegas, NV, May 2000, 2001 
IEEE-C PMT 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. 

6. Invited Presentation in theWorkshop: "Time-Domain Techniques for the Design of 
RF Circu its" in the 2000 IEEE IMS (MTT-S) Conference, Boston, MA, June 2000. 

7 .  Invited Presentations at the National Technical University Athens, Greece in  Ju ly 
2000 ("Wave lets and E l ectro m ag n et ics" )  and Octo ber  200 1 ( " R F  
Packaging :Challenges and Futu re"). 

8. Invited Presentation in the Workshop : "High-Density/Mult i layer RF Interconnects" 
in the 2001 IEEE IMS (MTT-S) Conference, Phoenix, AZ, May 2001 . 
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9 .  Invited Presentation at Tokyo University of Technology, Tokyo, Japan ("RF 
Packag ing Solutions for Wireless Communication Systems") , August 2001 . 

1 0. Yamacraw Invited Speaker at Georg ia Southern University ("Broadband Wi reless 
Access Hardware") , October 2001 . 

1 1 .  Invited Presentation at Ferdinand-Brau n lnstitut, Berl in ,  Germany, ("Mu ltigridd ing 
Approaches for the Model ing and Optim ization of Vertical ly Integrated RF 
Modu les"), Ju ly 2002. 

1 2. Invited Presentation at IMEC Research Center, Leuven, Belg ium,  ("Challenges in 
RF/Wireless Packag ing"), Ju ly 2002. 

1 3. Invited Presentation at Tsinghua University, Beij ing ,  China, ("Novel Solutions for 
RF/Wireless Mult i layer Transceivers") , August 2002. 

1 4. Invited Presentation at the Technical Un iversity of Mu nich , Germany, April 2003. 
1 5. Invited Presentation at University of I l l inois, Urbana Champaign,  IL, April 2003. 
1 6. Invited Presentation in the Workshop: "Concurrent EM, Mechanical and Thermal 

Model ing of RF MEMS" in the 2003 IEEE IMS (MTT-S) Conference, Phi ladelphia, 
PA, June 2003. 

1 7. Invited Presentation in the Workshop: "Active and Integ rated Antennas" in the 
2003 IEEE IMS (MTT-S) Conference, Phi ladelphia, PA, June 2003. 

1 8. Invited Presentation at ASME INTERPACK 2003 Sym posium, Mau i ,  H I ,  Ju ly 
2003. 

1 9 . Invited Presentation to the NEC Headquarters, Kansai , Japan, Aug ust 2003. 
20. Invited Presentation to the National Semiconductor Headquarters, San Jose, CA, 

August 2003. 
21 . Invited Presentation to the Siemens Headquarters, Mu nich , Germany, ("RF/WiFi/ 

mm-wave Modu les:  3D Solutions and Materials") , August 2003. 
22. Invited Presentation at the School of Physics, National University of Athens, 

Greece, ("RF/Wireless I ntegration : Challenges of the Futu re") ,  March 2004. 
23. Invited Panel ist at the 2004 Tl System Hardware Design Symposium and 

Exhibition, Dallas,  TX, May 2004. 
24. Invited Presentation in the Workshop: "Active and Integ rated Antennas" in the 

2004 IEEE IMS (MTT-S) Conference, Fort Worth ,  TX, June 2004. 
25. Invited Presentation at the Electrochemical Society Meeting in Honolu lu ,  H I ,  

October 2004. 
26. I nvited Presentations to National Semiconductor, Motorola, T l ,  I nfineon, S iemens 

in 2005-2006. 
27. Invited Presentation at UCLA WINMEC Conference, LA, CA, ("Ful ly Integrated 

and Packaged RFID's for Health-Related Appl ications") , October 2006. 
28. Invited Presentation at the University of I l l inois, Urbana-Cham paign,  IL, ("3D RF 

Integration and Packag ing Using Conformal Organics") , October 2006. 
29. Invited Presentation to the 3M Research Headquarters, M inneapol is, MN,  

("Paper-Printed RF ID and Wireless Sensors") , November 2006. 
30. Invited Presentation to the AAPA Port Operation , Safety and Information 

Technology Seminar, Jacksonvi l le, FL, ("RFID andWireless Modu les:  Challenges 
for Port-Authority Appl ications") , Apri l 2007. 

31 . Invited Presentation at the Symposium in Honor of Prof. W.J .R . Hoefer, ("State­
of-the-Art of R F/Wi reless Packag ing") ,  Techn ical U nivers ity of M un ich ,  
GERMANY, May 2007. 
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32. Invited External PhD Committee "Challeng ing Mem ber"/ Invited Presentation 
("State-of-the-Art of R F/Wireless Paper-pri nted Electronics") , Mid-Sweden 
University, Sundsval l ,  SWE DEN, May 2007. 

33. Invited Presentation in the Workshop: "RF ID and Printed Electronics" in the 2007 
IEEE IMS (MTT-S) Conference, Honolu lu ,  H I ,  June 2007. 

34. I nv i ted P resentat ion at I E E E  P I M RC2007 ,  At hens ,  G R E E C E ,  ( " R F  
Reconfigurable Ful ly-Packaged Modu les for Telecom, Mu ltimedia and Sensing 
Applications") , September 2007. 

35. Invited Presentation at IEEE Eurasia RF ID ,  Istanbul ,  TURKEY, ("G lobal Item 
Tracking Using RF ID 's") , September 2007. 

36. Invited Presentation at National Technical University of Athens, GREECE,  
("Paper-Based RF Electron ics") , December 2007. 

37. Invited Presentation at Ain Shams Un iversity, Cairo, EGYPT, ("Flexible Wireless 
Sensors") , May 2008. 

38. I nvited Presentation at IEEE COMCAS Meeting, Tel Aviv, ("Paper-based 
Wearable Sensors") , May 2008. 

39. Invited Presentation at Port of Savannah E-Tag Roundtable, Savannah, GA, 
("RFID's in a Global ized Port Environment"), June 2008. 

40. Invited Presentation at MEMSWAVE Conference, l raklion, G REECE, ("Paper: 
The Solution for Ubiqu itous Wireless Sensors?"), Ju ly 2008. 

41 . Invited Presentation at LAAS 50th Anniversary Conference, Tou louse, FRANCE, 
( " I n kje t - P r i nted E l ectro n i cs and Power Scave ng i ng :  The P ath  for 
Environmentally-Friendly Cog nitive Intel l igence") , October 2008. 

42. Invited Presentation at IEEE ISAP Symposium,  Taipei, Taiwan, ("Wearable 
Conformal Wireless Sensor Modu les") , October 2008. 

43. Invited Presentation at USNC/URS I 2009 Meeting, Boulder, CO, January 2009 . 
44. Invited Presentation at IEEE RAWCON 2009 Conference, San Diego, CA, 

January 2009 . 
45. Invited Presentation at the University of Perug ia, Perugia, Italy, March 2009 . 
46. Invited Presentation at Pischiello Research Center, Pischiel lo, Italy, March 2009 . 
47. Invited Presentation at EU Comission , Brussels, Belg ium,  March 2009 . 
48. Invited Presentation at IEEE RFID 2009, Orlando, FL, April 2009. 
49. Invited Presentation at National Semiconductors (NSC) , Norcross, GA, May 

2009 . 

50. Invited Presentation at Dubl in I nstitute of Technology (D IT) , Dubl in ,  I reland , June 
2009 . 

51 . Invited Presentation at Heriott-Watt University, Edinburgh,  June 2009 . 
52. Invited Presentation at IEEE Geoscience and Remote Sensing Conference 2009 

( IGARSS) , Cape Town, Ju ly 2009. 
53. Invited Presentation at University of Galway, Galway, I reland, July 2009. 
54. I nvited Presentation at e-Democracy Conference 2009, Athens, G reece, 

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

2009 . 

56. Invited Presentations at CSI RO/ICT Centre, Sydney, Australia; University of New 
South Wales, Sydney, Austral ia; Macquarie University/I EEE New South Wales 
Section, Sydney, Austral ia; Monash University, Melbourne, Australia, October 
2009 . 
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57. Invited Presentation at the IEEE Sensors 2009 Conference, Christchurch, New 
Zealand, October 2009 . 

58. Invited Presentations at National University of Singapore (N .U .S.) and at IEEE 
RF IT  2009, Singapore, S ingapore, December 2009 . 

59. Invited Presentation at IEEE RAWCON 201 O Conference, New Orleans, LA, 
January 201 0 . 

60. Invited Presentation at NEDO workshop, Hakone, Japan , February 201 0. 
61 . Invited Presentations at the University of Brazi l ia, Un iversity of Sao Paolo, 

University of Campinas in Braz i l ,  March 201 0. 
62. Invited Presentation at the University of Wisconsin ,  Madison, WI, April 201 0. 
63. Invited Presentation at GTR I-SEAL, Smyrna, GA, Apri l 201 0. 
64. Invited Presentation at the IFC-SRC Workshop at M . I .T. ,  Cambridge,  MA, May 

201 0.  
65.  Plenary IEEE DML Presentation at the European Microwave Week 201 1 ,  Paris, 

FRANCE, October 201 0. 
66. I nvited Presentation at the Asian Pacific M icrowave Sympos ium 201 1 ,  

Yokohama, JAPAN, December 201 0. 
67. Invited Presentation at the IEEE RWS Symposium 201 1 , January 201 2. 
68. Invited Presentation at the P IERS 201 1 , Marrakech, MOROCCO, March 201 1 . 
69. Invited IEEE DML Presentation at the Un iversity of Valetta, MALTA, March 201 1 . 
70. Invited Presentation at the European Antennas and Propagation Symposium 

(EuCAP 201 1 ) ,  Apri l 201 1 .  
71 . Invited/Featured Presentation at the URSI  General Assembly 201 1 ,  Istanbu l ,  

TURKEY, August 201 1 . 
72. Invited Presentation at the 8th I DGA Mi l itary Antennas Coference, Washington, 

DC, September 201 1 . 
73. Plenary Talk at the 201 1  IEEE Conference on RF ID and Technical Applications 

(RFID-TA) , Barcelona, SPAIN,  September 201 1 .  
74. Invited Presentation at IEEE MTT Dal las Section , 201 1 . 
75. Invited Presentation at the 201 1 European M icrowave Conference, Manchester, 

UK, October 201 1 .  
76. Invited Presentation at the 201 1  CLASTECH Conference, E l  Segundo, CA, 

October 201 1 .  
77. Invited Presentation at the IEEE Sensors 201 1 , Athlone, IRELAND, October 

201 1 . 
78. Invited DML Presentation at Tyndal l Institute, Cork, I RELAND, November 201 1 . 
79. Invited Presentation at 201 1 IDTEX Conference on Energy Harvesting and 

Wireless Sensor Networks, Boston, MA, November 201 1 . 
80. Invited Presentation at the 201 1  ST Energy Harvesting Counci l ,  Aix-en-Provence, 

FRANCE, December 201 1 .  
81 . Invited DML Talk at the 201 1 IEEE International RF and Microwave Conference 

(RFM 201 1 ), Seremban, MALAYS IA, December 201 1 .  
82. Invited Presentation at the IEEE WiSNet Symposium 201 2, Santa Clara, CA, 

January 201 2. 
83. Keynote talk at the I nternational School on I nternet of Things ( loT) , Aveiro, 

PORTUGAL, January 201 2. 
84. Invited Presentation at the 201 2 Winter Enrichment Program (WE P) 201 2, 

Jeddah, Saudi Arabia, January 201 2. 
85. Invited Presentation at the NSF/SRC/SFI Joint meeting , IRELAN D, March 201 2. 
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86. Keynote Prsesentation at the IEEE APEMC201 2 Conference ("Mi l l imeter-Wave 
and Nanotechnology: The path to "green" electronics?") , S INGAPORE, May 
201 2.  

87.  Plenary Talk at the 201 2  Radio Conference, MAURITI US, September 201 2. 
88. Invited DML Presentation at University of Alberta, Edmonton, CANADA, February 

201 3. 
89. Panelist in  the "Wireless Power" panel in IEEE Wireless Symposium, Beij ing,  

CH INA, April 201 3. 
90. Invited Presentation at the 60th Anniversary NJUST Workshop on RF and 

Microwave/mmW Technolog ies and Appl ications, Nanj ing,  CH INA, September 
201 3. 

9 1 . Plenary Talk at the 201 3  IEEE RFID-TA Conference, Malaysia, September 201 3. 
92. Plenary Talk at the 201 3 PACO Conference, Gardanne/Aix-en-Provence, 

FRANCE, October 201 3. 
93. Invited presentation at IWS201 4 Symposium,  Xi 'an, CH INA, March 201 4 . 
94. Invited presentation at M IKON 201 4 Conference, Gdansk, POLAND, June 201 4. 
95. Invited DML talks in Poland (Krakow, Gdansk, Warsaw), June 201 4. 
96. Invited DML Talks in Indonesia (Jakarta, Yogyakarta and Bal i ) ,  September 201 4. 
97. Invited DML Talks in Peru (Lima, Arequippa, Chiclayo and Puna) , March 201 5. 
98. Invited DMUCRFID-DL talk on Internet of Things, Alexandria, VA, March 201 6 . 
99. Invited Presentation at University of M innesota ECE Col loqu ium,  March 201 6. 

I nvited Presentation at the 201 6 AFRL Workshop on RF Reconfigu rable 
Electronics, Arlington, VA, May 201 6. 

1 00. l nvited Talk at Physics Col loqu ium,  Georg ia Southern Un iversity, Statesboro, 
GA, August 201 6. 

1 01 . Keynote University Speaker at Altair/Georg ia Tech Symposium,  November 201 6. 
1 02. l nvited IEEE MTT-S Webinar Speaker on "3D Printed RF Circu its", March 201 7. 
1 03. l nvited Talks at NTU-MediaTek Workshops 201 7  and 201 8, S INGAPORE, 

January 201 7  and January 201 8. 
1 04. l nvited Talk  at ICNC 201 8  Conference, Maui ,  H I ,  March 201 8. 
1 05. l nvited Talk  at CMOC 201 8  Symposium,  Orange, CT, April 201 8. 
1 06. l nvited Talk at M ITRE Symposium on Additive Manufactu ring of Antennas and 

EM Structures, McLean , VA, April 201 8. 
1 07. l nvited talk at IEEE ETCMOS 201 8  Conference, Whistler, CANADA, May 201 8. 
1 08. I nvited Talk at 201 8 TechConnect World I nnovation Conference, Anaheim, CA, 

May 201 8. 
1 09 . l nvited Tutorial on Inkjet-Printed RFID-Enabled Wi reless Sensors, Ottawa, 

CANADA, August 201 8. 
1 1 0 . lnvited SRC/G RC e-Workshop on Printed RF Elecgtronics, October 201 8. 
1 1 1 . Distingu ished Guest Lecture at AR IA European School of Antennas 201 8, Bei rut, 

LEBANON, October 201 8. 
1 1 2 .Keynote Presentation at the IEEE WiSEE Conference 201 8, Huntsvi l le ,  AL, 

December 201 8. 
1 1 3 . lnvited Talk at ICNC 201 9 Conference, Honolu lu ,  H I ,  March 201 9. 
1 1 4 . lnvited Talk at University of Hawaii ,  Honolu l u ,  H I ,  March 201 9. 
1 1 5 . Invited Talk at the University of Alabama, Tuscaloosa, AL, Apri l 201 9 .  
1 1 6 . Invited Talk at the University o f  Southern Cal iforn ia, LA, April 201 9. 
1 1 7 .Keynote Presentation at the 7th I nternational Sym posium on Deformation 

Characteristics of Geomaterials ( IS-G lasgow 201 9) , Glasgow, UK, June 201 9.  



EX1047 - Page 447

1 1 8 . lnvited Talk at American University of Beirut, Bei rut, LEBANON, September 
201 9. 

1 1 9 . Invited Talk at 201 9  EMN Meeting on Flexible Electronics, Dubrovnik, CROATIA, 
October 201 9. 

1 20. l nvited Talk at the Workshop "Get Started with Flexible Hybrid Electron ics", 
Fraunhofer EM FT, Munich, GERMANY, October 201 9.  

1 21 . l nvited Talk at European School of Antennas-AR IA, Nice, FRANCE, November 
201 9. 

1 22. l nvited Talk  at Fraunhofer IHP, Frankfurt (Oder) , GERMANY, December 201 9. 
1 23. l nvited Talk  at TEDxEmory 2020, February 2020. 
1 24. l nvited Talk  at M IT Horizons Series 2020, June 2020. 
1 25. l nvited IEEE CRFID Distingu ished Lecture, IEEE PES Kerala Chapter, IND IA, 

June 2020. 
1 26.Kevnote Talk at Med iterranean Microwave Sym pos ium (MMS) 2020 , 

MOROCCO, December 2020. 
1 27. l nvited Talk at Virtual Vertical and Topical loT Summit at IEEE Radio and 

Wireless Week - RWW 2021 , USA, January 2021 . 
1 28 .Kevnote Talk at 6th ICREGA 2021 , UAE , February 2021 . 
1 29 . l nvited Talk at IEEE International Conference on Flexible Pri ntable Sensors and 

Systems (FLEPS) 2021 Conference, June 2021 . 
1 30. l nvited Presentation at 32nd Annual E lectron ics Packag ing Sympos ium ,  

Bing hamton Un iversity, NY, USA, September 2021 . 
1 31 . l nvited Presentat ion at IRTG Energy Conversion System Series, F I U ,  

GERMANY, September 2021 . 
1 32. l nvited Presentation at Space Solar Power Workshop, IEEE WiSee 2021 , USA, 

October 2021 . 
1 33. l nvited Lecture at US Government Seminar on Smart Materials and Intel l igent 

Systems (SM IS), The M ITRE Corporation , October 2021 . 
1 34 .Kevnote Speech, I nternational Emerg ing Technolog ies Competition ( I ETC) 

2021 , Universiti Teknology PETRONAS, MALAYS IA, October 2021 . 
1 35 .Kevnote Speaker, SBMO/IEEE International Microwave and Optoelectronics 

Conference ( IMOC 2021 ), BRAZIL, October 2021 . 
1 36. I nvited Lecture at Korean Institute of Electromagnetic Engineering and Science 

(KIEES 2022) Tutorial on Backscattering Commun ication, KOREA, February 
2022. 

1 37. l nvited Lecture at International Workshop on Antenna Technology 2022 (iWAT 
2022), Dubl in ,  IRELAND,  May 2022. 

1 38. Plenarv Speaker. I EEE Spl iTech International Conference on Smart and 
Sustainable Technolog ies 2022, Spl it and Bol , CROATIA, Ju ly 2022. 

1 39 .Kevnote Speaker, International Workhop on Antenna Technolog ies in 
Shenzhen University ( IWAT-SZU 2022), Shenzhen, PR China, July 2022. 

1 40. Plenarv Speaker. EMN Eu rosensors 2022 Conference, Leuven, BELG I UM,  
September 2022. 

1 41 . l nvited Talk  at ICNC 2023 Conference, Honolu lu ,  H I ,  February 2023. 
1 42 .Kevnote Speaker. IEEE 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.L i ,  E .M .Tentzeris and J . Laskar, "Multi band Broadband Planar Wire Antennas for 
Wireless Communication Handheld Terminals", US Patent 6,9 1 7,339 . 
2. M.G .Al len, Y. -K.Yoon , J . -W. Park, Y.-H .Jou ng , F.Cros, I . Papapolymeroy, E .M .Tentzeris 
and B. Pan , "Su rface Micromachined Mi l l imeter-Scale RF System and Method", US 
Patent 7 ,1 96 ,666. 
3. E .Gebara, J .Laskar and E .M.Tentzeris, "Method and system for antenna interference 
cancel lation", US Patent 7 ,366,244, US Patent 7 ,729 ,341 and EP Patent 1 ,687,929. 
4. D. Tho m pso n ,  G .  Wang , N .  D. K i n g s l ey, I .  Papapo l y m e ro u , E . M .  Te ntz e r i s ,  
R. Bai ravasubramanian , G . DeJean and R.L.L i ,  "Mu lt i layer E lectronic Component 
Systems and Methods of Manufactu re", US Patent 7 ,834,808. 
5. E .Gebara, A.J .Kim,  J . Laskar, A.Stel l iga and E .M.Tentzeris, "Method and System for 
Reducing Signal Interference", US Patent 7 ,522,883. 
6. J .S .Lee, P. D.Schmalenberg , A.Aida, R.L. Li and E .M.Tentzeris, "Microwave Antenna" ,  
US Patent 8,325,092. 
7 .  E .Gebara, A.J .Kim, J . Laskar, A.Ste l l iga and E . M.Tentzeris , "Reducing sig nal 
interference", US Patent 8,503,940. 
8. J .S .Lee, P. D .Schmalenberg , A. Aida, R.L. Li and E .M .Tentzeris, "Antenna with tapered 
array", US Patent 8,743,01 6. 
9 .  A. Aida, L.Yang , A.Margomenos and M.Tentzeris, "Three-d imensional array antenna 
on a substrate with enhanced backlobe su ppression for mm-wave automotive 
appl ications", US Patent 8,786,496. 
1 0. S.Georgakopoulos , E .Tentzeris and B.Cook, "Origami folded antennas", US Patent 
9 ,21 4,722. 
1 1 .  M.Tentzeris and B.Cook, « Additively deposited electronic components and methods 
for producing the same », US Patent 9 ,343,233. 
1 2. S.Georgakopoulos and M .Tentzeris, « Misalignment Insensitive Wireless Power 
Transfer » ,  US Patent 9 ,406,435 
1 3. S.Georgakopou los, M .Tentzeris and O.Jonah, « Mu lti-band and broadband wi reless 
power transfer through em bedded geometric configu rations » ,  US Patent 9 ,466,41 8  
1 4. X.Yi , C.Cho, B.Cook, Y.Wang, M.Tentzeris and RT.Leon , « Frequency dou bl ing 
antenna sensor for wireless strain and crack sensing » ,  US Patent 9 ,506,848. 
1 5. H .Griguer, M .M.Tentzeris, M. Drissi ,  « Device for Protecting the Human Body and 
Equipment Against Electromagnetic Radiation », I nternational Patent WO201 8236202. 
1 6. S.Georgakopoulos and M .Tentzeris, « Wi reless power transfer through embedded 
geometric configurations » ,  US Patent 9 ,799,443. 
1 7. J . Hester and E.M .Tentzeris, « Inkjet Printed Flexible Van Atta Array Sensor », US 
Patent 1 0 ,51 1 , 1 00. 
1 8. J. Bito and E .M.Tentzeris, « Hybrid Energy Harvesting Systems and Devices 
Incorporating the Same » ,  US Patent 1 0 ,566 ,844. 
1 9 . 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 , A .Bahr and E.Tentzeris, 
« Th in and flexi ble self-powered v ibration transducer em ploying tr iboelectric 
nanogeneration », US Patent 1 0 ,932,063. 
20. A. E id ,  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 .Tentzer is ,  « System for Sensing Backscatter Tag 
Com munications from Retrodirective Antenna Arrays » ,  US Patent 1 1 ,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 2023. 
• Co-Chair in 201 9 IEEE Antenas and Propagation Conference (AP-S),  Atlanta, 

GA, Ju ly 201 9 .  
• ADCOM Member of IEEE CRFID,  201 7-present. 

Panel Session Organizer and Chair in 201 1  IEEE RFI D-TA Conference, 
Barcelona, SPAIN,  September 201 1 . 
Techn ical Program Chair in 2008 IEEE IMS hold in Atlanta, GA, June 2008. 
Techn ical Program Co-Chair in 2009 ACES Conference hold in Monterey, CA, 
March 2009 . 
Interactive Forum Chair i n  2009 IEEE APS Conference, Charleston, SC, May 
2009 . 
Panel Session Organizer in 201 0 IEEE ECTC Conference, Las Vegas, NV, June 
201 0.  
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 ( IE EE-APS), January 2001 -present. 
Member of the Technical Program Committee (TPC) of the annual IEEE 
Electronic Com ponents 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 Techn ical Program Committee (TPC) of the annual European 
Microwave Conference (EuMC), January 2008-present. 
Member of the I nternational Advisory Comm ittee of 2007 P IERS Conference 
held in Pisa, ITALY, March 2007. 
Member of the I nternational Program Com mittee of annual IASTED International 
woe 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 Comm ittee of 2007 IEEE CEM-TD 
Conference held in Perugia, ITALY, in October 2007. 
Techn ical Program Co-Chair in ARFTG Conference, Atlanta, GA, December 
1 999. 
Vice-Chair of the IEEE Components Packag ing ,  and Manufactu ring Technology 
Society ( I EEE-CPMT) Technical Comm ittee TC1 6 (RF Subcommittee) , January 
2000-2005. 
Chair: Numerous Special/Regu lar Sessions in IEEE IMS, RAWCON, APS , 
APMC and EuMW Conferences 
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Organizer of 20+ Workshops/Short Cou rses in IEEE IMS, APS , EuMW, APMC, 
RWS. 
Founder and organizer of numerous panels and special sessions on mmlD 
(mi l l imeter-wave RFI D's) and mi l l imeter-wave automotive radars. 

V.A.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 Com mittee, 201 0  IEEE RFI D-TA 
Conference, Guangzhou, CH INA, June 201 0. 
Member of the Student Paper Contest Com mittee, 201 1 IEEE RFI D-TA 
Conference, Barcelona, SPAIN,  September 201 1 .  
Member of the Student Paper Contest Committee, 201 2 IEEE RWS Symposium,  
Santa Clara, CA, January 201 2. 
Member of the Steering Committee and the Student Paper Contest Committee, 
1 998 I EEE-AP Conference, Atlanta, GA, June 1 998. 

V.A.3. Editorial/Reviewer Activity 
Member of the Editorial Board, Proceed ings of IEEE ,  201 9-2022 
Guest Editor for the Special Issue of Proceedings of IEEE ("Energy Harvesting 
Systems") to be publ ished in November 201 4. 
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 ("RF ID Architectures") publ ished in May 2009 . 
Associate Editor for the ETRI Journal from May 2009-May 201 0. 
Associate Editor at the ACES Society Newsletter from Apri l 2001 -April 2005. 
Associate Editor at the I nternational Jou rnal of Antennas and Propagation ( IJAP) 
from 1 1  /1 /2006- 1 1 /1 /2007. 
Guest Editor for the Special Issue on RFI D's of the Proceed ings of European 
Microwave Association publ ished in Decem ber 2007. 
Guest Editor for the Special Issue of I nternational Jou rnal of Antennas and 
Propagation ("Conformal Antennas") to be publ ished in December 201 2. 
Guest Editor for I nternational Journal of Numerical Modeling for 2006. 
Member of the NSF Proposal Reviewers' Panels of 5/30-5/31 /00, 5/1 7-5/1 8/01 , 
4/1 5-4/1 6/02, 6/1 5-6/1 6/02, 1 2/1 5-1 2/1 6/03, 1 0/21 -1 0/22/04, 5/1 5-5/1 6/06, 
1 1  /24-1 1  /25/08, 6/7-6/8/1 0, 1 /5- 1 /6/1 2,  3/1 3, 1 0/27-1 0/28/1 4, 1 0/25/1 6, 
3/29-3/30/1 7,  2/20-2/21 /1 8, 5/1 -5/2/1 8,  1 0/23-1 0/24/1 8,  4/1 5-4/1 6/20 
Member of the Proposal Reviewers' Committee for NSERC (Canada) , ISF 
( Israel ) ,  CRDF (U.S .A.) , DFG (Germany) , S ingapore Research Foundation 
(Singapore),  Hong Kong Research Committee (China) , KAUST (Saudi Arabia) , 
State of I ndiana Research Committee (U .S .A.) , State of S.Carol ina Research 
Comm ittee (U .S .A.) ,  EPSRC (U.K. ) ,  ANR (France), Austrian Science Fund-FWF 
(Austria) . 
Reviewer: IEEE Transactions on M icrowave Theory and Techniques (54 papers, 
1 996-present) , IEEE Transactions on Antennas and Propagation (36 papers, 
1 997-present) , The International Jou rnal of Microci rcu its and Electronic 
Packag ing (3 papers, 1 998 present) , IEEE Microwave and Gu ided Wave Letters/ 
Microwave and Wireless Components Letters (39 papers, 1 998-present) , IEEE 
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Transactions on Electromag netic Com patib i l ity (8 papers , 2000-present) , 
I nternational Jou rnal of Numerical Model ing ( 1 2 papers , 2000-present) , 
International Journal of Electronics (2 papers, 2001 -present) , IEEE Transactions 
on Advanced Packag ing (58 papers, 2002-present) , Jou rnal of the Optical 
Society of America (5 papers, 2000-present) , IEEE Transactions on Com ponents 
and Packag ing (6 papers, 2002-present) , I EEE  Transactions on Sig nal 
Processing (3 papers, 2002-present) , IEEE Electron Devices Letters (4 papers, 
2003-present) , IEEE Transactions on Electron Devices (2 papers, 2005-present) , 
International Jou rnal of RF and Microwave Com puter-Aided Engineering (1 O 
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 I, (3 paper, 2004-present) ETR I  Jou rnal ( 1 0  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) , I nternational Journal of M icrowave Science and Technology (1 
paper, 2007-present) , IEEE Microwave Magazine (1 paper, 2007-present) , IEEE/ 
OSA Journal of Lig htwave Technology (2 papers, 2007-present) , IEEE Design 
and Test of Computers (2 papers , 2007-present) , I EEE  Antennas and 
Propagation Magazine (1  paper, 2007-present) , Journal of Electronic Imag ing (1 
paper, 2007-present) . 

V.A.4. Professional Society Activity 
IEEE,  Fel low, (MTT, AP, CPMT Societies) , 201 0-present. 
IEEE CRFID Committee/Council ( IEEE Inter-Society Com mittee on RF ID 
Technolog ies) Founding Member (2008) and Secretary-Treasurer since 201 1 . 
IEEE MTT TC-24 (RFID) Founder-Chai r, 2009-present. 
IEEE MTT TC-25 (Nanotechnology) Founder-Member, 201 0-present. 
IEEE MTT TC-26 (Wireless Power Transfer) Found ing Member, 201 1 -present 
IEEE MTT Representative at the IEEE CRFID Committee, 2009-201 5.  
URS I ,  Member (Comm ission D) ,  1 999-present. 
P IERS, Fellow, 2007-present. 
IEEE MTT-1 5 Committee, Member, 2006-2008. 
IEEE CPMT TC-1 6 Com mittee, Member, 2002-present [Vice-Chair :2003] . 
European M icrowave Association (Eu MA) , Associate Member, 2005-present. 
Techn ical Chamber of Greece, Member, 1 993-present. 
Chairman of the IEEE MTT/AP Atlanta Chapter from 1 /1 /02-1 2/3 1 /02. 
Member of the Board Committee of the IEEE MTT/AP Atlanta Chapter from 
1 999-2002. 

V.A.5. Professional Collaborationsflechnical Advising 
• Northrop, Rockwel l-Col l ins, Raytheon, Motorola, I ntel ,  IBM,  Google, Lockheed, 
National Semiconductors, Kyocera, Asahi ,  NEDO, FHWA, Rogers, Siemens, Lucent, 
H itachi ,  l ntracom , Samsu ng-Techwin ,  ETR I ,  Manheim ,  Port of Savannah, Avery­
Denison , 3M , Excel letron, Infineon , Dimatix, DELL, Microsoft Research Center, Toyota 
TEMA, NASA Glenn/Lewis Center, Qualcomm ,  Eaton Corporation, Samsung, Honeywel l  
• University of Michigan , Ann Arbor, Ml  9/92-5/98 
Graduate Research Assistant (GSRA) with the Radiation Laboratory. 
• Jet Propu lsion Laboratory (J . P.L. ) ,  Pasadena, CA 9/92-6/94 
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Col laborator on Optim ization of Novel Wavegu ide Probes. 
• National Techn ical University of Athens, GREECE 9/90-8/92 
Research Assistant with the Microwaves Laboratory. 

V.B. CAMPUS CONTRIBUTIONS 
Associate Director for RFID and Sensors Research at Georg ia Electronic Design 
Center (GEDC), 8/1 /05-1 2/09 . 
Associate Director for RF Research at Georg ia Tech Packag ing Research Center 
(PRC), 8/1 /03-8/1 /05. 
Chair of ECE Electromagnetics Technical I nterest Group, 201 1 -201 2. 
Member of the ECE RPT Committee, Fall 201 1 . 
Active member of the Georg ia Tech ORS Prog ram,  9/2008-Present. 
Member of the ECE Graduate Recru itment Committee, 9/1 /00-8/3 1 /02. 
Leader of the Novel I ntegration Techniques Su bthrust of the Broadband 
Hardware Access Thrust of the Yamacraw In itiative of the State of Georgia, 
1 /1 /00-8/1 /05.  
Member of the ECE Research Comm ittee, 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 Recru itment Committee, 9/2005-5/2006. 
Member of the ECE Undergraduate Committee, 9/2006-5/2009. 
Member of the ECE Undergraduate Curricu lum Comm ittee, 9/2009-5/201 1 . 
Head of the RF Al l iance of Georg ia Tech Packag ing Research Center (PRC), 
1 /1 /01 -1 2/31 /06. 
Member of Georg ia Tech Broadband Institute (GTB I) ,  9/1 /99-5/2004. 
Member of M .Sc. Thesis (21 ), Ph.D .  Qualifying Exam (1 9) , Ph .D .  Thesis 
Proposal (62) and Ph .D .  Thesis Defense (65) Comm ittees 

VI. EXPERT WITNESS/LITIGATION EXPERIENCE 

• LG vs . NFCT I PR: 201 4 [Fish & Richardson P.C.] I 2 patents (all claims 
accepted by /PTO) 

• HTC vs . NFCT I PR :  201 4-201 5 [Perkins Coie LLP] ; deposed on 4/30/1 5,  5/1 /1 5 ,  
9/30/1 5 and 11  /1 9/1 5 / 2 patents (all claims accepted by /PTO) 

• H ID  vs. Morphotrust: 201 7-201 8 [Finnegan] ; deposed on 5/25/1 8 / 4 IPRs {ill1 
claims accepted by /PTO) 

• Decurtis vs Carnival Cru ises : 2021 [Quinn Emmanuel] ; deposed on 1 0/25/21 
• 5 Additional IPR Cases 
• References : Ai Bing (Perkins Coie) ,  Miguel Bam bach (Perkins Coie), Won Yoon 

(Fish & Richardson), David Seastrunk (Finnegan) , Patrick Schmidt (Quinn 
Emmanuel) 
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PTO/SB/57 (01 - 1 8) 
Approved for use through 1 1 /30/2024. 0MB 0651 -0064 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1 995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number 

(Also referred to as FORM PTO-1 465) 
REQUEST FOR EX PARTE REEXAMINATION TRANSMITTAL FORM 

Address to: 
Mai l  Stop Ex Parle Reexam 
Commissioner for Patents 
P.O. Box 1 450 
Alexandria, VA 2231 3-1 450 

Attorney Docket No. : SKAD002 

Date : October 1 2 , 2023 

1 .  00 This is a request for ex parle reexamination pursuant to 37 CFR 1 .51  0 of patent number 11,349 ,200 

issued May 31, 2022 . The request is made by: 
D patent owner. [ii third party requester. 

2. 00 The name and address of the person requesting reexamination is :  
Unified Patents, LLC 
4445 Willard Avenue, Suite 600 
Chevy Chase, Maryland 208 1 5 

3. Requester D asserts small entity status (37 CFR 1 .27) or D certifies micro entity status (37 CFR 1 .29) . Only 
a patent owner requester can certify micro entity status. Form PTO/SB/1 SA or B must be attached to certify 
micro entity status. 

4.  This request is accompan ied by payment of the reexamination fee as set forth i n :  
00 37  CFR 1 .20(c)(2) ; o r  
D 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. D A check in the amount of $ _______ is enclosed to cover the reexamination fee ;  
b .  00 The Di rector i s  hereby authorized to  charge the reexamination fee 

to Deposit Accou nt No .  _5_0_-_6_9_9_0 _____ _ 
c. D Payment by credit card . Form PTO-2038 is attached ; or 
d .  D Payment made via EFS-Web. 

00 In addition ,  the Di rector is hereby authorized to charge any fee deficiencies to 

Deposit Account No. _5_0_-_6_9_9_0 _____ _ 

5. 00 Any refund should be made by D check or [!] credit to Deposit Account No ._5_O_-_6_9_9_O ___ _ 
37 CFR 1 .26(c). If payment is made by credit card , refund must be to credit card account. 

6 .  00 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 .51  0(b)(4). 

7. 00 CD-ROM or CD-R in dupl icate, 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 0MB Control 
Number. The 0MB Control Number for this information collection is 0651 -0064. Public burden for this form is estimated to average 1 8  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 regard ing 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 1 450, Alexandria, VA 22313-1 450 or email 
lnformationCollection@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 .0. Box 1 450, Alexandria, VA 2231 3-1450. 

ff you need assistance in completing the form, ca/1 1-800-PTO-9 199 and select option 2. 
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PTO/SB/57 (01 -1 8) 
Approved for use through 1 1 /30/2024. 0MB 0651 -0064 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Pa erwork Reduction Act of 1 995, no ersons are re uired to res ond to a collection of information unless it dis la s a valid 0MB control number. 

8. D Nucleotide and/or Amino Acid Sequence Submission 
If applicable, items a. - c. are required. 
a. D Computer Readable Form (CRF) 
b. Specification Sequence Listing on :  

D CD-ROM (2 copies) or CD-R (2 copies) or 
i i .  D paper 

c. D Statements verifying identity of above copies. 

9 .  00 A copy of any d isclaimer, certificate of correction or reexamination certificate issued in the patent is i ncluded . 

1 0 . 00 Reexamination of claim(s) _1_1_-_1_2 ______________________ is requested. 

1 1 .  00 A copy of every patent or printed publ ication relied upon is submitted herewith including a listing thereof on 
Form PTO/SB/08,  PTO-1 449, or equ ivalent. 

1 2 .  00 An Engl ish language translation of al l  necessary and perti nent non-Engl ish language patents and/or printed 
publ ications is attached . 

1 3 . 00 The attached detailed request i ncludes at least the following items: 
a. A statement identifying each substantial new question of patentabil ity based on prior patents and printed 

publ icat ions. 37 CFR 1 .51  0(b)(1 ) .  
b .  A n  identification o f  every claim for which reexamination i s  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 .51 0(b)(2). 

1 4 . D A proposed amendment is included (on ly where the patent owner is the requester) .  37 CFR 1 .51  0(e) . 

1 5 . 00 It is certified that the statutory estoppel provisions of 35 U .S .C .  31 5(e)(1 ) or 35 U .S .C .  325(e)(1 ) do not 
proh ib it requester from fi l ing this ex patie reexamination request. 37 CFR 1 .51  0(b)(6). 

1 6 . Service 
a. 00 It is certified that a copy of this request (if filed by other than the patent owner) has been served in its 

enti rety 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. D A dupl icate 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 of  3] 
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PTO/SB/57 (01 -1 8) 
Approved for use through 1 1 /30/2024. 0MB 0651 -0064 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1 995 no persons are required to respond to a collection of information unless it displays a valid 0MB control number 

1 7 . Correspondence Address: Direct all commun ication about the reexamination to: 

D The address associated with Customer Number: I I 
OR 

00 Firm or Ind ividual Name C h ristopher J .  Cou lson 
(at the  address identified below) 

Address 

Skadden ,  Arps, Slate , Meagher & Flom LLP,  One Manhattan West, 30th Floor 
City State Zip 

New York New York 1 000 1 
Country 

Un ited States 
Telephone 

I �h
a
�is .cou lson@skadden .com 21 2-735-3000 

1 8 . 00 The patent i s  currently the  subject of  the  fol lowing concurrent proceeding(s) : 

a .  D Copending reissue Application No.  

b .  D Copending reexamination Control No .  

C. D Copending I nterference No. 

d. 00 Copending litigation styled : 
Fractus, S.A. v. ADT LLC d/b/a ADT Security Services, No. 2:22-cv-0041 2 (E.D. Tex. filed Oct. 21 , 2022) 

Fractus, S.A. v. Vivint, Inc., No. 2:22-cv-0041 3 (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. Cou lson/ Octo ber 1 2 , 2023 
Authorized Signature Date 

C h ristopher J .  Cou lson 6 1 , 77 1  
Typed/Printed Name Registration No.  

D For Patent Owner Requester [ii For Third Party Requester 

[Page 3 of 3] 
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Privacy Act Statement 

The Privacy Act of 1 97 4 (P .L .  93-579) requires that you be g iven certain information in connection with your submission 
of the attached form related to a patent appl ication 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 al l  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, avai lable in 
the Federal Reg ister at 78 FR 1 9243 (March 29, 201 3) .  https://www.govinfo.gov/content/pkg/FR-201 3-03-29/ 
pdf/201 3-07341 .pdf 

Routine uses of the information in this record may include d isclosure to: 1 )  law enforcement, in the event that the 
system of records ind icates 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 (FO IA) requires d isclosure of the 
record ; 5) a Member of Congress submitting a request involving an ind ividual to whom the record pertains, when the 
ind ividual has requested the Member's assistance with respect to the subject matter of the record ; 6) a court, 
mag istrate, or admin istrative tribunal ,  in the course of presenting evidence, including d isclosures to opposing counsel in 
the course of settlement negotiations; 7) the Admin istrator, General Services Admin istration (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 regu lations and any other relevant (i .e . ,  GSA or Commerce) directive , where such d isclosure shal l  not be used to 
make determinations about individuals; 8) another federal agency for purposes of National Security review (35 U .S.C.  
1 81 )  and for review pursuant to the Atomic Energy Act (42 U.S.C.  21 8(c)) ; 9)  the Office of Personnel Management 
(OPM) for personnel research purposes; and 9) the Office of Management and Budget (0MB) for legislative 
coord ination 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 proceed ings, abandonment of the appl ication ,  and/or expiration of 
the patent. 

Additional Uses 

Add itional US PTO uses of the information in th is record may include d isclosure to: 1 )  the International Bureau of the 
World Intellectual Property Organization ,  if the record is related to an international appl ication filed under the Patent 
Cooperation Treaty; 2) the public i) after publ ication of the appl ication pursuant to 35 U .S.C.  1 22(b) , ii) after issuance of 
a patent pursuant to 35 U .S.C.  1 5 1 ,  iii) if the record was filed in an appl ication which became abandoned or in wh ich the 
proceed ings were terminated and wh ich appl ication is referenced by either a published application ,  an appl ication 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 . 1 4(a) (1)(v)-(vi i) ;  and/or 3) the National Archives and Records Admin istration ,  
for inspection of records. 
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Manos Declaration 
Request for Reexamination of U.S .  Patent 1 1 ,349,200 

I. BACKGROUND AND QUALIFICATIONS 

1 .  My name is Manos M. Tentzeri s, and I am over 2 1  years of age and 

otherwise competent to make thi s 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 thi s 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. 1 1 ,349,200 ("the '200 Patent"), 

challenging claims 1 1 - 12 .  My compensation in this matter is not based on the substance 

of my opinions or on the outcome of thi s 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 

thi s matter' s  outcome. 

3 .  Between 1991  and 1 992, I was a research assi stant 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 1 992. 

4. From 1992 to 1 998, 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 1 998.  

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 20 16, a title I have held since then. Also in 20 16, 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 ofECE, Georgia Tech. Also, I have served as the Georgia Electronic 

Design Center Associate Director for RFID/Sensors research from 2006-20 10 and as the 
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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, I have more than 30 years of industry and 

academic experience. I 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, I have received a variety of awards .  I am a Fellow 

of IEEE, a member of the MTT- 1 5  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 20 16-2022 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: 

(a) IEEE fellow - a distinction reserved for select IEEE members whose 
extraordinary accomplishments in any of the IEEE fields of interest are deemed fitting of 
thi s prestigious grade elevation. IEEE, About the IEEE Fellow Program, 
http ://www.ieee.org/membership/fellows/. 

(b) 202 1 IEEE Antennas and Propagation Symposium (APS) Best Student 
Paper Award ( co-authored) 

(c) 20 19  Humboldt Research Prize 

(d) 20 19  IEEE Antennas and Propagation (APS) Conference Co-Chair 

(e) 20 1 8  Intel IEEE ECTC 201 8  Best Student Paper Award 

(f) 20 1 5-present IEEE CRFID Distinguished Lecturer 
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(g) 20 10-20 12 IEEE MTT-S Distinguished Microwave Lecturer 

(h) 20 17  Georgia Tech Outstanding Achievement in Research Program 
Development Award 

(i) 20 17  Archimedes IP Salon Gold Medal 

G) 20 16  Bell Labs Prize Third Award 

(k) 20 1 5  IET Microwaves, Antennas and Propagation Premium Award 

(1) 20 14 Georgia Tech ECE Distinguished Faculty Achievement Award 

(m) 20 14 IEEE RFID-TA Best Student Paper Award 

(n) 20 13  IET Microwaves, Antennas and Propagation Premium Award 

(o) 20 12 Finland Distinguished Professor (Fi .Di .Pro.) Award 

(p) 20 12 Architecture Award of Excellence, Architecture World Summit 

(q) 20 10  IEEE Antennas and Propagation Society Piergiorgio L. E. Uslenghi 
Letters Prize Paper Award 

(r) 20 10  Georgia Tech Senior Faculty Outstanding Undergraduate Research 
Mentor Award 

(s) 2009 IEEE Transactions on Components and Packaging Technologies 
Best Paper Award 

(t) 2009 IEEE Antennas and Propagation Symposium (APS) Second Best 
Student Paper Award 

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

(v) 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 
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Award 

Award 

(z) 

(aa) 

(bb) 

(cc) 

(dd) 

2006 IEEE-MTT Outstanding Young Engineer Award 

2004 IEEE Transactions on Advanced Packaging Commendable Paper 

2003 NASA Godfrey "Art" Anzic Collaborative Distinguished Publication 

2003 IBC International Educator of the Year Award 

2003 IEEE-CPMT Outstanding Young Engineer Award 

(ee) 2002 International Conference on Microwave and Millimeter-Wave 
Technology Best Paper Award (Beij ing, China) 

(ff) 2002 Georgia Tech-ECE Outstanding Junior Faculty Award 

(gg) 200 1 ACES Conference Best Student Paper Award 

(hh) 2000 NSF CAREER Award 

(ii) 1999 Technical Program Co-Chair of the 54th ARFTG Conference, 
Atlanta, GA 

Gj)  1997 Best Paper Award, International Hybrid Microelectronics and 
Packaging Society 

(kk) 1989 Papastavridios Greek Mathematics Excellence Fellowship 

(11) 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 j ournal 

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 .  I am 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 publi shed applications i s  included in my curriculum vitae. 

1 1 .  In addition to gaining expertise via my academic training, professional 

experiences, and research accompli shments described above, I 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. I have 

served as an editor for various j ournals 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 POSIT A 

1 3 .  As part of my work in forming my opinions in connection with thi s 

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 subj ect 

matter of thi s 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 

at the 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. 1 00 1  U. S .  Patent No. 1 1 ,349,200 (" '200 Patent") 

Ex. 1 002 File History (U.S .  Patent Application No. 17/246, 1 92) of U. S .  Patent No. 

1 1 ,349,200 

Ex. 1 003 Excerpt of File History (U. S .  Patent Application No. 1 1 /614,429) of U. S .  

Patent No. 8,73 8, 103 

Ex. 1 004 U.S .  Provisional Patent Application No. 60/856,4 10  

Ex. 1 005 U.S .  Provisional Patent Application No. 60/83 1 ,544 

Ex. 1 006 (intentionally omitted) 
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Exhibit Description 

Ex. 1 007 (intentionally omitted) 

Ex. 1 008 (intentionally omitted) 

Ex. 1 009 (intentionally omitted) 

Ex. 1 0 1 0  (intentionally omitted) 

Ex. 1 0 1 1 U. S .  Patent Publication No. 2004/0 137950 to Bolin, et al . ("Bolin") 

Ex. 1 0 12  U.K. Patent Publication No. GB24 16625 to Langley, et al . ("Langley") 

Ex. 1 0 1 3  European Patent Publication No. EP 1294049 to Ollikainen, et al . 

("Ollikainen") 

Ex. 1 0 14  U.S .  Patent Publication No. 2004/005 1 669 to Rutfors, e t  al . ("Rutfors") 

Ex. 1 0 1 5  Ang, et al . ,  Compact Internal Quad-Band Antenna for Mobile Phones, 

Microwave and Optical Technology Letters, Vol . 38, No. 3 (Aug. 5, 2003) .  

Ex. 1 0 1 6  ETSI TS 1 36  104 V8 .8 .0  (20 10-02) Technical Specification 

Ex. 1 0 1 7  Rohde & Schwarz, LTE Release 9, Technology Introduction White Paper, 

1MA191  

Ex. AA Claim Chart comparing the combination of Bolin and Langley to claims 

1 1 -12 (Ground 1 )  

Ex. BB Claim Chart comparing the combination of Bolin, Langley and Rutfors to 

claims 1 1 -12 (Ground 2) 

Ex. CC Claim Chart comparing the combination of Ollikainen, Bolin and Langley 

to claims 1 1 - 12  (Ground 3) 

II. LEGAL FRAMEWORK 

A. Obviousness 

14 .  I am a technical expert and, as  I 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 analysi s and arriving at my technical opinions in thi s matter. 

i General Framework 

1 5 .  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 subj ect 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, j ournal articles, 

conference papers, industry standards, product literature and documentation, texts 

describing competitive technologies, requests for comment publi shed 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 "PHO SITA," "POSIT A," or "POSA") at the time of the alleged invention. I am 

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. 

ii Analogous Art 

1 8 .  I am informed that for a prior art reference to be  proper for use i n  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. I believe 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. I am informed that the test for obviousness is not 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 

Unified Ex. 1009 Page 1 1  



EX1047 - Page 469

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. 

2 1 .  I also am informed that in conducting an obviousness analysi s, a precise 

teaching directed to the specific subj ect 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 thi s 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 . I am 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 di scourage 

investigation into the invention claimed. Further, a person of skill will often appreciate 

that different courses of action frequently have simultaneous advantages and 

di sadvantages, 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 unsati sfied 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) prai se 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 establi shment 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 consi stent with the specification." 

29. For purposes of thi s proceeding, I have applied the claim constructions set 

forth in the claim construction section of the Request that thi s 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 "POSIT A"). I have been instructed to assume that the time of the 

claimed invention of the '200 Patent is July 1 8, 2006. I have also been asked to provide 

my opinion on the assumption that the time of the claimed invention is July 1 8, 2006 

(which I understand is the earliest claimed priority date of the '200 Patent) . 

3 1 .  In determining the characteri stics of a POSIT A, 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 1 8, 2006 : 

( 1 )  an undergraduate degree in electrical engineering or closely related field, or similar 

advanced post-graduate education in thi s 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. 

3 3 .  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 POSIT A 

Additionally, I met at least these minimum qualifications at least as of July 1 8, 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 POSIT A 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 POSIT A during the relevant time 

frame, as I 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 1 1 - 12  in Exhibits AA 

through CC, and I agree with Requester that each of claims 1 1 - 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. 
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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 thi s analysis as "complexity factors" F2 1 and F32, antennas were disclosed in 

the prior art that exceed the complexity factor thresholds for F2 1 and F32 when those 

factors are calculated based on the method provided by the '200 Patent. 

36 .  Claims 1 1 - 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 1 1 - 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 III.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 POSIT A 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 :29-3 8 .  

3 9 .  The '200 Patent coins two terms i n  order to parameterize the level of 

complexity of antennas. Id. at 16 :64- 1 7 :4 .  The two terms that the applicant created are 

the complexity factors F2 1 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 level s of scale." 

Id. at 16 :67- 17 :4 .  The '200 Patent presents a method of calculating these complexity 

factors F2 1 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 F2 l 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 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 proj ection 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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4 1 .  I note that, although claim 1 1  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 li sted 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 3 G  and other advanced 

services such as for instance HSDP A, 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- 1 1  GHz and some of its sub-regions such as for instance 2-1 1 GHz, 3-

1 0  GHz, 2 .4-2 . 5  GHz and 5-6 GHz or some other bands) ." Ex. 1 001  at 25 : 1 4-23 . As I 

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 thi s 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 32:42-3 3 : 3 .  The '200 Patent asserts that the complexity factors F2 1 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." Id. at 32 :66-3 3 : 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. 1 001  at 17 : 5-20:  17, 29:45-

32 :26, 33 :65-35 :44 and Figs. 3-4, 6A-12A, 13A- 1 8 .  

44. Briefly, i n  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 proj ect the largest-area side of that box into two 

dimensions, as shown in Figure 3 of the '200 Patent. Ex. 1 00 1  at 7 :  1 0-1 1 ,  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. 100 1  at 14 :21 -30 .  

soo 

FlG. 3  

' 200 Patent at Figure 3 .  

4 5 .  The antenna contour i s  the perimeter (i .e . ,  outline or edge) of all of the 

antenna elements that fall within the antenna box 3 5 1 .  Ex. 100 1  at 1 5 :  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 3 5 1  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. 1 00 1  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. Id, 17 :49-5 1 .  The cells that make up the grid should be as 

square as possible. See the below excerpt of Figure 1 3B of the '200 Patent, showing the 

medium grid (with nine cells across the width of the grid) drawn on an example antenna. 

Ex. 1 00 1  at 8 :  1 -9. 

..... , ... ,, ... , ,  y , ... ,,.. ......  ,.,., ... ' - ·::- ' . 

< 

. , 
.. . , ... -.,v .. � .v·• _ .• :: .-· • ·"'-·:·"··-.. ,-. . .  -.,f ... . -..,_ · · . _ ,, . .,..( . ·•

·
· . .  

'200 Patent, Figure 13B (except) 

48 .  Four cells of thi s 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 :  

lcg(NbJ- logt,Jv'1 ) 
log(1 /2 ) 

Ex. 1 00 1  at 19 : 3 -20: 17 .  

49 .  In these equations, NI ,  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 1 3B, the top row of the antenna rectangle counts five 

cells out of nine. NI is for the coarsest grid, N2 is for the original grid with nine columns, 

and N3 represents the finest grid. 

50 .  In essence, 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 F2 1 and F32 claimed by Claim 1 1  of 

the '200 Patent. 

5 1 .  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 li sted 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 sati sfies the complexity-factor elements of claims 1 1 - 12  of the '200 

Patent. 

ii 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. 1 001  at 1 :29-3 8 .  

5 3 .  As of 2006, 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, 

3 GPP TS (Technical Specification) Version 8 .8 .0  of Release 8, dated February 20 10, 

indicates frequency ranges including 900 MHZ (e.g. , 880-9 1 5  MHz) and between 1 805 

MHz - 2400 MHz inclusive, and additional frequencies. Ex. 1 0 1 6  at 13 - 14 .  I obtained 

Exhibit 1 0 1 6  from the ETSI website etsi .org. Specifically, I downloaded Exhibit 1 0 1 6  

from the URL 

https ://www.etsi .org/deliver/etsi_ts/1 36 l 00 _ 1 36 199/1 36104/08 .08 .00 _ 60/ts _ 1 36  l 04v080 

080p.pdf. 

5 5 .  And as another example, a white paper discussing 3GPP Release 9 (201 1 )  

also lists 4G frequency ranges including 900 MHZ (e.g. , 880-9 1 5  MHz) and between 

1 805 - 2400 MHz ( 1 . 8  - 2.4 GHz) inclusive, and additional frequencies. Ex. 1 0 1 7  at 32-

3 3 .  

5 6 .  I obtained Exhibit 1 0 1 7  by  downloading i t  from the website 

https ://www.rohde-schwarz.com/us/applications/lte-release-9-technology-introduction­

white-paper-white-paper _ 230854-1 554 1 .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. 

58. The problem purportedly solved by the '200 Patent, the need for antennas 

systems with both a small form factor and multi-band capability, (Ex. 1 00 1 ,  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. 10 14  (Ang) at 2 17  

(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), GSM1 800 ( 17 10  MHz - 1 880 MHz), and 

PCS 1900 (1 859 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 l GHz." Id. 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 [00 17] - [001 8], 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. 

6 1 .  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." Id. 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], [00 10], [00 19] .  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 [00 19] -

[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 [002 1 ], [0023] - [0024] . 

The parasitic element provides good isolation between the closely-spaced antennas which 

allows each antenna to provide good wireless performance. Id. at [0032] . 

64. As Bolin 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 :6 1 - 1 3 :4, 14 : 6 1 - 1 5 : 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: 1 2- 1 3 .  As Langley explains, the need for a compact, 

efficient multi-band antenna was well-known and well-understood. Langley at 2 :2 1 -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 o(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. Id. Bolin identifies 

as a solution the implementation of multiple antennas located near to each other, 

preferably at the "top of the telephone." Id. Bolin explains that it is important to get 

"good isolation" between these closely-spaced antennas. Id. 

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 obj ect 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." Id. at [0006] . 

7 1 .  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 PIF A, however folded a little bit to fit the small space 

available." Bolin at [00 19] - [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." Id. at [002 1 ] .  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 thi s 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 di stance between the antennas." Id. at [0032]. 

73 . The antenna system of Bolin i s  illustrated in Figure 1 :  
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Fig 1 

Bolin at Figure 1 .  

74. The main antenna (item 2) i s  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 [00 19] .  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. Id. at [0023 ] .  

7 5 .  As Bolin explains, the two-antenna system is i n  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 (1 1) .  See Figure 

3 ofBolin: 

{Antenna 
connector) 

9 
{Antenna 
carrier) 

Bolin at Figure 3 

10  
(Primary 
side of 

telephone) 

76. See also Figure 4 of Bolin, which shows the antenna system unfolded: 
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1 
(Antenna 
system 

(unfolded)) 

1 1  
(Antenna 

connector} 
12 

(P�10 
pins) 

Bolin at Figure 4 

� 
10 

(Primary 
side o1 

terophone) 

{Antenna 
carrier) 

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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1 
(Antenna sys. tern / 

(unfolded)) 

1 1  
{Antenna 

connector) 

Bolin at Figure 5 .  

1 3  
(PCB) 

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 i s  connected. The annotated diagram below illustrates thi s 

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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f�¾·J�) 
iliii'$) 

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. 

8 1 .  For example, Figures 9- 1 0  of Bolin, which are each alternative 

embodiments of its antenna system, are reproduced below: 
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Fig 9 

Fig 10 

Bolin Figures 9- 10  

82 .  A POSITA would have understood Bolin to  be 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. 1 001  at 1 :29-3 8 .  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. 

1 00 1 ,  3 :28-3 3 ,  5 : 1 -26. Bolin recognizes thi s 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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ii Overview o(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- 1 3 .  As Langley explains, the need for a compact, 

efficient multi-band antenna was well-known and well-understood. Langley at 2 :2 1 -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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85 .  The first example antenna of Langley (shown in Figures 1 -2 above) covers 

six commercially-useful frequency bands :  

[ System ! Frequency Band i 

--------+·····•
• 
. . .. . ..................... ___ '"""' 

[ UMTS ! 1 920 ... 2 1 70 MHz 
______ _,3 � 
I Bluetooth l 240{

i 
.... 2483.5 tv1Hz l 

,�. -.H,-,.-. --�-,�---1-1�--+l-- . .  
j 

:.· .. ,,pe , H:.in ,.L. l 5'1 50� 5725 MHz l 
......... 1 ...... .

.
.._ ... "'-'-'-"''-'-'-'-'-'-"'-'-"-'-'-'-"-= � 

Langley at 8 : 12- 1 3 .  

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 - l 0dB" Langley at 8 :  14-16 .  Generally, as a POSIT A 

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 thi s 1 0  decibel threshold.  

87. Langley summarizes the frequency bands covered by the antenna of 

example 1 as follows: 

i Frequency band (MHz:) l Bandwidth ! System Covered i 
� '"· • . . .  ''-.V ""'""· . .  V ·'-'-'-'-'-'-'-'-'-'-'-.'-'-'-'-'-'-'-'-'-'-'-'-'-'- ; 

� •: 

�.::�� .. ::: .. :.�.: .......... ____ -------...i_e_s tv1 Hz j GSr-11900 • •  
] 1 530 = 2590 i i Ooo f'>AHz ! ocsrnoO 

I I UMTS 
l 

I Bh..mtcmth 
i DE�·�· · · · · .................... . ...... . ..... i 

H1perla11 ·1 
Hiperlan 2 

Langley at p .8  (bottom). 

Unified Ex. 1009 Page 35 



EX1047 - Page 493

88 .  As shown in the two tables disclosed by Langley, above, Langley 

discloses that its antenna invention covers frequencies including 1 920-2 170 Mhz, 2400-

2483 . 5 MHz and 5 1 50-5725 .  

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, 1 800MHz, 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, 1 920-2 170 Mhz, 2400-

2483 . 5 MHz and 5 1 50-5725 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. 

9 1 .  I note that, even if a POSIT A were to apply 4G communications standards 

as set forth in 3 GPP Release 8 or later that includes the frequency ranges of 900 MHZ 

(e.g., 880-9 1 5  Mhz) and between 1 805 - 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 POSIT A 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 POSIT A 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 I 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 :2 1 -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 1 3  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: " 1 9 .  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, 

1 800MHz, 2000MHz, 2400MHz and 5400MHz." Langley at 1 3 : 14-20.  

95 .  Langley provides a graphical representation of the return loss for the 

antenna of Example 1 as follows (the - l0db line has been annotated with the box) : 
- ----.. ••n•••••• .... """'\ 

____ .... •w .... . . . . .... . . . .  I 

���-(JI;,;, ,,/ .... 1 

Fig, 4 

Langley at Figure 4 .  

96 .  Langley provides a second example of its invention as  shown with 

dimensions of the conductive elements in Figure 1 3 .  "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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15  

·11 

Fig. 13  

Langley at Figure 1 3 .  

97. As illustrated b y  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. 

,---- ; ·  -- ,  
i,� :,4 is 

·1 5 1 

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 ." Id. at 10 : 8- 10 .  

1 00.  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. 100 1  at 1 :29-3 8 .  

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- 1 3 .  

1 0 1 .  Also, Langley i s  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. 1 00 1 ,  3 :28-33 ,  5 :  1 -26. Langley recognizes thi s problem, and 

provides the solution of a compact antenna system that offers good wireless performance 

in multiple wireless bands. Langley at 2 :2 1 -26, 3 :4- 17, 4 :29-7, 8 : 8- 1 3 .  

iii Motivation to Combine Bolin and Langley 

1 02.  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 :2 1 -22. A POSIT A 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 PO SITA 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 
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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. 

1 03 .  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 [000 1 ] .  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 [000 1 ] .  

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 POSIT A 

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, 1 3 :7-20. 

1 06.  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 [001 8] ,  [0034] and Figures 9- 12 .  
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1 07.  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. Id. at [00 1 5] - [00 16] ,  

[0023] - [0024 ], Figs. 6-7 .  It would have been obvious to a POSIT A 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 6). 

1 08 .  A POSIT A 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. 1 001  at 1 :29-3 8 .  A POSIT A would have understood that Langley enhances 

the wireless performance of Bolin by enabling the wireless device to cover more wireless 

bands. 

1 09.  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. 

1 1 0 .  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. 

1 1 1 . A POSIT A 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 offers multiple 
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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 POSIT A 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. 

1 12 .  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 .  

1 1 3 .  I have reviewed, and had input to, and endorse the explanations found in 

the chart Exhibit AA that maps the combination of Bolin and Langley to the limitations 

of claims 1 1 - 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 

1 1-12) 

i Overview o(Bolin 

1 14 .  An overview of Bolin is provided in Ground 1 .  

ii Overview o(Langley 

1 1 5 .  An overview of  Langley is provided i n  Ground 1 .  

Unified Ex. 1009 Page 43 



EX1047 - Page 501

iii Overview o(Rutfors 

1 1 6 .  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. 

1 1 7 .  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 [000 1 ]  - [0002] .  

1 1 8 .  Rutfors identifies the problem of potential interference between two 

closely-spaced antennas. "With closely spaced antenna elements unwanted coupling 

between the antennas can arise." Id. at [0002] .  Rutfors also provides a solution to thi s 

problem of a shield between the internal antennas. "An obj ect 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 obj ect 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 i s  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 PIF A, the coupling between the 

antennas are less than with two antennas of the same type, such as PIF A and PIF A 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], [00 10] .  

1 1 9 .  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," Id. at [00 16], 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: 

WfillillfillM 
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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 ." Id. at [00 1 8] .  
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Rutfors at Figure 2 .  

1 2 1 .  In the 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 PIF A 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 di stribution from each antenna is different, 

which provides isolation between the antennas. This effect i s  further enhanced by the 

shield 4 between the antennas ." Id. at [00 19] .  

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 .  "In the embodiments described above the PIF A 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 GSMl 800, or in different communication systems, such as 

GSM and Bluetooth." Id. at [002 1 ]  - [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 di stribution, 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. 1 001  at 1 :29-3 8 .  Rutfors 

discloses an antenna arrangement for a wireless device, which is within the same field of 

endeavor. Rutfors at [000 1 ]  - [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. 1 00 1 ,  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], [00 10] 

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 POSIT A would 

have employed the antenna shield ofRutfors. 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 ofRutfors to get the additional benefit of the 

compact design of the antenna system ofRutfors. See Rutfors at [00 17  - 00 1 8] 

(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 ofRutfors. 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 [00 16] .  

127.  As explained in Ground 1 ,  the combination of Bolin and Langley disclose 

each of the elements of claims 1 1 - 12 .  A POSIT A 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 .  To the extent that Bolin is found not to disclose a ground plane, Rutfors 

provides a ground plane. Rutfors at [00 16] .  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 [00 1 8] .  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. 

1 3 1 .  A POSIT A 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 . 

1 32 .  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 POSIT A 

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. 

1 3 3 .  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 :29-3 8 .  A POSIT A would have understood that Langley 

enhances the wireless performance of Bolin by enabling the wireless device to cover 

more wireless bands. 

134 .  A POSIT A 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. 

1 00 1  at 1 :29-3 8 .  

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 POSIT A would have 

included the teachings of Rutfors and modified the Bolin/Langley device to include the 

ground plane of Rutfors. 

136 .  A POSIT A would have understood that the combination of the ground 

plane and the antenna shield of Rutfors further improves i solation between the antennas. 

Rurfors at [00 17  - 00 1 8] ("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 i s  located near the edge of the ground plane 

and al so near the edge of the device, as is the antenna system ofRutfors. See Bolin at 

Figure 1 ;  Rutfors at Figures 1 -2 .  A POSIT A 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 POSIT A 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. 

1 38 .  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 POSIT A 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 POSIT A 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 offers 

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. 

1 4 1 .  A POSIT A 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 POSIT A 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], [00 1 O], [00 19] .  

142.  A POSIT A 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 ofRutfors 

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 ofRutfors in combination 

with the ground plane of Rutfors to provide good isolation between these two antennas. 

145 .  I have reviewed, 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 1 1 - 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 F2 l 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 i s  substantially in a 

frequency range of 17 10  MHz to 1 880 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 1 850 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 .  

1 4  7 .  Ollikainen i s  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 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 [00 17] .  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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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: 

Unified Ex. 1009 Page 54 



EX1047 - Page 512

1 

I 
I 

:----

24 

---

/' 

! 

\ 
--

/-

40 30 

L _ _ _ _ __ _ _ _ _ _ _ __ ____ _ _ _ _ _ _____ _ _ 

FIG. 2 

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. 100 1  at 1 :29-3 8 .  

Ollikainen discloses a wireless device with an antenna system, which is within the same 

field of endeavor. Ollikainen at [000 1 ]  - [0002] and Figures 1 -3 .  

1 50 .  Also, Ollikainen i s  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. 1 00 1 ,  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. Id. at [0004] -

[0005] .  

ii Overview o(Langley 
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1 5 1 .  An overview of Langley i s  provided in Ground 1 .  

iii Overview o(Bolin 

1 52.  An overview of Bolin is provided in Ground 1 .  

1v Motivation to Combine Ollikainen, Langley. and Bolin 

1 5 3 .  A POSITA would have been motivated to apply the multi-band antenna of 

Langley to the wireless device of O llikainen because the antenna of Langley 

advantageously covers at five wireless bands and i s  compact and efficient. See Langley at 

1 : 3-5, 2 :2 1 -22. A POSIT A 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. 

1 54 .  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. 

1 5 5 .  A POSIT A would have looked to the teachings of Langley to modify 

Ollikainen because a PO SITA 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 :29-3 8 .  A POSIT A would have understood that Langley 

enhances the wireless performance of Ollikainen by enabling the wireless device to cover 

more wireless bands. 

1 56 .  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 [002 1 ] ,  

[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. 

1 57 .  A POSIT A 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. 100 1  at 1 :29-3 8 .  A POSIT A 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. 

1 58 .  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. 

1 59 .  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 POSIT A 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 offers 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. 

1 60.  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 :2 1 -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 .  

1 6 1 .  A POSIT A 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] .  

1 62.  A POSIT A 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 i solation 

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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1 63 .  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 1 1 - 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 F2 l 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 1 1 ,349,200 

IV. CONCLUSION 

1 64.  For the reasons stated above, it is my opinion that claims 1 1 - 12  of the '200 

Patent would have been obvious to a POSIT A as of the earliest claimed priority date of 

that patent, which is July 1 8, 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 1 8  of 

the United States Code. 

Date: OCTOBER 12, 2023 

By; ---
�
__,,_- -�--·_· _· _______ _ 

Name: l\-·fonos M,  Tcntzc.ris ., PhJ), 
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Exhibit AA - Ground 1 Claim Chart (Bolin, Langley) 

Claim Chart for Fractus '200 Patent 

I. GROUNDS OF UNPATENTABILITY 

IIIP-11 ? 
1 

A. Prior Art Relied Upon 

Ex. 1 0 1 1 ("Bolin") (U.S . Patent Publication No . 2004/0 137950) was filed March 20, 2002 and 
ublished Jul 1 5 ,  2004 and is rior art to the '200 Patent under re-AIA 3 5  U. S .C .  1 02 b . 

Ex. 1 0 1 2  ("Langley") (U.K. Patent Publication No. GB24 16625) was filed July 22, 2004 and 
ublished Janu 2, 2006 and is rior art to the '200 Patent under re-AIA 3 5 U. S .C .  1 02 b . 

B. Claim Chart 

'200 Patent Claim 

1 1  [pre] . A wireless 
device comprising: 

Ground 1 :  Bolin and Langley 

Claim 1 1  (and the other claim in this chart) are obvious over the 
combination of Bolin and Langley . See Request at Section I.E. l .  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 use in 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 :2 1 -22; Ex. 1 009, ,-i,i 84, 1 04, 
1 1 2 .  A PO SITA 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. 1 009, ,-i,i 84, 1 04, 1 1 2 .  

To the extent 1 1  [pre] i s  limiting, Bolin discloses element 1 1  [pre] . 

Unified Exhibit AA Page 1 of 42 
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'200 Patent Claim 
Lan ua e 
1 1  [pre] . A wireless 
device comprising: 

[ 1 1 . 1 ]  an antenna 
system comprising a 
ground plane and at 
least two antennas 
within the wireless 
device, the antenna 
system comprising: 

Petition for Ex Parte Review of U. S. Patent No . 1 1 ,3 49,200 
Exhibit AA - Ground I Claim Chart (Bolin, Langley) 

Ground 1 :  Bolin and Langley 

Bolin discloses in Figure 3 a wireless device that includes an antenna 
system . 

1 l  
{Antenna 

connector) 

Fig 3 
Bolin at [000 1 ] :  

9 
(Antenna 
carrier) 

1 0  
{Primary 
side of 

telephone) 

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

Bolin discloses element [ 1 1 . 1  ] ;  alternatively, any differences would 
have been obvious to a POSITA. 

Bolin discloses an antenna system (item I) in Figure I with two 
antennas; a first antenna is the main antenna (item 2 surrounded by 
dashed lines in Figure I of Bolin, which is reproduced below) and the 
second antenna is a separate Bluetooth antenna (item 3 in Figure I of 
Bolin) : 

Unified Exhibit AA Page 2 of 42 
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'200 Patent Claim 
Lan ua e 

Petition for Ex Parte Review of U. S. Patent No . 1 1 ,3 49,200 
Exhibit AA - Ground 1 Claim Chart (Bolin, Langley) 

Ground 1 :  Bolin and Langley 

Fig 1 

Bolin at [00 1 9] :  
"The antenna system has a main antenna 2 for GSM/DCS/PCS and a 
separate smaller Bluetooth TM 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 . 1 009 at ,-i,i 79-
80. The main antenna (2), parasitic part (6) and Bluetooth antenna 
(3 ) each have ground traces that connect to the antenna connector 
(1 1 ). Bolin at [0025 ]  ("The antenna system 1 has five connection 
traces 7 a-7 e, which all are located in the third plane. Of these 
connection traces, the main antenna 2 has a ground trace 7 a ("Ground 
# l ") and a feed trace 7b ("Feed # l ") for the GSM part 4 and the DCS 
part 5 .  The parasitic PCS part 6 has only a ground trace 7 c ("Ground 
#2"), whereas the Bluetooth™ antenna 3 has a ground trace 7d 
("Ground #3) as well as a feed trace 7 e ("Feed #2"), as shown in FIG. 
1 . " 

Unified Exhibit AA Page 3 of 42 
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'200 Patent Claim 
Lan ua e 

[ 1 1 .2] a first antenna 
configured to provide 
operation in at least 
three frequency bands 
being used by 4G 
communication 
standards, 

Petition for Ex Parte Review of U. S. Patent No . 1 1 ,3 49,200 
Exhibit AA - Ground 1 Claim Chart (Bolin, Langley) 

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 . 1 009 at ,i 78 .  These various 
antenna element shapes are disclosed in Figures 9 - 1 2  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 . 1 009 at ,i,i 79-80 .  

// 
1 

(Antenn.a system ,.,,,.-

(unfcidoo)) / 
I 
I 

1 1  
(Antenna 

oo.nnactof) 

I 

12 
(Pogo 
pin:;;) 

Bolin Figure 5 

1 
13 

(PCB} 

Bolin in view of Langley discloses element [ 1 1 .2] ;  alternatively, any 
differences would have been obvious to a POSITA. 

A POSITA would have sub stituted 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 reasons below. The antenna of Langley employed in 
the combined device of Bolin/Lan e is the first antenna. 

Unified Exhibit AA Page 4 of 42 
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'200 Patent Claim 
Lan2ua2e 
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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. 1 009 at ,-i,i 84, 1 02, 1 04 - 1 0 5 .  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 sub stitute 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 . 1 009 at ,-i,i 84, 1 02, 1 04 - 1 0 5 .  
Langley discloses a compact antenna. Langley at 3 :4-6 .  A POSITA 
would consider it obvious to sub stitute the antenna of Langley for the 
main antenna components of Bolin, while retaining the LCS part (6) 
and Bluetooth antenna (3 ) ofBolin . Ex . 1 009 at i]i] 84, 1 02, 1 04-105 .  

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 
al so 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 [000 1 ] .  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 . 1 009 at ,i,i 1 02-1 1 3 .  

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. 1 009 at ,i 1 1 2 .  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 [003 4] .  The resulting antenna 
system would include: (i) the compact multi-band antenna of Langley 

Unified Exhibit AA Page 5 of 42 
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'200 Patent Claim 
Lan2ua2e 

Petition for Ex Parte Review of U. S. Patent No . 1 1 ,3 49,200 
Exhibit AA - Ground 1 Claim Chart (Bolin, Langley) 

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 [00 1 5 ] - [00 1 6] ,  [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. 1 009 at ,i 1 03 .  

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 sub stitution 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. 1 009 at ,i 1 05 .  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. 1 009 at ,i 93 . Langley explains that the resonant 
frequencies of its antenna can be "easily and predictably altered by 
changing the thickness if [sic, of] the substrate ." Langley at 1 0 :8 - 1 0 .  
(The thickness referred to by Langley is the thickness of the printed 
circuit board sub strate, Langley at 6 :2 1 -24, and therefore changing 
this thickness would not affect the dimensions used to calculate 
complexity factor. Ex. 1 009 at ,i 93 . The antenna examples of 
Langley shown in Figures 2 and 1 3  are x-y dimensions whereas the 
thickness is the z dimension. Ex . 1 009 at ,i 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 : 1 3 .  The antennas of Figure 2 (embodiment 
example 1 )  and Figure 1 3  ( 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 :  1 2-6 : 1 3 .  Ex . 1 009 at ,i,i 
1 02, 1 04- 1 0 5 .  

The invention of Langley i s  shown, for example, in Figure 1 3  of 
Langley : 

Unified Exhibit AA Page 6 of 42 
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Ground 1 :  Bolin and Langley 

Fig. 1 3  

Langley at  [4 :29-3 0] :  
"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 1 3  is an example 
of the invention (which, as described above, the invention is an 
antenna that operates on five bands). Langley at 5 : 1 2-6 : 1 3 .  

Langley discloses the following chart: 

I System 
I GSM 900 
! nrs ·1 PQQt_ 
j :,;..., ......... "" CJ . 

I Frequency Band 
I 890 - 960 MHz 
• 1 710  � 1880 i�-.d--tz:--'-'-'-1 

! DECT • • • • • • 1 900 MHz 
; t_:_ 1�,-.·_,•1_ 'J'T,._1' ' " ii,·,u·1· ·"·"-;:;"1"·7"i\ � �H  1 
� ·,;.,_� j:� � �:, I, � :::i�L · ,,,.- .L 0 ri..-� , : Z : 
;-I ---------; ,i 
! EHuetooth I 2400 '" .2483 .5 MHz i 
; Hherlan 1 W} i. 51 5.f .. � 5725 tv1Hz 1. I l·f ., . : / ,�- ' :, 
'-i ------ � ...... ...._ ...... '-'-'-'-'-" , -__ .._._

.
._-.. :: 

Langley at 8 : 12- 1 3 .  

As Langley explains, "Coverage of these commercially useful 
fre uenc bands is rovided b the Invention within the followin 

Unified Exhibit AA Page 7 of 42 
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Ground 1 :  Bolin and Langley 

three frequency bands, for which the measured return loss is less than 
- l 0dB ."  Langley at 8 : 1 4- 1 6 . (Generally, as a POSITA would have 
understood, a return loss of 1 0  or more on a negative scale for a 
particular frequency band indicates a commercially useful antenna 
for that frequency band. Ex . 1 009 at ,i 8 5 .  Langley summarizes the 
frequency bands covered by the antenna of example 1 as follows : 

Langley at p . 8  (bottom). 

Bandwidth j Syste111-·co��i:;;,( 
88 MH, ' GSM',JGO 

DECT 
: 1 :�4G MHz H1p0rlan 1 

Hiperlt�n 2 
L�-��---------�--- -

Langley discloses two charts (Langley p .8  and 8 :  1 2 - 1 3 )  that disclose 
that the antenna of Langley covers frequencies including 1 920-2 1 70 
Mhz, which overlaps  the 2- 1 1 GHz range, and 2400-2483 .5 MHz and 
5 1 50-5725 MHz, both ofwhich fall within the 2 - 1 1 GHz range. Ex. 
1 009 at iJiJ 8 5 -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 1 3  of Langley are two embodiments) preferably 
cover "frequencies of900MHz, 1 800MHz, 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 : 1 2- 1 3 )  fall within the 2- 1 1 GHz range that is identified by the '200 
Patent as being used by 4G standards :  1 920-2 1 70 Mhz, which 
overlaps the 2- 1 1 GHz range, and 2400-2483 .5  MHz and 5 1 50-5725  
MHz, both of which fall within the 2 - 1 1 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- 1 1 GHz that the '200 Patent explains is a range that is 
used by 4G communications standards .  See Ex . 1 001  at 2 5 :  14-23 .  A 
POSITA would have understood the plain and ordinary meaning of 
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Ground 1 :  Bolin and Langley 

"frequency bands being used by 4G communication standards"  to 
include at least three of the frequency range s that the antenna of 
Langley is disclosed to cover. Ex. 1 009 at ,i,i 8 5 -90 .  

Even if a PO SITA 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 . 1 009 at ,i 9 1 .  The 
3 GPP Version 8 which formalized the 4G standard includes 
frequency bands of900 MHZ (e.g. ,  880-9 1 5  MHz) and between 1805 
MHz - 2400 MHz inclusive. Ex . 1 0 1 6  at 1 3 - 1 4; Ex . 1 0 1 7  at 32-3 3 ;  
Ex . 1 009 at ,i,i 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. 1 009 at ,i 93 . A POSIT A would al so 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 . 1 009 
at ,i 93 . 

Langley at [3 : 1 5 - 1 7 ] :  
"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] 1 7 .  
An antenna for use with five separate frequency bands, comprising 
the antenna of any preceding claim . 

[Langley claim] 1 8 .  The antenna of claim 1 7 , wherein the five 
separate frequency bands comprise frequencies of 900MHz, 
1 800MHz, 2000MHz, 2400MHz and 5400MHz respectively " 
Langley at 1 3 : 7 - 12 .  
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antenna contour 
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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 at 2 : 1 7-22 (emphasis added). 

Bolin in view of Langley discloses this element [ 1 1 . 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. As discussed above, a POSITA would have 
sub stituted 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 [1 1 .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 1 3  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 : 1 5 - 1 6, 6 : 1 2- 1 3 ,  
6 :2 1 -7 : 3 3 ,  1 0 :2 -4 (generally describing the two embodiments 
represented by these figures) ; Ex . 1 009 at ,i 1 1 3 .  

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 version s 1 below. (Figure 
2 is Figure 1 with dimensioning). 
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Ground 1 :  Bolin and Langley 

Figure 1 

Figure 2 

The antenna of the embodiment of example 2 of Langley (shown in 
Figure 1 3 ,  faded to show annotations) al so discloses at least 25 
segments in the antenna contour: 

5 

See Ex. 1 009 at 1 1 3 .  

.14 

Figure 1 3  

Unified Exhibit AA Page 1 1  of 42 



EX1047 - Page 535

'200 Patent Claim 
Lan2ua2e 
[ 1 1 .4] wherein the 
antenna contour has a 
level of complexity 
defined by complexity 
factor F2 l having a 
value of at least 1 .20 

Petition for Ex Parte Review of U. S. Patent No . 1 1 ,3 49,200 
Exhibit AA - Ground 1 Claim Chart (Bolin, Langley) 

Ground 1 :  Bolin and Langley 

Bolin in view of Langley discloses element [ 1 1 .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 F2 l having a value of at least 1 .20 .  A POSITA would have 
sub stituted 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 [ 1 1 .2 ] .  

Langley discloses at  least two antenna embodiments that have an 
antenna contour with a complexity factor F2 l 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 1 3  of 
Langley), each of which, when calculations are performed using the 
procedure set forth in the '200 patent, have an F2 l value of at least 
1 .20 .  See Langley at S : 1 5 - 1 6, 6 : 12- 1 3 ,  6 :2 1 -7 :3 3 ,  1 0 :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 F2 l value of at least 1 .38 (greater than 1 .2) when F2 l 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 al so, 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 1 3  of Langley has an F2 l 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 2 1 -42 :  

Calculation for Antenna Example 1 (Figure 2 of  Langley): 

When using N2 = 26 and NJ = J O, we get the following: 

F21 = 
log(Z6)-log( 1D) 

= 1.37851 2 = 1 . 3 8  log (0.5) 
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Ground 1 :  Bolin and Langley 

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

F21 = 
log(Z6) -log( 1D) = 1.3785 12 = 1 . 3 8  

log (0.5) 

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

F21 = 
log(Z6) -log(9) 

= 1 .530515 = 1 . 53  log ( 0.5) 
When using N2 = 25 and NJ = J O, we get the following: 

F21 = 
log(Z5) -log( 10) 

= 1.32 192 8 = 1 . 32  
log (0.5) 

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

F21 = 
log(Z5) -log(9) 

= 1 .473931 = 1 .47 
log ( 0.5) 

[ 1 1 . 5 ]  and complexity Bolin in view of Langley discloses element [ 1 1 .  5 ] ;  alternatively, any 
factor F32 having a differences would have been obvious to a POSITA. 
value of at least 1 .  3 5 ,  

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 . 3 5 .  A POSITA would have 
sub stituted 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 
[ 1 1 .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 at least 1.58 (greater than 1 . 3 5) 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 s 3 8-3 9, the 
example 2 antenna of Langley, shown in Figure 1 3  of Langley has an 
F32 value of at least 1 .64 foreater than 1 . 3 5 ) .  The calculation was 
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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 2 1 -42 :  

Calculation for Antenna Example 1 (Figure 2 of  Langley): 

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

F32 - log( 78) -log (26) 
= 1 .584963 = 1 . 5 8 

log ( 0.5) 

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

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

F32 = 
log(76) -log(26) 

= 1.547488 = 1 . 5 5 
log (0.5) 

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

F32 = 
log(76) -log(25) 

= 1.60407 1 = l .60 
log (0.5) 

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

F32 = 
log(78) -log(26) 

= 1.58496 3 = 1 . 5 8 
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) 

[ 1 1 .  6] and wherein the Bolin in view of Langley discloses element [ 1 1 .  6] ; alternatively, any 
first antenna defines differences would have been obvious to a POSITA. 
an antenna box that is 
a minimum-sized 
parallelepiped that 
completely encloses a 
volume of the first 
antenna and wherein 
each face of the 

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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least 2; and 
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Ground 1 :  Bolin and Langley 

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. A 
POSITA would have substituted the antenna of Langley for the main 
antenna of Bolin for the reasons explained in [1 1 .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 1 3  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 
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 1 3  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 : 1 5 - 1 6, 6 :2 1 -7 : 3 3 )  and Figure 1 3  (example 2 embodiment, see 
Langley at 6 : 12- 1 3 ,  1 0 :2-4), as shown in the annotated diagrams 
below. See Ex. 1 009 at ,i 1 63 .  

Langley provides dimensions for the antennas of Figures 2 and 1 3  
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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Ground 1 :  Bolin and Langley 

f t 
)( X 

As shown in Figure 1 3  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 1 3  (annotations added) : 
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Bolin discloses element [ 1 1 .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 . 1 009 at 1 02 - 103 . Bolin discloses at Fi re 1 the 
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a ground plane 
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the ground plane. 
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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 .  

Flg 1 

The first wireless service for which the second antenna (item 3 in 
Figure 1 of Bolin as shown above) is Bluetooth. See Ex. 1 009 at ,m 1 02 - 103 . 

Figure 1 shows how "[t]he main antenna 2 is a built-in patch with 
parasitic element, whereas the smaller Bluetooth TM antenna 3 is a 
PIF A, 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 [1 1 . 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. 1 009 at ,i,i 78-80 .  
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Ground 1 :  Bolin and Langley 

Bolin discloses that the Bluetooth antenna (item 3 in Figure 1 of 
Bolin) is connected to the antenna connector ( 1 1 )  to the PCB board 
( 1 3 ), 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 1 3  (FIG. 5) through electrical 
feeding 8 .  As appears from FIGS. 3 -5 ,  the electrical feeding 8 is 
implemented as an antenna connector 1 1 , which is mounted to the 
printed circuit board 1 3  and comprises a group of five pogo pins 1 2  
( one for each connection trace 7 a -7 e ) .  " Bolin at [0026] . 

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

" ---
... 1 1  

{Antenna 
connector) 

Bolin Figure 3 .  

9 
(Antenna 
cnmer) 

10 
(Prlrrlary 
skte of 

telephone} 

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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Ground 1 :  Bolin and Langley 

(Aotenna system // 
(unfolded)) /' 

I I 
1 1  

(Antenna {Pogo 
con11ector) pins} 

Bolin at Figure 5 .  

( ' 
13 

(PCB) 

As drawn in the below figure, whether the ground plane rectangle is 
sub stantially 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 . 1 009 at 
,-i,i 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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Ground 1 :  Bolin and Langley 

tf¾��� 
l��)�} 

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 . 1 009 at ,-i,i 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 . 1 009 at ,-i,i 78-80 .  

Bolin in view of Langley discloses [ 1 2 ] ;  alternatively, any 
differences would have been obvious to a POSITA. 

antenna is configured Langley discloses that its antenna invention that is configured to 
to support at least four support five bands, which satisfies the "at least four" frequency bands 
frequency bands .  requirement. Langley at 4 :29-30 .  

See [ 1 1 .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 - Gt, Upper Left Feeding Corner 
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Langley Fig. 13 - Gl , Upper Right Feeding Corner 
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Langley Fig. 13 - Gt, Bottom Left Feeding Corner 
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Langley Fig. 13 - Gl , Bottom Right Feeding Corner 
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Langley Fig. 13 - G3 
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Langley Fig. 2 - G2 
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Langley Fig. 2 - Gt, Upper Left 
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Langley Fig. 2 - Gl , Upper Right 
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Langley Fig. 2 - Gl, Bottom Left 
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Langley Fig. 2 - G3 
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CALCULATION FOR LANGLEY FIGURE 2 

The F2 l value for Langley Figure 2 is 1 . 3 8 .  It is calculated using the N2 and NI values. 

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

G2 for Langley Figure 2 

The boxes above are the G2 cell s .  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 NI value is found with the same method as N2 . The cells we count, however, are now four 
times larger than the G2 cell s .  See below the new cells :  
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GI for Langley Figure 2 

There are 10  cells that touch a part of the antenna contour. Nl is therefore 10.  
Note that NI is I O  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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GI with Alternative Starting Corner for Langley Figure 2 
Bottom Right Corner: 

GI with Alternative Starting Corner for Langley Figure 2 
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GI with Alternative Starting Corner for Langley Figure 2 

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

F21 = 

F21 

log(N2) - log (Nl) 

log (0. 5) 

log(26) - log (10) 
log (0. 5) 

F21 = 1.37851 2 = 1 . 3 8  

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 1 1 .  

The F3 2 value for Langley Figure 2 is 1 . 5 8 .  It i s  calculated using the N2 and N3 values. 

The N3 values are found in the same way as NI 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 : 

F32 

F232 

F32 

log(N3) - log (N2) 
log (0. 5) 

log(78) - log (26) 
log (0.5) 

1.58496 3 = 1 . 5 8  

Based o n  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 1 1 . 
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CALCULATION FOR LANGLEY FIGURE 13 

The F3 2 values for Langley Figure 1 3  ranges from 1 . 5 5  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: 

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. 

G3 for Langley Figure 1 3  
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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 (0. 5) 

F32 = 1.54748 8 = 1 . 5 5  

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

F32 = 
_ _  lo

_
g(
_
7
_
6)
_

-_lo
_
g
_
(2
_

5
_
) 

log (0. 5) 

F32 = 1.6040 7 1  = 1 .60 

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

F32 = 
_ _  lo

_
g(
_
7
_
8)
_

-_lo
_
g
_
(2
_

6
_
) 

log (0. 5) 

F32 = 1.58496 3 = 1 . 5 8  

Finally, when using N3 = 78  and N2 = 2 5 ,  we get the following: 

log(78) - log (25)  
F32 = - log (0. 5) 

F32 = 1.641546 = 1 .64 

For Figure 1 3 ,  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 
1 1 .  

The same principles apply to F2 l values for Langley Figure 1 3 .  F2 l values for Langley Figure 
1 3  vary between 1 . 32  to 1 . 5 3 .  

N l  fo r  Figure 13 depends on which corner of the blue rectangle the grid starts. The bottom 
left corner could be Nl = 10 or Nl = 9 :  
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All other grids for Figure 1 3  have a value of NI = I O . 

GI with Alternative Starting Corner for Langley Figure 1 3  

Upper Right, NI = 1 0 :  
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F2 l can therefore be calculated using values Nl = 9 or 10 ,  and N2 = 26 or 25. 

When using N2 = 26 and NI = I 0, we get the following: 

log(26) - log (10) FZl = - log (0. 5) 

F21 = 1.37851 2 = 1 . 3 8  

When using N2 = 2 6  and N I  = 9, we get the following: 

log(26) - log (9) FZl  = - log (0. 5) 

F21 = 1.53051 5  = 1 . 5 3  

When using N2 = 25  and NI = I 0 ,  we get the following: 
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F21 = 
log(25) - log (10) 

log (0. 5) 

F21 = 1.32192 8 = 1 . 3 2  

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

log(25) - log (9) F2 l = - log (0. 5) 

F21 = 1.47393 1 = 1 .47 

For Figure 1 3 ,  based on the above calculation, the lowest complexity factor F2 1 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 1 1 .  
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