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Emmanouil M. Tentzeris, Ph.D.

1 PROCEEDI NGS Page 5 1|understand that you've been deposed before, but | sti Ill3age !
2 roxox 2|want to give you a fewrules of the road so that we're

3 THE STENOGRAPHER: W are going on the record. 3|on the same page.

4|The time is 12:05 a.m 4 A Sur e.

5 I would like to introduce nyself. M nane is 5 Q I'mgoing to do ny best to ask you clear

6|Cara Foster. | amyour California CSR for today. M 6 |questions. But if for some reason you don't understand
7|license nunber is 11973. 7|a question, then I'Il ask that you let me know so that |

8 Before | swear in the wtness, woul d counsel 8(can clarify it.

9|pl ace their appearances on the record, please? 9 Does that make sense?

10 MS. KAI SER  Jessica Kaiser from Perkins Coie 10 A Yes.

11|on behalf of the Patent Omner. 11 But if you answer, then |'mgoing to assune

12 MR TAN: Hao Tan from Arch Lake for 12 |that you understood ny question, okay?

13|Petitioner. 13 A Sure.

14 EMVANOUI L (MANCS) M TENTZERI' S, PhD, 14 Q The court reporter needs for you to give verbal

15|was cal |l ed for examination, and after having been duly 15|answers so that she can take everything down.

16 |sworn in under penalty of perjury by the stenographic 16 Do you understand that?

17 |certified shorthand reporter, was exam ned and testified 17 A Yes, | do.

18 |as foll ows: 18 Q And if you're |ooking at a docurment and you are

19 EXAM NATI ON 19|reading it, 1'll ask that you either read it out |oud

20|BY MS. KAl SER: 20|and slowy enough so she can take everything down that

21 Q Good norning, Dr. Tentzeris, or good afternoon 21|you say or that you read it silently to yourself so she

22 |where you are. 22 |doesn't have to.

23 Can you state your full name for the record, 23 Do you understand that?

24 |pl ease? 24 A Yes.

25 A It's Manos Tentzeris. M official name is 25 Q There may be times during your deposition that
1|Emmanoui | Tentzeris but everybody is using Manos for ta?sge 6 1|l ampointing to a specific part of a document to ori elietlge 8
2|last, I'd say, 30 years. 2|you so you know the context of my question. But I'll
3 And where are you located today? 3|ask that you I et me know when you are at the place that
4 A I"mlocated in Atlanta, Ceorgia. 4|1've asked you to go to, but wait until | ask an actual
5 Q I's there anyone in the roomw th you? 5|question before you tal k about that section.

6 A No. No. 6 Does that make sense?

7 Q Do you have any hard copy documents with you? 7 A Yes.

8 A No hard copy docunments. Everything is 8 Q As we tal ked about, the court reporter is
9|el ectronic. 9 |taking down everything that we say. So | think we've

10 Q Ckay. And the electronic docurments that you 10 |been doing a good job of this so far, but I'Il try not

11|have with you, what are they? 11|to interrupt you or talk over you until you've finished

12 A These are the exhibits that | was sent by the 12 |your answer, and I'll ask that you do the same for ne.

13|l awers. So just to give you a description, let nme 13|Wien |'masking a question, try to pause and let ne

14|l ook. 0189 to -- | have Exhibit 1001 as a part of 14 |finish nmy question before you start your answer.

15 |di scussi on, 1002, prosecution history. 15 A G eat.

161035 transl ati on and 1004, 1005 Anson, 1006 Bandy, 16 Q Your counsel nmy object fromtinme to tinme, but

17|1007 Fow er, 1008 CV, and 1009 the expert declaration. 17 |you still need to answer ny question unless he

18 Q Ckay. And do any of the docunments that you 18 |specifically instructs you not to answer.

19 |have el ectronically have notes or highlighting in 19 Do you understand that?

20 |t hen? 20 Yes.

21 A Nothing at all. 21 And then we'll take breaks fromtinme to tine.

22 Q Ckay. So they are clean copies? 221"l try to do that about every hour. But if you get to

23 A Yes. 23|a point where you need a break, | ask that you just let

24 Q Ckay. | know when we net |ast Friday, we 24 [me know.

25|tal ked about your experience as a wtness, and | 25 A Sounds good.
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1 Q Ckay. |'mgoing to point you to your CVin ta?sge 9 1|inductive coupling. And that has, |'d say, the nost Page 11
2(089 I PR 2|comon inplenmentation. There are very few

3 A Okay. Let me open it up. 3|denonstrations working with electric field near field

4 Q It's 1008. 4 |coupling, but nostly it is nmagnetic field coupling.

5 A G eat. 5|That is correct.

6 Q It will be in the chat. Hold please. 6 Q And the commercial inplenentations are the

7 A Yes, let me open it. Ckay. 7 |magnetic inductive coupling?

8 Q Do you recogni ze Exhibit 1008 as your current 8 A Apart froma couple of systenms in Portugal and,
9|CVv? 9(l believe in Austria, the rest of the inplenmentations
10 A There are additional publications and 10 |are taken advantage of in inductive coupling; that is
11|additi onal depositions that are not listed in the CV. 11 |correct.

12 |That was the state -- it was not up to date until June 12 Q Ckay. And for NFCs that use magnetic inductive
13|of 2023. So there nmy be significantly nore 13|coupling, they use coiled antennas to create the

14 |publications you may find, nore awards, and al so nore 14 |magnetic field; correct?

15|depositions. | hold nore conferences and organi zation 15 A They use a conbi nation of conponents. So

16 |events. 16 |typically, NFC systems, | would consider this to be a
17 Q Ckay. | want to go to -- you have a nunber of 17 |subsystem of the RFID technol ogies. So nostly they
18|publications listed in your CV. And, obviously, | can't 18 |utilize an antenna, which is the coil for the nmagnetic
19 |possi bly ask you about all of them but | want to point 19|field. They utilize IC, Integrated Crcuit, that's what
20|you to the section that starts on page 12 of the PDF, 20|l meant. And they may utilize, depending on the

21|and the section is "Published Books and Parts of Books." 21|inpl ementation of the additional conponents, which have
22 Do you see that? 22|to do with matching circuits or else we call nodul ation
23 A Yes. 23 |conmponents aimng and optim zing the power transfer and
24 Q And then if you go down to page 22 under that 24 [the power coupling. And also have potentially
25|section -- 25|addi tional conponent enabling it to conbine nore

1 A Yes. Page 10 1|standards. Page 12
2 Q Do you see there that there is a book chapter 2 You know, one of the issues of the NFC, as |'m
3fthat's titled, "Integrating Tiny RFID and NFC Based 3|sure you're well aware of, had to do with

4 |Sensors with the Internet"? 4 |standardi zation and the typical standards, and that was
5 A That is correct. 5|one of the drivers for us to spend time with this. Mbst
6 Q And as you sit here now, do you have a 6 |of the people tended to think about the 14443. | nean,
7 |recol l ection of that book chapter? 7|this is a well-known national standard for NFC that was
8 A Not many details. It was published about 10 8|shared with RFIDs.

9|years ago. So given the fact that |I've witten nore 9 And especially for the NFC systems, the main
10 (than 30 chapters and 500 publications, plus -- | know 10|challenge had to do with the standards. For exanple in
11|that they had to deal with RFID and NFC based essential s 11|Japan, there was a different standard, |ike FeliCa.
12|within the Internet, but that's all I recall. 1 don't 12 But eventually, | would say the answer to your
13|recall details. 13|question is, a coiled antenna and IC or a microchip are
14 Q I'n your experience, you are famliar with NFC 14 |the fundanmental elenments of this type of device.
15|technol ogy; correct? 15 Q Okay. And just to be clear, if we focus just
16 A Yeah, |'ve been involved since the invention of 16 |on the function of the NFC conponent that's creating the
17 |NFC, before the NFC consol e was put together by NXP, 17 |magnetic fields, that's a coiled antenna; correct?

18 |Sony, and Nokia. So the NFC alliance was put together, 18 A Can you clarify what you nean by "function"
19|l believe, around early 2000, and |'ve been quite 19 |because you said the function and a coil ed antenna.
20|invol ved with them since. 20 Can you explain to me what function you are

21 Q And NFC stands for Near Field Conmmunication? 21 |tal ki ng about?

22 A Exactly. 22 Are you tal king about the inductive coupling or
23 Q And NFC wor ks t hrough nagnetic identical 23|are you tal ki ng about --

24 |coupling; is that correct? 24 Q The portion of the NFC device that is creating
25 A That is correct. Mstly works with magnetic 25|the nagnetic field for inductive coupling is the coiled

Hanshow America Inc. and Hanshow Technology Co., LTD., v. SES-Imagotag SA Page 3 (9 - 12)

Focus Litigation Solutions



Emmanouil M. Tentzeris, Ph.D.

Page 13 Page 15
1 |ant enna? 1|they are tal king about transfers, we m ght have tal ked
2 A For those taking advantage of inductive 2 |about this.
3|coupling it's a coil. 3 As | told you, npbst of the NFC systens or nost
4 Now, tal king about a coiled antenna, that could 4 |of the verified systens have nultiple transponders. So
5|have different inplenmentations. Mstly, | would say, an 5|most of the time, it depends on the application. For
6|element that is able to process or nanipul ate nmagnetic 6 |exanple, if you have an application where you have
7|field, and coil is one of it. 7|multiple transponders, as you asked me, interference
8 Q Okay. And for the inplementations of NFC that 8|woul d be an issue, but there are ways to deal with that.
9 |use nmagnetic inductive coupling and those would use a 9 So since this problemcanme up fromthe onset of
10 |coiled antenna in the reader and a coiled antenna in the 10|the NFC technol ogies, | remenber in 2006 -- definitely
11|tag; is that right? 11|it was 2006, when Nokia integrated the first NFC reader
12 A I'n general, tal king about commercial NFC 12|in the cell phone and there was sone prelimnary tests
13 |readers, they're quite simlar to verified readers to 13|of NFC tags, | believe in France, there was sone French
14 |identify the systems. So you have to have a reader 14 |shops -- | cannot recall the city that it took place.
15 |providing some energy to the tag. The tag, which is the 15|They figured out that -- especially in this case -- that
16 |NFC, 1'd say, transmts a transponder, so the reader 16|interference was an issue. And in a sense, they're
17 |provi des sonme energy to the NFC transponder or IC tag, | 17 |awar e through major issues, | would say, for an NFC and
18 |woul d say, the communication. And then this would allow 18 |verified tags in proximty of each the other one, was
19 |the interrogation of this enabling it to respond back 19|interference. And there were ways of tine division,
20 |with sone data. 20|nmul tiplex division, nmultiplex to resolve it for the
21 So tal ki ng about NFC and tal ki ng about possibly 21 |readers. So there was required added intelligence to
22 |verifying this, you are talking about a |ack of |ocal 22 |the reader.
23 |power source. That nmeans you have a reader and you have 23 That enabled -- | nmean, if you look at the
24 |a transponder. Typically, that's the configuration. 24 |current systens, you can interrogate, for exanple, 1,000
25 And nost of the time, since you asked ne about 25|transponders at the sane time w thout any collision.

Page 14 Page 16
1|the system you have the reader and you have nultiple 1 The second chal | enge was, and | woul d say that
2 |transponders. That's the advantage of them So you 2|it was nore inportant, had to do with security. And
3|coul d have one reader being able to interrogate numerous 3|that's also given in nost of the patents that we're
4 |NFCs or verify the responders. 4 |tal king today. Security or resilience to spoofing or to
5 The principle is quite simlar whenever you are 5|hacking was really inmportant. And that's why you had
6 |tal king about HF. [|'mtalking about HF and |'m 6|the variety of, |1'd say, proximty-based standards.
7 |stressing that because you are asking ne about typical 7 So just to give you an explanation for this.
8|NFC systens. You're tal king about systems that operate 8 |Whenever you need to have security, whenever you want to
9|at 13.56 nmegahertz, which is one of the major 9|have, |'d say, known hacking, there were ranges bel ow, |
10 |standardi zed frequencies, either for NFCs or, in 10 |woul d say, 50 centineters. Like 10 centineters, 5
11 |general, about HF. 11|centinmeters that had to do with the power transmtted by
12 Q So if you assume a system an NFC systemt hat 12 |the reader. So that was chal | enge number two.
13 |only has one reader and one tag, each of the reader and 13 One was interference. Well-known people spend
14 |tag woul d have a coiled antenna; correct? 14 |time on this. Second was security. And the third had
15 A In general, yes. 1In order to have 15|to do with the inpact of the environment. So nmany tines
16 |sonme inductive coupling, this involves magnetic |ines. 16 |t hese systens were suffering because of the special
17|So you have to have a source of magnetic lines and an 17|l ocation they were utilized.
18 |interceptor of magnetic lines, that's how the nagnetic 18 For exanple, if you place any of the systens
19 |coupling takes place. 19 |next to water or detergent, there's no way you can
20 Q Okay. Wien designing an NFC system is it 20|interrogate themeven down to a 2 centineters or |ess.
21|inportant to consider interference that could affect the 21|So there were three challenges. | would say and agree
22 |magnetic field? 22|with you that interference was one of them
23 A It depends on the operation or scenario. So 23 Q Okay. And | appreciate that context.
24 |typically -- | believe there were sone details in this 24 So you said three problens that someone
25 |book chapter. | cannot recall the details, but since 25|designing the NFC system woul d | ook at are: One
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Page 17 Page 19
1|interference, two security, and three the environment; 1|bel ow the wavel ength of the frequency of operation so
2|is that right? 2|electronically snall distances.

3 A Exactly. That is correct. 3 And the higher frequency RFID detox, they are
4 Q I want to ask you about the third one that you 4|working in the far field around for the use of antennas
5|mentioned, environnent? 5|much nore conplicated than coils. Antennas that take
6 A Yes. 6 |advant age of both the electric and the magnetic field,

7 Q And you nentioned one thing was next to 7|instead of just the nagnetic field.
8(water -- 8 Q Okay. So | think one of the things you said is
9 A Yes. 9(that the NFC is designed to work at small distances; is
10 Q -- that could cause problens with being able to 10|that right?

11 |read the NFC. 11 A Mbst of the tine. So | would say the NFCis
12 Anot her environnental consideration would be 12 |designed to work at distances as we call in the
13|proximty to netal; is that correct? 13|"vicinity area". That nmeans distances typically bel ow
14 A That coul d be; although you're utilizing a 14|50 centinmeters. And then depending on the

15|magnetic field in this case. So since you're utilizing 15|environment -- as we said, these ranges can change. So
16 |[the nmagnetic field, the inpact of netal is not as 16 |you coul d have a nominal range of 50 centineters, and
17 |dramatic as it would be if you used an electronic field. 17 |then for sonme collaborative environment with water as we
18|You know, netal pretty much affects conductors and 18 |said or detergent, this could go down to 10 centineters
19 |that's why people are utilizing the MR for diagnostics 19|or it could go to 2 centineters.

20 |because the nagnetic field does not attenuate or does 20 And the other approach isi actually taking
21|not reflect back fromnetals the sane way that the 21|place in nost of the retail stores -- because | was

22 |electric field does. 22|involved in sone recent publications as well with

23 So since it was magnetic field based, nostly 23 |Qual comm and everybody, talking about NFC and smart

24 |you focus on a nonnetallic inpact. The only effect that 24 |inventories, one of the issues we noticed was that even
25|the metals woul d have is sonmething we call -- pretty 25|the reader could nodify the range. So normally it be

1|much every person in this case -- it is the V\aveguidil?f;;ge 18 1|bel ow 50 centineters, practically it could be nuch Page 20

2 |effect. 2|smaller by just reducing the radiated power, or not
3 So the idea of this is if you have two parallel 3|paying attention to the environnent. But | would say 50
4 |metals, you are in a corridor, you are in an aisle, and 4 |centineters is a good ballpark value for all of these

5|then the field is constrained between these two netallic 5|proximty devices.

6|areas. So it's not the kind of a loss, it's nore a kind 6 Q And then in an answer earlier you nentioned

7|of constraint in the field and maybe stretching the 7|RFID typically being used for far field conmmunication.

8 [magnetic | ocks. 8 Do you renenber that?

9 So | would say the najor issue had to do with 9 A No, what | said is they are two different types
10 |non-netal lic surfaces. The nmagnetic field | would say 10|of RFIDs. There are the |ow frequency operating at
11|is nore secondary. That would be an inpact for higher 11135 kilohertz or the high frequency, which we call HF,
12 |circumstances because -- | nmean, NFC are nostly 10.56 12 |operating at 13.56 nmegahertz that operate in near field
13 |negahertz. But, for exanple, for RFIDs they're 13|or very similar to an NFC in a sense. NFC is a subcase
14 |t hree-domi nant solutions. One is in kilohertz. 135 14|to verify this, how we would treat them and operate at
15 |kil ohertz. The second is 13.56 negahertz. Exactly the 15|near field.

16 |same frequency with NFC. For these frequencies, netal 16 And then RFID operating at nuch higher

17 |impact is not very specific. And 900 negahertz, which 17 |frequenci es at 900 negahertz, they operate at |ong
18|is the type of verified that's been utilized nowadays 18 |range, and that's why | said verify this kind of super
19 |because they are smaller, but pretty much they get 19 |space for NFCs because they operate in a much wider

20 |kill ed whenever you have a netal around it because they 20|frequency range. So |ower frequencies, nmegahertz both
21|don't rely on inductive coupling, but they rely nostly 21|RFID and NFC work in the near field. H gher frequency,
22 |on regul ar antenna radiation inpact. 22900 negahertz, 433 negahertz and even 5G frequencies
23 So the variation effectively is NFC and HF 23|they are far field. So variety offers nore options.
24 |RFIDs with magnetic coupling operating the principals of 24 Q Okay. Are you famliar with the term"UHF" or
25|what we call "near field". That neans di stances way 25|"U timate H gh Frequency" RFID?
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Page 21 Page 23

1 A Yes. 1 A I meant five zero.
2 Q And -- 2 Q Ckay.
3 A Sorry, for interrupting. Please. 3 A Five zero because, | would say, with the NXP
4 Q And UHF RFID operates in far field; correct? 4|sensitive devices -- it has to do with sensitivity of
5 A UHF RFIDs operate in UHF frequencies, and 5|the chip or the NFC. NXP and Sony cane up with
6|typically these frequencies are higher than 6|sensitive ones, allow ng 50 centineters.
71100 negahertz. So we will consider themto be in 7 Now, | would say, this is the upper bound, the
8|frequencies. The rule of thunb for UHF is pretty nuch 8|50 centineters. And then raised on the properties of
9|frequencies that TVs are working so frequencies higher 9|the chips you utilize -- for exanple, if you are in | ow
10|than effect. 10|cost conpany and utilize chipper IC, this one could be
11 Q And UHF RFIDs, you said, are far field 11|30 centineters, this one could be 20 centineters, but |
12 |conmuni cati ons? 12 |woul d say 50 centineters is the peak, is the maxi nrum
13 A If they operate at frequencies higher than 433 |13|range | would use for NFC transponders.
14 (megahertz, yes. |f they operate at frequencies around 14 Q You nentioned earlier the "standardi zation
15|900 nmegahertz or lower, they can utilize both near and 15|process" for NFCs.
16|far field. The coupling point is around 100 negahertz 16 A Yes.
17|in my opinion. 17 Q Does the standardization or does -- strike
18 Q Are you famliar with the termor with -- 18|t hat.
19(strike that. 19 Do the standards allow for 50 centineters?
20 Are you famliar with mcrowave RFIDs? 20 A Again, that's a good question because nost of
21 A Can you be nore specific? Wat you're asking 21 |the standards tal k about maxi num al | owabl e magnetic
22|me now is one of the topics of a real extensive debate 22 |field, maxi mum al |l owabl e power. These are the two
23|on RFID committee. 23|netrics people utilize. So you can play with that, the
24 I mean, this has been the big discussion since |24|same way the cell conpanies play with the power
2512009 because before RFIDs people used to consider 25|limtations because you nmay define the allowabl e power
1|mcrowaves or radio frequencies quite high frequenciepsa.lge 22 1|in many different ways. Mst of the conpanies for NFPCa,lge 24
2 Now after the RFIDs put out RFID identification 2|for exanple NXP, they sold a larger range for the sane
3 |devices, then people extended the frequency range of 3 |power and the same ampount of the magnetic field because
4 |radio frequencies in the mcrowave down to kilohertz, 4|the chip is nore sensitive.
5|and you can see that. |If you check the publication 5 So you can think of this as you have a device
6|record -- I'mreally happy you asked this question 6 |that can neasure -- that can respond if you have nore
7 |because | discussed this pretty nuch when we have an 7|than 1 nmillionth of a watt. And then you have anot her
8 |RFI D di scussion with some experts. 8|chip that can respond if you receive .1 mllionth of a
9 If you | ook at the publications of the biggest 9|watt. So | would say it's a natter of inplenmentation,
10|microwaves in the International M crowaves Symposium 10|and that's why | said, in ny opinion -- and that would
11 |before 2009, all publications were above 100 negahertz 11|be a person of ordinary skills opinion -- the 50
12|as we say UHF. Then after 2010, you could see 12 |centineters would be the best range. |t could be
13 |publications of nicrowave devices operating at 13.56 13|smaller, but | would say not |arger than 50 centineters
14 |megahert z. 14 |with very sensitive chips.
15 So the short answer is, after the adoption and 15 You asked ne before about the fundanental
16 |i npl enentati on of NFC and RFID devices, mcrowave 16 |components, and that's the coil and the chip. So any
17 |frequenci es included every frequency above 17 |time you're tal king about a range, there are two
18(135 kilohertz. That was the |owest frequency of 18 |factors. One is the coil, so how many magnetic lines it
19 |verified operability. 19|intercepts. And then the chip, whether it can work with
20 Q | have one point of verification fromearlier 20|few magnetic lines or many magnetic lines. These are
21 [when you were tal ki ng about NFC and you were talking 21|the two factors.
22 |about a baseline range. 22 Q In terms of -- |I'mtal king about NFCs still.
23 And | think the court reporter took down 23 A Sure.
24|50 centinmeters, five zero, and |I'm asking you to clarify 24 Q Are you famliar with active NFCs?
25 |whet her you neant five zero or one five centineters? 25 A Sure. Sure.
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Page 25 Page 27
1 Q An active NFC neans that both the reader and 1|coil means intercepting nore nagnetic lines. And that
2|the tag have their own power source and can generate 2 |means, even if the magnetic field is below the
3|their own magnetic fields independent of one another; is 3|standards, still the aggregation of nmagnetic lines wll
4(|that fair? 4 |provide sufficient magnetic energy to activate this.
5 A That's fair. 5 And the third one, as | told, is the
6 Q And are you famliar with the term "passive 6|sensitivity of the mcrochip. So the sensitivity of the
7 |NFC'? 7|mcrochip has to do with the ambunt of power it needs to
8 A Yes. Passive NFC, in ny opinion -- and that is 8|stop. So it could be really lowor it could be really
9|a generic opinion -- the transponder or the NFC tag does 9|high. So these are the three factors for the range.
10|not have its own power source and it's exclusively 10 And do not forget the environnent. | nean,
11 |powered by, as we call, the gateway or the interrogator 11|that's a thing. So if you place a bottle of detergent,
12|or the reader, they are different terms for the reader. 12 |then the range is 1 centinmeter, always. | want to
13|You can call it "gateway". You can call it "collection 13|stress that.
14 |point", but | would say an NFC reader, yeah, or the 14 Q You nentioned the environment again. |'m going
15|power is coming out fromthe NFC reader. 15|to give you an exhibit in the chat. This will be a new
16 Q Okay. And just to be clear, when you have 16|one. We'll mark this as Exhibit 2002.
17 |passive NFC, the reader's magnetic field powers the tag; 17 (Exhibit 2002 marked for identification.)
18|is that right? 18 |BY Ms. KAl SER:
19 A When you have -- can you say that again because 19 Q It's downloading. Gve it a noment. Let ne
20|you broke of f? 20 |know when you have it.
21 Q Sure. 21 A Okay. Let me download it. Let me open it.
22 When you have passive NFC, the reader's 22 | Ckay.
23|magnetic field powers the tag? 23 Q So do you see that Exhibit 2002 is titled
24 A That's exactly the case. It's the sanme 24 |"Decl aration of Emmanouil M Tentzeris, PhD, in support
25|definition between passive and active RFIDs. |It's 25|of certain DeCurtis LLC and DeCurtis Corporation's

Page 26 Page 28
1|exactly the same definition. Because if you |ook at the 1|proposed clai mconstructions"?
2|RFID tags, active nmeans the tag has its own power 2 A Yes.
3|source. Passive RFID tags neans it's activated by the 3 Q And Emmanoui | Tentzeris is you; correct?
4 |power of the reader. Exactly the sane principle. 4 A That is correct.
5|Passive/active NFC tags and passive/active RFID tags are 5 Q Okay. And you see that this is a docunent that
6 |exactly the same definition. 6|was filed in a case in the United States District Court
7 Q Ckay. And then we talked a little bit earlier 7|for the Southern District of Florida?
8|about the operating distance between the reader and the 8 A Yes.
9|tag in the NFC system 9 Q And if you go to page 36 of the PDF, you see a
10 If you want to increase that operating 10|signature at the bottom of that page?
11 |di stance, then you would either need to increase the 11 A Yes, | see a signature. That is correct.
12 |power or the size of the antenna; is that right? 12 Q I's that your signature?
13 A Not conpletely. 13 A Yes, that's ny signature.
14 Q Okay. 14 Q Okay. If you can go to paragraph 54 of
15 A We discussed this before. So the first factor 15 |Exhi bit 2002? This is on page 14 of the PDF. Let ne
16|is the power, obviously. So the power from your reader, 16 |know when you are there.
17|if you increase the power, then you can increase the 17 A 54, okay. Let me read paragraph 54.
18 |range. Typical, as we call, near field formulas. You 18 Q You can read it to yourself, if you'd Ilike, and
19 |know how fast the power goes down, you know the magnetic 19|then I'Il have some questions for you.
20|field and the near field attenuates S1 over distance to 20 A Okay. Also it says, "another design." And
21|the third power. So you know how fast the power will 21 |there are different dinmensions of these designs so |et
22 |attenuate so 1 is the power. That's the first one, but 22|me start at 53 and go to 54.
23|that's also the riskier one because it may violate 23 Okay. | read the two paragraphs. Ckay.
24 |standards. 24 Q And if you | ook at paragraph 54, the second
25 The second one is the coil size. So the |arger 25|sentence, do you see it says, "In either case, however,
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Page 29 Page 31
1|a person of ordinary skill in the art would recogni ze 1|nmetals do not introduce |oss or do not introduce
2|that to prevent electronagnetic interferes, a mninmm of 2|interference. They are nostly spreading the frequency
310 mIlimeters (0.3937 inches) buffer in all directions 3[spectrum | nean, typically for the NFC, if you see the
4 |between the NFC antenna and ot her antennas or netal 4 |standards, the standard frequency is 13.56
5|surfaces is required.” 5|megahertz plus or mnus sonething because in nature
6 Do you see that? 6|there's nothing that's one specific nunber.
7 A Yes, | can read the sentence. Yes. 7 Now, when you place netals that spread the
8 Q And then as support for that you cite the 8|frequency effectively increasing the amobunt of power you
9|Texas Instruments Antenna Design CGuide. 9|need to interrogate it, and that's why we utilize this
10 Do you see that? 10|Q factor justification. It's well-known. What is
11 A Yes, although I cannot recall what the other 11 |happening is, if you have a netal next to the coil --
12 |antennas were. The other antennas were netal surfaces. 12 |qualitatively it can be explained this way and that's
13|The way | read this is, there's going to be a buffer 13|not interference.
14 |between the NFC antenna and ot her antennas that | cannot 14 So you have a coil. And if you place another
15|recall what they were or the netal surfaces to have this 15|metal close to the coil, this one creates geonetry of
16 |buffer of .1 centineters, okay. 16|two nmetals in proximity. Two netals in proximty
17 Q So then you agree that an NFC antenna needs a 17 |effectively realizes the capacitor. The capacitor is
18 |buffer between itself and nmetal surfaces to avoid 18 |ant agoni zi ng the inductor performance because capacitors
19 |interference? 19|in electrical fields effectively reduce the inductance,
20 A You are asking me whether any of them buffer 20|and that's why you have this spreading of the spectrum
21 |from netal surfaces or buffer from other antennas, so 21|and the drifting. So it does not have to do with
22 |what is the question? 22|interference. It has nostly to do with how -- what's
23 Q From netal surfaces? 23 |the anpbunt of the power to interrogate this tag.
24 A Ckay. So | cannot recall the details of this. 24 Q Ckay. And | appreciate the additional
25|l mean, this declaration was witten for sone cruise 25 |expl anati on.
1|environnent. So if | recall correctly -- and | woul dPage 30 1 But you'd agree that when you are designing 2\6:196 8
2|need to read nore of this. The idea -- the question was 2 |NFC system you woul d consider netal surfaces and the
3|how far an NFC antenna should be froma netal |ock -- 3|buffer between the antenna and the tag and netal
4 |can you say that again? 4 |surfaces?
5 Q A netal what? 5 A Bet ween the antenna and the tag fromnetal --
6 A Metal lock. A |ock. 6|so you're asking ne whether, as you have a buffer
7 And if | recall correctly -- and I'Il have to 7 |between the antenna, tag topol ogy, and nearby netals or
8|refresh my menory -- | renmenber roughly that the problem 8|are you asking nme whether there was a buffer between the
9|was an NFC antenna or an NFC systemthat you can nount 9|coil and the tag -- the coil and the m crochip?
10|on a cruise roomlock and then you use your cruise card 10 Q Let nme clarify ny question. | appreciate you
11|to enter your room So the question was whether this 11|asking for clarification because | think it's the former
12 |inpact, not the interference, but the anpunt of power 12 |of what you said.
13 |you woul d need to interrogate it. And that's why the 13 So when you're designing an NFC system you
14 |di scussi on was about the Q factor. 14 |woul d consider having a buffer between the antenna in
15 Now, in paragraph 54, three lines fromthe 15|the tag so the topol ogy of the antenna in the tag and
16 |bottom the inpact is reducing the Q factor. Now, 16 |nearby netals in the environnent?
17 |the Q factor does not have to do with interference. 17 A Ckay.
18|Q factor typically has to do with the quality factor 18 MR TAN. bjection. Form
19 |that is defined as the drifting around the center 19 THE WTNESS: So in general -- in general, nost
20|frequency. So netal would not interfere. It would just 20|of these systems -- nobst of these NFC transponders, they
21|create sonme frequency drifting that would require the 21|utilize enclosures. And the enclosures they utilize are
22 |reader of this lock to punp up the power. 22 |most of the tine realizing this spacing.
23 So it was not a matter of interference. It was 23 I don't think that in general applications this
24 |a matter of spreading the frequency spectrum and that's 24 |buffer is inportant. Applications where you have | ock
25|exactly what's happened, as | told you, with metal. So 25|t opol ogi es or highly magnetic topol ogies that extend on
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Page 33 Page 35
1|all six sides of the tag, adding this buffer would allow 1 Q And in ultra-high frequency RFID conmunication
2|the interrogation with the |ower anount of power. 2 |occurs using backscatter; is that correct?

3 | mean, even not adding the buffer, that woul d 3 A I would say in sone cases, yes. Backscattering

4|allow the interrogation, if you punped up the power from 4|is typically an effect which has to do with passive

5|your interrogator. But for the device where you have 5|RFIDs. So backscattering nmeans -- that's what is

6 |metal boxes all around, |ike netal [ocks which was the 6 |exactly said about a nonth ago tal king about

7|topic of this, that would be a way to mininize the 7 |backscattering, that's already online, that's all

8|battery consunption of a reader. 8 |backscattering.

9 So for these specific applications for electric 9 So backscattering nmeans that the transponder is
10|l ocks, yeah, that would be a good suggestion. But 10 |passive. So the transponder has no source which neans
11 |performance wi se, an alternative way would be to punp up 11|you have your reader, you have your gateway that
12 |the power fromthe reader and you would have the sane 12 |radi ates energy, and then based on the return signal
13|i nput. 13|fromthis passive device nost of the tine.

14 |BY Ms. KAl SER: 14 There are some active backscatters but for

15 Q When you are designing an NFC system is it 15 |def ense applications, but | would say 99 percent

16 |correct that ideally you would want the coil ed antenna 16 |backscattering neans the transponder is passive. You

17 |of the tag and the coiled antenna of the reader to be in 17 |obtain sone information. And backscatter is not only

18 |parall el planes? 18 |UHF. Backscattering is also taking place in HF. The

19 A You are tal king about nmagnetic coupling, and 19 |sane thing.

20 |magnetic coupling involves nmagnetic lines. Now, even if 20 So backscattering in general would be the

21|you are msaligned, slightly msaligned, you could be 21 |el ectronagnetic effect that transmts some radiation,

22|like, 1'd say, all the way up to 30 degrees of 22 |some el ectromagnetic field, magnetic or electric, then

23|m salignment, still you are going to be able to 23|your transponder returns back a specific amount of this,

24 |intercept some magnetic lines. 24 |and then based on this return you obtain information.

25 | mean, this is the topic, | would say, of nore 25|That's the backscatter.

len . . ) Page 34 . ) ) ) ) Pa%e 36
an 1,000 publications reported right now of the effect 1 What's happening in reality in the NFC and RFI

2|of msalignnent. |'d say the optinum case, in general 2|tags, is the backscattered power is changing as the

3 |when you have two coils in proximty, would be to be 3{function of time and that realizes 0's and 1's which is

4 |aligned and conplainer. That would be the two plans to 4 |the data sequence or unique ID transnmitted back. So

5|be parallel if you have the coils. 5|this is not only UHF but it pretty nuch happens on all

6 Still, inreality, it never happens. So for 6 |frequencies. Backscatter happens all around us.

7|exanple, if you utilize your phone to pay at the 7 Q If you could pull up Exhibit 1006, which is the

8|restaurant with contactless pay, | don't think you know 8 |bandw dth reference.

9|where the coil of the reader in the restaurant is. You 9 A 1006 just give me a second.
10|just bring it close and that's how it works. 10 MR TAN. Is this going to be marked?

11 So ideally that would be great if they were 11 MS. KAISER This is one of the exhibits that

12 |aligned. Practically, all the systems have sone | eeway 12 |was filed in the 189 IPR so this is Exhibit 1006.

13 |from m salignment of at least, |'d say, 30 to 40 degrees 13 MR TAN: |'masking, are you going to mark

14 |and still work okay. 14 |this an exhibit for this deposition?

15 Q Ckay. And the nore msalignnment there is, you 15 Ms. KAISER: No. For purposes of the

16 |woul d have to |l ook at those three factors you tal ked 16 |deposition, the exhibits that have al ready been marked,

17 |about before which are: Power, coil size, or 17 |1"'mjust keeping their exhibit nunber as filed in the

18 |sensitivity of the microchip in order to address the 18 |I PR

19 |misal i gnment ? 19 MR TAN:  Ckay.

20 A Yes, it would be the power, that would be the 20 THE WTNESS: |'mready.

21|coil size orientation, and the microchip. 21|(BY Ms. KAl SER

22 Q We tal ked earlier about ultra-high frequency 22 Q And Bandy is one of your references that you

23 |RFI D. 23|relied on for your opinions in the 189 IPR, correct?

24 Do you renenber that? 24 A That is correct.

25 A Yes. 25 Q If you go to paragraph 77 of Bandy, which is on
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1|page 16 of the PDF. Let me know when you are there. Page 37 1| Yeah. Page 39
2 A Okay. 2 Q You nentioned a couple of phone calls with the
3 Q You see there is a sentence that says, 3|counselors. Wien was the first phone call to prepare

4 |"Exenplary interrogation protocols are described in U S 4 |for the deposition?

5|Patent Nunber 6,002, 344 issued Decenber 14, 1999, to 5 A | believe that was, like, a couple of weeks ago
6 |Bandy, et al., entitled Systemand Method for Electronic 6 |when we tried to schedule the dates. So it was a couple
7|Inventory and U.S. Patent application Serial Nunber 7|of weeks ago, maybe a little bit earlier. Around two
8(10/ 072,885, filed on February 12, 2002, both of which 8 [weeks ago.

9|are incorporated by reference herein in their entirety." 9 Q And who was present on that phone call?

10 Do you see that? 10 A It was, | believe, M. Hao and there were two
11 A Yes. 11|nore people. | cannot recall the nanes.

12 Q In formi ng your opinions in this case, did you 12 Q And how | ong did that phone call last?

13 |review U S. Patent Nunber 6,002, 344? 13 A | believe it was a couple of hours.

14 A Wien | reviewed this patent, | can recall | had 14 Q And then was there a second phone call?

15|revi ewed these reference patterns. | cannot recall the 15 A Yes, there was a second phone call. Again, a
16 |details right now because it's been quite sone tine. 16 |coupl e of weeks ago.

17 |But specifically about these interrogation protocols, 17 Q And that was to prepare for this deposition?
18 |they were protocols that are quite close to the EPC 18 A In general, about the depositions. So for this
19 |standards for the interrogation to verify this. 19 |deposition, there was a very quick call. | think it was
20 You can see information, not identical to this 20|about 20 minutes, nostly about the procedure. So

21 |patent, but quite similar in Franken Zeller's RFID 21|talking about the time to start, talking about the tine
22 |handbook. So there were patents having to do with 22 |to finish, and raising issues of construction of the
23|mostly inplenmenting some standards utilizing 23|venue. So in the sense there was no di scussion about

24 |backscattering and | oad nodul ati on, and al so di scussing 24 |(the deposition after |ast Friday.

25 |about different encoding of data to conmunicate for 25 Q Ckay. Did you make any notes to prepare for

1 |RFI Ds. Page 38 1|today's deposition? Page 40
2 So | cannot recall the details fromthese 2 A No, no notes at all.

3|docunments. It's been quite sone time. | think I 3 MR TAN: | would also caution the witness to
4|reviewed it about, like, a year and a half ago, but | 4 |not discuss the communications wth counsel.

5|believe the notes told ne that the protocols were quite 5 Thank you.

6|simlar to the ones listed in major RFID reference as 6 THE W TNESS: Thank you.

7 |Franken Zeller so Class 0, Class 1. They were close to 7|BY Ms. KAl SER:

8|the eyes of 14443, the eyes of 15693, ECMA 340, and al so 8 Q I"mgoing to give you Exhibit 1009 in the
9|the 18000 standards. 9189 I PR

10 So there were specific protocols typical for 10 A Ckay. | just opened it.

11|RFID interrogation there. 11 Q Do you recogni ze Exhibit 109 in the 189 |IPR as
12 MS. KAI SER:  COkay. We've been going for about 12 |your declaration in that proceeding?

13|an hour. | think this would be a good tine to take a 13 A That is correct.

14 |break. Let's go off the record. 14 Q Wien were you retained for the 189 | PR?

15 (OFf the record: 1:05 p.m - 1:15 p.m) 15 A Can you say that again because, again, you

16 |BY MS. KAl SER 16 |broke of f?

17 Q Dr. Tentzeris, welcone back. 17 Q When were you retained for the 189 | PR?

18 What did you do to prepare for your deposition 18 A Ch, that was sone tinme ago. | guess late 2022,
19|for the 189 | PR? 19|early 2023. Quite sonme time ago. | cannot recall the
20 A I reviewed, again, the exhibits, and | 20 |exact date.

21 |refreshed ny nenory about the declaration, and | had a 21 Q Do you recall when you started drafting your

22 |coupl e of phone calls with the counselors to discuss 22 |decl aration for the 189 |IPR?

23|general topics about the declaration -- about the 23 A It was about, 1'd say, a nonth before the

24 |deposi tion. 24 |subm ssion. A nmonth or a nmonth and a half. | cannot

25 You asked nme about the deposition; is that it? 25|recall the exact dates, but it was about a nonth before
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1|we subnmitted it. Page 41 1 W TNESS' S CHANGES OR CORRECTI ONS Page 43
2 Q And can you describe generally your process for 2 |Deponent: EMVANOUIL (MANGCS) M TENTZERI'S, PhD
3|drafting your declaration in Exhibit 1009? 3[NOTE: If you are adding to your testinony, print the
4 A I reviewed the patent under discussion of 340A, 4 |exact word/words you want to add. |f you are deleting
5|1 reviewed some prior art, also | reviewed sonme 5|words fromyour testinony, print the exact word/ words
6 |additional exhibits like the prosecution history as 6|you want to delete. Specify with "Add" or "Delete" and
7|well, and then | started putting together the 7 |sign bel ow.
8|declaration. So the patent 340 prior art and sone other 8|PAGE LINE CHANGE/ ADD/ DELETE
9|rel evant documents and exhibits. 9l
10 Q For the prior art references in Exhibit 1009 0|
11|that you relied on in the unpatentability grounds, did N
12 |you find those references yourself or were they provided i
13|to you? 3
14 A W coordinated actually with the counselors. | 4\
15|found sone, sone others were suggested, | reviewed them 5
16|and then | formed nmy opinion. So | would say it was ny 6\
17 |choice. And then sonme other prior art was suggested, | 17\
18 |reviewed it, sawif it helped me formny opinion, and I 8\
19 |forned ny opinion. 19 |Pursuant to Section 2025.520 of the Code of Givil
20 Q And your opinions for the 189 | PR are contai ned 20|Procedure of the State of California, | hereby certify
21|in Exhibit 1009; correct? 21|that | have read ny Statement Under Cath transcript,
22 A That is correct. 22 |made those changes and corrections that | deem
23 MS. KAISER | don't have any further questions 23 |necessary, and approve the same as now true.
24|on the 189 proceeding, so I'll pass the witness to 24
25|(M. Tan. 25 |Dat e: Si gnat ure:
Page 42 Page 44
1 MR TAN. Right now | don't have anything to 1 DECLARATI ON UNDER PENALTY COF PERJURY
2|redirect at this nonent. 2
3 Do you want to take a break for now or do you 3
4 |(want to just keep going? 4|{Case Nane: CYIARK VS. | NGLEWOOD SPORTSERVI CE, | NC.
5 THE WTNESS: 1'd say let's keep going. | just 5
6|had a break if it's okay with Jessica. It's up to 6|Date of Deposition: Friday, August 23, 2024
7 |you. 7
8 Ms. KAISER: Let's go off the record and we can 8
9|di scuss | ogistics. 9 I, EMVANOU L (MANCS) M TENTZERI' S, PhD, hereby
10 MR TAN. | would like a rough of the 10(certify under penalty of perjury under the |aws of the
11|transcripts and the finals in three days, including 11|State of
12 |yesterday's deposition. 12 that the foregoing is true and
13 Ms. KAISER. | would |ike the sane, please. 13|correct.
14 THE STENOGRAPHER: Ckay. | will inform 14
15|Focus Litigation to contact yesterday's court reporter 15 Executed this ___ day of
16 |for the update. 16 , 20____, at
17 We are going off the record. The tine is 17
18|1:23 p.m 18
19 Rk 19
20 20
21 21 EMVANOUI L (MANOS) M TENTZERI' S, PhD
22 22
23 23
24 24
25 25
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Page 45
CERTI FI CATE OF STENOGRAPHI C REPORTER

I, CARA M FOSTER, a Stenographic Certified
Shorthand Reporter and Regi stered Professional Reporter,
hereby certify that the witness in the foregoing
deposi tion:

That EMVANOUI L (MANOS) M TENTZERI'S, PhD, the
w t ness whose deposition is hereinbefore set forth, was
duly sworn by me before the commencenent of such
deposi tion and that such deposition was taken before nme
on Friday, August 23, 2024, commencing at 12:05 p.m -
1:23 p.m EST, and is a true record of the testinony
gi ven by such witness.

| further certify that | amnot related to any
of the parties to this action by blood or marriage, | am
not enployed by or an attorney to any of the parties to
this action, and that | amin no way interested,

financially or otherwise, in the outcone of this natter.

I N WTNESS WHERECF, | have hereunto set ny hand this
28th day of August, 2024.

Cara M Foster
RPR, CSR No. 11973
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Objection (1)
obtain (2)

obviously (2)
occurs (1)
offers (1)
OFFICE (1)
official (1)
Oh (1)

Okay (41)
ones (2)
online (1)
onset (1)
open (3)
opened (1)
operability (1)
operate (8)
operates (1)
operating (7)
operation (2)
opinion (8)
opinions (3)
optimizing (1)
optimum (1)
options (1)
order (2)
ordinary (2)
organization (1)
orient (1)
orientation (1)
outcome (1)
Owner (3)

<pP>

p.m (7)
PAGE (10)
Pages (1)
paragraph (5)
paragraphs (1)
paralle (3)
part (2)
Partes (1)
parties (2)
Parts (1)

pass (1)
passive (10)
Passive/active (2)
PATENT (16)
patents (2)
patterns (1)
pause (1)

pay (2)
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paying (1)
PDF (4)
peak (1)
penalty (3)
people (7)
percent (1)

performance (2)

perjury (3)
PERKINS (3)
person (3)
Petition (1)
Petitioner (3)
Ph.D (1)
PhD (9)
phone (9)
place (10)
planes (1)
plans (1)
play (2)
please (5)
plus (2)

point (6)
pointing (1)
portion (1)
Portugal (1)
possibly (2)
potentially (1)
power (33)
powered (1)
powers (2)
practically (2)
preliminary (1)
prepare (4)
PRESENT (2)
pretty (6)
prevent (1)
principals (1)
principle (2)
print (2)
prior (4)
problem (2)
problems (2)
procedure (2)
proceeding (2)
process (3)
Professional (2)
properties (1)
Proposed (2)
prosecution (2)

protocols (5)
provide (1)
provided (1)
provides (1)
providing (1)
proximity (6)
proximity-based (1)
publication (1)
publications (9)
Published (2)
pull (1)

pump (2)
pumped (1)
purposes (1)
Pursuant (2)
put (3)
putting (1)

<Q>
Qualcomm (1)
qualitatively (1)
quality (1)
question (14)
guestions (3)
quick (1)
quite (10)

<R>
radiated (1)
radiates (1)
radiation (2)
radio (2)
raised (1)
raising (1)
range (13)
ranges (2)
read (10)
reader (26)
readers (3)
reader's (2)
reading (1)
ready (1)
real (1)
reality (2)
realizes (2)
realizing (1)
really (4)
reason (1)
recall (16)

receive (1)
recognize (3)
recollection (1)
record (9)
redirect (1)
reduce (1)
reducing (2)
reference (4)
references (3)
reflect (1)
refresh (1)
refreshed (1)
Registered (2)
regular (1)
related (1)
relevant (1)
relied (2)
rely (2)
remember (4)
REMOTE (1)
Reported (2)
Reporter (11)
require (1)
required (2)
resilience (1)
resolve (1)
respond (3)
responders (1)
rest (1)
restaurant (2)
retail (1)
retained (2)
return (2)
returns (1)
Review (2)
reviewed (9)
RFID (22)
RFIDs (12)
right (8)
riskier (1)
road (1)
room (3)
rough (1)
roughly (1)
RPR (2)
rule (1)
rules (1)

<S>

S1 (1)

SA (1)

saw (1)
says (3)
scenario (1)
schedule (1)
second (8)
secondary (1)
section (5)
security (5)
see (15)
sense (5)
sensitive (4)
sensitivity (4)
Sensors (1)
sent (1)
sentence (3)
sequence (1)
Serial (1)

SESIMAGOTAG (1)

set (2)
shared (1)
shops (1)
short (1)
Shorthand (4)
sides (1)
sign (1)
signal (1)
signature (4)
significantly (1)
silently (1)
similar (5)
st (1)

six (1)
Sixteenth (1)
size (4)

skill (1)
skills (1)
dightly (1)
slowly (1)
small (2)
smaller (3)
smart (1)
sold (2)
solutions (1)
Sony (2)
Sorry (1)
Sounds (1)
source (6)
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Southern (1)
space (1)
spacing (1)
special (1)
specific (7)
specifically (2)
Specify (1)
spectrum (3)
spend (2)
spoofing (1)
SPORTSERVICE (1)
spread (1)
spreading (3)
standard (3)
standardization (3)
standardized (1)
standards (12)
stands (1)

start (3)
started (2)
starts (1)

State (6)
Statement (1)
STATES (3)
STENOGRAPHER
2
Stenographic (5)
Stenographically (1)
stop (1)

stores (1)
Street (2)
stress (1)
stressing (1)
stretching (1)
strike (2)
subcase (1)
submission (1)
submitted (1)
subsystem (1)
suffering (1)
sufficient (1)
suggested  (2)
suggestion (1)
Suite (2)

super (1)
Support (4)
Sure (7)
surfaces (9)
swear (1)

sworn (2)
Symposium (1)
system (11)
systems (13)

<T>

tag (21)

tags (7)

take (6)

taken (2)
takes (1)

talk (3)

talked (6)
talking (22)
Tan (11)
technologies (2)
TECHNOLOGY (2
tended (1)
TENTZERIS (17)
term (3)
terms (2)
testified (1)
testimony (3)
tests (1)

Texas (1)
Thank (2)
thing (3)
things (1)
think (11)
third (4)
three (7)
three-dominant (1)
thumb (1)
time (24)
times (2)

Tiny (1)

titled (2)
today (3)
today's (1)
told (4)

topic (2)
topics (2)
topologies (2)
topology (2)
TRADEMARK (1)
transcript (1)
transcripts (1)
transfer (1)
transfers (1)

trandation (1)
transmits (2)
transmitted (2)
transponder (8)
transponders (6)
treat (1)
TRIAL (1)
tried (1)

true (3)

try (3)

TVs (1)

two (15)

type (2)

types (1)
typical (4)
typically (9)

<U>

us (5

UHF (9)
Ultimate (1)
ultra-high (2)
understand (5)
understood (1)
unique (1)
UNITED (3)
unpatentability (1)
update (1)
upper (1)

use (8)

utilize (11)
utilized (2)
utilizing (4)

<V >

value (1)
variation (1)
variety (2)
venue (1)
verbal (1)
verification (1)
verified (5)
verify (4)
verifying (1)
vicinity (1)
videoconference (1)
violate (1)
virtually (1)
VS (1)

<W >

wait (1)

want (12)
Washington (2)
water (3)

watt (2)
waveguiding (1)
wavelength (1)
way (10)
ways (3)
weeks (4)
welcome (1)
well (3)
well-known (3)
we're (2
we've (2)
WHEREOF (1)
wider (1)
wise (1)
witness (12)
WITNESS'S (1)
word/words (2)
words (1)
work (5)
working (3)
works (3)
written (2)

<Y >

Yeah (4)
year (1)
years (2)
yesterday's (2)

<Z>
Zéeler (1)
Zéeler's (1)
zero (4)
Zoom (1)
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