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Page 4
1 (All attorneys have agreed to the
2 witness being sworn in remotely.)
3 (Documents have been premarked for
4 identification.)
5 -
6 DR. PAUL R. PRUCNAL, after having been
7 first duly sworn, was examined and testified
8 asfollows:
9 - -
10 DR. PAUL R. PRUCNAL, after having been
11 first duly sworn, was examined and testified
12 asfollows:
13 ---
14 BY MR. HALVERSON:
15 Q. Good afternoon, Dr. Prucnal. We won't
16 go back through dl of the introductory stuff you did

[N
~

this morning, but the same ground rules apply for this
half. To the extent you don't understand a question,
please ask, so that we can make sure we're on the same
page. Otherwise, the transcript will reflect an

answer, and we'll assume you understood the question
asit was posed. Doesthat make sense?

N NDN R B
N B O ©

23 A. Yes.
24 Q. Andif you need abresak at any time, by
25 all means, go ahead and ask. The only caveat to that

501 Commerce Street
15 Suite 1500
Nashville, Tennessee 37203
16 615-780-6751
greg.parker@klgates.com
17
18 K&L GATES, LLP
BY: ERIK J. HALVERSON, ESQ.
19 4 Embarcadero Center
Suite 1200
20 San Franciso, California94111
415-882-8238
21 erik.halverson@klgates.com
22 ---
23
24
25
Page 3
11 INDEX
2 2 WITNESS PAGE
3 3 DR.PAUL R. PRUCNAL
4 4 BY MR. HALVERSON: 4,102
55 BY MR. LIU: 98
6 6 ---
77
8 8 EXHIBITS
9 9 NUMBER DESCRIPTION PAGE
10 10 Exhibit 582-1001 U.S. Patent No. 9,590,582 6
11 11 Exhibit 582-1003 Prucnal '582 Patent 6
12 12 Declaration
13 13 Exhibit 582-1005 Gonzalez article 23
14 12 Exhibit 582-1006 Muh Thesis 64
15 13 Exhibit 582-1007 Niknejad mmWave book excerpt
16 14 Exhibit 582-1032 Daley Patent Application 86
17 15 Exhibit 582-1033 Jing U.S Patent Publication 86
18 16
19 17
20 18
21 19
22 20
2321
24 22
23
25 24
25

Page 5
isto the extent there is a question pending, | would

loveit if you would give an answer to that question
before we take that break. |sthat okay?
A. Yes
Q. And thenin addition to Charles and
6 J.C., isthere anybody else there in the room with
7 you?
8 A. Brian Ferguson.
9 Q. And do you have any papers or anything
10 eseinfront of you right now?
11 A. Nothingin front of me. | have some
12 reportsthat are unmarked on atable in the room
413 elsewhere.
14 Q. Would you prefer to use the physical
15 copies rather than the Exhibit Share?
16 A.  Wadl, | think so far it's worked okay.
17 And sometimes when we need to have multiple things
18 open at onetime, it helps to have the physical
19 document, but let's go ahead and try without them.
20 Q. Soundsgood. And if at any point you
21 would rather use the physical copy, let me know, and
22 we can figure out how to make sure that we are al
23 talking about the same thing. But we definitely want
24 to make sure you have the information that you need to
25 answer the questions. All right?

1
2
3
4
5

2 (Pages2-5)
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Page 6
1 A. Thankyou. Yes.
2 Q. So, infront of you in the Exhibit
3 Sharefolder, I've added Exhibit 582-1001 and Exhibit
4 582-1003, the second of which isyour declaration in
5 IPR2023-00788, asit relatesto U.S. Patent No.
6 9,590,582. Isthat right?

7 (Exhibit 582-1001 and Exhibit 582-1003
8 were introduced.)
9 THE WITNESS: Well, | don't see. |
10 have the Marked Exhibits open, and | do see my
11 '582 declaration, but | don't see the other
12 document, 582-1001, that you mentioned.
13 BY MR. HALVERSON:
14 Q. If you refresh that page, sometimes
15 Exhibit Share takes a second to actually register the

16 upload.

17 A. Okay. Now it'sthere.

18 Q. AndU.S. Patent No. 9,590,582, which is
19 marked as Exhibit 582-1001, isit fair to call that
20 the '582 patent?

21 A. Yes

22 Q. If I say that, you'll know what I'm

23 taking about?

Page 8
1 A. No. I'mjust making sure my phoneis

2 off. No, there's nothing that | would change.
3 Q. Allright. So, in paragraph 2, you
4 list anumber of exhibitsthat you referred toin
5 preparing your declaration, right?
6 A. Yes
7 Q. So Exhibit 1003 thereisthe
8 declaration of Dr. Paul Prucnal. Do you see that?
9 A. Yes
10 Q. What were you reviewing when you were
11 preparing this declaration that in your mind was
12 Exhibit 1003?
13 A. Oh, I think | wasjust reviewing the
14 declaration that | wasworking on. | don't think
15 there was another declaration.
16 Q. Thatisintending to mean this document
17 that we're looking at right now?
18 A. 1think so. I'm not one hundred
19 percent certain, but | do think so.
20 Q. Thenasfar asyour opinionsin the
21 declaration, asfar as| could tell, you are not
22 offering any opinions about the prior art status of
23 any of these documents that you rely onin here. Is

24 A. Of course. 24 that correct?
25 Q. Andthen the other exhibit thereis 25 A. Thatiscorrect.
Page 7 Page 9
1 your declaration in the IPR that's related to the '582 1 Q. And so, did you identify any of these

2 patent; isthat right?

3 A. Yes

4 Q. Andif you scroll al theway to the

5 back of that declaration, we see your signature there.

6 A. | haven't openedit. | wasactualy

7 just looking at the labels. So, I've opened my

8 declaration. That's my signature at the end.

9 Q. So, |l wanttotaktoyou alittle bit
10 about what went into this declaration. So, if you go
11 back to the beginning of the declaration, a couple
12 pagesin, | want to talk about page 4, which isthe
13 second paragraph of your '582 declaration. Let me
14 know when you're there.
15 A. [I'mthere.
16 Q. So,inparagraph 2, you list a number
17 of documents that you reviewed in preparation for your
18 deposition; isthat right?
19 A. Yes.
20 Q. And actualy, beforel diveinto that,
21 haveyou reviewed your declaration in preparation for
22 today?
23 A.
24 Q.
25 change?

Yes, | have.
Is there anything that you would

2 documentsto counsel in preparation of this
3 declaration?

4 A. Any of the prior art documents?
5 Q. Any of the exhibitsin paragraph 2.
6 A. | don'trecal that, exactly, either.

7 | know that | did some research. | know that | was
8 reading alot. | know that | was offering things.
9 I'm not sure, at this point, what ended up in this
10 list. Butif I relied on it, it should have ended up
11 inthislist.
12 Q. So, my question was less about whether
13 or not it'sin the list and more about whether or not
14 you found it, or you got it from counsel.
15 A. On, | wastrying to answer that
16 question. Certainly, the primary prior art references
17 | got from counsel.
18 Q. Andjust so were all on the same page,
19 none of the information that'sin this declaration is
20 confidential; isthat right? Thisisall publicly
21 available information, to your understanding?
22 A.  Wadll, I'mnot sure. | mean, that would
23 bemy inclination to say so. | know that sometimes
24 when there are chips involved, I'm not the one who
25 makesthat call. |1 mean, so for example, scrolling

3 (Pages6 - 9)
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Page 10
1 down, and | don't think thisis confidential, but

2 scrolling down, on page 70 at the top, there'sa
3 cross-section of a chip from a Realtek exhibit, and |
4 assume that that's not confidential. That wasin a
5 complaint. But | can't really make that call.
6 Q. So, you're referring to page 70 of your
7 '582 declaration; isthat right? The black-and-white
8 image in paragraph 1217
9 A. Yes I'mjust saying that to the
10 extent | have something like that in my report, |
11 don't think it's confidential, it shouldn't be
12 confidential, but | wouldn't know for sure.
13 Q. And so, if you go acouple more pages
14 to page 74, we see some additional picturesthat are
15 also from adocument from the ITC. Do you see that?

Page 12
1 providing design examples and questions on exams
2 involving those things. The classalso had a
3 laboratory that involved LC circuits. So, | was part
4 of designing the laboratory and the experiments there.
5 And also, | may be redundant from what | said in the
6 earlier deposition, but | will, for completeness. |
7 have aresearch laboratory that's experimental, and
8 it'svery deeply experimental, we're building things
9 dl thetime, primarily involving photonics, but also
10 involving electronics, and many times there's circuits
11 involved, LC circuits.
12 Q. So,inthosecircuitsinyour labs, are
13 you fabricating new LC circuits or are you
14 implementing existing L C circuits?
15 A. Typicdly, that would be -- well, |

16 A. Yes 16 guess I'd have to make sure | understand your

17 Q. Do you have any ideawhether thoseare | 17 question, but I'll try to answer. The subject of our

18 confidential ? 18 research is not coming up with anew form of VCO. The

19 MR. LIU: Objection, foundation. 19 subject of our research would be using L C circuits as

20 THE WITNESS: Again, that's something | 20 part of afilter, for example, or as part of some sort

21 that | wouldn't know. 1'd have to get that 21 of acontrolled circuit. So, we would be, typically,

22 information from the attorneysthat | work 22 taking them from an existing library, typicaly, in

23 with. 23 order to makethe LC circuit. As| mentioned earlier,

24 BY MR. HALVERSON: 24 in some cases | know of recently, we've needed to use

25 Q. Butyou'd agree that the '582 patent, 25 LC circuits for impedance matching, so maybe you would

Page 11 Page 13

1 ingeneral, isabout an LC circuit, right? 1 consider that designing anew LC circuit. | probably
2 A. Yes 2 wouldn't consider putting an LC circuit onto a chip
3 Q. Sowereall onthe same page about our 3 that we're making designing new L C circuits.
4 nomenclature there, the L represents an inductor, 4 Q. S0, inthat answer you mentioned a
5 right? 5 library, specifically taking them, the LC circuit,
6 A. Right. 6 from an existing library. When you are talking about
7 Q. The C represents a capacitor, right? 7 what your understanding of your design work on LC
8 A. Yes 8 circuitsis, are you referring to physical circuitsin
9 Q. Which sometimes can be referred to as 9 the context of that library, or are you referring to

10 an LC tank; isthat correct?

11 A. That'scorrect.

12 Q. Andisthat also something that can be
13 referred to asaVCO?

14 A. ThelLC tank would, presumably, be part
15 of the VCO.

16 Q. Andisthat to say that there are more
17 componentsin aVCO than in an LC tank?

18 A. 1 would say so, yes.

19 Q. Didyou ever design an LC circuit, Dr.

20 Prucnal?

21 A. Wadll, you know, my experience goes back
22 sofar that it's hard for meto recall al the things

23 I'vedone. Again, | would say that | taught circuits
24 for many years, and certainly, L C tanks were part of

25 that instruction, part of the teaching involved

10 eectronic designs and electronic models more on the
11 lines of, like, a P-cell?

12 A. Moreadong thelinesof aP-cell.

13 Q. Andjust so were all on the same page,
14 what isa P-cell?

15 A. Wadll, that's just an existing sort of

16 package or unit that you can just lift out and plug in
17 and use.

18 Q. Andwould that P-cell bethefull LC

19 circuit in that it includes both an inductor and a

20 capacitor?

21 A. That, | can't recdl, exactly. And

22 usudly, it's my graduate students that actually have
23 the hands-on in this kind of stuff. So, | know the
24 outcome, | know the goals, but they're the hands-on
25 putting the things together. So, | don't know if it

4 (Pages 10 - 13)
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Page 14
1 wasan LC and aP-cell, or just acapacitor. | don't

2 know for sure. | know there are --

3 Q. And the outcome -- | apologize.

4 A. | paused to think, but | just wanted to

5 sort of repeat that | know there are examples where

6 we've put Lsand Csthat areindividually designed

7 onto acircuit. So, I'm speaking of a photonic

8 integrated circuit, where some electronics are

9 required on the circuit in order to control it. And
10 for example, doing impedence matching, as | mentioned
11 before, that's not aP-cell. That's a designed
12 inductor.
13 Q. And where does your lab get those
14 libraries from?
15 A. That, | don't know either. They're
16 licensed by the university. The software that's used
17 to designislicensed by the university. Some of the
18 software used | know is open-source, but | don't know,
19 in particular, where this came from.
20 Q. And| know this morning you spent a
21 fair amount of time talking about Q, the Q-factors, so
22 forgive meif we retread just alittle bit, but what
23 isaQ-factor in the context of an inductor?
24 A. It'saquality factor.
25 Q. What doesthat mean?

Page 16
1 Q. So,if you go to paragraph 55 that's on
2 page 24 of your '582 declaration, the third sentence
3 says, "The higher the Q-factor of the inductor, the
4 lower the energy loss of the device and the closer it
5 approaches the behavior of an ideal inductor." Do you
6 seethat?
7 A. Yes
8 Q. And so, isthere an ascertainable Q
9 value of anideal inductor, or does that turn into an
10 infinite number at that point?
11 A. Again, that's not something |
12 considered. My, sort of, reaction to that would be as
13 you decrease the energy loss, the Q gets higher and
14 higher, the frequency response gets narrower and
15 narrower, if you were to put that into afilter. So,
16 approaching the ideal meansthat the R in the
17 denominator goes to zero, effectively making omega L
18 over Rinfinity.
19 Q. So, the next paragraph in your
20 declaration you talk about, in general terms,
21 mechanisms to improve an inductor and its Q-factor.
22 Isit the case that a higher Q-factor isaways an
23 improvement on the inductor?
24 A. 1 don't know that | would say aways.
25 | don't know if | ever say aways. But | think,

Page 15
1 A. So, the Q-factor isreferring to, in

2 the context of an inductor, and | think | say thisin
3 my report, it's aratio of the energy stored to the
4 energy dissipated, or some words like that, probably
5 intheintroduction of my report. So, it'srealy
6 meant to be aratio of how much energy can be kept in
7 theinductor, which is a good thing, versus how much
8 energy islost, which isabad thing. And when |
9 think, for example, of an LC circuit, of aresonant
10 circuit, aQ isgoing to be ameasure of its frequency
11 performance. | mean, the inductor has an impedance.
12 That's afunction of omega or the frequency, as well.
13 But when | think of Q, usually I'm thinking of, like,
14 atank circuit, and | want to know what the resonant
15 frequency isof that tank circuit, and how narrow a
16 spectrum of filtering it will do. And so, the Q ends
17 up telling me how narrow that frequency characteristic
18 is.
19 Q. So, what would be the Q-factor of an
20 ideal inductor?
21 A.  Waéll, | hadn't thought about the
22 Q-factor of anideal -- an ideal inductor wouldn't be,
23 | think, ideally dissipating any power. So, | think
24 of anideal inductor as simply being represented by
25 itsinductance.

Page 17
1 generdly, ahigh Qisdesirablein aninductor. All

2 of the loss mechanismsthat are described there, the
3 conductive loss, the internally-induced loss, the skin
4 effect, which increases at higher frequencies, the
5 induced losses, those are undesirable effects.
6 Q. Isthere aQ-factor of an LC circuit
7 separate and apart from the Q-factor of the L of that
8 LCcircuit?
9 A. | believe o, yes.
10 Q. So, isthere a Q-factor, then, of the
11 capacitor, or isthat larger Q-factor of the LC
12 circuit just the way that the overall quality of the
13 LCcircuit is analyzed?
14 A. I'd haveto look back at that. |
15 somehow thought that the Q of an LC circuit goes as
16 the product of theL and C. | think | might have it
17 in my introduction somewhere.
18 Q. I'mgoing to shift gearsalittle bit.
19 Areyou familiar with the term varactor?
20 A. Yes
21 Q. What'savaractor?
22 A. It'savariable capacitor.
23 Q. And how does one vary the capacitance
24 of avaractor?
25 A. Waéll, that depends on the physical

5 (Pages 14 - 17)
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Page 18
1 structure of the capacitor. So, historicaly, a

2 varactor -- so, a capacitor, a simple capacitor, is
3 two pardlel plates, and one can vary the capacitance
4 by varying the overlap of the two plates, for example,
5 or the separation of the two plates. A typical
6 varactor might have, if you see my finger -- | don't
7 see myself on the screen, but if | were to take my two
8 hands, and my fingers were the plates of the
9 capacitor, and you could sort of role them into each
10 other or apart from each other, and you can vary the
11 overlap of the plates by doing that, that would be one
12 type of variable capacitor or varactor.
13 Q. Would that be kind of like how the
14 radio dial on an older vehicle may work?
15 A. Yes. Whenyou turn thedial, you're
16 turning the LC. TheC, in particular.
17 Q. Now, you aso refer to adifferent kind
18 of capacitor in your declaration, a MOS capacitor, in
19 the context of avaractor. How do you tune the
20 capacitance of aMOS capacitor?
21 A. Wadl, so, the MOS capacitor, it'sa
22 semiconductor device, and it's based upon having a
23 source, agate, and adrain. And depending on the
24 particular design, the voltage, for example, | think
25 in Gonzalez the voltage is varied on the source of the

Page 20
1 A. Okay. I'mmissing alittle bit of what

2 you're saying. Beforewe were talking about the
3 physical plates interacting and moving them to change
4 the capacities.

Q. Yes

A. Andthen | mentioned the MOS varactor
in Gonzalez, which has connections to the source,
drain and gate. So, which electrode are you referring
to that we spoke about before?

Q. S0, inthetunability, when we were
talking about the radio example, where you've got two
metal electrodes that you are varying the amount of
interaction between those two electrodes in order to
change the capacitance, you would agree that the two
different pieces that are movable are electrodes; is
that right?

A. Wadl, it'samatter of terminology. |
would typically refer to them as plates, because we're
talking about the fundamental parallel plate capacitor
with the overlap of the plates being varied between
the two, except that thisis repeated over and over
again in that old radio style movable capacitor. So,

I would just call them plates, usually.
24 Q. Okay. Inthe context of capacitors, in
25 general, have you ever used the term electrode to

18

Page 19
1 MOSvaractor. And in doing so, one can alter the

2 build-up of charge in the relevant region where the

3 capacitance is occurring. So, applying the voltage to
4 that will achieve the tuning of the capacitance.

5 Q. 5o, let'sgo to paragraph 75 of your

6 declaration, on page 34.

7 A. Yes

8 Q. Here, you'reintroducing the concept of

9 aMOS, Metal Oxide Semiconductor, capacitor, right?

10 A. Yes

11 Q. So, looking at the figure down at the

12 bottom of paragraph 75, is there an electrode in that
13 figure?

14 MR. LI1U: Objection, form.

15 THE WITNESS: So, are you speaking of
16 electrode in the context of the capacitor

17 above that, the finger capacitor?

18 BY MR. HALVERSON:

19 Q. Yes. So, sofar we've been talking

20 about varactorsin the context of having two metal

21 platesthat you can vary the capacitance of the

22 varactor by moving them, and in this MOS varactor
23 thereis no moveability. So, I'm wondering if there
24 isan electrode in the same way that we were thinking

D

25 about the electrode before.

Page 21
1 describe anything?
2 A. Wadl, theinterdigitated finger
3 capacitors, asaclass, | think | would refer to the
4 fingers as electrodes.

5 Q. How about in any other kind of
6 capacitor?
7 MR. LI1U: Objection, form.
8 THE WITNESS: We have, | mean, I'm
9 thinking about Gonzal ez, which | know we're
10 going to discuss, Gonzalez has sort of a
11 combination of interdigitated finger
12 structure, which are electrodes, together with
13 the MOS varactor, the back-to-back MOS
14 varactor. So, that whole structure has
15 electrodes as part of the capacitor component.

16 BY MR. HALVERSON:

17 Q. Andso, well get to Gonzalezina

18 second, but right now I'm just wondering about

19 situations beyond interdigitated capacitors where you
20 would refer to a portion of a capacitor as being an

21 electrode. So, you identified the finger components
22 of thefinger capacitor. Isthere any other situation
23 or any other type of capacitor that you would consider
24 it as an electrode?

25 A. | don'tthink I've considered that, and

6 (Pages 18 - 21)
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1 | don't think of anything off the top of my head.

20 earlier.
21 Q. Andso, inthisfigure, in paragraph
22 75, the source would be the P well that's |abel ed wit

Page 22

2 Q. So, looking at the MOS capacitor in
3 paragraph 75, you wouldn't consider any of those
4 components to be electrodes?
5 MR. LIU: Objection, form.
6 THE WITNESS: Asl said, we havethe
7 source, the gate, and the drain, which would
8 have connections to them, metal connectionsto
9 them. At this moment, | don't know whether |
10 would refer to those as electrodes or not, but
11 there are terminations that are metal
12 terminations coming down to these three
13 regions.
14 BY MR. HALVERSON:
15 Q. S0, inthisMOS capacitor in paragraph
16 75, between which two points or which two components
17 isthere a capacitance?
18 A. Wséll, you can have a capacitance
19 between the source and the gate, as | mentioned

h

Page 24
1 isgoing to be governed by their design rules of what

2 they will fabricate.
3 Q. And so, you haveto adhereto that
4 foundry's design rules for the product that you are
5 designing, or you have to at least stay within those
6 design rules when you're making a product; is that
7 right?
8 A. Yes. That'sagenera statement, but
9 yes, in general.
10 Q. S0, in Gonzalez, how many metal layers
11 do the design rules allow for?
12 A. I don'tthink I know the answer to that
13 without looking.
14 Q. It'snot amemory test, so by al
15 means, take apeak. 1'm happy to direct you to page
16 8.
17 A. That will speed things up.
18 Q. Left-hand column of page 8, about
19 halfway through that first paragraph.
20 A. Yes, | recognize that.
21 Q. S0, now that we're there, how many
22 metal layers do the design rules of Gonzalez allow

10 It's been added to the Exhibit Share folder as Exhibi

11 582-1005.

12 (Exhibit 582-1005 was introduced.)
13 BY MR. HALVERSON:

14 Q. Ingenera, are you familiar with the

15 concept of adesign rule, or design rules, when

16 designing circuits?

17 A. Yes.

18 Q. What arethey?

19 A. Wadl, when designing an IC, design

20 rules are rules about the configuration and the

21 layout. Design rules could dictate the width and
22 thickness of metal lines, for example. Design rules

24 These design rules are usually provided by the

23 an S isthat right? 23 for?
24 A. I'mgoingtoenlargethat. Yes, the P 24 MR. LI1U: Objection, form.
25 well that's labeled source, that'sright. It's P+, 25 THE WITNESS: Well, Gonzalez says that
Page 23 Page 25
1 yes. 1 he is using the metallization M1 through M6
2 Q. Andit'sjustlabeled S; isthat right? 2 layers.
3 A. Labeled S, yes. 3 BY MR. HALVERSON:
4 Q. And then the gate isthe metallic 4 Q. And then he goes on to say that the top
5 structure that sits atop that areaand islabeled G; 5 metd layer isM®6; isthat right? The sentence that
6 isthat right? 6 beginsFigure9.
7 A. That'sright. 7 A. Yes, that's correct.
8 Q. So, you've mentioned Gonzalez a couple 8 Q. Andhealsorefersto-- and |
9 times. You're welcometo pull it up, if you'd like. 9 apologize, | just said "he" twice. And so, if you

t

23 could limit the minimum spacing between metal lines.

25 foundry, so what you make when you lay out acircuit

10 continue in that sentence, he also describes the

11 bottom two metal layersas M1 and M2; is that right?
12 A. Yes.

13 Q. So, thelowest-most metal layer of his

14 designrulesis M1, and the top-most metal layer of
15 hisdesign rulesis M6; isthat right?

16 A. Wadl, that's hisdesign. Whether those

17 aredesignrulesor not, I'm not sure. | didn't think

18 of it that way. But those are the metal layers he's

19 dealing with, that he's using.

20 Q. And not just the metal layers he's

21 using, but those are the design rules that he's

22 constraining his analysisto; isthat right?

23 A. My understanding isjust that heis

24 doing adesign, using six metal layers, the top one

25 M6, and the bottom two M1 and M2. So, those are the

7 (Pages 22 - 25)
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Page 26 Page 28

1 parameters of his design. 1 A. Thank you. So, | think that section

2 Q. So, if you go onto the next column of 2 dtarts at page 6, right-hand column. Y ou may have
3 the same page, about halfway through that full 3 found that already. And that indicates --

4 paragraph there's a sentence that begins, "However." | 4 Q. | actually want to go back to page 5,

5 Do you see that? 5 inthe left-hand column, and just before the first

6 A. Yes. 6 paragraph break, the second to the last sentence that
7 Q. S0, here, the author is saying that he 7 begins, "The binary switched.”
8 hasto account for the design rules so that he can 8 A. Yes.

9 keep awide range of characteristic impedence, and 9 Q. So, Gonzalez uses the same structure
10 therefore, he has to make a certain decision about 10 for both types of varactors; is that right?
11 what option exists for where to place hismicrostrip | 11 A.  Yes, that'sright.
12 conductor layer; isthat right? 12 Q. So, going back to Figure 5, this
13 A. Let mehavealook at that, please. 13 varactor isaMOS varactor; is that right?
14 Yes, the context of thisisthat he wants to reduce 14 A. Yes
15 the resistance of the strip line, and because of that, 15 Q. And so, everything below the horizontal
16 heuses metal layer M6, which typically isathick 16 linein the right-hand side of Figure 5, so the P+

17 layer, and that would reduce the resistance. 17 well, the N well the N+ well, al of those sitin
18 Q. Canyou go back a couple of pagesto 18 silicon, right?

19 page 6 of Gonzalez? | want to ask a couple questions 19 A. Yes.

20 about Figure 5, please. 20 Q. Thoseareall below the bottom metal
21 A. Okay. 21 layer?

22 Q. Figure5isalittlesmall, soit may 22 A. That'scorrect.

23 be helpful to zoom in, but by al means, feel freeto | 23
24 review any portion of Gonzalez or your declaration, if 24
25 you think that would be helpful to answer these 25

Page 27

Q. So, ontheright-hand side of Figure 5,
still, we see something called an N+ poly? Do you see
that between the |eft two columns? Really small. You

Page 29

1 questions. My understanding is your opinion is Figure 1 may haveto zoomin.
2 5indicates the form of the varactors that Gonzalez is 2 A. I'mzoomingin. Yes, | seethe N+
3 using. Isthat right? 3 poly, which isthe gray square below the blue
4 A. That'sright. 4 rectangle.
5 Q. And Gonzaez Figure 8, whichisa 5 Q. So, below the N+ poly, theresa Thick
6 couple of pageslater, describes two different kinds 6 GOX. Do you see that?
7 of varactors, digitally-controlled differential 7 A. Yes
8 varactors and fine-tuning varactors. Isthat right? 8 Q. Isathick GOX ameta layer?
9 A. I'mjust getting to page 8. Where did 9 A. No, that'sagate-oxide. So, it'san
10 you point to? 10 oxidelayer. It'san oxide.
11 Q. Figure8. It'sactualy on page 8, as 11 Q. Andthe N+ poly, isthat ametal layer?
12 well. 12 A. Thatisalayer with metallic
13 A. Yes So, Figure 8 has both the 13 characteristics, but not strictly metal.
14 fine-tuning varactors and digitally-controlled 14 Q. What do you mean by that?
15 differential varactors. 15 A. | bdievethat's aheavily-doped region
16 Q. And Gonzalez used the same varactor, 16 that provides a good connection between the metal

17 that back in Figure 5, for both types of varactors
18 depicted in Figure 8; is that right?

19 A. I'velooked most closely at the

20 fine-tuning varactor, wherethisis used. 1'd haveto
21 look and see how he designed the coarse-tuning

22 varactor. | think it's the same design, but | don't

23 recal, exactly. 23 materia asthe N+ well inthe N well?
24 Q. Letmeseeif | canfind that section 24 A. No, the N+ well isadoped regionin
25 for you. 25 the semiconductor, in the silicon.

NNDN R B2 -
N P O © 00 N

above, whichis, | guessin this picture, the light
blueregion, at L+ and the gate-oxide. So, it's sort
of an intermediate layer. An intermediate region, |
guess | should say.

Q. Andisthat N+ poly, that light-gray
square between the Thick GOX and the Out+ of the same
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Page 30
1 Q. So, what isthe difference between the

2 heavily-doped N+ poly and the N+ well?
3 A. They aretherefor different purposes.
4 So, the N+ doped regions are the source and drain of
5 the MOS, and the N+ poly is used just as an interface
6 from the metal to the gate-oxide below. | don't
7 recall exactly what material is used for the N+ poly,
8 but it's different than the semiconductor below.
9 Q. So,inthis2x2 differential varactor
10 at Figure 5, where is the capacitance created between?
11 A. Thecapacitanceis created between VC
12 and Out+. So, it's created as you pass through the
13 source region into the gate region, there would be
14 capacitance between the two. The gate and sourcein
15 the semiconductor.

16 Q. So, which metal layer is VC created out

17 of?

18 A. So,VCisactudly aviathat comes

19 down from alayer that's above. | don't remember the

20 number of thelayer. But VC, in theright-hand

21 diagram, VC, asyou can see, extends upward from the
22 source. And that trandates into the left-hand of the
23 two diagrams, which islooking at the top, down.

24 That, | believe, trandates into the little x in the

25 box. Let'sseeif I've got thisright. It's probably

Page 32
1 A. Yes.

2 Q. S0, you said that the via brings the

3 Out+ voltage from that letter F, called an electrode,

4 down to the source VC voltage; is that right?

5 A. Yes.

6 Q. So, thereisadifferent letter x

7 that's associated with the VC voltage in Figure 5,

8 right? In each of the 2x2 varactorsin the left-hand

9 image here, we see the Out+ viain the top | eft
10 corner, we see an Out- viain the bottom right corner,
11 and we see three x's off of the shaded VC Figure 8
12 that sits between the Out+ via and the Out- via. You
13 seethose three x's?
14 A. So, either | misspoke or | agreed with
15 something that maybe wasn't what | intended to say.
16 It'snot the VC that extends up to the Out+. |
17 misspoke there. Entirely misspoke. Because clearly,
18 it'sthe Out+ that extends to the Out+. And so,
19 everything | said is correct, except that | identified
20 thewrong blue pillar, the wrong blue via. And just
21 to correct what | said, if | may, the Out+ that's over
22 the gate, that blue viais what extends upward to the
23 letter F that's carrying the Out+ voltage. And there
24 arefour of those connections. And asyou correctly
25 pointed out, the other three x's are not on that

Page 31

1 easier to seein the diagram in my report, but | can

2 just pick one of them. Y ou see on the |eft-hand side,

3 2x2 differential varactor, and it's labeled Out+ on

4 theleft?

5 Q. Yes

6 A. That Out+ isaconductor at a higher

7 layer, it's actually an electrode, and it's not shaded

8 inthere, right? So, if you trace -- if your eye

9 followsthat Out+ to the extent of it, you can seeit
10 sort of lookslike an F, like the letter F upright.
11 And thetop of that F extends from the word Out+ over
12 totheright, and there's two places where there are
13 littlex'sin abox. | believe, and thisishard to
14 visualize just looking at this, but those are the vias
15 that bring the Out+ voltage from that letter F, the
16 electrodes, down to the source VC voltage. So, you
17 asked mewhat layer it'sin, and just to summarize,
18 it'savia, and the via goes up from the N+ region and
19 then interconnects to the top of that F, or indeed,
20 any of those viasfrom the F. | think there are four
21 of them there.
22 Q. So, you said that the vias off of the
23 Out+, those four x's, there's one in the top left
24 corner of each differential varactor in the 2x2
25 differential varactor, right?

Page 33
1 letter F layer of electrodes. They're actually on

2 something that looks like a shaded-gray number 8, if
3 you can seethat. And that carriesthe VC, asit's
4 |abeled at the bottom of that particular figure.
5 Right? And then there are four groups of three x's
6 that would carry the voltage VC down to the source, to
7 the N+ source on the right side.
8 Q. And so, looking at the | eft side of
9 Figure5, let'sjust isolate the top left differential
10 varactor, so we're all talking about the same portion
11 of thisfigure. Isthat fair?
12 A. It'salittle hard for meto makethe
13 correspondence between the orientation of the varactor
14 ontheright figure and on the left figure. | can
15 identify where the vias go down from the top, by
16 looking at the top, and | know Out+ goes down to the
17 gate, and | know that the nearest x, whichisVC,
18 would go down to the source. It'salittle hard for
19 meto visualize wherethe -- | see. The Out- ison
20 the other side. Okay? So, it lookslike, if | may
21 continue, which I'm just trying to tell you what |
22 think | see, if werelooking at an individual
23 varactor, there's an Out+ in the top left of the
24 figure, and then there's an Out- that's sort of
25 diagonally below and to the right, which is carried by
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Page 34
1 theinverted letter F. And in between those two are
2 threeviasfor VC, but those can't al be seenin the
3 figure on theright.
4 Q. So,isitfair to say that the figure
5 ontheright islike aflattened cross-section, not an
6 actual cross-section, because in the figure on the
7 left, the Out+ viaand the Out- viaand the VC viaare
8 not in the same plane?
9 A. Wadll, | don't have the entire physical
10 structure of the MOS here, but | interpreted this as
11 being sort of adiagonal cross-section. So, I'm
12 looking up at a screen rather than you. | apologize.
13 Q. That'sokay.
14 A. Butl took the cross-section, to make
15 sense, the cross-section would be adiagonal line, in
16 the same region we're talking about, from the Out+ or]
17 the upper left, extending diagonally through, sort of,
18 the middle of the three VV C connections, the VC vias,
19 and ending, maybe not necessarily ending, but
20 extending to the lower right Out- connection.
21 Q. And so, if we assume that type of a
22 dlicefor our cross-section on the right, where do we
23 find the subs, the two outer-most vias that go into
24 the P-wellsin the figure on the left?
25 A. Okay. So, the subsin the top-down

Page 36
1 represented here, which isthe 8, overlaps, looking
2 from top, down, overlaps Out+ and Out-, and therefore,
3 should be on adifferent metal layer.
4 Q. Andyou would agree that the right
5 side, the cross-section of oneisland portion of
6 Figure 5 of Gonzalez, does not show afinger electrode
7 inthe context that we were using that term earlier
8 with the radio example, right?
9 MR. LIU: Objection, form.

10 THE WITNESS: Well, | would not choose
11 to useit in the context of the radio

12 electrode. | would say | would useit in the

13 context of an interdigitated finger, in a

14 finger capacitor, and in that case, the letter

15 F on the top, in fact, you know, where those

16 two letter Fs come together, inverted and not

17 inverted, would represent the fingers, and

18 they're connected downward through vias to the
19 Qut+ and Out-. So, that's how --

20 BY MR. HALVERSON:

21 Q. No, I'mtaking about the right side,

22 the cross-section, which isthe vias, but it doesn't
23 show the F's.

24 A. That'sright. That's because, as|

25 just said, the vias come up to a higher layer, where

Page 35
1 view are the cross-hatched, sort of, rectangular

2 grade, | would say. It hasvertical linesinit. It
3 has horizontal lines. And some of them are connected
4 with vias downward. 1'm not sure that thisis showing
5 all of them, but | took that as being the via that
6 goes down to the P+.
7 Q. And so, Out+ and Out- and VC in the
8 figure on the left cannot all be on the same metal
9 layer; isthat right? There would be a short?
10 A. Waél, wedon't want shorts, okay, and
11 sotheway thisislaid out, the electrodes that
12 interconnect to L+, for example, are represented by,
13 if you wish, theletter F. And that can be on the
14 layer, | think it was the yellow layer in the other
15 figure, whichever figure that was, Figure 8. And the
16 Out-, where those come together, are interdigitated.
17 So, I'd haveto look back at the other figure, | think
18 it'sFigure 8, but | believe that the Out+ and Out-
19 electrodes, at that point, can be on the same metal
20 layer, which | believe was yellow. On the other hand,
21 did you say the VC?
22 Q. Yes, thethird one that couldn't be on
23 the samelayer, or you couldn't have all three, was
24 VC, inthisoutline, right?
25 A. Exactly. Exactly. So, theVC, asit's

Page 37
they are connected to the electrodes of the finger

capacitor.

Q. And so, inyour interpretation of the
electrodes of the finger capacitors of the two F's,
what role do the vias and the remaining componentsin
theright side of Figure 5 play in the capacitance?

A. Okay. Inthefigure on the right-hand
side, the electrodes are not playing arolein the
capacitance. They're not shown there. It'sthe
source gate interface that is causing the capacitance
of the MOS, of this part of the MOS varactor.

Q. And so, in your experience with circuit
design, would you have a metal layer below asilicon
layer?

A. | don't have experience with that. |
don't know. | know that at some place there may be a
ground plane, but | don't know where that would be.

Q. And so, instead of doing thisin the
abstract, let's do thisin the context of Gonzalez,
which definesits ground plane as levels M1 and M2.
Do you remember we were talking about that on page 8?

A. Yes

Q. So,if levelsM1 and M2 are the ground
24 plane, and you look at, for example, Figure 9, do you
25 see any metal layers below any silicon layers?
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Page 38
1 A. Waél, Figure 8 shows only the --

2 Q. Sorry, I'm asking about Figure 9, which
3 shows the ground plane and the substrate and the top
4 metal layer 6.
5 A. | think that the silicon falls below M1
6 here. So, looking at Figure 9, the ground plane would
7 betwo metal layers at the bottom, and then the three
8 metd layersthat comprise the loop would be 6, 5, and
9 4.

10 Q. And so, when you say the three metal

11 layersthat comprise the loop, you're referring to the

12 bluelayer, the gold or brown layer, and then the

13 yellow layer that are part of the inductor in the top

14 part of Figure 8?

15 A. Actudly, thisisalittle difficult to

16 see, but | believe -- it's hard to see the details,

17 because the figureis so small, but it appears as if

18 -- so, the patent says alayer of aluminum and two

19 layers of copper to form the loop, and it appears as

20 if what looks like the brown layer hereis actually

21 two layers of brown. And we can sort of seethat if

22 welook at where the brown layer continues into Figure

23 8. There'savery finelinethat's hard to see. It's

24 best seen by looking at the end of the brown

25 connection at the bottom.

Page 40
1 layer, because copper doesn't aways do well sitting

2 ontop of the oxide, on top of the insulation layer.

3 So, it could be for adhesion of the copper to the

4 insulation layer, or it could be just as abarrier to

5 prevent, sort of, diffusion of the copper. | think

6 that may be something that's typically donein

7 fabricating copper layers.

8 Q. Butasyoulook at the top of Figure 8,

9 it's your understanding that these three metal layers
10 arerepresented by two brown layers and one blue
11 layer, not one blue layer, one brown layer, and one
12 yellow layer?

13 A. Looking at thisvery closely, because

14 these aretiny, I've cometo this conclusion.

15 Q. I'msorry, when you say this

16 conclusion, what do you mean?

17 A. What | meanto say islooking at it in

18 the past, and not looking at it this carefully, it's

19 easy to assume that the three metal layers are the

20 three colors, blue, brown, and yellow, but | mean, my
21 conclusionis after looking at it more closely, that
22 thethree metal layers are blue and two brown.

23 Q. Gotit. Youwould agree that thereis

24 a capacitance between any two pieces of conducting
25 material, right?

Page 39
Q. So, I'll get to the bottom part of

1
2 Figure 8injust asecond, but if you zoom in on the
3 top part of Figure 8, the inductor coil, just above
4 where it says Patterned Ground Shield, you would agree
5 that you see three different colorsthere, right? You
6 seeabluelayer on top, agold or abrown layer in
7 the middle, and then ayellow layer beneath that gold
8 or brown layer?

9 A. | agree, | seethree different colors.
10 But what I'm sayingis| think the brown -- it's very
11 tiny, but | think the brown may actually be two brown
12 layers, one on top of the other, representing two
13 copper layers.
14 Q. And so, that was going to be my
15 question. Isit your opinion, then, that those two
16 brown layers are two copper layers?
17 A. Yes, | think so. And | think there's
18 clearly ayellow layer below that, as well.
19 Q. So, given that Gonzalez explainsits
20 conductor coil is made up of three metal layers, an
21 aluminum layer and two copper layers, what isthe
22 yellow layer in the top portion of Figure 8 that
23 depictsthe cail?
24 A. That'snot explained in Gonzalez, to my
25 knowledge. This could be some kind of abarrier

Page 41

A. Yes, aslong asthey'rein reasonable
proximity of some kind, there's going to be some
capacitance.

Q. So, two pieces of a paperclip would
have a capacitance between them?

A. Waél, when you apply avoltage to two
pieces of metal, you end up with a capacitance between
them.

Q. Andnot just metal. Theresa
capacitance between, for example, my two fingers?

A. | supposethere could be. | don't know
very much about that, but | think that's possible.

Q. Haveyou ever used a capacitive
touchscreen?

A. Yes. AndI think that's how it works.

I'm just not too familiar with how it works, but --

Q. So, that'swhat | was going to ask, is
there a capacitance there between your finger and then
the metallic layer somewhere within the stack of the
touchscreen?

A. That's correct.

Q. Butyou would not consider your finger
and that touchscreen to be a capacitor; isthat right?

MR. LIU: Objection, form.
THE WITNESS: Well, it'snot a
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Page 42
capacitor that | would build into an

integrated circuit, but it has capacitance.
Andif | wanted to model that system, if |
wanted to model that circuit, | might model
the aspect of the circuit that had the
touchscreen and the finger as being
represented by a capacitor.

8 BY MR. HALVERSON:

Q. | agreewith that, but would you

10 consider a user's finger and a capacitor touchscreen
to be, collectively, a capacitor, as a professor?

MR. LIU: Objection, form.

THE WITNESS: So, not conventionally, |
wouldn't think of my finger as a capacitor,
but if I think of a capacitor as an element
that has capacitance, and in the context of
designing a touchscreen that uses that
capacitance that we talked about between the
screen and the finger, in that sense they're
behaving as a capacitor would.

BY MR. HALVERSON:

Q. 5o, | think there's two separate

23 concepts here. There'sthisidea of two components
24 that have a capacitance between them, and then there
25 isthisideaof acapacitor. My question isdo any

Page 44
stop, you could turn, you get yourself from point A to
point B, but you, on your bicycle, isnot acar.

Nobody would ever consider that to be acar. Nobody
is denying that you on your bicycle could act like a
car, or behave like a car, or have some
characteristics akin to acar, but | don't think
anybody would consider an individual on abicycleto
beacar. Andso, I'm just curious as to whether or
not you would consider any two components that have a
capacitance to necessarily be a capacitor.

A.  Wadl, | mean, the way you've put it, of
course ahicycleisnot acar, and of course, an
13 electronic capacitor is not the interface between a
14 finger and a screen. So, they both have capacitance.
15 Onel would call acapacitor. What else would you
16 need to make a capacitor? Probably, that the
17 capacitor would exist in some kind of acircuit, |
18 would say.
19 Q. Canyou go to Figure 2 for me of
20 Gonzalez? It's on page 5, top left corner.
21 A. Okay.
22 Q. So, Figure 2 isaschematic diagram of
23 aVCO and output buffers; isthat right?
24 A. Yes
25 Q. So, we seetheinductor asthe
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1 two components that have a capacitance between them

Page 45

2 necessarily create a capacitor, or is there something
3 elsethat goes into distinguishing a capacitor on the
4 one hand and my two fingers on the other hand?
5 A. Weél, typicaly, acapacitor hasa
6 dielectric between the two plates. So, there should
7 be aninsulator between the two plates that keeps them
8 separated and allows the charge to build up on the two
9 plates. So, if | wanted to go further into what a
10 capacitor typicaly includes, there's some kind of a
11 gap, and then maybe the dielectric, or some kind of
12 insulator.
13 Q. Isthatit?
14 A.  Wadl, | mean, | think you're asking me,
15 broadly, would | say that anything that has the
16 capacitance to be a capacitor, and | typically think
17 of capacitors as electronic components. That's pretty
18 simple. But | aso understand that other things that
19 may have capacitance could behave the way a capacitor
20 does, could be modeled as a capacitor. But would you
21 call it acapacitor? That's stretching it a bit.
22 Q. I agree. | wasjust curious. Because
23 for example, | can envision a situation where you
24 could beriding abicycle, and you, on your bicycle,
25 could behave like a car, you could go fast, you could

1 amost-octagon with an open bottom.
2 A. Yes
3 Q. Youchuckled there. Isthere abetter
4 way that you would describe that?
5 A. | fed likeI've been talking about
6 octagons all day.
7 Q. |Ifed likel'velistenedto alot of
8 octagon discussions. So, the almost-octagon there
9 that isthe inductor, and then below that we see an
10 arrow, a dotted-line arrow, that identifies,
11 "Continuous tuning analog control varactor 5x5
12 idands." Do you seethat?
13 A. Yes
14 Q. And then below that we see another
15 arrow, and if we follow that bottom arrow up to the
16 top and the right, we see, "Digital control varactor
17 bank 7 units 1x1." Do you seethat?
18 A. Yes
19 Q. And so, the continuous tuning
20 varactors, the figure says see Figure 3, right?
21 A. Yes
22 Q. Andthedigital control varactor bank,
23 thefigure says see Figure 3 and 5, right?
24 A. Right.
25 Q. So, how far isthe continuous tuning
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Page 46
1 varactor of Figure 2 from the |leads of the inductor of
2 Figure 2? Canyou tell?
3 A. Weél, | can't tell, because thisis
4 sort of ahybrid schematic that sort of shows, maybe,
5 aphysical octagona representation of the inductor
6 loop. That octagon might not be the way you typically
7 represent an inductor as a coil, asacircuit element.
8 And below that are circuit elements representing the
9 varactors. So, once it becomes acircuit diagram, you
10 know, the distances, it's more making the electrical
11 connections clear, and | can't tell from the circuit
12 diagram how far things are apart.
13 Q. Instead, you would need something like
14 animage, or a PCB schematic, or some other form of
15 figure to be able to see how they're actually
16 oriented?
17 A. That might help. The right image might
18 help, and the PCB could help, if you showed where the
19 components are.
20 Q. And so, aschematic such as Figure 2
21 would look the same whether or not two components were
22 amillimeter apart or three millimeters apart?
23 A. Wadl, yes, but | would add that this
24 schematic, as| said, is sort of ahybrid, where it
25 seemsto be showing, to some extent, where things are

Page 48
1 A. I'mthere.
2 Q. Beforewediveintothis, I'm sorry, |
3 haven't been keeping track of time. Do you need a
4 break, or are you fine to keep going?
5 A. I'mfineto keep going.
6 MR. HALVERSON: Charles, are you okay
7 to keep going?
8 MR. LIU: Can | ask for a 5-minute
9 break, maybe?
10 MR. HALVERSON: That'sfine. We're
11 over an hour now, so I'm happy to take a
12 break. Doesfive minuteswork?
13 MR. LIU: It's4:42 right now. How
14 about we just round it to 4:50, and we come at
15 4:50?
16 MR. HALVERSON: Eight minutes. Sounds
17 good.
18 (A 7-minute recess was taken.)
19 BY MR. HALVERSON:
20 Q. So,wereat Figure 12 of Gonzalez, and
21 Figure 12 isadie micrograph, right?
22 A. Yes
23 Q. What'sadie micrograph?
24 A. Wadl, thedieisachip, and a
25 micrograph is an image of the chip, some kind of

Page 47
1 located, you know, so that somehow the varactor is

2 located below the octagonal loop. And the digital

3 control varactor is below that, and then the

4 oscillator below that, and the two buffers up on the

5 side. | think there's some correspondence in the

6 general layout of where these things are positioned

7 and located, but you can't tell distances. And you

8 can't even tell exact locations.

9 Q. Canyou point out wherein Figure 2 you
10 seefinger electrodes, if anywhere?

11 MR. LIU: Objection, form.

12 THE WITNESS: Figure 2 doesn't indicate
13 where the finger electrodes are. It pointsto

14 a continuous tuning analog varactor. And to

15 understand what that is, one has to look at

16 another figure to see what's in that varactor.

17 By the way, that's where the fingers are.

18 BY MR. HALVERSON:

19 Q. Butyou can't seethem in Figure 2?

20 You've got to go look at the other figures?

21 A. Yes | haveto golook at more of the

22 detail of what'sin that dashed box.

23 Q. Canyougo down afew pagesto page 9,
24 and look at figure 12, please. Let me know when
25 you'rethere.

Page 49
1 photograph of the chip.

2 Q. Butit'saphotograph taken of an
3 actual physical thing, not amodel for representation
4 of what the physical thing should look like?
5 A. That's my understanding, but thisis a
6 photograph, top, down, of the surface of a chip.
7 Q. 5o, looking at Figure 12, and just
8 Figure 12, can you tell me where the fingers of the
9 capacitors are?
10 A. I'mblowingit up. So, weseethe
11 octagonal loop sort of just below dead center. It has
12 abox around it, and it's labeled as VCO core. And
13 then we see the buffers labeled on the side.
14 Q. And canyou tell what those buffers,
15 the form of those buffers take?
16 A. | can'ttell from looking at this.
17 Q. Canyou see acapacitor in those
18 buffers?
19 A. No, | can't.
20 Q. Canyouseearesistor or -- I'm sorry.
21 Go ahead.
22 A. No, | wasjust going to say that |
23 don't see the details of the components here. And
24 just pointing out where the VCO core is, that the
25 finger capacitor and the varactor would be within the

13 (Pages 46 - 49)

Veritext Lega Solutions

Page 13 of 62 www.veritext.com

888-391-3376



2 Q. Why arethey at alower layer?

4 the components are located below the extensiol
5 segments of that inductor, and so you know, w

7 that they're located under that.
8 Q. Allright. Let'sgo back a couple of

10 been very excited to talk about Figure 8, so let'
11 it.

12 A. Okay. I'vegotit.

13 Q. So, starting with the bottom part of

16 statement? The top half and the bottom half?
17 A. Yes

18 Q. So, thetop half depicts an inductor
19 layout; isthat right?

20 A. That'sright.

21 Q. And the bottom half depictsthe

23 transistors; isthat right?
24 A. Yes
25 Q. Wheredo you see atransistor in the

1 VCO core, within that box, but at alower layer.

3 A. Wadll, thedesign is such that some of

6 look at the design that Gonzal ez shows, we can see

9 pagesto page 8, and talk about Figure 8, and you've

14 Figure 8 -- | guess to orient ourselves before we do
15 that, Figure 8 hastwo halvestoit. Isthat afair

22 interconnection of varactors and the structure of

Page 50

n
hen we

sdo

Page 52
1 right?
2 A. Yes
3 Q. Isityour understanding that those
4 colored layers represent different metal layers?
5 A. Yes.
6 Q. So, earlier you had pointed to the thin
7 line between the two gold or brown layers. So, does
8 that mean that there are two metal layers that
9 comprise that, or one metal layer that comprises that
10 Out- or Out+ paddle?
11 A. | believethere are two metal layers
12 there, and that's on the basis of relating it to the
13 top half of Figure 8, which is described as having two
14 copper layers, as we discussed before.
15 Q. And so, are those two metal layers
16 directly on top of each other without any interstitial
17 insulating material?
18 A. No, they should be separated by an
19 insulator.
20 Q. That'sinteresting. How are they
21 connected, then?
22 A. Thisdoesn't show how they're
23 connected, but presumably, by some kind of vias.
24 Q. And then how do you know that they are
25 not one on top of each other?

1 bottom half of Figure 8?

2 A. | don't seethetransistor itself, but

3 | see the interconnections to the transistors. So,

4 for example, MN1 and MN2, | believe, are two

5 transistors. In Figure 2, MN1 and MN2 are two

6 transistors, as| said. And those transistors --

7 Q. Andso--

8 A. I'msorry.

9 Q. Youliketo give pensive thought to
10 your answers, and | liketojumponin, sol
11 apologize. You go ahead. What were you going to
12 A. 1 wasjust going to say you asked me
13 where the transistors are shown, and the transistors
14 are going to be below what you see here, because
15 they're in the semiconductor.
16 Q. So,you can't actually seethe
17 structure of any transistors in the bottom half of
18 Figure 8; isthat fair?
19 MR. LIU: Objection, form.
20 THE WITNESS: Weéll, not exactly. |
21 mean, it's showing the interconnections to the
22 transistors. It's pointing to them.
23 BY MR. HALVERSON:
24 Q. So, the bottom half of Figure 8

25 includes a number of different-colored layers; is that

Page 51

say?

Page 53
A. Because of the conventiona way that

ICs are fabricated with metal layers separated by
insulators.

Q. Could you ever fabricate two metal
layers, one on top of the other, without any
interstitial insulating material ?

A. Wadl, | suppose it would be possible,
but you might run into problems doing that. So, for
example, thermal expansion coefficient of the metal
would be dightly different, and that would lead to
stress. | think there are a number of reasons why, in
practice, one does not want to put metal on top of
metal, but | think --

Q. Other than thermal expansion
coefficient, why else would you not want to put metal
on metal?

A. There might be issues with adhesion.
I'm not sure of al the reasons, but adhesion could be
one. Thermal could be the other.

Q. Andif you were depositing two metal
layersthat had the same composition, they would have

© 00N UL WDN PR
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22 the same thermal expansion coefficient, right?

23 A. Presumably, they'd be the same.

24 Q. That would be the goal?

25 A.  Well, | don't know that that would be a
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Page 54 Page 56
1 goal, but if you had copper on copper, for example, it| 1 spot, | think, to see this continued descent, is going

2 should expand and contract at the same rate. But 2 to be at the digitally-controlled differential

3 nevertheless, | know that it's frowned on, putting 3 varactor, but below that teal, light blue color, we
4 metal on metal. 4 see adark bluelayer; isthat right?

5 Q. So, we've got two brown-ish, 5 A. Yes

6 gold-ish -- what color would you use for that, the 6 Q. Andthen below that, we see awhite
7 Out+ paddle? 7 sguare, right?

8 A. | think I'm very bad with colors, 8 A.  With white under it.

9 because I've been told that the layer under that is 9 Q. Andthat's my ultimate question, isit

10 yellow, and it looks greenish to me, but everyone 10 your understanding that that white thereisalayer, a
11 agreesthat it'syellow. So, I'm going to say that it 11 boundary, or just an absence of color, based on there
12 looks like the extension segments are brown. 12 not being something there?

13 Q. So, we've got two brown layers. And 13 A. Tome, and again, thisisn't described

14 then are you zoomed in on this bottom part of Figure | 14 in the paper, so I'm inferring by looking at this that

15 87 15 it'sjust an absence of color. If you'rereferring to
16 A. No, but I will. 16 the whitethat is at the boundaries of the light blue
17 Q. Pleasedo, because I'm going to ask 17 or teal, and extending under the dark blue, | think
18 about pink and red and green, and they're pretty 18 that's unspecified. It's not another metal layer.
19 small. 19 Q. Andthen looking in the middle, you see
20 A. Okay. I'mzoomed in. 20 the arrow that says, "Fine Tuning Varactor?' Do you
21 Q. So, we've got, below the two brown 21 seethat?
22 layers, we've got ayellow layer; isthat right, the 22 A. Yes
23 onethat you called greenish? 23 Q. Andthere'sablack arrow pointing
24 A. Yes 24 generally towards the middle of the image, right?
25 Q. And so, below that, we have a pink 25 A. Wadll, it's sort of touching that
Page 55 Page 57

1 layer; isthat right? And for orientation, | think 1 electrode.

2 the easiest spot to see thisis either in those MN 2 Q. That wasmy question. Isit your

3 areas, at the very bottom of that MN comb, or at the 3 opinion that that fine tuning varactor arrow is

4 bottom part of the brown cables in the middle, those 4 pointing to the yellow electrode, or pointing to

5 legsthat go down. 5 something below the yellow electrode?

6 A. |seepink. | do seepink under there, 6 MR. LIU: Objection, form.

7 yes. 7 THE WITNESS: 1 think it could be

8 Q. And below that, do you see, kind of, a 8 either. | mean, it could be taken as

9 neon green? And the neon green is pretty small, just 9 generally pointing to the middle of that

10 alittle square across the bottom there. It'sa 10 region, but also pointing to the yellow
11 little bit more pronounced in the MN1 and MN2 areas. 11 electrode.
12 A. | canbarely seeit. | can't say that 12 BY MR. HALVERSON:

=
w

13 I'mcertainin the MN1 and MN2 areas. | do seethe
14 pink, but it looks to me like there's light blue under
15 the pink. | don't know for sure with the green.

Q. Doyou seeany pink or teal or light
blue in the area where the fine tuning varactor arrow
is pointing?

=
o~

16 Q. | definitely seethe light blue, and we 16 A. No. It seemsto start at the yellow
17 seethat light blue has, kind of, a collar around the 17 layer with the fingers, and then there is nothing in
18 full bottom half of Figure 8; isthat right, kind of a 18 that middle region until we get to the blue layer

=
(o]

19 tealy-light blue?

20 A. Yes

21 Q. Andisit your understanding that that
22 isaso ametd layer?

underneath. There's nothing else intervening in that
region.

Q. So, canyou tell me, looking at the
bottom part of Figure 8, how the Out- paddle -- do you
23 A. It'snot described in the paper, in seethat, in the top left part of the bottom part of
24 Gonzalez, but that's my understanding. Figure 8?
25 Q. And so, below that, in the easiest 25 A. Yes

N NN NN
A W NPEL O
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Page 58
1 Q. -- how the Out- paddleis connected to

2 theyellow layer beneath the Out- paddle?
3 A. Waell, these are two different metal
4 layers, which would have an insulator between them,
5 and the insulator would have vias through them
6 connecting the brown extension segment and what you
7 called the paddle underneath it. The Out- voltage
8 from the extension segment, therefore, isbeing
9 carried by the paddle, asyou would say. But that
10 paddle, that yellowish layer, also extends, appearsto
11 extend, down the length of that paddle to the end,
12 because we can see in cross-section that below the
13 lower brown layer isayellow layer. Andin doing so,
14 it's connecting to MN2, as well, those sort of little
15 finger connections that come out from under the paddle
16 totheright. So, that's how I think the yellow layer
17 connectsto the brown paddle.
18 Q. Canyou tell me how many viasthere are
19 between the Out- paddle and the yellow layer?
20 A. | don't know.
21 Q. Canyou tell me whether the yellow
22 metal layer is a continuous metal layer?
23 A. Whatever is going on under that brown
24 extension segment isn't shown, so | don't know what
25 the shapeof itis. What | can say isthat it extends

Page 60
1 Q. What do the blue lines do?

2 A. Thesebluelinesare carrying Vc to the

3 sources of the MOS varactors.

4 Q. How do you know that?

5 A. Weél, I'd haveto look at adifferent

6 figure, the one that shows the cross-section.

7 Q. Isthat Figure2 or Figure 5, or

8 something else?

9 A. No, Figure5.
10 Q. Let'sgoback to Figure5. Now, were
11 looking at, | assume, the left-hand portion of Figure
12 52
13 A. Yes So, wealready know that, | think
14 we aready know, that Out+ and Out- come from those
15 F-shaped fingers, we aready discussed that, on the
16 left-hand side. And then we have the thing that 1ooks
17 like an 8, that's grayish, which has V¢ going to it,
18 and that's providing the Vc to asource. So, this, in
19 my opinion, corresponds to the blue lines, the dark

20 bluelines, that we just discussed. | would call it
21 --
22 Q. So, looking at thisfigure, Figure 5,

23 you would agree that V¢, the gray Figure 8, is above
24 Out+, right? It obscures the Out+ portions of the F?
25 A.  Wadl, | think it's not entirely drawn

Page 59
1 underneath, and | know that because | know that we

2 need the Out- voltage being carried by that. And |
3 also believe that makes aleft-hand -- aright angle
4 to theleft, and goes down and interconnectsto MN2,
5 to provide the Out- voltageto MN2, aswell. The
6 detailed shape of that isn't shown, and | don't know.
7 Q. Now, the'582 patent refersto
8 something as afirst region. Areyou familiar with
9 that concept?
10 A. Yes
11 Q. | believeinyour declaration you've
12 got ared dotted line in an annotated version of the
13 bottom part of Figure 8 that outlines the first
14 region, and I'm happy to find that for you, but | want
15 to ask my question first and seeif we need it or not.
16 Do you agree that the digitally-controlled
17 differential varactors, the seven across the bottom,
18 are not underneath the first region that you've
19 identified?
20 A. Asfarasl cantdl, they are not.
21 Q. Thebluelinesthat arein the center
22 portion of the bottom part of Figure 8, they've got
23 stubsthat stick off. Do you see those stubs? Do you
24 know what I'm talking about?
25 A. Yes

Page 61
consistently. If you look at theinverted F on the

1
2 right-hand side, the, sort of, fingers of the F that
3 extend from the Out- vertical bar to the left, they
4 crossthe V¢ gray bar by going over it.
5 Q. Andyou can tell that because the black
6 outer-boundary of the Out+ F, or inverted F prongs are
7 over the top of the gray Figure 8 VCC, right?
8 A. I'minferring alot into this by saying
9 that, but here, just from this drawing, it looks like
the minus fingers are above the V¢ gray bar. Now, on
the other side, it's shown in a different way, |
believe, with the F that isright-side up. It looks
like the fingers of the F go under the gray V¢ area.
So, to some extent, that may just be drawn poorly, but
when | combine that with Figure 8, | see that the blue
V¢ connections are under the fingers.
Q. Andthere'snolabel in Figure 8 or
indication in Figure 8 of V¢; isthat right?
19 A. No, Vcisnotlabeled in Figure 8. But
I do know from the circuit diagram what V¢ needsto be

21 connected to, and it needs the fine tuning varactor to
22 tuneit.
23 Q. Canyou go to paragraph 144 of your

24 declaration for me, please? It's on page 86 of the
25 pdf.
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Page 62

A. I'mclicking to the left to get there,
and it's taking a few minutes.

Q. Thosefilesare aso downloadable. |
don't know if you have Adobe on your desktop, but it's
alittle bit easier to search and navigate if you get
alocal acopy, but up to you.

A. Thank you. | wantto play it safe
right now, if you don't mind.

Q. That'sjust fine. Take your time.
What paragraph did you say? I'm not
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144.
Okay.
. On paragraph 144, the second sentence
begins, "Asillustrated.” Do you seethat?

A. I'msorry, | pulled up the wrong
document.

Q. Waereyou clicking through your 245
declaration?

A. 1 was. How did you know?

Q. It'stheonly other really long
document.

A. I'mgoing back to the Marked Exhibits
now. It's going to the be safest way. I'm opening my
'582 declaration, and I'll scroll down to paragraph,
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Page 64

MIM capacitor and aMOM capacitor, in your mind?

A. So, the MOM capacitor, the
metal-oxide-metal capacitor, | believe that
corresponds to the parallel plate capacitor. And the
MIM, or metal-insulator-metal capacitor, | understand
asavertical parallel plate capacitor, a VPP
capacitor, which, for example, would be a capacitor
with the fingers stacked and connected by vias,
effectively forming parallel platesin avertical
direction.

Q. Allright. Canyou go back to the
Exhibit Share folder, the Marked Exhibits? |'ve added
Muh.

A. I'vegot Muh.

MR. HALVERSON: For therecord, Muhiis
582-1006.
(Exhibit 582-1006 was introduced.)

BY MR. HALVERSON:
Have you read Muh?
I've gone through the whole thing.
Cover-to-cover?
Yes, very detailed in various places,
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23 yes.
24 Q. And my read of your declaration is most
25 of what you focused on in Muh isin the appendix of

Page 63

1 did you say, 1447

2 Q. Paragraph 144, yes, page 86.

3 A. Okay.

4 Q. Thesecond sentence, "Asillustrated in

5 Figure 8," do you see that?

6 A. Yes

7 Q. 5o, thissentencereferstoa

8 fine-tuning capacitor and a fine-tuning varactor, and

9 | just want to make sure those are the same thing, in
10 your mind, right?

11 A. Isthat figure in the neighborhood of
12 this?

13 Q. It'son the next page.

14 A. | wanted to see what the red box was

15 it'sreferring to. (Pause.) Theanswer isyes.

16 Q. Allright. Whilel wait for something

17 toload, hang on one second. Bear with mefor just a
18 second. So, we talked alittle bit earlier about MOS
19 capacitors. We aso talked about the concept of a
20 MIM, M-I-M, capacitor?

21 A. Yes

22 Q. Areyou aso familiar with the concept
23 of aMOM, M-O-M, capacitor?

24 A. Yes

25 Q. So, what isthe difference between a

Page 65
Muh, not the body of Muh. Isthat afair

characterization?

A. Thatiscorrect.

Q. So,isit your understanding that the
appendix of Muh is describing testing that the student
performed on a chip that he was given?

A. Yes

Q. Andthat is not the chip or the

9 analysisthat was done in the rest of histhesis; is
10 that right?
11 A.

0O ~NOO O WDN PR

He's using a different capacitor in the

12 rest of histhesis, doing an analysis of aVCO.

13 Q. Andinfact, al he was doing with

14 what'sin Appendix B was checking whether or not the
15 HFSS analysisthat he was doing in the rest of his

16 thesiswas, itself, accurate; isthat right?

17 A. That was one of the goals of the

18 appendix. The other wasto test the VCO with the

19 interdigitated capacitor.

20 Q. Whenyou say the VCO, what are you

21 referring to?

22 A. Weéll, he compared to the inductor

23 capacitor circuit that he modeled in Appendix B and
24 that he compared to experiment in Appendix B. So, |
25 should probably look at Appendix B, so that I'm not --
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Page 66
1 Q. Appendix B starts on page 56. Let me

2 know when you're there.
3 A. | amthere.
4 Q. So,takealook at whatever is on the
5 first page of Appendix B, or anywhere else in Appendix
6 B, but my question is actually going to be about the
7 rest of thethesis. Isit your understanding that the
8 bulk of Matthew Muh's thesis was directed towards a
9 millimeter-wave CMOS push-push VCO?
10 A. Yes.
11 Q. Andso, in Appendix B, what Mr. Muh was
12 doing was evaluating the accuracy of the HFSS model
13 that hewas using in the rest of histhesis; is that
14 right?
15 A. Toanswer that, I'm going to look back
16 to where herefersto Appendix B, which | think was
17 toward the end of histhesis. (Pause.) So, part of
18 histhesistowards the end, and specifically, section
19 3.10, on page 50, he'stalking about laying out the
20 VCOin CMOS, utilizing eight layers, et cetera, and he
21 proposes alayout for that a couple of pages later, |
22 think. And then he says, later on, that he included
23 inthislayout -- thiswould be the next page, 51, in
24 thelast paragraph, that he included two separate LC
25 tank structures. And the reason for doing that is

Page 68
1 Muh says due to the availability of some measured data

2 from arecent test chip, additional simulations were
3 performed in order to compare HFSS results to measured
4 data. These simulations are described in Appendix B.
5 Isthat right?
6 A. Yes
7 Q. So, Muh's Appendix B isjust verifying
8 the accuracy of the HFSS results that he was receiving
9 by using atest chip with known HFSS results
10 associated with that test chip; isthat right?
11 A. So, he had measured data from the test
12 chip. Healso performed additional simulations of the
13 test chip, and compared those both to the HFSS
14 simulations, that's correct.
15 Q. Andif you go down to page 57 of Muh,
16 you look at him describing what he was doing, the
17 third sentence begins, "However." Actualy, that's
18 not the sentence | want to start with. The fourth
19 sentence begins, "To obtain." Do you see that?
20 A. Yes
21 Q. Itsays, "To obtain asimilar value of
22 capacitance as the finger capacitor, a high-K
23 dielectric was sandwiched between the two plates. The
24 value of K was adjusted to resonate the tank at a
25 similar frequency asthe actual tank." And he goeson

Page 67
1 that he could make a direct measurement of the

2 resonant frequency, which he might not be able to do
3 exactly if it were embedded in the remainder of the
4 circuit. And so, that's referring to the layouts on

5 the next page.

6 So, and it says further there that one

7 of the test structures that he laid out included only

8 MOS varactors, and the other one included MIM

9 capacitors connected to thetank. That is, finger

10 capacitors.

11 Q. Connected to the tank, right?

12 A. Yes, connected to the inductor.

13 Q. Well, Muh says connected to the tank,
14 right?

15 A. That'sright.

16 Q. Not totheinductor.

17 A. Hesays connected to the tank, that's

18 right.

19 Q. So, you werelooking for something that

20 was referring to Appendix B. Did you find that?
21 A. Not yet.

22 Q. | can probably short-circuit, play on
23 words, some of this, if you look at page 42.

24 A. Yes

25 Q. Atthevery end of the top paragraph,

Page 69
to describe some plotting, some analysis that he did;

1

2 isthat right?

3 A. Yes

4 Q. So, what Muh did is he took known

5 measurements of this test chip, and in his HFSS model

6 tweaked the HFSS model's value of K to align the data

7 of hisHFSS model for histesting that he was doing in

8 thebody of histhesis; isthat right?

9 A. Hewascomparing measured results from
10 thetest chip which used the finger capacitor. Andin
11 hismodel, in hissimulation, for smplicity, rather
12 than trying to model and simulate a finger capacitor,
13 which was actually on the test chip, for which he had
14 data, he was trying to mimic the finger capacitor by
15 using asimple parallel plate capacitor with the same
16 capacitance. And that'swhy he was tweaking the K
17 value, the dielectric, so he could match the finger
18 capacitor and then use that to do asimpler
19 simulation. So, he actually had atest chip. He
20 measured data with afinger capacitor on it.

21 Q. Andwedon't know what that test chip

22 looked like, right? If you go back to page 56, al we

23 know isthere was a 90-nanometer CMOS test chip that
24 was made available by somebody named Mounir Bohsali;
25 isthat right?
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Page 70 Page 72
1 A.  Yes, that'sright. 1 know when you're there.
2 Q. Did Mr. Muh use a90-nanometer CMOS 2 A. Okay. | just got there.
3 tank, CMOS-equipped tank, in the rest of histhesis? 3 Q. Thelast sentence hererefersto a
4 A. | don'tthink so. | think it wasa 4 library model. Do you see that?
5 different -- according, at least, if | go back to 5 A. Yes.
6 3.10, he used a 0.13 micron bulk CMOS process for his 6 Q. Isthat the samekind of library model
7 design. 7 that you were referring to earlier with your own lab
8 Q. Canyou go to page 39 for me, please? 8 work?
9 S0, here, in the body of Mr. Muh's thesis, he's 9 A. No. | think thisisamodel for doing
10 explaining that he was actually modeling for MOS 10 RF simulations.
11 varactors; is that right? 11 Q. Youdon'tthink thisisan existing
12 A. Yes. That'swhat | recall. | canlook 12 library of P-cellsthat Mr. Muh had access to when he
13 at this. 13 was creating his thesis?
14 Q. I'mhappy for youto. Let me know when 14 A. Wadll, let melook back and see what
15 you've read through that. 15 he'sdoing at this point. Hetalks about difficult to
16 A. | seeitinthefirst sentence, and 16 get areliable estimate of Q using HFSS, especialy at
17 it's confirmed that he's using MOS devices and the 17 high frequencies.
18 varactors. 18 Q. Do high frequenciesimpact Q value for
19 Q. And so, when we look at the structures 19 an LC circuit?
20 on page 52 you were talking about before, the tank 20 A. Yes, the Qisafunction of frequency.
21 structure of the LC tanks and the push-push VCO are 21 Q. Do higher frequencies have a bigger
22 created using varactorsin Muh's thesis, right? 22 impact on Q?
23 A. Thatisright. 23 A. A bigger impact than, you mean, in the
24 Q. What isyour understanding of the 24 model?
25 frequency range that Muh's VCO was intended to operate | 25 Q. Thantheuseof alower frequency. In
Page 71 Page 73
1 a? 1 the moddl, yes.
2 A. Itwasapretty high frequency. I'd 2 A. Yes, apparently, the model becomes less
3 haveto look back and see. 3 accurate at high frequencies. So, difficult to trust
4 Q. 60 gigahertzring abell? 4 theresults.
5 A. 60 gigahertz definitely rings a bell. 5 Q. DoLCcircuitstypically have more loss
6 Q. Doyou think there was a higher range, 6 at high frequencies?
7 aswell? 7 A. | think, generally, we can say that
8 A. Hetaks about some frequencies going 8 that would be the case.
9 upto 100 gigahertz, but | don't know if that's the 9 Q. Canyou go to page 50? | think you
10 entire VCO. 10 werelooking at 50 earlier when you found the .13
11 Q. What are some concerns with operating 11 micromere RF bulk CMOS process that was being used to
12 frequenciesthat are that high in LC circuits? 12 design the VCO of Mr. Muh's thesis?
13 A. Waél, | think any circuit at such a 13 A. Yes
14 high frequency is going to tend to radiate. So, you 14 Q. So, this process utilized eight metal
15 know, alot of the elementsin the circuit can act as 15 layers; isthat right?
16 anantenna. | think, also, the losses can get to be 16 A. Yes
17 quite high at high frequencies. 17 Q. Isthat what page 50 says, top
18 Q. Wasthat tied to the transmission lines 18 sentence, in 3.10?
19 within the circuit? 19 A. That'swhat that says, yes.
20 A. Tosomeextent. So, transmission lines 20 Q. Itsaysitwasasoadesignfora
21 at high frequencies would tend to propagate the 21 nominal supply voltage of 1.2 volts. Do you see that?
22 EM-wave on the surface of the conductor. You'd have 22 A. Yes
23 the skin effect and high loss. The higher the 23 Q. Doesthat suggest to you that there was
24 frequency, the higher the |oss. 24 adefined design process that Mr. Muh was using when
25 Q. Canyou go to page 46 of Muh? Let me 25 designing his VCO of histhesis?
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Page 74
MR. LIU: Objection, form.

1

2 THE WITNESS: By defined design

3 process, do you mean a standard design

4 process, or for a particular time?

5 BY MR. HALVERSON:

6 Q. Yes. Sorry. Weweretaking earlier
7 about design rules. | meant to say design rules, a
8 defined set of design rulesthat Mr. Muh was

9 following.
10 A. | think so.
11 Q. | added another exhibit. | bet you can
12 guesswhat it is. Bear with me just a second.
13 (Exhibit 582-1007 was introduced.)
14 MR. LIU: Erik, can wetake aquick
15 restroom break?
16 MR. HALVERSON: Sure. Ten minutes?
17 MR. LIU: Six minuteswill be fine.
18 WEe'll be back 5:50. Thank you.
19 (A 6-minute recess was taken.)

20 BY MR. HALVERSON:

21 Q. Dr. Prucnal, if you could refresh

22 Exhibit Share. I've added another exhibit, 582-1007,
23 submitted in with your declaration, referred to as

24 Niknejad. Do you see that?

Page 76

1 Q. Haveyou read the entirety of the

2 textbook?

3 A. No.

4 Q. Haveyou looked at any other portions
5 of the textbook?

6 A. Atvarioustimes, | have, but not in

7 connection with this case.

8 Q. And so, wasthat at various times for

9 your work as a professor, or for different cases, or
10 for something else?

11 A. Work asaprofessor.

12 Q. If you go to page 11, do you see
13 Chapter 5?

14 A. Pagel1linthe contents, yes, | see
15 Chapter 5.

16 Q. Chapter 5 says, Voltage-Controlled
17 Oscillators and Frequency Dividers, right?
18 A. Yes

19 Q. Didyou ask tolook at Chapter 5 or
20 include Chapter 5 as part of your analysis?
21 A. |didn't.

22 Q. Why?

23 A. | wasjust looking for a description of

24 finger capacitors. Muh was Niknejad's student, and he

25 A. Yes | do. 25 referred to a chip that had been made that had an LC
Page 75 Page 77
1 Q. Do you recognize that? 1 circuit on it with afinger capacitor. It's pretty
2 A. 1do. 2 well-known what a finger capacitor looks like, but
3 Q. Now, Niknejad is, as areference asa 3 thistextbook had some discussion and an illustration
4 whole, is atextbook; isthat right? 4 of thefinger capacitor. That'sreally all.
5 A. Yes 5 Q. And Muh'sthesiswastitled, "Design of
6 Q. And so, you've included a subset of 6 aFinFET static frequency divider and a
7 that textbook, right? 7 millimeter-wave CMOS push-push VCO," right?
8 A. Yes. 8 A. | don't haveitinfront of me, but

9 Q. So,if welook at the last page of what
10 you have looked at, in the bottom right-hand corner we
11 see Exhibit 1007, page 63 of 63, right?

12 A. Yes

13 Q. Andthetop left corner we see 108; is
14 that right?

15 A. Yes

16 Q. If wego back to page 9 of the pdf --

17 A. Okay. I'mon page9.

18 Q. Page 9 beginsthe Table of Contents; is
19 that right?

20 A. Yes

21 Q. So, we see on page 9 two chapters,

22 Chapter 1 and 2, and on page 10 we see 3and 4, on 11
23 we see 5 and 6, and then on 12 we see Chapter 7 and
24 theindex indicated, right?

25 A. That'sright.

9 I'll take your word for it. | think so.
10 Q. I'mhappy to represent that | read
11 that. VCO isvoltage-controlled oscillator, right?
12 A. Yes
13 Q. And frequency divider, the second half
14 of Chapter 5, right?
15 A. Yes
16 Q. If youlook down at 5.4.2, we see
17 push-push oscillators, right?
18 A. Yes
19 Q. |Ifyoulook at 5.4.1, we see
20 millimeter-wave oscillators, right?
21 A. Yes
22 Q. None of that you thought would be
23 relevant to your opinions on Muh's thesis titled
24 Design of a FinFET status frequency divider in a
25 millimeter-wave CMOS push-push VCO?
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Page 78
MR. LIU: Objection to form.

THE WITNESS. Wéll, aswe discussed, my
focus was not on the heart of the thesis. My
focus was on the Appendix B, and the fact that
he referred to atest chip that had an
inductor and finger capacitor. So, that was
really the focus of my attention, not the rest
of the thesis.

BY MR. HALVERSON:

10 Q. So, back in your declaration -- we're

11 going to bounce back and forth alittle bit. 1'm not
12 sureif you have away of opening two windows, one
13 with your declaration and one with Niknejad?

14 Otherwise, we can just go slow.

15 A. | haveahard copy of it behind meon
16 thetable, and it hasn't been marked. If | could use
17 that?

18 Q. If youwant to use the hard copy of

19 your declaration, that's probably fine.

20 A. | think it would speed things up rather
21 than flipping back and forth.

22 Q. Yeah, why don't you grab that, if you
23 don't mind.

1
2
3
4
5
6
2
8
9

Page 80
1 A. Yes
2 Q. You added the green line on the right?
3 A. Yes
4 Q. Andthen you added ayellow box in the
5 middle?
6 A. Yes
7 Q. What'sthe yellow box intending to

8 describe or convey?

9 A. Theyelow box conveys the region where
10 the electrode segments are located.
11 Q. And you confined the yellow box,
12 because it doesn't go all the way to the green or the
13 red. What was the intent with that?
14 A. Wadll, it could have gone to the green
15 orred. | think it wasjust arbitrary. The way it's
16 drawn here, the boundaries extend to the end of the,
17 say, the short end of the electrodes, and not al the
18 way to the base of the electrode.
19 Q. 5o, it reflects where more capacitance
20 isgenerated as opposed to off the tip of the finger,
21 where there would still be capacitance, but less so
22 than across the broad side of the finger?
23 A. | think that would be the case. That

24 MR. HALVERSON: Or Charles, isthat 24 wasn't the intention of putting the yellow box here,
25 okay if he uses that? 25 but that would be the case.
Page 79 Page 81
1 MR. LIU: That'sfine. 1 Q. So, here, in your declaration at
2 THE WITNESS:. Do you want to grab that,| 2 paragraph 77, you've oriented Niknejad's Figure 3.11
3 Charles? The big notebook. Thank you. So, | 3 in the same manner that it's oriented in Niknejad,
4 have the hard copy of the declaration here. 4 itself, right, vertical, with a clean corner on the

5 BY MR. HALVERSON:

6 Q. Just sothat were all on the same

7 page, the last page has your signature on it, and the

8 front page says something about the '582 patent?

9 A. Last page has my signature. Front page
10 isabout the '582 patent.

11 Q. Andthere's 166 pagesinit?
12 A. 166 pagesinit, yes.
13 Q. Okay. I will assume we're on the same

14 page, and that that is an entire version of your

15 declaration in this matter. So, if you could flip to

16 paragraph 77, it is on page 35.

17 A. Gotit.

18 Q. Anditrefersto Figure 3.11 of

19 Niknejad, which can be found in Niknejad at page 27.
20 A. | seethat reference. Would you like

21 meto go to page 277?

22 Q. 1would, please.
23 A. Okay. I'mon page 27 of Niknejad.
24 Q. So, you added the coloring, right? You

25 added thered line on the | eft?

5 top of both, which you've labeled as connecting
6 segments, and ajagged corner on the bottom of each of
7 which you've labeled as connecting segments?
8 A. Yes
9 Q. And that jagged linein Niknejad,
10 itself, in Figure 3.11, indicates to the reader that
11 their capacitor could be bigger, right, could have
12 moretoit?
13 A. Wael, it could indicate that. It could
14 aso indicate that these are the connecting segments
15 of the capacitor, and those would be extended to

16 connect to whatever it's going to connect to. So, it
17 could just be an extension --

18 Q. So--

19 A. Sorry.

20 Q. Go ahead.

21 A. | wasbeing pensive.

22 Q. AndI wasbeing jumpy.

23 A. Just to summarize, the jagged edge

24 could either indicate the extension of the connecting
25 segments or of the capacitor itself to have more
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Page 82
1 electrodes, aswell.

2 Q. 5o, if you wereto connect an
3 interdigitated capacitor, such asthis one of
4 Niknejad, to avoltage source, such that the voltage
5 camein at that jagged line as opposed to down from &
6 via, how would that impact how the capacitance at the
7 various fingers would occur?
8 MR. LIU: Objection to form.
9 THE WITNESS: Wéll, in the capacitor,
10 presumably, there would be some resistive
11 loss, perhaps some voltage drop, from one end
12 of the lineto the other. So, it may be that
13 there's less, slightly less voltage applied to
14 the capacitors that are at the -- the fingers
15 that are at the furthest extreme of the finger
16 capacitors, the higher voltage closer in.
17 BY MR. HALVERSON:

18 Q. And so, to minimize that loss, you

19 would want to minimize the average distance from
20 voltage source to capacitor; isthat right?

21 A. Let'ssee, minimizethe average

22 distance. | would say something like that. I'm not
23 sureit's quite that straightforward, but something

24 likethat. You would want to minimize the distance,
25 asawhole, of these electrode segments to the voltage

Page 84
1 the'582 patent that describe ajoining portion?
2 A. | am familiar with them.
3 Q. If wecdl that linethejoining
4 portion, that joining portion goes in the same
5 direction as the green segment 133 that you've circled
2 6 inFigure 9, right?

7 MR. LI1U: Objection, form.
8 THE WITNESS: So, that joining
9 direction --

10 BY MR. HALVERSON:

11 Q. Joining portion?

12 A. Joining portion, yes, liesin the same

13 direction asthe, | guess, the green area called 133,
14 | suppose. The answer isyes.

15 Q. Youreviewed the '582 patent as part of
16 thisexercise, right?

17 A. Yes

18 Q. And as part of the other cases that are

19 involved in the '582 patent that you've talked about?

Page 83
1 source. | don't know if you mentioned vias or not,

2 but that would be one reason to place these connecting
3 segments directly under the electrode segments of the
4 inductor, so that you're minimizing the average

5 distance, or at |least the average loss, and coming

6 directly down from the electrode segments to these

7 connecting segments. | think that would minimize the
8 lossin the connection.

9 Q. Do you have your declaration in front
10 of you?
11 A. Yes
12 Q. Let'sshift gearsalittlebit. If you

13 could go to page 141, an image that's associated with

14 paragraph 229.

15 A. Okay.

16 Q. So, here you've colored some aspects of

17 Figure 9 red and green and yellow, right?

18 A. Yes.

19 Q. | want tofocus on the green and

20 yellow, and you've got an intersection or meeting

21 place for the green and the yellow combined. Do you
22 seethat? There'saline there where those two colors

23 touch.
24 A. Yes
25 Q. You'refamiliar with the passagesin

20 A. Right.
21 Q. Isitfair to say you'veread it more
22 than once?
23 A. That'sright.
24 Q. Andyou'vereviewed other patents for
25 other cases, right?
Page 85
1 A. Yes
2 Q. Isyour understanding of a patent

3 specification that it needs to describe only one way
4 of doing something?
5 A. | think that's correct.
6 Q. Haveyou ever heard of the concept of
7 embodiments?
8 A. Yes. It'saway of doing something.
9 Q. So, have you ever seen a patent that
10 describes multiple embodiments?
11 A. Yes
12 Q. And so, haveyou seen aclaim of a
13 patent that claims one embodiment, as described in a
14 patent specification?
15 A. That's getting a bit into legal
16 territory, and I'm not sure.
17 Q. That'sfine. You've, asfar asl can
18 tell, not provided any explicit claim constructionsin
19 your declaration. Isthat fair?

20 MR. LI1U: Objection, form.

21 THE WITNESS: I'm just checking.

22 Apparently, | have not provided any of my own
23 claim constructionsin the declaration.

24 BY MR. HALVERSON:
25 Q. And so, isit your understanding that
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Page 86
1 you've analyzed the claims under their ordinary and

customary meaning?

A. Yes | have.

Q. Andso, | didn't see this before, but
there's areflection of alarge display screenin the
window behind you. When you keep looking up, are you
looking up at an external monitor or a projector
display screen?

A. I'mlooking directly at your face.

Q. Oh, that's unfortunate.

A. So, | havein front of me my laptop,
and my laptop is connected to alarge display so that
| can see the documents better. And I've got you and
the other images just next to that. And | guessit's
reflecting -- oh, it's getting dark out, so it's
reflecting in the window behind me.

© 00 NO O WDN

e i
o0 s WNRO

17 Q. So, there's no projector up on the wall

18 or anything. What | seein the window is your display
19 screen?

20 A. Yes, it'sexactly what | have on my

21 display.

22 MR. LIU: We can lower the blinds.

23 MR. HALVERSON: No, it's okay.

24 (Exhibit 582-1032 and Exhibit 582-1033

25 were introduced.)

Page 88
1 could be one large capacitor, because it doesn't show

2 any more detail. In Figure 2, which shows more

3 detail, it seemsto have cut that capacitor into

4 pieces. So, I'd have to ook to the text to see how

5 Figure 2 is described.

6 Q. If yougoto page 12 and look at

7 paragraph 13, or if you look at paragraph 26, I'm not

8 sure Daley describes alot specifically about Figure

9 2. My understanding is that most of the description
10 islike what is donein paragraph 22, where thereis
11 referenceto Figures 1, 2, 2A and 2B, and is generally
12 describing the concept of what Daley considered to be
13 hisinvention. So, by al means, free feel to skim
14 through the rest of Daley, if you think that would be
15 helpful.
16 A. Okay. | think thiswould take me quite
17 abit of time to sift through, because apparently,
18 it's not just paragraph 22 that's describing this. |
19 do see places where Daley isreferring to a singular
20 capacitor, but | would have to flip through back and
21 forth to the figures to identify that.
22 Q. Okay. Let'sgo back to Niknejad, then,
23 582-1007, page 27, which is section 3.1.3.1.
24 A. Okay.
25 Q. So,isit your understanding that the

Page 87
1 BY MR. HALVERSON:
2 Q. If you can refresh Exhibit Share, |
3 want to ask about Exhibit 582-1032, which isthe Daley
4 publication. And you're welcometo look at 1033,
5 whichisJing. | uploaded that on accident. 1'm not
6 going to ask you about that right now. 1032.
7 A. Okay. I'vegot it.
8 Q. So, Daley describes alarge capacitor
9 16initsfigures; isthat right?
10 A. Yes
11 Q. There'sabunch of interdigitated
12 fingers associated with that capacitor; is that right?
13 MR. LIU: Objection, form.
14 THE WITNESS: I'm trying to enlarge it
15 so | can see.
16 BY MR. HALVERSON:
17 Q. Figure2 may betheeasiest. Figurel,
18 maybe you can see them.
19 A. Nowl do. | seeitin both.
20 Q. AndI believethere'sapassagein
21 Daley, itself, it'snot al that important, but you're
22 welcome to zoom into the text, aswell. But my
23 question is how many capacitors are there in Daley?
24 A. Wadl, this, asyou said, has
25 interdigitated fingers, and from Figure 1, it almost

Page 89
1 right-hand image is a cross-section of, for example,

2 thetop four interdigitated fingers of the left-hand
3 image?
4 A. Yes, this cross-section describes or
5 shows the cross-section of four of the fingers. The
6 left sideisthetop view. Theright sideisthe
7 cross-section. The cross-section shows that each of
8 thefingers extends downward and is connected by vias
9 to corresponding fingers on successively lower layers.
10 Q. So, theintent would be that the
11 left-hand image is five layers deep, if you wereto
12 combine the two?
13 A. Itcouldbe. Youwereright that the
14 image on the right-hand side shows five metal layers.
15 It doesn't count al of them. It'salittle curious,
16 becauseit says meta 1, metal 2, dot, dot, dot, then
17 top metal. So, the dot, dot, dot, might indicate, as
18 hesaysabove, that all available metal layersare
19 stacked together. So, thiswould be representative of
20 however many available layers were there to be stacked
21 together.
22 Q. So, ontheright-hand side of this
23 Figure 3.11, there are little capacitor symbols
24 between the vias, but not between the metal layers.
25 Do you know why?
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Page 90
1 A. Yeah, | think he'sillustrating a point

2 that he makes at the top, which is that -- rather,

3 that he makesin the paragraph aboveit, that it's

4 desirable to use as many vias as possible, becausein

5 doing so, the capacitance between the vias will serve

6 toincrease the overall capacitance between the

7 plates. The plates being the vertical structures.

8 Q. So, Nikngjad's Figure 3.11 is not

9 saying that there's no capacitance between the two
10 fingerson agiven meta layer; just that you get
11 additional capacitance between the metal vias that sit
12 between each meta layer?

13 A. That'swhat | believe he's saying, yes.
14 Q. Let'sgo back apage for a second,

15 please, to 26.

16 A. Okay.

17 Q. The bottom paragraph here, the third

18 sentence says, "In thisway, the Q-factor is

19 insensitive to small lead inductance and resistance.”
20 What does that mean, "insensitive to?"

21 A. Inordertotell you, | needtoread a

22 little bit around that sentence. (Pause.) So, what
23 he's saying isthat they've designed aring inductor,
24 and they want to measure its Q-factor, and they do
25 that by making aresonant circuit, aparallel LC

Page 92
1 got the terminology backwards. The MIM are two

2 parallel plateswith ahigh K dielectric in the
3 middle, and the MOM are layers of metal with oxide
4 between them.
5 Q. Do you agreethat MIM capacitors have
6 better linearity than MOM capacitors do?
7 MR. LI1U: Objection, form.
8 THE WITNESS: | guess|'d haveto
9 understand linearity to what? Like, what are
10 we plotting to determine linearity?
11 BY MR. HALVERSON:
12 Q. Behavior over arange of current or
13 voltage. Have you ever heard of the term linearity to
14 describe acircuit?
15 A. Linearity describesthe circuit, the
16 input/output response of acircuit. Generaly, |
17 think --

18 Q. Towhat?
19 A. Sorry?
20 Q. What do you mean by that, it describes

21 theinput/output response of acircuit. The response
22 towhat?

23 A. Toaninput signal to the circuit. So,

24 generaly, when | think of linear components, I'm
25 thinking of things like resistive components, where

Page 91
1 circuit, and the C in the LC are MIM capacitors, such

2 aswe've been discussing. And by doing that, by
3 putting it in parallel, at resonance, the circuit is
4 open, it's alarge impedance, and so at resonance, any
5 small lead inductance or any other resistances, small
6 resistances, would be negligible compared to the large
7 impedance of the circuit. | think that'swhat it's
8 saying.
9 Q. Andyou said MIM capacitor, such as
10 we've been discussing. What do you mean by that?
11 A. Vertical paralel plate capacitors.
12 But | just threw that in.
13 Q. Butif you go to the next page,
14 Niknejad's vertical parallel plate capacitors are MOM
15 capacitors, right?
16 A. Maybel got that backwards. Maybe it's
17 possible that the VPP capacitors are MOMSs.
18 Q. Whenyou say VPP capacitors, what are
19 you referring to now?
20 A. So, thevertica parallel plate
21 capacitors are shown on the next page in Figure 3.11,
22 and those are actually the metal-oxide-metal
23 capacitor. |'ve gotten the nomenclature wrong. The
24 MIM capacitors are the parallel plate capacitors. So,
25 when | talked earlier about MOM and MIM, | believe |

Page 93
1 you have current versus voltage. And alinear

2 resister isastraight line. A nonlinear resister is

3 adiode. So, | wouldn't typically think about the

4 linearity of the capacitor or inductor. | usualy

5 think about its response as a function of frequency.

6 So, | would think about the impedance of the capacitor
7 or inductor.

8 MR. HALVERSON: Why don't we take five
9 minutes. | might be done.

10 THE WITNESS: Thank you.
11 MR. HALVERSON: 6:35.

12 MR. LIU: Sounds good.

13 (A 5-minute recess was taken.)

14 BY MR. HALVERSON:
15 Q. Doyou still have Muh available, 582
16 Exhibit 1006?

17 A. | have Niknejad open, so I'll go back

18 and open Muh.

19 Q. Couldyou go to page 39 for me, please?
20 A. Okay.

21 Q. Thesecond to last sentence of page 39

22 says, "To minimize the effects of polysilicon gate

23 resistance and N well series resistance and thereby

24 maximize Q, each gate finger of the varactor was

25 designed at the minimum recommended length and width."
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Page 94
1 Do you seethat?
2 A. Yes
3 Q. So, you would agree that Muh, here, is
4 explaining that one of hisgoalsisto maximize Q; is

5 that right?
6 MR. LIU: Objection, form.
7 THE WITNESS. Wéll, generdly, I'm not

8 sure what else he's talking about in this
9 paragraph, although he seems to start off by

10 talking about varactors in accumulation mode,
11 MOS devices, and then he's talking about the
12 design of that capacitor, and then he says he
13 wants to maximize the Q.

14 BY MR. HALVERSON:

15 Q. Andyou would agree that here, one of
16 the goalsthat Muh is explaining is his desire to
17 maximize Q?

18 A. Yes Yes Andhesdoing that, in

19 part, by trying to minimize the gate resistance,
20 polysilicon gate resistance, and also the N well
21 seriesresistance.

22 Q. So, oneway he does that is minimizes
23 thelength and width of the lead that leads to that
24 gate; isthat right?

Page 96
1 Q. Just making sure. Can you go to page

2 115for me?

3 A. Okay.

4 Q. 115, associated with paragraphs 185 and

5 186 of the '582 declaration, which is your opinions

6 about claim 4; isthat right?

7 A. That'sright.

8 Q. And so, here, it's your opinion that

9 the claim scope of claim 4 is the same asthe claim
10 scope of claim 1; isthat right?

11 MR. LIU: Objection, form.

12 THE WITNESS: Wdll, what I'm saying
13 hereisthat I'm adopting Realtek's position,
14 where Realtek said that the first region of

15 claim 4 has the same scope as the first region
16 of claim 1.

17 BY MR. HALVERSON:

18 Q. So, you doesn't have any opinion, one

19 way or another, about whether or not claim 4 has the
20 same scope asclaim 1, right?

21 A. Unless| expressit elsewhere, I've

22 just adopted Resaltek's interpretation.

23 Q. Andwheredid you get Realtek's

24 interpretation from?

25 A. | don't recall what the layout was of 25 A. Asl recal, this had to do with -- and
Page 95 Page 97
1 thisMOS varactor and what the gate fingers |ooked 1 | may bewrong. | think it had to do with
2 like, but he is saying that he wants to minimize the 2 infringement contentions, where Realtek was contending
3 recommended length and width of the gate fingers. 3 that the accused products infringed on the '582, and
4 Q. Doyou recal Muh ever describing what 4 used this position, that the first region of claim 4
5 the gate fingers of histhesislooked like? For what 5 was the same as the first region of claim 1.
6 it'sworth, | don't. I'm just wondering if | missed 6 Q. So, doyou agree that the first region
7 it somewhere. 7 of claim 4 isthefirst region of claim 1?
8 A. No, | didn't see that in going through 8 A. I'mnot surethat I've fully analyzed
9 it. 9 that. | mean, | can look now and see what my opinion
10 Q. Doyou still have your declaration? Go 10 is off the top of my head, but if | just adopted
11 to page 52 for me. Paragraph 94 of your '582 11 Redltek'sinterpretation, then that's the extent of my
12 declaration is describing &, "capacitor component 150 12 opinion.
13 isarranged, corresponding to the first region 120, on 13 Q. Areyou aware of anywhere elsein your
14 alower surface," and then it goeson. And then you 14 '582 IPR declaration that we've been looking at today
15 paraphraseit, perhaps, I'm not really sure, but you 15 where you had offered any opinions about Gonzalez as
16 usetheintroductory phrase, "In other words." Do you 16 it relatesto claim 4?
17 seethat? 17 A. Weél, not off the top of my head, at
18 A. Yes 18 thismoment. So, | could look through. It'sthe only
19 Q. So, when you use the introductory 19 thing | can do at this point, to seeif | talk about
20 phrase, "In other words," are you trying to provide an 20 claim 4 inthis or anywhere else. Would you like me

21 example of what you've just described in the preceding
22 sentence?

23 A. | think I'm just trying to paraphrase

24 or state differently what is stated in the first

25 sentence.

21
22
23
24
25

to look through and confirm, or not?

Q. Yourewelcometo. | don'tthinkit's
inthere. | didn't see anything else. | just want to
make sure that you didn't intend to have anything else
anywhere else. Because as | read those two
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Page 98 Page 100
1 paragraphs, | don't see any other analysis. | just 1 BY MR. LIU:
2 want to make sure I'm not missing it. 2 Q. And the sameistrue of the Out- side,
3 A. 1don'tthink youare. | think that's 3 right, the fingers are also connected to the N+ poly
4 the extent of it. 4 on the Out- and then down to the gate-oxide. Isthat
5 MR. HALVERSON: Okay. So, with that, 5 far?
6 Dr. Prucnd, | don't have any other questions 6 A. Yes, that'sright.
7 on the '582, subject to anything from our dear 7 Q. So, what role does the finger electrode
8 friend Charles. That'sal I'vegot. Thank 8 play in thisMOS varactor?
9 you very much. 9 A. Wadl, there are two roles that the
10 THE WITNESS: Thank you. 10 F-shaped fingersplay. Oneisthiscan serve asan
11 MR. LIU: Could you give usafew 11 interdigitated capacitor, where the fingers on one
12 minutes, and I'll decide whether | have any 12 side areinterleaved with the fingers on the other.
13 questions? 13 And the other roleit can play isthat it serves asan
14 MR. HALVERSON: Sure. You want five? 14 interconnection to the MOS varactor that is beneath,
15 Isthat enough? 15 bringing the Out+ voltage and the Out- voltage to the
16 MR. LIU: Let'sdo ten. 16 appropriate gate-oxides. So, as such, the electrodes
17 MR. HALVERSON: Soundsgood. We'l be 17 both provide a capacitance between them, and serve as
18 back at 55. 18 part of the capacitor component that includes both the
19 MR. LIU: Fiveisfine. 19 MOS varactor and its interconnections.
20 MR. HALVERSON: Okay. Well be back at 20 Q. Canwegoto Figure8? Do you recall
21 50. 21 discussing thisfigure? It's on page 8 of Gonzalez.
22 (A 5-minute recess was taken.) 22 A. [Il'vegotit.
23 MR. LIU: | just have afew simple 23 Q. Those metal fingers that we just
24 questions. 24 discussed, those are connected to the inductor that's
25 BY MR. LIU: 25 on thetop half of Figure 8, correct?
Page 99 Page 101
1 Q. Dr. Prucnal, can you go to Exhibit 1 MR. HALVERSON: Objection, form.
2 1005, the Gonzalez reference, Figure 5 on page 6? Do 2 THE WITNESS: So, the F-shaped fingers
3 you recall discussing this figure? 3 that we just discussed are connected to the
4 A. Yes. 4 connecting segments, which are the yellow
5 Q. Aspart of that discussion, | believe 5 segments extending under the extension
6 you said at some point that, in Figure 5, on the 6 segments, which are brown, and those are
7 right-hand side, the electrodes are not playing arole 7 ultimately connected to the upper portion of
8 in the capacitance; it's the source gate interface 8 Figure 8 to the loop. Was that your question?
9 that is causing the capacitance of the MOS varactor. 9 BY MR. LIU:
10 Do you recall that testimony? 10 Q. Yes.
11 A. | recal the general testimony. 11 A. Okay.
12 Q. So, ! just wanted to get some 12 Q. So,thefingersarepart of the LC
13 clarification on what you meant. So, here, | believe 13 resonant circuit?
14 you discussed the F-shaped metal fingers on the left 14 A. Yes, they are.
15 side of Figure 5. Do you recall that? 15 MR. HALVERSON: Objection, leading.
16 A. Yes. 16 BY MR. LIU:
17 Q. Iseachfinger connected to the N+ poly 17 Q. Aredl thefingerspart of the LC
18 on top of the gate-oxide on the right-hand side of 18 resonant circuit?
19 Figure5? 19 A. Thefingersare part of the LC resonant
20 A. Yes. 20 circuit, and as | said, for two reasons. One, because
21 MR. HALVERSON: Objection, form. 21 they serve as afinger capacitor, and the other
22 THE WITNESS: Here we have the fingers 22 because they serve as interconnections providing the
23 with the F-shape layout, and they are 23 appropriate voltage levels to the gates of the N-minus
24 connected through vias down to Out+ to the N+ 24 varactor, the varactor and the interconnections. The
25 poly. 25 interconnections are part of the capacitor component,
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Page 102
1 including the varactor and the fingers.
2 MR. LIU: No more questions.
3 BY MR. HALVERSON:
4 Q. Very briefly, Dr. Prucndl, if you go
5 back to Figure 5 for me, to make sure | understand
6 this, so thereis an F-shaped conductive piece on the
7 left that's labeled Out+, right?
8 A. Yes
9 Q. Thereisaninverted F-shaped
10 conductive piece on the right that's labeled Out-,

11 right?
12 A. Yes
13 Q. Each of those F'shavea, inthis

14 figure, vertical, top to bottom of the page, lead, as
15 well astwo horizontal leads; isthat right?

16 A. So, each of those F's, | would call the

17 vertical lead a connecting segment, that connects the
18 fingersthat extent horizontally.

19 Q. So, asyou sit heretoday, it's your

20 opinion that the horizontal top finger of the Out+ F
21 and the horizontal top finger of the Out- inverted F,
22 together, form a capacitor?

23 A. Yes. Thecollection of these fingers

24 on theleft and the right will form afinger

25 capacitor. The fingers are somewhat spaced apart, but

Page 104
1 A. | would expect the capacitor, the
2 varactor, the MOS varactor, to have a greater
3 capacitance.
4 Q. How far apart are the two components of
5 the F and inverted Fin that last question?
6 A. | think that the position of the F, the
7 normally-oriented F, would correspond to where that
8 viacomes down, that that position would correspond to
9 the position of the Out+ on the right-hand side of
10 Figure5 onthe cross-section. There's an Out+ via
11 that comes down to the poly and the gate-oxide, and
12 that would, sort of, mark the location of the upper
13 portion of the non-inverted F, if you will.
14 Q. Yep.
15 A. Thenthe Out-, the inverted F, would
16 have a corresponding viathat connects down to the
17 Out- connection, same Figure 5, on the right-hand
18 side, to the N+ poly and gate-oxide. So, | don't know
19 that thisis an exact -- you know, the cross-section
20 issort of aschematic representation of the MOS
21 varactor. | don't takeit to be literally exactly how
22 it'slaid out. But at least in terms of the way these
23 figuresare drawn, | think the separation between the
24 fingers on the Out+ side and the Out- side would
25 correspond to the separation between these two vias,

Page 103

nevertheless, have some capacitance between them.

Q. So, earlier today we were talking about
a capacitance that was formed between the Out+ viaand
the Vc viain the right-hand side of Figure 2, right?

A. Onemoment. | don't recall that. Let
me look at Figure 2.

Q. Sorry, Figure5. Samefigure. | said
thewrong thing. Let meask it again. Can you go
back to Figure 5?
10 A. [I'mthere.
11 Q. And so, earlier today we were talking
12 about how in the right-hand portion of Figure 5 there
13 was a capacitance between the Out+ viaand the Vc via.
14 Do you remember that?
15 A. TheOut+ viaand theVcvia, yes, | was
16 talking about the capacitance in the MOS varactor
17 between the source and the gate through the
18 semiconductor. | think that's what | was talking
19 about.
20 Q. And so, comparing the capacitancein
21 the MOS varactor between the source and the gate, and
22 the capacitance between a horizontal top finger of the
23 Out+ F and the horizontal top finger of the Out-
24 inverted F, which of those two has a greater
25 capacitance?

© 00N UL WDN PR
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1 Out+ and Out-.
2 Q. And so, you're disregarding the
3 teaching of theleft side of Figure 5 that shows three
4 Vc vias between the Out+ viaand the Out- viawhen you
5 cometo that conclusion; is that right?

6 MR. LIU: Objection, form.

7 THE WITNESS: Well, | said that thisis

8 a schematic representation of the MOS

9 varactor, and it doesn't necessarily represent
10 dimensions. | believel said that. So, if we
11 look at the top half, as you've just pointed
12 out, then the distance between them would be
13 the distance as seen between the fingers of
14 the non-inverted F and theinverted F. And
15 there, the spacing would be different, if you
16 look at the middle two fingers versus the
17 outside fingers. | don't know what's adjacent
18 to that.
19 BY MR. HALVERSON:

20 Q. What'sthetypical spacing between

21 fingersin an interdigitated finger capacitor?

22 A. | don't have afeeling for that, and |

23 don't think there's atypical spacing. That's going
24 to depend upon many things, as you probably know.
25 It's going to depend upon the capacitance that's
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1 desired, the type of insulator between them, the
2 thickness and width of the fingers, aswell asthe
3 length of thefingers. So, al those various
4 parameters would come into design considerations that
5 would also relate to the separation.
6 Q. So,inab6-gigahertz LC tank VCO made
7 ina65-nanometer process, what kind of separation
8 would two fingers of afinger capacitor have?
9 A. 1 don't know, off thetop of my head.
10 Q. How would you figure that out?
11 A. Wadl, that'swhy simulations are done,
12 you know, something islaid out, as you see here, and
13 it hasanumber of parameters that can be adjusted to
14 see how the whole circuit works asawhole. There's
15 many things that come to bear here, and it's not just
16 going to be the separation of the fingers, but the
17 relationship of the fingers to each other, and other
18 conductorsto each other. So, there'salot of things
19 that will go on, aswell as the functionality of
20 bringing these fingers to deliver the voltages as
21 interconnects, to deliver the voltages to the MOS
22 varactors.
23 MR. HALVERSON: | have no further
24 questions, again, subject to anything from
25 Charles.

© 00N UL WDN PR
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1 MR. LIU: None here.
2 MR. HALVERSON: Thank you, Dr. Prucnal.
3 | appreciate your willingness to squeeze this
4 in. 1 know it's been along day.
5 THE WITNESS: Thank you. Asalways,
6 it's a pleasure talking with you.
7 COURT REPORTER: Mr. Liu, do you need a
8 copy of the transcript?
9 MR. LIU: Yes.
10 MR. HALVERSON: | need it faster than
11 normal, afinal by end of day Monday, with a
12 rough sometime today.
13 MR. LIU: Same, yes, rough today and
14 final Monday.
15 (Deposition concluded at 7:06 p.m.)
16 ---
17
18
19
20
21
22
23
24
25
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Federal Rules of Civil Procedure

Rule 30

(e) Review By the Witness; Changes.

(1) Review; Statement of Changes. On request by the
deponent or a party before the deposition is
completed, the deponent must be allowed 30 days
after being notified by the officer that the
transcript or recording is available in which:

(A) to review the transcript or recording; and

(B) if there are changes in form or substance, to
sign a statement listing the changes and the
reasons for making them.

(2) Changes Indicated in the Officer's Certificate.
The officer must note in the certificate prescribed
by Rule 30(f) (1) whether a review was requested
and, 1if so, must attach any changes the deponent

makes during the 30-day period.

DISCLAIMER: THE FOREGOING FEDERAL PROCEDURE RULES
ARE PROVIDED FOR INFORMATIONAL PURPOSES ONLY.

THE ABOVE RULES ARE CURRENT AS OF APRIL 1,

2019. PLEASE REFER TO THE APPLICABLE FEDERAL RULES

OF CIVIL PROCEDURE FOR UP-TO-DATE INFORMATION.
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VERITEXT LEGAL SOLUTIONS

COMPANY CERTIFICATE AND DISCLOSURE STATEMENT
Veritext Legal Solutions represents that the
foregoing transcript is a true, correct and complete
transcript of the collogquies, gquestions and answers
as submitted by the court reporter. Veritext Legal
Solutions further represents that the attached
exhibits, if any, are true, correct and complete
documents as submitted by the court reporter and/or
attorneys in relation to this deposition and that
the documents were processed in accordance with

our litigation support and production standards.

Veritext Legal Solutions is committed to maintaining
the confidentiality of client and witness information,
in accordance with the regulations promulgated under
the Health Insurance Portability and Accountability
Act (HIPAA), as amended with respect to protected
health information and the Gramm-Leach-Bliley Act, as
amended, with respect to Personally Identifiable
Information (PII). Physical transcripts and exhibits
are managed under strict facility and personnel access
controls. Electronic files of documents are stored

in encrypted form and are transmitted in an encrypted
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fashion to authenticated parties who are permitted to
access the material. Our data is hosted in a Tier 4

SSAE 16 certified facility.

Veritext Legal Solutions complies with all federal and
State regulations with respect to the provision of
court reporting services, and maintains its neutrality
and independence regardless of relationship or the
financial outcome of any litigation. Veritext requires
adherence to the foregoing professional and ethical
standards from all of its subcontractors in their

independent contractor agreements.

Inquiries about Veritext Legal Solutions'
confidentiality and security policies and practices
should be directed to Veritext's Client Services
Associates indicated on the cover of this document or

at www.veritext.com.
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