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I N THE UNI TED STATES PATENT AND TRADEMARK OFFI CE
BEFORE THE PATENT TRI AL AND APPEAL BOARD

| PR2023. 01382 [CERHHEDCOPY]

U S. Patent No. 9, 748, 347

| NNOSCI ENCE ( ZHUHAI') TECHNOLOGY COWVPANY, LTD. and
I NNOSCI ENCE AMERI CA, | NC. ,
Petitioners,
V.
EFFI Cl ENT POAER CONVERSI ON CORPORATI ON,
Pat ent Owner .

ORAL DEPGCSI TI ON OF JAMES RI CHARD SHEALY, PH.D.

Thur sday, May 16, 2024

Reported by:
SUSAN ASHE, Certified Electronic Reporter
Job No.: 137277
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I N THE UNI TED STATES PATENT AND TRADEMARK OFFI CE
BEFORE THE PATENT TRI AL AND APPEAL BOARD

| PR2023- 01384
U S. Patent No. 10, 312, 335

| NNOSCI ENCE ( ZHUHAI') TECHNOLOGY COWVPANY, LTD. and
I NNOSCI ENCE AMERI CA, | NC. ,
Petitioners,
V.
EFFI Cl ENT POAER CONVERSI ON CORPORATI ON,
Pat ent Owner .

Oral deposition of JAMES RI CHARD SHEALY,
PH. D., taken on behalf of the Petitioners, beginning
at 9:03 a.m, on Thursday, May 16, 2024, at the | aw
of fi ces of Finnegan, Henderson, Farabow, Garrett &
Dunner, LLP, 1875 Explorer~Street, Reston, Virginia,
bef ore Susan Ashe, Certified Electronic Reporter,

and Notary Public of the Comonweal th of Virginia.
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APPEARANCE OF COUNSEL:
On behal f of the Petitioners:

BLANK ROVE LLP
BY: DIPU A DOSH , ESQ
BY: AMEYA V. PARADKAR, ESQ
BY: MARK F. MASHACK, ESQ
1825 Eye Street, Northwest
Washi ngton, D.C. 20006
(202) 420-2200
di pu. doshi @l ankr onme. com
ar un. par adkar @l ankr ome. com

mar k. mashack@l| ankr ome. com

THE SULLIVAN GROUP OF COURT REPORTERS
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APPEARANCE OF COUNSEL (Conti nued):
On behal f of the Patent Hol der and the Wtness:

FI NNEGAN, HENDERSON, FARABOW GARRETT &
DUNNER, LLP
BY: KARA A. SPECHT, ESQ
271 17th Street, Northwest, Suite 1400
Atl anta, CGeorgia 30363
(404) 653- 6400
kar a. specht @i nnegan. com
- and -
BY: LUKE H MacDONALD, PH.D., ESQ
BY: LIONEL M LAVENUE, ESQ
1875 Explorer Street, Suite 800
Reston, Virginia 20190
(571) 203-2700
| uke. macdonal d@i nnegan. com

lionel.lavenue@i nnegan. com

ALSO PRESENT:

Caitlin Coverstone, Patent Agent
Fi nnegan, Henderson, Farabow, Garrett &

Dunner, LLP

THE SULLIVAN GROUP OF COURT REPORTERS
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THE W TNESS

CONTENTS

Janmes Richard Shealy, Ph.D

BY MR DOSHI

BY Ms. SPECHT

Exhi bi t
Exhi bi t
Exhi bi t

Exhi bi t

Exhi bi t
Exhi bi t

No.
1032
2001

2001

2002
2003

EXH BI TS

Hand Drawi ng "l ow drain bias
Patent Owner's Notice of
Deposi ti on of

Dr. Janmes Shealy

U S. Patent No. 9,748, 347
Patent Owner's Notice of
Deposi ti on of

Dr. Janes Shealy

U S. Patent No. 10,312, 335
Hand Draw ng "phot oresist"

Hand Drawi ng "l ow drain bias

! 105

! 69

7, 106
96

Mar ked

11

11
49

THE SULLIVAN GROUP OF COURT REPORTERS
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Exhi bi t
Exhi bi t

Exhi bi t
Exhi bi t

Exhi bi t

Exhi bi t

Exhi bi t
Exhi bi t

No.
1003

1006
1007

1008

1009

1020
1021

PREVI QUSLY MARKED EXHI BI TS

| nt r oduced
Decl arati on of
Janes Richard Shealy, Ph.D. 12
"Yoshi da Reference" 74
U.S. Patent Application
2006/ 0108606 28
U.S. Patent Application
2007/ 0007547 86

"Shenoy Reference" Journal of

t he El ectrochem cal Society 91
"Uenot o Ref erence” 93
U.S. Patent Application

2006/ 0019435 85

THE SULLIVAN GROUP OF COURT REPORTERS

6

Exhibit 2004 Page 7 of 133


http://www.sullivancourtreporters.com/

09: 03

09: 04

09: 04

09: 04

© 0 N o O b~ W N P

N N N N NN P P P PR PR R R
o A W N P O © © N O O M W N P O

Wher eupon,

havi ng been first duly sworn, was exam ned

BY MR DOSHI :

O >» O > O

THURSDAY, MAY 16, 2024;
9: 03 A'M EASTERN DAYLI GHT TI ME

--000- -

JAMES RI CHARD SHEALY, PH. D

and testified as foll ows:

MR. DOSHI: Dipu Doshi, for
Efficient Power Conversion Corporation,
from Bl ank Rone.

Also with nme are Mark Mashack
and Aneya Par adkar .

M5. SPECHT: And Kara Specht,
from Fi nnegan, for Innoscience, the
petitioner.

And with me is Dr. Luke
MacDonal d, Lionel Lavenue, Caitlin
Coverstone -- also from Fi nnegan

EXAM NATI ON

Good norning, Dr. Shealy.
Good norni ng.
How are you?
Fi ne, thanks.

Ckay. You' ve been deposed before?

THE SULLIVAN GROUP OF COURT REPORTERS
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09: 04 1 A Yes.
2 Q And so, |I'll just give you the short
3 | version of the ground rules, which are that the
4 court reporter, or sonething, is taking all of the
09: 04 5 | words that we're saying today dowmm. So it's
6 i nportant that we not tal k over one another. kay?
7 And |"'mgoing to try to break every 45 to
8 60 mnutes. |If you need a break before that tine,
9 | just let nme know and we'll break. But | just ask
09: 04 10 that if there's a pendi ng question, that you answer
11 t he question before.
12 And then | think....
13 That's the short version --
14 A Ckay.
09: 04 15 Q -- of the ground rul es.
16 | f anything el se conmes up, |let nme know.
17 A. Ckay.
18 Q Al right. So what did you do to prepare
19 for today's deposition?
09: 05 20 A. Ckay. | got these binders in the nail
21 about two weeks ago -- nmaybe two and a half weeks
22 ago, | think.
23 And then about a week ago, we had two
24 | Zoom like, prep sessions with these three | awers
09: 05 25 her e.

THE SULLIVAN GROUP OF COURT REPORTERS
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And then we had, the day before yesterday

and yesterday, in-office prep session.

Q Geat. And did you speak with anyone
ot her than the Finnegan | awers in preparing for
t oday' s deposition?

A No.

Q Did you revi ew docunents, other than those
that you said were shipped to you?

A. There's two binders for each patent -- one

exhi bits, one pleadings.

So, |'ve | ooked at those.
Q Ckay.
A. And that's all 1've | ooked at.

Q Ckay. And just to be clear, you said "the
two patents.”
So it's your understanding that we're
tal ki ng about the '347 and ' 335 patents today?
A Yes.
Q Ckay. And so for the record, 1'll say
that the '347 patent is 9,748, 347.
| s that your understandi ng?
A That's correct.
Q And that is for | PR2023-01382.
Is that correct?

A. That's correct.

THE SULLIVAN GROUP OF COURT REPORTERS
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09: 06 1 Q Al right. And the '335 patent, the full
2 nunber for that is 10,312, 335.
3 Do you agree?
4 A Yes.
09: 07 5 Q. Al right. And that is for | PR2023-01384.
6 Correct?
7 A Yes.
8 Q Ckay, great.
9 Al'l right. So you have authored a total
09: 07 10 of four declarations for four patents that are
11 assigned to EPC. Correct?
12 A. Yes. But |I've only reviewed these two for
13 t oday.
14 Q Understood. That's great.
09: 07 15 MR, DOSHI: Okay. So |I'm going
16 to hand you -- this is nore of a formality
17 t han anything el se and just for the
18 record -- a notice of deposition of
19 Dr. Janes Shealy.
09: 07 20 So we'll mark this as....
21 (Pause.)
22 MR. DOSHI: Bear with us.
23 THE W TNESS: Sure.
24 (Pause.)
09: 07 25 MR DOSHI: So we'll go with

THE SULLIVAN GROUP OF COURT REPORTERS
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2001.
(Wher eupon, Exhibit 2001 was narked for
i dentification.)

MR. DOSH : And that's 1382,
2001 -- so, it's conplicated.

And |' m handi ng you what's goi ng
to be also 2001 for 1384, a notice of
deposi tion.

COURT REPORTER It's 2001
agai n?

MR. DOSHI : Yeah -- | know, it's
conpl i cat ed.

(Wher eupon, Exhibit 2001 was narked for

identification.)
BY MR DOSHI :

Q And again, this is nore for formalities
t han anyt hi ng el se.

A. Ckay.

Q And have you seen these docunents before,
the ones | just handed you -- 2001, 13827

A | don't -- | don't recall. | mght have
received themin an email or sonething. But...

MR DOSH : Ckay. Let ne hand
you what has previously been marked as

1003, Exhibit 1003 in the 1382 proceedi ng.

THE SULLIVAN GROUP OF COURT REPORTERS
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mar ked, was presented to the wtness.)

(Wher eupon,

BY MR DOSHI :

> O >» O

Q

mar ked as

Do you recogni ze that docunent?

Yes.

Ckay. And that is -- what?
That's ny declaration for the '347 patent.
And |'m handi ng you 1384, what's been

1003.

It's been previously marked, so you don't

have to mark it.

o >» O »

docunents that you reviewed in preparation for

Do you recogni ze that docunent?

Yes.

And what do you recognize that to be?
That's ny declaration for the '335 patent.

Ckay. So those two declarations are

t oday' s deposition?

A
Q

have your

A

Q
A.
Q

Yes.

Ckay. And do you have your own -- you

own copy?

Yes.

Ckay. That has notes and stuff in there?
No; no notes.

Ckay. And you can use your own copy if it

Exhi bit 1003, previously

THE SULLIVAN GROUP OF COURT REPORTERS
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09: 12 1 has no notes in it.
2 A. No: there's no notes.
3 Q Ckay. If you're confortable with that.
4 So the declarations that |'ve handed you
09:12 5 have your opinions on the validity of the two
6 patents. Correct?
7 A Correct.
8 Q In formul ati ng your opinions, did you
9 speak with anyone outside of the Finnegan attorneys?
09:12 10 A No.
11 Q Ckay. O her than the docunents that you
12 cite in your reports for your declarations, did you
13 revi ew any ot her docunents?
14 A Yes.
09: 13 15 Q Ckay. And do you recall what those
16 | docunents were?
17 A. The patent owner response, the Board
18 deci si ons and, you know, all the references.
19 |"'mtrying to think if I'"mforgetting
09: 13 20 anything. Let ne |ook....
21 W have all the pleadings for each case.
22 And so, there's -- so |I've | ooked at all
23 of these: the petition, the patent owner response,
24 the petitioner prelimnary reply, the patent owner
09: 14 25 sur reply, and then the institution decision.

THE SULLIVAN GROUP OF COURT REPORTERS
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09: 14 1 So | | ooked at all of those -- for each
2 pat ent .
3 Q Have you spoken wi th anyone about the
4 ongoing litigation between EPC and | nnosci ence?
09: 14 5 A No -- well, other than this case.
6 | mean, | don't know if this is considered
7 alitigation, but....
8 It is, isn't it?
9 Q Sur e.
09: 14 10 A Yeah.
11 Q How di d you cone about being an expert for
12 | nnosci ence?
13 A | think | was contacted. | don't renenber
14 by who, but one of the attorneys.
09:14 15 And | had done work for Finnegan before.
16 | don't know if that had any bearing on it.
17 But they contacted nme and we discussed it.
18 | And then we decided I would be the expert in these.
19 Q Ckay. And do you recall when you were
09: 15 20 contacted by Fi nnegan?
21 A. It's been a while. So | can't really give
22 you an accurate date. But...
23 Q 2023?
24 A. | woul d say sonething on the order of a
09: 15 25 year ago, nmaybe -- is ny guess.

THE SULLIVAN GROUP OF COURT REPORTERS
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09: 15 1 Q Spring 2023?
2 A. Sonething |ike that, yeah.
3 Q Ckay. I n Paragraph 3 of your declaration
4 | for the '347, you say that you're being conpensated
09: 15 5 | for your tinme at your standard hourly consulting
6 rate.
7 What is your consulting rate?
8 A Yes, | see that. 750 an hour.
9 Q Ckay. And you state that you have no
09: 15 10 other interest in this proceeding.
11 Is that correct?
12 A. No -- | nean, what do you nean? "No
13 interest"?
14 Q It's on Paragraph 3 -- so, if you can | ook
09: 16 15 at Paragraph 3, the last part of that sentence, the
16 | ast sentence.
17 A No. | have no other interest in this
18 pr oceedi ng.
19 Q Ckay. O her than publicly avail able prior
09: 16 20 art and the docunents you di scussed, did counsel
21 provide you wwth any material -- any other materi al
22 | fromthe --
23 Well, let ne back up.
24 Do you understand that there is a pending
09: 16 25 | TC i nvesti gati on between EPC and | nnosci ence?

THE SULLIVAN GROUP OF COURT REPORTERS
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A Yes.

Q Ckay. Did counsel provide you with any of
t he docunents fromthat investigation?

A No.

Q Ckay. Have you had di scussions with

Dr. Levy?
A No.
Q Ckay. Do you know who Dr. Levy is?
A Not really.
Q Ckay. Dr. Levy --
A. Ceorgia Tech, was it? O....
Q That's a good question. | don't know.

Do you know i f I nnoscience has anot her
expert that opined on invalidity in connection with
the ITC i nvesti gati on?

A | don't know who it is, and | have no
information on that. So....
Q Ckay. Were you provided with any

deposition transcripts to reviewin --

A No.

Q Any emails fromDr. Levy?

A No.

Q Any hearing transcripts?

A No.

Q Did you discuss your -- | think |I asked

THE SULLIVAN GROUP OF COURT REPORTERS
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09: 18 1 this, but I"'mgoing to phrase it alittle
2 differently.
3 Did you discuss your involvenent in
4 this -- in these proceedings with anyone outside of
09: 18 5 your | awyers?
6 A No.
7 Q Did you speak with sonme of your coll eagues
8 | at work about this?
9 A No.
09: 18 10 Q Did you informthem of your involvenent in
11 this case?
12 And let ne clear that up.
13 Have you inforned your coll eagues of your
14 i nvol venent in this case?
09: 18 15 A No. They know I'mout of town for a week.
16 But ot her than that, no.
17 Q Al right. Let's turn to Paragraph 19
18 | of --
19 A VWhere, the ' 3477
09: 18 20 ' 347.
21 In 2019, you co-founded Qdyssey
22 Sem conductor. Correct?
23 A Were did you say?
24 Q |"msorry. Paragraph 19. Page 5
09:19 25 A Ch, Paragraph 19. Ckay.

THE SULLIVAN GROUP OF COURT REPORTERS
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09: 19 1 (Pause.)
2 A. Ckay.
3 Q I n Paragraph 19, you quote -- you say,
4 quot e:
09:19 5 | co-founded Qdyssey
6 Sem conduct or, end quot e.
7 Do you see that?
8 A Yes.
9 Q What is the business of (Qdyssey
09:19 10 | Sem conductor?
11 A. Odyssey Sem conductor is engaged in
12 desi gni ng and buil di ng prototypes of verti cal
13 hi gh- power galliumnitride transistors.
14 Q Ckay. Can you el aborate on what the
09: 20 15 day-t o-day operations of Odyssey Sem conductor are?
16 A W have a sem conductor fab. So we
17 take -- we do not produce galliumnitride epitaxy.
18 So we procure that.
19 And we conduct sem conductor processes to
09: 20 20 | create vertical FETs in that host material.
21 And so, those devices involve plasm
22 etching, several types of plasma etching, netal
23 deposition, dielectric deposition -- you know, all
24 of the photolithography -- everything you associate
09: 21 25 with building a galliumnitride device.

THE SULLIVAN GROUP OF COURT REPORTERS
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09: 21 1 It's not the sanme device, as these are
2 | at eral conduction devices.
3 So vertical conduction is a totally
4 different aninmal, but it uses a |lot of the sane
09: 21 5 fabrication techniques.
6 Q Under st ood.
7 And when you say it's not the sane as
8 these, you're pointing to the patents?
9 A. Yes. These are -- these two patents --
09: 21 10 and all of the prior art references all describe --
11 well, not all the prior art, but nuch -- nuch of the
12 prior art describes |ateral conduction Field Effect
13 Transistors. And they're often referred to as
14 "HEMTs. "
09: 22 15 | used to build HEMIs at Cornell back in
16 the late ' 90s.
17 We built the first galliumnitride HEMI on
18 silicon, which is the basis for all of this
19 t echnol ogy.
09: 22 20 W were also the first to build an
21 i nsul ated gate transistor on galliumnitride. And
22 we devel oped nucl eati on net hods, which are -- appear
23 to be domnating the -- you have to nucl eate these
24 materi als when you grow themon silicon or sapphire,
09: 22 25 a different sem conductor substrate.

THE SULLIVAN GROUP OF COURT REPORTERS
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And so,

well, "first" -- we -- Nakanura

nucl eati on nethod. That's what

We cane up with one in the md '90s which

repl aced that and works better,

heavily in use.
Q Ckay. Thank you

Goi ng back to CGdyssey,

you don't do -- COdyssey doesn't

A. That's correct.

we've -- we were the first --

And that's al so patented.

cane up with a

t he worl d used.

and now that's

you say that the --

have its own epi

Q Ckay. So when we say we're talking

epi ,

about the growh of the |layers up to what |evel?

A. Well, the epitaxial structure for a

vertical device is obviously different than a HEM.
But -- so the vertical device would

typically have three to five layers in it, and

they're all galliumnitride, and they're all doped
n-type.

Q Ckay. And where does (Odyssey
Sem conductor source that material fronf

A. We've sourced it froma | ot of places.

But, currently, we're collaborating with

Sandi a Labs, and they're providing us all the

epitaxial material there.

They're actually experts. They've been at

THE SULLIVAN GROUP OF COURT REPORTERS
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09: 24 1 it along tine -- as have I. | nean, when | was at
2 Cornell, we -- ny group designed and built MOCVD
3 reactors to grow galliumnitride.
4 So I've been involved in the -- heavily
09: 24 5 i nvolved in the epitaxy end of things.
6 Q Has CQdyssey Sem conductors sourced any
7 material from | nnoscience?
8 A No.
9 (Pause.)
09: 24 10 A. Maybe | should have said: The vertica
11 transistors are grown on a galliumnitride
12 substrate.
13 And as far as | know, neither one of these
14 parties involved here work with galliumnitride
09: 25 15 substrates.
16 So it's a single crystal, |ow defect
17 density sort of arrangenent.
18 Q And that would be the substrate?
19 A. The substrate is | owdefect density. W
09: 25 20 source those from Japan.
21 But the -- it's also a conducting
22 substrate. And when you're doing HEMIs, you're
23 | ooking for an insulating substrate, generally.
24 So there's a lot of differences, right
09: 25 25 | fromthe substrate all the way up.

THE SULLIVAN GROUP OF COURT REPORTERS
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Q And you say in Paragraph 19 on Page 5
t hat :
Odyssey Sem conduct or al so
recently devel oped the
fabrication techni ques.

How recently did OQdyssey Sem conduct or
devel op the fabrication techni ques?

A. This is referring to mcro-LED arrays.

To help pay the bills, we do foundry work
because we have a fab.

So there's two or three conpani es that
have approached us, and we've done m cro-LED work
for two conpani es.

So that also involved a |ot of the sane
core sets of galliumnitride-based Light Emtting
Diode. And a lot of the sanme fabrication techni ques
that were used there are also used kind of generally

to process galliumnitride and related materi al s.

Q Where are Qdyssey Sem conductor's fabs
| ocat ed?
A There's only one fab. It's in Ithaca, New

York -- at the airport.
Q Let's go back to your...
How many tinmes have you been deposed?

A. | don't know. Sonewhere between, |'d say,

THE SULLIVAN GROUP OF COURT REPORTERS
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ten and twenty tines.

Q

A
Q
A

front of a live jury.

> o >» O > O

first met

Cor nel | .

around litigating his patent. So | know himfrom

that as wel|.

Q You said you've testified at a jury trial.
What did that trial involve?
A That involved Light Emtting D odes used
for, you know, commercial l|ighting |anps.
Q Okay. And then the three ITC trials, what

did those invol ve?

Have you testified at trial?

Do you consider ITCtrials?

Sur e.

|'ve done, | think, three ITC trials.

|"ve only done one district court trial in

Ckay.

But...l think that covers it.

Ckay. Do you know Dr. Schubert?

Yes.

How do you know hi n?

' ve known hima |long tine.

Back when he was at Bell Labs is when |

him He used to cone up and visit us at

But | was his expert when he was goi ng

THE SULLIVAN GROUP OF COURT REPORTERS
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09: 28 1 A The first one involved...the....
2 All right. Now you're taking ne back a
3 | decade or so.
4 Q To the best of your recollection.
09: 29 5 A The first one involved a patent that -- |
6 | can't even renenber the....
7 The patent involved galliumnitride
8 materials, in general.
9 And the other ITCtrial was a -- involved
09: 29 10 Light Emtting D odes again.
11 And that, | think....
12 And then, the last ITCtrial | did was
13 involving the electronic circuits to drive LEDs.
14 Q Have you worked with EPC at all?
09: 30 15 A No. | discussed working with them but |
16 | never have worked for them
17 Q Do you know Al ex Lidow?
18 A No.
19 Q Do you know any of the inventors on the
09: 30 20 ' 347 patent?
21 A No.
22 Q Ckay. Earlier, you said that you do
23 | foundry work because you have a fab.
24 s that right?
09: 31 25 A Yes.
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09: 31 1 Q And there are two or three conpani es that
2 approached you.
3 s that right?
4 A. There's been a | ot of conpanies that have
09: 31 5 approached us.
6 W' ve done a lot of fab work for a | ot of
7 different conpanies | just nentioned.
8 | was responding to your question about
9 | the mcro-LED arrays.
09: 31 10 Q Ckay. \What ot her conpani es have you done
11 wor k for?
12 A There's a conpany called "I nnovation." |
13 don't know if there's anything beyond "I nnovation."
14 | That's what | call them
09: 31 15 They -- they're in -- | think they're
16 based in Rochester. And we've built mcro-LED
17 arrays for them
18 There was anot her Canadi an conpany we did
19 that for, and | -- VueReal, | think -- or VueReal,
09: 32 20 or sonething, was their nane.
21 And then we've done a | ot of odd jobs
22 for -- you know, I'mnot really involved in the
23 foundry part of that. So...
24 But the...there's a conpany in Buffalo
09: 32 25 | we're currently building sonme nuclear batteries,
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09: 32 1 usi ng GaN
2 And then there's many others | just can't
3 remenber .
4 Q Do any of the conpanies design gallium
09: 32 5 nitride transistors?
6 A. | think we've done one job involving HEMIs
7 and galliumnitride, yeah.
8 Q Can you tell me any details about that
9 | job?
09: 33 10 A. W just -- there was a conpany interested
11 in integrating HEMIs with anot her device.
12 And so, we -- they provided us with sone
13 substrates. And HEMIs are, by conparison, mnuch
14 | easier to fabricate than a vertical GN transistor.
09: 33 15 And so, we just built sone standard HEMIs
16 | for them using, nore or |less, the techniques
17 that -- we kind of inported the technol ogy from
18 Cornell, obviously, into this conpany. So we have
19 certain ways of building HEMSs.
09: 33 20 And so, we've carried that -- those out.
21 Q Ckay. And which conpany was that?
22 A. | can't tell you off the top of nmy head.
23 It wasn't a big HEMI conpany |ike the two
24 pl ayers here.
09: 34 25 It was a small conpany. | just don't
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09: 34 1 remenber the nane.
2 Q Have you had di scussions wth any
3 | nnosci ence enpl oyees in formul ating your opinions?
4 A No.
09: 35 5 Q So it was just the one conpany that you
6 | were focused on maki ng HEMIs for?
7 A. Yeah, it was....
8 Li ke, you know, we built them tested
9 them shipped themout. And that was the end of it.
09: 35 10 Q And that was in your fab in New York?
11 A That's correct.
12 Q And the way that works is that epitaxial
13 | ayers are sourced from sonewhere and then shi pped
14 to your fab?
09: 35 15 A Yes.
16 Q Do you know where those epitaxial |ayers
17 wer e shi pped fronf
18 A No. | don't renenber the details of the
19 job. | just know that the job did happen, because |
09: 36 20 | was consulted on sone of the fabrication issues on
21 | it.
22 MR, DOSHI : Wiy don't we take a
23 short break --
24 THE W TNESS: Ckay.
09: 37 25 MR. DOSHI : -- because |'m about
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09: 37 1 to switch topics.
2 Can we go off the record.
3 (Wher eupon, a recess was taken
4 from9:37 a.m until 9:49 a.m)
09: 49 5 BY MR DOSHI :
6 Q Dr. Shealy, wel cone back.
7 A. Thank you.
8 Q Before the break, we were tal king about
9 HEMIs. And | just want to clarify for the record,
09: 49 10 it's HE-MT. Correct?
11 A. Hi gh El ectron Mobility Transistor, yeah.
12 Q Thank you.
13 MR DOSH : Al right. I'm
14 handi ng you what has previously been
09: 49 15 mar ked as 1007.
16 So this is 1007 in both 1382 and
17 1384.
18 THE WTNESS: These aren't being
19 mar ked now?
09: 49 20 COURT REPORTER:. They're
21 pr emar ked.
22 THE WTNESS: On.
23 MR. DOSHI: They' ve been nmarked.
24 (Wher eupon, Exhibit 1007, previously
09: 49 25 mar ked, was presented to the w tness.)
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BY MR DOSHI :

Q And do you recogni ze this docunent?

A Yes.

Q What do you recognize it to be?

A Excuse ne?

Q What do you recognize it to be?

A. This is a prior art reference authored by
Saxl er.

Q Ckay. And you rely on this docunent in
your opinions. Correct?

A Yes.

Q Ckay. Looking at Figure 1A of Saxler, it
shows a transistor having a recessed gate structure.
Correct?

A Yes.

Q Ckay. And then 1B shows a nonrecessed
transi stor.

s that right?

A 1B is sone sort of idealized...

Yes, it's....could you repeat that
qguestion? Sorry.

Q Sure. 1B shows a -- let nme try it again

transistor. R ght?

THE WTNESS: kay -- oh, yeah

1B of Saxl er shows a nonrecessed

THE SULLIVAN GROUP OF COURT REPORTERS
29

Exhibit 2004 Page 30 of 133


http://www.sullivancourtreporters.com/

09: 51 1 A. It shows a transistor where the gate isn't
2 recessed.
3 Q Ckay. And then, you said -- turning to
4 Figures 2 and A -- 2A and 2B on the next page.
09: 51 5 Do you see that?
6 A Yes.
7 Q Yeah. It seens |like they reversed it.
8 Ri ght ?
9 A and B is nowreversed. And it |ooks
09: 51 10 like 2A is the nonrecessed transistor. R ght?
11 A. In that depiction, yes, the gate is not
12 recessed.
13 Q And 2B is the recessed transistor?
14 A The gate is recessed into the barrier
09: 51 15 | ayer in 2B.
16 Q Into the barrier layer in 2B, yes -- okay.
17 Thank you.
18 And on Page 41 of your declaration -- so,
19 let's go to your report here.
09: 51 20 Sorry. I'musing things interchangeably.
21 Do you want to refer to your declaration
22 as a particular noun? |s there sonething --
23 A Sure. Let's refer to the declaration,
24 | yeabh.
09: 52 25 Q Ckay, decl arati on.
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09: 52 1 Page 41 of your declaration, you have an
2 il lustration.
3 Do you see that?
4 A Yes.
09: 52 5 Q And what is that illustration?
6 A That is an illustration of a nonrecessed
7 gat e.
8 So you start with Figure 1A and you renove
9 the gate recess. And that's what you get when you
09: 52 10 renove the gate recess and change not hing el se.
11 Q Ckay. And the nodified structure is
12 sonet hi ng you put together?
13 A. Yeah, it was ny opinion to -- that's what
14 it means to recess the gate -- or to renove the
09: 53 15 recess, |eave everything else the sane. Let's just
16 renove the recess.
17 Q And this illustration is not in Saxler.
18 Correct?
19 A. It's described in Paragraph 52, | think,
09: 53 20 pretty effectively, if you want to | ook at that.
21 Q W'l | get there.
22 A, Okay.
23 Q What |'masking is: This depiction is not
24 from Saxler. Correct?
09: 53 25 A It's a nodified version of a figure from
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09: 53 1 Saxl er.
2 Q And you nodified it. Right?
3 A Yes.
4 Q And then, did you use Photoshop -- or how
09: 53 5 did you cone about this?
6 A. | think | probably told sonebody to nodify
7 it. Sonebody else did it on the conputer.
8 Q Ckay. So we'll call....
9 Ckay. You say that -- in your
09: 53 10 decl aration, you say that the recess is optional.
11 Ri ght ?
12 A. Saxl er says that again and again.
13 Q Ckay. And you cite to a couple of
14 par agr aphs that you say support your concl usion that
09: 54 15 it's optional. Right?
16 A Yes.
17 Q And then one of themis the abstract.
18 | Right?
19 (Wtness reading.)
09: 54 20 A. | don't see any discussion of a gate
21 recess in the abstract.
22 Q  Ckay.
23 A There's an Chm c contact wi thout a
24 recess --
09: 54 25 Q That's right.
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09: 54 1 A -- nmentioned in the abstract.
2 Ckay. And then, another Paragraph is 13.
3 You' re | ooki ng at Paragraph 13.
4 A Yes.
09: 55 5 Q And then, the first sentence says:
6 In particul ar enbodi nents
7 of the present invention
8 W thout a gate recess....
9 A Wait a mnute, where are we readi ng?
09: 55 10 Par agraph 13 of Saxler.
11 A Saxl| er?
12 | n ot her enbodi ments?
13 Q In particul ar enbodi nents.
14 A My version of this says "in other
09: 55 15 | enbodi nents."
16 Q Ch, I"'msorry. It's line....
17 Well, there are no |i nes.
18 It's the fifth line fromthe top:
19 In particul ar
09: 55 20 enbodi nents. . ..
21 A In that paragraph? O the....
22 Yeah, in Paragraph 13.
23 (Wtness reading.)
24 A Ckay.
09: 55 25 Q Ckay. It says:
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09: 55 1 In particul ar enbodi nents
2 of the present invention with a
3 gate recess, the doped region
4 extends into the cap |ayer from
09: 56 5 about 30 angstrons to about
6 5000 angstrons.
7 s that right?
8 A Yes.
9 Q Okay. And then, the sentence that
09: 56 10 | follows -- well, actually, if you go up fromthere,
11 the second line fromthe top, it says:
12 In particul ar enbodi nents
13 of the present invention
14 W t hout a gate recess, the
09: 56 15 doped region extends into the
16 cap |l ayer from about 2.5
17 angstrons to about
18 15 angstrons.
19 Do you see that?
09: 56 20 A Yes.
21 Q So there are differences between the two
22 enbodi mrents. Correct?
23 A. There are many ot her enbodi nents where
24 | don't think those differences show up.
09: 56 25 But in Paragraph 13, what you said is
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09: 56 1 correct.
2 Q And you cite to Paragraph 13. R ght?
3 A | cite many others as well.
4 Q Ckay. So let's go to Paragraph 27.
09: 56 5 That's another one that you cite to. Correct?
6 A. From Page 41 of the declaration? | don't
7 see 27 nmentioned there.
8 Q Al right. Paragraph....
9 So if you flip to Page 63 of your
09: 57 10 decl aration, Paragraph 122. You say:
11 The recess in Saxler's cap
12 | ayer 24 is optional.
13 And you cite to Paragraph 27.
14 A kay.
09: 58 15 Q Yeah. So if we go back to Saxler at
16 Par agr aph 27.
17 Here again, it says:
18 And the transistor nay
19 further include a gate contact
09: 58 20 recessed into the al um num
21 nitride cap |ayer --
22 l"'mon -- one, two, three, four, five --
23 six fromthe top.
24 A Yes.
09: 58 25 Q (Conti nued reading:)
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I n such enbodi nents, the
al um num | ayer has a thickness
of -- fromabout 5 to about
5000 angstrons.

Do you see that?
A Yes.
Q Ckay. And -- one, two, three, four
five -- six fromthe bottom

The transistor may al so
I nclude a gate contact on the
alumnumnitride cap |ayer and
not recessed into the alum num
nitride cap layer. 1In such
enbodi nents, the al um num
nitride cap | ayer has the
t hi ckness of about -- or from
about 2 angstrons to about
20- angstrons.

Do you see that?
A Yes.
Q Ckay. So there are, again, differences in
t he thickness of the cap |layer. Correct?
A In the enbodi ments described in
Par agr aph 27, yes.
Q Ckay. And so, there are differences
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bet ween t he recessed and nonrecessed enbodi nents.
Correct?
MS. SPECHT: (bjection; form
A. | wouldn't agree with that.
| f you go to Paragraph 52, we could -- |
could explain that a little better.
Q Ckay. Let's go to 52.
(Pause.)
Q "' mthere.
A. Ckay. 52 -- in Paragraph 52, they're
referring to Figures 1A through 6. And they --
(Readi ng:)
Thus, whil e enbodi nents of
the present invention are
descri bed herein with reference
to a recessed gate structure or
a nonrecessed gate structure,
ot her enbodi ments of the
present invention may i nclude
or not include a gate recess.
So | interpret that to apply to Figure 1A
Q Okay. Despite the differences between the
recessed and nonrecessed enbodi nents that are
specifically recited in Saxler?

A. Yes. Because a p-dopi ng can be doped
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t hroughout, and it can be on the surface.
You know, | think you can -- they
basically say you can...
It further says:
Enbodi nents of the present
i nvention not be -- should not
be construed as limted to the
particul ar exenpl ary
enbodi nent s.
So | read that to nmean it could be doped
t hroughout if you want to.

Q Ckay. But the Saxler paragraphs that we
went through describe differences between the
recessed and nonrecessed enbodi nents in terns of
t hi cknesses and in terns of dope in regions.
Correct?

MS. SPECHT: (bjection; form

A. It was pretty clear what was stated in
t hose paragraphs. So...

Q Ckay. But it's your opinion that 52
allows for the -- allows for what, exactly?

A. Well, allows for just what it says:

The enbodi nents of the
present invention should not be

as -- construed as limting to
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10: 02 1 the particul ar exenplary
2 enbodi ment .
3 So | think you can take all the
4 enbodi nents, and m x and nmatch. That's ki nd of what
10: 02 5 t hat neans to ne.
6 Q So it's your opinion that Saxler provides
7 support for any galliumnitride transistor?
8 M5. SPECHT: (bjection;
9 m scharacteri zati on.
10: 02 10 Q Based on Paragraph 527
11 A No.
12 Q Ckay. So what are the paraneters that are
13 [imted in Paragraph 52?
14 A What they describe in this patent.
10: 02 15 So, Figures 1A through 6, | read that as
16 it's fair game to pull the recess out of any of
17 those figures. And they give a variety of
18 di scussi on of dopants, different types of dopants,
19 different distributions.
10: 03 20 So | think all those enbodi nents coul d be
21 brought into 1A, nodified.
22 Q That al so tal ks about different
23 t hi cknesses in the recessed and nonrecessed. Right?
24 A. It -- in those paragraphs, it did say the
10: 03 25 cap layer was a different thickness.
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10: 03 1 Q So in your opinion, you can m x and match
2 all of that?
3 M5. SPECHT: (bjection;
4 m scharacterizes prior testinony.
10: 03 5 A It nmeans that you can -- within -- you can
6 take what's in the enbodi nents and m x and match.
7 That's what | nean, because -- because of the
8 | anguage that appears in 52.
9 They're not -- these -- none of these
10: 04 10 enbodi nents are limting.
11 Q Ckay. So in your opinion, does Saxler,
12 based on Paragraph 52, allow for nmultiple recesses
13 in the cap | ayer?
14 A. That's not in Saxler. | don't really have
10: 04 15 an opinion on that. | haven't....
16 So I'mnot sure where -- you know, what
17 you're getting at, but | don't have an opinion on
18 | it.
19 Q You don't have an opinion on that?
10: 04 20 A. Mul ti ple recesses? No.
21 Q Ckay. Could it have vertical sidewalls?
22 A. Coul d what have vertical sidewalls?
23 Could a recess? O....
24 Q Coul d the recess have vertical sidewalls,
10: 04 25 yes.
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t hi ckness.

A.
Q

about 5000 angstrons for the thickness of the cap

layer. Ri
A

Q

enbodi nent .

A.
Q

tal ki ng about a thickness of 2 to 20 angstrons for

t he nonrecessed enbodi nent.

A
Q

al |l ow for

5000 angstrons thickness?

A

all the enbodi nents and bring in which ones you

M5. SPECHT: (bjection;
foundati on.
Not generally, no.
Does. Does Saxler....
Let's go back to Paragraph 27.
There it's tal king about the cap |ayer
Ri ght ?
Yes.

And there is a wide range fromabout 5 to

ght ?

Correct.

And that's in connection with the recessed
Correct?

Yes.

And then if we go down below, we're

Correct?
That' s what
Ckay.

It says.
I n your opinion, does Paragraph 52

a nonrecessed cap |l ayer to have

MS. SPECHT: (bjection; form

As | said before, | think you could take
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10: 06 1 want, dependi ng on what you're trying to acconpli sh.
2 Q So in your opinion, are there any
3 transistor -- are there any gate structures that are
4 out si de the scope of Saxler?
10: 07 5 A You nean, in general --
6 Q Yes.
7 A -- out there in the world?
8 O course, there are.
9 Q Whi ch ones?
10: 07 10 A. How about a T gate for a m crowave
11 transistor? That's not described in Saxler.
12 Q "' mnot tal king about application. |'m
13 tal ki ng about the gate structure shape.
14 A. There are T gates. There are Wgates.
10: 07 15 There's V gates used in mcrowave devices. There
16 are many types of gate structures.
17 Q So there are certain....
18 But in your opinion, aren't Saxler just --
19 isn't Saxler just providing sone exanpl es?
10: 07 20 A. O gate structures?
21 Q Yes.
22 A. Yeah, there's exanples of gate structures
23 i n Saxl er.
24 Q So are you saying that T gate structures
10: 07 25 are not disclosed by Saxler?

THE SULLIVAN GROUP OF COURT REPORTERS
42

Exhibit 2004 Page 43 of 133


http://www.sullivancourtreporters.com/

10: 08 1 A. Well, Figure 1A has a gate contact that
2 kind of looks Iike a T, but those aren't the sane
3 kind of gates used in mcrowave devi ces.
4 So you asked: Are there any other types
10: 08 5 of gates? And there are a lot. And they -- a |ot
6 of the differences appear in nmcrowave devices,
7 whi ch these are not, generally.
8 Q Ckay. So are there any gate structures
9 | that fall outside the scope of Saxler, in your
10: 08 10 opi nion, that would be specific for HEMIS?
11 A. As | said, there's a |ot of other gate
12 | structures used in HEMIs that aren't described in
13 Saxl er.
14 Q Al right. You nentioned "T gate,"” but |
10: 08 15 t hink Saxler talks about T gates. Right?
16 A. Yeah, he does have a gate that |ooks |ike
17 a T gate, but that's not the way you would do it in
18 a mcrowave device. So the entire gate structure is
19 different, even though it kind of is -- 1A kind of
10: 09 20 | ooks like a T netalization.
21 Q What's different about a m crowave gate?
22 A. You're not going to |load a microwave gate
23 | wwth this cap layer. It will introduce too many
24 parasitics.
10: 09 25 Q I n your opinion, does Saxler provide
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10: 09 1 support for a gate structure having step sidewalls?
2 M5. SPECHT: (bjection;
3 f oundat i on.
4 A. Which -- could you tell me exactly what
10: 10 5 you nean by a "step sidewall."
6 Q Are you famliar with "step sidewalls"?
7 A | think I know what it neans. | want to
8 make sure.
9 Q Ckay. \What's your understandi ng of that?
10: 10 10 A Vell, it nmeans the sidewall would be
11 basically | ooking |i ke nmaybe a staircase or
12 somet hi ng.
13 Q Ckay. So with that understandi ng, does
14 Saxl er provide support for a gate structure having
10: 10 15 step sidewal | s?
16 A | don't believe so.
17 | could read Saxler and answer that with a
18 better certainty, but | don't believe it's in there.
19 Q Does Saxl er provide any support for a
10: 11 20 | vertical sidewall in its cap |ayer?
21 A. Let's see...if you |look at Paragraph 42 of
22 Saxl er.
23 Q "' mthere.
24 A. So they're tal king about etching these
10: 11 25 walls. And they say typically they have tapered,
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10: 11 1 rounded, or curved features -- which is true.
2 The etching processes that are used to
3 etch that material do not produce the vertical
4 si dewal | s.
10: 13 5 Q You di scuss vertical sidewalls in your
6 declaration. Right?
7 A | believe there's a discussion
8 of ...describing walls.
9 Q Um hum And in your opinion --
10: 13 10 A. Do you want to point nme to where in the
11 decl aration you're tal king about?
12 Q Let ne try to find it.
13 Par agraph 72, on Page 35.
14 A, Okay.
10: 14 15 Q |"msorry, 43, 43.
16 A. You said "Paragraph 72"7?
17 Q "35" -- wait, I'msorry.
18 You say, "Few structures, if any...."
19 l"'mon -- one, two, three, four, five --
10: 14 20 | five fromthe top, "Few structures...."
21 Do you see that?
22 A Yes.
23 Q You say:
24 Few structures, if any,
10: 14 25 have perfectly verti cal
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10: 14 1 sidewal I s in practice.
2 That's your opinion. Right?
3 A. It takes extra processing steps to get a
4 vertical sidewall, and none of those steps are
10: 14 5 described in any of these references. So....
6 So, really, there's no vertical walls in
7 an actual "cell-G' (phonetic) device.
8 Q What extra processing steps would be
9 required to get vertical sidewalls?
10: 15 10 A. |"d like to nake a drawing to illustrate
11 that. |Is that okay?
12 It will answer your question.
13 Q Sur e.
14 A. Ckay. So I'll make a diagramand try to
10: 15 15 describe it as | make it.
16 We start with a sem conductor surface of
17 galliumnitride or alumnumagalliumnitride. W
18 pattern photoresist on it.
19 So this is photoresist (indicating).
10: 16 20 So, so far, we just have a planar gallium
21 nitride surface with photoresist onit. GCkay?
22 And then what we do is: W subject this
23 sanple to a plasna etch.
24 Now, the reason it's a plasma etch is
10: 16 25 because this is c-plane gallium phase gallium
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10: 16 1 nitride. That's what's that top surface on these
2 structures, except for the structure in Beach.
3 The c-plane is inpervious to wet chem ca
4 etching. So there are no known wet chenical etches
10: 16 5 to etch that. So we use a plasma etch to etch it.
6 And the plasna edge has, depending on the
7 type of plasma etch -- but the two nobst conmon,
8 there's very little undercut that occurs under the
9 mask. And so, I'll schematically illustrate what
10: 17 10 these walls generally | ook |ike.
11 So the first part of the figure I'll cal
12 "A." And then what we do is: W subject this to a
13 pl asma etch, and that arrives on the diagram | abel ed
14 "B."
10: 17 15 Do you see the rounded -- that's supposed
16 to be symmetric, but....
17 So you see the rounded shapes that occur.
18 And then what you have to do, if you want
19 vertical walls -- you have to subject this sanple to
10: 17 20 | what's called a "crystall ographic etch.™
21 The only known crystall ographic etches are
22 wet et ches.
23 So the next step is: W subject this to
24 | our crystallographic etch. And what that does is --
10: 18 25 what the term "crystall ographic etch" neans is that
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10: 18 1 there is a very strong dependence of etch rate on
2 crystal orientation or different crystal planes.
3 Ckay?
4 And so, the slowest etch planes are the
10: 18 5 ones that will expose thensel ves.
6 So if you do this correctly -- the
7 crystall ographic etch, by the way, would be --
8 comon exanples is KOH sol utions or TMAH sol uti ons.
9 These are wel | -known solutions to achieve this. And
10: 18 10 so, now we have the sane photoresist.
11 The side surfaces are non-c-pl ane
12 surfaces. Those will etch in a chem cal etch. The
13 top surface wll not.
14 So we're going to undercut the nmask a
10:19 15 l[ittle bit. And when you do this process, you wll
16 end up with sonething that |ooks like this
17 (i ndi cating).
18 And this wall is -- because it's a
19 crystalline plane, is 90 degrees.
10:19 20 And there's still a sloped portion bel ow
21 that that evol ves when you do this.
22 But that's what happens.
23 That's how you create a vertical wall in
24 galliumnitride, c-plane galliumnitride.
10: 19 25 MR DOSH : Ckay. So let's mark
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10: 19

10: 20

10: 20

10: 20

10: 20

10: 21
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this as....

A. That's Diagram C after the etch.

And you wil |
sl oped portions down at

When you get

pl ane here. And that's what gives these slopes -- a

sl ower edge pl ane.
MR.
this as 2002.
Ve

(Wher eupon, Exhibit 2002 was narked for

identification.)
MR
BY MR, DCSHI

Q And so, this is A B, and C panels. And

notice there's stil

t he bottom

near the bottom it exposes a

DOSHI : Ckay. Let's mark

Il put it in 1382.

DOSHI :  Thank you.

the C panel is in red, which is after the

crystal |l ographi c etch.

|s that correct?

A. Yes. It recesses in because it

the resist a little bit

It doesn't recess nuch, but

t hat sl ow etch pl ane.

Al'l the other

pl anes w il be renoved

because they etch quickly.

Q Ckay. You earlier

it exposes

testified that there

| sone

undercut s
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10: 21 1 are no additional processes that are discl osed by
2 Saxl er.
3 A. None of the references disclose what | put
4 in that diagram
10: 21 5 And you'll notice there's additional
6 | vertical penetration when you do that
7 crystall ographic etch. And that could be quite
8 problematic for a HEMI devi ce, because there's so
9 much goi ng on near the surface.
10: 21 10 So it's not surprising that they don't use
11 this step.
12 Q So since they don't use that step, in your
13 opi ni on they cannot achi eve these 90-degree
14 si dewal | s.
10: 21 15 |s that correct?
16 A That is the only way it is known to be
17 done.
18 Q Ckay. So let ne ask again.
19 So since Saxler doesn't use the steps that
10: 22 20 | you've described here in Exhibit 2002, Saxler does
21 not -- or cannot achieve a 90-degree sidewall.
22 Correct?
23 A That's correct -- or Yoshida, for that
24 matter.
10: 22 25 COURT REPORTER: Excuse ne.
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10: 22 1 What was that term "Yoshida"?
2 THE WTNESS: It's the author of
3 another primary reference of prior art.
4 COURT REPORTER: Wbul d you spel
10: 22 5 that for ne.
6 THE WTNESS: Y-0-s-h-i-d-a.
7 COURT REPORTER:  Thank you.
8 BY MR DOSHI :
9 Q So this discussion started with
10: 23 10 Par agraph 52. And | believe ny question that
11 started this was whet her Saxler can...discloses --
12 or provides support for vertical sidewalls of the
13 cap | ayer.
14 And we went down this path. And your
10: 24 15 conclusion is that it does not.
16 |s that correct?
17 A That's what one skilled in the art woul d
18 know. Wthout a crystall ographic edge, it doesn't
19 exi st.
10: 24 20 Q Ckay. Let's talk about how we get to the
21 figure that you put together -- or you asked
22 sonebody to put together for you --
23 A Ckay.
24 Q -- on Page 41 of your declaration for
10: 24 25 ' 347
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10: 24 1 Wul d the precursor to that have a gate
2 contact on top?
3 M5. SPECHT: (bjection;
4 f oundat i on.

10: 24 5 Q Ckay.
6 A. | don't know what you nmean by "precursor"?
7 Q Ckay. So if we were to nake the structure
8 that is depicted on Page 41, it wuld start with the
9 substrate. Correct?

10: 25 10 A Yes.
11 Q And a channel |ayer on top of that?
12 A Yes.
13 Q And a barrier layer on top of that?
14 A Yes.

10: 25 15 Q And then a cap | ayer, probably, extending
16 all the way through, right, across the top of the
17 structure, over the barrier |ayer?
18 A It doesn't contact -- it doesn't come in
19 contact wwth the Chmc contacts. But....

10: 25 20 Q Not yet.
21 A Huh?
22 Q  Not yet.
23 l"mtrying to go through the fabrication
24 process for this.

10: 25 25 A Ch, okay.
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10: 25 1 Q Does that nake sense to you?
2 A. The fabrication process?
3 Q Yes.
4 A. Sure, yeah.
10: 25 5 Q So then what you have in green on Page 41
6 | would likely go across. Correct?
7 A. Yes. That |l ayer has to be renoved to
8 pl ace the Ohm c contacts.
9 Q Ckay. So once the contacts are in, would
10: 25 10 it look a lot like Figure 1B of Saxler?
11 A No.
12 Q No?
13 A No. 1B is a strange cartoon. 1It's not --
14 et me make sure |I'mtal king about the right figure.
10: 26 15 It's an idealized cartoon.
16 | ' ve never seen a device built that way,
17 where the sides of the Chmcs are able to butt up
18 agai nst the cap layer -- you're not going to be able
19 to fabricate that.
10: 26 20 You coul d fabricate sonething that is
21 intended to -- you know, this can be like a, | don't
22 know, sone sort of a crude design.
23 But there's no way to place Chm c contacts
24 and butt themup against that cap |ayer with no gap
10: 26 25 i n between, as shown.
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10: 26 1 There's no standard process to do that.
2 Q Ckay. And then once the Chmc contacts
3 are in, then the gate contact -- howis that forned
4 on top of the cap |ayer?

10: 27 5 A. That can be fornmed nmultiple ways, but
6 | the....
7 Probably the nost straightforward is: You
8 pattern that -- you do this before you place the
9 Ohm cs. You can put the Chmcs after -- and they

10: 27 10 can go in either order. But to ne, it |ooks
11 straightforward to....
12 The green goes all the way across. Then
13 you etch the -- you plasnma etch the green | ayer.
14 | And then you -- one way to do it.

10: 27 15 And renenber, there's always nultiple ways
16 of building these things.
17 So then you...you, with sone techni que,
18 evaporate or sputter netal on the surface. And you
19 put resist on that and etch the netal away.

10: 28 20 And in other enbodi nents where we bring in
21 ot her references, we'll use a self-aligned structure
22 | to place that gate.
23 But it can be done nultiple ways.
24 Q And so, that would invol ve maski ng and

10: 28 25 etching steps, | think you said. R ght?
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10: 28 1 A. Yeah. You have to mask the gate.
2 But you can etch the green and the gate
3 netal using the sane mask. That woul d be what we
4 | would refer to as a "self-aligned" process.

10: 29 5 Q And where is that? -- in Saxler?
6 A. No. We bring in the self-aligned with
7 ot her references: Beach and Ahn.
8 Wait -- Ahn's only in one of these cases.
9 | don't want to get confused.

10: 29 10 Where is that grounds -- that thing right
11 t here.
12 Q "1l represent Ahn is in '347. So....
13 And that's what we're tal king about right
14 now.

10: 29 15 A Al right. I'mjust going to
16 | doubl e- check.
17 Q Yeah.
18 (Wtness reading.)
19 A And, yes, Ahn -- you're correct.

10: 29 20 So Ahn's in this case.
21 Q Ckay. So Saxl er does not tal k about
22 sel f-alignment?
23 A It may be in there, but | don't -- | don't
24 recall it's in there. | don't think it is.

10: 30 25 Saxl er has other references that -- |ike
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10: 30

10: 30

10:31

10: 31

10:31

10: 32
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Sheppard, Smth -- that give a |lot of details on
fabrication, if you're interested.

Q And you di scussed those in your
decl aration. Correct?

A Correct.

Q Figure 1A has a cap layer that is higher
than the Ohmc contact. And in 1B, it shows that
it's about the sanme height.

Do you see that?

A Yes.

Q That's different thicknesses of the cap
| ayer?

(No response.)

Q Does that represent different thicknesses
of the cap layer? Sorry.

A. To be honest with you, | don't know what
1B represents because it's not sonething you can
fab.

What it clearly shows is: There's no
recess.

Q And what about Figure 1A; do you think
that's a fair representation of what Saxler's trying
to achi eve?

A. Yes. You'll note that the vertical scale

of these diagrans is exaggerated, so you could see
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10: 32 1 details of the epitaxial |ayer.
2 But aside fromthat, yes.
3 Q Do you expect the gate contact of
4 Fi gure~1A to be centered, as depicted?
10: 32 5 A There are -- wthout self-alignnent, it's
6 certainly possible to use |lithographic techniques to
7 pl ace that in the center, yes.
8 Q But for 1B, it's not possible to be
9 abutting -- the cap layer abutting on the contact.
10: 32 10 Ri ght ?
11 A Yeah. | just don't know how you build
12 sonething |ike that.
13 MR DOSH : Al right. Good
14 time for a break?
10: 33 15 THE W TNESS: Ckay.
16 MR DOSH : Of the record.
17 (Wher eupon, a recess was taken
18 from10:33 a.m until 10:47 a.m)
19 BY MR DOSHI :
10: 47 20 Q We are still tal king about Saxler. | want
21 to take you to Figure 1A
22 Are you there?
23 A Fi gure 1A?
24 Yeah.
10: 47 25 A Yeah. W were on Page 41, | guess?
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10: 47 1 Q Well, I"'mgoing to take you to Saxler,
2 actual ly.
3 A Ch, okay.
4 Q Figure 1A

10: 47 5 A Al right.
6 (Pause.)
7 A. Ckay.
8 Q Ckay. And in your opinion, is that an
9 enhancenent node transistor?

10: 48 10 A Fi gure 1A?
11 Q Yeah -- let's back up.
12 You opi ne on enhancenent node and
13 depletion. Right?
14 A Yes.

10: 48 15 Q Ckay. And you know what "enhancenent
16 node" mneans. Correct?
17 A. Yes, | do.
18 Q What is an enhancenent node transistor? --
19 general |y speaki ng.

10: 48 20 A. Ceneral |y speaking, when there's 0 volts
21 applied to the gate, it....
22 The device is in an off state, and you
23 have to apply a positive bias to the gate to turn
24 | the device on.

10: 49 25 And that's generally what people woul d
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10: 49 1 call "enhancenent node" -- although, it has other
2 meani ngs as wel | .
3 But in the context of this, I think that's
4 a good representation.
10: 49 5 Q Ckay. In your opinion, is Figure 1A an
6 | enhancenent node transistor?
7 A. As it's drawn, it would be a depletion
8 node devi ce unl ess the gate contact penetrated deep
9 into the barrier layer, which -- that's not the way
10: 49 10 it's shown.
11 Q And | think you state that in
12 Par agraph 146 of your declaration, which | believe
13 is on Page -- it is on Page 75.
14 A Yes. On the fourth line fromthe bottom
10: 50 15 yeah.
16 Q Geat. And then if we turn back to
17 Saxl er, Figure 1B.
18 Now, before the break, we were talking
19 about how the cap layer -- that this is -- let ne
10: 50 20 rephr ase.
21 Before the break, you testified that
22 Figure 1B may not have a cap |l ayer that abuts the
23 | Chm c contact.
24 Ils that a fair representation?
10: 50 25 A | think what | said was: It would not be

THE SULLIVAN GROUP OF COURT REPORTERS
59

Exhibit 2004 Page 60 of 133


http://www.sullivancourtreporters.com/

10:50 1 straightforward at all to fabricate such a

2 structure.

3 Q Ckay. Is it possible to etch the cap

4 | ayer, deposit a nmetal over the cap layer and into
10: 51 5 the vias, if you will, next to the cap |ayer?

6 A. Wait a mnute. Are we talking 1B? O....

7 Q Yeah, |'mtal king 1B.

8 |"mjust -- I'"'mtrying to understand.

9 You said that there aren't any nechani sns
10:51 10 by which -- processes by which you can form 1B.

11 s that right?

12 A. Yes. It's basically because the Chmc

13 contacts button and are perfectly aligned and butt

14 up against the cap layer. That's the way it's
10:51 15 dr awn.

16 Q  Okay.

17 A. And they're also the sane thickness --

18 | which would rarely be the case.

19 Q So if we go to 72, though -- Paragraph 72
10: 52 20 | of Saxler.

21 A Oh, Saxl er.

22 Q. Yeah.

23 A Ckay.

24 Q At the fourth fromthe bottom it says:
10: 52 25 I n such a case....
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10: 52 1 Do you see that?
2 A Yes.
3 Q It says:
4 A dope regi on woul d not
10: 52 5 extend to the Onm cs contacts,
6 whi ch may be isolated fromthe
7 dope region by an insulating
8 regi on such as a silicon
9 nitride | ayer or gap.
10: 52 10 Do you see that?
11 A Yes.
12 Does that inply that there are instances
13 where the dope region would contact the Chmc
14 contacts?
10: 52 15 M5. SPECHT: (Objection; form
16 A. | would say no. It will do the device no
17 good to do that. It'lIl only potentially introduce
18 sone shunt conductance to the 2D gas, a very bad
19 thing. So | don't think so.
10: 53 20 You' d have a gap.
21 Q. So 72 says:
22 Further, in certain
23 enbodi mrents of the present
24 I nvention.. ..
10: 53 25 Ri ght ?
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10: 53 1 And then, it continues that:
2 ...the doped region would
3 not extend to the Chmc
4 contacts.
10: 53 5 Are there instances -- are there
6 enbodi nents contenpl ated by Saxler where the cap
7 | ayer extends from Chm c contact to Chm c cont act
8 | without the doped | ayer -- Dope Region 407
9 M5. SPECHT: (Objection; form
10: 53 10 A. So your question was -- would you just
11 repeat the question, please.
12 Q Sure. Does Saxler contenplate a cap | ayer
13 t hat contacts both Chm c contacts?
14 A That's certainly what's shown in 1B.
10: 54 15 But, renmenber, Saxler has a | ot of
16 different structures for cap |ayers and sone of them
17 are insul ating.
18 So if the cap layer's insulating, it would
19 functi on.
10: 54 20 Q Ckay.
21 A. If it's conducting, it would be a
22 di saster.
23 Q Wiy would it be a disaster?
24 A. Because when you apply a gate potenti al,
10: 54 25 you're trying to nodify the two-di nensional electron
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10: 54 1 gas. And you want all of the conduction, all the

2 drain current in the device, to cone fromthe

3 t wo- di nensi onal el ectron gas, because that's what's

4 gat ed.
10: 54 5 | f you have a conducting cap layer in 1B

6 t here woul d al ways be current flow ng from source

7 to -- or electron flow or current fromdrain to

8 source that would be going through the cap |ayer

9 that woul dn't be affected, necessarily, by the gate
10: 55 10 | bi as.

11 So you never want a parallel conduction

12 path to the two-di nensional electron gas.

13 Q And so, going back to 1B, is that in

14 | your -- well, is Figure 1B an enhancenent node
10: 56 15 transi stor?

16 A. | f the cap | ayer were p-doped at the

17 correct anmount and the thickness was correct, it

18 coul d be an enhancenent node devi ce.

19 Q When you say "thickness is" -- | think you
10: 56 20 said "correct"” -- what do you nean by that?

21 "Thi ckness, " neaning the height or the

22 | width?

23 A The hei ght.

24 Q Ckay. Does Saxler say "enhancenent node"?
10: 57 25 | think you said it does not. Right?
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10: 57 1 COURT REPORTER: Did you say --
2 what ?
3 MR DOSHI: Sorry.
4 COURT REPORTER: |'m sorry.
10: 57 5 Q Does Saxl er say that -- does Saxler use
6 | the term "enhancenent node"?
7 A. My recollection is it doesn't, but I'll be
8 happy to |l ook for it.
9 Q No. | think -- Paragraph 99 on Page 53 of
10: 57 10 | your declaration, | believe you say -- well, you do
11 | say:
12 Al t hough Sax| er does not
13 use the phrase "enhancenent
14 node,"” this transistor indeed
10: 57 15 constitutes a normally off
16 enhancenent node gal | i um
17 nitride transistor when these
18 p-type dopants are placed in
19 the cap | ayer.
10: 57 20 Do you see that?
21 A You're on Page 537
22 Yes; Paragraph 99.
23 A Ckay. Well, that's...
24 | f you renove the recess and add p-dopi ng
10: 58 25 to the cap layer, you can turn -- you can easily

THE SULLIVAN GROUP OF COURT REPORTERS
64

Exhibit 2004 Page 65 of 133


http://www.sullivancourtreporters.com/

10: 58 1 | turn Saxler's device into an enhancenent node
2 devi ce.
3 That p-cap layer is what -- that's the
4 primary difference between a depletion and
10: 58 5 | enhancenent node devi ce.
6 So they're very conpatible with each other
7 because they only differ by, you know, that one
8 | feature to go froma depletion node to an
9 enhancenent node.
10: 58 10 So, you know, one skilled in the art would
11 be famliar with both.
12 Q I n your opinion, would that be -- would
13 Figure 1B be a reasonably well working enhancenent
14 node transistor?
10: 59 15 A | think you'd want to separate the Chm cs
16 | fromthe cap | ayer, because that structure, as
17 shown, woul d have these shunt problens | was talking
18 about, potentially.
19 Q And the 2DEG -- where is the 2DEG depl et ed
10: 59 20 in Figure 1B?
21 A | think it'd be useful to make anot her
22 dr awi ng.
23 Q Ckay.
24 A | think if I -- if | do the drawi ng for
11: 00 25 1A, it wll enconpass everything in both figures.
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11: 00 1 Q |' mspecifically asking about 1B, because
2 you said that it could be in enhancenent node.
3 l|"'mtrying to understand --
4 A. Well, so can 1A if you renove the recess
11: 00 5 and p-dope the cap.
6 So --
7 Q Ri ght .
8 A. -- what | was going to do is do it for the
9 nodi fied structure, because.. ..
11: 00 10 Q No -- yeah, but I"mnore interested in 1B,
11 because -- | understand your position in
12 Par agraph 146 --
13 A Ckay.
14 Q -- regarding 1A
11: 00 15 But 1'mtal ki ng about 1B and how t hat
16 | would function as an enhancenent node transistor.
17 A. Ckay. Al I'mdoing in DiagramA is
18 trying to reproduce Figure 1B
19 Ckay. So I'mgoing to indicate the
11: 01 20 boundari es between the Chmcs -- and | forgot to put
21 t he gate on.
22 And so, you coul d now thi nk about
23 producing a profile of the electron gas, which is
24 | getting at the heart of your question, across a
11: 02 25 | device fromsource to drain.
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11: 02 1 So I'"lIl call this the "source" over here,
2 and "gate," and the "drain."
3 Ckay. So the 2D gas is, nore or less, the
4 sane under the Chmic contact. So you have a 2D gas
11: 02 5 here and here (indicating).
6 So no natter what biases you apply, you're
7 al ways going to have a 2D gas in those regions.
8 Q So just for the record, "2DEG" right, is
9 | what you're referring to?
11: 02 10 A 2-Di nensional Electron Gas -- "2DEG "
11 | don't like that term but that's al
12 right.
13 And then -- so this is when the device is
14 in the off state. Ckay?
11: 03 15 And so, the negative charge associ at ed
16 | with that p-type layer, that cones fromthe acceptor
17 i npurities you dope it wth.
18 That negative charge -- and so, we're not
19 applying any gate bias -- that negative charge is
11: 03 20 sufficient in density to deplete all of the 2D --
21 the "2DEG " if you like -- out of the channel
22 So the...it would | ook sonething like this
23 (i ndicating).
24 And so, thisis a-- I'lIl call it the
11: 03 25 sheet concentration of the 2D el ectron gas as a
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11. 04 1 function of position.
2 This is for -- it's in the off state and
3 | ow drain bias, just because it's easier to draw
4 that way. Okay?
11: 04 5 And then you apply a...
6 And by the way, it doesn't matter if
7 there's gaps between the source and the gate. It's
8 | just -- it's just not sonmething that matters.
9 So in other words, you can have gaps in
11: 04 10 this channel, and the 2D gas will still be induced
11 when it's in the on state.
12 So now on Diagram C, we'll draw in the on
13 state. Nothing's changed about the Chm c contacts
14 | and the 2D gas concentration under them
11: 05 15 So this is neant to be the sane. The 2D
16 gas hasn't changed under the Ohmi cs.
17 Now, if you forward biases to turn this
18 on, you can actually and you will actually increase
19 the 2D gas concentration -- it depends on how hard
11: 05 20 | you turn it on -- over what's under the Chmc
21 contacts.
22 So at low drain bias, it would actually
23 | ook Iike this when it's on.
24 And that sane figure would apply to 1A
11: 05 25 But you have to nodify it because there's sl oped
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11: 05 1 si dewal | shown.
2 So the acceptor densities -- the sheet
3 density, which is a product of the volunme density
4 times the thickness, it changes as you nove through.
11: 05 5 So there's a nore gradual transition in
6 1A, but it basically |ooks the sane.
7 MR DOSHI: Ckay. Let's nark
8 this drawi ng as Exhibit 2003 for 1382 --
9 2003.
11: 06 10 COURT REPORTER:  Should | put
11 "1382" on there for you?
12 No? Ckay.
13 M5. SPECHT: You can use the
14 sane exhibit in both proceedings if you
11: 06 15 want. So just |eave it.
16 (Wher eupon, Exhibit 2003 was marked for
17 identification.)
18 BY MR DOSHI :
19 Q Ckay. I n your explanation, you said it
11: 06 20 depends on how hard you turn it on.
21 What did you nean by that?
22 A Okay. There's sonething called a
23 "threshold voltage."” That's the onset of
24 | conducti on.
11: 06 25 Q Um hum
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11: 06 1 A. And as you increase the gate voltage above
2 the threshold voltage, you're inducing nore and nore
3 2D gas under that gate region.
4 Q Ckay. And earlier you had indicated that
11: 07 5 the thickness may need to be reduced for 1B and for
6 the -- for it to operate as enhancenent node?
7 A. | can't say anything about that. There's
8 no di nensi ons on here.
9 But 1'mjust saying, you have to have the
11: 07 10 right sheet density of negative charge to fully
11 deplete the 2D gas out of the channel if you want it
12 | to be normally off.
13 Q Ckay. And a gate, as depicted in
14 Fi gure~1B, would that require additional voltage for
11: 07 15 it to be turned on as an enhancenent node?
16 A. Well, you'll design the enhancenent node
17 devi ce by placing the proper anount of negative
18 charge -- negative sheet charge is what counts -- to
19 depl ete the 2D gas.
11: 07 20 So the...that wll produce a threshold
21 greater than zero if it's in enhancenent node.
22 So the further you drive it beyond
23 O volts -- say you drive it at 1 volt -- in fact, we
24 could add another feature to that diagram if you
11: 08 25 want, to illustrate that.
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11: 08 1 Q Ckay. Can we put that in red?
2 A Yeabh.
3 Q So you're going to take back 2003 --
4 |"mjust stating this for the --
11: 08 5 A No, | gotcha.
6 -- for the record.
7 "' m going to hand you back 2003, and
8 | you're going to add red.
9 A Yeah, we'll put it in red.
11: 08 10 So...say this is a gate voltage. That's
11 approxi mately equal or greater than the threshold
12 vol t age.
13 And then in blue -- which | seemto have
14 lost -- oh, there it is -- the threshold -- the gate
11: 09 15 voltage is considerably larger than that. So, |
16 don't know, say it's approximately the threshold
17 vol tage plus a couple of volts.
18 There is alimt to how hard you can drive
19 the gate. And so, 2 volts would be driving it
11: 09 20 pretty hard if the threshold was near zero.
21 So it mght |ook sonething |ike that.
22 And by the way, this is -- both -- all of
23 these are for |ow drain bias, these diagrans.
24 Q Okay. Thank you.
11: 09 25 A Um hum
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11: 09 1 Q Let's go back to Paragraph 72 of the

2 Saxl er reference -- you have so many paragraphs, you

3 | don't know which one to reach for.

4 And specifically right in the m ddle of
11: 11 5 t he paragraph, it tal ks about a "JHEM."

6 A Yes.

7 Q Are you famliar with "JHEMIs," Junction

8 HEMI's?

9 A O course.
11:11 10 Q Ckay. |Is that in enhancenent node?

11 A No.

12 Q  Ckay.

13 A. That's not to say they can't be.

14 But the way it's described here, it would
11:11 15 be in depletion node -- and it's a bad idea.

16 Q Let's go to Paragraph 63 of Saxl er.

17 Ckay. And this -- Paragraph 63, this acts

18 as the cap layer. Correct?

19 A Yes.
11:13 20 Q And the formation of the cap |ayer.

21 Ri ght ?

22 A The Par agraph 63?

23 Q Yes.

24 A. Yeah, it's suggesting you use epitaxial
11:13 25 growt h techniques to produce it.
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11: 13 1 Q And we tal ked about that earlier.
2 It's basically putting down that cap |ayer
3 in green and you nodify it -- bigger, Saxler.
4 Ri ght ?
11:13 5 A Yes. There's no |ithographic processing
6 that occurs yet. So it's a planar film
7 Q So in 64, we're tal king about KOH and
8 et chi ng.
9 And is -- in 2002 -- in Exhibit 2002,
11: 14 10 | which is the drawing that you nade, you --
11 think -- oh, you have -- | think you have before you
12 2002, the drawing -- the first drawi ng that you
13 made.
14 Do you have it?
11: 14 15 A VWere is it?
16 | thought | gave it up, but -- oh, it's
17 over here.
18 M5. SPECHT: There it is.
19 Q | apologize. Here it is.
11: 14 20 A Ckay.
21 Q | see "KOH'" in your notations there.
22 So --
23 A Yes.
24 -- is that the same KOH etching material s?
11: 14 25 A As soon as you add -- that's KOHwth UV
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11:15 1 stimulation of the etch. And that's not how
2 crystall ographic etches are done, usually. So it's
3 kind of a different animal.
4 | f they -- you could have KOH sol utions
11: 15 5 that don't effectively crystallographic etch. |If
6 it's a crystallographic etch, it'lIl say it.
7 Q And do you understand Paragraph 64 to be
8 etching the cap layer to drop in the Chm c contacts?
9 A Well, they said this etch is done to
11: 16 10 expose the underlying barrier |ayer.
11 And that's where the contacts are pl aced,
12 either directly on the barrier -- or, if you | ook at
13 Figure 1A, they're actually recessed into the
14 barrier.
11: 16 15 Cenerally, you get better Chm c contacts
16 if you recess theminto the barrier.
17 In fact -- well, | won't go into any nore
18 | detail on that.
19 MR, DOSHI: |'m handi ng you
11:18 20 what's been previously marked as
21 Exhi bit 1006, which is Yoshida.
22 (Wher eupon, Exhibit 1006, previously
23 mar ked, was presented to the wtness.)
24 BY MR DOSHI :
11: 18 25 Q Have you seen this docunent before?
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Yes.
Ckay.

[t's in the binder here.

O >» O >

Ckay. |If you want to use your binder
copy, that's fine, so long as there are no notes on
it.

A. Ckay.

Q W' ve been tal ki ng about Saxl er
enhancenent node.
| s Yoshi da an enhancenent node transistor?
Yes. There's support for that in here.

And Yoshida has a gate structure. Right?

> O »

Yes.

Q Yeah. And do you agree that Yoshida
deposits and etches the gate material first, before
the gate contact?

MS. SPECHT: (bjection; form

A | don't recall. So I'd |ike to I ook.
Q Sur e.
A. It can certainly be done either way,
but. ...
(Wtness reading.)
A. Ckay. |I'mready to answer the question,
but | forgot the exact |anguage. | don't know if

you coul d repeat the question.

THE SULLIVAN GROUP OF COURT REPORTERS
75

Exhibit 2004 Page 76 of 133


http://www.sullivancourtreporters.com/

11: 22 1 Q Yoshida has a fairly clear process,
2 correct? -- in terns of creating a structure?
3 MS. SPECHT: (bjection; form
4 A. He has several paragraphs descri bing
11: 22 5 fabrication.
6 And in the conventional art, he describes
7 one scenari o.
8 The source el ectrode and
9 drain electrode are | oaded --
11: 23 10 as a further exanple, a gate
11 el ectrode is | oaded via a
12 p-type | ayer.
13 |'"'mnot sure that inplies the order of
14 process for that particul ar paragraph.
11: 23 15 And then there's paragraph -- so that was
16 Par agraph 2. Paragraph 6, it says:
17 After performng
18 conventi onal photolithography
19 and etching of the n-type Al GaN
11: 23 20 | ayer, a gate el ectrode,
21 source, and drain electrode are
22 | oaded on.
23 That's certainly...
24 And that particul ar paragraph doesn't
11: 23 25 inply any order of processing. One skilled in the
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11: 23 1 art would read that as you could do it either way.
2 And then there's another -- if | can find
3 it -- discussion of the fabrication, which appears
4 i n Paragraph 23.
11: 24 5 In 23 it would seemto suggest source and
6 | drain contacts come in first, | think. 1t's not
7 like -- do you see what it says?
8 Lastly, etching away and
9 maski ng the opening of the Si2
11: 24 10 filmbeneath it, the source and
11 drain el ectrodes were nmasked
12 with the SSIQ film
13 And then later, the gate el ectrodes were
14 | oaded.
11: 25 15 So that suggests the gate cane after the
16 | source and drain.
17 Does that answer your question?
18 But the other disclosures seemto inply
19 you could do it in any order.
11: 25 20 Q And the others -- you're tal king about
21 paragraphs 2 and 6. Correct?
22 A. Well, 2 is conventional art. So maybe we
23 | shouldn't...
24 But 6 -- there's one sentence that says
11: 25 25 you do all this stuff. It doesn't tell you -- it
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seenms to suggest any order wll work.

Q s 6 under the heading of "Conventiona
Art"?

A. It may be -- well, | don't....

Q Because |'m | ooking at Paragraph 8 at the
bottomthere. It says:

Probl ens the invention
seeks to sol ve.
A Ckay.

(Wtness reading.)

A. Ckay. Well, anyway, the -- Paragraph 23

seens to suggest that the gate cane....
(Wtness reading.)

A Even in 23, it's not clear what the order
of the process is, because it al nbst suggests that
what they're doing is: They said they' ve got an
SSA2 film which is an insul ator over the whole
thing. And then they nask it and open up holes in
that film

And then the source, drain electrodes were
masked. . ..
(Wtness reading.)
A Ckay. It says:
The source, drain --

source and -- source el ectrode,
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11: 27 1 drain el ectrode --
2 They call that "G" | don't know why. |
3 think that's a typo.
4 -- are masked with the
11: 27 5 filmand gold was deposited....
6 Sonmewhere along the line, they got to
7 expose the Chm c contacts.
8 And so, the entire process isn't here.
9 So the gate's fornmed. It seens to suggest
11: 28 10 the Chm c contacts are covered up wth Si Q2.
11 So the Chmic contacts really aren't
12 conpl eted until you expose the netal so that you can
13 operate the device.
14 So that, by itself....
11: 28 15 You know -- you get ny point?
16 The source-drain contact process wasn't
17 finished until after the gate. It was started
18 before the gate. So you call that "gate first, gate
19 | ast"? How about "first or last"?
11: 28 20 Q Ckay. Could we go to Paragraph 19.
21 A Yeah.
22 Q Ckay. So Paragraph 19 -- and actually,
23 through 21 -- it tal ks about...tal ks about the
24 process. Correct?
11: 29 25 A That's all tal king about the epitaxial
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part of the process.

Q

referring to there?
A
@GN, except where the gate -- except where the gate

el ectrode was to be | oaded, exposing the n-type.

A

process before the gate.

But the -- lastly, Paragraph 23, they
don't seemto finish the Chmc process till after
t he gate.

So | guess you could call it either way.

Q What significance does that last -- in the
| ast two sentences -- | nean, that |ast sentence
say?

And I'min Paragraph 22 --

A Ckay.

Got it.
And t hen Paragraph 22, what is it

You're dry etching to etch away the p-type

(Wtness reading.)
So. . ..
(Wtness reading.)

Ckay. They clearly start the Ohmc

-- second-to-the-last I|ine.
And it starts with:
...and netal Al deposited

on the exposed n-type --
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11: 31 1 A. Wait a mnute. Wich -- | thought you
2 said "22"?
3 Q "22," yeah -- second-to-last I|ine.
4 A. Ckay.
11: 31 5 Q And --
6 A. Ckay. | see it now.
7 Q |s that nmetal al um nunf
8 A Yes.
9 Q And so, that's deposited on the exposed
11:31 10 n-type indiumagalliumnitride |ayer 4?
11 A Yes.
12 So that's the Chmc netal .
13 Q That's the....
14 A It's not a usual Onmic netal, but on
11: 31 15 n-GN, it'll work.
16 Q So 4 is alum num Ckay.
17 And then it says, in 23:
18 Lastly, after etching away
19 t he maski ng and openi ng the
11: 32 20 silicon dioxide film beneath
21 it, the source el ectrode and
22 drain el ectrode | ocations were
23 masked wth silicon dioxide
24 film
11:32 25 Do you see that?
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A Yes.

And then it says:

Al - -

CGol d?

A Yes.

(Conti nued reading:)

-- was deposited in the
openi ng portions, and gate
el ectrodes G were | oaded above
the p-type GaN layer 5 to
fabricate the HEMI shown in
Fi gure 1.

Do you see that?

A Yes.

Q Ckay. And, if we turnto --

A. But that's -- Figure 1 doesn't appear |ike
what's described in 23, because the SIQ2 isn't shown
there. And it obviously was renoved to get to that
figure.

So one coul d conclude that the Chmc
contact process wasn't finished until the Si Q2 was
renmoved, which is not shown here.

| mean, it certainly started before the
gate was deposited.

|"mjust pointing that out. That's all
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11. 34 1 Q Ckay. Let's go to Paragraph 17. And that
2 talks a little bit about the gate material.
3 Do you agree?
4 A Yes.
11. 34 5 Q. Ckay. So here it says:
6 The operation of the p-n
7 junction inmedi ately under the
8 gate el ectrode G enabl es
9 vol tage control. ..
11: 34 10 Do you see that?
11 A Yes.
12 Q Ckay. And so, that is describing the
13 operation of Figure 1?
14 A The operation of what?
11: 34 15 Q "Figure 1."
16 A Yes.
17 Q Ckay. So for Yoshida to be turned on, you
18 | would need to apply a positive voltage to the gate.
19 | s that correct?
11: 36 20 A Yeah.
21 There's additional support for that in
22 Par agraph 23.
23 Q Ckay. |I'mthere.
24 A They apply a gate voltage of 3 volts, and
11: 36 25 that's -- the device is turned on, and it exhibits a
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11: 36 drain saturation voltage -- neaning, it's acting
| i ke an enhancenent node transistor.
That's really the purpose of the p-type

regi on under the gate.

of f the record.
(Wher eupon, the deposition recessed for

1
2
3
4
11: 36 5 MR DOSHI: Al right. Let's go
6
7
8 lunch at 11:36 a.m)
9
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1 AFTERNOON SESSI ON
2 (12:28 p.m)
3 BY MR DOSHI :
4 Q Wel cone back, Dr. Shealy.
12: 28 5 A Thank you.
6 Q W went to -- can we go to -- this is
7 Exhi bit 1003, your declaration. And go to
8 Exhibit 1020 -- | nean, |I'msorry -- Paragraph --
9 A This is the '347 still?
12:29 10 Q Yes -- yeah.
11 It's Page 53. It's Paragraph 100.
12 At the bottomthere, you cite Sheppard.
13 | And this is in relation to the enhancenent node
14 I Ssue.
12: 29 15 And does Sheppard use the term
16 | "enhancenent node"?
17 A | don't recall.
18 Q  Ckay.
19 A It's been a while since |'ve read
12:29 20 Sheppar d.
21 MR, DOSHI : Ckay.
22 Al'l right. |'m handing you
23 what' s been previously marked as
24 Exhi bit 1021.
12:30 25 (Wher eupon, Exhibit 1021, previously
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12: 30 1 mar ked, was presented to the wtness.)
2 BY MR DOSHI :
3 Q And do you recogni ze this docunent?
4 A. Yes. This is Sheppard.
12:31 5 Q And if you look at...
6 On Page 53, you cite to Figure 1F
7 And 1F seens --
8 A Yes.
9 Q -- to look a lot like Saxler's 1A
12:31 10 Do you agree?
11 (Pause.)
12 A It seens to be nearly identical.
13 Q Ckay.
14 (Pause.)
12: 33 15 Q Thanks for bearing with ne. | |ost ny
16 pl ace here.
17 All right. Let's switch topics alittle
18 | bit.
19 Par agraph 95 of '347, which is on Page 50,
12: 34 20 | you have -- you refer to Beach. Correct?
21 A Correct.
22 MR DOSHI : Okay.
23 (Wher eupon, Exhibit 1008, previously
24 mar ked, was presented to the w tness.)
12: 34 25 Q | "' m handi ng you what's been previously
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12: 34 1 mar ked as 1008.
2 A. Ckay. Thank you.
3 Q Al right. And that's Beach -- yes?
4 A. Yes, it is.
12: 35 5 Q Ckay. And in 95, you rely on Beach for an
6 al | eged self-aligned etching technique.
7 s that right?
8 A That's correct.
9 Q And in Paragraph 96 on Page 51 of your
12: 35 10 | declaration, Beach does not disclose horizontal
11 | edges. Right?
12 A That's correct.
13 Q Ckay. And Beach Figure 1 doesn't disclose
14 | side surfaces that extend horizontally. Right?
12: 36 15 A. What Beach figure shows is a -- you know,
16 it's drawn as a vertical wall. |It's an idealized
17 drawi ng, of course.
18 Wel |, one would expect it to have sone
19 curvat ure.
12: 37 20 Q And that is -- | think you use the word
21 “machi ne tol erance” in your declaration.
22 s that right?
23 A You might want to point me to that. |
24 don't renmenber using that term
12: 37 25 Q Ckay. "Manufacturing tol erances,"” maybe?
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12: 37 1 A. That | renenber, yeah.
2 Q Ckay. And is that why you would -- are
3 t he manufacturing tol erances why you would -- why
4 | you -- it's your opinion that a person of ordinary
12: 38 5 | skill in the art would have understood Beach to have
6 sone slope to its sidewalls?
7 M5. SPECHT: (bjection; vague.
8 A. Beach is used for the self-aligned
9 process. And the shape of the wall is not really
12: 38 10 relevant to the way it's used in the conbination.
11 Q Ckay. |I'mgoing to switch to your other
12 declaration. So this is '355.
13 This is for 1482 -- 1382 -- 1884.
14 |"msorry. Third tine's a charm
12: 41 15 Ckay. And |I'mon Page 34.
16 And there you have petitioner's claim
17 construction. Do you see that, up at the top of --
18 A Yes.
19 Q -- Page 347
12: 42 20 And you use that for your anal ysis?
21 Well, et ne rephrase that.
22 You use that in your analysis, that claim
23 | construction.
24 s that right?
12: 42 25 A Yes. But | -- we considered both
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12: 42 1 constructions. And the patents are invalid under
2 bot h construction.
3 Q Ckay. And this relates to the
4 substantially -- this relates to side surfaces
12: 42 5 ext endi ng.
6 s that right?
7 A Yes.
8 Ckay. And here you say that:
9 The bottom of the p-type
12: 42 10 gate material is nore than 10%
11 w der than the top of the
12 mat eri al .
13 Ri ght ?
14 A. That's what -- yes, that's what's there.
12: 42 15 Q Ckay. And is -- in your opinion, is 10%
16 | within manufacturing tol erance?
17 A. | think you need to explain that a little
18 better.
19 Q Ckay. So you used the term "manufacturing
12: 43 20 tol erance” in your declaration. Right?
21 A. "“Manuf acturing” and "alignnment accuracy"
22 or sonething along those |ines.
23 Q Ckay. And I'mjust trying to understand
24 how nmuch of a variation would that be, in your
12: 43 25 opinion, in ternms of --
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12: 43 1 A 10 percent?
2 Q Yeah.
3 A Well, | still don't know the context of
4 the question. |'mnot quite sure what you're asking
12: 43 5 mne to --
6 Q Ckay. Let's go back to [Exhibit 2002,
7 whi ch |I' m handi ng you back.
8 A. Ckay.
9 Q And in Panel B, you said that there would
12: 44 10 be sone sloping of the sidewalls. Correct?
11 A Yes.
12 Q Al right. And you said that's a function
13 of the etching process. Right?
14 A Yes.
12: 44 15 Q Ckay. How nmuch of a tolerance is there
16 | for the chemcals or the etching processes that are
17 taking place in Saxler, for exanple?
18 M5. SPECHT: (Objection; form
19 A. The trouble I"mhaving is the use of the
12: 44 20 | word "tol erance.”
21 | nmean, how -- to what extent can these
22 | sidewalls extend? -- is that...?
23 That depends entirely. That can be --
24 | vary quite a bit by the etching process.
12: 45 25 Ckay. You never get, you know, near
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12: 45 1 vertical. There's always sone sl ope.
2 But it can be exaggerated, depending on
3 how you tune the etching process.
4 Q Al right. |If you're trying to etch
12: 47 5 vertical sidewalls, how nmuch wi der would you expect
6 the bottomof the material to be than the top, based
7 on the manufacturing tol erances that you describe in
8 | your declaration?
9 A | guess the tolerance to nme neans the
12: 47 10 | variation fromone -- you know, if you do it 100
11 times, howtight is the distribution?
12 Q | see.
13 A s that...?
14 Q Ckay. So Paragraph 91 -- no, page 91 --
12: 47 15 | of '335, the sane one.
16 A Okay.
17 (Pause.)
18 Q You know what, Dr. Shealy -- I'msorry --
19 forget that.
12: 48 20 A Ckay.
21 MR DOSH : W can go off the
22 record.
23 (Wher eupon, a recess was taken
24 from12:48 p.m until 12:50 p.m)
12: 48 25 (Wher eupon, Exhibit 1009, previously
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12: 48 1 mar ked, was presented to the wtness.)
2 BY MR DOSHI
3 Q | "' m handi ng you what's been previously
4 mar ked as Exhi bit 1009.
12:50 5 And that is Shenoy, right?
6 A Yes.
7 Q Ckay. So do you understand Shenoy to be a
8 hypot heti cal nodel ?
9 A Shenoy has a nodel in it. And the Board
12:51 10 had a few cormments on Shenoy, which I'd like to
11 addr ess.
12 Can | do that now?
13 Q We can get there.
14 A kay.
12:51 15 Q And then, Shenoy teaches an isotropic
16 etching process. R ght?
17 A Yes.
18 Q What is "isotropic,” in your -- in your
19 opi ni on?
12:51 20 A. It means the material you' re etching
21 etches at the sanme rate in all directions.
22 Q Okay. And what are the material s that
23 are...what are the naterials that are enpl oyed by
24 | Shenoy -- or that are being etched in Shenoy?
12:51 25 A It's a metal film
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12:52 1 Q Unhum And it's etching to two filns, or
2 one?
3 A Just one.
4 Q Ckay. And there's an insulator at the
12:52 5 bottom Correct?
6 A Correct.
7 Q Ckay. Does that spread the etching in the
8 hori zontal way?
9 A I f the...
12: 52 10 Whatever -- it does in this case.
11 But whatever is under it, if it doesn't
12 etch, it will enhance the sideways etching -- or the
13 "undercut," if you IliKke.
14 Q “Under cut” neani ng under the photoresist?
12: 52 15 A Yes. It's shown by "U'" in this diagram
16 Figure 1.
17 Q Ckay. So....
18 (Pause.)
19 MR DOSHI : |'m handi ng you what
12:53 20 has been previously marked as
21 Exhi bit 1020.
22 (Wher eupon, Exhibit 1020, previously
23 mar ked, was presented to the wtness.)
24 BY MR DOSHI :
12:55 25 Q And do you recogni ze the docunent?
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12:55 1 A Yes.
2 Q And what is it?
3 A Excuse nme?
4 Q What do you recognize it to be?
12: 55 5 A The Uenoto reference, which is referenced
6 in the declaration.
7 Q Ckay. And turning to Figure 5, which I
8 bel i eve you referenced in your declaration -- do you
9 see that?
12:55 10 A Yes.
11 Q Ckay. And Page 101 of the '335
12 declaration, | think you blow that inmage up a bit?
13 A Yes.
14 Q And does Uenoto show substantially equal
12: 56 15 wi dt hs?
16 A. Coul d you explain which widths on the
17 di agram you' re tal ki ng about.
18 Q Sure. The | edges, basically.
19 A Bel ow the brighter netal ?
12: 56 20 Q Correct, yeah.
21 A | would not call those "substantially
22 equal | edges," no.
23 Q Ckay. Let's go back to Beach.
24 Sorry -- I"'mjunping around a little bit.
12: 57 25 | asked you previously whether you rely on
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12: 57 1 this -- or I think you testified that this -- you
2 relied on this for the self-alignnent piece.
3 s that right?
4 A Yes.
12: 57 5 Q Ckay. And when we say "self" -- when you
6 say "self-alignnent,"” are you referring to -- and
7 " mlooking at Figure 1, which you rely on in your
8 | declaration.
9 s that right?
12: 57 10 A Yes.
11 Q And 26 and 24 are etched at the sane tine.
12 | Right?
13 A Yes.
14 Q Ckay. And that presupposes that 26 and 24
12:58 15 have been forned before the etching process. Right?
16 A Yes.
17 Q Ckay. And 24 is the gate el ectrode?
18 A Let's doubl e-check that.
19 (Wtness reading.)
12:58 20 A 24 is the gate netal.
21 Q Whi ch serves as the el ectrode?
22 A Yes.
23 MR. DOSHI: Let's take ten
24 mnutes. | mght be wapping up.
12:59 25 Of the record.
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12:59 1 (Wher eupon, a recess was taken
2 from12:59 p.m until 1:11 p.m)
3 MR DOSH: 1'lIl pass the
4 W t ness.
01:11 5 M5. SPECHT: Then we're going to
6 t ake one nore break.
7 MR DOSHI: Say it again?
8 M5. SPECHT: Ten m nutes.
9 MR. DOSHI : Ch, okay.
01: 25 10 (Whereupon, a recess was taken
11 from1:11 p.m wuntil 1:25 p.m)
12 M5. SPECHT: Ready?
13 MR DOSHI:  Yep.
14 M5. SPECHT: Al right.
01:25 15 EXAM NATI ON
16 BY MS. SPECHT:
17 Q Ckay, Dr. Shealy. Do you recall, just a
18 nmonment ago, counsel for EPC asking you about the
19 Shenoy reference, which is Exhibit 10207
01: 26 20 A 10009.
21 Q Exhi bit 1009, yes.
22 A Yes, | do recall.
23 Q And you nentioned during your testinony --
24 | you actually asked perm ssion during your testinony
01: 26 25 to explain the nodel in Shenoy.

THE SULLIVAN GROUP OF COURT REPORTERS
96

Exhibit 2004 Page 97 of 133


http://www.sullivancourtreporters.com/

01: 26 1 Do you renenber asking that?
2 A Yes.
3 Q And since you were denied your request to
4 expl ai n Shenoy's nodel, can you expl ai n Shenoy's
01: 26 5 nodel now?
6 A. Yes. Shenoy describes isotropic etching
7 t hrough a photoresi st w ndow.
8 So a POSI TA woul d know that isotropic
9 etching can be done a variety of ways, and one way
01: 27 10 is the exanple given in Shenoy: EWMM
11 There's other techniques of isotropic
12 etching which involve using liquid netal etches that
13 are especially fornulated for specific netals.
14 And t hey've been around a very long tine,
01: 27 15 common netals that would be used in a process like
16 this -- nickel, alumnum tungsten. There's a |long
17 list of solutions that have been devel oped for this
18 pur pose.
19 And these solutions, unlike the technique
01: 27 20 used in Shenoy, do not require an external applied
21 potenti al .
22 So in any case, Shenoy's nodel also
23 possesses symmetry. And that sanme symmetry is
24 present in the Yoshida and Saxl er reference.
01:28 25 So the Board was interested in symetry
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01:28 1 because it was |listed under "Assunptions."
2 And the -- if you're -- because symetry
3 is present in the structure, symetry is a valid
4 assunption. It doesn't need to be assuned, but it
01:28 5 cuts down the nunber of conputations to conplete the
6 nodel .
7 So symmetry is built in by the structure
8 that's being nodeled. OCkay? And it mrrors the
9 symetry of, as | said, Yoshida and Saxler.
01: 29 10 The ot her point about Shenoy is: The
11 netal filmthat's being etched is under the
12 insulator -- or is over the insulator. The
13 i nsul ator's under the netal.
14 Wien we make this conbination and -- of
01:29 15 Yoshi da, Saxler, or vice versa, wth Beach --
16 Beach is used for the self-alignnent.
17 Shenoy is used for the undercut.
18 So when we nmake this conbination, there's
19 not a insulator under the netal, there's a
01: 29 20 sem conductor |ayer, as the Board pointed out.
21 In our case, it's either a p-type gallium
22 nitride or it could be p-type al um numgallium
23 nitride cap -- capping layer in the term nol ogy of
24 Saxl er.
01:30 25 However, the netal that sits on that --

THE SULLIVAN GROUP OF COURT REPORTERS
98

Exhibit 2004 Page 99 of 133


http://www.sullivancourtreporters.com/

01:30 1 top of that sem conductor surface -- and the
2 sidewal | s, presunmably, have already been exposed --
3 t hose surfaces deplete the sem conductor of hol es.
4 This is a p-type sem conductor dope of
01: 30 5 magnesium and it would normally have holes. But
6 because of these side surfaces, the holes are
7 depl eted away fromthe surface where the etching is
8 occurri ng.
9 And what that neans is, is that the
01: 30 10 sem conductor | ayer behaves as an insul ator just
11 i ke Shenoy's structure, because there are no nobile
12 charges near the etching region in the
13 sem conductor. Ckay?
14 The other point that affects the edge is
01:31 15 that -- the fact that -- and the majority of these
16 liquid nmetal etches that |1've referred to, they
17 don't touch the galliumnitride.
18 Glliumnitride is a pretty tough nateri al
19 to etch, and a | ot of these etches wll not etch it.
01:31 20 So that -- that's, again, |ike Shenoy:
21 The insulator is not being etched in Shenoy. In
22 this case, the p-type cap below the netal was not
23 bei ng et ched when we nmake the conbi nati on.
24 Okay. The other thing the Board had to
01:31 25 say was, they commented on -- Shenoy's nodel does
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01:31 1 focus on the angle of the netal that results from
2 the etch, which is related to the angle of the
3 phot or esi st .
4 The angle of the netal is not what we're
01: 32 5 relying for in this conbination.
6 W' re using Shenoy to provide the undercut
7 of the netal. GOkay? So we're not relying on it for
8 the -- for anything related to the mask-wall angle.
9 The undercut, as shown in Shenoy, is not
01: 32 10 really a strong function of that angle anyway. So
11 we're relying on it for undercut. So...
12 And the other comment they nade is
13 sonet hi ng about the filmthickness.
14 | say "sonething" because they have
01: 32 15 concerns. And so, I'mnot sure exactly what they
16 are. But the filmthickness, when you do an
17 undercut like this -- as you increase the film
18 t hi ckness, the undercut increases. That's the major
19 effect of the filmthickness.
01: 32 20 So the undercut, in general, is on the
21 order -- that lateral dinension, on the order of the
22 t hi ckness of the netal -- not exactly, but it's on
23 | the sanme order.
24 | don't know if that answered your
01: 33 25 guesti on.
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Q That answers ny question very thoroughly.
But | do have a couple of foll owps.
So at the very begi nning of your earlier
answer, you nentioned that Shenoy had techni ques
ot her than EMM
| s that what you testified to?
A. Wll, when a --

MR, DOSHI: (bjection.

A When a person of skill | ooks at Shenoy,
they're going to see that there are many ot her
i sotropic etching techniques that can benefit from
Shenoy's work -- | nean, that's one way to say it.

And furthernore, the EMM techni que that

Shenoy enpl oys, there's nothing wong with applying
that in our conbination wth Yoshida and Saxl er and
Beach and Shenoy. The EMM technique will work fine
to do that. |It's an option for the fabrication
engi neer.

M5. SPECHT: So let's switch
gears and tal k about Exhibit 2002 that you
drew for EPC s counsel earlier.

So we can just grab that -- and
go ahead and pass 2003 as well. And I'l]|
hand hi m that one.

Thank you.
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01: 34 1 BY MS. SPECHT:
2 Q So Dr. Shealy, | ooking at 2002, does
3 Step~B apply to the prior art in this case?
4 A Yes.
01:34 5 Q Are there any references that you' ve
6 relied on in this case that Step B is not
7 representative of?
8 A. No. | nmean, you said, Are there any
9 references that represent sonething other than this?
01: 35 10 The only way to etch these surfaces in
11 these references is a plasma etch, and all plasm
12 et ches produce this sloped sidewall.
13 Q And can you explain what Step Cis as well
14 and which references Step Cis representative of.
01:35 15 A Step C has been known in the art for quite
16 a while. It's a-- it's called a crystall ographic
17 etch. And there are specific etch chem stries used
18 | to do it.
19 But it wll expose those -- it can expose
01: 35 20 a perfect 90-degree plane because it's based on the
21 crystal itself.
22 And so, it's -- this is -- you know,
23 literally, this is an exposed plane wth not nmany
24 atomc steps init. So that's why we say it's
01: 36 25 al nost a perfect 90-degree angle.
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01: 36 1 The other part of your question: This
2 does not appear in any of the art in this case.
3 Q Let's now tal k about Exhibit 2003, which
4 |"mgoing to pass to you as well.
01: 36 5 Exhi bit 2003 is based on Figure 1B?
6 A Yes.
7 Q O the Saxler reference. Right?
8 A Yes.
9 Q And do you recall asking EPC s counsel if
01: 36 10 | you could instead draw a figure related to your
11 nodi fied 1A of Saxler's reference?
12 A Yes.
13 Q Can you draw a representative di agram
14 usi ng your nodified 1A?
01: 37 15 A Ckay. So we need to start with the
16 nodi fied. ...
17 "Il label this "A" in this diagram
18 All I1"'mdoing inthe "A" illustration is
19 attenpt to reproduce the -- in fact, it wouldn't be
01:37 20 | a bad idea to |look at it.
21 (Wtness reading.)
22 A. Ckay. This is the sinplified diagram of
23 the nodified Figure 1A, where the recess is renoved
24 | and p-dopants are added in the capping | ayer.
01: 38 25 And so, now we need to identify the

THE SULLIVAN GROUP OF COURT REPORTERS
103

Exhibit 2004 Page 104 of 133


http://www.sullivancourtreporters.com/

01: 38 1 regi ons where the sloped walls are.
2 And now we'll draw the -- in
3 IIlustration~B, we'll draw -- what was -- where is
4 | the other one? -- we'll draw the off condition to
01: 39 5 correspond to the other diagram
6 Ckay. So again, we have an el ectron gas
7 underneath the source and drain contact.
8 As you enter the slope part of the region,
9 you' re picking up negative charge. So that causes a
01: 40 10 gradual depletion of the electrons out of the 2D gas
11 in that region.
12 And so, basically, it |ooks very simlar
13 to the other diagram of 1A, except the -- there's a
14 broader transition because of the sloped regions on
01: 40 15 t hat p-type cap.
16 That's assuming it's, nore or |ess,
17 uniformy doped -- which is the way it appears in
18 Yoshi da anyway, by the way.
19 Ckay. And then there's one other diagram
01: 40 20 | we can nmake -- we'll call "C"
21 And this is for the Ahn condition. Both
22 are for low drain bias.
23 Ckay. So in this case, you have a 2D
24 | electron gas under the source and drain contacts,
01: 41 25 | just like we had before.
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01:41 1 And now we'l|l assune that we're driving
2 the gate to a reasonable |evel, where we've actually
3 i ncreased the concentration over what's in the --
4 | over what's in the -- under the contacts.
01:41 5 And so, it |ooks sonething Iike this
6 (i ndicating).
7 Very simlar, except during -- in these
8 regions, the distribution of electrons is sneared
9 out .
01: 42 10 So other than that, it's very simlar.
11 Q And in the diagramthat you've just drawn,
12 | which I'"'mgoing to | abel Exhibit 1032 in just a
13 mnute, is there a gap between the cap | ayer and the
14 | OChmc contacts?
01:42 15 A Yeah, | kind of -- | nean, it's alittle
16 nore exaggerated than what it was in the origina
17 drawing. But it's basically the sane.
18 M5. SPECHT: Ckay. So let's
19 mar k that paper Petitioner's Exhibit 1032.
01: 42 20 And we'll use the same one in
21 both proceedings -- no need to put a
22 proceedi ng nunber on.
23 (Wher eupon, Exhibit 1032 was narked for
24 identification.)
01:42 25 M5. SPECHT: And with that, pass
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t he witness.

FURTHER EXAM NATI ON
BY MR DOSHI :
Q Just a coupl e of questions.

You were tal king about Shenoy and the
insulator. R ght?

A Yes.

Q Ckay. And is there an insulator in
Saxl er?

A The. . ..

Sem conduct ors behave as conductors
sonetimes and insulators in others.

| f you deplete the nobile charge out of
t he sem conductor, it behaves as an insulator. It
won't support any current flow, because there's no
nobi l e charge in it.

And that's what happens when you surround
this p-type layer with surfaces and a netal.

Met al depl etes nobile charge. And a
surface termnated with air -- or even a liquid
etch, for that matter -- will also deplete the
nobi | e char ge.

So that layer is nore or |ess devoid of
nobi l e charge. So it behaves |ike an insul ator.

Q And what about the underlying barrier

THE SULLIVAN GROUP OF COURT REPORTERS
106

Exhibit 2004 Page 107 of 133


http://www.sullivancourtreporters.com/

01: 43 1 | ayer?
2 A. The underlying barrier layer has -- it
3 basically is used to confine electrons belowit.
4 It's devoid -- there's no charge in that |ayer.
01: 43 5 What it's there for is to provide a
6 potential barrier to confine the el ectrons bel ow
7 that barrier.
8 Q Wuld it serve as an insul ator?
9 A. What ' s that?
01: 44 10 Q Wuld the barrier |ayer serve as an
11 i nsul ator?
12 A. It would not conduct if you -- there's no
13 nmobil e charge. So in that sense, you could say it
14 behaves |ike an insul ator.
01: 44 15 Most people wouldn't call a sem conduct or
16 an insulator. But they certainly can behave |ike an
17 i nsul at or.
18 Q So you were saying that the etching
19 process of Shenoy, it uses the insulator to spread
01: 44 20 t he hori zontal etching.
21 s that -- is ny understanding correct?
22 A. The fact that it doesn't etch --
23 Q Yeah.
24 A -- enhances the |l ateral etching.
01: 44 25 Q Well, isn't it going to etch the barrier
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01: 44 1 | ayer, though?
2 A. No. The barrier layer is covered up.
3 Q W th what?
4 A. It's covered up with the -- when you do
01: 45 5 this gate processing, if the Ownmcs are there,
6 they're going to be covered up.
7 If it's done first, they're not there.
8 But it's still -- that surface is going to be
9 covered up
01: 45 10 Q Isn't there a cap between the p-n and the
11 Chmc contacts? Didn't you just testify to that?
12 A Are we tal king vertically?
13 Q You were tal king about 1A, right? -- right
14 now - -
01:45 15 A Yeah.
16 Q -- recently.
17 And what |I'masking is the barrier
18 | ayer --
19 A Gh, no --
01: 45 20 ( Si nul t aneous speaki ng.)
21 A No, there's -- there's no conduction
22 t here.
23 And when you performthis process of
24 | etching this netal, this -- if you do Chmc first,
01: 45 25 you're going to cover those up wwth a -- and you'l
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01: 45 1 cover themup with a -- you typically would cover it
2 up, just as you read in Yoshida, with SIQ. It's a
3 very common material to...
4 | f you want to process sonething over here
01: 45 5 and have this not influence the process, you cover
6 it up with an insul ator.
7 Q And when you cover it up, you' re doing
8 sel ective covering. Correct?
9 So you're using a masking process, in
01: 46 10 | other words?
11 A You would have to -- it would take a
12 maski ng process to open a w ndow where you're going
13 to do the gate work and cover up the Om cs.
14 Q So you'd have to put in the silicon
01: 46 15 | oxide --
16 A That's one way to do it, yeah.
17 Q -- and then you're going to etch the
18 | window. Right?
19 A And the SIQ2 --
01: 46 20 Q. Ri ght.
21 A -- to expose the gate region.
22 Q Ckay. And then you expose the gate
23 region. Correct?
24 A Yeah.
01: 46 25 Q Al right. You do your etching process.
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oxi de?

And then do you --

Yes.

That's it.

Anything | need to know?

sign, but....

You got to put the netal down first.

Ckay. And then do you renove the silicon

MR DOSH : Okay. All right.

M5. SPECHT: No further
guestions on our side.

MR, DOSHI: kay.

COURT REPORTER:

Confidentiality? Read and sign?

M5. SPECHT: W'Ill say read and

The Board doesn't really let you
read and sign, but we'll say we will just
i n case.
COURT REPORTER:  Ckay.
MR DOSH : Of the record.
(Time noted: 1:46 p.m)
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DEPONENT' S SI GNATURE

Pl ease be advised | have read the
foregoi ng deposition, pages 1 through 110,
inclusive. | hereby state there are:
(Check one)

No corrections

Corrections per attached

JAMES RI CHARD SHEALY, PH. D.

( X ) Reading and signing was request ed.

( ) Readi ng and signi ng was wai ved.

( ) Readi ng and signi ng was not requested.

Shoul d the signature of the w tness not

be affixed to the deposition, the w tness shal

not

have avail ed hinself of the opportunity to sign or

t he signature has been wai ved.
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DECLARATI ON UNDER PENALTY OF PERJURY

| amthe wtness in the foregoing
deposi ti on.

| have read the foregoing deposition or
have had read to nme the foregoing deposition, and
havi ng made such changes and corrections as |
desired, | certify that the sane is true in ny own
know edge.

| hereby declare under penalty of perjury
that the foregoing is true and correct.

In witness whereof, | hereby subscribe ny

nanme this __ day of , 2024.

JAMES RI CHARD SHEALY, PH. D
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CERTI FI CATE

|, SUSAN ASHE, a Registered Merit
Reporter and Notary Public, hereby certify that the
foregoing is a true and accurate transcript of the
deposition of said witness, who was first duly sworn
by me on the date and pl ace herei nbefore set forth.

| FURTHER CERTI FY that | am neither
attorney nor counsel, nor related to or enployed by
any of the parties to the action in which this
deposition was taken, and further that | amnot a
rel ative or enpl oyee of any attorney or counse
enployed in this action, nor am| financially
interested in this case.

Dated this 20th day of My 2024.

Susan. -Ashe, Notary Public

for the Commonwealth of Virginia

My conm ssion expires: January 31, 2027.

Not ary Regi stration Nunber: 100809.
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UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

INNOSCIENCE (ZHUHAI) TECHNOLOGY COMPANY, LTD.,
AND
INNOSCIENCE AMERICA, INC.,,

Petitioner, v.

EFFICIENT POWER CONVERSION CORPORATION,

Patent Owner.

IPR2023-01382
U.S. Patent No. 9,748,347

PATENT OWNER'’S NOTICE OF DEPOSITION OF DR. JAMES SHEALY

2

EXHIBIT
DATE:
SUSAN ASHE





IPR2023-01382
U.S. Patent No. 9,748,347

Pursuant to 37 C.F.R § 42.53(d), please take notice that Patent Owner
Efficient Power Conversion Corporation will take the deposition of Dr. James
Richard Shealy in connection with Case Nos. IPR2023-01382 and IPR2023-01384.

The deposition will commence on May 16, 2024 at 9:00am Eastern Daylight
Time and continue on May 17, 2024, if needed, or other time as mutually agreed to
by the parties. The deposition will take place at the law office of Finnegan,
Henderson, Farabow, Garrett & Dunner, LLP, 1875 Explorer Street, Suite 800,
Reston, VA 20190-6023. The deposition will take place before a Notary Public or
other officer duly authorized by law to administer oaths. The deposition testimony

will be recorded by stenographic means.

Dated: May 8§, 2024 Respectfully submitted,

/Walter D. Davis, Jr./

Walter D. Davis, Jr.

Reg. No. 45,137

Blank Rome LLP

1825 Eye Street NW

Washington, DC 20006

Tel: (202) 420-4847

Fax: (202) 478-0914

Email: walter.davis@blankrome.com

Counsel for Patent Owner





CERTIFICATE OF SERVICE
The undersigned certifies that a copy of the foregoing PATENT OWNER’S
NOTICE OF DEPOSITION OF DR. JAMES SHEALY is being served on
counsel of record by filing this document electronically and serving via email to all

parties to this proceeding at the addresses indicated.

Lionel M. Lavenue (Reg. No. 46,859)
Finnegan, Henderson, Farabow,
Garrett & Dunner, LLP

1875 Explorer Street, Suite 800
Reston, VA 20190-6023
Lionel.Lavenue@finnegan.com

Kara A. Specht (Reg. No. 69,560)
Finnegan, Henderson, Farabow,
Garrett & Dunner, LLP

271 17" Street, NW, Suite 1400
Atlanta, GA 30363-6209
Kara.Specht@finnegan.com

Cory C. Bell (Reg. No. 75,096)
Finnegan, Henderson, Farabow,
Garrett & Dunner, LLP

2 Seaport Lane, 6" Floor
Boston, MA 02210-2001
Cory.Bell@finnegan.com

Forrest A. Jones (Reg. No. 74,123)
Finnegan, Henderson, Farabow,
Garrett & Dunner, LLP

901 New York Avenue, NW
Washington, DC 20001
Forrest.Jones@finnegan.com

Chen Zang (Reg. No.81,568)
Finnegan, Henderson, Farabow,
Garrett & Dunner, LLP





901 New York Avenue, NW
Washington, DC 20001
Chen.Zang@finnegan.com

Yi Yu (Reg. No. 69,397)
Finnegan, Henderson, Farabow,
Garrett & Dunner, LLP

1875 Explorer Street, Suite 800
Reston, VA 20190-6023
Yi-Yu@finnegan.com

Luke H. MacDonald (Reg. No. 79,064)
Finnegan, Henderson, Farabow,
Garrett & Dunner, LLP

1875 Explorer Street, Suite 800
Reston, VA 20190-6023
Luke.Macdonald@finnegan.com

Carlos E. Duarte-Guevara (Reg. No. 80,559)
Finnegan, Henderson, Farabow,

Garrett & Dunner, LLP

901 New York Avenue, NW

Washington, DC 20001
Carlos.Duarte-Guevara@finnegan.com

Innoscience-EPC-IPRs@finnegan.com
Dated: May 8, 2024 Respectfully submitted,

/Walter D. Davis, Jr./

Walter D. Davis, Jr.

Reg. No. 45,137

Blank Rome LLP

1825 Eye Street NW

Washington, DC 20006

Tel: (202) 420-4847

Fax: (202) 420-2201

Email: walter.davis@blankrome.com

Counsel for Patent Owner












UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

INNOSCIENCE (ZHUHAI) TECHNOLOGY COMPANY, LTD,,
AND
INNOSCIENCE AMERICA, INC,,

Petitioner, v.

EFFICIENT POWER CONVERSION CORPORATION,

Patent Owner.

IPR2023-01384
U.S. Patent No. 10,312,335

PATENT OWNER’S NOTICE OF DEPOSITION OF DR. JAMES SHEALY

DATE: ‘
SUSAN ASHE






IPR2023-01384
U.S. Patent No. 10,312,335

Pursuant to 37 C.F.R § 42.53(d), please take notice that Patent Owner
Efficient Power Conversion Corporation will take the deposition of Dr. James
Richard Shealy in connection with Case Nos. IPR2023-01382 and IPR2023-01384.

The deposition will commence on May 16, 2024 at 9:00am Eastern Daylight
Time and continue on May 17, 2024, if needed, or other time as mutually agreed to
by the parties. The deposition will take place at the law office of Finnegan,
Henderson, Farabow, Garrett & Dunner, LLP, 1875 Explorer Street, Suite 800,
Reston, VA 20190-6023. The deposition will take place before a Notary Public or
other officer duly authorized by law to administer oaths. The deposition testimony
will be recorded by stenographic means.

Dated: May 8, 2024 Respectfully submitted,

/Walter D. Davis, Jr./

Walter D. Davis, Jr.

Reg. No. 45,137

Blank Rome LLP

1825 Eye Street NW

Washington, DC 20006

Tel: (202) 420-4847

Fax: (202) 478-0914

Email: walter.davis@blankrome.com

Counsel for Patent Owner





CERTIFICATE OF SERVICE
The undersigned certifies that a copy of the foregoing PATENT OWNER’S
NOTICE OF DEPOSITION OF DR. JAMES SHEALY is being served on
counsel of record by filing this document electronically and serving via email to all
parties to this proceeding at the addresses indicated.

Lionel M. Lavenue (Reg. No. 46,859)
Finnegan, Henderson, Farabow,
Garrett & Dunner, LLP

1875 Explorer Street, Suite 800
Reston, VA 20190-6023
Lionel.Lavenue@finnegan.com

Kara A. Specht (Reg. No. 69,560)
Finnegan, Henderson, Farabow,
Garrett & Dunner, LLP

271 17" Street, NW, Suite 1400
Atlanta, GA 30363-6209
Kara.Specht@finnegan.com

Cory C. Bell (Reg. No. 75,096)
Finnegan, Henderson, Farabow,
Garrett & Dunner, LLP

2 Seaport Lane, 6™ Floor
Boston, MA 02210-2001
Cory.Bell@finnegan.com

Forrest A. Jones (Reg. No. 74,123)
Finnegan, Henderson, Farabow,
Garrett & Dunner, LLP

901 New York Avenue, NW
Washington, DC 20001
Forrest.Jones@finnegan.com

Chen Zang (Reg. No.81,568)
Finnegan, Henderson, Farabow,
Garrett & Dunner, LLP





901 New York Avenue, NW
Washington, DC 20001
Chen.Zang@finnegan.com

Yi Yu (Reg. No. 69,397)
Finnegan, Henderson, Farabow,
Garrett & Dunner, LLP

1875 Explorer Street, Suite 800
Reston, VA 20190-6023
Yi-Yu@finnegan.com

Luke H. MacDonald (Reg. No. 79,064)

Finnegan, Henderson, Farabow,
Garrett & Dunner, LLP

1875 Explorer Street, Suite 800
Reston, VA 20190-6023

Luke.Macdonald@finnegan.com

Carlos E. Duarte-Guevara (Reg. No. 80,559)

Finnegan, Henderson, Farabow,

Garrett & Dunner, LLP
901 New York Avenue, NW
Washington, DC 20001

Carlos.Duarte-Guevara@finnegan.com

Innoscience-EPC-IPRs@finnegan.com

Dated: May 8§, 2024

Respectfully submitted,

/Walter D. Davis, Jr./

Walter D. Davis, Jr.

Reg. No. 45,137

Blank Rome LLP

1825 Eye Street NW

Washington, DC 20006

Tel: (202) 420-4847

Fax: (202) 420-2201

Email: walter.davis@blankrome.com

Counsel for Patent Owner
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