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PROCEEDI NGS

THE VI DEOGRAPHER: Here begi ns
disk 1 in the video deposition of Gary Rubl off taken
in the matter of Sansung El ectroni cs Conpany
Limted, et al. v. Honme Sem conductor Corporation,
before the Patent Trial and Appeal Board, Patent
Case Number | PR 2015-00460.

Today's date is Decenber 16, 2015.
The tinme on the video nonitor is 9:09. This
deposition is being held at 1425 K Street,
Nort hwest, Washi ngton, DC 20005.

The court reporter is Denise
Vi ckery on behal f of Esquire. The video canera
operator is Patrick Graham on behal f of Esquire.

W11l counsel please introduce
t hensel ves and state whomthey represent, beginning
with the party noticing the deposition.

MR. CHEN. Jerry Chen from
TechKnow edge Law G oup for Honme Sem conduct or
Cor por at i on.

MR, COLAI ANNI: Joseph Col ai anni
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of Fish & Richardson on behalf of the Sanmsung
Petitioners.

MR. HSIEH  Andy Hsieh, Fish &
Ri chardson, on behal f of Sansung Petitioners.

THE VI DEOGRAPHER: W I | the court
reporter please swear in the wtness.

GARY W RUBLOFF, PH. D.

called for exam nation, and, after having been duly
sworn, was exam ned and testified as foll ows:

CROSS- EXAM NATI ON
BY MR CHEN:

Q Good norning, Dr. Rubloff.

A Good nor ni ng.

Q Good to see you again

A. (Laugh). Just before Chri stnas.

Q Right. So as you know, |'m an attorney
with the law firm of TechKnow edge Law G oup, and |
represent the Respondent Hone Sem conduct or
Corporation and the patent hol der.

"Il be cross-exam ning you today

regardi ng your reply declaration submtted in
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connection with the IPRs filed by the Sansung
entities against the Hone patents.
| wll ask you questions related to the
subject matter disclosed or discussed in those reply
declarations. You will need to answer ny questions
truthfully and conpletely. The court reporter wll
record ny questions and your answers in witing.
Do you under st and?
A. Yes.
Q Ckay. |If your attorney objects, you
still nust answer all ny questions, unless your
attorney instructs you not to answer.

You under st and?

A. Yes.
Q Ckay. |If you do not hear or understand
nmy question, please ask ne to repeat or clarify. |If

you answer my questions, ny assunption will be that
you understood the questions.
Do you under st and?
A. Yes.
Q Ckay. And, of course, if you need a

break, please |let ne know and we'll take one.
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A | certainly will.
Q Ckay. Can you think of any reason that
m ght affect your ability to provide truthful and

conpl ete answers to ny questions today?

A No, unless | don't know the answer.

Q Do you have any questions before we
start?

A No.

Q kay. Dr. Rubloff, could you and
pl ease state and spell your full nanme for the
record.

A. Gry, Ga-r-y, Wayne, Wa-y-n-e,
Rubl of f, R-u-b-1-0o-f-f.

Q Ckay. Dr. Rubloff, you were previously
deposed in connection wth the Sansung | PR case
nunber for | PR 2015-00460; correct?

A | don't remenber the nunber of it, but
there was a Sansung case, Yyes.

Q Okay. And this was the IPRfiled in
connection with the Hone ' 997 patent; correct?

A Yes.

Q Ckay. And in that prior deposition, |
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asked you to let nme know if you didn't understand ny
questions; correct?

A | think -- I think so.

Q Ckay. And | told you in that prior
deposition that if you did not understand ny
guestions, you could ask ne to repeat or clarify;
correct?

A | woul d assune so. | don't -- | don't
remenber that --

Q Ckay.

A. -- precisely.

MR CHEN. Al right. So we'll
mark this as two transcripts for two days of
deposition. So we'll mark it Exhibit 1 and 2.

(Docunent marked, for
I dentification purposes, as Rubloff Exhibit No. 1.)

(Docunent mar ked, for
i dentification purposes, as Rubloff Exhibit No. 2.)

MR. COLAIANNI: Is this one
exhibit or two?

MR, CHEN: Two.

MR, COLAI ANNI:  Ckay.
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BY MR CHEN:

Q Al right. Dr. Rubloff, | asked the
court reporter to mark as Exhibits 1 and 2 the
deposition transcripts fromyour prior deposition in
the IPRs filed by Sansung.

Exhibit 1 is the transcript fromthe
first day of your deposition and Exhibit 2 is a
transcript fromthe second day of your deposition.

You have those now in front of you;
correct?

A Yeah.

Q Ckay. If you look at Exhibit 1, if you
| ook at page 7 of the transcript.

A Question. The way this is laid out,
there are four pages per page. So when you say
"page 7," you nean this one?

Q Right. | nean page 7 of the

transcript, which refers to --

A Ckay. | think I understand.

Q -- the upper right-hand corner --

A Ri ght .

Q -- of each small section as opposed to
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t he physi cal page.
A. Yes.
Q Ckay. |If you | ook at page 7 of the

transcri pt.

A Yes.

Q You see there at line 14 --
A Yes.

Q -- | ask you:

"I f you do not hear or understand ny
guestions, please ask ne to repeat or clarify. |If
you answer ny questions, mnmy assunptions wll be that
you understood the questions. You understand?"

And you replied: "Yes."

Do you see that?

A. Yes.

Q Okay. So does that refresh your nenory
as to whether in your previous deposition | asked
you to |l et ne know whether you didn't understand any
of my questions?

A Yes. Sure.

Q Ckay.

A | mean, | expected what you just did
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you woul d have done last tinme. | just didn't
remenber exactly.

Q Right. And so | told you in that prior
deposition that if you did not understand ny
guestions, you could ask ne to repeat or clarify;
correct?

A. Yes.

Q kay. And | told you that if you
answered nmy questions, ny assunptions would be that
you understood ny questions; correct?

A Yes.

Q And barring circunstances where you
asked ne to repeat or clarify ny -- the question,
you understood ny questions in those -- that prior
deposition; correct?

A. | thought | did at the tine.

Q Ckay. And you were truthful in that
prior deposition; correct?

A O course.

Q And you gave conplete answers to ny
questions; correct?

A As conplete as | could.
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Q And you stand by the answers you
provided in that prior deposition; correct?
A There was a clarification in ny

reply -- is it called reply declaration? -- about at
| east one of the questions and ny answer to it, and
| "' m sure you know whi ch one that is.

And | stand by what is in ny reply
decl aration, which was an explanation that I was not
catching the significance of the legal terns you
used because | think, on retrospect, | realized that
fromthe transcript and fromdiscussions |ater that
went into ny reply declaration that your question
really nmeant, as | understand it now, the nature of
t he cl ai ns | anguage.

And when | gave a comment at that
point, | was thinking about a specification, a
preferred enbodi nent of the specification.

| think it's inportant to understand
that | amnot an attorney. |'ma practicing
scientist every day and so it's easy for ne to --
wel |, hopefully not easy, but it's possible for ne

to mss the subtlety of the question with regard to
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i ssues which I would call legal in nature. You're
tal ki ng about the clains, not a specification, and |
t hi nk you asked ne to summari ze what the situation
was. And | gave the exanple, as explained in ny
decl aration, of -- of what -- what was in this
preferred specification. This is how a scientist
t hi nks.

Q Dr. Rubloff, do you stand by the
answers provided in your prior deposition?

A. Well, I've indicated clarification in

ny declaration, ny reply declaration. So that

qualifies and, in sone cases, nmay change the -- the
tone of what's in the dec -- in the deposition. So
consider ny declaration -- ny reply declaration to

be an anmendnent to the deposition testinony.
Q So is it correct then that you do not
stand by the answers provided in your prior dec --

deposition?

A | think that's the wong way to word
it. | think the way to word it is that | had a
decl aration. It's before the court. | had a
deposition. | had a reply declaration. And taken
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together, that expresses what | -- what ny opinion
I S.

Q My question is very sinple.

Do you or do you not stand by the
answers that you provided in your prior deposition?

A As anended by the decl arati on.

Q Are you retracting the answers that you
provided in your prior deposition?

A. | don't want to address the question in
generality.

| cited one exanple that | recall from
nmy reply declaration, and | don't want to neke grand
statenents about every single word that's in ny
prior deposition or in a declaration.

|f there is sonme that -- if -- | stand
by the fact that ny two declarations and ny
deposition constitute testinony up to this point.

Q As we covered a few m nutes ago, in the
previ ous deposition you were asked to provide
truthful and conplete answers to ny questi ons;
correct?

A. O course.
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Q And you stated that you provided
truthful and conplete answers to ny questions;
correct?
A Certainly.
Q And you al so stated that you understood
my questions; correct?
A. | stated that. That's correct, but it
iIs only areality of human nature and it's the case
for a scientist because these issues are conpl ex,
and it's particularly the case for a scientist who's
dealing with a legal nmatter to be able to discern
very carefully what the |legal specifications of that
guestion are.
MR. CHEN:. This is Exhibit 3.
(Docunent marked, for

I dentification purposes, as Rubloff Exhibit No. 3.)
MR, COLAI ANNI:  Thank you.

BY MR CHEN:

Q Al right. Dr. Rubloff, I've asked the
court reporter to mark as Exhibit No. 3 your reply
declaration submtted in connection with the Sanmsung

| PR 460, which is the IPRfiled in connection --
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filed regarding the Hone ' 997 patent.
You have that now before you?
Yes.

Did you draft this declaration?

> O >

Yes.

Q Are you aware of any errors in this
decl arati on?

A Not at this point.

Q So there are no corrections you would
like to make to this declaration?

A | have no corrections at this tine.

Q Ckay. How did you arrive at the
opi nions included in this declaration?

A Well, | |ooked at the -- the
decl aration of Ron Maltiel and the patent owner
response, and | ooked at what sone of the remaining
I ssues were that were raised by Maltiel, and had
di scussions with the attorneys about which of the
I ssues are of significant enough to put into this
reply because | didn't want to docunent -- |
certainly didn't want to wite a docunent of a

hundred or 200 pages, and -- and picked the issues
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and constructed the argunents and wote them
Q Did you arrive at the conclusions in
this decl aration based on your own anal ysis?
A O course.
Q Do sonme of these conclusions in this
declaration relate to | egal issues?
MR. COLAIANNI: Objection to form
THE WTNESS: Well, I'"mnot sure
what you nean by "legal issues.”
BY MR CHEN
Q For exanple, interpretation of

term nol ogy that m ght have | egal significance.

A "' mnot a | awyer.
MR. COLAIANNI: I'mgoing to
obj ect.
THE WTNESS: |'m sorry.
MR, COLAIANNI: No, that's okay.
THE WTNESS: ['mnot a |awer. |
don't know what -- | wouldn't know how to explain
what |egal significance has. | know there's

di scussions of things in the clains and in the

speci fications.
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BY MR CHEN:

Q Ckay. Did you discuss, for exanple,
the interpretation of claimterns?

A | don't renmenber -- for this
declaration? Let ne ook and see if there's a
specific discussion of claimterns. O course,
things rely on what -- on what the terns in the
claimnmean. So | guess that's inplicit.

(Revi ew ng docunent).

| don't find anything here that is a
di scussi on or debate over the neaning of a claim
term but there certainly are claimterns used in
this.

Does that answer your question?

Q Sur e.

So there is content or opinions in your
declaration that relate to claimterns?

A Yeah, | think that's -- that's probably
al ways the case.

Q Okay. Were you able to understand
those claimterns as they were used in your

decl arati on?
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MR. COLAIANNI: (Cbjection to form
THE WTNESS: | think so.

A General | y speaki ng.

Q Previ ously when | asked you whet her you
stood by the answers provided in your prior
deposition, you stated that there were instances
where you coul d not catch the significance of the
| egal terns that were used.

Do you recall that?

Yes.

And then you al so stated that because
you are not an attorney and that you're a practicing
scientist, it's very easy for you to mss the
subtlety of a question with regard to issues that
you call legal in nature.

Do you recall that?

A | said that.
Q Ckay.
A That was a fairly strong statenent.

That's probably stronger than it needed to be.
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| mean, usually |I don't m ss these
things, but there are -- there are situations where
a question may be asked. There may be a | ong
di scussion as -- as in the case | referred to where
basically | then get a question that asks for a very
sinple answer, and | give an overview that is not
going to the specific |egal undercurrents of the
words in the clains.

The exanple | have in mnd, |I think, is
for a different patent.

Q So is it your answer then that you
generally can understand questions that m ght be
legal in nature at |least in connection with these
Sanmsung | PRs?

MR, COLAIANNI: (Cbjection to form
THE WTNESS: | think | generally
understand what | need to about the neaning of the
claims and about what's said in the specification
and the relationship of the specification to the
cl ai nrs and what has been deci ded or not about the
interpretation of terns in the clains, and | think

that's adequate to do ny job as a technical expert.
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SAMSUNG ELECTRONICS vs. HOME SEMICONDUCTOR
BY MR CHEN:
Q But sonetines you are unable to catch

the significance of legal terns that are used;
correct?
A No, | don't think that's correct.
Q Isn't that what you sai d?
A That may have been what | said.

What | -- what | nmeant was that there
IS so much in these cases that -- I'm-- |I'm
thinking of a very specific case that happened in a
previ ous deposition and | was asked a question that
| think, having | ooked at it in retrospect, was
specifically about the | anguage in the clains.

And | gave an answer, which was after a
| ong di scussi on over whatever the topic was, | gave
an answer which was a very sinple expl anation, kind
of bottomline statenent, using as an exanple for
t hat answer the preferred enbodi nent of that patent,
and that was a sinplification where | was thinking
about the specification, not about the specific --
specifics of the clains.

So | guess | just m ssed sonething
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I nportant that you had said when you referred to the
cl ai m I anguage, and so | thought I'mtal king about
the patent as a whole and the exanple | have to
understand what the intellectual contribution, the
intellectual property is here in this patent, and |
t hought of and described a specific preferred
enbodi nment .

Q s it true then that sonetines you m ss
the subtlety of a question with regards to issues
that you consider legal in nature?

MR. COLAIANNI: Objection to form

THE WTNESS: Well, | try not to
do that. | don't think it happens very often but,
you know, | think people are like this. Nornal

human beings are |like this.

If ny wife asks ne a question and
| don't listen quite right and understand why she's
asking it or where the question is conmng from
may give an answer that is -- is incorrect in
getting to exactly what she asked. And | think
that's human nature. And I don't think it's correct

to nake a big deal of it if there's a clarification
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in place, which in the case | have in mnd there is.
BY MR CHEN
Q And so this m sunderstanding that you

m ght have with regards to issues that are legal in
nature, this is true with response -- with regard to
your response to questions in your deposition;
correct?

MR. COLAI ANNI: Objection. Lacks
f oundati on.

THE WTNESS: Well, I'"'msure we'l|l
come to the question, the question that we're
tal king around and I -- | would be nuch nore
effective in addressing that if we did that in --
Wi th sonme specifics. | don't |ike making such
generalities.

| think the possibility of
spending a day in deposition, of not -- not
under st andi ng, not getting exactly what the question
was, IS not dependent on it being a |legal situation
or not. | think it's part of human nature and
clarifications are warranted in cases |ike that.

That's what |'ve done in the case at hand.
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The | egal aspect of it is the
sophi stication of the |egal system of what nakes it
more likely this can happen.

BY MR CHEN:

Q So are you then saying that your
guestions in deposition are unreliable until you've
had a chance to then clarify your responses?

A O course not. M questions and ny
answers and di scussion in deposition are 99.9
percent what | -- what | neant, what | think, what I
want to say, but once in a while on reflection, |
realize -- | mean, it's happened before.

|'ve been in other cases, depositions
before, and I may wal k out for a break and say,
wait, | wonder if that question should have been
interpreted a little bit differently? And if that
were -- that were the case, | probably woul d have
answered it differently. This happens, but it
doesn't happen often.

Look, look, let nme make it very clear.
|"mconfident that | can address these techni cal

I ssues and their interaction with the clai mlanguage
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in a perfectly accurate manner, with the caveat that
once in a while a subtlety of the way the question
was -- was -- was raised nay require sone
clarification, and we all know that we're not here
I n depositions to ask questions that are very, very
precise like | would when I'mworking with
scienti sts.

Q When you drafted your reply
declaration, you did so in consultation with your
attorneys; correct?

A Yes.

Q Ckay. Was it your attorneys who
poi nted out the potential m sunderstanding in your
prior deposition?

A Hm | don't renenber.

| renmenber reading the transcript and

sayi ng, boy, that was kind of a cavalier, quick
answer to a conplicated situation. And then | guess
I n discussions with ny attorneys, they pointed out,
yeah, this is -- this is really m sl eading
because -- | think because you asked about the claim

| anguage, not about the specification, and | gave a
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sweepi ng very brief statenent about what the patent
I's doing, and -- and we deci ded, you know, it's
worth putting that into the declaration -- reply
decl arati on.

Q After you were deposed last tine, you
were given an opportunity follow ng the deposition
to review your transcript; correct?

A Ri ght .

Q And you were given opportunity to
submt any errata that m ght be -- that you m ght

have to the transcript; correct?

A Actually, | sawonly -- | think I --
think I was sent only one -- | think | was sent only
one of the days' transcripts. | think you sent it
to nme, actually. |I'mnot sure | got the second one.

So | really don't renenber.

Q Ckay. But you didn't submt any errata
to your prior deposition transcripts; correct?

A No, but in those cases, | would have
been | ooking for things that are nore |ike wording
corrections and stuff |ike that.

Q Ckay.
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A | didn't pay a ot of attention to
that, frankly, because that's what | thought their
j ob was. Sonehow | figured ny attorneys could do
that. They'd find things |ike that because | guess
they | ook at the transcripts.

MR. CHEN. 4.

(Docunent marked, for
I dentification purposes, as Rubloff Exhibit No. 4.)
BY MR CHEN:

Q Dr. Rubloff, I've asked the court
reporter to mark as Exhibit No. 4 a docunent titled
"VLSI Handbook" edited by Norman S. Ei nspruch.

A G Ei nspruch.

Q G Sorry. Norman G Einspruch

This exhibit was submtted by you in
connection with your reply declaration; correct?

A Yes.

Q Al right. [If you need to -- |'m going
to ask you sone questions about the VLSI Handbook
exhibit, Exhibit No. 4. |If you need to refer to
your reply declaration, which is Exhibit No. 3,

pl ease feel free to do so.
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this exhibit at paragraph 2B.

textbook in the area of sem conduct or
correct?

A Yes.

reliable; correct?

was witten and published. | don't -

remenber. Oh, this says 1985. Ri ght

filing date of the '997 patent?
MR. COLAI ANNI:  Qbj
THE W TNESS: The f

It's '"96 or sonething |ike that.
BY MR CHEN:

Q Yeah.

| believe you start the discussion of

A Uh- huh. (Revi ewi ng docunent).

Q So the VLSI Handbook, you state in your

decl aration that the VLSI Handbook is a well -known

Q Al right. And so it is your opinion

that the information in this VLSI Handbook is

A. Yes, at least as of the date that it

Q Is it reliable at |east as through the

don't -- | don't recall the filing date of the '997.

processi ng;

- 1 don't

ection to form

iling date. |
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A Yeah, | think it would be a reasonable
representation of what was known at the tine.

Q Ckay. | nmean, you rely on the VLS
Handbook in your reply declaration to describe what
a person of ordinary skill in the art would have
understood at the tinme of the filing of the '997

patent; correct?

A Well, | rely on it as one of nany
sources that -- | nean, | just chose this as an
exanple to fortify. | think the issue here was

ani sotropi c versus isotropic etching, but there are

count | ess such sources and -- and much shared
know edge - -

Q Sur e.

A -- that | and many ot hers have at the
tine.

Q Sure. And you selected this one as an
exanpl e of sone of many reliable sources of the
I nformation that was known at the tine?

A Yeah. Yeabh.

Q I f you | ook at page 7 of Exhibit No. 4.

Well, actually, if you | ook at pages 7 and 8.
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You see that there are three tables
t here?

A. Yes.

Q What are those tables describing at a
high evel? W don't need to get into detail ed
specifics. I'mjust trying to understand what those
t abl es show.

A Wel |, these are sone exanples of plasma
etching capabilities that are for different
materials you' d have in sem conductor technol ogy.

So silicon, oxygen, titanium lithium tantalum
things |like that, that can be etched in plasma using
vari ous kinds of gases. So gases containing
fluorine, chlorine, bromne, which are hal ogens that
are inportant for the renoval of all the species,
and al so oxygen and hydrogen and so on, these gases.

And it's an attenpt to give a
denonstrati on of exanples for isotropic etching and
ani sotropi c etching and selectivity, which are the
kinds of differentiators that you use in choosing a
pl asma process -- etch process recipe.

So very often you want to be able to
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have isotropic or anisotropic etching or you want to
have selectivity of one material conpared to

anot her, which neans different etch rates,
distinctly different etch rates for one materi al
conpared to anot her.

And the tables are arranged by
categories, it appears, associated w th whet her
they're brom ne, chlorine containing, or
fluorine-based, or unsat -- unsaturated fl uorocarbon
versions of the fluorine-based.

Q And when you say select -- when the
tabl e says "Selectivity," what does that nean?

A. Ch. |If you have a chem cal process to
renove or, for that matter, to deposit and react on
a surface of sonme material, it wll have sone kind
of reaction rate. In this case, an etch rate.

So you may have a chem stry for the
pl asma which etches, let's say, for exanple, silicon
di oxi de at a considerably higher rate, maybe a
factor of 5 or 10, than a nitride, silicon nitride
or then silicon. So that's what selectivity neans.

Q So if the table says "Hi gh over
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silicon," for exanple, it neans that the etching

reactant will etch the targeted naterial at a rate
much higher than it will etch silicon?

A. Yes.

Q s that correct?

A | think that's right. The term nol ogy
is -- the termnology that's used -- used in nany

cases is, it's Xis high over Y. And so yes, |
think that neans X -- the ratio of etch rate in X
di vided by the etch rate for Y is a | arge nunber,
not a small nunber, conpared to Y.

| always do a doubl e-take with the
"over" and -- and where that cones from | think,

the use of the word "over," why is it so natural to
say "over" is because usually you want to etch a
material, and then when you get to the bottom of
that material and now there's another nmaterial, you
want the second material underneath to have a | ow
etch rate so it acts as an etch stop.

| always use etch rate ratio.

Q So if you | ook at, for exanple, the

first entry in Table |, the target material is
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silicon; correct?

A Uh- huh.

Q And then it |lists a nunber of different
gases that can be used to etch the silicon?

A. Yes.

Q Over there on the -- in the colum that
says "Gases."

And under "Anisotropy,"” it says it's
Isotropic; is that --

A Uh- huh.

Q And then for "Selectivity,"” it says
"Hi gh over silicon oxide, silicon nitride, netals
and silicides."

You see that?

A. Yes.

Q So that neans that when you're using
these listed etching materials to etch silicon, they
shoul d be able to etch through the silicon, but then
they would stop and not etch the silicon oxide or
silicon nitride or netals or silicides that m ght be
bel ow the silicon; is that correct?

A In a very approximate sense, that's
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true. We use the word "stop" and that's because the
etch rate decreases dramatically. The caveat to
that is that the etch rate is rarely, if ever, zero,
precisely zero. So we're always tal king about an

etch rate ratio --

Q Ri ght .

A -- of one to the other.

Q Ri ght .

A And if you get an etch rate ratio of 5
to 100 --

Q Ri ght .

A. -- we call that an etch stop.

Q Ckay. So there m ght be sone etching,
but it's mniml?

A Yeah. As a scientist, you know, the
rate of anything you should not assune can be
exactly zero.

Q Ckay.

A It's like the two words never to use
are "always" and "never."

Q Ckay. GCkay. So maybe a few atons, for

exanple, of the materials at the bottom is that
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correct?
A | mean, this is the way you do this in

practice is you neasure the etch rate, and then you
can get a real etch rate ratio.

Q Ckay. Turning to page 8, |ooking at
Table Il. Table Il describes the etching properties
of unsaturated fluorocarbon plasmas; correct?

A Yeah, that's what it says.

Q Al right. And if you |look at the
second row, the materials to be etched are listed as
silicon oxide and silicon nitride; correct?

A. Yes.

Q Ckay. And for etching silicon oxide
and silicon nitride, Table Il lists a nunber of
different of these unsaturated fluorocarbon plasm
conpounds; correct?

Uh- huh.

O

Ckay.

A Yes. Sorry.

Q It lists the sane conpounds for both
silicon oxide and silicon nitride; correct?

A Yes.
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Q | s this because these conpounds wi |

typically etch both silicon oxide and silicon

nitride?
A At -- at different rates, certainly,
and usually these gas -- gases are used as m xtures

of nore than one gas. Not always, but often. So
the results you get in terns of degree of anisotropy
and selectivity woul d depend on exactly what the
process recipe is, and the tenperature.

Q But these plasnmas can be used to etch
both silicon oxide and silicon nitride; correct?

A. Yes.

Q Ckay. And then in the next columm on
ani sotropy, it says "Anisotropic at high ion
energi es"?

A Yes.

Q Ckay. And for "Selectivity," it says
"Hi gh over silicon and I11-V conpounds”; correct?

A Yes.

Q Al right. And that "high over
silicon" nmeans that when using these plasmas to etch

silicon oxide and silicon nitride, the etching --
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once it etches through the target material, the
etching will tend to stop on silicon; correct?

A Yes, it will certainly slow down
substantially.

Q Enough -- it would sl ow down enough so
that froma technical perspective you woul d consi der
the etching to stop on the silicon; correct?

A From an applications perspective, in
sone inportant applications, it would be

functionally equival ent to stopping.

Q Ckay.
A. But there are nunbers that you have to
| ook at. Wen -- when people design a resist mask

or a hard nask, to be able to do the etching, you
know, you'd want to know.

So, for exanple, that ratio may require
because it's not a perfect selectivity that you
adj ust the thickness of the photoresist |ayer
because the photoresist also has an etch rate --
etch rate ratio, and you don't want it to be gone
before you finish the pattern.

That's not the best exanple, but it's
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t hose ki nds of considerations.

Q I n any case, these plasmas that are
listed in the row we were just talking about w |
etch silicon oxide and silicon nitride at a nuch
hi gher rate than they will etch silicon; correct?

A Yes. Right.

Q Are -- | want to ask you about the --
the term"ani sotropy" or "anisotropic."

In the colum -- | nean, in the colum
or inthis rowin the colum "Anisotropy," the table
says "Anisotropic at high ion energies.”

Do all etches have the sane -- well,

l et me ask you this.

Are there different |evels of
ani sot ropy?

A Sur e.

Q So sone etches could be nore
ani sotropic than others; is that correct?

A Yes.

Q Okay. And how ani sotropic an etch is
depends on certain paraneters; correct?

A Yes.
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Q What type of paraneters woul d affect
t he ani sotropy of an etch?

A So clearly the -- the material s that
are involved. The gas species that are present.
The rel ative concentration of the gas species. The
way in which the tool is set up to provide for high
I on energies because that's really what decides the
di rection of the anisotropy.

You know, there's a -- there's a sheath
whi ch surrounds all surfaces in a plasnma and that
sheath has a voltage typically across it. It may be
small. It may be large. And if you hook up the
el ectrodes in the plasma one way or another, you can
arrange that the electrode is biased to, | believe,
at hundreds of volts to accelerate the ions towards
the surface you're trying to etch, and so the
bonmbar dnent energy plays into that.

There's a background chem cal etching,
which is largely isotropic. It nmay nean, you know,
you can't get rid of that, but you can increase the
directional etching that's associated with the ion

charge and its acceleration to the surface.

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2006



© o0 N oo o B~ O w NP

e e
A W N L, O

15
16
17
18
19
20
21
22

GARY W. RUBLOFF, PH.D. Volume 1 December 16, 2015

SAMSUNG ELECTRONICS vs. HOME SEMICONDUCTOR 42
SO -- so the paraneters that matter
are, unfortunately, many. |It's what you put into
the reactor. It's howyou wire it up to provide the

pl asma energy and the vol tages across the sheath and
such things.

And it's -- it has to do wth the
consequences of etching in that system because there
will be reaction products which are volatile or
partially volatile that nmay end up on the sidewalls
of the feature you're etching down through, and they
al so end up on the walls of the chanber and that --
that can sonetines affect what the actual
conposition of gases in the chanber is conpared to
what you intentionally put in.

Q So here in this table where it says
“Ani sotropic at high ion energies,” just saying
sonething is anisotropic really doesn't tell you
about the | evel of anisotropy that would be invol ved
because you woul d need to know the specifics about
all these other paraneters; correct?

A. Well, | think that in this table, it

appears to ne they are not trying to distinguish how
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much ani sotropy the etching gives. And it certainly
can't be considering to do that here because if you
| ook at how many pernutations of oxide and nitride
are with all these gases, there are dozens. All
right? So you really couldn't say it there.

| think a statenent that nmay be usef ul
Is that usually, usually you would |Iike to have
ani sotropic etching and to nmake it quite ani sotropic
for the very sinple reason that the mniaturization
of sem conductors attenpts to make snall er and
smal | er devices nmuch nore dense. And to be able to
pattern those structures properly, you really need
to be able to control things with -- to have and
exploit a relatively high anisotropy.

So it used to be the world was -- of
sem conductors was filled with wet etching, which is
I n al nost every case isotropic, and you lived with
the fact that if you wanted to etch down one m cron,
you're going to etch one mcron sideways and now you
don't have as much space.

So usual ly when we tal k about

ani sotropy here, we're tal king about trying to get a
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significant nunber, |ike 10 or maybe 50, sonething
like that. And maybe | should tell you an exanpl e.

In a DRAM nenory chip, there's a
capacitor which is fornmed by etching down into the
silicon about a hundred tines as deep as it is w de.
So that would require very high ani sotropy.

Q For a process engineer to determ ne the
| evel of anisotropy for a particular etch, the
process engi neer woul d need to know about the
paraneters that you had previously described, for
exanpl e, the gas species that are present, the
relative concentration of the gases, the way the
tool is set up, and other paraneters; correct? The
vol t ages, for exanple?

A Yeah, but usually the process engi neer
arrives to the new job assigned to a tool which is
runni ng one of these processes. So he can see,
okay, well, this part of the etch process |I'm going
at a step where the flowrate of this is this and
the flowrate of that is that and we're runni ng at
200 watts, or whatever it is. And so he has a

starting point and probably sone docunentation from
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ot her experinents that people using that tool have
done.

So it's not guesswork. There's a track
record there. Then there are plenty of publications
and, for that matter, in the tools and
manuf acturing, usually they -- they would cone with
preprogranmed reci pes.

So, oh, | want to do at |east a factor
of 10 ani sotropy of nitride over silicon. Let's see
what recipes the tool has, or maybe they have it in,
you know, a data brochure sonething like that. Let
me try that one and then do a design of experinents
in that vicinity of paraneters.

Q But for a process engineer to determ ne
the level of anisotropy for a particular etch, that
process engi neer woul d need to understand the
specifics of all the paraneters that you had
previously described; correct?

A The specifics? And to understand?

| nmean, to determ ne the anisotropy
degree, there are a couple ways to do that. One is

to look at the notes for that tool. Another would
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be to do a few experinents where you build a nask
wWth a certain opening, let's say to nmake a trench,
and you just run the process. Then you take it out
and you cross-section it and | ook at an SEM and you
measure, you know, what's the vertical profile.
It's comng down |ike this and then it's this at the
bottom

And you see is it straight walls? |Is
It tapered a little bit or not? And you ask how
deep did it get and howwde did it get. How nuch
wi der than the mask did it get? And that would be a
sinple estimate of anisotropy. How nuch did ny
pattern w den after going how deep?

Q So are you saying that in order to
determ ne how ani sotropic an etch is, you actually
have to do the etch and nmeasure the results?

A Well, it may be al ready docunent ed.

Q Well, let's say you were devel opi ng a

new process.

A. Yeah, then you'd neasure it. Sure.
Q Ckay.
A But it is done all the tine.
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Q Sur e.

A. The pathway in the fab fromthe etch
tool to the SEMis probably well-worn.

Q Just knowi ng what gas you're using is
not going to tell you how anisotropic the etch is
going to be; correct?

A You nean just what gas?

Q If all you know is the gas, for
exanpl e.

A. No. No. It wll depend on power. It
wi || depend on what additive gases are included in
that and so on.

Q Ckay.

A But these are well-defined recipes.

Q Ckay. |If you look at --

A You know, it's very nuch |ike the
ki tchen. You have cookbooks and they give you
recipes to do things. And you can get variations on
that that are mld variations on a thene, depending
on whi ch cookbook, and then dependi ng on who the
cook is, they nmay nake sone adjustnents to that.

Q Ckay.
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A. But, | nean, basically people know
about what will happen.
Q Ri ght, but all of those factors that

you nentioned could affect the anisotropy of an

etch?
MR, COLAIANNI: Objection to form
BY MR CHEN:
Q | s that what you're sayi ng?
A. Well, | nean, | listed the factors that

can i nfluence the ani sotropy, yeah.

Q | f you | ook at page 6 of Exhibit 4,
under the heading "Paraneters Affecting Anisotropy
and Selectivity."

A Uh- huh

Q And you see it there says:

“"Many paraneters affect the anisotropy
and selectivity of a plasma-assisted etch. Most
i nportant are the chemi cal nature of the reacting
gas or gases, the reactor type, gas pressure, and
applied RF power and frequency. The gas flow
el ectromaterials and spacing, wafer tenperature, and

nunber of wafers etched at one tine (loading) can
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al so have significant effects.”
You see that?
Yes.
Q And you agree with that statenent?
A Sure. There are many subtleties to
many of these processes, and plasma etching probably
has the nost subtlety because it's so -- because the
nmechani sns that are operative can be conplicated,

quite conplicated. And, | nean, this -- this

loading is -- is one of the nore interesting ones
because if you put -- | nean, if you'll think about
it this way.

You put nore wafers in, you're renoving
nmore material. You can only renove material by
maki ng vol atile products that can land on the walls
and -- and land on other parts of the wafer, and --
and it also depends on there's sonething called
ARDE, aspect ratio dependent etching. So the rate
at which you can etch a very narrow feature deeply
iIs adifferent rate than if you have a wi de feature.

So peopl e have dealt with this -- this

kind of thing for a long tine.
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Q Ani sotropic etching will etch in the
vertical direction faster than the | ateral

direction; correct?

A. Yes.
Q Ckay. So if all the paraneters are the
sane, an anisotropic etch will etch nore material on

a flat horizontal surface than material that is on a
vertical surface; correct?
A Yes.
Q Ckay. Wiat if the surface is sloped?
MR. COLAIANNI: Objection to form
THE WTNESS: So when you say
"“sl oped,"” do you nean the sidewalls look |ike this?
(Indicating). O you just have like a sliding board
li ke this? (Indicating).
BY MR CHEN:
Q Sure. Let's say you have sone --
I nstead of being perfectly vertical, you have sone
angle to the surface.
MR. COLAI ANNI: Objection. Vague.
| nconpl et e hypot heti cal .
THE WTNESS: | haven't thought
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about that one. That's a conplicated one if the --
if the tilt is significant because if you're trying
to do the usual anisotropic etching, you have a fl ux
of ions that have been accelerated to the el ectrode
in this direction.

But typically that only happens or
it happens primarily in the sheath regi on which
surrounds the -- which exists right up against the

el ectrode. That's where nost of the voltage drop

I S.
So I'd have to think hard about
t hat one because it -- if it's a substantial tilt,
it mxes the nmechanisns in a funny way. |'d have to

t hi nk nore about that.
BY MR CHEN

Q Ckay. So you can't say whether an
ani sotropic etch process will etch nore material on
a sloped surface than if the surface was a perfect
vertical ?

MR. COLAI ANNI: Objection. Vague.

| nconpl et e hypot heti cal .

THE WTNESS: |I'msorry. You said
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a sl oped surface conpared to the vertical surface?

BY MR CHEN:
Q Yes.
A Hm (Pause). | don't think |I could

specul ate about that.

Q Ckay.

A | think it's -- it's a nore conplicated
problem If it's a slight tilt fromvertical or a
slight tilt from-- fromlateral, horizontal,
don't think you' d expect a big effect. But at 45
degrees, sorry, I'ma scientist, | have to think
har der about that one.

Q Ckay. If the surface had a contour,
woul d that also affect the anmount of etching that
occurs?

MR. COLAI ANNI:  Cbj ection.
| nconpl ete hypothetical. Vague.
THE WTNESS: Well, | guess by

“contour" you nean it's curved?

BY MR. CHEN:
Q Ri ght .
A. So -- soit's -- soit's a slanted
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versi on where the slant angle changes with position?

Q Sur e.

A Yeah. No. |[If | can't really off the
top of ny head speculate or -- no, | shouldn't
specul ate -- answer about the slanted case, then |
certainly can't answer for a sloped surface, except
inthe limt that it's a slight tilt fromeither
vertical or horizontal.

Q So et nme nmake sure | understand you

In the event that there was only a very
slight tilt fromeither the vertical or horizontal,
In those situations there wouldn't be that nuch of
an effect on how nuch material is etched in an
ani sotropic etch; correct?

MR. COLAIANNI: I nconplete
hypot hetical. Vague. Asked and answer ed.

THE WTNESS: [t's harder to know
about the -- the case near vertical than it is the
hori zontal one. | think there wouldn't be nuch
effect for the horizontal one.

A vertical one, |I'd have to | ook

at where the base charge | ayer | ooks and what is --
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what is their resist mask above and where is that

| ocated and are there entry paths into the space

charge region -- the sheath region | should say --
that woul d be inpinged upon or not. It's harder to
say there.
BY MR CHEN:

Q So even a slight tilt or angle in the

vertical direction could have unpredictable effects
on the degree of etching that occurs?

A. No. No. | don't know. | haven't been
able to analyze that situation. It certainly isn't
unpr edi ct abl e because what happens is sonething you
can nmeasure, but | haven't done that.

Q But you have to neasure it to know?

A Not necessarily.

MR. COLAIANNI: Objection to form

THE WTNESS: There are people
like TimCale and JimMVittie and | ots of people
who do pl asna nodeling, and they can probably answer
that question in a matter of weeks if they use their
standard codes.

BY MR CHEN:
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Q Ckay.

A. They'd have a -- they'd have a
conput ati onal prediction of what woul d happen. That
woul d be nice. So, | nean, they understand how to
do that, but I'man experinentalist. So | don't do
t hat .

Q And is the sane true that if there was
some contour to the surface, that also would lead to
effects on the anobunt of etching that could occur?

MR, COLAI ANNI: Objection. Vague.
| nconpl et e hypot heti cal .

THE WTNESS: Well, | have --
have no idea w thout knowi ng which is what the
contour | ooks |ike.

The only case that -- that | feel
fairly confortable about is if this is the surface
here and if you say, oh, it's tilted a couple
degrees that way, | would say probably it's not
going to be very different effect.

But if you're tal king about this
(indicating) or you' re talking about -- I'mglad we

have video today -- you're tal king about this or
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you're tal king about this or you're tal king about
this (indicating), plasmas are conplicated to nodel
and so | -- | can't guess at that.
BY MR CHEN:

Q Ckay. And so just to clarify, even
t hough we have a vi deo.

A (Laugh).

Q The -- the only -- when you said that
the only case you feel fairly confortable with, you
were referring to the situation where there was a

slight angle off of the horizontal surface; correct?

A. Yeah. Yeah, and the reason | say that
is that when you | ook at cross-sectional SEMs, |ike
| nmentioned earlier, | nmean, typically if you take a

very good ruler and you draw a very straight |ine
here, it's not exactly flat. There's a little bit
of curvature in it, but not enough to -- to spend
too much worry about. As long as it's not in sone
endangered situation with nei ghboring structures.

Q Ckay. We've been going for alittle
over an hour. Do you want to take a break?

| mean, | can keep going if you feel,
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you know, you want to.
A. | "' m okay for another 20 m nutes naybe.

MR COLAIANNI: Up to you.
THE WTNESS: |'m-- yeah,

let's -- let's keep going.
MR, CHEN. Okay. Exhibit 5.
(Docunent marked, for

I dentification purposes, as Rubloff Exhibit No. 5.)
MR. COLAI ANNI:  Thanks.

BY MR CHEN

Q Al right. Dr. Rubloff, I've asked the
court reporter to mark as Exhibit No. 5 Patent No.
6,277,720, which is the Doshi reference that |
believe you relied on in connection with the Sansung
| PR of the '997 patent; correct?

A Yes.

Q Al right. Gkay. If you turnto
colum 9 of Exhibit No. 5, which is the Doshi
reference, and you | ook at |ine 46.

This is in the section that is
descri bing the contact opening etch process;

correct?
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A. (Revi ew ng docunent). Yes.

Q Ckay. What is listed as the etching
conpound used to etch the BPSG | ayer?

A So | guess starting in |ine 44,

“chem cal species of the etch of the BPSG | ayer 14."
What figure is this referring to? 3E. Includes
C4AF8, CO and argon.

Q The C4F8, that is a fluorocarbon
pl asma; correct?

A. Yes.

Q Ckay. And that's one of the
fluorocarbon plasnmas listed in Table Il of the VLS
Handbook, which is Exhibit No. 4; correct?

A (Revi ew ng docunent). No, | don't see
CAF8 in this. There's a C3FS8.

Q How cone the conpound there is not
listed in Table 2?

MR. COLAIANNI: Objection to form

THE WTNESS: Well, these are
exanples. There are other references which would
cite many other exanples, but |I'mnot sure about

t hat . | have to think about it. Let's see. CA4FS8.
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(Revi ewi ng docunent).

| wonder if C3F8 was supposed to
be CAFS.
BY MR CHEN:

Q Are you saying in the --

A In the --

Q In the VLSI Handbook?

A Yeah. Excuse ne. M chemstry fails
nme as to what the stoichionetry, by the tine you get
up to 3 carbons, is. | think there's a formula for
it, but | don't renmenber offhand what it is.

Q Right. 1In your experience, have you

dealt with C3F8 before?

A No.
Q But in your experience, you have dealt
w th C4F8?

You nean practiced etching with it?

Q Yeah.
A No. No.
Q Ch, you haven't.

Do you know whet her C3F8 is a conpound,

a fluorocarbon plasnma conpound that is used for this
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type of etching?

A |'"d have to | ook that up in references
like this. | don't know how to resolve the
di stinction between the Doshi reference and the
Ei nspruch article here.

Q Ckay.

A |'d have to -- |1'd have to | ook
sonet hi ng up.

Q Ckay.

A They may both be perfectly legitinate.

It's just not all listed here.
Q Ckay.
A | don't know.
Q Ckay. |If you go down to colum 9 line
59.
Yes.

Q There it lists the conpound that's used
for the subsequent nitride etch; correct?

A Yes.

Q And the conpound |isted there is CHF3;
correct?

A Yes.
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Q And the CHF3 conpound is listed in
Table 2 of the VLSI Handbook; correct?

Yes.

Q Al right. Have you worked wth CHF3
bef ore?

A Yeah, that's a nuch nore common one.
|"'mrelatively famliar with it. Have | worked with
it?

So we usually run these processes in
our clean roomfacility, and | don't -- since |
don't run themand ny group these days doesn't do a
| ot of etching, | can't say that |'ve been close to
CHF3 et chi ng.

However, there's work that |I've done
with Gottlieb Oehrlein, collaborations. He's an
expert in plasma processing, and |I'd have to | ook
t hrough ny publications to try to figure out whether
we ever used CHF3 in sonething that where | was
I nvol ved at that |evel.

But | wasn't turning the knob that lets
the CHF3 in. It's either student -- ny student or

my col | aborator's student who does that. But CHF3
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IS quite common, and | certainly recall ny
col I aborat or Cehrlein having published things with
many of these: CF4, CHF3 hydrogen add m xtures, and
the |ike.

Q And CHF3 is highly sel ective over
silicon; correct?

A Yeah, that's -- that's certainly what
It says. |It's highly selective for oxide or nitride
over silicon, but it probably depends on what
additives are there. So, | nean, there are so many
etch chem stries. They're not all in ny head,
that's for sure. So it may be C -- CHF3 hydrogen,
CHF3 oxygen. | don't know.

Q Looking at the paraneters that are
di scl osed here in Doshi in colum 9 --

A Uh- huh

Q -- at lines 50 -- 61 through 65.

Do you have understandi ng whet her the
etch conpounds used there are highly selective to
silicon or not?

A (Revi ew ng docunent). Well, | think --

| think that they probably are in the conbination
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that's given here. This is not answered in a table
fromthe Einspruch reference, but it's kind of

i ndicated that CHF3 is one of the species that can
be high selectivity over silicon.

And, in fact, for the application here
where you're trying to renove a thin nitride |ayer
that's on top of silicon at least in the diffusion
regions, you'd like it to be selective and not to
etch very fully onto the silicon.

MR CHEN. Al right. Wy don't
we take a quick break and I'Il | ook over sonme stuff.
MR, COLAI ANNI:  Sure.
THE VI DEOGRAPHER: Goi ng off the
record. The tinme is 10: 37.
(Recess - 10:37 a.m - 10:53 a.m)
THE VI DEOGRAPHER: W are back on
the record. The time is 10:53.
BY MR CHEN:
Q Okay. Looking back at Exhibit 5, which
I's the Doshi reference.
A Uh- huh.

Q Looki ng at the paraneters that Doshi
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di scl oses, for the PC contact etch, does Doshi
di scl ose what type of electrode materials are used
for the etch?

MR COLAIANNI: Jerry, where are
you |l ooking in 5? Were -- where you referring to
somewhere specific?

MR. CHEN. Yeah. Sorry. | was
referring to the section that begins at colum 9
line 34. This is the portion of Doshi where they're
describing the PC contact hole etch.

MR. COLAI ANNI: Ckay. Thank you.

THE WTNESS: So the question is
what ?

BY MR CHEN

Q Does Doshi disclose the el ectrode
materials that are used for the etch process?

A Wiy -- why do you say "el ectrode
mat eri al s"?

Q Isn't that sonmething that's used in a
pl asma etch?

A. Well, you're not etching the el ectrode

as such. He's describing here the etching of
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power, |

which is

spaci ng,

mat eri al s. It would be on a silicon substrate

that's sitting on an el ectrode.

that's underneath everythi ng?
Q
everything effect -- affect the etch?

A

el ectrode material should -- should have a

negligible effect on the etch.

Q

A.

Q

A.

Q
t he headi ng "Paraneters Affecting Anisotropy and
Selectivity"?

A
Q

So do you really nean the el ectrode

Does the el ectrode that's underneath

The paraneters of volt -- of voltage

think, like tenperature will, but the

Ckay. If we | ook back at Exhibit 4,
the VLSl Handbook.

Yes.

And we | ook at page 6.

Yes.

And you see under the paragraph under

Yes.
kay. In the last sentence, it says:
"The gas flow, electrode materials and

waf er tenperature, and nunber of wafers
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etched at one tine (loading) can al so have
significant effects.”
Do you see that?

A Yes. | wouldn't expect the el ectrode
mat eri al, except under unusual circunstances, to
have an effect significant as conparable to the
other factors that | see there.

Q So --

A. There certainly are places, you know,

It says "loading" here. As | said, if you have nore
wafers on the electrode or fewer wafers on the
el ectrode or | arger chanber surface area or snaller
chanber, those things can have an effect on the
pl asma conditions and thereby on the nature of the
et ch.

| think this is probably referring to
--yes. Yes. Inthis tinme frame, this was probably
written thinking about the configuration where you
woul d have a fairly large el ectrode and you coul d
put nultiple wafers on it, and that neans that the
pl asma i s exposed to and i npinging on the el ectrode

and that could be a significant effect.
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In the era when people started doing
single wafer etching, for the nost part, the single
waf er woul d cover nearly all of the electrode and so
the electrode material would be nmuch | ess inportant.

Q So are you saying that what's cont ai ned
in the VLSI Handbook does not apply to what's
descri bed in the Doshi reference?

A Well, there's a broad description here
In the VLSI Handbook reference and, of course, that
applies at sone level, but it is -- it is not saying
here that all of these factors are equally inportant
or under what conditions which conbination of the
factors are inportant. And for sure with a |ist
that long, they can't all be the sane inportance.

Q Ckay.

A Some will be nore. Sonme will be |ess.
And the exanple I'mgiving you is that if the
configuration is that you' re going to use an
el ectrode where the wafers don't cover all of the
surface, then the plasma is inpinging on the
el ectrode and so the material could matter.

In -- In -- In nore advanced
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technol ogi es avail able at the tine, you would have
very little, if any, of the electrode directly
exposed to the -- the direct plasnma because it woul d
be a single wafer process.

Q So do you disagree with the statenent
that electrode materials can al so have significant
effects on the anisotropy and selectivity of a
pl asma- assi sted etch?

A. Do | disagree with that?

Q Yes.

A No. No.

Q Ckay.

A So, | nean, to take the exanple of

el ectrode nmaterials, many of these capacitive plasma
di scharge tools that are used for directional
etching as an ani sotropic etching may have an
el ectrode that's -- | don't know -- 20, 30
centinmeters across.

And if | put one one-inch wafer on it
or I fill it with one-inch wafers or -- or if | had
a wafer to cover the whole thing, | mght see sone

di fferences because the etching may be creating
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vol atil e products com ng fromthe exposed part of
the electrode that's not covered by ny sanpl es.
That goes into the gas-phase. It can change the
pl asma chem stry. |t can go into the walls. That
can change the plasnma chem stry.

So | would not say it can't be an
effect, but I think it's -- it's not at the | evel of
I nfl uenci ng the processes as nmuch as nost of the
paraneters listed in the Ei nspruch reference.

Q Ckay. Wuld you say that the | oading
or the nunmber of wafers etched at one tinme woul d
have much nore of a significant effect on the
ani sotropy or selectivity than the characteristic of
the el ectrode material ?

A Well, that would depend on which plasma
reci pe is being used, and there are enough of them
| don't think | should specul ate --

Q Ckay.

A -- about that because it would be too
general an answer and there would certainly be
exceptions to that answer.

Q Ckay. But you agree in general wth
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the statenents in the VLSI Handbook that the
paraneters |like gas flow, electrode naterials and
spaci ng, wafer tenperature, and nunber of wafers
etched at one tine can have significant effects on
the ani sotropy or selectivity of the plasnma-assisted
etch; correct?

A Yes, | agree with that. It's at
different | evels and you have to understand the
specific cases. Sure.

Q kay. And Doshi doesn't --

A. These are things which are relatively
wel | understood and for which there are known
protocols for assessing these things.

Q Ckay.

A I n other words, those of ordinary skill
in the art would know how to sort these issues
out --

Q Ckay.

A -- with a well-defined set of
experi nments.

Q Sure. But Doshi doesn't disclose the

el ectrode materials for the PC contact etch;
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correct?
A. (Revi ew ng docunent). No, | don't

thi nk that Doshi does, and | don't think it's a
significant shortcom ng.

Q Okay. And Doshi al so doesn't disclose
the RF frequency for the etch either; correct?

A Yeah, that's an interesting question.
| didn't look for that. (Review ng docunent).

| did not look for that. | would be --
| wouldn't be surprised if it's not here, and the
reason | say that is that -- | don't know -- 95
percent, nmaybe nore, of directional anisotropic
etches that are done in this tine frane with these
ki nds of techniques are done at | want to say 13.56
nmegahert z.

And the reason -- | know that sounds
strange because there are many frequencies that
coul d be used, but it's rare cases where ot her
frequencies are used. There are dual frequency
applications and so on, but this, I think it's -- |
think it's 13.56 negahert z.

And when | teach this in nmy junior
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| evel m croprocessing class, | always ask them
where do you think that nunbers cones fron? And the
answer is: It's assigned by the FCC so that the
rest of the world knows to avoid that frequency for
interference, electromagnetic interference.

So it's alnost certainly 13.56
nmegahertz. Maybe that's why they didn't wite it
down.

Q Ckay. But looking in the section of
Doshi describing the PC contact etch at colum 9
line 34 through colum 10 line 3, Doshi doesn't
di scl ose the specific frequency used for the etch
process; correct?

A No, it doesn't say it explicitly.

Q Ckay. And Doshi al so doesn't disclose
how many wafers are being etched at one tine;
correct?

A. | don't think so.

Q kay. Are you famliar wth the TEL
DRM r eact or ?

A. | don't -- | don't know that one

explicitly. TEL is Tokyo El ectron Laboratories, |
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t hi nk.
Q Yeah.
A TEL we call it.
Q Ri ght .
A | know that conpany. |In fact, | have

students who worked there after they left ne.
Q But you're not famliar --

But | don't know t he DRM

Q -- specifically wwth the DRM? Yeah.
A. No.
Q kay. GCkay. |If we could |ook at

Exhibit 3, which is your reply declaration.

| f we | ook at paragraph 2E, in this
par agraph, you reference a section of Doshi. |
believe it's colum 10 lines 4 to 16, which states
t hat :

The two-step etch of the BPSG in
nitride is beneficial because 'danages to the
corners' -- sorry -- let ne repeat that -- because
‘damage to the corners of gate structures 10 and

sidewal | filaments 11 is substantially m nim zed.

Do you see that?
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A. Yes. Near the bottom of page 4; right?
Q Yes. Wen it says that damage is
m nim zed, that indicates that the corners of the

gate structures and the sidewall filanments wll

still suffer sone danage; correct?

A |"msorry. You said the corners of
what ?

Q The gate structure.

A Whi ch part of the gate structure?
Q Well, the quote that | just said, it
said "corners of gate structures 10 and si dewal |

filaments 11."

A Yeah. Let ne -- let ne read the 2D and
2E --

Q Ckay.

A. -- to put this into context.

Q Sure. Take your tine.

A (Revi ewi ng docunent).

Yeah. So your question at the end of
paragraph 2E really is a followon to paragraph 2A
So HSC clainmed that the etch of the nitride in Doshi

woul d conpletely renove the nitride |ayer 30 from
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the sidewall of the structure, and that's not true.
It's clearly explained in -- in ny declaration here.
This is an anisotropic etch and that's not how they
wor K.

Q So all I"masking is that where Doshi
says in colum 10 lines 4 to 16 --

A Now, wait. Let nme findit. (Review ng
docunent). Yes.

Q And you say that -- well, in that
section, Doshi says that.

"The two-step etch of BPSG | ayer 14 and
nitride layer 30 is particularly beneficial, as
danmage to the corners of gate structures 10 and
sidewal | filaments 11 is substantially mnim zed."

You see where it says that?

A Yes.

Q Ckay. Wen Doshi says that the damage
Is "substantially mnimzed," that indicates that
the corners of gate structures 10 and si dewal |
filaments 11 wll still suffer sone danage; correct?

A. Well, this gets to zeros or not zeros.

(Laugh).
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It indicates that there could be a very
m ni mal anount of damage to the sidewall filanents.
So if you ook at the structure in FIG 3G which is
| think the one you had -- had ne | ooking at, the NC
region starts the nitride renoval etch with the
nitride |layer 30 covering the sidewall filanents 11
and the -- 3G -- and so this etch is intended to go
through the nitride and then stop as soon as the
silicon -- as the nitride is cleared fromthe
di f fusi on regi on bel ow.

And so nost of that edge won't -- won't
touch the sidewall filament or the gate structure,
except right at the end when the conpletely | ateral
part of that NC region is finally cleared at the
sane tine as the diffusion region is cleared of
nitride.

And then it could be -- | don't know --
a couple of atomc |ayers or sonething |like that,
dependi ng on selectivity and how well the etch was
timed, may go into the sidewall filament a little
bit. But the sidewall filanent protects the side of

the gate structure, the gate electron, which is the
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one we're all worried about.

The nitride -- | think it's nitride --
cap layer on the gate el ectrode nunber 26 al so
protects the conductor. And so by providing the
nitride etch stop |ayer for the BPSG that preceded
-- etch that preceded it and then doing the
ani sotropic etch to create the sidewall spacer 30,
the edge of the actual gate el ectrode structure, the
el ectrical structure, is protected.

So | would never say that the damage is
zero because that's -- that's not realizable, but
it's mnimal, and that's what Doshi is trying to
acconpl i sh.

Q But during this etch, you agree that
sidewall filanments 11 and nitride cap 26 wll be
etched to sone degree; correct?

A Perhaps to a very m ninmal degree, but
It's the surface of those volunes that's furthest
renoved on the opposite side fromwhere the gate
el ectrode is.

Q Ckay.

A. And it's the side -- and -- and it's
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the sidewall filanent only near the top region
because it's an anisotropic etch.

Q Looking at FIG 3F.

A. F.

Q This figure depicts the contact hole
etch process after the BPSG | ayer has been etched,
but before the nitride | ayer has been etched,
correct?

A. Yes.

Q Ckay. Looking at nitride |layer 30, at
the top and at the bottomof nitride |ayer 30, the
| ayer has sone contour; correct?

A. |"'msorry. At the top and the botton?

Q Where nitride |layer 30 covers the top

corner of the gate --

Nitride |ayer 30 has a contour there;

Ch.
Q -- there's a contour there; correct?
A Where it says "nC' kind of?
Q Yes.
A Ckay.
Q
?

correct”
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A. Yes.

Q And at the bottom of the corner of the
gate structure and the diffusion region --

A Yeah.

Q -- nitride layer 30 al so has a contour
there; correct?

A. Yes.

Q Okay. And nitride layer 30 on the
sidewal | al so has an angle; correct?

A. A slight angle. It's -- well, it's
drawn as a slight angle. Actually, I'malittle
surprised that it's drawn that way because | think
the height of the gate electrode structure is half
mcron or nore, and | think given that the nitride
is fairly thin, I wouldn't expect nmuch of an angle
there. Although there could have been an angle
there for the exposed surface that's inherited from
the shape of the sidewall of the gate el ectrode or
sonet hi ng prior.

Q But what's shown there, it has an
angl e; correct?

A It's shown as an angl e.
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Q So it's not conpletely vertical?
A. A small -- small angle, yeah.

Q Right. The nitride |ayer 30, Doshi
di scl oses that the nitride layer 30 is very thin;
correct?

A | believe so.

Q Doshi says that it should be as thin as

possi bl e; correct?

A. Yeah. | have a quick way to tell ne
where -- where we can find that. Ah. | see
actually 9-57. "As nitride layer is relatively
thin." |Is that what you neant?

Q It's there. | think it's also in

anot her place, and I'mgoing to find it for you.

Looking in colum 8 line 14, you see it
says:

“I't is preferred that nitride |ayer 30
be as thin as possible to mnimze etch tine."

A Ri ght, but sufficiently thick to do its

j ob as a spacer and -- and dopant diffusion barrier
in afewlines that follow that.

Q Where does it say it's to do its job as
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a spacer?
A Well, | use the word "spacer" neaning a
barrier.
Q h.

A. The barrier layers. Typically barrier.
Q But the dopant diffusion |ayer is what
you are referring to?
A Yeah. Yeah.
kay. Okay. Turning to paragraph 2H
of your declaration. Actually, let's |ook at Doshi
agai n.
So the second step of the PC contact

etch in Doshi is to etch the nitride |ayer 30;

correct?

A |'"msorry. The second step of what did
you call 1t?

Q | called it the PC contact.

A Yeah, | think that's fair. There's the
BPSG oxi de etch and then there's the nitride etch.

Q Right. The first step is BPSG cont act
etch?

A Ri ght .
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Q And the second step is the nitride --

A Ri ght .

Q -- etch?

In the nitride etch, the purpose of
that etch is to renove nitride |layer 30 and expose
the diffusion regions; correct?

A That's one of the purposes.

Q Ckay. You do not want any nitride
material left on the diffusion region; correct?

A. Yeah, you'd like to renove all of it.

Q You want to nmake sure that all -- any
nitride residue over the diffusion region is
conpl etely renoved; correct?

A Yeah. Well, conpletely in the sense
that you want a contact area to be as large as
you' ve defined it lithographically or by
sel f-alignnment technique. You have a target area.
So that's what you'd |ike to have.

The contact resistance is what's
I nportant here. Well, it's nore than that. It's
the Schottky barrier height of only a contact and so

there are many variables. One of those is the
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contact resistance dependence on contact area.

So if, for exanple, there is alittle
bit of nitride |evel soneplace, it wll reduce the
contact area and increase the contact resistance a
little bit. So to say that you have to conpletely
renove in the sense of every atom that's not --
that's not the case.

Q Having nitride material left in the
di ffusion region woul d reduce the effectiveness --
ef fectiveness of the contact; correct?

A. Yes, by sone anount proportional to the
area that's i npeded.

Q And that would reduce the performance
of the device you're trying to manufacture; correct?

A That's a harder question. Because when
you ask about perfornmance, typically you have a
nunmber of things that contribute, and let ne say, in
series to that performance. And so sonetines
there's one factor which could inpede the
performance, but in the schene of things, sonething
el se is doing all the inpeding of perfornmance.

So if you nmake that a little bit

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2006



© o0 N oo o B~ O w NP

e e
A W N L, O

15
16
17
18
19
20
21
22

GARY W. RUBLOFF, PH.D. Volume 1 December 16, 2015
SAMSUNG ELECTRONICS vs. HOME SEMICONDUCTOR 84

better, it doesn't help the performance. So
that's -- | nmean, your statenment is -- is, you know,
general ly what we think about, but in specifics, |
don't think it's -- it's an accurate statenent.
Ceneral | y speaki ng, we want to inprove

each of these conponents to performance, but |
al ways hesitate to stretch things to say -- well,
the inplication would be if | say that the contact
resi stance and the anount of nitride that m ght be
stuck or sonething else on that surface -- could be
carbon contamnation -- if | say that each one of
these things is going to affect perfornmance, then
sonepl ace |I' m wrong.

Q In general, you want to have good
contacts; correct?

A Yes.

Q Okay. And having nitride material |eft
on the diffusion region would affect the

effecti veness of the contact; correct?

A By sonme anount, small or |arge or
what ever.
Q So when manufacturing these devices,
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you do not want to leave nitride material left on
the diffusion region; correct?

A Correct. You'd like to renove the
nitride that you intended in designing the process
to do so.

Q Ckay. You want to get rid of as nuch
of the nitride material over the diffusion region as
possi bl e; correct?

A. It's alittle too nuch of a stretch
because it may well be that you have a situation
where, whether it's nitride or it's carbon residues
fromthe etch or sonething like that, there's a
problem but it's alittle problem

And so if | say that | have to get rid
of as much as possible, |I could have a process
engi neer chasing this for three nonths full tine
trying to get rid of that last little bit. And the
process integration engineer is saying, it doesn't
matter. Don't waste your tine.

|"msorry for being so detail ed about
this, but I think it's a really inportant concept.

It's one | teach ny students all the tine. You have
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to | ook at where are the bottlenecks in the system

Q No. | nmean, sem conductor processes
are very conplicated; right?

A. Yes.

Q A lot of the different steps are
I nterrel at ed?

A. Yes.

Q And certain factors can affect other
things in unpredictabl e ways; correct?

A Yeah. Unh. Sonetinmes unpredictable.
(Laugh).

Q However, you would agree that, in
general, you would like to renove the nitride over
the diffusion region in order to have a good
contact; correct?

A. | agree to that, yes.

Q Ckay.

A That's -- that's the purpose of that
etch --

Q And so --

-- In part.

-- when designing the etch to renove
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the nitride |ayer, you would design in sonme anount
of overetch to ensure that the nitride material is
renoved; correct?
A Yes, that's |ikely.
Q When you' re manufacturing these
devi ces, they are manufactured on wafers; correct?
A. Yes.
Q And there are mllions of these devices
on a single wafer; correct?
MR. COLAIANNI: Objection to form
Vague.
THE WTNESS: By "device" do you

nmean a transistor or do you nean a wafer or --

BY MR CHEN
Q | don't nean a wafer
A --acircuit?
Q When |'m saying "a device," |I'm

referring to, for exanple, the device that's being
descri bed in, say, the Doshi reference. The --

A Vell, if you say how many you have when
you have a transistor, you have a gate el ectrode.

| f you ask how many gate el ectrode points are there
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where there's a source and drain associated with it,
yeah, it's mllions.

Q So the, for exanple, the contact hole
etching process that we've been tal king about, there
are mllions of these contact holes that need to be
et ched across the wafer; correct?

A. Yes.

Q Ckay. And there will be m nor
vari ati ons between each of the contact holes on the
waf er; correct?

A. Typically very mnor, yes. That's why
the term"Si x Sigm" was -- becane very popul ar ki nd
of in that tine frane.

Q Right. You would like to keep the

vary -- variation as small as possible; correct?

A Yeah.

Q For manufacturability?

A Yeah, right.

Q But there still inevitably will be sone
vari ation?

A Yes, absolutely.

Q And this variation would be, for
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exanple, in the thickness of various |ayers;
correct?

A Could be in the thickness, the
conductivity or sone. Sure.

Q Ckay. And when you're designing the
process, you need to design the process to take into
account the fact that there will be mnor variations
fromdevice to device; correct?

A. Yes, you usually try to design -- you
usually try to design the processes, the nasks, the
structures you're trying to nake so that they have a
certain anmount of tolerance to these variations,
yes.

Q So, for exanple, for sonme contacts, the
nitride layer 30 mght be a little bit thicker and
for other contacts, the nitride |ayer 30 m ght be a
little bit thinner; correct?

MR. COLAI ANNI:  Cbj ection.
Hypot heti cal .

THE WTNESS: [|f you -- so -- soO
normal |y when people develop let's say the nitride

CVD process, they will characterize uniformty
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across the wafer. These days you have, and in those
days actually, that woul d have been 6- or 8-inch
waf ers, sonething like that. You wll have
specifications that the RVM5S uniformty has to be 1
percent on thickness, sonething |ike that.
So there are variations across the

waf er, and there may be local variations in -- in
t hi ckness in deposition or in etch rate or sonething
i ke that, yes.
BY MR CHEN

Q kay. And so then when you're
designing the process to renove the nitride |ayer
30, you want to design it to nake sure that it
renoves that |layer for all of your devices across
the wafer; correct?

A Yes.

Q So the etch, for exanple, would need to
be | ong enough for the device that has the thickest

| ayer of nitride |ayer 30; correct?

A. Yes. That's what the overage is about.
Q Ckay.
A In part, at |east.
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Q Can you turn to Doshi, which is Exhibit

5, and could you turn to FIG 3K
FIG 3K depicts the results of the
bit-1ine contact etch; correct?

A Yes, that's what it says, but that's
not what it is as depicted. This is detailed in ny
reply.

Q Doshi says that FIG 3K shows the
result of the bit-line contact etch; correct?

A | think that's what it says, yeah.

Wi ch -- which colum are you at?

Q Colum 11 lines 11 and 12, it says:

"Fol |l om ng the opening of bit-Iine
contact opening BLC as illustrated in FIG 3K "

A (Revi ewi ng docunent). Yes, | know
that's what it says.

Q Ckay. Now, looking at FIG 3K

A. Yes.

Q Looking at the gate structure that is
next to the bit-line contact opening.

Yes.

FI G 3K does not show damage to gate
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structures 10 and sidewall filanments 11 of that gate
structure; correct?
A Yeah, the problemis that FIG 3K is

m sdrawn by the draftsman -- draftsman and not
caught by the inventors, | guess.

| mean, it's totally inconsistent with
the description in the -- in the specification. It
is totally inconsistent wwth the teaching of the
patent. And if -- if you |look at the description
of -- of the BLC etch process, it says at colum 10
i ne 40:

"As in the formation of the plug
contact location PC, bit-line contact |ocation, BLC
is formed by way of a two-step etch. The first step
I's an oxide etch" blah blah blah "and this first
etch step is carried out under simlar conditions as
the etch of the -- of the BPSG | ayer 14 at pl ug
contact |ocations PC "

And then later on for the nitride, it
says essentially the sane thing. In other words,
this should | ook just like the plug contact. And

when | first studied this patent, | renenber
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t hi nki ng, what on earth is wong here? This doesn't
make any sense. They're doing the sane thing. It
should [ ook -- you know, usually when you do the
sane set of things, you get the sane result.

Q You noticed that when you first studied
the patent?

A Yeah, | renenber this. | said nmaybe |
won't have to worry about the bit-line contact

because maybe the issue is all the plug contact, and

| said | don't know. | don't have to worry. Until
they tell nme that -- that | need to worry about it,
then I'Il just ignore it, but it |ooked wong.

Q Ckay.

A It's a drafting error and they happen.

It's shocking how often they happen.

Q So you saw this error when you first
studi ed the Doshi reference; correct?

A | -- | looked through -- when | | ook at
a patent, | look at how long is the specification
and how many figures are there, and | gl anced
t hrough these and | saw that | ooks funny. | hope
that's a different enbodi nent, or sonething |ike
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that. | didn't ook at it after that because |
hoped that it wouldn't be relevant. But when | got
into this patent, then the focus was on the plug
cont act .

Q And then you noticed this alleged error

in 3K before you submtted your first declaration;

correct?
A | vaguely renmenber noticing this. |
guess it -- | don't know. You know, these patents

of ten have a whol e bunch of stuff that's not

rel evant to the patent issue at hand, and sone of
them have 30 figures and so on and so at | east
that's nmy training in this business.

So | didn't notice this at the |evel
that | thought it was significant. | thought |
woul dn't have to worry about it. | don't renenber
exactly when in the process |I noticed this, but I
remenber saying, sonething | ooks weird here.

Q And this was before you submtted your
first declaration; correct?
A. "' mnot sure when it was.
| mean, for exanple, FIG 2C, the issue
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at hand here is primarily the vertical profile
that's achieved by the set of steps to nake these
structures and, in particular, on the self-aligned
contact description that involves two different
ki nds of etches and sidewall structures and the
like.
So FIG 2C, | glanced at it, but |

don't renenber studying that part of the figures or
the patent in any great detail, and | don't know
when that woul d have been.

Q Are you saying that there's errors in
FIG 2C as well?

A No, |I'm not saying anything of the
like. The reason | know there's an error in 3Kis
when | got to |ooking at what -- what do you nean by
the invention of a self-aligned contact here and the
two | ayers that are etched in doing that and the
sidewal | spacer that's fornmed in doing that so you
can nmake a borderl ess contact, then | -- | cane to
the point of focusing on the FIGS. 3 up through G
and then followng it through because they should be

consi stent .
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And then | saw, oh, | really do have to
deal with this and, ah, this is a m stake. |
thought it was -- when I first -- when | first saw
it, I thought it was -- | don't know. | don't
remenber what the scenario was, but the first tinme |
| ooked at it with any intensity, whenever that was,
it was pretty obvious to ne that this was a drafting
error.

Q But you don't renenber whether you
| ooked at FIG 3K with any intensity before you
subm tted your first declaration in this case?

A. | don't renmenber timng. Because in
under standi ng the patent, | was focused on 3G and
the plug contact, which is nost of the description
that's given in the spec.

Q You said just a few m nutes ago, when |
first referred you to FIG 3K, you said:

"When | first studied this patent, |
remenber thinking, what on earth is wong here?
Thi s doesn't nmake any sense. They're doing the sane
thing. It should |look -- you know, usually when you

do the sane set of things, you get the sane result."”
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So you said that you noticed this
al l eged error or discrepancy between FIGS. 3G and 3K
when you first studied the patent; is that correct?

A When | first studied that part of the
patent. So ny recollection is that we had an
ext ensi ve di scussion about the fact that there is
anot her place at the NC region in the plug contact
where there should have -- should have shown sone
erosion at the top surface of layer 30 and that went
into ny declaration because that --

Q Your first declaration?

A Yeah.

Q Ckay.

A Yeah. So that went into ny
declaration. | renenber we had di scussions about
that. What's the neaning of this? |Is this drawn
wrong? And so on.

If | had thought nuch at that point
about FIG 3K and the BLC contact, | would have put
that in as well into that declaration.

So | don't know when | first noticed

this, but | apologize if | prefer not to study
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things that are not relevant to the case at hand.

Q So when you submtted your first
declaration in connection with Sanmsung's | PR of the
'997, you didn't study the whol e Doshi reference;
correct?

A | studied it but, you know, you focus
on different things. So I didn't pick up on this
enough to flag it and say, hnhm this -- this is
wong. Let's put it in the declaration.

Q Looking at FIG 3K, | asked you
previ ously.

FI G 3K does not show damage to gate
structures 10 and filanments 11; correct?

A You nean the left side or the right
side of the figure?

Q |f you look at FIG 3K --

A Yeah.

Q -- and you | ook at the transistors or
the gate structures next to the bit-1line contact
openi ng.

Ckay.

Q Do you see that?
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A. Yeah, | see that.

Q FI G 3K does not show damage to the
gate structures 10 or filanments 11; correct?

A Yeah, but | don't understand. | can't
specul ate about that when the figure is drawn
I ncorrectly.

If you'd like to have the sane
di scussi on about 3G which is the structure that's
descri bed here, then -- then we can do that. O
there's a version -- | think | put a version in ny
decl aration of what it should have | ooked |ike at
the BLC contact, but this would be conplete
specul ati on.

Q | " m aski ng you about the figure that is
actually shown in the Doshi reference. Ckay?

FIG 3K in the Doshi reference, does it
show danage to gate structures 10 or filanments 11 in
the structures next to the BLC contact opening?

A | don't know how I woul d know.

Remenber, we tal ked about an etching in

the PC contact. W tal ked about etching the nitride

| ayer at the NC region. You asked if there would be
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any danage to that edge of the sidewall structure --
what is it 11? -- 11. And | said yes, it would be
i kely sonme overetch and so there woul d be danmage,
but that's the side of the insulator furthest from
the gate electrode so it won't matter.

But that is -- that m niml anount of
erosion by the overetch of the nitride wouldn't show
up in the figure. So |l can't tell it.

Besides the fact that the figure is a
cartoon that's inconsistent with the rest of the
patent. | don't know how to speculate. That's the
answer to your question.

Q So you're saying you -- |ooking at FIG
3K, you cannot answer whether FIG 3K shows danage
to gate structures 10 or filanments 11; correct?

A. Well, | just don't think I should
specul ate about a drawing that's clearly w ong.

| nmean, this is not a self-aligned
contact hol e because the hole in the mask is
directly above the edges of the diffusion region.
So this is contrary to everything that this patent

iIs about in terns of telling you how to nmake a
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self-aligned contact that's tolerant of |ithography
errors. The kinds of errors that you were talKking
about just a few m nutes ago.

Q Doshi says that they're trying to form
sel f-aligned contacts?

A Doshi -- as | recall, Doshi doesn't
make a bi g point about -- about calling them
self-aligned contacts, but the design is exactly the
sane and acconplishes the sane function.

Q Doshi doesn't use the term
"self-aligned contacts”" when referring to the
contact hol es; correct?

A | don't think it's enphasized. | don't
know if it's used. 1'd have to | ook through. But
that's what's acconplished for sure because that's
what spacers are all about.

Spacers -- this formation of sidewall
spacers is one of the first things |I | earned when |
started noving frompure science to applied science
in nmy career, and it's a very basic principle.

Q Doshi doesn't say that they're trying

to formsidewall spacers fromnitride |ayer 30;
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correct?
A Well, | can | ook through. | don't
recall a place where it's enphasized. | don't know
if -- if the words are used that way, but it's

exactly what function is acconplished. One of the
functions that's acconpli shed.

(Revi ew ng docunent). Hmm So in --

in Doshi colum 3 line, oh, 45 -- this is in the
background of the invention -- Doshi tal ks about
using -- let ne see.

Silicon nitride is a diffusion barrier
for boron and phosphorous which are going to go into
the plug contact that -- that fills the hole, and it
tal ks about etching and difficulties in the etch of
conformal nitride layers, "particularly in
overetching and degradation of the nitride film at
t he upper corners of structures such as gate
structures 10 in FIG 1.

Attention in this regard is directed to
comonl y assi gned copendi ng application” nunber
nunber nunber entitled the "Silicon Nitride Sidewall

and Top Surface Layer Separating Conductors.”
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So the sidewall formation is nentioned
here. It's not -- but this doesn't say

"self-aligned contact," but one of ordinary skill
knows that one of the prine drivers for using
conformal deposition followed by anisotropic etching
Is to formsidewal |l spacers that help in functioning
as diffusion barriers, electrical isolation
barriers, and self-alignnent of contacts to inprove
lithography. So | think it's inplicit here.

Q Doshi doesn't specifically say that
they're formng sidewall spacers with nitride |ayer
30; correct?

A. Well, it's clear that that's what
happens, and it's clear that that's the notivation
that's happening here fromwhat | just cited.

| nmean, down at the bottom of that
colum, there's nore about this.

"These silicon nitride sidewall
filaments are conventionally fornmed by CVD of
silicon nitride overall, followed by an ani sotropic
nitride etch to renove the nitride fromthe fl at

active regions, leaving sidewall filanents behind."

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2006



© o0 N oo o B~ O w NP

e e
A W N L, O

15
16
17
18
19
20
21
22

GARY W. RUBLOFF, PH.D. Volume 1 December 16, 2015
SAMSUNG ELECTRONICS vs. HOME SEMICONDUCTOR 104

And you can do that once or you can do
it tw ce.
Q There's no question there that Doshi
fornms sidewall filanments; right?
A Yeah.

Q But when Doshi is describing nitride

| ayer 30 --
A. Uh- huh
Q -- which is not used to formthe

sidewal | filanments, Doshi does not specifically say
that that nitride layer 30 is used to form spacers;
correct?

MR. COLAIANNI: Objection to form
Asked and answer ed.

THE WTNESS: (Review ng
docunent). So in columm 10, there's a description
of the consequences of the two-step etch of the BPSG
and the nitride layer, and it refers to the fact
that in -- as depicted in, let's say, 3, 3G or 3F,
3F, it tal ks about the NC region, the danage to
that. The corner there will be very little, and it

makes it clear we're tal king about a highly
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ani sotropic etch to clear the regi on above the n+
regi on.

And so if there's very little
damage at the NC corner and it's a highly
ani sotropic etch, then the layer 30 will remain on

the sidewall as depicted properly in 3F and 3G

it's called a spacer or not.

and that neans it's like raindrops. |[It's com ng
down fromthe top, and if there's very little
etching at the NC corner region so you'll make --

don't nake damage to the structure -- the sidewall

Is the case that the sidewall part of layer 30 is
under the unbrella of that rain. It's not being
et ched.

Q Doshi doesn't specifically say that

Answer: That's a spacer, whet her

BY MR CHEN:

Q Doshi doesn't say that |ayer 30 renmins
on the sidewall; correct?

A. Well, he essentially does because he's

-- he's telling us that you use an ani sotropic etch,

filaments 11 and cap |ayer there, then it certainly
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| ayer 30 remains on the sidewall after the nitride
etch; correct?
A Well, | can keep looking. | think he
inplies it, at the very |east.
Q But he doesn't say it; correct?
A (Revi ew ng docunent). Let ne think.
(Revi ewi ng docunent).
Wel |, he tal ks about barrier to dopant
di ffusion as well.
| don't think the words are there, but
to one of ordinary skill in the art, | think it
woul d be very clear that the self-alignnment
technique is practiced here and taught here, and
that a spacer does result from ani sotropic etching
of the layer 30 nitride.
| mean, | thought the issue is whether
one of ordinary skill, having read this, would know
how to do what's taught in the '997 patent, and
soneone readi ng Doshi would know how to do that.
Q But you agree that Doshi doesn't
specifically teach that nitride [ayer 30 remains on

the sidewall of the gate structure after the nitride

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2006



© o0 N oo o B~ O w NP

e e
A W N L, O

15
16
17
18
19
20
21
22

GARY W. RUBLOFF, PH.D. Volume 1 December 16, 2015
SAMSUNG ELECTRONICS vs. HOME SEMICONDUCTOR 107

etch; correct?

A No, |I disagree. One of ordinary skill,
havi ng read the structures, the conformality of the
| ayers that's produced, and the anisotropy of the
etch, would certainly know that the nitride 30 is
| eft on the sidewalls.

Q Doshi never states that nitride |ayer
30 remains on the sidewall of the gate structure
after the nitride etch; correct?

MR. COLAI ANNI: Cbjection. Asked
and answer ed.

THE WTNESS: | think -- | think
it's inplied directly. | haven't | ooked through
every word of the structure to see if there's any
ot her supporting evidence that he's being nore or
| ess explicit about it, but the teaching is really
cl ear.

BY MR CHEN:

Q When Doshi is describing the nitride
etch of nitride [ayer 30, Doshi doesn't say that
nitride |layer 30 remains on the sidewalls of the

gate structure after the nitride etch; correct?
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MR. COLAI ANNI: Asked and

answer ed.

THE W TNESS: Yeah, | think
|"ve -- |'ve said about all --
BY MR CHEN

Q You have not answered the question.
| ' m aski ng you: Does Doshi
specifically say that? Does it or does it not? Can

you answer that question?

MR. COLAI ANNI: Asked and answer ed
multiple tines.

THE WTNESS: | haven't |ooked --
you know, to say that sonething doesn't exist neans
you have to | ook carefully and nmake sure that it
doesn't exist. So | have not | ooked carefully
t hrough this.

He certainly does not make it
explicit in the words that you're saying, but to
anyone who reads Doshi and has reasonabl e ordinary
skill in the art, they would know it inmediately.

My junior |evel students know it. (Laugh).
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BY MR CHEN:
Q When you say you haven't | ooked

carefully at Doshi --
A No, that's not what | said.
| haven't | ooked for the words you're
asking for.

Q So in conducting your analysis for the
Sanmsung | PR, you did not | ook carefully through
Doshi to determ ne whether Doshi specifically says
that nitride layer 30 is left on the gate structure

after the nitride etch?

A. | followed the technical argunents
here, and | knew that it's there. | don't remenber
that | scoured -- | nean, | wasn't faced wth the

guestion you're asking, which is, do these words
appear in how many pages of text?

Wen | -- when | read -- I'msorry.
I"'ma -- I"ma technical person. Wwen | read this,
|"'mtrying to understand what it teaches, and | can
easily see what it's teaching ne. And in the
context of another patent |like the '997, the

| anguage that's used nmay be different to describe
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that, but the function is the sane.

Q But you agree that words stating that
nitride layer 30 is left on the sidewalls of the
gate structure after the nitride etch do not appear
wi t hi n Doshi; correct?

MR, COLAI ANNI: Asked and
answer ed.

THE WTNESS: Well, as | said
before, | haven't found them here yet, but | have
not | ooked exactly for those words.

BY MR CHEN:

Q Sitting here today, you cannot point ne
to any portion of Doshi which has the words that say
that nitride layer 30 is left on the sidewalls of
the gate structure after the nitride etch; correct?

A Vell, | haven't done that, but | think
you're pushing this to limts that, to ne, don't

make sense.

| nmean, if I -- if I fill this cup with
water and | disclose that I'mfilling the cup wth
wat er and sonebody el se says, well, there's water in

the cup, but | didn't say there's water in the cup,
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IS there water in the cup? Yes, | filled the cup
with water. This is kind of argunent that | think
you' re pushing here. The functionality is there.

Q Dr. Rubloff, I just need you to answer
my questions. Ckay?

Can you point ne to any portion of

Doshi which has words that say that the nitride
layer 30 is left on the sidewalls of the gate
structure after the nitride etch?

MR. COLAI ANNI: Cbjection. Asked
and answered nultiple tines.

THE W TNESS: The description of
the etch and its consequences here nake it clear to
one of ordinary skill that that's the case, but |
don't see the words at this point in tine,.

MR CHEN. Al right. Wy don't
we break for |unch.

THE VI DEOGRAPHER: We're going off
the record. The tine is 12:08.

(Whereupon, at 12:08 p.m, a

| uncheon recess was taken.)
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AFTERNOON SESSI ON
(1:06 p.m)
GARY W RUBLOFF, PH.D.
called for continued exam nation and, having been
previously duly sworn, was exam ned and testified
further as foll ows:
CROSS- EXAM NATI ON ( CONTI NUED)
THE VI DEOCCRAPHER: W are back on

the record. The tinme is 13:06.
BY MR CHEN

Q Prior to the break, we were discussing
the Doshi reference, which was Exhibit No. 5.

The etch paraneters that Doshi

descri bes for the plug contact etch are
substantially the sane as the etch paraneters that
Doshi describes for the bit-line contact etch;
correct?

A | think that's right, but let ne | ook
and nmake sure.

You nean for both -- for both etches,

BPSG or the nitride?

Q Yeah, we can address themindividually.
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A. (Revi ew ng docunent). Yes, |'ve | ooked
at both the BPSG etch and the nitride etch. They
| ook essentially the sane or certainly very cl ose.

Q The nitride etch described for the plug
contact etch and the bit-line contact etch are
I dentical; correct?

A | -- I think so. | nean, | just
scanned them but it |ooks that way. CHF3, 50 sscm
with CO 175, sscmtined etch 10 seconds or on the
order of 10 seconds for the BLC. Yeah, | think so.

Q Okay. And you believe that the
resulting etch profiles for the plug contact etch

and the bit-line contact etch should | ook the sane;

correct?

A Well, yes, insofar as the starting
structures are the sane. Wth regard to -- with
regard -- let's see howthis -- are the hei ghts any

different for the FETs? | think not.

| think so, yes. Certainly they should
|l ook a lot nore alike than they do with the drafting
error | citedin-- in 3J and K K [|I'mnot -- not

J. K
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Q You also cited a drafting error in FIG
3G correct? In the figure.

A. Yes.

Q The sidewall filanments 11 shown in
Doshi are spacers; correct?

A Yes.

Q And Doshi describes the formati on of
those sidewall filanment spacers; correct?

A. Yes.

Q And | believe Doshi describes the
formation of those sidewall filanent spacers
begi nning at colum 7 line 57; correct?

A. Yes.

Q And there Doshi states that:

"According to the preferred enbodi nent

of the invention, sidewall filanments 11 are forned
by first oxidizing the sides of the polysilicon
| ayer 22. A layer of silicon nitride is then
deposited overall, and then etched isotropically to
renmove the nitride fromthe flat surfaces, |eaving
sidewal | filanments 11 behind."

Correct?
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A. Yes.

Q When Doshi describes the for
the sidewall filanments, Doshi explicitly
the nitride material is renoved fromthe
surfaces while the nitride material on t
are left behind; correct?

A. Yes.

Q There is no such description

explicit description of nitride materi al

mat i on of
states that
flat

he sidewal | s

., No such

being | eft

behi nd on the sidewalls when Doshi is describing the

etch of nitride layer 30; correct?
A. (Revi ew ng docunent). So we

colum 7 line 60 or sonething |like that?

're at

That' s

where you nean for the plug contact, this business

about the nitride residue?

Q No. Columm 7 beginning at |
describing the formati on of the sidewall
filaments --

A Right. Right.

Q -- that we agree are spacers

And when it's -- when Doshi

describing the formati on of the sidewall

ines 57 is

;. correct?
IS

filanents,
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it is explicitly stating that the etching of the
nitride material would | eave that nitride materi al

on the sidewalls to formthe sidewall filanents;

correct?
A. Yes.
Q It explicitly states that material is

| eft behind on the sidewalls in this case; correct?
A Yes.
Q Al'l right. But Doshi does not do that
when it's describing the nitride etch of nitride
| ayer 30 in the plug contact or bit-line contact
| ocations; correct?
A. (Revi ew ng docunent). So columm 7 I|ine
62 or so tal ks about "silicon nitride residue may
remain along the sides of field oxide structures 5."
And is that what you're trying to
conpare to the layer 307
Q No.
A |"msorry, I'mnot follow ng you.
The statenment about residues of silicon
nitride that | see is lines 62 to 65 or so, and it's

tal ki ng about the slanted regions at the bird s beak
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of the -- of the field isolation regions.
Q Al right. Let's try this again.
Let's look at figure -- let's | ook at
FIG 3A
3A?
Yes.
Do you see on the gate structure there

is the sidewall filanments 11?2

A. Yes.
Q And that's a spacer; correct?
A Yes.

Q Al right. Now, in the section in
colum 7 of the Doshi reference, Doshi is describing
the formation of those sidewall filanent 11s;
correct?

A Yes.

Q And what Doshi says begi nning at col umm
7 line 57, it says:

"According to the preferred enbodi nent
of the invention, sidewall filanments 11 are forned
by first oxidizing the sides of the polysilicon

| ayer 22. A layer of silicon nitride is then
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deposited overall and then etched anisotropically to
renove the nitride fromflat surfaces, |eaving
sidewal | filanments 11 behind."

Correct?

A. Yes.

Q That's what Doshi is saying when it's
describing the formation of the sidewall filanments?

A Uh- huh.

Q And when Doshi is describing the
formation of the sidewall filanments and Doshi is --
all right.

And when Doshi is describing the
nitride etch used to formthe sidewall filanents,
which is an ani sotropic etch, Doshi specifically
states that material, the nitride material, is |eft
on the sides of the gate structure to formthose

sidewal | filanments: correct?

A Yeah, "leaving sidewall filanments 11
behi nd. "

Q Ri ght.

A That's on the side of the gate
el ectrode.
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Q Right. Right.

Doshi -- but when Doshi is describing
the nitride etch for the plug contacts or the
bit-line contacts, which are described at colum 9
beginning at line 56 for the plug contact and col um
10 I'ine 63 for the bit-line contact, Doshi does not
explicitly state that after the nitride etch
material is left behind on the sidewalls of the

gate; correct?

A (Revi ewi ng docunent). Yes, | think
that's correct. It's not explicit here.

Q Ckay.

A But it's the sanme recipe on 30 as it

was for 11. Conformal |ayer over a structure,
ani sotropic etching | eaves the sidewall field.

Q Well, for the formation --

A It doesn't state it explicitly the sane
way.

Q For the formation of sidewall filanent
11, Doshi does not actually tell you what the
specific paraneters of the nitride etch are;

correct?
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A. Yes, | think that's right. It doesn't
give as nmuch information. Because the focus of the
patent is nore on the |layers 30 and the BPSG |
t hi nk.

Q So we can't really say that the etch
for the formation of the sidewall filanment is the
sane as the etch for the nitride |ayer 30; correct?

A The etch of the sidewall filanment which
Is CVD nitride. W can't say that because it's not
explicit.

| think one would naturally believe
that if you have an etch tool that does the
ani sotropic etching of the nitride sidewall fil anment
and it works, and you have the sane tool avail able
in the sane factory to do what is essentially a
simlar thing with nitride on the gate structure 30,
that you'd probably end up using that tool and nmaybe
alittle different process paraneters, but it would
be sonmewhat simlar. At |east that woul d be the
natural inference, but it's -- it's not explicit. |
agr ee.

Q And the thickness of the nitride |ayer
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used to formthe sidewall filanments 11 would likely
be thicker; correct? Thicker than nitride |ayer 30;
correct?

A | don't know that it says that.
don't know if it would be or not.

Q It could be?

A. It could be, sure.

Q Okay. Let's |look at your reply
declaration again. This is Exhibit No. 3. In this,
"1l direct you to paragraph 4A.

And | believe this is the section where
you state that sone of your -- the testinony that
was cited fromyour prior deposition was -- the
characterization of that testinony was inproper and
m sl eadi ng; correct?

A Yes.

Q Al right. |If you could | ook at
Exhibit 1, which is Volune 1 of your first
deposition, and then let ne direct you to page 194
line 20. Let's start there.

So ny question at that tinme was:

"So you're saying then at the point of
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the BPSG formation, the nitride |ayer 30 covering
the sidewalls of the gate electrode structure is
perform ng spacer function?"

And then you answered: "Yeah, and
di ffusion barrier function. [It's not highlighted
here because it's probably not as big a problem but
| noticed that a |ot of attention is given to the
di ffusion barrier function of the nitride materi al
with regard to the source region."”

| say: "Ckay."

You say: "It's just a comment."

Then nmoving down to page 195 line 19, |
ask you:

"FIG 3. Let's look at FIG 3D. Al
right? This is the figure before the contact
openi ngs are etched, but you have BPSG | ayer 14, |
believe it is."

You say: "Uh-huh."

Then | ask: "Right. So |ooking at
FIG 3D, a person of ordinary skill in the art woul d
| ook at the portion of nitride |ayer 30 covering the

sidewall s of the gate electrode and say that's a
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spacer right there?"

And then you answer: "Well, | would
say it's a diffusion barrier during BPSG reflow,
which is an annealing step."

And ny question was: "So it's not a
spacer ?"

And you answer: "Well, a diffusion
barrier is a kind of spacer."”

And then | say: "Ckay. So it is a

spacer ?"
And you say: "Yes."
You see that testinony?
A. Yes.
Q And that testinony is accurate and

truthful; correct?
A. Well, there's a qualification which
fol | ows.

There are nunmerous functions of a
spacer, and | was asked -- you had asked ne whet her
in FIG 3D configuration where 30 has been deposited
as a nitride layer and then there's BPSG which is

commonly deposited at fairly high tenperatures and
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refl ow, whether the 30 is functioning as a spacer at
t hat point.

And ny answer was yes, because it
serves as a diffusion barrier for the phosphorous
and boron and BPSG

Q And that was a spacer under your
definition of spacer; correct?

A Under one of the functions that a
spacer can perform

Later on, there's a spacer which is an
el ectrical spacer that's nore central to this patent
at issue that has a different shape because it's
been norphed by the anisotropic etching process to
make a new shape. So that's a different spacer.

Q So let's continue with your testinony
fromyour prior deposition.

So after | ask you: "Ckay. So is it
Is a spacer?"”

And you answer: "Yes."

And | say: "Ckay."

But then you say: "But that's not the

spacer that's at issue here. | realize that."
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Then | say: "I don't follow you."
And then you say: "No. | think your

guestion was, at this stage after both etches of

BPSG and nitride is done, how do we know t hat

there's still a nitride sidewall spacer and that's a
different -- that's a different question."”

| say: "That's a different.”

And you say: "I nmay have raised an
irrel evant question. |t was just an observation

because there's been so nuch attention in what you

read to the diffusion barrier properties of the

nitride."
| say: "Right."
And then you say: "Sorry if | got us
of f-track."
Now we're at page 197.
A | think at that point, | had kind of

j unped ahead of where your questions were.
Q Now we're at page 197.
A Yeah.
Q Li ne 9.

And | say, ny question: "No, no. |
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just want to understand. | nean, maybe it's an
I nportant point.

Because you're saying that during BPSG
formation, that portion of the nitride layer that's
on the sidewall is acting as a diffusion barrier in
the --"

And then you say: "Lateral."

Then | say: "Lateral direction.”

And you say: "Yes."

| say: "Thank you."

And then | ask: "And | think your
point was, is that at that stage, that portion of
the nitride layer, the portion that's on the
sidewal | of the gate is functioning as a spacer;
correct?"

And then you answer: "A diffusion
barrier spacer."

And then | ask: "And that diffusion
barrier spacer is within the definition of spacer
that you provided in the context of the '997?"

And you answer: "Yes."

|s that testinony | just read accurate?

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2006



© o0 N oo o B~ O w NP

e e
A W N L, O

15
16
17
18
19
20
21
22

GARY W. RUBLOFF, PH.D. Volume 1 December 16, 2015
SAMSUNG ELECTRONICS vs. HOME SEMICONDUCTOR 127

A. It's accurate because the -- ny
under standi ng of the definition of the word "spacer"”
i's sonething which spaces between things or
sonething of that order. And that's what | neant
when | said yes, it's consistent with the use in the
context of the '997.

The "99 -- this -- this shows in the

Doshi reference nmultiple types of spacers, but if |
go -- | was -- | was trying to address what the, |

guess, court-accepted interpretation is of the word

"spacer." O agreed-upon interpretation? |
don't -- | don't know the difference.
Q What you were saying in your testinony

was that the portion of nitride |ayer 30 that was on
the sidewall of the gate structure at that point in
the process was a spacer under the definition of
"spacer" in the context of the '997 patent; correct?
A Yeah, ny recollection is that there was
sone determ nation that spacer neans an el enent that
provi des space between things. |'m paraphrasing
because | won't get the exact |egal wording of it.

And in that sense, yes.
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Q Ckay. Looking at paragraph 5A of your
declaration, and in this section you're talKking
about whether a nitride material is renoved during
the BPSG etch; correct?

A Uh- huh.  Yes.

Q Al right. And if you | ook at towards
the bottom of paragraph 5A, you say that:

"Thus, if any nitride layer is to be
renoved during the initial oxide etch, a POSI TA
woul d have understood that nore nitride on the
di f fusi on regi on woul d have been renoved than
nitride on the sidewall, the gate el ectrode, and
this would further help with the sidewall spacer
formation."

You say that; correct?

A Yes.

Q Ckay. And | think you then cite FIG
3F of Doshi; correct?

A Yes.

Q Let's look at FIG 3F, and you can
refer to FIG 3E as well, | think. FIG 3E shows

the etch process before the BPSG etch and FIG 3F
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shows the etch process follow ng the BPSG etch.
So during the BPSG etch of the plug
contact -- and I'mlooking at FIG 3F.

A Yeah.

Q The first part of the nitride layer 30
that woul d be exposed to etchant is at the top of
the gate; correct?

A No. No. It would be the top of the
gate and the part above the diffusion region.

Q You' re saying that the portion of the
nitride exposed to etchant -- the portion -- okay.

What you're saying then is that during
t he BPSG etch --

A |"msorry. During the BPSG etch.
Q Ri ght .
A Excuse ne. | m sstated.

| was -- | was | ooking at 3F and

t hi nki ng about the nitride etch.
Q kay. So let ne re-ask.
A You're tal king -- thank you.
Q Let ne re-ask the question

During the BPSG etch --
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A Ri ght .
Q -- the first part of the nitride |ayer

30 that woul d be exposed to etchant is at the top of
the gate; correct?

A. Yes.

Q Okay. And then as the BPSG etch
conti nues down, nore and nore of the nitride |ayer
30 woul d be exposed to etchant; correct?

Yes, laterally --

Q Ri ght .

A. -- for the nost part, but yes.

Q Ckay.

A The BPSG surface will recede downward

and, yes, that exposes nore and nore of the nitride
sidewal | area to the environnent of the etch.

Q Right. And as the BP -- then the BPSG
conti nues downward until it hits the nitride over
di ffusion -- over the diffusion region, which is the
flat horizontal portion of nitride | ayer 30;
correct?

A Ri ght .

Q Ckay. So the flat horizontal portion
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of nitride layer 30 is only exposed to etchant for a
very brief period of time during the BPSG et ch;
correct?

A Well, brief neaning enough to renove

Oh, I'msorry. I'msorry. The BPSG
etch. Excuse ne.

The nitride is exposed to the BPSG etch
for a very brief time as the top surface of the BPSG
gets to the nitride top surface and then the BPSG is
gone.

Q Right. So --

A Yes.

Q -- the portion of the nitride layer 30
over the diffusion region, that flat surface at the
bottomis only exposed to etchant during the BPSG
etch for a very brief period of tine?

A That's what | woul d expect.

Q Ckay. But the portion of nitride |ayer
30 at the top corner or on the sidewalls are exposed
to etchant for a longer period of tinme than the

portion of the nitride |ayer over the diffusion
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regi on; correct?

A. They' re exposed to the etchant
environnent for a longer tinme, and the top portion
Is exposed to the flux of -- of reactive ions that
do the etching nuch nore than the sidewall is
because it's anisotropic etch.

Q Ckay. So you're saying nore of that
top portion would potentially be etched than the
portion on the sidewall?

A. Yes.

Q Okay. And the etching of that nitride
| ayer 30 during the BPSG etch woul d change the
contour of nitride |ayer 30; correct?

A. Wll, | think mnimally because it's a
sel ective etch

Q But it would have sone effect?

A Anyt hi ng has sone effect.

Q But it would be fair to say that the
portion of nitride |layer 30 near the top of the gate
woul d be etched nore than portions of nitride |ayer
30 closer to the bottom of the gate just because

they' re exposed to the etching environnent for
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| onger period of tine; correct?
A For the BPSG etch, yes.
Q Ri ght. Okay.
Are BPSG and TECS the sane material ?
A Not quite. TEOS -- well, TECS has two
different interpretations. |It's a nolecule. It's
tetraethyl orthosilicate. And usually in this field
when people say a TECS | ayer, they nean an Si Q2
| ayer made fromthat nol ecule as one of the CVD
precur sors.
BPSG is a different m xture of things

cont ai ni ng boron and phosphorous as dopants in Si Q2

and it's -- it's often deposited froma kind of a
spin -- spin-on process. | don't know if --
actually, I don't knowif it's spin-on or not, but

then a high tenperature annealing to turn it into --
toturn it into a SIQ2 lattice that has boron and
phosphorous inpurities.

Q Do they generally etch at the sane
rates?

A Well, certainly not the sane rates, but

offhand | don't know how nmuch different they are.
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Q Ckay. |Is it generally true that the
thicker the material, the longer it will take to
etch the material ?

MR, COLAIANNI: (Cbjection to form

THE WTNESS: Well, in the
si npl est case and perhaps usually, you would say the
etch rate is well-defined and i ndependent of how far
you' ve etched so far. So, generally speaking,
that's a reasonable statenent, but there are
exceptions that are inportant.

A good exanple is that in the
process of doing plasma etching -- plasna-based
etching, particularly anisotropic etching perhaps,

I f you look at the etch rate of -- let's see, which
chem stry should |I -- should | give?

| f you | ook at the etch rate of
silicon in one of these fluorocarbon plasnmas, an
early discovery in the field was that if you wanted
to etch oxide, silicon dioxide and stop on the
silicon, you etch through the oxide and |I guess
that's a fixed rate. And when you hit the silicon,

you etch the silicon at sone rate. But what happens
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Is, as you etch that silicon, you forma
fluorocarbon | ayer on the surface, which sl ows down
t he etch.

So the etch products of the
reactive chemstry that's going on can change the
rate as you go through the material. So | guess
that's the counter-exanple that | give you, and
those things are fairly common. | nean, if you
t hi nk about what's the consequence of that.

If | can etch through oxide at a
reasonable rate, and then when | hit silicon after a
short tinme, it builds up this, this passivating
fluorocarbon | ayer, that nakes it a selective etch
for oxide over silicon.

So the zeroth order conclusion is
probably yes, the rate doesn't change, but in fact
it's very inportant that in sone cases it does
change quite dranmatically because it gives rise to
sel ectivity.

BY MR CHEN:
Q |s all oxidation thermal oxidation?

A. Oxi dation of what material ?
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Q Silicon

A. O silicon? No, it's not all thernal
oxi dati on.

Q Are there different fornms of oxidizing
silicon?

A Sure. You can -- you can oxidize it

with different gaseous reactants: 2, H20, N20O and
SO0 on.

Q Ri ght.

A. So that's a thermal oxidation, however,
with different species and then there's an anodic
oxi dation. So you can do wet electrochemstry to
formwhat's called an anodi ¢ oxi de.

And | guess you could call that a
t hermal oxi dati on because there's no plasm
I nvol ved, but | doubt that it's useful for nme to

specul ate about semantics in these cases.

Q VWhat is -- how woul d one of ordinary
skill understand thernmal oxidation?
A. Well, inthe -- inthe field of

el ectronics, nost people would rather directly think

of heating the silicon, if we're talking about
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silicon oxidizing, heating the silicon to relatively
hi gh tenperatures in the presence of 2 or H20 or
sonetimes N2O. These woul d be the nbst comon ones.

Q Ckay.

A And t hereby causing the oxygen fromthe
gas-phase to react with the silicon to make Si Q2.
You coul d al so use ozone.

Q | f you used ozone w t hout heat
treatnment, would that be considered thernal
oxi dati on?

A Vell, | think one could call it thernal
oxi dation, but ozone is pretty reactive and so it
wi || happen at nmuch | ower tenperatures. W use it
in my research group all the tine.

The conplication is that to create
ozone, you need sonething el se to happen because,
fortunately, we're not breathing ozone when we're in
the air, and so you have to have a plasm or
ultraviolet light or sonmething to turn Q2 into
ozone.

Q Ckay. But a person of ordinary skill

in the art wouldn't typically consider that type of

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2006



© o0 N oo o B~ O w NP

e e
A W N L, O

15
16
17
18
19
20
21
22

GARY W. RUBLOFF, PH.D. Volume 1 December 16, 2015
SAMSUNG ELECTRONICS vs. HOME SEMICONDUCTOR 138

reaction to be thermal oxidation; correct?

A. No. If you say thermal oxidation, the
guestion that would cone imediately | think is, oh,
you nean dry oxidation, which is O, wet oxidation,
which is Q2 and H2O, or sonething else |ike N2O

Q In conbination with heat treatnent |ike
in a furnace; correct?

A Yeah. Yeah.

Q Ckay. What about rapid thernal
anneal i ng?

A. Anneal i ng?

Q O the use of a |laser?

A Wll, | think | can infer a couple of
things from-- fromwhat you're asking.

Q Well, maybe |I'm not using the term
correctly.

A No, but | can expl ain.

So rapid thernmal annealing is a
techni que where you use typically flash lanps -- it
could be a laser, a CO2 | aser or sonething -- to
heat the silicon very fast in the presence of an

oxidant |1 ke @ and then cool it back down.
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And the advantage is that you go to a
really high tenperature, higher than you would in a
furnace probably, and you stay there for a short
time, and then you cool it dowmn. So it's quick and
it's pretty commonly used.

It's called rapid thermal oxidation if
there's oxygen present, and the process of heating
and cooling in this, quote, rapid thermal way is
used even nore broadly for rapid thermal annealing,
for exanple, to anneal the dopants that you' ve
i npl anted and nmake them acti ve.

Laser is -- is nore conplicated if
you're not just using a |laser to heat, and that
woul d be sone kind of a photochem cal oxidation
where the wavel ength of light or the photon energy
of the light fromthe | aser changes the reaction
sequence sonehow, but, | nean, this would be only in
t he research donai n.

Q But those would not be typically
consi dered thermal oxidation as one of ordinary
skill in the art would understand it?

A You nmean a phot ochem cal oxidation?
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Q Ri ght .
A | think it would be such a niche

I nterest that probably nobody would know how to
answer the question.
Q What about - -

A | doubt if anybody has thought about

Q Ckay. What about the use of a laser to
very rapidly heat the surface of the wafer?

A. Well, rapid thernmal oxidation by a
| aser or flash |anps -- there's hal ogen | anps --
that's a thermal process. There's no plasm
i nvol ved. There's no el ectrochem stry involved. So
| would call that thermal oxidation.

Q Ckay. But the use of ozone to conduct

oxidation is not understood to be thernmal oxidation;

correct?
A Ch, I'"'mjust saying it's sonething you
could do. | -- I don't know if many people do it.
Q When a person of ordinary skill in the

art thinks of thermal oxidation, they would not

t hi nk of the use of ozone to do the oxidation;
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correct?

A No, | don't think so.

Q Al right. During thermal oxidation,
exposed silicon will oxidize faster than silicon
that is covered; correct?

A Covered by what ?

Q Covered by sone nateri al

A Well, it's partly a question of
nunbers. So, for exanple, if | have a silicon
surface and | neasure the oxidation rate of that
silicon surface, | get a nunber. If | now cover it
by a thin oxide and | neasure the oxidation rate,
meani ng how nmuch -- how nuch additional oxide did
grow per unit tinme --

Q Ri ght .

A. -- 1'"Il get the same nunber because
it'"s in the linear growth regine.

So for thin layers, the oxygen can
di ffuse fromthe gas-phase to the silicon interface
and form new oxide, and in those cases the
rate-limting step has nothing to do with the

t hi ckness of the filmthat's there because that's
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the fast step. The slow step is the bonds. Wen
t he oxygen gets to the silicon, it has to re-form
bonds.

Q At what point do you energe fromthe
I i near phase?

A So that depends on tenperature and --
let's see. Tenperature. Assunmi ng you're working at
an atnosphere of oxygen, it's sonething like a tenth
m cron or sonething like that. | nmean, it depends
on the tenperature, of course.

What's happening is that when you grow
the initial oxide, the first layer or the tenth
| ayer or whatever, the oxide is so thin that the
oxygen cones, it absorbs, it diffuses through the
film it finds the silicon surface, and it nmakes new
oxide and so that's a |inear regine.

And because the slow step is the
interfacial reaction and as that grows, eventually
you get thick enough that now the sl ow step becones
the diffusion through the oxide, and that's call ed
the parabolic reginme and so this is kind of very

standard textbook stuff.
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And | think for nost typical oxidation
tenperatures, it's going to be sonething like a
tenth mcron. So that would be a thousand
angstrons, nmaybe nore.

Q How does tenperature affect what is the
rate limting step?

A Yeah, | wish | had ny textbook with ne.
There's a plot of one over tenperature and a | og of
the rate and in the regine -- in the linear regine,
there is an activation energy which tells how
effective tenperature change is in changing its
rate.

And for the parabolic part, when it
gets thicker and now the growth sl ows down, you're
then rate limted by diffusion of the oxygen in the
exi sting oxide and that has a different activation
energy, therefore, a different tenperature
dependence, but | don't renmenber which one crosses
whi ch one when.

Q When you have hi gher tenperature, the
oxygen will diffuse nore quickly; correct?

A Yeah.
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Q Ckay.
A. Hi gher tenperature will increase both
rat es.
Q The reaction rate as well as the

di ffusion rate?

A Yeah, if you want to call it that.
Yeah.

Q Let's turn back to Doshi

Havi ng | ooked at Doshi a nunber of
times by now, do you have an opinion as to whether
the diffusion regions or source/drain regions, as
they' re described in Doshi, are covered by a gate
oxide during the formation of the sidewall
filaments?

A Let nme -- let ne go to the description
of the sidewall filanment formation. That was --
(review ng docunent). Yeah, it's very hard to
determ ne this for perhaps a couple of reasons.

So according to the preferred
enbodi nent, if that's the one to | ook at, sidewall
filaments are first fornmed by oxidizing the sides of

the polysilicon and then depositing confor nal
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silicon nitride and then anisotropic etching to
remove the nitride fromflat surfaces which would
i ncl ude diffusion region.

So during the thermal oxidation that
happens first of the sidewall of the polysilicon
gate structure, the diffusion regionis -- is
exposed and so | woul d expect sonme oxidation to take
place then. But then it's followed by a CVD nitride
| ayer which is then etched fromthe diffusion
regi on.

So to have an opinion, |I'd have to be
maki ng a guess or having sone know edge of how t hat
etch is done.

Q So you're saying that dermal -- during
the formation of the sidewall filanments 11, the
di ffusion region is exposed to silicon?

A During the oxidizing of the polysilicon
| ayer, what's happened before then is that the gate
structure is forned by etching. That woul d cl ear
the surface of the diffusion regions, presumably if
they cl eaned up the residue, any RIE residue

correctly, and then the next step is to oxidize the
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polysilicon. So what you -- I'msorry. The next
stepis the -- is the inplantation which will cause

sone danmage and so on, and maybe the inplanter isn't
as clean as it should be. So you m ght get sone
oxi dation then.

And after that, the CVDis put down and
then it's etched away. And | would guess that if
you wanted to overetch that, then you' d have exposed
silicon at the end.

Q Ckay.

A. And then you put the CVD stop |ayer
down.

Q s it your opinion that at the stage
where Doshi says "Sidewall filanments 11 are forned
by first oxidizing the sides of polysilicon |ayer
22" that the diffusion regions or source/drain
regions are exposed to silicon?

A Assum ng that in the reactive-ion
etchi ng process, the anisotropic etching fornmed the
sidewal | filanments has been done right -- I'm-- I'm
sorry.

Assuming that the etching to define the
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gate didn't cover the silicon surface with residues
or the process was -- let ne say it again.

You etch the gate structure. Typically
there's a certain anount of residue after etching
that could be on the silicon. So assum ng that that
was cl eaned up, which you can do as the end of the
etch step in different ways -- actually sonetines
you do it with oxygen to burn off carbon residues.

(kay. Let's assune an ideal case.

Q Ckay.
A. |"'msorry. | think -- | think I know
too many details for making this a sinple question.

You etch the gate structure and let's
assune conditions are ideal and there's nothing
covering the diffusion region silicon. You inplant
and, hopefully, you don't put a layer on top of that
then, and then you grow the sidewall oxidation of
the polysilicon. You would al so grow sone oxi de on
the diffusion region.

Then you put the CVD nitride over the
whol e structure, do an ani sotropic etch, and when

you etch it away, the question is: |f there was an
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oxi de underneath the nitride, do you etch that, too?
And | don't know the answer to that.
|"msorry. | gave you much nore than
you want ed.
Q That' s okay.
| want to focus only on that specific
step where the sides of polysilicon |ayer 22 are
oxi di zed, just right at that stage and in the --
A. You're | ooking at 3 what?
Q " m | ooking at colum 7 line --
A. Ckay. Ckay. But, | nean, to visualize
it, it would be you' re tal ki ng about structure 117

Q Structure 11 --

Ri ght .
Q -- is the sidewall filanment, yes.
A. Ri ght .
Q Correct.

And in colum 11 at line 57, it says:

"According to the preferred enbodi nent
of the invention, sidewall filanents 11 are forned
by first oxidizing the sides of the polysilicon

| ayer 22."
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Correct?

A Uh- huh.  Yes.

Q And it is your argunent and Sansung's
argunent that during that oxidizing step, the
di ffusion region is exposed to silicon and therefore
woul d al so be oxidized during that step; correct?

A Right. |If you're doing things right,
that's what woul d happen.

Q Ckay.

A. Meani ng you know how to clean up the
RI E residue and stuff |ike that.

Q And | just wanted to confirmthat your
opi nion was, was that in an ideal case, assum ng
that you didn't have |eftover residue fromthe
previ ous oxidation --

A. That oxidation, yeah.

Q -- that the diffusion region is exposed
to silicon at the tine that that polysilicon |ayer

22, the sides of that polysilicon |ayer 22 are being

oxi di zed?
A Ri ght .
Q In the description here in Doshi where
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it's tal king about this oxidizing step, Doshi
doesn't actually say that the diffusion region or
the source/drain regions are oxidized; correct?

A | think that's correct.

Q Doshi al so doesn't say that the gate
oxi de | ayer over the diffusion region or
source/drain regions is thickened; correct?

A Well, the question is whether the gate
oxi de has been etched away over the diffusion region
or not. The part that's underneath the FET gate is
not exposed to oxygen, so it shouldn't thicken.

Q Doshi doesn't say any oxide l|layer is
bei ng thickened during this step; correct?

A No, Doshi doesn't address what's going
on at the surface of the diffusion region at all.

Q Al right.

A So we're left to infer fromwhat we
know in the art what's likely to happen.

Q And when Doshi di scusses the oxidation
of the polysilicon layer 22, it just says that the
sides of that |ayer are oxidized; correct?

A Yes, that's what he says.
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Q It doesn't say thermal oxidation;
correct?
A (Revi ewi ng docunent). No, it doesn't

say the word "thermal ."
MR, CHEN. | want to take a break.
"' mgoing to check ny notes, and then nmaybe we can
nove on to the next one.
MR COLAI ANNI:  Ckay.
THE VI DEOGRAPHER: Okay. W're
going off the record. The tine is 14:14.
(Recess - 2:14 p.m - 2:41 p.m)
THE VI DEOGCRAPHER: W are back on
the record. The tine is 14:41.
BY MR CHEN
Q Looki ng back at Doshi, which is Exhibit
5, and ny question is regarding the etch, the
nitride etch that's used to etch nitride layer 30 in
the plug contacts and bit-line contacts.
The etch of that nitride |ayer is
sel ective to silicon; correct?
A Let ne find it here just to make sure.

(Revi ewi ng docunent).
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Well, the description that | find
earliest is in colum 9 describing CHF3 and CO as a
timed etch. So | don't see that it says it's
selective, and | don't recall anything earlier than
that having said that.

Am | m ssing sonething?

Q Do you have an opinion as to whet her
that nitride etch is or is not selective to silicon?
A. So we had a di scussion about the
Ei nspruch reference and the table which said that
CHF3 can be anisotropic and it also said it can be

hi gh selectivity conpared to silicon.

So | would assune it's going to be
selective, but if it's a very thin layer nitride,
which it's fairly thin, selectivity may not be the
dom nant quality necessary where there's a tined
et ch.

But nmy -- ny presunption is that that
chem stry wll be selective. Usually you pick a
sel ective chemstry if you have it avail abl e.

Q Assum ng that the nitride etch is

selective to silicon, if you did have sonme anount of
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overetch, you would not really danage the silicon
surface below, correct?

A Well, if you're going to renove all of
the nitride, then you have to etch into the silicon
alittle bit. Now, | wouldn't call that damage.
Unless the -- well, unless the ion energy is too
hi gh, which it can be in these cases.

So, | nean, sone of these etch
chem stries | know can involve quite deep
penetration of hydrogen atons fromthe plasma. So,
you know, it's conceivable there would be sone
damage. Hopefully not.

Q Wth a selective nitride etch, the
intention is for the etching to stop on the silicon
surface; correct?

A Yes.

Q So that even if you designed in a
degree of overetch to nake sure you cleared all the
nitride material fromthe contact, you woul d not
materially damage the silicon surface; correct?

A That's certainly the goal.

Q Ckay. Turning to Doshi colum 7, and
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this is where Doshi is describing the formation of
the gate structure. |1'd like to direct your
attention to colum 7 line beginning at |ine 39,
where Doshi says that:

“"Also in this exanple, gate structures
10 are fornmed as | ayered structures, including
polysilicon layer 22 in contact wth gate oxide 8,
tungsten silicide |layer 24 overlying polysilicon
| ayer 22, and silicon nitride |ayer 26 overlying
tungsten silicide |ayer 24."

You see that?

A Yes.

Q And that describes the various |ayers
within the gate stack; correct?

A. Yes.

Q Ckay. Then it says:

Each of polysilicon layer 22, tungs
silicide layer 24, and silicon nitride |ayer 26 are
deposited by way of CVD, and are then etched to the
desired pattern preferably, by first defining a
pattern usi ng conventional photolithography to

protect nitride |layer 26 at the gate structure
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| ocations, and then etching nitride |ayer 26."
You see that?

A Yes.

Q Ckay. And that is describing the step
where the gate stack is forned by etching the
various | ayers that were described above; right?

Yes.
Ckay. And then it goes on to say:
"The remai ning portions of nitride
| ayer 26 serve as a hard mask during the etching of

tungsten silicide |layer 24 and polysilicon |ayer

22."
Correct?
A. Yes.
Q In this description of the formation of

the gate stack, Doshi does not state that gate oxide
8 is etched; correct?

A You nmean next to the gate structure?

Q Correct.

A. He -- he does not state that. That is
right.

Q And t hen Doshi goes on to then describe
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the process of doing inplantation and form ng the
sidewal | filanments 11; correct?

A. Yes.

Q And then followng the formation of
sidewal | filanments 11, Doshi describes the
I npl antation and annealing that are used to formthe
source/drain region, and this is at the bottom of
colum 7 and the top of columm 8; correct?

A. Yes.

Q Okay. And then Doshi states at col umm
8 line 3:

“"Foll owm ng the formation of

source/drain regions 6, 7, gate oxide layer 8 is

renoved overall, except fromunder gate structures
10."

A Yes.

Q You see that?

A. Yes.

Q So what Doshi shows is that during the
formation of the sidewall filanents, the
source/drain regions or the diffusion regions are

still covered by gate oxide |ayer 8; correct?
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A. Yes. | had -- | had forgotten that.

MR, CHEN. Okay. Al right.
That's all ny questions. | turn the witness over to
you.

MR, COLAIANNI: Ckay. Let ne just
take a few mnute break to just collect ny notes and
be ri ght back.

MR, CHEN: Sure.

THE VI DEOGRAPHER: Going off the
record. The tinme is 14:50.

(Recess - 2:.50 p.m - 3:04 p.m)

THE VI DEOGRAPHER: W' re back on
the record. The tinme is 15:04.

REDI RECT EXAM NATI ON

BY MR COLAI ANNI :

Q Good afternoon, Dr. Rubl off,

A Good afternoon.

Q | just have a few questions for you
based on your cross-exam nation testinony.

Can | refer you to paragraph 6B of your

decl aration, which was marked as Exhibit 3?

A Yeah.
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Q | n paragraph 6B, you state:
"Thus, a person of ordinary skill in

the art would have understood that a thicker oxide
| ayer woul d be forned over the diffusion region

during thermal oxidation of the polysilicon gate

sidewal I s. "
Do you see that sentence?
Yes.
Q s it your opinion that Doshi discloses

thermal oxidation of the polysilicon gate sidewalls
and the diffusion regi on?

A. Yes. Yes. W just went through that,
actual ly.

Q Coul d you explain the basis for that
opi ni on?

A Vell, it was -- | have to find it now
(Revi ewi ng docunent).

So let's see. This would be in colum

-- this is Doshi. Let's say colum 7 line 59. It
tal ks about sidewall filanments being fornmed by
oxi di zing the sides of the polysilicon [ayer 22. A

| ayer of silicon nitride is deposited and so on. It
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goes on about that.

And then right at the bottom of the
page "Follow ng formation of sidewall filanments" --
up on the top of 8, it says.

"Foll ow ng the formation of
source/drain regions, gate oxide |ayer 8 is renoved
overal |, except fromunder gate structures 10."

So what that neans is there had been a
gate oxide every place. Then the gate structures
were fornmed, and up until this point we didn't know
if the formation of the gate structures involving
et ching down through that stack had al so renoved the
gat e oxi de.

But here it says:

"Foll ow ng the formation of
source/drain regions... gate oxide layer 8 is
renmoved overall."

So that tells nme it was not etched off
when the FET gate is forned.

Q And that's --
A. And you wll renenber, | was asked the

guestion whether the gate oxide was there or did

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2006



© o0 N oo o B~ O w NP

e e
A W N L, O

15
16
17
18
19
20
21
22

GARY W. RUBLOFF, PH.D. Volume 1 December 16, 2015
SAMSUNG ELECTRONICS vs. HOME SEMICONDUCTOR 160

Doshi say it was etched, and Doshi didn't say it was
etched. And then this -- this sentence says that
no, it wasn't etched because we're taking it off now
because it was still there.

Q And the portions of the Doshi reference
you just referenced supports your opinion that the
gate sidewalls and diffusion region are thermally
oxi di zed; correct?

A. Yes, that's right. That that --
(reviewi ng docunent).

Well, it doesn't matter how you count.
There's oxide there and that's what's renoved in
colum 8, where it says "gate oxide layer 8 is
renoved overall."

The -- what woul d have happened here,
since the sentence in colum 8 tells us that when
the gate is etched to define the gate structure, it
did not etch the gate oxide that was there. Then
the polysilicon oxidation is taking place on the
sidewal |, and that will further grow oxide over the
di ffusion region. And so all of that oxide would

then be renoved where it says:
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“"Gate oxide layer 8 is renoved overall,
except for under -- fromunder gate structures 10."
Does that answer the question?

MR. COLAIANNI: It does. Thank
you.

| don't have any further
guesti ons.

THE VI DEOGRAPHER: Ckay. We're
going off the record. The tine is 15:009.

(Recess - 3:09 p.m -

(M. Hsieh no | onger present.)

(David Holt present.)

THE VI DEOGRAPHER: Her e begi ns
disk 1 of the video deposition of Gary Rubl off taken
in the matter of Sansung El ectronics Corporation
Limted, et al. v. Hone Sem conductor Corporation,
before the Patent Trial and Appeal Board, patent
case nunber | PR 2015-00459.

Today's date is Decenber 16, 2015.
The tinme on the video nonitor is 15:15. This
deposition is being held at 1425 K Street,

Nort hwest, Washi ngton, DC 20005.
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The court reporter is Denise
Vi ckery on behalf of Esquire. The video canera
operator is Patrick G ahamon behalf of Esquire.

WIIl counsel and others please
I ntroduce thensel ves and state whom they represent,
beginning with the party noticing the deposition.

MR CHEN. Okay. M nane is Jerry
Chen from TechKnow edge Law G- oup representi ng Hone
Sem conduct or Cor porati on.

MR. COLAI ANNI:  Joseph Col ai anni
of Fish & Richardson representing the Sansung
Petitioners.

MR, HOLT: David Holt also from
Fish & R chardson representing Sansung Petitioners.

THE VI DEOGRAPHER: W/ I the court
reporter please swear in the wtness.

GARY W RUBLOFF, PH.D.
call ed for exam nation, and, after having been duly
sworn, was exam ned and testified as foll ows:
CRCSS- EXAM NATI ON
BY MR CHEN
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Q Dr. Rubloff, I know we've tal ked about
this before earlier, but since we've done a new
read-in, | just want to quickly go over the basic
ground rul es again.

So on the cross-exam nation, |'m going
to be asking you regarding material related to the
reply declaration that you submtted in connection
with the Sansung | PR No. | PR 2015-00459.

|"m going to ask you questions rel ated
to the subject matter which is discussed in your
reply declaration. You'll need to answer ny
questions truthfully, conpletely, and the court
reporter will record ny questions and your answers
in witing.

As explained, if your attorney objects,
you must still answer all ny questions.

You under st and?

A. Yes.

Q And if you do not hear or understand ny
guestions, please ask ne to repeat or clarify. |If
you answer my questions, ny assunption will be that

you understood the questions. Right?
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A Yes.

Q Ckay. And, of course, if you need a
break, please |let ne know and we'll take one.

A. Yes.

Q And can you think of any reason that
m ght affect your ability to provide truthful and

conpl ete answers to ny questions?

A. No.
Q Ckay.
A. Unless | don't know the answer.

Q Ckay. And, Dr. Rubloff, you recall
that you were deposed earlier regarding a
decl aration that you had submtted in connection
wth the | PR 459; correct?

A. Yes.

Q Ckay. And in that prior deposition, |
had asked you to Il et nme know whether you didn't --
had asked you to let ne know if you didn't
under stand any of ny questions; correct?

A Yes.

Q And | told you that if you did not

understand ny questions, you could ask ne to repeat
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or clarify; correct?

A Yes.

Q And | told that if you answered ny
guestions, ny assunptions would be that you
under st ood ny questions; correct?

A That's what you sai d.

Q And barring circunstances where you ask
nme to repeat or clarify a question, you under --
repeat or clarify a question, you understood ny
guestions in that prior deposition; correct?

A. Yes, subject to the caveat that | said
in the previous exercise like this.

Q And you were being truthful in that
prior deposition; correct?

A. Yes.

Q And you gave conplete answers to ny
guestions?

A. The best that | could at the tine.

Q And you stand by the answers you
provided in that prior deposition; correct?

A. Yes, in the context of clarifications

that are included in ny reply declaration.
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MR. CHEN. Ckay. Are we on 6?
THE REPORTER:  Yes.
(Docunent marked, for
i dentification purposes, as Rubloff Exhibit No. 6.)
BY MR CHEN
Q Dr. Rubloff, I've asked the court
reporter to mark as Exhibit No. 6 the reply
declaration that you submtted in connection with
the | PR 459,
Ils that nowin front of you?
A Yes.
Q kay. And this is your reply
decl aration; correct?
A. Yes.
Q Ckay. And you drafted this
decl arati on?
A Yes.
Q Are you aware of any errors in this
decl arati on?
A. No.
Q And there are no corrections you would

currently like to nake to this declaration; correct?
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A No.
Q How did you arrive at the opinions

i ncluded in this declaration?

A | read the deposition testinony of
M. Mltiel. | considered what was said there. |
consi dered the docunents which | used to arrive at
nmy first declaration. | had discussions with ny
attorneys about sone of these issues.

Let's see. \What am | m ssing?

| thought about them the various
docunents relevant -- relevant to this, and |
t hought about what | know about the state of the art
at the tinme and what one of ordinary skill would --
woul d be thinking, would interpret, would know what
to do or not to do.

| think that's it.

Q (kay. And you arrived at the
conclusions in this declaration based on your own
anal ysis; correct?

A. Yes.

MR. CHEN. Okay. This is 7.

(Docunent marked, for
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I dentification purposes, as Rubloff Exhibit No. 7.)
BY MR CHEN

Q Dr. Rubloff, I've asked the court
reporter to mark as Exhibit No. 7 Patent No. US
6,312,994, which is the Nakanura reference.

This is the reference that you relied
on to support your opinions in connection with the
Sanmsung | PR 4597

A. Yes.

Q Now, |'d |like to direct your attention
to colum 11 and columm 12 of the Nakanura
reference, which is Exhibit No. 7.

At columm 11 beginning at |ine 28, you
see it says "A Second Enbodi nent."

You see that?

A Yes.

Q What follows then is a description of
t he Nakanmura second enbodi nent and it continues from
colum 11 line 28 through colum 12 |ine 57;
correct?

A. Yes.

Q Al right. And then you see there at
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colum 11 beginning at line 30, it says:
“"A nmethod for fabricating a
sem conduct or device according to a second
enbodi nent of the present invention wll be
explained with reference to FIGS. 3A-3B and 4A-4D."
You see that?
A Uh- huh.
Q So Nakanura is using those figures to
descri be the second enbodi nent; correct?
A. Yes.
Q Al right. And then follow ng that
begi nning at |ine 36, Nakamura says:
"FIGS. 3A and 3B are views which
expl ain the di sadvantage of the nethod for
fabricating a sem conductor device according to the
first enbodi ment."
You see that?
A. Yes.
Q Ckay. So FIGS. 3A and 3B show t he
problems with the first enbodi nent when di sal i gnnent
occurs; correct?

A That's right.

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2006



© o0 N oo o B~ O w NP

e e
A W N L, O

15
16
17
18
19
20
21
22

GARY W. RUBLOFF, PH.D. Volume 1 December 16, 2015
SAMSUNG ELECTRONICS vs. HOME SEMICONDUCTOR 170

Q Al right. So in Nakamura at colum 11
beginning at line 49, it says:

"However, in a case that disalignnent
takes place in the lithography step of opening the
contact holes 34, 36, and the patterned inter-|ayer
insulation film26 is extended over the regions to
be the source/drain diffused |ayer 38, 40 (FIG 3A),
the I ow concentration diffused region of LDD may be
el ongated with a result of higher parasitic
resi stance (FIG 3B)."

A Yes.
Q You see that?

So there it's describing the probl em of
di sal i gnment which could occur, and it's referencing
that wth FIGS. 3A and 3B; correct?

A Correct.
Q Al right. And then it says:

"Consequently, a margin for
di salignment in the lithography step for opening the
contact hol es nust be small, which nakes the
patterning for the contact holes difficult."

Correct?
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A Yeah, I'msorry. What line is this?

Q This is colum 11 line 56, beginning at
i ne 56.

A Yes, | see that.

Q So in the section that we just tal ked
about, Nakarmura is tal king about a problemthat
could occur in the process of the first enbodi nent;
right? This disalignnent problenf

Yes.

Q Al right. And then it goes on to
suggest a possible solution to this problemthat
they just described; correct?

A. Yes.

Q Al right. It says beginning at line
59 of colum 11:

“"On the other hand, to ensure a
di salignment margin it is necessary to extend the
contact holes 34, 36 sufficiently over the gate
el ectrodes 18."
Right? Do you see that?
A Uh- huh.

Q So that's what they suggest as a
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potential fix for the disalignnent problem right?
A. Yes.
Q But then it says beginning at |line 61
"But this nmakes a wdth of the
inter-layer insulation film26 remaining on the gate
el ectrodes 18 extrenely narrow, which nmakes the
patterning of the contact holes 34, 36 difficult.”
You see that?

A. Yes.

Q Ckay. And so what it's saying there is
that you could try to solve the disalignnment with by
extendi ng the contact holes, but that this would
create its own probl ens because the insulation film
26 on the gate el ectrodes woul d becone extrenely
narrow and the patterning of the contact holes woul d
become difficult; correct?

A Yes.

Q And you don't want the patterning of
the contact holes to becone difficult; correct?

A. Right. You don't want any patterning
to becone difficult.

Q Right. In the sections that we just

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2006



© o0 N oo o B~ O w NP

e e
A W N L, O

15
16
17
18
19
20
21
22

GARY W. RUBLOFF, PH.D. Volume 1 December 16, 2015
SAMSUNG ELECTRONICS vs. HOME SEMICONDUCTOR 173

descri bed, does Nakanura -- Nakamura refers to FIGS
3A and 3B; correct?

A Yeah. Well, up earlier it says 4A to
4D but doesn't explain it yet.

Q Right. R ght. GCkay.

Nakamura does not refer to FIGS. 2A or
2B; correct?

A No, not explicitly, but it does refer
to first enbodi nent --

Q Ri ght .

A -- which is realized in 2A, 2B

Q Ri ght. But when describing this
di sal i gnment problemor this ineffective solution to
the disalignnment problem it does not refer to FIG
2A or 2B; correct?

A. (Reviewi ng docunent). Well, inplicitly
in -- in colum 11 line, say, 42, 43, it says in the
nmet hod for fabricating a device "according to the
first enbodi nent."

And previously first enbodi nent really
refers to FIG 2 or 1 and 2. 1 and 2.

Q In the section describing the second
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enbodi nent, including the section that we just went
over, Nakanmura never once references FIG 2A or 2B;
correct?

MR, COLAI ANNI: (bjection. Asked
and answer ed.

THE WTNESS: Yeah, | think I --
think I did answer that.

It doesn't use FIG 2A 2B
explicitly, but it says "first enbodi nent" and that
iIs 2A, 2B. I1t's good enough for ne.

BY MR CHEN:

Q In the section in the paragraph
begi nning at colum 11 line 59 through |ine 64,
Nakamura does not cite or refer to FIG 2A or 2B;
correct?

A Vell, that's true. It doesn't -- it
doesn't say it explicitly, but just before that it's
i ntroduced the discussion involving the first
enbodi nent. That's two paragraphs earlier, and then
t he nunbering systens are here.

And | think one of ordinary skill in

the art woul d understand, by reading the description

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2006



© o0 N oo o B~ O w NP

e e
A W N L, O

15
16
17
18
19
20
21
22

GARY W. RUBLOFF, PH.D. Volume 1 December 16, 2015
SAMSUNG ELECTRONICS vs. HOME SEMICONDUCTOR 175

of FIGS. 1 and 2, what's being tal ked about here.
What's being tal ked about is as, for exanple, in 3B
where the insulating filmover the gate el ectrode
has basically slid off the gate structure and now
causes problens in regard to the greater w dth of
the lightly doped drain, for exanple.

So | think it's people that are of
ordinary skill in this technol ogy understand what's
bei ng tal ked about here.

Q Fol l owi ng the section that we just
di scussed, Nakamura goes on to describe what is
effectively their second enbodi nent; correct?

A Yes.

Q Al right. And that enbodinent is
designed to address sone of the problens cited
regarding the first enbodi nent; correct?

A That's correct.

Q But the second enbodi nent also has its
own i ssues or problens; correct?

A Yeah, they all have sonet hing.

Q Al right. Beginning at colum 12 |ine

59, Nakamura starts to describe its third
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enbodi nent; correct?

A. Yes.

Q And the third enbodi nent describes a
way to address the depth of focus issues that m ght
be associated with enbodi nents 1 and 2; correct?

Wl |, enbodi ment 2.

Q O just 2. kay.
A Yeah.
Q The depth of focus issues associ ated

wi th enbodi nent 2?

A Yes.

Q Ckay. Enbodi nent 3 addresses the depth
of focus problem by nodifying the process during the
contact etch; correct?

A Well, which process are you tal king
about? And which contact etch? Can we be nore
specific?

Q Well, | think there's only one contact
etch for each of the enbodi nents; correct? O one
series of processes or steps that are used to form
the contact hole; correct?

A You nean etching of |ayers 26 and 24?
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Q Yes.
A So -- so your question was that the

third enbodi nent what ?

Q The third enbodinent tries to address
the depth of focus issue by proposing a different
way of perform ng the contact etch; correct?

A |"'mnot sure that it's a different way
of. In what sense would you suggest that it's a
di fferent way of doing the contact etch?

Q I n enbodi nent 3, during the contact
etch process, the photoresist is renoved in the
m ddl e of the contact etch; is that correct?

A. Right. So, but the etch process is
simlar; right? | mean, the sequence of steps or
substeps is changed. That's true.

Q |s the etch chem stry of one of the
et ches al so changed?

A |'d have to | ook and see. | just don't
remenber. And the materials are the sane, except
for the mask. So | wouldn't think that it's
changed, but I'd have to | ook carefully to be sure.

Q Ckay. I n enbodi nent 3, begi nning at
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[ine colum 13 |ine 39,

to descri be the contact --

that's when they're starting

phot or esi st ;

A
Q

ani sotropi c

A
Q

A
Q

A Uh- huh.

Q -- etch process --

A Yes.

Q -- correct?

A. Yes.

Q Ckay. And in enbodinent 3, the first
step of the process is to have the pattern

insulation film 26;

i n enbodinent 3 is that the photoresi st

correct?
Yes.
And then the next step is to conduct an
etch with the photoresist of inter-I|ayer
right?
Yes.
Ckay. And then the next step disclosed
I's renoved?
Uh- huh.

Yes, that's line 47.

Ri ght, of colum 13.

And then after the photoresist is

renoved, Nakanura says that the anisotropic etching

I's then conducted under conditions which permt the
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inter-layer insulation film26 and the etch stopper
film24 to be etched at substantially the sane
etching rate.
You see that?

A. Yes.

Q Ckay.

A So the question is whether that's
different fromthe first enbodi nent or the second

enbodi nent ?

Q Well, I'll get to that but --
A. Ckay.
Q -- that process of renoving the
phot oresi st and then context -- conducting the next

portion of the etch where the insulation film 26,
which | believe is an oxide, and the etch stopper
film24, which | believe is a nitride, are etched at
the sane rate
That is done for a specific purpose in

enbodi nent 3; correct?

A. Yes.

Q And the purpose of that is so that the

inter-layer insulation film26 is etched by a film
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t hi ckness substantially equal to a filmthickness of
the etch stopper film24, and the inter-1|ayer
insulation film 26 would then have a hei ght
substantially equal to the height of the insulation
film20 exposed on the surface; correct?

A Yes.

Q And so the contact holes 34, 36 can be
opened with the surface maintai ned plane; correct?

A Yes. Yes.

Q And - -

A That's one of the outcones.

Q Right. And the purpose of this process
Is to address the depth of focus issues that were?

A. Well, it's certainly a notivation for
that. There's other things that have happened.

For exanple, the way planarization is

done or by etching -- etching down to the |ayer 24,
which is the nitride conformal layer. So the -- the
renmoval of 26 down to 24 is different from
enbodi nent 1.

Q Right. It's also different from

enbodi nent 2; correct?
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A. Yeah. Enbodinent 2 FIG 4 it's
different.

Q At the bottomof columm 13 at |ine 63
to 64, Nakamura says that this etch process creates
a result where "contact holes 34, 36 can be opened
with a surface maintained plane."

You see that?

A Yes.

Q kay. So planarity is inportant for
enbodi nent 3 in Nakanura; correct?

A Yes, it's useful.

Q Al right.

A | think I have that in ny declaration,
a di scussion of that --

Q Ri ght .

A -- as one of the netrics.

Q Ri ght. Nakanura enbodi nent 3 was
specifically trying to achieve planarity; correct?

A Anong ot her things.

Q If we turn to your declaration, which
is Exhibit 6 --
A. Yeah.
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Q -- and refer to paragraph 6. Actually,

of -- sorry. Paragraph 7.

| n paragraph 7, you said that in your
earlier deposition | had asked about the proposed
conbi nation, and |I'massum ng that you're talking
about the conbination of Nakarmura third enbodi ment
with the first enbodi nent.

You said that you noted that:

“"Planarity is a nice benefit if you can
get it, but it is not essential."

And you cite to portions of your prior
deposition pages 404 line 8 to 404 -- 405 line 5.

You see that?

A. Yes.

Q You say that planarity is not
essential; correct? That's your statenent?

A Yes.

Q Nakarmura did not say that planarity is
not essential when discussing the third enbodi nent;
correct?

A. Well, | think the thrust of what he

said is it's desirable.
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Q Right. In fact, Nakanura enbodi nent 3
was designed specifically to try to achi eve
pl anarity; correct?

A To achieve better planarity while still
keepi ng the advantages of what the patent is about.

Q Right. Okay. |In paragraphs 10 and 11
of your declaration, you state that a person of
ordinary skill in the art would be aware of other
ways of addressing the depth of focus problens cited
I n Nakanura; correct?

A Yes.

Q You cite things |ike optical proximty
correction and phase shift masks as alternative ways
of addressing depth of focus; correct?

A. Yes.

Q Nei t her of these nethods are descri bed
I n Nakamura; correct?

A No, | don't think they are.

The purpose of those statenents and ny
coment about planarity is -- howdid | say it? --
val uabl e but not essential is that these things --

this goes along the |ines of sonething we said

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2006



© o0 N oo o B~ O w NP

e e
A W N L, O

15
16
17
18
19
20
21
22

GARY W. RUBLOFF, PH.D. Volume 1 December 16, 2015
SAMSUNG ELECTRONICS vs. HOME SEMICONDUCTOR 184

earlier today, but these -- these things are part
and parcel of the whole, which is, how do you nake
effective technol ogi es?

And so depth of field and focus in --
in-- in asingle plane is desirable, but it's --
it's not the case that one netric is the only one
that's inportant. So there are always trade-offs,
and I think we all know this very well as do skilled
practitioners.

So when | say that, it's a question of,
how nonplanar is this structure? If we can -- if we
can nmake it planar for free, of course we want to do
that. But usually nothing cones for free, and so
there are consequences in manufacturing costs or
trade-offs wth sonme other netric about etching or
deposition or sonething.

And so that's the basis in which | said
that, and I wanted to nention proximty correction
of phase shift masks because these were -- these are
approaches that can do, let ne say, first order
conpensation for nonplanarity. And | knowit's not

nmenti oned i n Nakanura, but -- but people knew about

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2006



© o0 N oo o B~ O w NP

e e
A W N L, O

15
16
17
18
19
20
21
22

GARY W. RUBLOFF, PH.D. Volume 1 December 16, 2015
SAMSUNG ELECTRONICS vs. HOME SEMICONDUCTOR 185

these things at the tine.

Q You had in your prior declaration
proposed a nodification to Nakamura enbodi nent 3
where the photoresist is not renoved; correct?

A. Yes.

Q Al right. By leaving the photoresist
in place, inter-layer insulation film26 would not
be etched when etch stop 24 is being etched;
correct?

26 under the photoresist.

O

Ri ght .

A Yes, that's right.

Q And that nodification would describe a
process that is different than what is taught in
enbodi nent 3; correct?

A. Yes, that's right.

Q As a result of leaving the resist in
pl ace after the contact etch, the height of
inter-layer insulation film 26 would be greater than
the height of film20; correct?

A That's right.

Q And that is, again, different fromthe
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goal s of what Nakamura enbodi nent 3 was trying to
achi eve; correct?

A. Yes.

Q Al right.

A So the notivation for that, which is
not as good, maybe perhaps close, in terns of
achieving the planarity advantage is the potentially
huge manufacturing advantage in terns of process
steps and their cost.

And people in the field certainly know
that if you have nultiple materials to etch and you
have one pattern to do it wth, you can use the
photoresist typically all the way through those
| ayers; or you can use a hard mask by renoving the
phot oresi st partway through and the nmaterial you've
just patterned underneath it becones an inorganic
material that serves as a mask. This is done
comonl y.

And so | think one woul d have been
notivated to seek this trade-off which is, if
instead of follow ng precisely enbodi nent 3, |

wanted to get a big manufacturing advantage by
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| eaving the photoresist in place and 'l pay
sonething in planarity to do that, that may be a
deal worth taking.

Q I n your proposed nodification to
enbodi nent 3, you would not open contact holes with
a surface nmaintained plane as descri bed in Nakanura
enbodi nent 3; correct?

A Not as planar. | nean, renenber, these
t hi ngs depend on matching etch rates for two
materials and that's, you know, not -- not obvious
that one can do it really well.

Q Nakarmura enbodi nent 3 specifically says
that their process woul d open contact holes or
contact holes 34 and 36 can be opened with a surface

mai nt ai ned plane; correct? That's at colum 13 --

A Yes.
Q -- line 63 and 64?
A Yes. |If you can get the etch rates to

match, then it would be pl ane.
Q Right. And that objective would not be
achi eved based on your nodification to Nakanura

enbodi nent 3 where the photoresist is not renoved,
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correct?

A Yes, but the analysis that's in ny
decl aration, reply declaration indicates that
there's a configuration where it cones close, and it
depends on how thin or thick the nitride layer is
whi ch acts as the stop layer. So if that's really
thin, then it could be close to planar and certainly
better than what -- what woul d happen from
enbodi nent 2. That's what's stated in the
decl arati on.

Q | f you could go to Exhibit 1. This is

the Volume 1 fromyour first deposition.

Yep.
Q Ckay. Sorry. Actually --
A M ght be 2.
Q Exhi bit 2.
A Yeah.
Q Go to Exhibit 2. This is Volunme 2.
A W did this on the second day, didn't
we?
Q | don't renenber the order anynore, but

yes, it's Exhibit 2, which is Volune 2 from your
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first deposition.
Let's go to page 344 beginning at |ine
17.
And, actually, before we do that, |et
me introduce another exhibit. This is 8.
(Docunent mar ked, for
i dentification purposes, as Rubloff Exhibit No. 8.)
BY MR CHEN:
Q So going to page 344 |line 17 of Vol une
2 of your first deposition, which is Exhibit No. 2,
| start where | ask the question:
“Moving down to claiml, if you'll 1oo0k
at the step that begins at colum 6 |ine 53."
You see that?
A |"msorry. Wich patent are we tal king
about ?
Q We're actually | ooking at the second
vol unme - -
A Yeah, right.
Q -- here?
A But noving down to claim1 --
Q

Ri ght .
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A. -- you just said. | don't know which
patent this is.

Q We were discussing the '244 patent,
which is the patent --

A That you just gave ne.

Q -- issued in the Sansung --

A Yeah, okay.

Q -- | PR 459

A. Fi ne.

Q Yes. kay. So here, you see here
we're starting the discussion.

A Ch, | see.

Q And | was referring you to claim1l

A kay.

Q Ri ght ?

A Yes.

Q Ckay. |'mgoing to read a portion from
your prior testinony beginning at colum -- | nean,

you wi | |

| i ne 53.

begi nning at page 344 |line 17.

"Question: Mwving down to claiml1,

| f

| ook at the step that begins at columm 6
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Answer: We are on '244 now?

Question: Yes.

Answer: Columm 6 |ine 53?

Question: Yes.

Answer: Yes.

Question: You see it says 'renoving
said fourth dielectric |ayer other than said
portions nasked by said second resist layer to form
a plurality of trenches adjacent to said gate
el ectrode structure.'

Do you see where it says that?

Answer: Yes.

Question: Wuld you agree that that
cl ause recites the specific step for 'renoving said
fourth dielectric layer using the resist mask'?

Answer: Well, it uses the second
resist layer as a mask to etch away the fourth
di el ectric |ayer.

Question: You see follow ng that
cl ause, there's the phrase 'wherein portions of the
substrate are exposed' ?

Yes.
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Answer: Yes.

Question: \What is your understanding
of that clause where it says 'wherein portions of
the substrate are exposed' ?

Answer: Yes. That's all in ny
di scl osure in ny declaration. | thought hard about
this question because | knew the interpretation is
I nportant.”

And then you read a portion, | believe,
of your previous declaration starting at paragraph
23 and that continues.

| believe you start reading from
par agraph 23 of your declaration to paragraph 35 of
your prior declaration and that continues fromthe
deposition transcript at page 345 line 20 and
continues all the way through page 355 Iine 20.

You see that?

A Page -- I'msorry. You said page 355?

Q It's -- yes. You were reading from
your decl aration and --

A Ch, yes, you're right.

Q -- you read it into the record, and
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your recitation of your declaration continues all
the way beginning at 345 line 20 and it continues
all the way to page 355 |line 20.

After which I ask you: "Are you

fini shed?"
And then you answer --
A (Laugh).
Q -- "I amfinished reading. D d I

answer your question?"

You see that?

A Yes. Yes.

Q You recall that?

A. Yes.

Q But you can see here in this testinony

we are specifically discussing the clains of the
'244 patent; correct? W're specifically discussing
the I anguage of the clains of the '244 patent;
correct?

A Yes.

Q Al right. Al right. Now, continuing
on. After you finished your recitation of the

declaration, | ask you -- this is beginning at page
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355 line 21
| ask you: "Are you finished?"
You answer: "I amfinished reading.

Did I answer your question?"
| say: "Not to ny understanding. |
wi |l repeat the question wth a copy of that."
| don't know what that neans.
"The answer is sinply a recitation of a

nunber of pages from your declaration. You can just

say '|l have nothing nore to say than what is in ny
declaration' without just reading it all into the
record if that helps you. If you want to read it

all again, that is up to you."

So now | repeat ny question.

So ny question was: "Looking at the
limtation that begins with 'renoving said fourth
dielectric layer other than said portions nasked by
the second resist |ayer.'

Do you see that?"

And you answer: "Yes."

“Question: W agree that that cl ause

there recites a step for renoving the fourth
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dielectric layer using the resist mask; correct?

Answer: The clause up to the comm?

Question: Yes.

Answer: Yes."

Ckay. So, again, there we are
specifically tal king about the claimlanguage;
correct?

A Yes, that's right.
Q Al right. And then | ask you:

"My question was: Follow ng the comm,
there i s another phrase that says 'wherein portions
of the substrate are exposed.'

Do you see that?

Answer: Yes.

Question: M question was: Wat is
your understanding of that clause 'wherein portions
of the substrate are exposed' ?"

And here you answer: "M/ understandi ng
of is it is a paragraph of three things are with two
"whereins' and at the sane tinme this is describing
what happens in a single etch step using the resist

| ayer to drill through the two |ayers of dielectric.
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Question: The clause 'wherein portions
of the substrate are exposed' is sonething that has
to occur during the step of 'renoving said fourth
dielectric layer other than said portions nasked by
the second resist layer'; correct?

Answer: Yes.

Question: And this next clause
"wherein spacers are fornmed on the sidewalls of the
gate electrode structure at the sane tine," isn't it
sonet hing el se that also has to occur during the
step of 'renoving said fourth dielectric |ayer other
than said portions nmasked by second resist |ayer';
correct?

Answer: As in all three of those
t hi ngs should be part of the etch step.

Question: The etch step where you used
the resist as a mask; correct?

Answer: Yes."

Okay. And in this section that we just
went through, we were again specifically discussing
t he | anguage of the clains; correct?

A For the nost part, except that the part

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2006



© o0 N oo o B~ O w NP

e e
A W N L, O

15
16
17
18
19
20
21
22

GARY W. RUBLOFF, PH.D. Volume 1 December 16, 2015
SAMSUNG ELECTRONICS vs. HOME SEMICONDUCTOR 197

where | describe the single etch step using the
resist layer to drill two layers of dielectric, as |
explained in ny dec -- reply declaration, | was
thinking in terns of the specification when | said
that. Because | was as tired as you of dealing with
the legalese that is -- that is in the clains, and |
wanted to get to the point that you need a -- you
need a mask, a |ithographic mask to be able to
defi ne where to renove material down to the

di f fusi on region.

So | would say that this is a case |ike
what | alluded to this norning, tal king about this
specific exanple that, you know, it's not so -- it's
not so hard to understand that soneone who isn't
dealing mainly with claimlanguage |ike attorneys do
wants to get to a sinplification of the matter to
under st and what the goal is.

And the goal is to be able to pattern
t he openi ng of contacts down to the diffusion region
in away which is effective, essentially
self-aligned | would say, and allows one to then

acconplish a rai sed source/drain.
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Q My questions during the section that we
just discussed were all directed at the specific
| anguage of the clains; correct?

A | realize that.

Q And you understood the questions that
wer e asked; correct?

A Right. But the comment that | made

about drilling down was not a comrent about the
cl ai ns.

Q Ckay.

A. It was an inage in ny head that |

want ed to convey, maybe incorrectly. Froma |egal
point of view it was probably inappropriate, but in
terns of what soneone |like nme would be thinking is
the goal here. It's -- it's one enbodinent that's
described in -- inthe -- in not -- in patent of
what this is supposed to acconpli sh.

Q Ckay. And during your prior
deposition, you didn't tell ne that you didn't
under stand the questions; correct?

A. Yeah, |I'mnot a | awer.

Q And you didn't say that you were
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di scussing your interpretation of a preferred
enbodi nent; correct?

A No, | gave an off-the-cuff description
of what | thought was kind of one exanple of how
this task shoul d be acconpli shed.

Q Ckay. Now, the portion where you gave

the answer about drilling down, using the resist
| ayer to drill through two |ayers of dielectric,
that is at page 357 lines -- your answer is lines 2

t hrough 6; right?

A Uh- huh

Q And then | follow that with the
question and this is, again, referring specifically
to the I anguage of the claimns.

| asked you:

"Question: The clause 'wherein
portions of the substrate are exposed' is sonething
that has to occur during the step of 'renoving said
fourth dielectric |layer other than said portions
masked by said second resist |layer'; correct?"

And you answered: "Yes."

You understood then at that tine that
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we were asking about the specific | anguage of the
clains; correct?
| -- yes.

Q And your answer was your understandi ng
of what the | anguage of the clains neant; correct?

A Yes, they should be -- all those three
t hi ngs should be part of, but not all of, the etch
st ep.

Q Ckay.

A. And that can't be the case because

you've got a third layer that has to be renoved as

wel | --
Q Ckay.
A -- and that's not stated in the claim
Q And then the next -- | followthat with

t he next questi on:

“"And the next clause 'wherein spacers
are fornmed on the sidewalls of the gate el ectrode
structure at the sanme tine --"

A |"msorry, |'ve |lost you.

Q Sorry. I'mat --

A. Wi ch page are you?
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Q -- page 357 of the transcript line 13.
A Ckay.
Q | ask anot her question
“"And this next clause" -- again

referring to the specific |anguage of the claim--
"'*wherein spacers are forned on the sidewalls of the
gate electrode structure at the sane tinme," isn't it
sonet hing el se that al so has to occur during the
step of 'renoving said fourth dielectric |ayer other
than said portions nmasked by said second resi st

| ayer'; correct?"

And you answer: "As in all three of
t hose things should be part of the etch step."”

And then | question -- and then
guestion: "The etch step where you use the resist
as a mask; correct?

Answer: Yes."

Again, during this series of questions
and answers, you understood that we were
specifically asking -- tal king about the |anguage of
the claim correct?

A Yes. You're reading fromthe claim
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Q Ri ght .
A. Yeah.
Q And your answers were your

under st andi ng of what the | anguage of the claim
meant; correct?
A Yes.
MR, CHEN. Ckay. Can we take a
qui ck break?
MR, COLAI ANNI:  Sure.
THE VI DEOGRAPHER: Goi ng off the
record. The tine is 16:13.
(Recess - 4:13 p.m - 4:30 p.m)
THE VI DEOCCRAPHER: W are back on
the record. The time is 16: 30.
BY MR CHEN
Q Dr. Rubloff, I'd like to direct your
attention back to your declaration, your reply
decl aration, which is Exhibit No. 6, and | want to
di scuss the portion where you di scuss depth of focus
and this is from paragraph 14 through -- through 19.
And | think this is where you discuss

how your nodified nethodol ogy of the third
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enbodi mrent would still have a depth of -- depth of
focus that is better than the second enbodi nent;
right?

A Ckay.

Q Al right. If we |look at the bottom of
par agraph 19 where you kind of -- or we're | ooking
at paragraph 19 where you kind of -- | think this is
your -- your conclusion fromthe analysis that you
per f or med.

There's -- you cite two figures from
Nakamura FI G 4C, which | believe is the second
enbodi nent .

A Uh- huh.

Q And FIG 5C, which is not the finished
product of the third enbodi nent, but part of the
third enbodi nent.

You have at the bottomthere, in the
box you say:

"Modi fied third enbodi mrent has better
depth of focus than second enbodi nent when --"

A. |"msorry. You nean on page 13?

Q On page 13. Yes.
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There's a box there and inside the box
you say:

"Modified third enbodi nent has better
depth of focus than second enbodi nent when X-T is

greater than T" and then in brackets you say "i.e.
when X is greater than 2T."

In the figure, you have a certain
height in FIG 4C which is |abeled "X-T" or maybe
it's X dash T, or whatever, and then in FIG 5C you
have the figure and it's |abeled a certain height
that's labeled "T."

Do you see that?

A Uh- huh

Q In those two figures, isn't X-T equal
to T? Isn't the height of X-T in FIG 4C equal to T
in FIG 5C?

A No, not necessarily. If you |ook back
to page 9, FIG 4A, notice that X is defined as the
t hi ckness of the | ayer 24.

Q Uh- huh.

A. Pl us whatever is remaining after

et chback or sone kind of planarization to |ayer 26.
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Q Uh- huh.
A And Nakamura doesn't tell us what that
nunmber X is. So what it really neans is that if X
Is greater than 2T where T is -- renenber, T is the
t hi ckness of the layer 24, then there is an
advant age to the proposed enbodi nent 3 revision.
And | think that will be frequent
because 24 is very thin, and the etchback or
pl anarization to thin down 26 is froma nuch thicker
| ayer of nmterial.
So | think there usually will be
advant ages and planarity by adopting this nodified
enbodi nent 3.
Q Just looking at the figures that you
have annot ated on page 13.
A Yes.
Q You' ve annotated one figure with X-T

and you annotated another figure with T; right?

Yes.
Q Those heights | ook the sane to ne.
Do they -- are they not the sane?
A No, they're not the sane because we
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don't know what X will| be.

So if I'"'mthe process engi neer doing
this work, | have sone recipe for thinning the BPSG
| ayer down, short of reaching the top of the nitride
| ayer -- layer, and depending on what that is wll
determ ne whether there's a benefit and how nuch the
benefit is.

Q Right. So you're saying there will be
a manage if X-T is greater than T --

A Yes.

Q -- ina-- in a hypothetical world

where X is very large; correct?

Not very large. Large conpared to T.
O nore than -- nore than 2T?
Yeah, right.

More than 2T?

> O > O >

Ri ght .

Q Al right. But specifically what's
shown in the figures that you' ve annotated; right?
Specifically what's shown in the figures, X isn't
greater than 2T; correct?

A Well, these -- these figures cone from
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t he patent.
Q Ri ght .

A Okay? And perhaps | shoul d have drawn
my own version of the figures to make it clear, but
the math is right.

Q Ckay. So based on the figures that
come fromthe Nakamura patent, X-T is not greater
than T, but mathematically what you're trying to
explain is sonething that you stand by?

A. | stand by it, with the addition of the
statement that | think in nost cases if | were a
process engi neer, or sonebody was a process
engi neer, etching back the BPSG | ayer or planarize
it in some way and | want to cone -- | want to stop
sonepl ace above the nitride layer 24, | doubt very
much 1'mgoing to get down to a thickness equal to
the thin layer 24 dinmension and so | think that this
condition will be nmet frequently.

Q The figures from Nakanmura do not show
X-T being greater than T; correct?

A As drawn, they don't | ook very

di fferent, no.
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Q Ckay. Do you think that the figures in
Nakanmura were drawn erroneously?

A They were drawn to denonstrate certain
things in the patent. Like it's not erroneous, but
| don't think there was any particular reason to
deci de what the thickness remaining of 26 would be
in making that -- that picture.

Q They were not drawn to illustrate your
nodi fied version of the third enbodi nent; correct?

A That's correct.

Q Because your nodified version of the
third enbodi nent is not taught or disclosed in the
Nakanmura reference; correct?

A That's right.

Q Al right.

A That's one that | think would have been
obvi ous.

Q Ckay. Looking at Exhibit 8, which is
the ' 244 patent.

A. Yes.

Q And just looking at claiml. This is

starting at colum 6 |ine 27.
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| believe you had previously testified

that -- in your prior deposition that all of the
steps that are listed in the claimshould be
perfornmed in order, other than the step which begins
with "renoving a top portion of said fourth
dielectric layer" and the step that begins with
"form ng on the substrate a patterned second resi st
| ayer”; is that correct?

A. | don't think that's quite right.

Q That's not right? kay.

A. No. | -- | said that enbodinment 1, for
exanple, wll nmeet the claimlimtations wth the
reversal of those two in -- in the order that's

stated here, but | didn't say anythi ng about not

changi ng the ot her ones.

Q Ckay.
A Right. | nean, for that enbodi nent, |
don't change -- | wouldn't change them

Q And under your analysis the -- and this
relates to Nakanura enbodinent 1 -- the -- the step
i n Nakarmura enbodi nent 1 that you believe satisfies

the "renoving a top portion of said fourth
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dielectric layer" is the contact hole etch step;
correct?

A What do you nean by "contact hole etch
step"?

Q The step where the contact hole etch is
bei ng for ned.

A Well, there are sequence of activities
I n opening up the contact hole, which is to renove a
top portion of the fourth dielectric |layer and then
to expose and to renove the third dielectric |ayer
and get down to the substrate, formthe sidewall and
SO on,

Q And it's that contact hole etch step
that you believe satisfies the step of "renoving a
top portion of said fourth dielectric |ayer";
correct?

MR, COLAIANNI: Object. CQutside
the scope of the reply declaration.
THE WTNESS: Well, are you

| ooking for nme to wal k through Nakanura first
enbodi nent reads on these clainms? |s that what you

nean?
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BY MR CHEN:

Q No, | don't want you to wal k through

| just wanted to confirm ny
under st andi ng of what you believe is the step in
Nakamura first enbodi nent that satisfies the
“renmoving a top portion of said fourth dielectric"
step in claim 1.

A. Wel |, in Nakamura enbodi nent 1, the
resist is in place. GCkay? That's -- that's formng
a substrate patterned second resist. And then the
etch of the BPSG using that resist mask starts by
renoving the top portion of the fourth dielectric
| ayer, and ultimately gets down to exposing the
portion of the third dielectric |ayer as the etching
front noves downwar d.

Q Uh- huh.

A | don't want to say because | don't
think it's right to say that that constitutes
openi ng the contacts. Because the phrase in the
claim"renoving said fourth dielectric |ayer other

than said portion" etc., etc. |eaves out things and

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2006



© o0 N oo o B~ O w NP

e e
A W N L, O

15
16
17
18
19
20
21
22

GARY W. RUBLOFF, PH.D. Volume 1 December 16, 2015
SAMSUNG ELECTRONICS vs. HOME SEMICONDUCTOR 212

I nvol ves substeps, and it's inportant to recognize
that those -- those have to be there for this to
wor K.

Q So the step that you just recited from
Nakamura, it's not the step that's used to open up
t he contacts?

A The cl ause about "renoving said fourth
dielectric layer other than" is a requirenent to be
able to open up the portions of the substrate, but
iIt's not everything that's going on there. It can't
be.

MR, CHEN. Okay. Al right. Wy
don't we take a break while |I |ook through ny notes.
| m ght have one or two short questions, and then |
shoul d be done.

MR. COLAI ANNI:  Ckay.

THE VI DEOGRAPHER: Goi ng off the
record. The time is 16:47.

(Recess - 4:47 p.m - 5:11 p.m)

THE VI DEOGCRAPHER: W are back on
the record. The tinme is 17:11.

MR. CHEN. kay. | don't have any
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further questions for Dr. Rubloff at this tine.
MR, COLAIANNI: Ckay. | just had,
hopeful Iy, just one question on redirect.
REDI RECT EXAM NATI ON
BY MR COLAI ANNI :

Q Wth respect to Exhibit 8, Dr. Rubloff,
which is the '244 patent.

A Yeah.

Q Coul d you explain what the purpose of
the layer 26 is in the '244 patent, as you
understand it?

A. (Revi ew ng docunent). 26. Yes. So
| ayer 26 is conformal CVD nitride, | believe. Let
me verify that.

Does it specify? Well, it -- let's
see. 26. (Review ng docunent).

Wll, it's a dielectric. It's
conformal over the gate and it's -- as you see in
FIG 5, it remains protecting the gate on the
sidewal I . When material 34 that is the polysilicon
that will ultimately allow the formation of the

rai sed source/drain by diffusion of inpurities into
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the substrate, it prevents that raised source/drain
structure fromshorting to the gate el ectrode of the
transi stor.
So it's essentially a spacer, a
si dewal | spacer.
Q s it -- strike that.
|s layer 26 performng any role as an
etch stop?
A. Yes. It's an etch stop in between FIG
4 and FIG 5. So that when in FIG 4 the resist
mask 30 is used to allow the BPSG or whatever the
dielectric 28 is to be renoved, there's a place to
stop on that as an etch stop. So it really serves
as part of the self-alignnent structure that
benefits the raised source/drain.
MR, COLAI ANNI: Ckay. Thank you.
Not hi ng further.
THE VI DEOCGRAPHER: Good. Ckay.
W are going off the record. The tinme is now 17: 15.
(Si gnature having not been waived,

the taking of the deposition concluded at 5:15 p.m)

* * *
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CERTI FI CATE OF COURT REPORTER
UNI TED STATES OF AMERI CA )
DI STRICT OF COLUMBI A )

|, DENISE D. VICKERY, the reporter before
whom t he foregoi ng deposition was taken, do
hereby certify that the w tness whose testinony
appears in the foregoing deposition was sworn by ne;
that the testinony of said wi tness was taken by ne
I n machi ne shorthand and thereafter transcribed by
conput er-ai ded transcription; that said deposition
Is atrue record of the testinony given by said
Wi tness; that | amneither counsel for, related to,
nor enployed by any of the parties to the action in
whi ch this deposition was taken; and, further, that
| amnot a relative or enpl oyee of any attorney or
counsel enployed by the parties hereto, or

financially or otherwi se interested in the outcone

of this action. EWL 2 V"ffk&;

Notary Public in and for the
District of Col unbia

My Conmm ssion expires February 14, 2018
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DEPCSI TI ON ERRATA SHEET
Qur Assignnent No. J0254984
Case Caption: SAMSUNG ELECTRONICS CO. LTD. vs. HOMVE
SEM CONDUCTOR CORPORATI ON

DECLARATI ON UNDER PENALTY OF PERJURY

| decl are under penalty of perjury
that | have read the entire transcript of
nmy Deposition taken in the captioned matter
or the sanme has been read to ne, and
the sane is true and accurate, save and
except for changes and/or corrections, if
any, as indicated by nme on the DEPOSI TI ON
ERRATA SHEET hereof, with the understandi ng
that | offer these changes as if still under
oat h.

Si gned on the day of

, 2015.

GARY W RUBLCFF, PH. D
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