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PROCEEDI NGS

GARY W RUBLOFF, PHD
call ed for exam nation, and, after having been duly
sworn, was exam ned and testified as foll ows:
EXAM NATI ON
BY MR CHEN:
Q Good nor ni ng.

MR. MJKERJI: W shoul d
probably -- I"'msorry to interrupt. W should
probably do introductions --

MR CHEN:. Sure.

MR. MJKERJI: -- since we don't
have a video canera and all that.

You want to go first?

MR CHEN. Sure. Jerry Chen from
TechKnowl edge Law G oup representing respondent,
Honme Sem conductor Corporation. Wth ne is Ron
Maltiel, expert for Home Sem conductor Corporation.

MR. MUKERJI: Indranil Muikerji and

David Holt of Fish & Richardson representing the
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petitioner and the witness here today. Wen | say
“petitioner," | nmean petitioner in all four of the
RPIs that will be covered by this deposition or this
Cross-exam nati on.
"Il also note for the record
bef ore we went on the record, counsel and | had a
di scussi on about apportioning the cross-exam nation
so it's clear which cross is for which declaration,
and I think we agreed to try to work together on
t hat .
BY MR CHEN:
Q Sur e.
A Am | supposed to introduce nysel f?
MR MUKERJI: You'll be
i ntroduci ng yourself all day.
THE W TNESS: Ckay.
MR. MJKERJI: So we can get goi ng.
BY MR CHEN:
Q Good norning, Dr. Rubloff.
A Good nor ni ng.
Q My nane is Jerry Chen. |'man attorney

with the firmof TechKnow edge Law G oup. |
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represent respondent, Hone Sem conduct or
Corporation. |'ll be taking your deposition on
Cross-exam nation today in connection with the | PRs
filed by Sansung agai nst the Hone patents.

In today's cross-exam nation, 'l ask
you questions related to the subject matter at issue
in those RPIs. You wll need to answer ny questions
truthfully and conpletely. The court reporter wll
record ny questions and your answers in witing.

As explained, if your attorney objects,
you may -- you nust still answer all my questions.

You under st and?

A. | under st and.

Q Ckay. If you do not hear or understand
my questions, please ask ne to repeat or clarify.
| f you answer ny questions, mnmy assunption will be
t hat you understood the questions.

You under st and?

A Yes.
Q And if you need a break, please let ne
know and we'll take a break.

A Thank you.
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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.

Q Ckay. Do you have any questions before
we start?

A. No.

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

A. Gry, Ga-r-y, Wyne, Wa-y-n-e,
Rubl of f, R-u-b-1-o0-f-f.

Q Dr. Rubloff, are you bei ng conpensat ed
for your work on these matters?

A Yes.

Q What is your conpensation?

A For ny tinme it's $400 an hour, and |
think it's 600 an hour for deposition and testinony.
| "' m not sure about that.

Q Ckay.

A. | don't really renmenber what our
agreenent was.

Q Ckay.
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A. But that's what it's been in
Sone previous tines.

Q Are you currently retained by Sansung
as an expert witness for other matters?

A No, just the four things that are
t oday.

Q Ckay. Prior to these current matters,
these four IPRs, had you worked for Sansung on any

ot her nmatters?

A. No.
Q How | ong have you worked as an expert
W t ness?

MR MUKERJI: Objection to form
THE WTNESS: You nean when was
the first date that | did anything like this? |Is
t hat what the question is?
BY MR CHEN:
Q Sure. Yes. How long have you been
wor ki ng as an expert w tness?
A You nean in general for -- for
di fferent cases?

Q For different cases, yes.
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A Yeah, | think -- | don't renenber
exactly, but I think | did a small case in
California maybe in late '80s or early '90s. |
don't renenber.

Q Ckay.

A And just a few cases since then.

Q Were they all patent matters?

A When you say "patent matters," you nean
| P generally? | mean --

Q Cases related to patents.

A Yes. Yes.

Q Were they all related to
sem conduct ors?

A Depends what you nean by
"sem conductors. "

Q What was the subject matter of the
cases generally?

A. So one, a small first one |I recall had
to do with sem conductor processing equi pnent, and
then the only two that have been really kind of

serious tinme consum ng have been in LCD displays and

the electronics, control transistor electronics that
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goes into LCDs.
Q Ckay. Do you know how many cases pri or

to these matters you worked on as an expert w tness?

Not of f hand.

Q Less than 10?

A Yes, |ess than 10.

Q Less than five?

A | don't know.

Q Ckay. Do you renenber in those prior
cases whet her you represented the patent hol der?

A | don't remenber about -- so there were
two large LE -- LCD cases, and | think | represented
the owner of the patent. It was an infringenent.
No. I'msorry. I'msorry. Yes, | represented --
excuse ne. | represented the hol der of the patent

who was suing for infringenent.
s that the right way to say it?
Q Yes.
A And in the first case, | don't renenber
who owned t he patent.
And then for conpl eteness, there were a

couple of little things where peopl e needed ny
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advice or wanted nme to go to the Patent O fice where
they have -- they're having an informal hearing with
the exam ner, sone things like that, but that's it.
Q Al right. But these cases are the
first cases that you worked on that are related to a
petition for review before the Patent Trial and

Appeal Board?

A You nean | PR cases?
Q Yes.
A. | think so. | think | had one

opportunity where | was asked to go to the Patent
Ofice to talk wwth the exam ners about the request
t hat had been nmade for reexam nation, but | think
that's different froml| PR

Q Do you renenber when that case was?

A. | woul d guess three or four years ago,
but |'m not sure.

Q And in that case, did you represent the
pat ent hol der?

A | don't know.

THE REPORTER: Exhibit 1.

(Docunent marked, for
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I dentification purposes, as Rubloff Exhibit No. 1.)
BY MR CHEN:
Q Dr. Rubloff, I've asked the court

reporter to mark as Exhibit 1 your curriculumvitae.

| hope | pronounce that right. [I'Il just call it
Cv.

A (Laugh).

Q Pl ease take a nonment to review this
docunent .

A. (Revi ew ng docunent). Ckay.

Q Al right. Dr. Rubloff, is this your

A. This is ny CV as of | don't know what
date, recent, fairly recent, but not conpletely up
to date.

Q Up to date with respect to at | east
this year, though?

A. Vell, | don't know. 1'd have to | ook
in detail at sone of these. |I'msorry. | think
it's a fairly small matter, but | wouldn't like to
say that it's certainly up to date as of a year ago.

Because if you'll | ook at these conference
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organi zation activities, you know, we're required --
not required but expected to have these | ong Cvs.
Q Ri ght .
A And, frankly, they're very hard to
keep, up -- up to date on. So conference
organi zation activities, I'msure that there are

things nowin that don't appear here --

Q Ckay.

A -- and probably nore than a year ago.

Q Ckay.

A Very hard to keep this kind of thing up
to date.

Q Sure. But largely current at |east

t hrough 2013/ 20147
A Mostly current.

| guess | should note one or two things
t hat have changed. |'mpleased to say that ny
position as director of the Center for
Nanostructures for Electrical Energy Storage and ny
role as -- where is it here -- founding director of
the Maryl and NanoCenter have changed tenporarily

because | have acting directors for both of these.
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Q Ckay.
A. Since |I'mon sabbatical.
Q Ckay.
A |"mvery pleased to report that.

And probably the nunber of publications
and stuff, that's changing on a weekly basis. So --
Q Sur e.
A -- that won't be up to date.
Q kay. Now, Dr. Rubloff, have you
worked in the field of sem conductor manufacturing?
A. In -- yes. Yes. In the -- in the
research domain and in connection with people who
are actually doi ng manufacturing and the devel opnent
of manufacturing strategies.
Q So you haven't worked directly yourself
i n doi ng manufacturing or devel opi ng manuf acturi ng
strategies; is that right?
MR. MJKERJI: bjection to form
THE WTNESS: No, that's not the
case. No. | have worked in manufacturing strategy
devel opnent.

BY MR CHEN:
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Q Oh.
A | should nention, there's a publication

on the list here, which | think was 1992, in the |BM
journal, which is actually a sunmary of the work
that | had done in research and col |l aborated with
Don Bordonaro in |IBM Burlington, who was in charge
of the Strategic Equi pnent Council -- | think that's
what it was called -- for the | BM Corporation.

So they were the ones central to nmaking
deci si ons about what kinds of tools to buy, what
desi gn changes are needed, and really driving the
nove toward manufacturing cluster tools. So
that's -- that you can see in that publication.

And what was interesting about that is
that ny research groups were doing the research
counterpart of cluster tools, which I'msure we'l|
get into, and so we put our heads together and wote
a revi ew paper about where this is actually going.

Q When did you first start working with
sem conduct or manuf act uri ng?
A. | guess the right introduction to that,

it's alittle cloudy how you woul d describe it
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because | started out in as a kind of pure scientist
in materials surfaces, and | got interested in

el ectronic materials, which are relevant to

sem conduct or manufacturing, in about 1977.

And t hat underwent continuous evol ution
fromkind of the science of interfaces of electronic
materials, to the processes and equi pnment, to the
I ntegration of those schenes into process
integration flow And so by -- let's see. It was
on silicide interfaces and then it went to CVD and
etching and so on, and | would say -- let's see.

| joined the Silicon Technol ogy
Division in 1986 as a nanager, and in 1985 | was a
technical staff person to the vice president for
| ogic and nenory. So sonewhere in there ny science
evolved to the technology and, in particular, the
manuf acturi ng aspects where -- where what |'m
tal king about is: What kinds of equi pnent do you
use to make these kinds of devices? And how does
t hat equi pnment carry out what you want to make these
devices? And what are the manufacturability iIssues

that are associated with using those things? 1In
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particul ar, both equi pnent and al so the process
flow.

So | was very sensitized to that in
those days, and | guess |1'd say that that certainly,
the tinme franme of around 1980, if you had asked ne
then, | would say, yes, I'minterested in working on

aspects critical to sem conductor nmanufacturing.

Q kay. And was your work in research?
A. | was in the research division, but |
had col | aborations and i nteractions and -- | don't

know -- partnerships with people at IBM Fishkill and
| BM Burlington. Don Bordonaro, who | nentioned, |
think his organization was central in hel ping and,
as | hear it, underwiting applied materials to
devel opnent of the 5000, which was the pioneering
cluster tool that was introduced, | think, in 1987.
MR MUKERJI: Dr. Rubloff --
before you ask the next question -- I'll just rem nd
you. | don't know what confidentially --
confidentiality obligations you may have to your
prior enployers and that sort of thing, just respect

t hat .
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THE W TNESS:. Yes.

MR MUKERJI: This is a public
proceeding. So don't reveal anything confidential.
| f you have a question about that, |let us know,

THE WTNESS: Ckay. Yeah. |
think that there isn't anything, but |'ve been gone
20 years from | BM

So to finish that story, as | --
as | worked in silicon technology, | becane
acquai nted with the kinds of people who are doing
device integration strategy and interacting with
them and that was a nice residence because it
related our capabilities in process research to

t hei r manufacturing considerations.

And then about the tinme -- let's
see. This would have been, | guess, probably in the
CVv, of course.

Yes. So in 1992, | noved from a

managenent role in silicon technology to a
managenent role in manufacturing research
departnent, and that allowed ne to get new

I nteractions and perspectives on particularly the
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role of process nodeling, logistics, factory flow,
things like that. And these | think -- and | noved
my niche in experinental research to process sensing
for advanced process control.

And so | kept -- | knowthis is a
slightly |Iong-w nded answer, but the fact is that |
kept evolving into manufacturing and in the first
t echnol ogy roadmap, which was 1994 for the
sem conduct or industry, | was involved in the
nmetrol ogy section and we started the enphasis then
on advanced process control, which has since becone
areality.

So ny research was in doing CVD
process and can we tell what's the chem stry
happeni ng on the surface at that tinme by using
appropriate sensors, and how do you turn that into a
way of controlling those tools.

There are sonme very nice stories
actually to tell about that.

BY MR CHEN:
Q So let ne see if | can -- you know,

correct me if I"'mwong in terns of how | sumarize
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your experience.

Your own work in the '80s was in
research, but you collaborated with individuals who
were nore directly involved in manufacturing and
your research had applicability to sem conduct or
manuf act uri ng?

A. | think that's a reasonable
approxi mation to what | gave as a nuch | onger
descri pti on.

Q Did you work in the FAB?

A. Well, that's a conplicated questi on.

I n a manufacturing FAB, the answer is no. 1In a
devel opnent FAB, | had tines when | would interact
Wi th people occasionally in that environnent. |In

the research division, it's conplicated because of
the structure of |BM

In the research division, we had an
advanced cl ean room which was a partnership with
the Fishkill devel opnent divisions and the
Burl i ngton devel opnent and manufacturing divisions.
Soit's really hard to say where the line is there.

And ny -- | had a nunber of nmanagenent
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roles and then, in addition, I'ma research staff
menber . | do research and that -- that research

I ncl uded managenent responsibilities for what was
called -- yeah. Now, | can't renenber the nane of
it, but an exploratory clean roomfacility in
Yorkt own research. So, and | was in that facility
on a fairly regul ar basis.

So I know what a clean roomis.

Q But -- okay. But you didn't work in a
manuf acturing | ab that was used to nmake commerci al
product; right?

A. No, | was not in the FAB in Burlington
or Fishkill on a regular basis.

Q Did you work in the field of thin
filns?

Certainly.

Q What was your experience with thin
filns?

A Let's see. M research in thin filns,
| guess | would say, started in around 19 -- |
wonder if | can tell fromhere. ||t would have been

-- | started IBMin '73. | think 1t nust have been
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about '77 when | turned ny attention fromcatal ytic
surface science problens to the formati on of netal
silicides at the netal silicon interface. So that
was depositing a thin filmof netal, ook at how it
reacts with the silicon underneath, how silicides
are fornmed, and all the inplications that canme from
t hat .

And the thin filmwrk has continued to
this day and included the next generation of that
wor k was MOS structures, netal-oxide-sem conductor
structures, based largely on thermal oxidation. And
then chem cal vapor deposition and that was ai ned at
the silicon industry primarily, although |ater on we
had sojourns into galliumnitride since |'ve been at
Maryl and, and so it's been continuously thin filns
of one sort or another.

Today it's atom c |ayer deposition
which is a derivative or, let's say, the forefront
of CVD for building nanostructures.

Q (kay. How about etching? D d you do
work with etching?

A Yes, primarily dry etching or plasna
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etching as you mght call it. Alittle bit wet
etching. W use wet etching as a kind of, you know,
wor khorse for sinpler things.

Q How about did you work with
l'ithography?

A Yes.

Q What type of work did you do with
l'ithography?

A. So nost of our work didn't require high
resol ution |ithography because we were really
studying thin filnms and interfaces, but there have
been sone cases where we've done that especially
nore recently because we use -- so in the
NanoCenter, which I direct, or not this senester but
| direct, we have a clean roomfacility.

So I'mresponsible ultimately for that,
and so there's plenty of |ithography. And then the
program which actually should be a CV correction
here, I'mno |onger doing biomaterials and bi oMEVS,
but for that we do lots of |ithography as well as
for the energy devi ces.

Q Did any of your work with |ithography
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relate to sem conductor manufacturing?

A. Indirectly I would say, not
principally.
Q Did you do work with sem conduct or

process integration?
A Yes, in various flavors. |In one case,

as one kind, the laboratory that | started in 1986
at I1BMincluded capabilities for various kinds of
chem cal growth and evaporation techni ques for
deposition and al so surface cleaning and -- let's
see -- sonme -- sone ion beam plasma work, not a
maj or feature.

And there we were interested in | ooking
at: If | put down a layer of this material under
t hese conditions, what does that do to the next
| ayer of sonme other material? |In other words, that
was the one enbodi nent of | ooking at the question of
process integration, which is a very critical
guesti on.

But in another sense, the interactions
that -- that | had wth various people in IBMin

research, particularly there were people that |
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recall quite well interacting with, who woul d
present a problemlike this. Actually, one of them
was: How do we nmake a self-aligned shallow trench

I solation? And what can your CVD process do for
that? And what's the dependency on etching?

And so | renenber that in those days,
because we knew how to do sone of these processes
and we were interested in sem conductor
manuf acturing technol ogy, | and the people in ny
group had a lot of interaction with the device
I ntegration people in the silicon technol ogy
di vi sion who were working as part of what was called
t he ASTL, Advanced Silicon Technol ogy Lab, that
partnered our research division in Yorktown wth | BM
Burlington and | BM Fi shkill devel opnent and
manuf acturi ng sci ence.

So this notion of process integration
Is one that |I've been, | would say, far nore close
to in kind of the strategic inplications than how
much | could do in ny own research |ab.

Q So you didn't do any direct research

W th sem conductor process integration; is that
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right?
MR MUKERJI: Objection to form
THE WTNESS: Wuld you restate
that, please?
BY MR CHEN
Q | was just trying to clarify the |ast
statenent you nade.

You said that:

This notion of process integration is
one that I would say that I|'"'mfar nore close to in
kind of the strategic inplications and how | could
do in ny own research | ab.

And | so wanted to clarify whether you
meant that you didn't actually do any direct
research or direct work with sem conductor process
integration; is that right?

MR. MJUKERJI: Sane objection.

THE WTNESS: | don't think that's
a fair way to characterize it.

So | was referring primarily to ny
di scussions in the '80s --

BY MR CHEN:
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Q Ckay.
A -- and early '"90s with I BMtechnol ogy

people in research and in other divisions --

Q Ckay.
A. -- when | nmde that statenent.
In ternms of how nmuch ny -- let's say ny

publ i shabl e research has been in process

integration, | think it's been pretty substantial.
Q Ckay.
A. So, for exanple, at a certain point in

| think about |ate '80s, people were interested in
maki ng hi gh-density capacitor structures and the
guestion was: Wat can you do to make a high
surface area out of thin filmtechnol ogy? And the
answer to that we found was to use
nucl eation-controlled growth that all ows you to nake
rough silicon surfaces.

Qut of that | think we have a patent
and a nunber of publications. That certainly is a
process integration issue, although not the entire
line that you have for naking the device.

And then noving to the present, our
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wor k has been recogni zed in energy storage, which
uses the sane thin filmtechni ques as the
sem conduct or worl d does, CVD, ALD, oxidation, etc.

And we've been nationally recognized
for building the world's smallest battery using
hi ghly conformal deposition by a kind of CVD
techni que called atom c | ayer deposition. Put two
el ectrodes at either end of a nanoport and nake a
full-fledged battery. So that is certainly process
I ntegration exanpl e.

So, | mean, the bottomline is that ny
research students and the students who have to
listen to ne in |l ecture know what process
I ntegration is.

Q Did you ever devel op a sem conduct or
process for naking a device?

A Now, that's a very broad question.
That's too broad a question for ne to know how to
par se.

Q kay. Did you ever develop the
sem conduct or process from beginning to end for

manuf acturi ng a sem conduct or devi ce?
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A. You nmean where ny hands or ny head were
doi ng every single step and comng up with a

different device or a different process flow?

Q Yes.
A. No.
Q Did you ever devel op sem conduct or

processing --
A Actual ly, I'm not sure anyone has done
t he whol e thing al one.
Q Ckay. Did you work on a portion of a
sem conduct or process that was then used to
manuf acture a devi ce?
A | certainly worked on processes that
are used in sem conductor device manufacturing and
trying to see ahead what are the things that control
t hat .
Yeah, | guess | could give an exanpl e.
Actually, it's an interesting one.
| had a programw th Northrup G umman,
which is interested in galliumnitride HEMI devi ces,
and the trick in the HEMI device is that there's a

cappi ng layer of only 20 nanoneters whose thickness
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controls the performance of the HEMI device. And we
devel oped and nmy group, working with the engi neers
at Northrup G unman, we devel oped a realtine for
institute sensor that could determne in realtine
what the thickness and deposition rate of the CVD
process was as MOCVD, galliumnitride, alum num
galliumnitride.

And we put in a process control so that
inrealtinme we could tell how many | ayers are on the
surface and then turn off the process when there's
just the right nunber, and they were able -- we were
able to control the alumnumagalliumnitride cap
| ayer thickness to 1%

Q Did you ever devel op portions of a
sem conduct or process that was used to manufacture a
MOS sem conduct or device?

A An MO S?

Yes.

A The one exanple was that we did sone
wor k on understanding the stability of the thernal
Si2 silicon interface high tenperature annealing

and we | ooked at what are the degradati on nechani sns
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t hat happen. And we started in research with the
supposition that, well, if we can control the

cl eanli ness of the process environnent, the kind of
thing cluster tube people worry about, we m ght be
able to make better structures. W found exactly

t he reverse.

What happened was, there's a reaction
where the silicon and the SiQ2 formvolatile silicon
nonoxi de, which cones off the surface and ends up
causi ng activation of existing defects, nmaking them
electrically active, and then later on leads to
voids in the oxide film

So this actually was the subject of
both a nunber of publications and a patent, and in a
sense that was adopted in manufacturing, but 1'l]
tell you how.

Gary Barner, who was at Yorktown, was
wor king with colleagues in Burlington. And they had
noticed that when they did annealing in what they
t hought was a really good furnace, really clean,
that the devices failed too often, nore often than

usual. And then he renenbered our work and he sai d,
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oh, they taught us what's going on there and all you
have to do is to put sone little bit of water or
oxygen into the annealing environnment. This problem
wll go away, and it did.

So | don't know what it really led to
but --

Q So --

A -- that was gratifying.

Q So your work, again, had applicability
to sem conduct or manufacturing or the manufacturing
of sem conductor devices; is that what you're
sayi ng?

A. | think it had sone rel evance to them
You know, the people who work in devel opnent are
usually doing a nore evol utionary approach and nore
practical approach because you're trying to nmake
t hi ngs wor k.

Q Ri ght .

A We were doing research that had, |
think, a remarkable |evel of interaction and inpact
conpared to what nost people do in research.

Q But your work wasn't in devel opnent;
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correct?

A No, | was in the research division.

Q Ckay. And so you didn't ever develop a
sem conduct or process or portion of a process that
was to be used directly in the manufacturing of a
sem conductor device; is that fair?

MR. MJKERJI: bjection to form

THE WTNESS: It's hard for nme to
neasure that because we had a very integrated
environnent in IBMacross its divisions from
research to manufacturing, and part of ny hesitation
Is that the programthat | started in 1986 at | BM
was in a sense pioneering.

We brought together ultraclean
process environnents that could be coupled into
process integration sequence, and part of that work
was in | ow tenperature epitaxy, which is sonetines
cal | ed UHV/ CVD epit axy.

Berni e Meyerson was prinmarily
responsible for that, but | think his ability to
make that happen cane fromthe vision that | had and

that he and one or two other coll eagues had in
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creating this research -- special research
environnment. W call it integrated processing, but

it'"s really a research version of cluster tool
manuf act uri ng.
BY MR CHEN

Q Did you ever devel op sem conduct or
processes for use in a comercial sem conduct or
devi ce?

A. Vell, I'l'l give you kind of the sane
exanple that this UHV/ CVD epitaxy that Bernie
Meyerson was primarily responsi ble has been a huge
hit and certainly in manufacturing, but he was
really the driver of that. And he built on sone of
the things that we together tal ked about and
realized in ny |lab and the exanple | gave you of
ul tracl ean annealing of MOS structures and so on.

Q How woul d you di sti ngui sh between the
field of research that you worked in and the
devel opnent fiel d?

A. In the research division, we had the
freedomto choose which processes, which devices,

whi ch sequences of processes and structures and
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devices we wanted to focus on. |In devel opnent,
there's a technol ogy roadmap where we know t hat the
I ndustry has the -- it used to call it the national
t echnol ogy roadmap for sem conductors, then the

I nternational technology roadmap for sem conductors.

And then so this is pre-conpetitive
roadmap where people should be trying to nove the
technol ogy, and I would say that that roadmap
defi nes vectors of what people should work on and
that's what people in devel opnent |argely do.

But now and then research can play a
role in changing which vectors are adopted or nmaking
new vectors. So | think maybe a sinple way to put
it is that developnent is really m ssion oriented.
Research has a mssion, but it's an adjusted one.
It's nore adjustable m ssion.

Q Do you understand what are the general
goal s in sem conduct or manufacturing?

A | think so.

Q What are those general goal s?

A. Well, very generally speaking, kind of

br oad- brush perspective, they're interested in
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I ncreasi ng performance, increasing or at |east not
hurting reliability, driving down costs, and those
are | everaged by other things such as factory
flexibility, process integration alternatives, and
so on. Oh, and availability of equi pnrent, equi pnent
desi gn.

Q And these general goals are the typical
obj ectives that sonmeone m ght have when they're
trying to devel op a sem conductor process; correct?

MR MUKERJlI: Objection to form

THE WTNESS: | think it depends
on who's devel oping a process. So you said "a
sem conductor process." Let's say |'mtrying to
devel op an MOS isotropic etching process. |I'm

probably a process engi neer, not a process
Integration specialist. M task is to nake that
singl e process work better.

So | really don't have as ny
m ssion the | arger system goal of inproving
manuf acturing costs and perfornmance and so on. |
have one piece of the puzzle. So that's quite

di fferent.
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BY MR CHEN:

Q So the general goals that you had
menti oned before are goals for the |arger systenf

A. Yes.

Q Al right.

A Sonebody, sonebody at the top of the
organi zation has to worry about those goals. Let ne
gi ve you an exanple what |I'mtal ki ng about.

In sonmething |ike the -- what would
have been the md-'90s when | had been at North
Carolina State University and | cane to Maryl and,
where there were a different set of skills in the
institute that | directed, we had a National Science
Foundati on program supported by al so the
Sem conduct or Research Programto understand the
I nteracti on between an individual process nodel,
like for CVD or etch or probably both of them and
t he equi pnment nodels that carry out that process,
whi ch may be cluster tools and have sone nunber of
chanbers on themthat robots nove things through.

And then you can have different nunbers

of these cluster tools, and the nunbers that you
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have in the configuration of each tells you how

efficient your factory floww Il be. And then the
factory has to | ook at the horizon of what is going
to be the demand for this product and that product.

So we had integrated nodels that went
all the way froma specific materials thin film
process to the horizon of changi ng demands and
factory flow optim zati on.

So at the end of that is where those
general goals |lie, but those general goals depend on
what happens at each little process. And if you
make a process inprovenent, it wll affect or may
not affect the flow of product through a cluster
tool or through a sector of the FAB.

So there's a whole hierarchy from
I ndi vi dual process to the kinds of general goals
that you're tal ki ng about .

Q So |'"'mclear, when we tal k about
overall system we're talking about the entire
sem conduct or process for manufacturing a device
from beginning to end; correct?

A Yes, and the way that it's made. |
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nmean, that's -- that's a factory, that's all the
equi pnent in the factory, that's the sequence of
processes that individual tools in the factory have
to -- have to carry out.

Q And t hen when you nention individual
process, that is a subset of that overall

sem conduct or process, for exanple, you know,

et chi ng?
Uh- huh.
Q Or deposition?
A Yes.

Q Ckay. Who's responsi ble for assenbling
all the individual processes into a single overall
system or overall process?

A So | guess the best way to address that
gquestion is, this would typically involve a
signi ficant nunber of people, maybe a couple hundred
or sonmething like that. In IBMenvironnent, only
one | can speak to, these would involve devel opnent,
probably manufacturing, probably equi pnent
engi neering, and sone research people. So that's a

team who wants to devel op the next version of the
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CMOS, or whatever it is, and so there will be sone
managenent | eader there who has that responsibility
of organi zing the team and anticipating what it is
that they're going to get together. R ght?

Ah, 1'Il give you a good exanpl e.

When | was working in the -- this would
have been in the '80s. Wen | was working on CVD,
PVD processes, etching processes and so on, |BM was
facing a huge transition. That transition was
i nterconnect. W were at four |evels of netal
I nterconnect with alum num as the conductor and
silicon dioxide as the insulator.

And t hose peopl e who woul d have been on
such a team and the kind of strategic forecasters of
where things can go -- this is this technol ogy
roadmappi ng environnent -- identified the fact that
it can't keep going this way because the capacitants
between the wires is too |large for the higher
speeds. W anticipate snmaller devices to give.

The resistivity of the alum numw res
Is just too high, and so the desire was to repl ace

al um numw th copper, including diffusion barriers,
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adhesi on | ayers and so on that woul d be necessary,
and to replace the silicon dioxide insulator between
the wwres with low K dielectrics. These would be
normal |y polyners or sone kind of porous nmaterial.

And so there were teans of people and
| eaders of those teans who spent huge anounts of
effort trying to figure out how do we get from
al um num Si Q2 to copper polyner, and everybody was
involved in that. Al the people in ny group.

At that tinme, | was second | evel
manager, and so | had an etching group who worked
under ne and a physical vapor deposition group and a
chem cal vapor deposition group, which is kind of
m ne, and characteri zations group, and everybody was
focused on that problem

So is there one person who's conpletely
responsi ble? | don't know the answer to that. But
it certainly is a hierarchal teamthat integrates a
| ot of things or you can't address that kind of
pr obl em

And, incidentally, the change was

successful . Everybody uses copper wring today.
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Q Al right. Let nme again see if |

under st and what you're sayi ng.
So for devel opi ng an overall

sem conduct or process for manufacturing a device,
there will be individual team nenbers or groups that
m ght have responsibility or wll have
responsibility for a specific aspect of the process,
and specific aspects m ght be etching or another
aspect m ght be deposition or another aspect m ght
be lithography; is that fair characterization?

MR. MJKERJI: bjection to form

THE W TNESS: Those three things
are essential to, let's say, changing the paradigm
of going to a next generation process flow, but
those are kind of at the bottom of the | adder and
then there are | evels in between.

So, for exanple, there mght be a
nodul e of, well, how do we get this |itho process to
work with this etch process? Wat are the
conpatibilities and trade-offs between then?

BY MR CHEN
Q Ri ght .
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A. It m ght be deposition and etchback,

you know, all ki nds.

Q Ckay. Let ne see if | can approach it
differently. I1'mtrying to understand the
hi er ar chy.

A And -- and clearly the average process
engi neer --

Q Ri ght .

A. -- who's working on one or two tools

and processors, doesn't have this whole picture in

m nd.
Q Ri ght .
A But nost of themafter a couple of
years will understand that that etch process they're

supposed to fix, the reason is it's linked to other
things. |If that etch process drifts off to the
right, then the next thing is going to have to
conpensate for that or it's going to fail
Q Sure. Ckay.
So at the -- for the devel opnent of a
sem conduct or process for manufacturing a device, at

the base |l evel of the hierarchy are the individual
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process engi neers who are responsible for specific
aspects of the process |like etching or deposition or
l'ithography; is that correct?

MR MJUKERJI: Objection to form

THE WTNESS: Well, | don't know
about the base level, quite -- quite what you nean
by that.

BY MR CHEN:

Q kay. Could you describe again the
general hierarchy for devel oping a sem conduct or
manuf acturing process beginning with the --

MR. MUKERJI: Objection to form
BY MR CHEN

Q -- lowest |evel and then noving up the
hi erarchy to the individual who has the
responsibility or visibility of the overall process?

MR. MJKERJI: bjection to form

THE WTNESS: So you depicted a
kind of vertical structure, a hierarchal structure.
I n one way or another, the organization has to have
that, but you said devel opi ng a sem conduct or

process.
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To nme, that can nean an i ndivi dual
etch process. It can nean a kind of nodule etch
coupled with |ithography and so on, and so the
peopl e responsi ble for that are existing at all
| evel s.

BY MR CHEN:

Q | "' mtal ki ng about devel opi ng t he
process for manufacturing a device so it would
include all the different steps that are needed to
manuf acture a devi ce.

A. Wel |, renmenber that there's heritage

here. It's very rare, if ever, that you just nake a
new -- a whol e new structure.
Q Sur e.

A Things evolve. |If there are 25, 125
process steps to today's CMOS generation X, then
nmost of the changes wll be evolutionary. They
m ght be in one process |evel, say etch, they m ght
be in a nodule level, and it's not very often that
It's sonething like | described with whole change in
the i nterconnect world.

Does that help you?
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Q Not really. I'mstill alittle bit
unclear. WMaybe I'll try to approach it just another
way .

The process engi neer that you nentioned
bef ore who works on one of the specific aspects of
the process, |like etching or deposition or
| it hography or sonething of that nature, that
I ndi vidual is responsible for inproving or
devel opi ng a specific aspect of a process; correct?

A How big did you nean the word "process”
to apply?
Q Al right. Gkay. You know what? This

A |"mnot trying to be difficult but --

Q No, no. | understand. | want to nake
sure that we're on the sane page in ternms of how we
use terns, and | think process is one of those that,
dependi ng on context, m ght have different neaning.

VWhat is the termthat you feel nopst
confortable with when I want to refer to the entire
process for manufacturing a device, the process that

i ncl udes, you know, nmultiple etch steps or nmultiple
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deposition steps, and all those sort of individual
processes?

A | don't know what term|'d use for
that. | nean, | don't think about it in that -- in
t hat sense.

Maybe | can suggest one thing, though.
So | tell ny students --

Q Sur e.

A -- i1f you go to work for Intel or sone
conpany like that, first job is probably going to be
equi pnment engi neer or process engineer wwth a Ph.D.
in this case, as ny students do.

Q Ri ght .

A And they are going to work with people
who are, for exanple, they would often be an
equi pment engi neer that has a master's degree or
sonething like that. And | tell themthat your
first job is going to be kind of centered around a
unit process, neaning it's etch and it's a Lam
whatever it is, etch tool.

And | tell them what you should | ook

for in your career is start to understand what
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everybody else is doing. Wat's the inplication of
that etch process and that tool on other things in
the sequence in that region? |[|f you' re working on
I nterconnect, you're working on shallow trench
i sol ation, or DRAM capacitors.

Because the job you really want is
process integration engi neer because then you're
| ooki ng at several steps, and | was -- | thought
about this hard when | was asked to define one of
ordinary skill in the art, and | chose that to be
actually for -- for all three patents at issue here.

Sonmeone typically wwth a naster's
degree and, inportantly, a couple of years of
experience. Because when you cone in with a
master's degree, you may know how to run an etch
tool, but what you really need to do is to
understand its relationship to things around it in
t he process fl ow.

And so the only demarcation line |
could offer is process or equi pnent engi neer,
process integration at sone |evel, and then kind of

the big driver is fourth | evel nmanagenent or
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sonething |like that, who are organi zi ng peopl e at
many levels if there's a major challenge to take on.
Q Ckay. So one of the terns you used was

"unit process"?

A. Yes.
Q Ckay. |If | use the term"unit process"
to refer to, like, etching or deposition, like the

specific aspect of a process, is that a fair way to

use the ternf

A That's a good i dea.

Q Al right.

A. That's actually what it's call ed.

Q Ckay.

A Better idea. | didn't think to share

that earlier.

MR MJKERJI: M. Chen? I|I'm
sorry. We've been going about an hour. You mnd if
we take a short break?

MR. CHEN. Sure. Let ne just

finish these definitions, and then we'll take a
break. | was thinking about that too.
BY MR CHEN:
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Q kay. And then if | use the term
"system process,"” can | use that to refer to the
overal |l process that's used to manufacture a device
that m ght include many unit processes?

A |'ve never heard that term

Q Ckay.

A We'd be nmaking it up.

Q VWll, | nean, | think it was used
previously before, but is there a termthen that |
can use to refer to the overall process that
I ncl udes many unit processes?

A. | don't know what the term woul d be.
|"mtrying to think what woul d be convenient for
that. | nmean, froma manufacturing standpoint, it's
kind of factory flow. You go fromthis unit
process, to that unit process, to that unit process
and so on. But I'mnot -- usually when you think
about factory -- factory flow, you' re thinking about
the | ogistics of how you optim ze getting stuff
t hrough the FAB and particularly associated with
cost .

Q How about integrated process?
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A. This is troubling al so because |'ve
published that termtoo many tines at the level of a
short sequence of processes carried out in
essentially cluster tool-type environnents.

Q Ckay. So an integrated process may
i nclude nmultiple unit processes, but is not the full
process?

MR. MJKERJI: bjection to form

THE WTNESS: That's a really hard
one because if you ask the director of |BM at
Fishkill or Applied Materials Santa C ara, or
sonething like that, what they call it, they
probably use a simlar kind of term So everybody
Is trying to use the sane term but it's not the
sane thing.
BY MR CHEN:

Q Ckay. Well, we just need to find terns
so that when |I'm asking you questions today in the
deposition, you understand what |'m aski ng about and
| understand what you're tal king about.

So why don't we take a break, maybe you

can give it sone thought, and then when we cone
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back, we'll try to find the right term term nol ogy

to use.

A. Al right. Let ne just ask a question,
t hough.

Q Sur e.

A In the patents at issue, these are

di fferent kinds of process steps in a certain
sequence of a certain life to do sonething, and I
don't -- sone -- sone go pretty far across the

spectrum of steps that are in the whole factory.

Q Sur e.

A. Sonme are much shorter.

Q Sur e.

A Does it really matter? Because we're

goi ng to be tal king about patents, specific patents.

Q | think it matters because at |east in
terns of sone of the questions |I've been asking, |
think there was sone lack of clarity with respect to
what | was asking and what you were providing us
answer. So I'd like to get to sone sort of
definition.

A Ckay. We can try.
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MR. MJKERIJI: Let's take a break.
MR. CHEN:. Thanks.
(Recess - 10:09 a.m - 10:22 a.m)
MR. CHEN:. Back on.
BY MR CHEN
Q Al right. Dr. Rubloff, let ne see if
| can get sone clarity on the terns that we've been
usi ng.

When | say "unit process,"” what does
that nean to you?

A. | think of a unit process as a single
-- a single nodification of a sanple, a wafer, a
devi ce, caused by a physical or a chemcal -- let's
see. That's not broad enough, actually, because |
don't know what to do wth netrol ogy. You know, you
have to do neasurenents in between etch, deposition,
and so on.

But, generally speaking, unit process
to me connotes an etch, a single etch step, a single
deposition step, carried out in a tool.

Now, when | use the word "step," |

realize there's sone anbiguity wth that because on
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nost, if not all, tools -- let's take an etch step.
VWhat will happen is, you have to etch at sone power.

You have to get sone gas flow and so on. And when
you |l ook at the -- it would be the conputer screen
t hese days, but really the recipe for that step,
that process, that unit process, you will see
sonetinmes 20 different substeps.

You have to turn it on. You have to
turn on the heating power if you're going to have a
heated substrate. You have to wait a certain anount
of tinme, sonme seconds, until it reaches tenperature.
Then sone valve wll open and sone power, RF power
Wil turn on, sonething |like that.

So | keep getting into this dilema of
steps, but to ne a unit process is probably one tool
that nmay do sone substeps to acconplish sonet hing.

Q So unit process -- so if | use "unit
process” to refer to an etching step, including all
t he substeps, or a deposition step, including all
t he substeps, you woul d understand what | nean?

MR MUKERJlI: Objection to form

THE WTNESS: Well, if we decide
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to agree upon that term nol ogy. But in asking

guestions about the issues at hand, | reserve the
right to --
BY MR CHEN:

Q Sure. If you have any --

A -- to make it --

Q Yeah.

A -- nore specific because there are

subtleties in these substeps. And another place
where it gets nore conplicated is, what do you call
a cluster tool? |If you have a cluster tool, is that
a unit process or not?
Q Sur e.
A So I'lIl have to maintain sone
flexibility.
MR MJKERJI: | just want to
rem nd you guys not to talk over each for the court
reporter's benefit.
MR. CHEN. That was ny fault.
I nterrupted you.
BY MR CHEN

Q But a unit process would include, for
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exanpl e, etching and deposition; correct?

A. It depends on the definition. So there
are plenty of cases. |If I look at how, let's say, a
deposition is done today, it's in a cluster tool
usually. And there will be a preheat cycle carried
out in one chanber and there may be the deposition
step in anot her chanber and then there may be
anot her step where there's annealing or even an
et chback step in another chanber.

So do | call the cluster tool a unit

process? | don't know. [It's anbiguous.
Q Do you -- do you use "unit process" to
refer to all those different -- different processes

within the cluster tool?

A You nean to each of the processes?

Q No, to all of them conbi ned.

A | don't really have a rule for that.
|"mnot sure. | don't think -- | don't know of a
convention that's broadly accepted for this.

| could -- | could understand the
argunent that if we -- if we go through a cluster

tool and it's going to do several steps, there's a
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chanber here, a chanber here, a chanber here,

processes. Each of which may have subst eps.

three separate unit processes?

three unit processes.

process” and we use it to refer to etching or

the term correct?

goes through these three in sequence, you m ght say

this is a cluster tool that carries out three unit

Q Ckay. But then you refer to them as

A. We could refer to them

Q You - -

A. | nmean, the best --

Q You said this cluster tool carries out

A It could. | said it could be viewd
t hat way.

Q Ckay.

A And as | ong as we describe what's
happening, then -- then | think it's -- it's not
difficult.

Q Ckay. So for today when we say "unit

deposition or lithography, that's a fair way to use

MR. MUKERJI: Objection to form

It
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THE WTNESS: It may be a

conveni ent one, but you will hear ne giving the
detai | s.
BY MR CHEN:

Q Sur e.

A Not -- not just using a convenient word

-- termlike that. Because | want to know what's
happeni ng to the sanpl e.

Q Ckay. Previously you had given an
exanpl e, maybe a nore practical exanple, of when you
your students, for exanple, graduate and they get
their first job.

And so your students, | think, are
Ph.D. students; right?

A Not exclusively but --

Q Ckay.

A -- nost of them are.

Q Al right.

A | have -- | have sonetinmes master's and
under gr aduat e.

Q So let's just take, for exanple, your

Ph. D. student who graduates and then he gets his
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first job, and you said typically they enter in as a

process engi neer represent -- responsible for a unit
pr ocess.

A Ckay.

Q VWhat is that process engi neer who j ust

graduat ed responsi ble for?

MR. MJKERJI: bjection to form

BY MR CHEN:
Q What are their job responsibilities?
A. |"msorry. The siren is distracting
nme.

Q Ckay. The new graduate student with
his Ph.D., he gets his first job as a process
engi neer.
VWhat is -- what are his initial job
responsibilities?
MR. MJUKERJI: Sane objection.
THE WTNESS: Well, it certainly
depends on his enployer and the job to which he's
hired, but it could involve doing -- tracking what
the performance of a tool is or that process is in

terns of yield of that process, if there's a way
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that's neasuring that right after. It could involve
pl anni ng a design of experinents to optim ze that
process. At the Ph.D. level, it may involve a
little nmore insight into the process chem stry and
sonme of the subtleties of the way the process works.
It would likely involve
interaction with the characterization | ab where they
| ook at depth profiling through the thin filmto see
if it's uniformand the right conposition and things
like that. But it's hard to be specific because
every job is going to be a little different.
BY MR CHEN:
Q And their initial work is going to be
on a specific unit process?
MR MUKERJI: Objection to form
THE WTNESS: Not necessarily.

mean, it could be in characterizati on and whet her we

call that a unit process, | don't know.
BY MR CHEN:
Q Let me -- let me explain a little bit

of what |"'mtrying to understand and then maybe t hat

will help you.
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| want to understand for two different
types of processes, |like, for exanple, a deposition
step and then an etching step. Al right. | want
to know how to distinguish between these two
different types of processes so when | use the term
“process," you know, we know whet her we're talking
about just a deposition or just an etching and not
t he two conbi ned.
s there a way to use the word
“process” to distinguish between these two different
t hi ngs?
A. You could say etch process, deposition
pr ocess.
Q Ckay. And the etch process, is that a
unit process?
MR. MJKERJI: bjection to form
THE WTNESS: It can be considered
a unit process, but that's just making another term

for sonmething that's |less precise than to say "an
etch process."
BY MR CHEN:

Q Al right.
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A. So, for exanple, | have a forner
student who went to Applied Materials and -- |I'm
sorry -- to Novellus, now Lam and he's responsible

for a PECVD process. They have a PECVD tool. He's
responsible for refining, inproving that tool and
its performance in carrying out PECVD on sonet hing.
| don't know what material .

Q What was that exanple of ?

A h.

Q | don't understand why you gave t hat
exanple. Wat were you trying to denonstrate?

A. | was just trying to clarify that it's
easier to say that he's working on an etch -- a

PECVD process than to say he's working on a unit

pr ocess.
Q Is the PECVD --
A | don't think he ever would tell ne,

oh, I"'mworking on a unit process. That's kind of a

weird term It's okay, but it's not very specific,
and I can nuch nore easily say it's a PECVD process.
Q But is there a termthat you can use to

refer generally to all these different types of
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processes |i ke, for exanple, a PECVD process or a

reactive-ion etching process or a |ithography

process --
A | think unit process --
Q -- at that |evel?
A. | think unit process is about as good a
termas | can -- as | know, and it's used

traditionally by the chem cal engineers.

Q So we' Il use unit process, and if you
think in a specific situation where we need
clarification or you need to --

A Uh- huh.

Q -- add sone detail, we'll clarify in
detail. Fair?

A Thank you.

Q Ckay. Now, who is responsible for
integrating nmultiple unit processes together?

MR. MJKERJI: bjection to form

THE WTNESS: | don't know how to
predict the answer to that. | nmean, it depends on
the situation and what does it nean to have

responsibility.
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These days -- | think it's a
little bit off topic, but these days people tend to
train to work in teans and they actually work in
teams. And so it's not as if -- it's not as if
there's one person that you al ways know is
responsible for that, that | can | ook at the org
chart of Intel and I can say, ah, that person is
responsi bl e for developing the thin factory tine.

Maybe -- maybe it happens that
way. | don't know, but | don't -- | don't really
know how -- | guess | should just say, | don't know
the answer to that.

BY MR CHEN

Q Ckay. How many years of experience
working in the industry would you need before you're
capabl e of understandi ng how different unit
processes interact with each other?

A | think you have to be in the industry
for a couple of years or sonething |ike that.
That's why | defined it that way.

And the basis for that is ny experience

with ny students who have gone off to Intel, Applied
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Materials, IBM and so on, and when | see thema
year afterwards at a conference or sonething |like
that, they have | earned so nmuch because they're in
an environnent which sees every day the process
I ntegration consequences, not the whole factory
flow, but process integration consequences of what
they're doing on a unit process.

Q Previ ously you had nentioned the fourth

| evel manager.

A Ckay.

Q Yeah.

A | don't remenber it.

Q When you were describing the hierarchy

before you nentioned your students who entered in
who worked as a unit process -- on the unit process
initially. Then you nentioned the next |evel up the
| adder, which is integrating the unit processes, and

then you nentioned top |evel, you nentioned a fourth

| evel manager. | don't know if you renenber that.
A. It was a figure of speech.
Q Ckay.
A Sayi ng sonewhere in this there nust
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be -- | don't know -- fourth level, third | evel,
fifth level. | don't know.

Q Ckay. | was just wondering what you

meant by that fourth | evel nmnager.

A Well, fourth doesn't nean anythi ng, but
iIf -- if a conpany is trying to devel op a next
generation technol ogy, then there has to be a
concerted program So sonewhere in that
organi zation, they find a way to do that, and there
are nmany ways in an organi zation to nove
strategically.

So in the ol d-fashioned days, you know,
you think, well, that person I'mgiving -- I'mthe
CEQ | give that person the assignnment to make this
happen. These days it's nore conplicated than that
because you have integrated interdisciplinary teans
that cone together, and sonetines those teans are
| ed by people at |ower |evels who have a speci al
capability for doing that and sonetines there's sone
at a bunch of higher I|evels.

Q But is that managenent | evel person

who's responsi ble for the general goals of
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sem conduct or processing that we tal ked about
bef ore?

A Wel |, sonebody is responsible, but |
think it's kind of above ny pay grade to -- to
answer that question.

Q So sonebody very senior then?

MR. MJKERJI: bjection to form

THE WTNESS: Not necessarily.
Some of the key efforts that | was exposed to in
IBM-- well, there was one -- there was one case
where | was put on a team because there was a yield
failure in I BM manufacturing and so | represented --
| was the liaison fromthe research division.

And that -- what do we call it? --
task force was led by a second | evel manager in
Fishkill, not a fourth | evel manager, and there were

different kind of skills brought together. So

sonetinmes it's sonebody young and -- and bol d.
BY MR CHEN:
Q kay. | was -- the only reason |

t hought it was sonebody seni or was because you said

it was above your pay grade, and | assuned t hat
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you're fairly senior. So above your pay grade woul d
be very senior.

A No, no. | said that because | think
we're getting into the business school nanagenent
di scussion, and | don't kind of know -- know how to
deal wth that.

Q kay. Before when you were talking
about, you know, your experience wth your graduate
students and after they graduated and had gone into
I ndustry and they conme back and you're inpressed
wi th how nmuch they've | earned, which tinme franme are

we tal ki ng about ?

A Well, that's happened since |'ve been
in academa. So that's 1993. | had students while
| was at NC State who went to -- well, they all went

to work for Intel or Novellus at the tine, or nearly
all. So certainly then.

And then also when | was at I1BM | had
peopl e who reported to ne. So these weren't all
Ph.D.s who took jobs in Fishkill or Burlington, and
| think they reported a very simlar kind of thing.

You know, you get into a new environnment where
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there's this -- there's a | arger goal

and the technol ogy, and they start sanpling how

things are rel at ed.

Q When did your first graduate student

gr aduat e?

A | don't know the answer to that. | had

-- when | was at IBM Igbal Sharif worked in ny

group and he was --

Q  Ah --
A | " m sorry.
Q |"msorry to interrupt you. You can

finish your answer.

A Ch, and so | guess he was kind of ny

first graduate student. But | don't

was the formal co-advi sor. He had a fornmal advi sor

and an RPI, but he worked for ne at |

and so it may be that | was a co-advisor. | just

don't remenber. Oher than that, it would have been

1994 or so.

Q After you had entered academ cs?

A Right. R ght.

Q Are you famliar with the term "process

of the factory

renenber i f |

BM full tine,
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flow' as it's used in sem conductor manufacturing?

A. Yes.

Q What is your understanding of the term
“process flow'?

A So if I know that there are a set of
unit processes that need to be carried out to nmake a
certain device, a three-dinensional transistor or an
I nterconnect or a contact or sonething, it may be a
short process flow, it nmay be many steps.

Process flow neans | do this first,
then | do this, then | do this.

Q So a process flowis a sequence of unit
processes with a specific order; is that a fair
characterization?

MR MUKERJI: Objection to form
THE WTNESS: It's sonething |ike
that. Sonetines you can have variants of the
process flow that get a simlar result or even the
sane result. So the order may change, but nore
often than not, you know, we've been doing this.
We' ve been making this in the FAB for the last two

years and here's what the process flowis. And it's
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witten down in this SOPs, standard operating
procedures, or nore likely it's inplenented in sone
maj or conputer systemwhat's really in the factory.
BY MR CHEN:

Q | f you have one process flow and t hen
you change the order of the various unit processes
within that flow, haven't you then created a new
process fl ow?

MR. MJKERJI: bjection to form

THE WTNESS: Strictly speaking,
suppose it would be fair to say that, or you' ve
revised the flow process, or you've chosen
al ternative process flow But one way or another,
if you wite down the steps and here's the A process
flow and here's the changed version of it, sonething
wll be different in the two col ums.

MR MJUKERJI: M. Chen, |'ve got
to ask. Are we now going to nove into the specific
decl arations or are you characterizing this as
backgr ound?

MR CHEN:. This is going to be

still background aski ng about, yeah, general
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background i nformati on about sone of the processes.

MR. MJKERIJI: No. You're asking
about a patent.

MR CHEN: Actually, I"'mnot. I|I'm
aski ng about general sem conductor processes. |
didn't bring up the issue of the order. It was in
his question -- answer.

MR. MUJKERJI: Your question was,

I f you have one process flow and then you change the
order of the various unit processes wthin that

flow, so | think you are bringing up the notion of

or der.

MR CHEN: The reason was because
in his previous answer to what -- with respect to
what a process flowis, he brought up order. |I'm

just trying to clarify his answer.

MR. MUKERJI: | understand and,
|l ook, I"'mnot trying to -- you can ask hi m whatever
guesti ons you want.

MR. CHEN. Sure.

MR. MJKERJI: What | want is a

clear record as to which declaration you're going to
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use this cross-exam nation testinony for.

So goi ng through his background,
hi s experience, that's fine, but it seens to ne that
you're noving now to nore substantive areas. So |
ask that you tie it to a declaration.

MR CHEN. This is all just
background know edge about sem conduct or
manuf acturing in general.

MR. MJXKERJI: Well, then, can |
get your representation this is not going to be used
to cross-examne with regard to a specific
declaration? It can't -- it's got to be one way or
the other; right?

MR CHEN. No. All the background
general stuff can be used for any of these
decl arations, and then when | introduce his
declaration in the specific patents, then | wll
limt that to the specific |IPR

MR. MJKERJI: So you're not asking
about - -

MR. CHEN:. Should we go off the

record for a second?
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MR MJKERJI: Sure. W can go
of f.

(10:49 a.m)

(O f the stenographic record)

(Wtness stepped out).

(Wtness returned).

(11: 05 a.m)

MR. MJKERJI: W can go back on
the record, | think.

MR CHEN. So --

MR. MUKERJI: You want to nmake a
statenent or shall 17?

MR. CHEN:. Yeah, | nean.

MR. MJKERJI: So we took a break.

THE WTNESS: Instruction for ne
or what?

MR, MJKERJI: Well, | don't know
if it's an instruction for you, but we took a break
and counsel for respondent or HSC s counsel and I
had a di scussi on about how to conduct this
deposition, this cross-exam nation.

There are four declarations at

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2004



© 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, PHD Volume | August 18, 2015
SAMSUNG V. HOME SEMICONDUCTOR 76

I ssue the witness has provided. Counsel previously
agreed for efficiency's sake that we would cover all
four declarations during the cross-exan nation over
the span of two days. That leads to a bit of a
procedural quandary as to when a question is within
or outside the scope of a particular declaration.

After conferring with counsel at
the break, we think we have an agreenent in place,
and we're going to give it atry. And that is that
counsel wi |l ask background questions as he's been
doi ng t hroughout the norning and the witness wl|
respond. |f the question is neant to be tied to a
specific patent, counsel wll make that clear.

HSC s counsel reserves his right
to use the background material for cross-exam nation
on any particular declaration. W reserve our right
to object to such use, as we believe such use may be
out side the scope of direct. So would be inproper
cross-exam nation unless the witness is aware that
he's testifying about his declaration.

But, again, we are feeling our way

t hrough -- through the issue. So wth that
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understanding in place, we can continue the
deposi tion.
| don't know if that hel ps.
THE WTNESS: It doesn't help ne a
| ot .
MR. MJKERJI: For you it's easy.
Just tell the truth
THE W TNESS: Ri ght.
BY MR CHEN:
Q So, Dr. Rubloff, right now I' m asking
you general information about the field of
sem conduct or manufacturing. | just want to get
your understandi ng of sonme of the different
processes or terns that are used in that field.
Previ ously before we took a break, we
wer e tal king about sem conductor process flow
How i s the sem conductor process flow
used in sem conduct or manufacturing?
A Well, the process flowis a description
of what -- what unit process do you do or what -- or
what batch or whatever process you do and what

process you do next. Then if you're going to do
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l'ithography, what batch you're going to use. |If
you're going to insert a characterization step to
qualify, if you think that nmeans you screwed up,
you're going to do that and so on. So you basically
need a recipe for manufacturing.
Q | s each unit process within the process
flow inportant?
MR. MJKERJI: bjection to form
THE WTNESS: | don't have an
answer for that. Because there are many steps there
and sone of them may be nore inportant than others,
nore critical. And if you ask -- if you use a term
like "inportant,” then | want to know, well, what's
the nmetric by which you neasure inportance?
BY MR CHEN
Q Are any of the steps extraneous?
MR. MJKERJI: bjection to form
THE WTNESS: | guess the right
way to ook at that is that if people had a
consensus they were extraneous, they wouldn't be
doing them So at the tine it's happening, it

doesn't appear to be extraneous, but it may be
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sonmeone will conme up with a better idea and inprove
the process flow and take out sonme steps or repl ace

themw th other steps. But nobody woul d | eave

sonething in, unless -- if they knew it was
extraneous, unless -- well, let nme qualify that.

| could imagine -- this is very
hypothetical. | could inmagine a condition where you
have steps 1, 2, 3 and you don't -- you realize you

don't really need step 2, but it does sonething
uni nt ended and when you take it out, everything
falls apart. So 1, 2, 3 doesn't work.

So, for exanple, if there was a
delay in the wafer sitting out in the clean roomtoo
| ong because you're doing a characterization step,
and sonehow sitting out in the clean room caused it
to be oxidized further and you didn't know it, but
that was inportant. So if you were doi ng sonething
with that seem ngly unneeded step that you didn't
know about, then that would be a deviation.

| nmean, normally you say, if |
don't think I need it for anything, I'll just take

it out, but there are unintended consequences
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sonetinmes. So that would be the occasi onal
exception, | guess.

| find the question is difficult
to deal with w thout specifics.
BY MR CHEN

Q In the hypothetical that you just gave,
was that a real-world exanple that you encountered?

A | have no idea. It was hypothetical.

Q So sonebody running a process flow,
woul d that person ever just take out a step and not
run it or add in a new step?

MR. MUKERJI: Objection to form

THE WTNESS: They woul d not do
that in a manufacturing line, but they nmay be
experinenting wwth the process integration issues of
t he sequence of a subsequence of steps and want to
do sone experinents to see if they could get rid of
this one or replace it or sonething, sonething |ike
that. But that would be kind of an off-Iline
experi nment.

It can be carried out certainly in

devel opnent environnents, sonetinmes in manufacturing
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even, but they know they're doing it and it doesn't

go to the sane place where the product records go

typically.
BY MR CHEN:
Q So maybe as part of the devel opnent

process to try to inprove or nodify the process
fl ow?
A Yes, but --
MR. MJKERJI: bjection to form
THE WTNESS: -- you have to be
careful not to conpartnentalize devel opnent versus
manufacturing. It's not a solid wall between them
One of the surprises you learn in
manufacturing is that people are retuning unit
processes, sequences of processes, to try to get the
yield up or sone other benefit fromthat. So they
may do experinments with dummy wafers or wwth -- with
sone kinds of test wafers or sonetines even product
wafers to see if they can get the yield up.
BY MR CHEN:
Q How are steps differentiated from each

other wwthin a process flow?
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A | don't know what differentiated. |
nmean, you could nane them You could nunber them
You could wite a SOP, a standard operating
procedure. You could wite a tool recipe.

| think we're kind of in a discussion
here which faces the obstacle that by trying to be
general about this, we mss what's really happeni ng.
Peopl e want to be precise and say, we do this and we
do this and here's how we do that and then we do
t hi s.

Q Just so | understand, when you said
t hat people want to be precise and say, we do this
and we do this and here's how we do that and then we
do this, what are you referring to?

A | was referring to the di sadvantage of
trying to put kind of global terns on this.

Q Ckay.

A You asked ne -- in reference to your
previ ous questi on.

Q | thought maybe you were referring to
what a process flow was, which is, you know, do this

and then you do this and then you do that.
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That's not what you were referring to?

A |'ve lost the argunent.

Q Ckay.

A | don't know where we were,.

Q Al right.

A Sorry. |'ve lost the thread of the

di scussion already because it's a little bit vague.

Q No probl em

A. That's what | neant by "lost the
argunent . "

Q Are you famliar with the term
"chem cal vapor deposition"?

A. Yes.

Q And can we refer to it as CVD?

A. Yes.

Q And you' ve had experience with CVD in
your prior work?

A. Yes.

Q What is CVD?

A. CVDis a materials nodification process
whi ch uses chemcally reactive gases to form new

ki nds of nmaterials that are reaction products of
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t hose reactive gases on a surface, resulting in a

thin filmof material being deposited.

Q It is -- is it a deposition technique?
A. Yes.
Q Are you famliar with the term

"physi cal vapor deposition"?

A. Yes.

Q Can we refer to it as PVD?

A. Yes.

Q And what is PVD?

A. PVD is a different type of deposition
t echni que whi ch does not involve chem cal reactions
to an appreciable extent in contrast to CVD. So
exanpl es woul d be evaporation and sputtering in
particular, and the P stands for physical as opposed
to chem cal

Q In PVD, do you have a target that then
you bonbard with sonme ions and that causes materi al
to fall down onto where you want to nmake your
deposition? |I'mtrying to understand the PVD
process.

A You said in PVD?
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Q Yeah.
A There is -- there are several different

styles of PVD. One of themis called sputtering,
and | think that's what your referring to and that
does use ions to unmark the target.

Q So sputtering is a specific form of

PVD?
A Yes. Evaporation would be anot her one.
Q How does the evaporation work?
A | n evaporation, you heat a target
material -- there are different ways to do that --

to a tenperature such that the atons of that
material junp off the surface. They evaporate.
Sonme of them have enough thermal energy that they
can leap the surface. And when they do that, they
have sonme vel ocity goi ng sonepl ace and so they end
up on sone other surface. One exanple being that we
care about is your wafer.
Q Thank you.

Are you famliar with the term"rate of

deposition"?

A Yes.
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Q What does rate of deposition nean?

A. Well, typically we think of rate of
deposition in units of nanoneters per second, or
angstrons per mnute, or a certain anount of the
deposited nmaterial comng onto the surface per unit
time,

Q So for a certain tine period, the rate
of deposition will determ ne how nmuch material is

deposi ted?

A You nean a constant rate of deposition?

Q Yes.

A. So if you have a constant deposition
rate, then that -- and do you know how | ong you're

doing that, that tells you how nuch you have | eft
deposited at the end when you stop.

Q When you' re depositing material by CVD
process, is there a difference between the rate of

deposition on horizontal surfaces and verti cal

surfaces?
A. Yes and no. Mostly no because chem cal
vapor deposition can -- and is chosen for this --

can achi eve essentially the sanme deposition rate on
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hori zontal and vertical surfaces. W call that
phenonenon conformality, high conformality, or group
step coverage and so on.

On the other hand, it's not perfect and
it can depend on at |east two fundanental factors.
One of themis the process chem stry you use.
Because there are regi nes of process chem stry that
are rate limted by kinetics and that's where you
can get good confornmality, and there are other
reginmes that are rate limted by transport.

And in that case, it depends on the
geonetry and specifics of gas flow distributions and
three dinensions in your reactor as those gases are
approachi ng your wafer.

So the second thing besides the
I ndi vi dual process chemstry that's inportant is,
you have to know sonet hing about -- well, as part of
that, you have to know sonet hi ng about what regine
you're in, kinetic or transport-limted, and what
details are there.

But the other thing is the equi pnent

design. Because as you enter a regine, which is
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affected at all by transport, then the gas flows of
bringi ng these reactive species to the surface are
-- can be quite conplicated and that has led to the
chal | enge of designing good CVD reactors that can
deposit uniformy over large wafers and into
conplicated three-di nensional mcro- or

nano- geonetries which are the patterns you're trying
to make.

Q When you said "step coverage," what
does step coverage nean?

A. Wel |, step coverage is a kind of |egacy
termfroman earlier era when people would evaporate
or sputter over structures where you m ght have a
rai sed region conpared to a |lower region, like a
pl ateau, and you'd want to have the sidewall covered
with, if you can, the sane thickness as you have on
the top and on the lower plat -- |ower |evel.

And so that's called step coverage.
And so you asked, okay, if it's -- if it's a
t housand angstrons on the top and away fromthe
step, what is it on the side of the step?

Q So good conformality and good step
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coverage nean the sane thing?

A. It nmeans simlar things. In ny view,
we now have the requirenent in a DRAM capacitor or a
stack capacitor or shallow trench isol ation,
whatever it is, we have very high-aspect-ratio
structures in the devices we're naking.

That nmeans we have narrow trenches, for

exanple, that are very deep and so in those cases,

you really wouldn't talk about that as step coverage

so nmuch as you would conformality. | think that the
term"step coverage" is not as -- not as current but
| egitimate.

Q So if I were to say sonething had 50%
step coverage, for exanple, that would nean that the

t hi ckness of the deposition on the horizontal

surface is -- sorry -- | nean on the --
A On the vertical surface.
Q Ri ght .

If | were to say that sonething had 50%
step coverage, that neans the thickness of the
deposition on the vertical surface is half as nuch

as the thickness of a deposition on the horizontal
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surface; is that correct?

A. Partly, although there are different
ways you can define it. Because typically when you
have the vertical surface being covered, it won't be
uni form coverage fromthe top to the bottom So you
may get thicker deposition near the top of the
vertical step, the side of the step, than at the
bottom So you really should prescribe how you're
nmeasuring step coverage.

Q Ckay. How is step coverage typically
measur ed?

A | think people use what they -- what
they are confortable with for conmunicating results
to their coll aborators, colleagues, and so on.

Q Ckay.

A. | nmean, you know, you could pick a
sinple neasure like, what's the average over the
vertical surface?

Q Ckay.

A Sonmething |ike that.

Q |s the thickness at the top of the step

al ways thicker than the bottom of the step?
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A. Usual |y, but | wouldn't say al ways
because | haven't conjured up reactor designs and
gas fl ow consequences, particularly in a
transport-limted CVD regine. So there m ght be
excepti ons.

Q But in your experience, you haven't
seen any?

A Not typically, no.

Q And so if sonebody told you this
process has 50% step coverage, what woul d that nean
to you?

A. | think the only thing I could concl ude
fromthat, because they didn't tell nme how they
nmeasured step coverage, is that you can't count on
the | ayer being deposited on the vertical or side
surface |looking just like the |layer on the top.

Q It would be thinner; right?

A Probabl y t hi nner.

The only exception | can think of right
now i s, suppose it's really rough. Sonetines you
deposited naterial and it's a thin filmmteri al

whi ch has a grain structure or it's
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nucl eation-controlled, like | told the story earlier
about finding a way to nake rough silicon surfaces,
and so there are exceptions that can happen. Then |
woul d know. That would be a difference.

Q Are you famliar with the term

"ani sotropic etching"?

A Yes.
Q What is anisotropic etching?
A Ani sotropic etching refers to etch

rates such that the etch rate on a horizontal
surface is different fromthat on a vertical
surface. It's kind of the dry etching anal ogy to
the CVD conformality questi on.

Q Howis -- howis the etch rate on the
hori zontal surface different than the etch rate on
the vertical surface in anisotropic etching?

A |"msorry. | don't know what you're
| ooking for here when you say "howis it." You nean
why does it happen?

Q What is the difference?

You said that anisotropic etching

refers to etch rates such that the etch rate on the
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hori zontal surface is different than that on the
vertical surface.

What do you nean how -- that the etch
rates are different?

A They're different nunbers. |If one is
etching at a rate of 50 and the other is at 12,
they're different.

Q |s the etch rate of the horizontal

surface higher than the etch rate of the vertical

surface?
A. If it's anisotropic etching, yes.
Q | s anisotropic etching the sane thing

as dry etching?
A Not necessarily.
Q So dry etching -- sorry. Let nme ask
you this.
What is isotropic etching?

A | sotropic etching is a condition in

which the rate at which a surface is renoved is the

sane on all surfaces. So horizontal or vertical,
substantially the sane.

Q So dry etching can be either
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ani sotropic or isotropic?

A
Q
A
Q
start over.

A

chem cal s,

Yes.
How about wet etching?
What about it?

| " m sorry.

Can wet etching -- well, let nme just

What is wet etching?

Wet etching is the use

of liquid

such as acids, for exanple, to renove

material froma surface.

Q
I sotropic?

A.

Q

you before.

A

usi ng a vapor environnent.

i nvol ved.

And is wet etching anisotropic or

It can be either.

Ckay. And | don't renenber if | asked

What is dry etching?

Dry etching is renoval

of materi al

So there's no liquid

Typically a plasma is invol ved so that

you have pl asnma species available to do the etching.

Q

Are you famliar with lithography
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t echni ques?

A. Yes.

Q What is |ithography?

A The word "Ilithography" can be used in
at least two different contexts. One is the
exposure of patterns, the transfer of -- the
exposure of patterns of light typically, but could
be el ectron or ion beans, into material so as to
nodi fy that material, typically a mask, and then to
use that mask for other things.

So that use of the term™"lithography"
and they -- the two neanings kind of nerge together.
Sorry, but that's how |l see it.

So one way to tal k about |ithography is
t he exposure of a patterned beam using a mask or
direct light of a particle to formpatterns in a --
in a material, and so it has to do wth optics or
el ectrons or photons in patterns.

The broader neaning is doing
l'ithography to be able to typically renove materi al
in sone regions and not in others. So that conbines

typically sonething |ike the exposure part -- that's
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the first version of the word that | used -- with
etching of sone kind so that that pattern that was
made is transferred into the thin filmmaterial.

And | think those -- those two sonewhat
different versions are really used interchangeably.

Q So let me see if | understand what
you' re sayi ng.

There are two definitions of
l'it hography whi ch have kind of maybe bl ed into each
other a little bit.

One is using lithography to strictly
refer to the formation of the patterned nmask;
whereas, the other termrefers to both the formation
of the patterned mask as well as the etching process
that is used to transfer that pattern onto the

mat eri al bel ow?

A Yeah, and the reason | neke the
distinctionis -- | nean, | teach this stuff; right?
|'"ve got slides on this. |Is that if you're talking

about how you nmake patterns by using masks and
magni fyi ng, demagni fying, and so on, you're really

tal ki ng about optics or electron -- photon optics or
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el ectron optics, ion beamoptics, and so you're
tal ki ng about a tool.

And there's a whole world of capital
equi pnent vendors that nmake that their specialty.
They don't necessarily do the etching and they don't
necessarily devel op the photoresistor or the resi st
that's sensitive to that pattern.

Most generally if | say typical
l'ithographic process, | will mean | had sonething on
the surface, | took a mask, | transferred the Iight
fromthat mask into a photoresist layer that | put
down and treated appropriately and devel oped so it
had openings and cl osed parts, and then | used that
to -- as a mask for etching.

So in that sense, lith -- the exposure,
the lighting, and the etching are all part of the
word |ithography.

Q Al right.

A |"msorry, but | don't know how not to
be alittle bit vague on it. And it's not vague,
but | need to explain that people use the termin

di fferent ways.
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Q kay. And how is the photoresist used
in |ithography?

A In optical |ithography?

Q Let's use the lithography to refer to
both the optical aspect as well as the subsequent
etching in photoresist.

A No, that's not what | was
di sti ngui shi ng.

Soif I want to nake a pattern, | can

do it by shining light or not shining light --

Q Ch.
-- at these | ocations.
Q As opposed to ions?
A As opposed to ions and el ectrons.
Q Sorry. Al right.
And the photoresist is used with the
l'ight?
A Right. But even in electron or ion

beam | i t hography, particularly electron beam sone
peopl e woul d just say "photoresist" because they're
so used to it, but it's an electron beamresist.

Q Ckay.
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A. O, for that matter, X-ray resist.

Q I n sem conductor manufacturing, do they
typically use light or the ion bean?

A Rarely ion beam because it doesn't have
a high throughput. Usually |light and these days
it'"s ultraviolet light. But there are inportant
uses for electron beamlithography as well in
manuf acturing and that's particularly to nmake the
mask for optical |ithography.

Q Ckay. For now let's talk about 1ight.

A kay

Q Ckay. Because that's the nore
common - -

A Yeah.

Q -- form

How i s the photoresist used in

l'ithography using |ight?

A Yeah. You can say pattern --
Q Ckay.
A. -- so it's sinple.

If | have a layer of material and |

want to renove it fromone region and leave it in
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another, | put on a |layer of photoresist, which is
typically a polyner that is sensitive to light. So
| make this -- this cover. | then take a mask, an
optical mask, shine light through it, and imge it
one way or another on the photoresist. So the |ight
hits this part of the photoresist, let's say the A
part of the photoresist, but doesn't hit the B part
of the photoresist.

The |ight causes photochem cal changes
in the resist and can transformthat resist from
being soluble to insoluble in the right chemcal or
I nsoluble to soluble. So it nodifies the
photoresist. That's why we call it photoresist.

And then you can renove one part or the
other in a process that's call ed devel op, where you
basi cally di ssolve one piece or the other. 1'l]
hesitate to go into positive and negative
phot oresi st and so on.

So that neans that you now have the
photoresist in one -- in one place A but not in B,
and so if | have the photoresist on A on ny materi al

and | put it in an etching solution or a dry etching
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environnent, the mask is protecting the A region.
So it won't -- the material under it won't be
renoved, but where the nmask isn't present, the
material wll be renoved.

Q So the remai ning portion of the
phot oresi st acts as a mask?

A Yes, and then, of course, you renove it
at the end.

Q When you say "renove it at the end,"
you nean renove it at the conpletion of the etching
process?

A. Typically that's when you'd renove it,
but not necessarily then. It depends what your next
step is.

Q Wiy do you -- how do you renove a
phot or esi st ?

A Typically you dissolve it in liquid
chem cal s, but you could nove it by dry processes as
wel | .  For exanple, by ashing.

Q Wiy is it necessary to renove the
phot or esi st ?

A The photoresist is just there to help
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you do the patterning or to do |lithography at that
point. Now, | should be careful because there are
excepti ons.
So there are devices that use a

phot oresi st called SU8, which can actually be used
to nmake devices for mcrofluidics, for exanple. So
sonetinmes you're going to continue to use it even as
the device is conpletely finished, but in
sem conductors typically you will renove it either
after you've done one etching step wth the nask,
the photoresist mask in place or at sone |ater tine.

Q When you are depositing the
phot oresi st, does the surface that you' re depositing
it on have to be flat?

A When you' re depositing the photoresist?
No, it does not have to be flat. | don't know how
flat you nean, but if it had to be really flat, you
woul dn't have a very good strategy for using
lithography as a patterning techni que to nmake
t hr ee- di nensi onal devi ces.

Q Ckay.

A. But there is sone tol erance too. There
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are -- there are situations where you woul d have
trouble making the profile of photoresist thickness
versus position over underlying topography that's

t oo demandi ng.

Q You said if it had to be really flat,
you woul dn't have a good strategy for using
| ithography as a patterning technique.

|"msorry. | don't really understand.

A. So when we nmake devices, they're
t hr ee- di nensi onal .

Q Ri ght .

A. They're al so usually not very
interesting usually; right? So if you nmake --
suppose you nake a gate el ectrode.

Q Ri ght .

A. You know what a gate el ectrode is?

Q Yeah.

A And after that, you're going to have to
make sone other structures; right? Because a gate
el ectrode in isolation doesn't do anything. You
have to make contacts, the source/drain, and stuff.

Those are going to be sonewhere by |ithography as a
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pattern strategy, exposure and etch.
So if you couldn't put down a
phot oresi st | ayer and use optical |ithography, how
woul d you nmake the rest of the device?
So lithography and photoresist have to

be reasonably conpatible wth having a
t hr ee- di nensi onal topography at sone | evel
under neat h.

Q So you can deposit a photoresist on a
t hr ee-di nensi onal surface with topography?

A Yeah, within limts.

Q kay. Are you famliar wth chem cal
mechani cal poli shing?

A Yes.

Q And we can refer to chem cal nechani cal
pol i shing as CMP; right?

A Yes.

Q Ckay. And what is CwP?

A CWP is a planarization technique. So
as you nmake these | ayers --

Q Ri ght .

A -- in three dinensions, the tendency is
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for the topography of the surface to get nore and
nore structure, higher aspect ratios and the |ike,
and so sonetines you wll want to planarize that
surface. CMP was developed to deal with this
problemin the interconnect domain.

It was actually done at IBMwhile | was
there, and we weren't allowed to talk about it. But
t hat was when people were trying to figure out, as
you nmake a wire here, then a wire above it, then a
W re above it, pretty soon you have a very rough
surface. And so how are you going to do |ithography
on that? How are you going to nake anythi ng on
that? It's too difficult.

So peopl e devel oped strategies for
pl anari zati on, and CVP was pivotal wth that. It's
one of the techniques, but it's probably the nost
advanced techni que for doing a good job of
pl anari zati on.

Q You said you have a very rough surface,
and how are you going to do |ithography on that?

For exanpl e.

Q Right. So CW is used to planarize a
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surface so that you can do |ithography?

A. And -- and you can nake reliable
structures. So these days there are -- | don't
know -- eight |evels of interconnection wiring on a
chip. And what's done nowin the -- in the current
generation of technology -- and CVMP was part of
devel opi ng that capability -- is at each |evel,
you' Il planarize the surface and then build anot her

| ayer of wires that cone up through an insul ator and
then do sonething in a horizontal direction, but
it's planar.

Q And are you using the CWP to planari ze
the -- the photoresist?

A No. No. To planarize the materials
t hat have been deposited.

Q Ckay. So you're using it to planarize
the material upon which you woul d deposit the
phot or esi st ?

A O upon which you will deposit sone
ot her material .

Q Ckay. Wuld you ever use CVP to

pl anari ze the material that had a photoresist on top

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2004



© 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, PHD Volume | August 18, 2015

SAMSUNG V. HOME SEMICONDUCTOR

107

of it?
MR MUKERJI: Objection to f
THE WTNESS: | don't unders
the question. You don't -- | don't know of an

and any attenpts to use CVP on photoresist.
BY MR CHEN:
Q What are sone ot her planarization

t echni ques?

orm
t and

yone

A. Well, another one is call ed etchback,

which is a kind of ion beam plasma, and that was the

standard before CVP was devel oped.

Q Ch, okay. How does etchback work?

A Et chback uses typically ions |Iike you
woul d use in sputtering to nove material as
uniformy as possible and be -- what it basically

does, it honobgeni zes the surface. So if you'v
a big bunp soneplace here, that will etch fast
renoved faster. So it does sone planarization
Q Do you use a mask with etchback
t echni que?
A Wl |, people use nmasks for things

collimated sputtering, but | don't know of any

e got

er, be

l'i ke
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exanples wth etchback. That doesn't nean there
aren't any. | just haven't seen it.

Q | just have a few nore of these
background type of questions, probably take another
15 to 20 mnutes, but I don't know how hungry you
guys are, whether you want to stop.

MR. MJKERJI: Wuld you like to?

THE WTNESS: |I'mall right.

MR. MJKERJI: Are you okay?

THE W TNESS:  Yes.

MR. MJKERJI: So what |'d suggest
I's, why don't we do the 15 to 20 m nutes questions
and then take our |unch break.

MR. CHEN: Sure. That sounds
good.
BY MR CHEN:

Q Are you famliar with the term

"dielectric layer"?

A Yes.
Q Is it the sane as an insulation | ayer?
A The two terns are used pretty nuch

I nt erchangeably, but I'mnot sure that that's a
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uni versal valid way of |looking -- to look at it.
|"d have to think about whether there's sone
excepti ons.

Q What are some commbn materials used to
forma dielectric layer or insulation |ayer?

A In the sense?

MR. MJKERIJI: (bjection.
BY MR CHEN:
Q Actual ly, let ne go back.
So for you, dielectric |layer and
I nsul ation | ayer can be used interchangeably, but
you're not sure whether that is universal?

A. Wel |, okay. So dielectrics should have
a bandgap and be insulating, but they aren't al ways.

Q Ckay.

A. So with alumnumoxide | can tell you,
it is netallic. So there are exceptions to this,
but in the field of sem conductor electronics where
t he nunber of materials that are insulators or
di el ectrics, generally speaking, people casually use
them the terns interchangeably.

Q kay. Dielectric is nore of a
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characteristic of a material, whereas, insulation --
I nsulating mght be nore of a functional term is
that fair?

A | haven't thought about this
di stinction.

Q kay. Wiat is insulation |ayer?

A | nsul ation |ayer to ne neans that if
you have a voltage across that material, there can
be a current passing through it. However, it's nore
conplicated than that because nost materials have
| eakage currents or neans by which there can be a
tiny current, and so we tal k about what's the
| eakage current in this material under certain
vol tage conditions. Also, what's the breakdown
field?

Because if you press high enough of
vol tage over a thin enough material, you can change
the material, actually, and make it into a kind of
conduct or .

Q Let's say | had a | ayer that was nade
of silicon oxide. Wuld that be an insul ation

| ayer ?
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A. Typically it should be, if the quality
of the material is good and you're not stretching it
to very high electric field strengths and if it's
not too | eaky.

For exanple, people used to do what's
call ed sputtered quartz, which is you take a target

for sputtering that's made of silicon di oxide and

you sputter it onto your -- your wafer, and it nakes
rather inferior material conpared to other -- other
ways. So.

Q VWhat if | had a layer of silicon
nitride? Wuld that be -- also be an insulation
| ayer ?

A Yes, if it's decent quality naterial.
Silicon oxide, silicon dioxide, silicon nitride are
typically regarded as insulators, and peopl e usually
use themas insulators. | guess the caveat that you
hear me making is, you can take a good naterial and
nmess it up.

Q kay. Are silicon nitride and silicon
oxi de | argely interchangeabl e?

MR. MUKERJI: Objection to form

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2004



© 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, PHD Volume | August 18, 2015
SAMSUNG V. HOME SEMICONDUCTOR 112

THE W TNESS: For what netric do

you have in m nd?

BY MR CHEN

Q In ternms of their use as an insulating
materi al .

A Well, it depends -- it still depends on
what you nean. If you want themto -- to just be
i nsulators, well, they' Il have different properties

as insulators, different breakdown fields, different
| eakage currents. Even -- even silicon dioxide nade
by different techniques wll have different
properties. So you can't say they're really
I nt erchangeable froman el ectrical point of view
And t hen when you recognize that you're

going to have to do sone kind of thin film
deposition, all these things we do in sem conductor
manuf acturing, the properties of those materials can
be very different in those processes.

Q kay. Are they forned differently?

A Yes, typically. | nmean, they have
different atons, so they certainly have to be nade

differently.
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Q Al right. | neant |ike, are different
deposition techni ques used to deposit silicon
nitride as opposed to silicon oxide?

A Well, for both of them there are a
range of ways to do them CVD processes, different
precursors or reactants present in the CVD process.
Gowmh of silicon dioxide fromoxygen or water or
N2O, nitrous oxide. There are many ways to nake

these, and the properties depend on how they're

made.

Q Are you famliar with the term
"spacer"?

A. Yes.

Q Ckay. What is a spacer?

A | think this gets into the domain of --
of howis it construed, and | think that could be
di fferent depending on the application you're
tal king about, and | think it also has to do with
whi ch patent we're tal king about.

| don't think it's very helpful if |
make up sone kind of answer to that that's so

generic that we don't know what it neans.
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Q |s there a generally understood
definition of spacer in the field of sem conductor
manuf act uri ng?

A Ceneral | y understood? |'m not sure how
specific it would be, and | certainly understand
that there are different properties that one m ght
want from a spacer. For exanple, | don't want
al kali ions to be able to get through it or | don't
want el ectrons to get through it.

A spacer is, you know, the common
nmeani ng -- the common thought one has fromthe word
Is sonething is kept a distance from sonethi ng el se.
| can't be nore specific than that. W really have
to tal k about an application.

Q What are sonme of the functions of a
spacer ?

MR. MJKERJI: bjection to form
THE WTNESS: | can't answer that
wi t hout bei ng specific about device structure,
application or patent. That's far too general.
BY MR CHEN

Q To you spacer doesn't have -- so, for
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exanple, in the field of sem conductor
manuf acturing, if sonmebody used the term "spacer,"
you woul dn't know what they neant unl ess they
referred to a specific patent?
MR. MUKERJI: Objection to form
THE WTNESS: O course |I'd know
what they neant if they asked the question in the
context of a device structure or a patent or a
process flow and device integration.
BY MR CHEN
Q Ckay. How about a spacer fornmed on the
sidewal | of a gate el ectrode?
MR MUKERJI: Objection to form
BY MR CHEN
Q What are the functions of a spacer
formed on the sidewall of a gate el ectrode?
A | think that's too general a question.
For exanple, it doesn't occur in main line silicon
technol ogy, but there's sonething called an | SFET,
an ion-selective field-effect transistor, and the
function of that, of anything that you m ght

consi der a spacer there mght be very different from
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that in a CMOS devi ce.
You' re asking a question which isn't
speci fic enough for ne to answer.

Q So --

A "Il be able to answer it when we get
to the patents.

Q Sure. | just want to understand what
t he roadbl ock is here.

You' re saying a spacer has different
definitions depending on context; is that what
you' re sayi ng?

A. No. I'msaying that -- |I'm saying that
unl ess | understand an environnent where the
guestion is being asked, | don't know how to think
about what properties it should have, which is, |
t hi nk, the question you asked initially.

Q Well, |I'm asking generally what a
spacer -- the definition of a spacer is in the field
of sem conduct or manufacturing and what type of
functions a spacer m ght have.

You said that you needed specific, you

know, application or a specific patent to be able to
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answer that question.
| just want to understand whet her

you're saying that the reason you can't answer ny
guestion i s because spacers have different
definitions dependi ng on the context.

MR. MJKERJI: bjection to form

THE WTNESS: | don't think I can
be hel pful with this question. It's -- it's still
too vague for ne.
BY MR CHEN

Q Ckay.

A. Now, | already said that it could be
sonething with regard to ion transport. It could be
sonething with regard to electrical |eakage current.
It could be sonmething to nake sure that the field
isn't too high. | don't know. | haven't thought
hard about all the dinensions, but there are a | ot.

But | certainly know what a spacer is
in the context of a specific device application.

Q So there's no one definition of spacer
that can apply to nmultiple device applications; is

that correct?
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A | don't know.
MR MUKERJI: Objection to form
THE WTNESS: | don't know. |
haven't thought about it that way. That's too
gener al .
| was asked to address specific
patents and to -- and to nmake conpari sons between
prior art and patents at issue here, and that
doesn't include ny kind of dream ng up a
general i zation that should be applicable across a
field as broad as sem conduct or devi ces.
BY MR CHEN:
Q Yeah. Nobody is asking you to dream up
a definition.

"' mjust asking whether you're famliar
with a definition of spacer as it's generally used
in the field of sem conductor manufacturing.

A. Yes.

Q And what is that definition?

A. It's a -- if there's a general way to
do that, I'mtrying to represent sonething general

here, it has sone function in ensuring that there's
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a spatial separation between sonething and sonet hi ng
el se for properties which at this -- at this point
in the discussion we're not specifying.

Q Are you famliar with the term
"isol ation region"?

A Yes.

Q VWhat is an isolation region?

A Typically that termrefers to the fact
that if I want an active device, like a transistor,
to operate correctly and | have nore than one such
on the surface, | don't want them connected to each
ot her because then | can't wire circuits to use
those various transistors. So | need sone
el ectrical isolation between them

Q s STI a formof isolation region?

What do you nean by "STI"?

Q Shal |l ow trench isol ati on.

A. Yes, it is.

Q Ils field oxide a formof isolation
regi on?

Yes.

Are you famliar with the term"barrier
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| ayer"?
A Barrier |ayer?
Q Uh- huh
A. Yes.
Q VWhat is a barrier |layer?

A A barrier layer is a barrier to
sonet hi ng noving, but | have to know the application

to be able to say what that is.

Q Ckay.

A It could be a barrier to transport a
species. It could be a barrier to chem cal
reactivity. It's a lot.

Q So the definition of barrier |ayer that
you gave as a barrier to sonething noving, that's a
nore general high |evel definition; correct?

A. Conpared to what ?

Q Conpared to a definition that you m ght
give which is nore specific within a particular
cont ext .

MR. MJKERJI: Objection to form

BY MR CHEN

Q | just want to understand your answer
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and kind of the difficulty in giving a nore specific
definition.

You said that:

A barrier layer is a barrier to
sonet hi ng novi ng, but | have to know the application
to be able to say what that is.

A Wll, let me give you an exanple. If |
have a netal and then a |l ayer of high quality
I nsul ator and then sone other netal, and these two
aren't shorted together and they don't |eak very
much, | could call that |ayer an insulating barrier

for electron transport.

Q Ri ght .
A Right? |If | have dopants in silicon
and | don't want themto | eave the silicon, | could

put a nitride |ayer or sonething there and then |
have oxi de or sonething above that, and that m ght
serve -- I'mnot sure, | haven't thought through
that exanple -- that m ght serve to prevent
di ffusion of atons or ions to it.

So that's a diffusion barrier and both

are well known, but they're conpletely different.
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Q Right. Oay. So generally a barrier
| ayer is a barrier to sonething noving, but
dependi ng on the application, there may be a nore
specific definition for barrier |ayer depending on
its purpose such as a diffusion barrier?

A Wll, | think the way you've phrased it
Is too specific.

Q Ckay.

A. Because it doesn't include a chem cal
reaction barrier.

So if | have netal -- transition netal
connected to silicon, it may -- it is likely to
react at the interface and forma new material, a
silicide. So if |I don't want that to happen, then |
need sonme kind of barrier layer to prevent it.

But | don't think characteri zing that
as a reaction -- what should | call it? -- chem cal
reaction barrier is enconpassed in what you said
about sonet hi ng novi ng.

Q Ckay.
A. Because nothing is noving fromone side

to the other if there's a chem cal reaction.
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Q kay. | was just using the definition
t hat you gave.
A | understand that.
Q Sois it fair to say that barrier |ayer
Is atermthat, depending on its application or
context, could have different neani ngs?
MR. MJKERJI: bjection to form
THE W TNESS: Can have different
functi ons.
BY MR CHEN
Q Dr. Rubl off --
MR. MJXKERJI: M. Chen, we're --
|"msorry. W're past the 20-m nute.
MR. CHEN: Sure. Just one nore.

MR. MJUKERJI: Do you have nuch

nor e?
MR CHEN:. No, | have just a few
nor e.
BY MR CHEN:
Q Is it also fair to say then that

“spacer" is atermthat, depending on its

application or context, could have different
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nmeani ngs?

functi ons.
BY MR CHEN:
Q What

bet ween functi on

MR MUKERJI: Objection to form
THE W TNESS: Coul d have di fferent

Is the distinction you' re draw ng

and neani ng?

A | don't know what "neani ng" neans.

break for | unch.

MR, CHEN. Okay. Wy don't we

(Wher eupon, at 12:15 p.m, a

| uncheon recess was taken.)
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AFTERNOON SESSI ON
(1:09 p.m)
GARY W RUBLOFF, PHD
called for continued exam nation and, having been
previously duly sworn, was exam ned and testified
further as foll ows:
EXAM NATI ON ( CONTI NUED)
BY MR CHEN:
Q Wl cone back, Dr. Rubl off.
THE REPORTER: Exhibit 2.
(Docunent marked, for
I dentification purposes, as Rubloff Exhibit No. 2.)
MR. CHEN: We can mark his errata
as Exhibit 3.
(Docunent marked, for
I dentification purposes, as Rubloff Exhibit No. 3.)
MR. MJKERJI: This is 27
CHEN:  Yeah.
MUKERJI: And the errata is 3?

2 33

CHEN: Right.
BY MR CHEN:

Q Dr. Rubloff, I've asked the court
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reporter to mark as Exhibit No. 2 your declaration
submtted in connection with Sanmsung's | PR of the
'997 patent.

|'ve al so asked the court reporter to
mark as Exhibit No. 3 the errata to this declaration
that you provided earlier this norning.

Just take a few quick nonments to | ook
over these docunents.

A. (Revi ew ng docunent).

Q Ckay. Dr. Rubloff, is Exhibit No. 2
your decl aration submtted in connection with the
| PR of the '997 patent?

A. Yes.

Q And Exhibit 3 is your errata to that
decl aration; correct?

A Yeah.

Q Does this declaration and the errata
contain any and all rel evant opinions you have
regarding i ssues related to Sansung's petition for
review of the '997 patent?

MR MUKERJlI: Objection to form

THE WTNESS: Well, this | ooks
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i ke ny conplete declaration, but | haven't read the
petition that they nade.

That's a different docunment;
right?

|"ve | ooked -- |'ve | ooked at it,
but | haven't studi ed.
BY MR CHEN:

Q You understand that you submtted your
declaration to support Sansung's petition?

A. Yes, | understand that.

Q Al right. Do you have any opini ons
regardi ng i ssues relevant to Sansung's petition for
review of the '997 patent that were not included in
your decl aration or your errata?

MR MUKERJI: Objection to form

THE WTNESS: The first part of

that was? |'msorry.
BY MR CHEN:
Q Do you have any opi nions regarding

I ssues relevant to Sansung's | PR of the '997 patent
that were not included in your declaration or the

errata?
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MR. MJKERIJI: Sane objection.

THE WTNESS: Well, since |
haven't paid attention to the petition that they
submtted to the I PR board, | don't really know the
answer to that.

But ny -- ny reviewis here in ny
decl aration, and it covers all the concl usions that
| drew.

BY MR CHEN:

Q Ckay. So you don't have any ot her
opinions related to the validity of the '997 patent
that were not included in your declaration; correct?

A. | think I've got nost of themright
but, you know, that |'ve included everything that I
intended to include. It may be there's sonething
that will conme up in discussion. | don't know.

Q Sitting here today, you're not aware of
any other opinions related to --

A Oh.

Q -- the '997 patent --
A. No.
Q

-- that you failed to include in your

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2004



© 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, PHD Volume | August 18, 2015
SAMSUNG V. HOME SEMICONDUCTOR 129

errata --

A. No. No, | don't know of any | failed
to include.

Q -- or your declaration?

Ckay. O her than the issues discussed
In your errata, are you aware of any other errors or
om ssions in your declaration?

A | don't think so.

Q So your declaration and your errata
contain a conplete recitation of all the opinions
that you have regarding the validity of the '997
patent; correct?

MR MUKERJI: Objection to form
THE WTNESS: Well, with the
proviso that this is a summary of those. There
certainly are nore elucidation of detail to cone
from but this is a good summary that |'m
confortable with of ny opinions about the '997
validity.
BY MR CHEN:
Q Way didn't you include the additional

detail when you were preparing your original
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decl aration?

A. It's not that |I didn't include the
additional. There's no substantial detail that I
feel is necessary here to address the questions |
was asked to |l ook at, which is conpare certain prior
art references to the clains of the '997 and see if
that prior art matches onto the clainms of the '997.

So | think |I've done an adequate job of
that, but there's always nore elucidation that could
-- could be brought in, and I could make it 250
pages long. | don't think it's very useful.

Q So you included all the rel evant
details; correct?

A Wel |, depends what "rel evant” neans.

The essential details maybe.

Q Ckay. You included all the essenti al
detail s?
A That's probably a fair statenent.

MR. CHEN: Exhibit 4.

(Docunent marked, for
identification purposes, as Rubloff Exhibit No. 4.)
BY MR CHEN
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Q So, Dr. Rubloff, | asked the court
reporter to mark as Exhibit No. 4 a patent titled
“Met hod For Form ng Self-Aligned Contact Hole,"
which is the '997 patent.

If you can just take a quick nonent to
| ook over the docunent.

A (Revi ewi ng docunent).

Q So as | ask you questions about your
declaration, if you need to refer to the patent, you
have it. |f you need other docunents, |let nme know,
and we'll introduce theminto the record so you can
reference them

Did you read the '997 patent?
Yes.
When did you first read the '997
pat ent ?
| guess it was at |east six nonths ago.
| s that when you were first engaged to
work on the IPR directed at the '997 patent?
A. Yes.
Q And you understand the contents of the

'997 patent; correct?

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2004



© 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, PHD Volume | August 18, 2015
SAMSUNG V. HOME SEMICONDUCTOR 132

A. Yes.
Q Looki ng at Exhibit 2, which is your
declaration, if you could go to paragraph 11, which

Is on page 8 of Exhibit 2.

A Uh- huh.

Q How did you arrive at your definition
of a person of ordinary skill in the art?

A Well, | think I said sonething about

that earlier.

When | | ook at this patent, it involves
process integration understanding, and | believe
that a master's level training in the disciplines
that | list here is pretty typical for people who
work in this industry and would give them sone idea
about unit processes and maybe the rel ationship
bet ween them but typically not so nmuch insight into
process integration.

So | included the two to three years of
experience as what | see students developing in
their first job in this industry that would be
necessary to -- to really have the skill to deal

Wi th the process integration questions that are in
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the '997 because the '997 deals with the sequence of
steps and the structural consequences of that.

Q Does the sequence of steps affect the
structure that would formthrough the manufacturing
process?

A Do you nean the order in which one does
it, or what the conposition of the sequence is?
What processes are in? Wat processes are out?

Q Let's start with the order. Does the
order of steps affect the structure that you are
formng with the process?

A It can.

Q But not al ways?

A Usually it would, but | don't |ike
sayi ng "always" unless |I've thought really quite
hard about the exceptions.

Q | see. But in your experience, it
usual |y does?

A Yeah.

Q And then the conposition of the
sequence will also affect the structure that is

formed by the process as well; correct?
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A. Yes. The elenents that are -- if you
mean conposition, the elenents that are in it, yes.
And -- and the mask designs. Very inportant.

Q |s there a difference between sonebody
wWith a master's degree in the relevant field and two
to three years of experience in sem conductor
processing with sonebody who has a Ph.D. but no
experience in industry?

A Yes, | think so.

Q The person with a Ph.D. and no
experi ence woul d not be considered a person of
ordinary skill in the art for the purposes of the
'997 patent; correct?

A No, |I don't think they would be.

Q Because they don't have the rel evant
I ndustry experience to understand the integration
aspects; is that --

A | think primarily that, yes.

Q So is it fair to say that it doesn't
really matter what |evel of degree the person of
ordinary skill in the art obtains, the inportant

aspect is the two to three years of industry
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experi ence?

MR MUKERJI: Objection to form

THE WTNESS: | think that's an
overstatenent. |It's inportant to get a view of
process integration sonmewhere. |'d |ike to think

that ny own students get it fromne, but that's kind

of a small sanpli ng.

The -- 1 lost ny train of thought.

" msorry.
Ch.  Your question was, is the
I ndustry experience what's really inportant here?

| would be reluctant to say that

sonething less than a master's degree, a bachelor's

degree, woul d be satisfactory because | teach

under graduates - -

BY MR CHEN:
Q Sur e.
A -- junior |level and sone senior |evel.

And | think the depth of their understandi ng of the

process equi pnent and chem stry and vacuum
technology and all that is rather shy, even if

t hey' ve been in the sem conductor processing
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i ndustry for a couple of years.
By the sane token, the Ph.D. wll

probably have that in good order and -- but |
woul dn't say that a Ph.D. is required for this. So
| think naster's is the right, let ne say, average
educational |evel.

Q | s a person who has a nmaster's degree
and two to three years of experience in
sem conduct or processing have the capability of
nodi fying the process to add new or different steps?

A. Yes, usually. These people would be
charged with doing design of experinents to optim ze
the performance of a particular process, to conpare
that to rel ated processes and the process sequence,
and start to actually work on understandi ng how
those things fit together. So they're on their way
to becom ng process integration engi neers.

Q VWhat do you nean "they're on their way
to becom ng process integration engi neers"?

A. From nost universities, if you get a
master's degree, sonething wll be m ssing.

Typically it's process integration perspective. On
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t he other hand, for sonebody in electrical

engi neering, it may not be that so nuch, but then
the famliarity wth equi prent and materials and the
way the process chem stry works is usually a little
shortchanged. At least that's ny -- that's ny
observation wth all the students. | have -- I'm
exposed to students in all of these disciplines.

Q When you said two to three years of
experience in the sem conductor processing industry,
is there a specific part of sem conductor processing
that they need to have experience in?

A. Sonmet hing involving nultiple steps to
make a device. That's where the process integration
expertise i s devel oped.

|f they were doing, let's say -- |

don't know -- a single layer optical coating with a
CVvD tool --

Q Ri ght .

A -- to put on car w ndows, that woul dn't

teach process integration.
Q So begi nning at paragraph 15, you

provide a brief overview of the '997 patent?
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A Uh- huh

Q On paragraph 19, you tal k about the
benefits of formng a thernmal oxide |ayer after the
formul ation of a gate el ectrode.

You say that one of the benefits is to
reduce the defect density?

A Par agraph 19 on page 12 you nean?

Q Yes. It begins on page 11 and
conti nues onto page 12.

A Uh- huh

Q How does thermal -- how does formng a
thermal oxi de reduce the defect density?

A Vell, as | said -- noted here, there
are a nunber of reasons.

So, for exanple, you ve nade a | ayer
structure, used |ithography, and ani sotropic etching
to define the gate el ectrode. Okay. So when that
happens, there are residues of the -- of the
ani sotropic plasma etching process that are left on
the surface typically.

Thermal oxidation is one way to cl ean

that up because things |like carbon wll be
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volatilized and | eave the surface because you nake
CO2 and maybe CO things like that. So chem cally
it's an effective way to do that.

It may also yield any internal -- I'm
not sure about this, but could conceivably influence
the grain structure where the danmage of vector ion
etching had been at the surface by oxidizing just a
little bit into the polysilicon. [|I'mnot sure if
that -- if that really happens, but there are a
nunber of things that you m ght anticipate.

Q kay. So the primary effect of the
thermal oxidation is a cleaning effect?

A Well, it's certainly one of them yes.

Q | s there any benefit to the actual
oxi de | ayer that gets forned?

A. Benefit of the oxide |ayer or to the
oxi de | ayer?

Q O the -- well, when you perform
thermal oxidation, don't you form an oxide |ayer?

A Yes.

Q |s there any specific benefit of the

actual oxide layer that is fornmed?
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A. You nean in the quality of the oxide

layer? O do you nean in having an oxide |ayer?

Q I n having the oxide |ayer
A Yes, there can be. It can serve as a
protection | ayer because it's mask -- essentially

maski ng the sidewall for chem cal reaction,
el ectrical transport, various things.

Q But that benefit is not related to the
reduci ng defect density?

A. Yes, they all could affect defect
density.

Q Ckay. How does having the oxide | ayer
reduce defect density?

A Vell, | think there are a nunber of
ways that could happen. There's references to
literature which shows that.

One way, for exanple, is it mght
affect the stress distribution at the corner of the
gate electrode and the rapid thernmal oxidation
sidewall. | think that's the one | would -- | would
hi ghl i ght as an exanpl e.
Q When you say "defect density," what
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does that nean?

A. Well, okay. So let ne -- let ne add to
that that at that corner -- so -- so the heart of
these devices is the gate oxide, and the gate oxide
was grown on a very snooth silicon surface, and then
a polysilicon layer was applied by CVD on top of it.

So the gate oxide, which is the highest
quality insulator we know, is fine at that point,
until we make the gate electrode. The etching of
the gate electrode is likely to danage the gate
oxi de right at the edge.

| f one does this sidewall oxidation,
one of the benefits could be -- | think is, but I
haven't | ooked at this literature closely -- to heal
sone of the damage in the gate oxide at the
peri phery.

When you | ook at defects in these
structures, one of the central features is to know,
Is this sonething characteristic of right in the
m ddl e of the gate electrode in the gate oxide or
just follow ng the periphery? And you can discern

the difference between those by changi ng
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perinmeter-to-area ratios. That's howit's
st andardl y done.

So I think that would be -- | think
that's probably the thing that was targeted in the
reference. | think | included a reference here.

OCh, | don't understand EX1009 page 3.
| don't remenber where that is.

That's different.
That's one of the exhibits?
Yeah, that's one of the exhibits.

| don't have the exhibits here.

o > O > O

Yeah.
MR, CHEN:. Exhibit 5.
(Docunent marked, for
i dentification purposes, as Rubloff Exhibit No. 5.)
THE W TNESS: Thank you.
Ch, yeah. Right.
BY MR CHEN:
Q So |I've asked the court reporter to
I ntroduce as Exhibit 5 a docunent titled "Process
| nduced Degradation of Thin Oxides."

You've referred to this as the Wng
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reference in the I PR and your decl aration?

A. Yeah. So this work, this is a
technol ogy group that | know, and it says here in
the abstract:

“"Polysilicon sidewall oxidation is also
necessary to protect the thin oxide from degradation
by source/drain ion inplantation.”

But before that it says:

"RIE to define polysilicon gate
structure degrades the quality of thin oxide;
nevert hel ess these defects can be substantially
reduced by subsequent sidewall oxidation of
pol ysilicon."

So the way they woul d neasure defect
density, | believe, would be to make a bunch of
t hese devices and see what their performance
characteristic is and see what the outlier tail of
the distribution of performance | ooks |ike, and
that's the basis on which they nmake that kind of
st at enent .

Q Does the defect -- do the defects occur

to the gate oxi de when the gate oxide is etched?
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Yes.
Q Al right.
A When the gate? When the reactive-ion
etching to define the gate el ectrode reaches the
| evel of the gate oxide. So right at that
peri phery, sonething bad is going to happen.
Q Ckay. But the gate oxide itself isn't
necessarily etched?
A. No. No. Just the edge.
Ch, you nean do you etch all the way

t hrough the gate?

Q Ri ght .

A It's pretty hard to stop on the gate
oxi de.

Q Ckay.

A. | mean, it's possible but, renenber,

that's the thinnest |ayer in any of these.
And -- and you have to -- you have to
-- the etching has to reach the gate oxide.
Q Ri ght.
A Because ot herw se you've got still a

remai ni ng | ayer of polysilicon fromthis device to
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anot her one.

Q Ckay.

A And they're shorted.

Q Right. So the danmage occurs to the
gate oxide as long as the etching reaches the gate
oxide; right?

A Right, but it has to reach the gate
oxi de.

Q | "' m noving to paragraph 27 and 28 of
your decl arati on.

A Uh- huh.

Q So here you're tal king about how the
term"formng an oxide |ayer over the diffusion
region" is construed in the context of the '997
pat ent .

| want to ask you: Wat is your
under st andi ng of the neaning of the word "over"?

A. So in the context of the sem conductor
worl d that we're tal king about, over usually neans
above but not necessarily in contact wth.

Q Ckay.

A Because if you think about nitride CVD
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that we're tal king about as an etch top layer, it
has to go over topography. ||t would be very

I nconvenient if our term nol ogy required everything
to be in contact.

And then just the plain neaning of
that. So the airplane is above the earth. So
sonething |like that.

Q Does "over" include being in the sane
or overl apping vertical space?

A. Ch, you nean if I -- let ne nmake sure
under st and what the question is.

A piece here is over -- maybe you can
say it.

Q Sure. So --

A | think I know what you're getting at.

Q Maybe it wll be easier if we use
coor di nat es.

A Ckay.

Q Li ke X coordi nate being along --

A. Ckay. Good.

Q -- you know, be the typical X direction

hori zontal direction. A Y coordinate being a
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vertical direction; right?

Does the term"over" nean that you're
hi gher in the Y direction as well as being
overlapping to sone extent in the X direction?

A Over | appi ng?
Q |"mnot sure if that's the right word.

| f you have an object, right, and
you -- when | say "vertical space,” | nean the area
above that object noving up at a 90-degree angle

fromthe edges of an object.

A Uh- huh.
Q | f another object is not within that
vertical space, is that object still over the

previ ous object?
MR MUKERJI: Objection to form
THE WTNESS: | find it difficult
to answer that question wthout a kind of

application to | ook at.

BY MR CHEN:
Q Ckay.
A. Like if you want to -- would you nean

sone point of this part of the device structure, is
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that over sone point that's belowit?

Q Sure. Wy don't we | ook at Figure 2B,

which is --
A. Uh- huh.
Q -- in your declaration right above

par agraph 27.
You see that between the two gate
el ectrodes there's a space; right?

A Uh- huh.

Q Is that -- if | had sonething that was
wi thin that space, would that be over the gate
el ectrode?

A Ch. So sonething between the two gate
el ectrodes, can that be over a gate electrode? |Is
t hat your question?

Q Yeah.

A | wouldn't think so, except that the
context of the description technically sonetines
changes what the neaning is. So it's a little hard
to make a bl anket statenent about that because often
context defines that.

So, for exanple, it may be that in
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context of a technical docunent tells you that the
poi nt you're asking about cannot be between the gate
el ectrodes, and so if that nmakes no sense, then |
can't say it's over.

Q Ckay. Just getting back to the general
nmeani ngs of the word "over."

|s there a difference between the
word -- the neaning of the word "over" and the
meani ng of the word "above" in the context of the
'997 patent?

A. Let's see. Can you tell ne where in
the '997 you have in mnd? There nmay be several
pl aces, but it would be very hel pful to see an
exanpl e of that.

Q In | ooking at '997 patent, which is
Exhibit 4, and we | ook at dependent claim 2, which
is at colum 4 line 5.

A. Yeah.

Q And it says:

"The nmethod as clained in claim1l
further conprising a step of form ng an oxide |ayer

over the diffusion region and on the sidewalls of

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2004



© 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, PHD Volume | August 18, 2015
SAMSUNG V. HOME SEMICONDUCTOR 150

the gate electrode by thermal oxidation prior to
formng the barrier |ayer."

A (Revi ew ng docunent). Yes, | think --
| think | address this. Let ne see if | can find
it. (Review ng docunent).

So that says "over" but you said

"above. "
Q Right. | wanted to know --
A Where is "above"?
Q Well, in paragraph 27 of your

decl aration, you say that you have consi dered
whet her a broadest reasonable interpretation of
form ng an oxide | ayer over the diffusion region
woul d be broad enough to cover form ng an oxide
| ayer above the diffusion region, and then you say
"I believe that it would."

A Yes.

Q Al right.

A Ch, I"'msorry. | thought | was asking
whet her -- | thought you had asked whet her these two
are essentially equivalent in terns of both words

being used in the patent. That's not what you
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nmeant .
Q No. | want to know --
A Ckay.
Q -- what your understanding of the two

words are. \Wether you think that the neaning of
the word "over" is the sane as the neaning of the
word "above."

A Yes. Yes.

Q So, for exanple, if there is an object
that is -- so let's say | have object Aand it is
hi gher in a higher plane than object B (indicating).

(bj ect A is above object B; correct?

A Ckay.

Q And if object Ais in the sane verti cal
space as object B (indicating), object Ais over
object B; correct?

A Yes.

Q But if object Ais not in the sane

vertical space as object B (indicating), is object A

still over object B?
A. Can you go through that one nore tine?
Q Ckay.

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2004



© 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, PHD Volume | August 18, 2015

SAMSUNG V. HOME SEMICONDUCTOR 152
A It is puzzling to follow
Well, et nme ask you this.

Do you think there's a difference --
outside of the context of the '997 patent, do you
think there's a difference in the neani ng between
the word "over" and "above"?

A Wel |, ny understanding of the -- of the
| PR process is that once you choose the nost
reasonabl e broad interpretation of that. So | could
-- | interpret this to nean that when you say "over
the diffusion region,"” that could nean above,
whet her or not they're vertically aligned.

So if I"'mhere and | ask about that
point (indicating), that's clearly over this, but
this is also over it. It's in a higher altitude
than this.

Q Ckay. So in your definition of "over"
in the context of the '997 patent, they do -- the
two objects do not have to be in the sane verti cal
space?

Yes.

Q So it's fair to say that in the context
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of the '997 patent, you believe that the word "over"
and the word "above" have the sane neani ng; correct?

A (Pause). | think that's right.

Q Ckay. Let's nobve on to paragraph 29.

29 through 31 | believe is where you're addressing
the construction of the term"spacer" as it's used
in the '997 patent. So | just want to nake sure |'m
cl ear.

Your construction of the term "spacer"
as it's used in the '997 patent is "a structure that
spaces between two conductive structures"; correct?

A. Uh-huh. No, I'msorry. Wit a mnute.

You said ny construction of spacer is
"a structure that spaces between two conductive
structures"?

Q Yes.

A Well, what this says is it's broad
enough to cover that, but -- but there may be ot her
definition of spacer.

Q So spacer could be -- your construction
of spacer is even broader than a structure that

spaces between two --
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A. No. No.
No?
A It's broad enough to cover that.

an exanpl e,

Q

A.
Q
A.
Q

A.
Q
A.
Q

bet ween - -

A

the term "spacer"?

construction being "a structure that spaces between
two conductive structures" and sinply being broad
enough to cover "a structure that spaces between two

conducti ve structures"?

construction of spacer is "a structure that spaces

It could be broader. | don't know of
t hough.

Do you have a specific construction of

Yes.
And what is i1t?
Wll, it's what's in 29 here.

What's the difference between your

Yeah, | guess -- | guess there isn't.
Ckay. So your --
Yeah. Kkay.

So just for clarity purposes, so your

Yes.
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Q -- two conductive structures"?
A. Yeah.
Q Ckay. Does that construction cover the

function of creating space during ion inplantation?
A | don't -- | don't understand what the
"spacer" word has to do with ion inplantation.
Q In the context of, let's say you're

inplanting ions into the substrate area --

Uh- huh.
Q -- next to a gate el ectrode --
A Uh- huh.
Q -- or close to a gate el ectrode.

| s one of the functions of the spacer
to make sure there is space between the inplanted

area and the gate el ectrode?

A. In the lateral direction.
Q Yes.
A It can be, yes.

Q And is that functionality included
wi t hin your construction of spacer?
A. Well, the inplanted region is

marginally a conductive structure. So I'mnot quite
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sure how to think about the fact that here the

interpretation has to do with spacing between

conductive structures. Inplanted region will have a
reasonabl e conductivity. So, yes, | think so.
Q VWhat are sone of the other functions of

a spacer that are included wthin your construction?
A Well, we went through this before. The
construction doesn't say anything about the
application. So it is very general.
A spacer can be used to prevent
chem cal reaction, to prevent diffusion, to prevent
transport of electron charge. It can be nmany
things, and I don't think it has anything to do with
this general interpretation definition of spacer.
Q Just for clarity purposes, you just
said that a spacer can be used to prevent chem cal
reaction, to prevent diffusion, and to prevent
transport of el ectron charge.
And | just want to make sure that
you're referring to the function of a spacer and not
the function of a barrier |ayer.

A Wel |, a spacer can be a barrier |ayer.
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Q Ckay. Al right. Because they are
very simlar, and | wanted to nmake sure.

A They can be, yes.

Q Ckay. |s your construction of spacer
broad enough to cover all of those different
functions of a spacer that you just nentioned?

A Wel |, spaci ng between two conductive
structures, which is what we're tal ki ng about here,
doesn't tell anything about what function we're
describing or neasuring; right? So | don't think I
can answer that question.

Q Can you give ne an exanple of a
function of a spacer that would be covered by your
construction of the term"spacer"?

A Wll, | think if a spacer spaces
bet ween two conductive structures, then if these
conductive structures have in principle when
intimately connected the ability to transport ions,
to transport electrons, to undergo cheni cal
reaction, then bringing themapart by putting
sonething in between them may be able to suppress

t hose phenonena, so serve those functions.
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Q Ckay. Moving on to paragraph 32, in
par agraph 32, you're giving your construction of the
termor the phrase "etching an opening through the
i nsulating |layer self-aligned and borderless to the
di ffusion region."

What does the term "borderl ess" nmean in
the context of that phrase?

A So borderless -- it would be
Interesting to know where the original term cane
from But people speak of borderless context as
situations where if | want to nmake contact to a
diffusion region for -- as an exanple, | don't need
to localize that hole within sone |arger structure
that has a differential radius to nake sure that |I'm
not shorting to sonething on the side.

So if I wanted to punch through a
contact through an insulator and there's -- there's
an el ectrode on one side or the other, | normally
have to drill through but nmake sure that there's a
border, a margin of error. So that when | put
conducting material here, next to this is not

t ouchi ng.
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So | think the term probably cane from
sonebody | ooking at |ithography masks and sayi ng,
well, we want to drill onto that contact. W' ve got
another wire or gate el ectrode here and so when we
define the mask for that hole, we have to | eave a
border, at least on this side and maybe on ot her
si des.

So what these patents are tal ki ng about
I's borderless situations where the formation of the
spacer during the etch protects against that
happeni ng so you can have a nmuch | arger |ithographic
hol e to nmake that contact.

Q Al right. So the termis tied into
t he neani ng of self-aligned?

A Well, it may be used sonepl ace el se,
but in the context of this patent and in the
situations that |'ve known, yes, it has everything
to do with self-aligned.

MR. CHEN: Exhibit 6.

(Docunent marked, for
identification purposes, as Rubloff Exhibit No. 6.)
BY MR CHEN
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Q | " ve asked the court reporter to mark
as Exhibit No. 6 patent nunber 6,277,720, which were
referred to as the Doshi reference.
And this is one of the references --
Exhibit No. 6 is one of the references that was

cited by Sansung in its IPR of the '997 patent;

correct?

A Uh- huh.

Q kay. D d you select this reference
for -- as prior art for the '997 patent?

It is prior art.

Q kay. Did you find this reference?

A Did | find it initially? No.

Q You were provided with the patent?

A Yes. | was provided a whol e bunch of

references, and | found and knew of a nunber nyself,
and so | | ooked at all of those and deci ded which
ones to actually use here.

Q (kay. So you -- you deci ded which ones
to actually use --

A Yes.

Q -- in your declaration subsequently, |
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guess, in the IPR then?

A Yeah.

Q Are you famliar with the term
"sidewal | filanments" as it's used in the Doshi
reference?

A Yes, |'ve read the Doshi.

Q Okay. Are the sidewall filanents the
sane thing as spacers?

A. Sidewall filaments in the Doshi

reference --
Q Ri ght .
A. -- serve one and possibly two

functions. One is the sidewall filanent is nade
partly by rapid thermal oxidation, which is simlar
to what is in the '997; but, nore inportantly, it
has a conponent of conformal deposition ani sotropic
etching to form anot her conponent of that sidewall
filament where the thickness of that determ nes a
spaci ng between the edge of the gate el ectrode and
where the ion inplantation is done for the
source/drain. So that's an adjustabl e paraneter.

So the way to think about that and the

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2004



© 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, PHD Volume | August 18, 2015
SAMSUNG V. HOME SEMICONDUCTOR 162

way to say it, | think, is that it serves the
pur poses of a doping spacer as well as potentially
an el ectrical spacer.

Q Ckay. And is the function of a doping
spacer a function that woul d be covered by your
construction of the term"spacer" in the context of
the '997 patent?

A Yes.

Q | want to take sone tine and wal k

t hrough the process --

A Uh- huh.

Q -- that's described in the Doshi
ref erence.

A kay.

Q The process, | believe, begins at

colum 7 line 28.
Before we do that, we've been going for
about an hour. Do you guys want to take a break?
MR. MUKERJI: Let's take a short
br eak.
MR. CHEN: Yeah.
(Recess - 2:09 p.m - 2:29 p.m)
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BY MR CHEN:

Q Ckay. We were | ooking at the Doshi
reference before we broke, and we're starting at
Exhi bit No. 6 colum 7 |ine 28.

So the first step in the process
descri bed here in Doshi for fabricating an
integrated circuit is to define the active regions
and the isolation regions; correct?

A Ckay.

Q And the next step is to formthe gate
el ectrode; correct?

A. Ckay. That's going down to line 51 or
sonething like that? Al in 3a; is that where
you're referring?

Q Yeah. Yeah.

A. (Revi ew ng docunent). Ckay.

Q And then the next step it says:

"Follow ng definition of gate
structures 10, light 'reach-through' inplants are
performed in a self-aligned manner relative to gate
structures to define source/drain extensions."

Do you see that at line colum 7 lines
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52 to 557
A. Yeah. Are we still on 3a?
Q In terns of figure?
A Yeah.
Q | think that's right. | think there's
alot of -- alot of steps that are subsuned within

3a, but I'mIlooking at the text.
Then following -- well, first of all,
what are the light reach-through inplants?

A. Those are nmarked in 3a as 6' and 7'.

Q VWhat is their function?

A. Their function is to change the dopant
profile of the source/drain regions to inprove
devi ce perfornmance.

Q Are they part of the source/drain
regi on?

A Yeah. They're electrically connected
to the source/drain region, but the point there is
t hat people these days -- these days and in this
time frame as well do substantial nodeling on the
performance of hard el ectrons and saturation

velocities and all of that. And the detail ed
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t hree-di nensi onal distribution of dopant profiles,
and not just profiles but concentrations, nakes a
substantial difference in the performance of the
transi st or devi ces.
So this is called source/drain
engi neering, trying to nmake it | ook a certain way.
And | renenber when | started, you know, in the '80s
getting involved with sone of the silicon technol ogy
peopl e before | joined the departnent, there were
peopl e tal ki ng about source/drain extension and the
source/drain connected to it and so on.
Q So the source/drain extension is
consi dered a part of the source/drain region;
correct?
A Yeah, it's part of the profile.
Q Ckay. And the dopant profile.
Well, what is a dopant profile?
You nean how did | define that?
Yeah. How did you just use the term
“dopant profile"?
A. Well, if you look in Figure 3a at the P

device on the left.
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Q Ri ght .
A You see a profile that says "p+" and it
has this little extension under the gate. It could

be cal |l ed source/drain extensi on soneti nes.

And so when | say "dopant profile,"”
what | really nean is concentration of dopants as a
function of X, Y, and Z. Because | know it's drawn
as if it's all p+, but it's not and, in fact, it
can't be a boundary quite that sharp anyway.
There's always a spread in how the P concentration
goes down and the N concentration crosses over.

Q And you said that the dopant profile
for a device nakes a substantial difference in the
performance of that transistor device?

A Yeah, it can.

Q And what affects the dopant profile of
t he devi ce?

A Nunmber one, how you make it. In this
case, two inplantation steps. Nunber two, the heat
treatnent that it sees in subsequent steps. And
nunber three, how nuch dose you put into those

pl aces that are unmasked during ion inplant.
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Q When you say "dose,"” you nean how nuch
inmpurities are inplanted --

A Ri ght .

Q -- into the region?

A Ri ght .

Q So changi ng the dosage woul d affect the
dopant profile of the device?

A Yeah. |If you turn down the ion flux by
a factor of 2 wll probably change the performance.
It may have the sane shape. So that -- that C

Q
A.

sane shape.

Q

concentration of X Y, Z --

but the concentration of inpurities in that region

woul d differ?

A Yeah.

Q Ckay. And other things that could
affect the dopant profile are, |I think you said, the
heat treatnent as well; right?

A Ri ght .

Ri ght .

-- may becone C over 2 but have the

Ri ght. The shape could be the sane,
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Q And t he heat, how does the heat
treatnment affect the dopant profile?

A Dopants diffuse in silicon and so the
| onger you heat the sanple, the wafer, and the
hi gher the tenperature, the nore diffusion you get.
So what may have started out as a shal |l ow dopi ng
profile, if you wait | ong enough, that -- that
limted -- let ne think of a fix for it -- wll
di ffuse into sonething nuch broader and | ower in
concentration. Limted source diffusion.

Q (kay. Does inplantation energy al so
affect the doping profile?

A Yes.

Q Because that inplantation energy wll
affect where the inpurities are deposited in the
substrate; right?

A Ri ght. How deep they penetrate.

Q Ckay. Looking at colum 7 line 57 --
we briefly tal ked about this before -- it says:

"According to the preferred enbodi nent
of the invention, sidewall filanments are forned."

You see where it says that?
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A Uh- huh.  Uh- huh.

Q And then it says:

"Sidewal | filanments 11 are fornmed by
first oxidizing the sides of polysilicon |ayer 22."

And then it goes on to tal k about a
subsequent step where silicon nitride is deposited
and et ched.

A Uh- huh.

Q So nmy question is: Are the oxidized
sides of the polysilicon |ayer part of the sidewall
filaments?

A Yes.

Q Wiy woul d you say that they are part of
the sidewal |l ?

A Vell, the sidewall -- what is described
here as the sidewall filanent is conposed of
oxi di zed polysilicon, which is silicon dioxide and
nitride. So they both are insulators. So it would
be hard to differentiate them except chem cally, but
functionally they're both insul ators.

So | think, though it's not described

in great detail here, | think what's intended here
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Is that 11 is a sidewall filanment that's a conposite

of both conponents.

Q Okay. Looking at -- | think we're
still on Figure 3a.
The sidewall filanent is a structure
| abeled 11 in the figure; correct?
A. Yes.
Q Okay. And the polysilicon is the
structure that's | abeled 22; correct? The

pol ysilicon portion of the gate?

A Yes.

Q And the oxidized portion of the
polysilicon is just on the sidewalls of the
correct?

structure that's | abel ed 22;

A. Hol d on. 24 1 s above 22.

Q Ri ght .

A It's tungsten silicide.

Q Ri ght .

A So the thermal oxidation of the
sidewal | of the polysilicon --

Q Ri ght .

A -- will cause sone oxidation of the

170
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silicide as well.

Q Ch, okay.

A So, | nean, it's not really drawn here
that way. This wasn't the point that was el uci dated
in detail.

Q So the oxidized | ayer that was forned
woul d cover 22, the sidewalls of 22, sonme of 24, but

woul d not extend up to the silicon nitride |ayer 26;

right?

A Yeah. | don't think the silicon
nitride will be oxidized.

Q Ckay.

A. And | don't know what the rel ative

t hi ckness of the rapid thermal oxidized on the

silicide and on versus the polysilicon will be.
Q Ckay.
A Probably nore on the polysilicon, but

|'' m not sure.

Q And you said that during the oxidation
process, an oxide |ayer would al so be forned over
the diffusion regions; is that correct?

A Yes.
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Q And this is true if the diffusion
region is uncovered silicon; correct?

A. Wll, if it's -- 1t's true if it's
uncovered silicon, or if it's covered by thin oxide.
Because thernmal oxide has linear growh rate in the
thin regine. So if you already have a thin | ayer of
oxi de and you go to oxidizing conditions, you nake
It thicker.

Q But what you're doing there is you're
t hi ckeni ng the existing oxide?

A. Yeah, which you're oxidizing it. It's
t he sane oxidation chem stry as whatever forned it
originally.

Q Doshi only says oxidizing the sides of
the polysilicon layer in colum 7 |line 59; correct?

A Uh- huh.

Q So Doshi doesn't specifically disclose
t hermal oxidation; correct?

MR. MJKERJI: bjection to form
THE WTNESS: One of ordinary
skill would interpret oxidizing any kind of silicon

as thermal oxidati on.
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BY MR CHEN:
Q ls it --

A O herwise it would say CVD using such
and such precursor.

Q So is thermal oxidation the only nethod
amenabl e to oxidize the polysilicon |ayer?

A. No.

|"msorry. To oxidize polysilicon.

No, it's not. You could do anodic
oxi dation, which is a wet chemcal electric chem cal
technique. | nean, | don't think anybody woul d do
it here, but it could be done.

Q Well, how do you know that Doshi, when
It says oxidizing the sides of the polysilicon
| ayer, is referring to thermal oxidation as opposed
to the other form of oxidation using the wet
chem cal el ectrodes?

A. If it were wet chemcal, it would have
sai d anodi zati on because it's a standard way of
describing it. Poured silicon is made this way, for
exanple. And in this technol ogy domain, silicon,

oxi di zi ng neans you use (2, or conceivably Q2 with
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sone water, or conceivably N2O but it's a gas-phase
process. xidizing neans that what used to be
silicon becones a new conpound.

Q Ckay.

A As opposed to CVD deposition of a
silicon oxide, where both the silicon and the oxygen
came fromthe vapor phase.

Q So when you do CVD deposition of a
silicon oxide, what you're doing is you are
depositing new naterial onto, let's say, the
substrate or wafer; correct?

A. That's right. Al the source materi al
cones fromthe gas-phase in CVD

Q Ri ght. And when you're doing thernal
oxi dation, what you're doing is you're converting
the existing material to a different conpound?

Ri ght .

O

Ri ght ?

A Fromsilicon to Si Q2.

Q So if | have a layer of silicon and I
performthermal oxidation on that |ayer, part of

that silicon gets converted to silicon dioxide;
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correct?
A. Uh- huh.
Q | s the overall thickness of the |ayer,

whi ch has both the original silicon and the
converted silicon dioxide, the sane thickness as the
original layer of silicon prior to the thernal

oxi dati on process?

A No, it's different.

Q Howis it different?

A Because the density of SIQ2 is
different fromthat of silicon, and so it turns out
t hat when you oxi dize, the thickness of the silicon
whi ch you started with gets snall er because you' ve
consuned sone. But if you |l ook at the thickness
fromthe bottomof the silicon to the top of the
oxi de, that grows.

Q Ckay.

A. And the ratio of how nuch is above and
below the initial surface is sonething |ike 40/60 or
60/40. | don't know. | don't renenber.

Q The point is, it gets thicker?

A It gets thicker.
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Q Ckay. Wien you performthernal
oxi dation -- oh, actually, never m nd.

After the step of formng the sidewall
filaments, then you formthe source/drain inplants.
That's at colum 7 beginning at |ine 66.

A Uh- huh.

Q kay. And it's this step here where
you di scussed before that the sidewall filanments are
used to create space between the inplantation and
the gate el ectrode; correct?

A. Ri ght .

Q The next step -- this is at the
begi nning of colum 8 line 8 -- it tal ks about the
formation of silicon nitride |ayer 30.

You see that?

A Uh- huh.

Q VWhat is the function of the silicon
nitride |ayer?

A The silicon nitride layer is nomnally
an etch barrier for etching through the | ayer that
wll be ontop of it, the ILD |ayer, interlayer

dielectric, but it will also serve as the spacer at
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the end of the process.

Q Where does Doshi say that it wll serve
as a spacer at the end of the process?

A Well -- (review ng docunent). |'m not
sure if | can find where it is explicitly stated,
but the structure is identical to the spacer
structure in the '997 patent and so it serves the
sanme function.

| think he inplies it. This would be
at colum 9 line 65 through 70.

"Figure 3g illustrates the construction
of integrated circuit 20 after the conpletion of
both etch steps, and the stripping of photoresist
| ayer.™

So | think he inplies it there, but |
don't knowif | -- it's a long specification. So |
don't knowif | can --

Q How does he inply it there? That
par agraph that you just referenced doesn't even
mention the silicon nitride |ayer 30.

A Well, but he's prescribed that after

t he second etch, the silicon nitride is left on the
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sidewall, and it's shown in the drawings. So |
think it's very clear that there is a spacer there.

Q Where does Doshi say that the silicon
nitride layer is left on the sidewalls?

A (Revi ewi ng docunent). So Figure 3g
shows the sidewall filanment 11 and it shows silicon
nitride 30 that's left on the sidewall next to the
hol e where the self-aligned contact goes in 3h.

Q O her than Figure 3g, is there any
place in the text of Doshi that says that the
silicon nitride is left on the sidewall after the
etch?

A. Wll, | can't -- | don't renenber
exactly what he says about that, but it is very
clear here, and | even identify that there was a
mnor error in the way the structure was drawn. But
we know that that's what woul d happen, and the ' 997
builds on that afterwards and so | think it's --
it's very clear.

Q Can you point to any place in the text
of Doshi that says that the silicon nitride is left

on the sidewalls after the etch?
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A. Let nme | ook sone nore. | don't
remenber. It's a long specification. (Review ng
docunent) .

Sol think it's inplied in the
paragraph in colum 10 |ine 4.

"It has been observed, in connection
with the present invention, that the two-step etch

of BPSG | ayer 14 and nitride layer 30 is

particularly beneficial, as danage to the corners of

gate structure 10 and sidewall filanments is
substantially mnim zed."

So if the corners -- if in the process
of the second part of the etch through the nitride,
which forns the sidewall spacer, the danage at the
edge is mnimal, then we know that there remains

silicon nitride on the sidewall of the gate

el ectrode.
And it goes on to say:
“I'n particular, sidewall corner
| ocations NCillustrated in Figure 3g have been

observed to be particularly susceptible to damage

fromconventional nitride etches. However, the
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brief nitride etch used to clear nitride | ayer 30
fromw thin plug contact |ocations" -- at the bottom
because that's where the contact is going to be --
"PC has been observed to be highly anisotropic."”

So he's reconfirmng that that etch is
hi ghly ani sotropic, and it doesn't etch that nuch
fromthe corner. It should have -- ny point was, it
shoul d have shown a little bit of change, but it's
very little. And so that nmeans that the sidewall
nitride 30 is going to be there and that will serve
as a spacer.

He doesn't say, this is a spacer. He
doesn't say that. At least not here, and | haven't
found where he says that, but it is very clear that
it's a spacer. And it's the sane thing that the
"997 purports to use as a spacer.

Q | understand that you have a, you know,
interpretation of the Doshi reference, but that
par agraph that you just read doesn't specifically
say that the nitride 30 layer is left on the
sidewal | s after the etch; correct?

A No, | think it says it. It doesn't say
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it explicitly as you said it, but it nmakes it very
clear to one of ordinary skill that if | haven't
done nmuch danmage to the 30 at the top there and |
use a highly anisotropic etch, I will have renaining
a nitride sidewall spacer.

Q Where does it say you will have
remaining a nitride sidewall spacer?

A It doesn't say it that way. It says
iIt's a highly anisotropic etch, and it doesn't
danmage or renove nuch at the top at that corner
above the sidewall filament. Therefore, one of
ordinary skill would certainly conclude that that

sidewall nitride structure renmains --

Q vell --

A -- as a spacer.

Q -- It doesn't say that it doesn't
renmove nmuch of the nitride. It says it doesn't

damage the corners of the gate structure as nuch;
correct?

A Well, the gate structure is underneath
t he phot oresi st.

Q Right. But the gate structure is still
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damaged. It's just not as much as before; correct?
A. Yeah. | think sone of that nitride
will be renoved. That's what | tried to correct in

this figure on page 37.

Q So all that section says is that having
the nitride there reduces the damage to the corner
of the gate structure; correct?

A Yes, but | describes the etching
process in a way that's essentially identical to
what the '997 purports to claim and it forns what
one of ordinary skill would recognize as a sidewal |
spacer nmade of nitride.

Q In order to even damage the gate
structure, you have to etch through the nitride
| ayer protecting that gate structure; correct?

A. | m not sure about that. (Review ng
docunent) .

When you use reactive-ion etching to do
hi ghly ani sotropic etching, you have on the wafer a
| ar ge bi as, several hundreds of volts. So the
reactive-ion species that do the etching are very

energetic, and that's why reactive-ion etching is
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al ways a concern for danmage to materials. |t
doesn't matter where. |t happens all the tine.

So it's reported that that region NCis
particularly susceptible to damage from conventi onal
nitride etches. That may be a nechani sm where the
energetic ions inpact the top corner of the nitride
and cause stress buildup, or sonething |like that,
that influences the properties of the gate
el ectrode. It may be. | don't know. | nean, |
didn't study that.

But | still cone back to the fact that
while | haven't yet found a place where Doshi nakes
it clear and sinple that this nitride remains and
forns a sidewall spacer, it's absolutely clear to --
for one of ordinary skill that it does remain
because it's an anisotropic etch. And it hasn't
nodi fi ed much of that sidewall nitride, except
per haps at the top.

Q And you're pointing to the Figure 3g;
Is that correct?
Yes, that's right.

Q Are you relying on Figure 3g for your
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understanding that the nitride |layer remains on the
sidewal | of the gate el ectrode?

A. No. That confirns it to sonme extent,
but I'mrelying on ny understandi ng and one t hat
woul d be easy for one of ordinary skill to know that
when you do the sequence of steps here, you wll
have a sidewal | spacer.

Q Even t hough Doshi doesn't actually say
that you will have a sidewall spacer; correct?

A But, renenber, Doshi is a | ong patent
wi th many enbodi nents and stack capacitors and all
kinds of things in it, and he's tal king about --
sone -- sonetinmes the recognition of earlier
invention in the prior art, as | understand it, can
be found in things that are teaching the thing
you' re wonderi ng about but not really nmaking that
the focus of what's there.

So | think Doshi covers a |lot of things
her e.

Q But Doshi doesn't specifically say that

you wll formsidewall spacers fromnitride |ayer

30; correct?
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MR. MJKERJI: bjection to form
THE WTNESS: Well, | haven't
reviewed the whole thing to | ook for where in one of
the other applications he nmay have addressed that,
but the process is very clear. There will be a
sidewal | spacer and everybody knows it.
BY MR CHEN:
Q Sitting here today, you cannot point to
any specific portion in Doshi that says that

sidewal | spacers are forned fromnitride |ayer 30;

correct?
MR. MJKERJI: bjection to form
THE WTNESS: | don't know the
answer to that. | have to read the whole patent in
detail .
BY MR CHEN:

Q You didn't read the whole patent in
detail before?

A O course | did. | can't renenber
everything that's here.

Q Ckay. But you didn't cite to any

portion of Doshi in your declaration?
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A. No, | didn't.
Q Ri ght ?
A. No, that's right.

Q Do you think that Doshi m ght have said
It somewhere, but you left it out of your
decl arati on?

A. | have no idea. | did this six nonths
ago, whatever it was. |It's a long patent, and to ne
It was very clear.

In fact, the first tinme | encountered
the teaching of the BPSG on top of the nitride
serving as an etch-stop next to the gate el ectrode,
the first tinme | encountered that was ' 997, which
taught nme after Doshi, prior art, that you nake a
sidewal| spacer there. And | knew it before, and |
t hi nk one of ordinary skill would know that.

Q And so ny question is and it's pretty
si npl e questi on:

Sitting here today, can you point to
any specific portion in Doshi that says that
sidewal | spacers are fornmed fromnitride |ayer 307

MR. MUKERJI: Objection to form
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THE WTNESS: | cannot yet do
that, but | have not reread the patent to be able to
answer your very explicit question.

BY MR CHEN:

Q Ckay.

A. But | think this is not the issue,
whet her he says it or not. It fornms the sane
structure as the '997 shows and it cane before.

Q In order for nitride layer 30 to act as
a sidewal |l spacer, does it need to have a certain

t hi ckness?

A Larger than zero. Yes.
Q Just larger than zero?
A No. | don't know. | don't know what

nunber to put onit. Yes, it has to have a finite
t hi ckness.

Q Should it have a relatively thick --
should it be a relatively thick layer to act as a
si dewal | spacer?

A. No, | don't think it needs to be very
thick. W nmade essentially CVD, actually ALD,

I nsulating |layers 6 nanoneters thick. They are
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excellent insulators. So it doesn't have to be very
t hi ck.

Q What does it depend on? How thick --
what determ nes how thick that |ayer needs to be in
order to act as a sidewall spacer?

A It depends on the quality of the
material, and the thickness should be greater than a
tunnel ing distance, but that's -- that's of order
one nanoneter or less. So that's kind of an
irrelevant nunber. That's very thin. Tunneling
di stances | nean.

MR. MJKERJI: Can we go off the
record for just one second?

(O f the stenographic record)

(Recess - 3:16 p.m - 3:38 p.m)
BY MR CHEN:

Q Al right. Dr. Rubloff, before we went
off the record, we were tal king about --
Uh- huh.

-- the nitride layer 30 --

Yes.

o > O P

-- as described in the Doshi reference.
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| noticed that you were, you know,

taking the tinme during the break to reviewthe

ref erence.
A Uh- huh
Q Did you find -- in your tinme review ng

the reference, did you find any | ocati on where Doshi
specifically says that nitride layer 30 is --
remains on the sidewalls of the gate el ectrode and
acts as a spacer?

A. | haven't found anything explicit along
the lines of the words that you just used. But the
description, for exanple, in colum 3 on 60, which
Is the description of how the sidewall filanents are
made, talks to "silicon nitride sidewall filanents
are conventionally fornmed by CVD of silicon nitride
overall, followed by an anisotropic nitride etch to
renove the nitride fromthe flat active regions,
| eaving sidewal |l filanents behind."

The structure of the sidewall filanment
Is simlar to the structure of the nitride |ayer 30
that is explicitly depicted in Figure 3g of Doshi

and corresponds, | think, directly to what the '997
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purports.

So while | have not found the explicit
kind of wording that you are |ooking for, | think
one of ordinary skill would recognize Doshi is doing
the sane thing that the '997 is doing.

Q The sidewal|l filanents that are
described in Doshi are actually explicitly described
as having the spacer function; correct?

A. Havi ng the dopi ng spacer function;
right.

Q And in colum 8 where Doshi is
describing the nitride |ayer 30, it describes

certain functions for that |ayer; correct?

A Col um 8 where?

Q Col um 8 beginning at |ine 8.

A. |"msorry. Line?

Q 8.

A (Revi ewi ng docunent). Well, that's a
function -- the description you're referring to is

t he dopant barrier that 30 silicon nitride serves to
prevent boron and phosphorous fromthe -- overlying

BPSG fromdiffusing into the silicon.
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So what -- what it basically says is

the nitride serves as a diffusion barrier for that

structure, but that's not addressing its sidewall

functi on.
Q Ri ght .
A It's addressing its chem cal function.
Q Right. 1It's specifically --
A One of its functions.
Q -- discloses a function for that |ayer

and that function that is disclosed is acid

di ffusion barrier?

A. That's -- yes, but a | ayer

i ke that

can have nmultiple functions. Silicon nitride is a

pretty good insulator, electrical insulator.

Q Al right. Followng the formation of

silicon nitride 30 -- layer 30 is the formation of

the interlayer dielectric, and that's referred to at

colum 8 line 23; correct?
Ch, sorry. Actually --
Let's see.
Q No, that's correct.

A Yeah.

OESQUIRE
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Q So it begins at colum 8 line 23;
correct?
A. Uh- huh.

Q Right. And that interlayer insulator
i s made of BPSG correct?

A Yes.

Q And BPSG is a silicon oxide |ayer;
correct?

A. It's a silicon-based oxide |ayer, but
it's doped with boron and phosphorous.

Q Ckay.

A. That changes its nechanical properties
significantly.

Q And subsequent to the deposition of the
BPSG | ayer, that |ayer is then planarized; correct?

A Yes.

Q Al right. And then Doshi -- noving
al ong, Doshi starts to tal k about the formation of

t he contact openings.

A |"msorry. Can | go back to the BPSG
guesti on?
Q Sur e.

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2004



© 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, PHD Volume | August 18, 2015
SAMSUNG V. HOME SEMICONDUCTOR 193

A. So this describes that after the | ayer
30 is put down over everything conformally --

Q Ri ght .

A -- as the next top layer, the BPSGis
put down and then it's planarized by high
t enperat ure anneal i ng st ep.

VWhat wil| happen during that annealing
step is inportant for the understanding of the
sidewal | filanments function. Because it just
described that nitride is a good barrier to boron
and phosphorus diffusion -- diffusion, but referring
only to the consequences for the crystalline silicon
n+ region, the substrate; right?

So it's basically saying, what you just
read, says that silicon nitride |layer 30 when it's
still on top of the n+ region will prevent boron and
phosphorous diffusion into the silicon.

That -- that has a consequence that on
the sidewall, the remaining nitride 30 will serve as
a boron and phosphorus diffusion barrier. So that
boron and phosphorous fromthe now present BPSG next

to the nitride layer 30 can't get through 30 to get
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to the polysilicon or tungsten silicide because the
conponent of the sidewall filanment, the thernal
oxide, is not a good barrier.

So what |'msaying is the sidewall
nitride structure 30 will play a role during the
pl anari zation step, which is annealing the BPSG in
preventing dopants fromentering the polysilicon.
And for that matter, it could be the gate oxide at
t hat point.

Q Ckay. And what is the significance of

that --

A vell --

Q -- point you just nade?

A -- the significance is that if the --
ah -- is that at least during that step, there is a
function for that sidewall spacer of nitride. It's

not the electrical barrier at that point because
that hasn't been encountered yet until the structure
I's done.

Q So you're saying then at the point of
the BPSG formation, the nitride |ayer 30 covering

the sidewalls of the gate electrode structure is
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perform ng spacer function?

A Yeah, and diffusion 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 diffusion barrier function

of the nitride material with regard to the source

regi on.
Q Ckay.
A. It's just a conment.
Q Sure. So then, for exanple, |ooking at

Figure 3f, which -- what figure are you | ooking at
i n your declaration?

A Too many. | have Figure 3g in ny
decl arati on.

Q Ckay. Well, let's | ook at Figure 3f.

A. Ckay.

Q O no. Sorry.

A. Yes.

Q Figure 3 -- let's |ook at Figure 3d.
All right? This is the figure before the contact
openi ngs are being etched, but you have the BPSG

| ayer 14, | believe it is.
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A Uh- huh.

Q Right. So looking at Figure 3d, a
person of ordinary skill in the art would | ook at a
portion of nitride |layer 30 covering the sidewalls
of the gate electrode and say that's a spacer right
t here?

A Well, | would say it's a diffusion

barrier during BPSG reflow, which is an annealing

st ep.

Q So it is not a spacer?

A Vell, a diffusion barrier is a kind of
spacer.

Q Ckay. So it is a spacer?

A. Yes.

Q Ckay.

A. But that's not the spacer that's at
I ssue here. | realize that.

Q | don't follow you

A No. | think your question was, at this

stage after both etches of BPSG and nitride is done,
how do we know there's still a nitride sidewall

spacer? And that's a different -- that's a

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2004



© 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, PHD Volume | August 18, 2015
SAMSUNG V. HOME SEMICONDUCTOR 197

di fferent question.

Q That's a different.

A | may have raised an irrel evant
guestion. It was just an observation because
there's been so nuch attention in what you read to
the diffusion barrier properties of the nitride.

Q Ri ght .

A Sorry if | got us off-track.

Q No, no. | just want to understand. |
nmean, maybe it's an inportant point.

Because you are saying that during BPSG

formation, that portion of the nitride layer that's

on the sidewall is acting as a diffusion barrier in
the --

A Lat eral .

Q -- lateral direction?

A Yes.

Q Thank you.

And | think your point was, is that at
that stage, that portion of the nitride |ayer, the
portion that's on the sidewall of the gate, is

functioning as a spacer; correct?
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A. A diffusion barrier spacer.

Q And that diffusion barrier spacer is
within the definition of spacer that you provided in
the context of the '9977?

A Yes.

Q Now, one reason you said that that is
needed to provide that function is because you said
that the thermal oxide of the sidewall filament is
not a good diffusion barrier; correct?

A That's correct.

Q Okay. But the sidewall filanent is not
just conprised of thermal oxide; correct?

A That's correct.

Q Ckay. It actually has a | ayer of
silicon nitride; correct?

A. Ri ght, which was forned exactly the way
that the sidewall fill -- the sidewall spacer 30 is
formed during the two-step etch.

Q kay. And silicon nitride is a good
di ffusion barrier?

A. It is a good diffusion barrier.

Q Ckay. So in a sense, the sidewall
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filament 11 will protect a gate from any boron or
phosphorus di ffusion?

A It can, yes.

Q And you don't really need the nitride
| ayer 30 there to act as a diffusion barrier;
correct?

A | think that's correct. Well, it helps

Q kay. Okay. So we've tal ked about the
formation of the BPSG layer, and 1'd like to talk a
little bit now about the formation of the contact
openi ngs and that begins at colum 9 |ine 26.

A (Revi ewi ng docunent).

Q Okay. | guess the first step of
form ng the contact opening is to formthe patterned
resist; correct?

A Yes.

Q Al right. And the next step is to
then etch through the BPSG | ayer stopping on the
nitride |layer; correct?

Yes.

Q Al right. And this is where the
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nitride |layer is behaving as an etch-stop?

A Yes.

Q And then what follows after the BPSG
etch step is a nitride etch step; correct?

A Uh- huh.

Q And the purpose of that nitride etch
step is to etch through the nitride |ayer; correct?

A It's to etch through the nitride |ayer
that's covering this source/drain region, the
di ffusion region, and at that point it fornms the
si dewal | spacer.

Q Looki ng at your declaration at

par agraph A-12, you describe the second etch as "an
ani sotropic etching of the barrier |layer underneath
t he opening."
You see that?
A Uh- huh.
Q Now, the part that you -- you quoted
fromthe patent says:
"“Cont act openings (PC, BLC, CT) are
etched through the BPSG | ayer (14) and the silicon

nitride layer (30) using a two-step etch process.”
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What does the PC stand for?
A. Yeah. | don't renmenber which figure
that is.

Q | nmean, is PC, BLC, and CT just
different contact openings in different regions?
A |11 have to think about that.

Q Actual ly, maybe this will help you.
| f you | ook at colum 107
A Yeah.
Q Line 3, for exanple. It says "within
pl ug contact openings PC. "
s PC just plug contact?
A Yeah, that's -- (review ng docunent).
Ckay. In Figure 3g, PCis the plug -- excuse ne --
pl ug contact. Because the PCis in the place where
t he openi ng through BPSG and nitride is.
And NC -- okay. That's different.
That's the corner.
BLCis in Figure 3i.
Q Ri ght.
A And | think 3i refers to a different

structure, a different device. Plug oxide |ayer.
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Q Well, if you go to --
A It's part of a DRAMcircuit it appears.

Bit line contact location is BLC
Q Right. So if you | ook at colum 10
line 40, for exanple, it says:
"As in the formation of plug contact
| ocations PC, bit line contact |ocations BLC. "
So | assune that PC refers to plug
contact and BLC refers to bit line contact?
Uh- huh.
|s that right?
| think so.
Ckay. Wat is a CT?
(Revi ewi ng docunent).
Maybe that's not.

(Revi ew ng docunent).

o >» O >» O » O >

| f you don't know, it's okay. W can
nove on.

A | don't know. | think that those refer
to other applications than the ones we've
concentrated on --

Q Ckay.
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A -- and are relevant. So | think it's
not a big deal.
Q Ckay. Al right. Getting back to the
nitride etch.
So the results of the nitride etch are
shown in Figure 3g; correct?
O the results of the nitride etch for

the plug contact openings are shown in Figure 3g;

correct?
A. Yes.
Q And then you nention that you found an

error in Figure 3g; correct?

A. Yes. | think it was a little
m sl eading. | would have expected to see -- what
page do | have this on? Yeah, on page 37.

| woul d have expected to see sone of

the top nitride etched away there.

Q And that's not depicted in Figure 3g;
right?

A. No. No. Figure 3g on page 37 of ny
declaration shows a little region in a rectangle

where that top part of nitride 30, | think, should

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2004



© 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, PHD Volume | August 18, 2015
SAMSUNG V. HOME SEMICONDUCTOR 204

have been shown renoved, and that's an annotation to
a blowp of the right part of Figure 3g near that
pl ug contact.

Q And the reason why that portion of the
nitride |ayer 30 woul d have been renoved i s because
it is wthin the exposed portion of the contact
openi ng mask?

A That's right. And so the thickness of
that nitride as it neets the resist |ayer would be
in conformal CVD the sane as the thickness of the
nitride that would be on top of the n+ region. So
when you clear the n+ region, you'll |ose sone of
that top part, but you'll still |eave the sidewall
nitride 30 because it's the standard way of making
si dewal | spacers.

Q O her than the error that you pointed
out in your declaration, are there other errors in
Fi gure 3g of Doshi ?

A None that | know of, or | would have
decl ared them

Q Previ ously you had nentioned that the

di ffusion region is covered by a thermal oxide

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2004



© 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, PHD Volume | August 18, 2015
SAMSUNG V. HOME SEMICONDUCTOR 205

| ayer; correct?

A. Yeah, fromthe RTO

Q Right. |Is that thermal oxide |ayer
depicted here in Figure 3g?

A No, because the etch that renoves the
nitride would have to renove any thermal oxide there
in order to allow good contact to the n+ region.

Q But isn't the etch to renove the
nitride selective to nitride over oxide?

A. Ri ght, but selectivity is never
infinite. It's a certain nunber and nitride is
significantly thicker than a little bit of thernmal
oxi de - -

Q Ckay.

A -- that m ght have been present there.

Q So it's your opinion that the etch that
renoves the nitride would also etch through any
thermal oxide that is --

A Yeah, and it wouldn't have to etch
through all of it. Because when you nake a contact
like that, if there are a few patches of very thin

oxide remaining, it doesn't change the
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characteristics very nmuch. You would like not to
have t hat.

So the way -- the way to think about
that is, if | make a contact here and there's sone
oxi de here, but there are plenty of places where
there is not oxide, that's really all | need to get
the contact resistance | owered enough to nake

effectively contact.

| mean, | don't think every oxygen if
there were thermal -- a little bit of thermal oxide
here, | don't think it nmeans that every single

oxygen atom has to be gone after the etch for it to
be a good contact to the material that fills this
regi on.

Q Wul dn't you want to clear off any
oxi de over the contact to make a good contact?

A Yeah, of course. You'd |like to clear
of f whatever you can and that nmeans nost of it, but
it doesn't have to be every atom

Q Looki ng at Figure 3f of Doshi, this is
before the nitride etch step.

The thernal oxide isn't shown in this
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figure here; correct?

A The thermal -- which thermal oxide?

Q The thermal oxide over the diffusion
regi on.

A No.

Q Ckay. |Is that another error in Doshi
figures?

A | don't think it's an error. It wasn't
necessary.

Q Wasn't Doshi --

A. It's not depicted in 11, the sidewall
shown. Doshi says we do rapid thermal oxidation to
make part of the sidewall filanment, and we do
nitride sidewall formation by CVD and ani sotropic
etch to make the ot her conponent of sidewall
filament. But he doesn't break up -- despite having
said that there are two conponents to 11, he doesn't
attenpt to draw that separately.

So |l think it -- renenber, as | said
before, Doshi is trying to | ook at a nuch bigger
picture than the '997 is. So he teaches the dual

step, the two-step etch and the use of the nitride
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and the BPSG to do a self-aligned contact. He
teaches that as part of a nuch larger picture in the
Doshi patent.

So | eaving out sone details which are
in sone of the places not put it in the figure, but
iIt's explained in the text. Everything doesn't have
to bein -- at least as | understand it, there is no
need for the patent to show every detail of the
specification in figures.

Q So what you're saying is that sone
aspects of what Doshi disclosed in his text are not
directly reflected in its figures?

A. Yes.

Q The one error that you did find is the
error in the etching of the nitride [ayer 30, which
I's what you pointed out in your declaration with
respect to Figure 3g, though; correct?

A Yeah. | guess | would say I"'ma little
unconfortable wth the notion of depicting that as
an error because | think the description in the
specification tells us what these shapes will | ook

i ke, and they were known to one of ordinary skill.
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So I would rather have seen it drawn
differently, but error sounds |like there's sonething
fundanmentally wong. | think that's too strong a
wor d.

Q Ckay. Well, you called it an error.

A Yeah, | know. Maybe not the best
choi ce of words.

Q Are there other errors in the depiction
of the etching of nitride layer 30 in the figures of
t he Doshi reference?

MR. MJKERJI: bjection to form

THE WTNESS: It's possible, but |
don't know of any. | nean, we could argue -- |
think it's difficult. W could argue about exactly
what the sidewall profile would |ook Iike after the
nitride is etched to formthe sidewall -- sidewall
spacer, and that has to do with how ani sotropic the
etch is and so on there.

We coul d qui bbl e about these
details, but | know how these draw ngs are nade.
They' re made by a draftsman who gets a sketch and

tries to make it right, and they're not always
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accur at e.
BY MR CHEN

Q Ckay. So it's better to rely on the
text of the reference as opposed to the figures; is
that fair?

MR. MJKERJI: bjection to form

THE W TNESS: | would like to | ook
at both and -- and understand what was known at the
time by one of ordinary skill and conclude fromthat

that set of things.
BY MR CHEN:

Q Al right. Followng the etch of the
pl ug contact openings, Doshi tal ks about the
formation of plugs wthin those plug contact
openi ngs; correct?

A Uh- huh.

Q And then it says that if you were, for
exanple, formng a DRAMcircuit, you wuld al so have

to open up bit line contact openings; correct?

A Which line are you at?
Q Begi nning at line colum 10 line 31
A Uh- huh.
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Q And the formation of the bit |ine
contact openings is effectively the sane as the
formation of the plug contact openings; correct?

A Wll, 1'd have to look a little nore
closely at that because | didn't really concentrate
on this part.

Q Ckay.

A When | was studying this patent, | was
nore interested in the plug contact because that's
really where the issue appears.

Q So you don't have an opinion as to
whet her the formation of the bit |ine contact
opening is the sane as the formation of the plug
contact opening; correct?

A Gve ne just a mnute, please.

(Revi ew ng docunent).

l"'msorry. |'mtaking sone tine to
interpret the nunbers in 3i. (Review ng docunent).
Ckay. |I'msorry. Can we cone back to

t he question now about the bit |ine contact?
Q My question was sinply that whether you

had provided any opinions about the formation of the
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bit Iine contact opening.

A No, | don't think so.

Q Ckay. And so you don't have an opinion
as to whether the formation of the bit Iine contact
opening is the sanme -- or you don't have any
opi nions as to whether the process used to formthe
bit line contact openings is the sane as the process
used to formthe plug contact openings; correct?

A. | have not | ooked at the description of
the bit line contact etch. | read it, but | didn't
pay a ot of attention to it.

Q Ckay.

THE REPORTER: Exhibit 7.
(Docunent marked, for
i dentification purposes, as Rubloff Exhibit No. 7.)
BY MR CHEN:

Q (kay. |'ve asked the court reporter to
mark as Exhibit No. 7 patent nunber 5,770,498, which
| believe is referred to as the Becker reference.

Dr. Rubloff, is Exhibit 7 one of the
patents that you selected to be used in Sansung's

| PR of the '997 patent?
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Yes.

And you did that selection yourself;

right?

A. Yes.

Q Whi ch was about six nonths ago,
roughl y?

A Whenever it was. (Laugh).

This is the one that was referenced by
the I PR board sonehow as not having the sane stature
as the Doshi. | don't -- | didn't quite understand
that. But it was ny sel ection, yes.

Q Al right. | also want to kind of do
sonething simlar to what we did with Doshi, kind of
wal k through the process that's disclosed in the
Becker reference.

| believe the discussion of the process
begins at colum 4 |ine 9.

A (Revi ewi ng docunent).

Q Again, | think the first step during
the formation is to formthe isol ation regions;
correct?

A Right. The field oxide 16.
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Q And t hen Becker describes the formation

of the gate el ectrode beginning at line or colum 4

line -- roughly around line 22; correct?
A. Uh- huh
Q Does Becker describe the etch process

used to formthe gate el ectrode structure?
A (Revi ewi ng docunent). Well, line 22.
"Transi stor gate electrode gate 18 is
formed by successively depositing or 'stacking'
| ayers of polysilicon 20, tungsten silicon 22 and
silicon nitride 24 over thin gate insulating |ayer,
and then patterning and etching those layers to
expose substrate 12 at the desired | ocations of the
source and drain for the access transistors."”
That's polysilicon -- polysilicon gate.
Q And nmy question was: Does Becker
describe the specific etch process used to formthe
gate el ectrode structure?
A Ch, you nean the etch gas and the power
and all that stuff?
Q O even what type of etching process is

used.
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A. Well, what he says is these |ayers
whi ch are deposited and patterned and etched using
conventional nethods well known in the art.

Ch, I"'msorry. That, no.
“"Then patterning and etching those

| ayers to expose substrate." Yeah. Yeah. These
| ayers. Yeah, this is line 25 to 29 or sonethi ng.

Q What are sone of the conventional
nmet hods of etching known in the art in this tine
frame?

A. Reactive-ion etching woul d be nost
common, | think.

Q Are there other types?

A Well, you want to define the gate
el ectrode by an anisotropic process. So it would
be, inthis time frame, reactive-ion etching would
be common, but there are other configurations of
equi prrent that could do that. |Inductively coupl ed
plasma, for a while ECR plasma, electron cyclotron
resonance plasma, which are high density plasna
et chi ng techni ques.

Q And all of these other etching
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techni ques are consi dered conventional nethods well
known in the art?

A. Yes.

Q After the formation of the gate
el ectrode, Becker describes the next step as
I nplantation of inpurities into the substrate;
correct?

A Uh- huh.

Q What is the purpose of this
I npl antation step?

A. Well, the transistors require doped
regions to nmake a PNP or an NPN transistor. So
these regions 28 are the regions that wth the gate
el ectrode in place and the field oxide 16 in pl ace,
having cleared the gate stack material fromthe
regi on between those two things, the ion inplant 26
woul d formthese doped regions 28. And to have an
active device, you have to have doped regions.

Q But those doped regions 28 are not the
source/drain regions; correct?

A Sonme of themw Il be.

Q Well, the reason | say that is because
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in the patent at columm 4 line -- beginning at |ine
40 - -

A |"msorry. \Were?

Q Col um 4 beginning at line 40, the
pat ent says:

"The resulting doped p-regions 28
extend into the channel area between the
subsequently forned source and drain for each access
transistor."

So |I'' mwondering whether that indicates
t hat channel region or the doped p-region 28 is
sonething that's different fromthe subsequently
f ormed source/ drain.

A Well, notice that the regions 28 extend
under the gate electrode; right? And so that's -- |
think that's a design choice nade for designing the
dopant profile of the transistor in this case.

Q So --

A And that would be forned, | believe, by
annealing to activate the dopants that were
I npl ant ed.

Q So is the region 28 different fromthe
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source/drain region?

A | don't think so. | don't recall if
this is sonething atypical or unusual.

Q But the source/drain region has not yet
been fornmed at this step in the process; correct?

A Yeah. | have to look at this nore
closely. | just don't renenber how this part goes.
It's not the part | was nost interested in for the
'997 patent.

(Review ng docunent). It's a nore

conplicated structure. I'msorry. | hadn't
remenbered the details of that because | was

focusi ng on other parts.

(Revi ew ng docunent). Ckay. |I'm
sorry. | have | ost the question.
Q You know, it wasn't controversial.

| was just asking whether region 28 is
part of this. Wll, actually --
A It's not --
Q -- I'"1l ask you the exact question that
| asked before the | ong pause.

At this particular step in the process
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followng the formation of region 28, the
source/drain regi ons have not yet been forned,
correct?

A (Revi ewi ng docunent). Yes, | think
that's right.

Q Ckay.

A 32a and b are the source/drain regions.

Q Okay. Follow ng the formation of the
p-regions 28, the next step in the process is the

deposition of the spacer insulating |ayer 30;

correct?
Ckay.
Q What is the spacer insulating | ayer?
A. 30 is nitride; right?
Q VWhat is the function of that |ayer?
A Vel |, the reason Becker was chosen is

that the structure you see in Figure 4 corresponds
to the way the '997 patent and the Doshi

reference -- the Doshi patent etch a self-aligned
contact through BPSG to an etch-stop | ayer of
nitride in the second step going through that to

make contact to the substrate, source/drain
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contacts, and during that process |eaving a sidewall
spacer of nitride.

That was the part | considered rel evant
to the '997 patent here. The rest of the details of
the dopant profiles and so on | didn't consider as
relevant to '997.

Q Ckay. So when the spacer insulating
area is first deposited, it is deposited, according
to Becker, in the range of 600 to 2,000 angstrons;
correct? That is at colum 4 |ine 46.

A. Ckay.

Q And after it's deposited, that layer is
then thinned in certain regions to the range of 50
angstrons to 400 angstrons; correct?

A. Yes.

Q Ckay. And the regions that are thinned
are the portions of the spacer insulating |ayer
above the gate el ectrode and above where the
source/drain regions are to be fornmed between the
gate electrode as shown in Figure 3; correct?

A Uh- huh

Q The thickness of the spacer insulating

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2004



© 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, PHD Volume | August 18, 2015
SAMSUNG V. HOME SEMICONDUCTOR 221

| ayer that is on the sidewalls of the gate are not
thinned and remain close to the original deposition

t hi ckness of 600 to 2,000 angstrons; correct?

A. Uh- huh.
Q |"msorry. Unh-huh. |Is that a yes?
A Yes. |'msorry.

Q Way is the thickness of the spacer
I nsul ating | ayer over the -- what will |ater be the
source/drain regions, why is that portion of the
spacer insulating |layer thinned?
A. (Revi ew ng docunent). Cee, |'ve | ooked
at this, this aspect.
Q Maybe it wll help you. | can refer
you to colum 4 line 66 through colum 5 |ine 5.
A (Revi ewi ng docunent). Well, as it says
here -- thank you -- colum 5:
"Under etching spacer insulating |ayer
30 to leave a thin layer of nitride materi al
provides a diffusion barrier during subsequent
processing. "
Nitride is a good diffusion barrier,

Q Now, follow ng the formation of the
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spacer insulating |layer and then the subsequent
thinning of that layer in certain regions, Becker
descri bes a process where lightly doped drain

I nplants are used to formthe source and drain
regi ons; correct?

Uh- huh.

Al right. And that --

Yes.

-- begins at colum 5 |ine 6; correct?

> O »>» O

Yes.

Q Ckay. How are the inpurities here
I nplanted into the source/drain regions?

A. Through the nitride, the thinned
nitride.

Q So won't the thinned nitride interfere
with inplantation?

A No.

Q Why not ?

A In fact -- well, the inplantation depth
can certainly be greater than the thinned nitride
t hi cknesses. You can adjust the inplantation energy

to get the penetration and conpensate for the
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presence of the nitride that's there.

In fact, these kinds of layers nitride
used in themis not crystalline, it's anorphous.
And so very often when you do an inplantation, you
want to nmake sure you're not channelling along the
crystalline axis of the substrate. And so you want
to put sonething that the -- that the inplant ions
go through which random zes to sone extent what
their trajectory is so they don't channel deeply
into the crystalline lattice.

Q But the inplantation paraneters you use
with the presence of the nitride |ayer there as
opposed to the paraneters used wthout the nitride
wll be different; correct?

A Yeah, sonewhat different.

Q Because you have to conpensate for your
ability to penetrate through the nitride |ayer?

A Yeah. The energy | oss of the ion going
through different materials is quite well
under st ood.

Q Ckay.

A So you woul d know, okay, | wanted the
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peak position to be of the inplant distribution,
kind of Gaussian, to be so far below the silicon
surface, but I'mgoing to |lose this nuch energy
goi ng through the nitride. So I'll just change the
I npl ant ener gy.

Q (kay. The thickness of that nitride
| ayer will also affect the paraneters of the
i nplantation that you use to achi eve your targeted
dopant profile; correct?

A Yeah. Unless it's thin enough it
doesn't matter.

Q And if you add another |ayer on top of
the nitride |ayer, that too would affect the
i npl antation paraneters that you need to use to

achi eve your dopant profile; correct?

A. It coul d.
Q In fact, the thicker the naterials
covering this substrate that is -- sorry.

The nore material you have covering the
substrate, the higher the inplantation energy or
i npurity dosage you would need to use to achieve the

sane dopant profile; correct?
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A. Not dose, but energy.
Q Ckay. Only energy?
A. Ener gy
Q Ckay. So --
A |"msorry. Energy to get the right

depth into the substrate, but you may | ose sone of
that that gets buried in the thin layer on the top.
Q Ri ght .
A. And so you nay have to change the dose

alittle too.

Q kay. So the material covering the
substrate -- would the anount of material covering
the substrate will affect both the inplantation

energy required as well as the inpurity dosage
required to achieve your targeted dopant profile for
t he source/drain region?

A Yes, it coul d.

Q kay. In this step where Becker is
performng the |lightly doped drain inplants, what is
the function of the spacer insulating | ayer?

A You're referring to which figure?

Q Fi gure 3.
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A. And you're tal king about the spacer
i nsul ating |ayer --
Q Yes.
A -- which is 18 on the sidewal |l of the

gate el ectrode?

Q | think it's layer -- | think it's --

A ' msorry.

Q -- 30.

A. 30. 18 --

Q 18 is the gate el ectrode.

A. -- Iis the top of the gate el ectrode.
30. [I'msorry.

Q Yes.

A So 30 on the sidewall of the gate
el ectrode will be an inplant mask, part of an

I npl ant mask.
Q Ckay. So it's a doping spacer?
A It's a dopi nhg spacer.
Okay. Could you explain again how the
portion of the spacer insulating |layer 30 on the
gate electrode -- on the sidewall of the gate

el ectrode acts as a spacer during this step?
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A. In Figure 3, so 40 are the ion inplant
traj ectories.

Q Ri ght .

A They are comng in a directional
fashion into the substrate 12, and they wl|
penetrate through the thinned nitride nunber 30, but
they won't penetrate through the sidewall spacer 30
next to the gate el ectrode.

And t he consequent dopant profiles that
you get wll be determ ned by that and by whatever
anneal i ng process and associ ated thermal diffusion
t he dopants happen during inplant activation anneal .

Q So it's creating space between where
you' re doing your inplantation and the gate
el ect rode?

A. Ri ght .

Q And so the spacer insulating |ayer 30
at this stage in the process is a spacer in the

context of how you construed it for the '997 patent;

correct?
A. Uh- huh.
Q s that a yes?
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Yes.

Q Al right. Following the inplantation
step -- and, actually, you know, before we go on, |
don't know how | ong we've been goi ng.

MR MIJKERJI: [It's been just a few
m nut es past an hour.

MR, CHEN. kay. You want to take
a qui ck break then?

MR, MUKERIJI: Sure.

(Recess - 4:51 p.m - 5:03 p.m)
BY MR CHEN:

Q The Becker process does not disclose
the thermal oxidation of the sidewalls of the
polysilicon or the substrate for the diffusion
regi ons; correct?

A. (Revi ew ng docunent). That's right.

Q Ckay. |If you turn to Exhibit 5, which

we introduced earlier in the day. This is the Wng

reference --
A. Ri ght.
Q -- that you referred to on page 47 of

your decl arati on.
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A Yeah.
Q So the Wng reference is the one that

teaches the use of thermal oxidation to repair
damage created by reactive-ion etching; correct?

A. Yes.

Q Does Wng address other forns of
etching other than reactive-ion etching?

A (Revi ew ng docunent). Not other forns
of etching, but does address channel ion
I nplantation as a source of defects, but that's not
-- it's not really an etching process.

Q Does Wng teach that thermal oxidation
wi Il also help repair defects created through
channel ion inplantation?

A. Yes.

Q Where does it teach that?

A At |east in the abstract, polysilicon
sidewal | oxidation is al so necessary to protect the
thin oxide from degradation by source/drain ion
I npl ant ati on.

Q Ckay. But those are two different

fornms of protection; correct?
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A. Whi ch two?

Q Well, the benefit of the thernal
oxi dation for repairing defects caused by
reactive-ion etching is that -- well, let ne
rephrase that.

What Wbng teaches is that thernal

oxi dation can be used to repair defects that are
caused by reactive-ion etching; correct?

A Uh- huh

Q What Wbng teaches for the polysilicon
sidewal | oxidation is that it can help create a thin
oxide that will then protect the source/drain region
from subsequent damage by ion inplantation; correct?

A That certainly isn't how | read the
abstract.

Q Ckay. Well, so then are you saying
that the sidewall|l oxidation repairs danage to the
source/drain regions that were created during ion
inplantation in the sane way that it would repair
damage created by reactive-ion etching?

A. |"msorry. You said sidewall oxidation

of a polysilicon to protect the thin oxide during
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i on inplantation.

Q Ri ght .
A | s that what you sai d?
Q Well, | was wondering whet her the

benefits of the thernmal oxidation are different, |
said, as applied to reactive-ion etching and --

A. Yes.

Q -- as applied to ion inplantation

A. Wel |, according to the abstract,
reactive-ion etching to define the polysilicon gate
hurts the quality of the thin oxide. But if you
then do sidewall oxidation to the polysilicon, you

can reduce that problem

Q Because it will repair the damage --
A Ri ght .

Q -- that had al ready occurred?

A (Revi ew ng docunent). Yeah.

So -- so the conclusion, | don't
remenber the ion inplantation part because it's not
the part | focused on, but the conclusion in this
abstract is that the sidewall oxidation does help

protect the thin oxide, neaning the gate oxide, from
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degradation during inplantation where you're usually
using the gate as a nmask for ion inplantation. So
the ions are going straight at the edge of the gate
oxi de where the R E damage could be. It's the sane
| ocati on.

Q And that process isn't repairing danmage
t hat has already occurred but, rather, preventing
damage from occurring; correct?

A. Yes.

Q Al right.

A. O at least primarily so.

Q kay. Does Becker disclose the
potential defects that will be created through
reactive-ion etching of a gate el ectrode?

A (Revi ewi ng docunent). | don't think
so. |I'mjust reviewing it again.

Q Looki ng at Exhibit 5, the Wng
reference, if you turn to page 12 and we | ook at
Table 1 at the top of page 12.

A. |"msorry. Can you hold just a
mnute --

Q Sur e thing.
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A -- while | finish scanning this?
(Revi ew ng docunent). |'msorry.

Q No probl em

Pl ease go ahead.

Ckay. | was -- if you could turn to
Exhibit 5, which is the Whng reference --

A Uh- huh.
Q -- page 12. And you |l ook at Table 1
above.

Does Wng teach that the defect density
for plasma etching is significantly |ower than the
defect density for reactive-ion etching?

A. Well, what she did was only RIE here.
That's the only way you can nake the gate. | don't
know what process you'd be referring to as "plasma
etching." RIEis a plasma etch process.

Q Ckay. Well, if you |look at the table,
the second |ine says:

"Polysilicon gate 60 m| dot plasma
et ched. "

A (Revi ew ng docunent). |'msorry.

Q So --
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A. You're right. On page 158, she
nmentions "defined by RIE or plasnma etching" and 60
ml| dots are big. That's pretty big.

Ckay. So the defect density in plasma
etching is certainly higher than it is with RE

Q Oh, it's higher than it is?

A Ch, wait. I'msorry. | was |ooking at
al um num gate. Wiich are you referring to: A
general statenent for alum numor polysilicon gate?

Q For the polysilicon gate.

Let nme re-ask the question.

Does Wng teach that the defect density
for plasma etching is significantly |ower than the
defect density for reactive-ion etching?

A. No.

Q Wy not ?

A Well, the plasma etch 60 m| dot on
polysilicon gate is 26 per centineters squared. |If
you | ook at the edge of the field oxide wth RIE,
it's 19, and if you |l ook at the edge on the gate
oxide, it's 88. | don't think that's a clear

concl usi on.
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Q Ckay. If you turn to page 10 Figure 2,
| think you can see the distinction between 2a, 2b,
and 2c.

A (Revi ewi ng docunent). Yes.

Q Sois it fair then to say that the
second line of Table 1 on page 12 describing plasm
etching and Figure 2b, with reference to Figure 2b,
Is conparable to the fourth line in that table which
I's describing reactive-ion etching with reference to
Fi gure 2b?

A. (Revi ew ng docunent). Well, the
descriptors are a little confusing because it
appears to conpare RIE the fourth line to plasna the
second |ine edge on gate oxide to 60 m| dot. |
think they are the sane thing. And the concl usion
fromthat could be that 26 is notably | ess than 88.

Q I n your experience, does plasnma etching
cause fewer defects than reactive-ion etching?

A | don't have any direct experience
conparing them because nost of the tine people do,
where |'ve -- where |I've been involved, it's all

RIE. So we don't | ook at plasnma etching because you
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can't define things with it.

Does it nmake sense that it would be
| ess? The answer to that is yes because
reactive-ion etching inparts tens or hundreds of
volts of ion energy to the plasm species that are
doing the etching and, therefore, they have a | ot
nore kinetic energy to inpart and do damage.
Whereas, plasma etching is typically | ower energy
I ons, considerably | ower.

Q What do you nean when you say you can't
define things with plasm etching?

A. It's not directional. |It's not an
ani sotropi c.

Q Oh.

A By definition, plasm etching neans you
don't bias the substrate where the wafer is to
accel erate DC the ions so they have hundreds of
volts, for exanple, of energy when they do the

etching. That's how you get ani sotropy.

Q Ckay.
A So basically plasma etching is
irrelevant here. Irrelevant to the technol ogy.

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2004



© 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, PHD Volume | August 18, 2015
SAMSUNG V. HOME SEMICONDUCTOR 237

Q Dr. Rubloff, did you draft the
decl aration by yoursel f?

A The decl aration was drafted by the
attorneys and ny specification. W had talked to
all of these issues and -- well, part of it, part of
the text was drafted and then | cane in. And we sat
for hours and | ooked through it and went through
every line to decide, am| confortable wth that?
But it was ny decision what those statenents were.

Q And when were you --

A. | needed sonebody to help wite this
t hi ng.

Q Sure. Wen were you first retained to
wor k for Sanmsung on these | PRs?

A My guess was si x nonths ago, but |
don't know.

Q Ckay.

A Sonmet hing |ike six nonths.

Q Probably a little |onger than six
nont hs since your declaration is dated
Decenber 16 --

A Ch.
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Q -- 2014.

A Yeah. Then |I've -- then I've put it in
t he back of ny nenory.

Q Ckay. You don't renenber what exact
date you were retained?

A No. No.

Q Ckay. | want to just --

A For the drafting of the declaration,

when | said that there was help comng fromthe

attorneys to draft it, I'mtalking about the typing.
We had gone through all the argunents. | decided
what it should say. | asked themto put it in the

ri ght order because otherwi se froma |egal point of
view, it may be hard to follow. And then we went
through it in great detail.
| guess | was confused by what you

meant "drafting.” | didn't type the first version.

Q Sur e.

A But | directed it.

Q | want to ask you anot her questi on,
kind of returning back to Doshi. And this is about,

you know, the issue of the nitride |ayer 30 and
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whether it remains on the sidewalls of the gate
el ectrode.

Let nme refer to you the right section
of the patent.

The step is described at colum 9
begi nning at around |line 56, extending through
colum 10 |ine 3.

And | understand it's your opinion that
the etch process described here would etch away
certain portions of the nitride |layer, but would
| eave sone of the nitride |ayer on the sidewalls of
the gate electrode; right? That's your opinion;
correct?

A Yeah. The etch process will renove the
nitride fromthe horizontal regions and | eave
nitride on the sidewall.

Q kay. If you -- if the nitride -- does
the anobunt of nitride that is renoved depend on the

specific paraneters of the nitride etch process?

A. The nitride that's renoved fromthe
sidewal | ?
Q Yes.
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A. Wel |, the proper way to ask that
question is to ask whether the anisotropy depends on

the paraneters of the process.

Q Ckay.
A. Ri ght ? Because you're going to renove
fromthe -- fromthe horizontal areas at the

source/drain and at the top of the gate, and you're
going to renove a |l esser anmount fromthe sidewall
because it's directional etching.

But directional by how nuch? So what's
the etch rate ratio sideways conpared to vertically?
And that will depend to sone extent on the details
of the process you use.

For exanple, the possible -- the gas
chemstry. So the ions that are involved. The
vol tage, the self-bias voltage that determ nes what
the ion energies are when you're etching and
pressures then and things |like that.

Q So it is possible to have an
ani sotropic etch that will renove the entire nitride
| ayer including the portions that are on the

sidewal | of the gate electrode; correct?
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A. That woul d be called an isotropic etch
because the nitride was put down by a CVD process
that puts the sane thickness on the sidewall as on
the top and the bottom So if you say that it
renoves everything fromthe sidewall when you're
clearing the bottom that neans the horizontal and
vertical etch rates are the sane. That's called an
i sotropic etch

Q But if you extend that -- if you were
perform ng an ani sotropi c etch and you extended t hat
etch for a longer period of tinme, wouldn't you
renove then the material on the sidewalls?

A. Well, if you have a vertical etch rate
of a hundred and you have a side -- a horizontal
etch rate of one and you over-etch by a factor of a
hundred, eventually you'll get there, but that's not
a relevant condition. | nean, it's not -- it's not
what peopl e do.

Peopl e use tinmed etches in the
wor st -case and institute process sensors to tell
when they're done with the etching. It's called

endpoi nt detection in etching. You can neasure
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optical emssion fromthe plasnma that changes when
you clear the nitride or other techniques to do
t hat .

Q When you're -- when you have a very
thin layer of nitride, how do you control the anount
of nitride material that's left on the sidewalls?

A | don't understand the question.

Q Wel |, when you're performng an etch,
there's a certain anount of tolerance in the etch;
correct?

A. Wel |, generically speaking, anything
has that, but | still don't understand the question.

Q So if you had a thin layer of nitride
and your intent was to keep sone of that nitride on
the sidewall, are there certain precautions that you
woul d need to take to nake sure that the materi al
|l eft on the sidewall was intact?

A. Was in fact?

Q | nt act.

A. Intact. | don't -- thisis a
hypot heti cal exanpl e where, fromwhat you asked, the

only issue is, | start with thin [ayer nitride on
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t he sidewal | .

Q Ri ght .

A Can | prevent it fromever being
etched? | just don't understand the context of the
guesti on.

Q Is it your opinion that in every case

where you have ani sotropic etch of a nitride

| ayer --
A. | sotropic.
Q Ani sot r opi c.
A. Ckay.
Q In every case where you're perform ng

an ani sotropic etch of a nitride |ayer covering a
gate el ectrode structure and the diffusion regions
to the sides of that gate electrode structure, that
ani sotropic etch of that nitride layer wll |eave
sone material on the sides of the gate el ectrode,
sone nitride material on the sides of the gate
el ectrode?

A. | f you have an anisotropic etch and you
cl ear the horizontal surface, for exanple, at the

diffusion region, then as long as you stop at about
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the point where you've cleared it or 10% over-etch
or sonething like that, you wll have sonet hi ng,
have nitride left on the sidewall.

Q Ckay. But if you continue to etch past
the point of sinply just renoving the nitride on the
hori zontal regions, you potentially would renove the

nitride material that's left on the sidewal | s;

correct?

A The question was asked and answered
al r eady.

Q And what was the answer?

A. The answer was that if you have an
ani sotropy of -- | gave the exanple of one to a

hundred. So a hundred tines faster on the verti cal
direction than on the sidewall, you would have to
etch a very long tine, a huge over-etch that is far
beyond what anyone coul d possi bly make the m st ake
of doing, in order for that |ow rate of one on the
sidewall to renove the sane initial thickness of
filmproduced by the nitride CVD process.

Q I n your experience wth anisotropic

etches, what is the typical ratio of the vertical
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etch as conpared to the horizontal etch?

A It depends very nmuch on the process.
Sone processes are -- | nean, you can -- you can
easily find, you know, two to five or 10 as an
ani sotropy ratio, but you have DRAM capacitor
structures in all of these devices that have
trans-capacitors that have aspect ratios of a
hundr ed.

So now you' re tal king about very high
ani sotropy of order of a hundred or nore.

Q Ckay.

A. So it can be very high, and it's not
just a question of the distribution of inpinging
ions this way and this way. There's nuch nore
reactive-ion etching chemstry invol ved because a

part of the etching in the vertical direction can

|ead to the formation of filns on the sidewalls that

further suppress the sideways etching. So it
depends on the ion -- ion chem stry.

Q Okay. But the range is -- there's a
w de range?

A There's a w de range.
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Q Ckay. And that range that you gave is
roughly two to five to one to one hundred?

A Yeah, sonething of that order.

Q If the range was two to five, then you
woul d not need to extend your anisotropic etch that
long to renove the material on the verti cal
sidewal | ; correct?

A Wel |, you know that you need, let's
say, a hundred seconds to do the etch on the
diffusion region. So if it's five, you have to do
500; right? You're not going to nmake that kind of
m stake. One of ordinary skill would never do that.

Q |"'msorry. I'mnot sure if | got the
mat h right.

You said if you needed a hundred
seconds and the ratio was two to five, you would

need to do 500 seconds?

A |f the ratio was five.

Q Ri ght .

A You'd need to do 500 seconds.

Q Ckay. |If the ratio was two to five,

how nmuch tinme would you need?
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A 200 to 500.
Q So --
A. But --
Q -- 250 seconds?

A Yeah, sonething like that. But no one
Is going to do this. You know you want a sidewal |
there. That's what the invention of Doshi is about
and - -

Q But -- sorry.

A -- in '997.

Q Did you say that the invention in Doshi
I's about form ng those sidewalls?

A. It's part of what's done.

Q But it's not nentioned anywhere in the
text of Doshi ?

A. W tal ked about that already.

Q Ri ght .

A | think it's very clear that that's
what Doshi is doing.

Q | know. | understand. But you said
that that's what the invention of Doshi is about.

A Ri ght .
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Q And | just want to nmake sure
understand it because it's not actually nentioned
anywhere in the text of Doshi; right?

MR MJUKERJI: Objection to form

THE WTNESS: ['Il have to
continue to di sagree about whether Doshi teaches it
properly.

MR, CHEN. kay. GCkay. Let's
take a quick break and then Il et nme just review ny
notes a little bit. It shouldn't be long. Five
m nut es.

(Recess - 5:41 p.m - 5:47 p.m)

THE REPORTER: Exhibit 8.

(Docunent marked, for
i dentification purposes, as Rubloff Exhibit No. 8.)

MR. MJKERJI: Are you noving to a
di fferent decl aration?

MR CHEN: | am

MR. MJKERJI: Before you do that,
| need to ask a couple questions of him

MR CHEN. (Oh.

MR. MJUKERJI: So, counsel, is your
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cross on the '997 patent conplete?
MR. CHEN: Yes.
MR. MJKERJI: Okay. | have just a
coupl e of questions for himon that patent.
EXAM NATI ON
BY MR MJUJKERIJI :

Q Dr. Rubloff, I'"d like you to pull out
what had been nmarked as Exhibit 3 earlier today, and
it's titled "The Errata, Declaration of Gary W
Rubl of f, Ph.D."

M. Chen had marked that earlier today,
and I|"mnot sure if the discussion really got to it.

Can you just tell us what this errata
is, please, sir?

A There's a paragraph in the -- in ny
declaration for the '997 patent that we just talked
about, and the paragraph m stakenly refers to the --
I n paragraph 11 the '893 patent and the filing date
in 1996, and it really should have been tal king
about the corresponding '997 patent with a 1999
filing date in that paragraph 11.

It was just a clerical error probably
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because of copying fromone to the other.

Q I n conducting your work on the '997
patent, did you apply this information about the
'893 patent, or did you use the '997 patent
information that you described in this paragraph?

A No. | used the '997 information, but |
can i magi ne, you know, having -- having tal ked about
t hese i ssues and deci ding what | thought was the
appropriate position for ne to take on these issues
and which of the prior art publications to use in ny
declaration, |I then needed help to -- to type these
things in and give nme sonething to work wth.

And | can easily imagine that know ng
there were three things, there's a | ot of
duplication of paragraphs between the three
declarations, and | can easily imgi ne soneone
copied it. | don't know who typed this stuff. But
copied it and didn't catch the change fromthat one.
And | ooki ng through themtook a long tinme and | just
m ssed it.

MR. MUKERJI: Pass the wi tness.

EXAM NATI ON
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BY MR CHEN:
Q So, Dr. Rubloff, | asked the court

reporter to mark as Exhibit No. 8 your declaration
submtted in connection with Sansung's | PR of the
' 244 patent.

Pl ease take a brief nonment to | ook over
this docunent. | just want to make sure this is
your decl arati on.

A. (Revi ew ng docunent).

MR. MJKERJI: Counsel, while he's
doing that, just as a housekeeping matter, so are
you restarting the exhibits for each different
patent or are we -- what's the plan?

MR. CHEN:. |'m continuing using.
| mean, this is 8. So.

MR. MUJKERJI: Okay.

MR CHEN. | don't -- | nean, |
only introduced one exhibit I think for his
background, his CV. So.

MR. MJKERJI: That's fine. | just
want to nmake sure everyone is on the sane page.

THE WTNESS: (Review ng
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docunent). kay.
BY MR CHEN

Q And so this is your declaration
submtted in connection with Sanmsung's | PR for the
'244 patent; correct?

A Yes, this is ny declaration.

Q And does this declaration contain any
and all relevant opinions you have regarding the
I ssues related to Sanmsung's | PR for '244 patent?

A Yes.

Q Do you have any opi nions regarding
I ssues relevant to Sansung's | PR of the '244 patent
that were not included in your declaration?

MR. MJKERJI: bjection to form
THE WTNESS: You're tal king about

Sanmsung's petition?
BY MR CHEN:

Q Yes.

A So | think I've seen that, but I
haven't really read it. |1've concentrated on ny
decl arati on.

Q Do you have any opinions regardi ng the
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validity of the '244 patent that were not included
i n your declaration?
A. No.
Q Are you aware of any errors or
om ssions in your declaration?
A Not at this tine.
Q Al right.
A Unl ess we find one. Another typo.
(Laugh).
THE REPORTER: Exhibit 9.
(Docunent marked, for
I dentification purposes, as Rubloff Exhibit No. 9.)
BY MR CHEN
Q Ckay. |'ve asked the court reporter to
mark as Exhibit 9 patent nunber 6, 150,244 titled
"Met hod For Fabricating MOS Transi stor Having Rai sed
Source and Drain."
You referred to this exhibit as the
' 244 patent for this deposition.
Did you read the ' 244 patent?
Yes.

When did you first read the '244
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pat ent ?

A Well, | guess it was nore than six
nont hs ago. (Laugh). Maybe a year ago.

Q After you were retained by Sansung to
wor k on these | PRs?
Yes.

And you understand the '244 patent?

> O »

Yes.

Q Ckay. What would you say is the point
of novelty of the '244 patent?

A Vell, if | believe, as | do, that there
Is prior art which describes all the clains and
i nvalidates the patent, then it's hard for ne to
call it novel, but the claimis and it's purported
to be novel in the domain where the prior art would
al so be considered novel, | consider novel in prior
art, and it's a prescription for howto forma
shal | ow j uncti on.

Q A shallow junction. |s that the sane
thing as a raised source and drain?

A. It's the goal of a raised source and

drain. A goal of a raised source and drain.
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Q What is a raised source and drain?
A Wll, | think what's nore inportant is

to understand what's the notivation for the shall ow
junction.

l on i npl antation, the standard
t echni que or conventional doping techni ques, don't
al l ow t he design of source and drain profiles to be
as shall ow and, therefore, as high performance as
one woul d |ike.

So for quite sone tine the community
has been | ooking for ways to formvery shal |l ow
junctions. W have conferences about that that have
been going on for decades now.

And so | think that the raised source
and drain provides a vehicle, as described in this
patent and in the prior art, for produci ng dopant
atons above the crystalline silicon surface that can
then be allowed wth proper thernmal treatnent to
di ffuse shallowy into the crystalline silicon
surface.

And so if you imagine that | | ook at

what the drain and what the source ook like, it's
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silicon that's heavily doped or reasonably doped,
and if | had sone of that above the crystalline
surface in the formof polysilicon with dopants,
that would be a very nice source for essentially
contact doping fromthat raised source/drain, |ooks
i ke a raised source/drain -- |ooks like a
source/drain material into the crystalline silicon.

Q Ckay. So what you're saying is that
the raised source/drain refers to the dopant or
inpurities that are above the silicon substrate that
are then subsequently diffused into the substrate to
formthe shallow junction foll ow ng a heat
treatnment; is that --

A. Yes.

Q So the raised source/drain doesn't
actually refer to the source/drain that is then

ultimately forned in the substrate; correct?

A. No. The raised source/drain is the
source part -- I'msorry for using "source" in two
ways -- is the part which is above the crystalline

silicon surface.

Q Ckay. And that is how you understand
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the term"raised source/drain” as it is used in the
' 244 patent?

A Yeah. It says -- it says here, for
exanple, in '244.

“"There is plenty of roomfor

I nprovenent in the fabrication of netal oxide
devi ces having rai sed source and drain el ectrodes.”

Q Wi ch paragraph are you |looking at in
your decl aration?

A Ch, that's the end of 17.

Q And the '244 patent describes or clains
a process for fabricating a sem conductor device,
correct?

MR. MJKERJI: bjection to form

BY MR CHEN

Q Let ne re-ask that.

The ' 244 patent clains a process for

fabricating a sem conductor device conprising a
rai sed source and drain; correct?

A. That's what claim1 says. |ntroduction
to claim1.

Q And claim1 | ays out a sequence of
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t hese,

steps for that process; correct?

steps involved in that process, but not a sequence.

claim1l does not list a sequence of steps for that

process?

of that process, but it does not tell uniquely what

the order of that is. So I can't say sequence.

Q |s that true for every limtation of
claim1?
A. You nean for each of the form ng,

formng, formng --

Q Yes.

A -- when you say "limtation"?

Q Yes.

A No. There are sone that you coul dn't
switch around. | nean, you couldn't randomy change

known to one of ordinary skill.

A. No. It lays -- lays out a list of

Q Ckay. So it's your --
A Not necessarily a sequence.

Q Ckay. So is it your opinion then that

A. It lists a set of steps that are part

but there is flexibility that woul d have been
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Q Ckay. Sone of these steps or
limtations have to be perfornmed in a specific
sequence; correct?

A Wll, normally would be perforned in a
specific sequence. | don't -- | don't at this point

have alternative ways to nove sone of them around --

Q Ckay.
A -- 1n mnd.
Q Your opinion that sone of these

limtations can be perfornmed out of their |isted
order is limted to the [imtation beginning with
“renoving a top portion of said fourth dielectric
| ayer” and then the subsequent [imtation "formng
on the substrate a pattern second resist |ayer";
correct?

A Yes.

Q Ckay. As far as you understand, the
rest of the [imtations or steps in claim1l should
be perfornmed in their |listed order; correct?

A (Revi ewm ng docunent). |'mjust | ooking
through it one nore tine to be sure. Yes.

Q And generally when we're tal king about
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a sem conduct or process, the order in which the
different steps in the process are perforned w ||
affect the structure of the device that's being
manuf act ured; correct?

MR MUKERJI: Objection to form
and al so outside the scope.

THE WTNESS: Well, what you get
depends on how you do it. 1In a general sense, yes.
BY MR CHEN:

Q So the sequence in which you performa
list of steps wll affect the resulting structure
that is being manufactured; correct?

MR. MUKERJI: Objection to form
and al so to scope.

THE WTNESS: There are cases
where the order m ght be changed and changes in
structure would be mnimal. So | wouldn't nmake a
bl anket statenent that you al ways change the

structure by changi ng the order.

BY MR CHEN:
Q But in nost cases, if you change the
order, you will change the structure?
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MR. MUJKERJI: Sane objections.

THE WTNESS: | don't know how to
audit "nost." | can think of cases where it won't
change it.

BY MR CHEN:

Q Ckay. For exanple? Could you give ne
an exanpl e?

A A | am nate structure. Suppose | want a
| am nate structure of -- I'"'mgoing to put a thin
filmstructure in place maybe for optical
interferonetry applications, or sonething |ike that,
and | have AB, AB, AB or ABC, ABC, ABC. And | could
swtch sone of those, and it woul dn't nmake any
di fference.

Q But the structure of what you're
| am nating would be different, though. \Wether it
makes a difference or not is a different issue;
right?

A Yeah. | need to think about this. |
nmean, a question like that --

Q |"mnot trying to --

A -- asks for speculation that -- that
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requires sone dreamng to think about whether there
are exceptions or there are exanples that could be
gi ven.

Q Al right. Sitting here today then,
can you -- you cannot think of a situation where
changi ng the order of the steps in a sem conductor
manuf acturi ng process does not affect the ultimte
structure of what you're nmanufacturing?

MR. MUKERJI: Objection. CQutside
t he scope.

THE WTNESS: | don't agree with
t hat because your suggestion is that | cannot think
of that. | would need to think pretty hard to see
if I can think of an exanpl e.
BY MR CHEN

Q Ckay.

A And | probably could think of one.

Q But you would need to -- let ne ask it
like this.

Have you provided an opinion in your
decl arati on about whet her changi ng the order of

steps in a sem conductor process wll change the

August 18, 2015
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structure of a device that's being manufact ured?

A Well, how nuch change in structure
should | use as the netric for answering yes or no?

Q Any change in structure.

A Wel |, does that nean an angstrom of
change in the thickness of one of the |ayers? Does
t hat nmean what ?

Q Did you provide an opinion in your
decl arati on about whether changing the structure --
order of steps in a process wll change the
structure of the manufactured device?

A | don't think so. | think | provided
an opinion that there are ways in which you can --

you can neet the clains here in the '244 patent with

different orders of claim-- of the two conponents
in claiml.

Q Ckay.

A. | can make that structure and, whether

It looks a little bit different or not, it satisfies
all of the conponents of claim1. So |I can change
t he order.

MR MJKERJII: GCentlenen, | don't
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mean to interrupt this fascinating discussion, but I
t hi nk we have hit seven hours. So we have sucked
the marrow out of the day. |Is that about right? W
hit seven hours, Madam Court Reporter?

| don't want to deprive anyone of
a mnute, you know, but --

MR. CHEN. You know, it's okay. |
don't want to put you on the spot. | think we're
close. W'IIl continue this tonmorrow. It's going to
be just as fascinating tonmorrow as it is this
eveni ng. So.

MR. MJKERJI: Al right. Everyone
have a good eveni ng.

(Si gnature having not been waived,
the taking of the deposition adjourned at 6:10 p.m,
to reconvene Wednesday, August 19, 2015, at 9:00

a.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. 173194
Case Caption: SAMSBUNG ELECTRONICS CO. LTD. vs. HOVE
SEM CONDUCTOR CORPCRATI 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 same 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 ne 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

, 2015.

GARY W RUBLCFF, PHD
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