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1425 K Street NW 11th Fl oor
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Pursuant to notice, before Denise D. Vickery,
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PROCEEDI NGS

THE VI DEOGRAPHER: Here begi ns
Volunme 1 disk 1 in the video deposition of Gary
Rubl of f taken in the matter of Sanmsung El ectronics
CO., LTD., Samsung El ectronics Anerica, Inc.,
Samsung Sem conductor Inc., and Sansung Austin
Sem conductor LLC versus Honme Sem conduct or
Corporation, in the United States Patent and
Trademark O fice before the Patent Trial and Appeal
Board, Case No. | PR 2015-00466.

Today's date is Decenber 17, 2015.
The tinme on the video nonitor is 9:04. The
deposition is being held at Fish & Richardson, Suite
1100, 1425 K Street, Northwest, Washington, DC
20005.

The court reporter is Denise
Vi ckery on behal f of Esquire Deposition Solutions.
The video canera operator is Janes McG ath on behal f
of Esquire.

WI | counsel please introduce

t hensel ves and who they represent.
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MR. CHEN. Jerry Chen from
TechKnowl edge Law G oup representing Hone
Sem conduct or Cor porati on.

MR, COLAI ANNI:  Joseph Col ai anni
of Fish & Richardson representing the Sansung
Petitioners.

MR, HSIEH Andy Hsieh of Fish &
Ri chardson representing Sansung Petitioners.

THE VI DEOGRAPHER: W1 the court
reporter please swear in the wtness.

GARY W RUBLOFF, PH. D
call ed for exam nation, and, after having been duly
sworn, was exam ned and testified as foll ows:

THE VI DEOGRAPHER: Counsel may
pr oceed.

CRCSS- EXAM NATI ON
BY MR CHEN:
Q Good norning, Dr. Rubloff.
A Good nor ni ng.
Q Today | will be cross-exam ning you

regardi ng your reply declaration submtted in
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connection with the IPR filed by Sanmsung, | PR No.

2015-00466. 1'l1 ask you questions related to the

subject matter discussed in your reply declaration.
You under st and?

A. Yes.

Q You wi Il 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 nust still

answer all ny questions, unless he instructs you not

to answer.
Do you under st and?
A. Yes.
Q | f you do not hear or understand ny
guestions, please ask -- please ask ne to repeat or
clarify. |If you answer ny questions, nmy assunption

wi |l be that you understood the questions.
You under st and?
A | under st and.
Q And, of course, if you need a break,
pl ease |l et me know and we wi |l take one.

Can you think of any reason that m ght
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affect your ability to provide truthful and conplete
answers to ny questions today?

A Only if | don't know the answer.

Q Ckay. Do you have any questions before
we begi n?

A No.

Q Ckay. Now, Dr. Rubloff, you recall
that you were previously deposed in this nmatter back
in, | believe, August of this year; correct?

A. Yes.

Q And in that prior deposition, | also
asked you to let me know if you did not understand
any of ny questions; correct?

A. Yes.

Q And | told you that if you did not
under stand ny questions, you could ask ne to repeat
or clarify; correct?

A. Yes.

Q And | told you that if you answered ny
gquestions, ny assunption would be that you
under stood ny questions; correct?

A | think you said the sanme things you're
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sayi ng now.

Q Yes. And barring any circunstances
where you asked nme to repeat or clarify a question,
you understood ny questions; correct?

A Yes, | think so.

Q And you were truthful in that prior
deposition?

A Yes.

Q And you gave conplete answers to ny
guestions?

A As best | coul d.

Q And you stand by the answers you
provide in that prior deposition; correct?

A Yes.

MR. CHEN. Which exhibit?

THE REPORTER 9.

(Docunent mar ked, for
i dentification purposes, as Rubloff Exhibit No. 9.)
BY MR CHEN:

Q Dr. Rubloff, I've asked the court
reporter to mark as Exhibit No. 9 your reply

declaration submtted in the -- in connection wth
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correct?

Q
A.

Q
it --

A
Q
A
Q

A.
Q
A.
Q

decl arati on?

Sanmsung's | PR No. 466.

You have that now in front of you;

Yes.
Did you draft this declaration?
Yes.

Are you aware of any errors in this

A You know, in reviewng materials, in
one of the two we'll discuss today, | found a
typo --

Q Ckay.

A -- about it's supposed to be

"deposition" and it said "disposition."

Ckay.
But | don't remenber which one it was.

kay. Al right. If we conme across

That's the only one.
-- you can point it out.
Yeah.

And we'll neke note of that.

OESQUIRE
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O her than that typo, are you aware of
any other errors in this declaration?

A No, not now certainly.

Q Ckay. And are there any ot her
corrections that you would like to make to this
decl arati on?

A. No.

Q How did you arrive at the opinions in
this decl aration?

A So |l -- | studied the deposition of
M. Mltiel and | reviewed ny previous decl aration,
and | reviewed the primary sources, which would be
the '893 patent at hand and in this case the
M yazaki patent, and probably sone of the other
sources that | used to formny opinions in ny
original declaration. | don't recall which ones.

Q Did you arrive at the conclusions in

this declaration based on your own anal ysis?

A Yes.
Q This was not attorney anal ysis;
correct?

A No. No. This is ny declaration.
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MR. CHEN. Okay. 10.

(Docunent marked, for
i dentification purposes, as Rubloff Exhibit No. 10.)
BY MR CHEN:

Q Dr. Rubloff, I've asked the court
reporter to mark as Exhibit No. 10 U. S. Patent No.
5, 843, 840.

This is the Myazaki reference that you
had just nentioned in your prior answer; correct?

A Yes.

Q Al right. And you reviewed this
reference --

A Certainly.

Q --in --

A ' msorry.

Q -- preparing your declarations?

A Yes.

Q Coul d you please turn to colum 7 |ine

25 of the Myazaki reference.
Are you there?
Yes.

Ckay. And you see that there M yazaki
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I's about to describe the third enbodi nent?

A Uh- huh.

Q Correct?

A. Yes.

Q And going down to colum 7 line 51,

M yazaki is describing the deposition -- CVD
deposition of the first tungsten filmthat wll fill
t he contact hole; correct?

A (Revi em ng docunent). Yes.

Q Ckay. And it says there that that
first CVD deposition will use tungsten hexafl uoride
and hydrogen as raw material "under a condition
realizing an excellent step coverage"; correct?

A. Yes.

Q Al right. If you could | ook -- now
nove to Myazaki colum 8 |ine 15.

A Yes.

Q There M yazaki is about to describe its
fourth enbodi nent; correct?

A That's correct.

Q And at columm 8 |ine 28, Myazaki again
says that the -- well, at colum 8 |line 28, M yazaki
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I's describing the CVD deposition of the first

tungsten layer to fill the contact hol e agai n;
correct?
A. Yes.

Q And there it says, nuch like the third
enbodi nent, that "tungsten filmis forned by a
chem cal vapor deposition using tungsten
hexaf |l uori de and hydrogen as a raw material, under a
condition realizing an excellent step coverage";
correct?

A Yes.

Q And if you go to columm 8 |ine 47,
M yazaki is about to describe the fifth enbodi nent;
correct?

A. Yes.

Q And at line -- colum 8 |ine 56,
M yazaki is describing for the fifth enbodi nent the
deposition of the first tungsten layer in the
contact hole; correct?

A Correct.

Q And, again, it uses the sane | anguage.

It says that "the tungsten filmis fornmed by a
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chem cal vapor deposition using tungsten
hexaf |l uori de and hydrogen as a raw material, under a

condition realizing an excellent step coverage";

correct?
A |"'msorry. VWiich line are you at?
Q | amat colum 8 line 56 --
A Ch. Oh.
Q -- through 59
A. Yes.
Q Ri ght .
A Yes, | see it.

Q Al right. And then if you go to
colum 9 line 8 Myazaki is about to describe the
si xth enbodi nent; correct?

A. Yes.

Q And at line 25 of colum 9, M yazaki
states that for the sixth enbodi nent you al so want
to have a |l ower level tungsten filmthat has
excel l ent step coverage; correct?

A. Yes.

Q Al though it doesn't -- here it doesn't

gi ve you the specific paraneters for form ng that
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first tungsten | ayer; correct?

A Correct.

Q Al right. So for all of Myazaki's
enbodi nents 3 through 6, they all use the term

“excell ent step coverage" to describe the first

tungsten layer that is used to fill the hole;
correct?

A Yes.

Q Okay. Please turn to colum 1 of
M yazaki .

Colum -- if you look at colum 1 |ine

25.

A Ckay.

Q This is the portion of Myazaki where
it's describing the Background of the Invention;
right? Description of prior art to Myazaki;
correct?

A. Yes.

Q Ckay. And beginning at colum 1 |ine
25, Myazaki is describing another nethod of --
sorry.

Begi nning at colum 1 |ine 25, M yazaki
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I's describing one nethod of describing a tungsten
film correct?

A Yes, he's referring to prior art.

Q A prior art nethod?

A Ri ght .

Q And he refers to the prior art nethod
in connection with FIGS. 1A through D; correct?

A Yes.

Q And in discussing this prior art
nmet hod, M yazaki is stating that it's possible to
forma plug with no void; correct?

A |"'msorry. VWiich line is this?

Q Wll, | think at line -- colum 2 |ine
27 to 37, it says:

“I'n the prior art, however, the
tungsten filmused to forma tungsten plug can fill
the fine contact hole wth no void."

But then it goes on to tal k about the
hi gh internal stress; correct?

A (Revi em ng docunent). Yes, | see those
words. And your question was?

Q Ckay.
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A O your point was? |'msorry.
Q Ckay. Let ne -- let ne just retrace

this |last step.
So the -- what we were just talking
about beginning at colum 1 line 25 --

A Uh- huh.

Q -- there Myazaki was describing a
prior art nethod of depositing a tungsten film
correct?

A Yes.

Q And it was describing that prior art

net hod in connection with FIGS. 1A through D

correct?
A. Yes.
Q And that prior -- prior art nethod was

the first exanple of prior art that Myazaki was
descri bing; correct?
A. Yes.
Q kay. And then if you go to colum 2
line 21, it says there.
In the first exanple of the prior art

as nentioned above, the tungsten filmfornmed by the
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bl anket tungsten CVDis required to fill a fine
contact hole having a dianeter of not greater than
.5 mcron wthout occurrence of the void."

Do you see that?

A. Yes.

Q Okay. And so there it's saying that
that first prior art nmethod was filling a contact
hol e wi thout a void; correct?

A. Yes.

Q And then it goes on to say -- continue
to describe that prior art nmethod at colum 2 I|ine
27.

“I'n the prior art, however, the
tungsten filmused for formng a tungsten plug can
fill the fine contact hole with no void, but has the
internal stress of 1x10 to the 10th dyne per
centineter squared or nore, so that the wafer has a
| arge bow ng."

Do you see that?

A. Yes.

Q So it's saying that that first prior

art method could fill a contact hole wi thout a void,
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but you would create high internal stress which
woul d create the undesirable effect of wafer bow ng;
correct?

A. Yes.

Q Al right. This description of that
nmet hodol ogy is in the Background of the Invention of
M yazaki; correct?

A Yes.

Q It was describing prior art to
M yazaki; correct?

A Yes.

Q It was not describing the M yazaki
I nventions; correct?

A. Yes.

Q All right. The prior art that is
void-free is showmn in FIGS. 1A through D; correct?
O at least the process for nmaking the void-free
| ayer is shown in FIGS. 1A through D; correct?

A Yes.

Q And that shows a single |ayer of
tungsten; correct?

A That's correct.
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Q And not a two |layer tungsten film
correct?

A Yep.

Q Al right. If you could | ook at FIGS.
2A t hrough 2D.

There in FIGS. 2A through 2D, M yazaki

I's show ng another prior art nmethod of formng a
tungsten film correct?

A. Yes.

Q In FIGS. 2A through 2D, M yazaki shows
a tungsten film but it shows a void in the film
that's formed in the contact; correct?

A. Yes.

Q And that void is represented by that

A. Yes, right in the center of the plug.

at the top?
A It's drawn that way.
Q Yeah.
A. It appears to be closed.
Q Ri ght. Okay.

gap or line down the center of the contact; correct?

Q Right. And the plug is actually closed
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| f you go to Myazaki, could you pl ease
turn to Myazaki colum --

A |"msorry. Before we junp off that, |
just want to glance at the description of the FIG
2.

Q Ri ght .

A. Because it's alumnum | recall that.

(Revi ew ng docunent). Yes.

Q Ckay.

Ckay. Thank you.

Q VWhat were -- did you think that it was
an alum numor is that --

A well, 2D says "alum num™

Q Ch. The alumnumis the |ayer on top?

A Yeah. It's the second |ayer; right.

Q But the layer in the contact is
tungsten; right?

A Yeah, right. | just hadn't

renenbered --

Q Ri ght.
A. -- what this was.
Q kay. Well, let's |look at the
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descri pti on.

The description in Myazaki of FIGS 2A
t hrough 2D begins at colum 1 |line 65 and extends
t hrough columm 2 |line 20; correct?

A. Colum 2 line -- okay.

Q Al right. FIGS. 2A through 2D show
the second exanple of prior art that M yazaki
descri bes; correct?

A. Yeah, it seens to be.

Q Al right. Beginning at colum 2 I|ine
6, Myazaki is describing the process used to form
the first layer of tungsten that is used to fill the
contact hole; correct?

A. Yes.

Q That is tungsten film 15 shown in FIG
2B; correct?

A Yes.

Q And M yazaki states at -- beginning at
colum 2 line 6 that:

"Thereafter, as shown in FIG 2B, a
tungsten film1l5 is fornmed by a chem cal vapor

deposi tion using tungsten hexafl uoride and hydrogen
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as a raw material, under a condition realizing an
excel l ent step coverage, nanely, a reaction rate
controlling condition such as a tungsten
hexafl uoride flowrate of 50 sccmto 100 sccmand a
deposition tenperature of 400 to 460 degrees
Cel sius."

Do you see that?

A Yes.

Q Ckay. So when M yazaki is describing
the formation of that tungsten filmthat fills the
contact hole, which is shown in FIG 2B, M yazaki
says that that filmis formed "under a condition
realizing an excellent step coverage"; correct?

A That's what it says.

Q And so when M yazaki was using the term

havi ng "excel l ent step coverage," it was descri bing
a contact that still had a void; correct?
A Sonmet hing is inconsistent here, either

the figure or the choice of words. Mst |ikely the
figure.
There are conditions, | believe, that

where one could realize that tungsten flow rate
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that's given here and the tenperature range in which
you coul d have a void because there are a nunber of
paraneters that trade off against each other in
determ ni ng whether there's a void or not.

But the nost -- the rest of the
teaching of Myazaki and nmany references that |
think I included, sone of themat least in ny
original declaration, nake it very clear that under
proper reaction rate controlling conditions, there
woul d not be a void.

And it's hard for ne to inmagi ne that --
that the inventor here drew the void in there
I nconsi stent wth the description el sewhere in the
pat ent .

Q So --
But | can't explain the discrepancy.
Q So are you saying that the FIGS. 2A
t hrough 2D are erroneous?
A "' m saying that the existence of a void
in 2B, C, and Dis inconsistent wwth the teaching of
"real i zing excellent step coverage" and inconsistent

wth at | east the proper application of a reaction
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rate controlling condition.

Q But at | east as used in Myazaki, when
M yazaki says here at columm 2 beginning at line 6
that the tungsten film 15 is deposited "under a
condition realizing an excellent step coverage" and
show ng the deposition in FIG 2B, Myazaki is using
the term"an excellent step coverage" to refer to a
filmformed in a contact hole where there is still a
void in the contact hole; correct?

A There are two different parts to
this -- this discussion and conpari son.

One is, what would be an excellent step
coverage? And people would normally think an
excel l ent step coverage is excellent step coverage
woul d be 90 to 99 percent or sonething |ike that.

If | look at that figure and if | were
to blowit up and neasure it, |'d probably concl ude
the step coverage is excellent, but there's a void
t here.

On the other hand, we know in the
patents we're tal king about today that renoving the

voi d, guaranteeing that there's not a void there is
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what the goal is, and so this shows a void. So it's
really two separate issues.

Q Excel |l ent step coverage --

A | would not have drawn it that way
consistent with the teaching of the patent.

Q Excel | ent step coverage doesn't nean
100 percent step coverage; correct?

A Well, it neans as cl ose as you can get,
but if you do 90 or 95 percent or sonething |ike
that, in sonme cases nmuch closer to 100 percent,

you' d call that "excellent step coverage."

Q kay.
A But -- but the reason for step coverage
-- ainportant reason -- | can think of others. The

reason for wanting high step coverage is in
applications like this to prevent the persistence of
voi ds.
Q Could you turn to Myazaki colum 3
line -- well, can you turn to colum 3 line 11.
There at colum 11 to line 15 it says:
“Anot her obj ect of the present

invention is to provide a sem conductor device and a
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nmet hod for manufacturing the sane, which have a
tungsten plug and a tungsten wi ring conductor, and
whi ch have a m nim zed waf er bow ng and an excell ent
step coverage."

You see that?

A Uh- huh.

Q Is the -- in that paragraph, does
M yazaki say that the objective is to forma
voi d-free contact?

A. Well, the words aren't -- of "void-free
contact"” are not there, but the inplication one of
ordinary skill in the art would take is when you're
tal ki ng about excellent step coverage and the
application for that is in -- in putting materi al
inside a trench, a hole, a via, that it neans no
voi d.

Peopl e -- people use -- sonetines step
coverage can be inportant for electrical
conductivity in a filmwhich goes over a step, and
there are ways in which that can matter in -- in
creating these three-di nensional profiles.

But in the case when you' re doing
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filling like this, you just don't want a void and so
these terns are used interchangeably. They inply
each ot her.

If | say, | want it void-free, well,
you better have good step coverage. Excellent step
coverage. |If | say, I'mtrying to fill this hole,
this via, and |I've got a process that has excell ent
step coverage, |'ve neasured it over a regular step.
Ch, well, it should fill it fine. You should be
able to get it void-free.

Q | s the objective for excellent step
coverage to get void-free or sinply to mnimze the
voi d?

A When | first noved from basic science
to silicon technology in ny career at |IBM |
remenber the first tinme | saw a picture like this,
It was an SEM cross-section and there was a void
t here.

And | didn't think too nmuch of it
because who was |? |'mjust a physicist who never
| ooked at this before, and it was then explained to

me how inportant that is because chem cal s get
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trapped in these voids. It changes nechani cal
properties. It can cause corrosion, all kinds of

things, and so the nessage was no voi ds peri od.

So in -- in closing structures as this
does, the object has to be to make it void-free as
much as possi bl e.

Q As much as possi bl e?

A Yeah.

Cee, it only takes a few lines to get
the "no void" words in line 30 in colum 3.

MR CHEN:.  11.
(Docunent nmarked, for
identification purposes, as Rubloff Exhibit No. 11.)
MR. COLAI ANNI:  Thank you.
THE W TNESS: Thank you.
(Laugh).
BY MR CHEN:

Q Dr. Rubloff, I've asked the court
reporter to mark as Exhibit No. 11 a paper titled
"Model ing and Optim zation of the Step Coverage of
Tungsten LPCVD in Trenches and Contact Hol es.™

Aut hors are A. Hasper, J. Holleman, and J.
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M ddel hoek as well as CR Kleijn and C. J.
Hoogendoom

A Yeah. The Cis Chris whose thesis is
on ny bookshel f.

Q Ckay.

A (Laugh).

Q We'll just refer to this as the Hasper

r ef erence.
A Ckay.
Q Ckay?

This is the reference that you cited in
your reply declaration; correct?
| f you need a nonent --
Yeah.
-- to take a look at it.
A. | think so. (Review ng docunent).
Ch, yes. Sorry. It was at the front.
Yes.
Q Okay. You rely on Hasper for its
definition of "step coverage"; correct?
A Yes.

Q And Hasper is a reliable reference

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2007



© o0 N oo o B~ O w NP

e e
A W N L, O

15
16
17
18
19
20
21
22

GARY W. RUBLOFF, PH.D. Volume 2 Of 2 December 17, 2015

Samsung Electronics vs. Home Semiconductor

251

regardi ng the neani ng of "step coverage" as it
relates to the filling of contact holes; correct?
Yes, certainly.

Q Hasper describes what you call a
“common definition" of the term"step coverage";
correct?

A. Yes.

Q And on page 2 of Hasper, on page 2
of -- yeah, page 2 of Hasper. Page 2 shown on the

bott om and page 1729 shown at the upper right-hand

cor ner.
Yeah.
Dependi ng on how you want to refer to
it.
A (Laugh) .
Q Anyways - -
A It's -- it's FIG 3 of Hasper.

Q Right. On page 2 of Hasper, under the

headi ng "Theory," Hasper provides the definition of
"step coverage"; correct?
A. Yes.

Q Ther e Hasper says:
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“I'n our study, we defined the step
coverage as the ratio in percents of the tungsten
t hi ckness "A" taken halfway the feature depth and
the substrate surface thickness "B" at the nonent
the feature cl oses.”

You see that?
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A. Yes.

Q And that is the definition of "step
coverage" that you've used; correct?

A. Yes.

Q That definition says that step coverage
Is the ratio of A and B at the nonent the feature
cl oses; correct?

A Uh- huh

Q And that's because when the feature
cl oses, no nore reactants can get into the contact
hole to continue the deposition; correct?

A Wll, I"mnot sure that's why he chose
to define it that way. M -- ny guess woul d be,
wel |, that's when the nost thickness is avail abl e
inside the hole, so it's easiest to neasure it

accurately.
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Q

effectively

A
Q

A.

Q
decl arati on;

A.

Q

coverage as

o >» O > O

A
Q

growh on the sides of the contact hole would

showmn in FIG 3 of Hasper; correct?

equal s A over B tinmes 100 percent.”

When the feature hol e closes, the

stop; correct?
It shoul d.

The definition that Hasper provides is

Yes.

And you also cite FIG 3 in your
correct?

Yes.

And there in FIG 3 it shows step
a neasure of A over B; correct?
" m-- yes.

It mght be in the -- the --
It's --

-- headi ng below FIG 3.

Yes.

Al right. It says:

"Qur definition of step coverage. SC

Yep.
kay. In looking at FIG 3, the
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t hi ckness of the deposit -- sorry.

Looking at FIG 3, Ais the thickness
of the layer, the deposited tungsten |ayer halfway
up the contact hole; correct?

A. Yes.

Q And B is the thickness of the | ayer,
the deposited tungsten | ayer on the substrate
surface outside of the hole the nonent the hole
cl oses; correct?

A Yeah.

Q In looking at FIG 3, the thickness of
t he deposited | ayer near the top of the hole is
t hi cker above the m dpoint where A is neasured,
correct?

A. Yes.

Q And the thickness of the deposited
| ayer near the bottom of the hole is thinner bel ow
the m dpoint where A is neasured; correct?

A Yes.

Q And the differential between the |ayer
t hi cknesses at the top of the contact hole and the

| ayer thickness at the bottom of the contact hole is
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t he reason why voids are created; correct?

A. Yes, it's certainly a significant
feature of the nechanismfor |eaving voids.

Q Ckay. And the differential between the
| ayer thickness at the top of the contact hole and
the layer thickness at the bottom of the contact
hole is |l ess pronounced if you have higher step
coverage; correct?

A. Yes, that's right.

Q And it would be nore pronounced if you
have | ower step coverage; correct?

A. Yes.

Q When you have 100 percent step
coverage, there is no differential and you woul d
have no void; correct?

That's right.

And that's what Hasper says; correct?

> O >

Yeah. Yeah.
Q Hasper says -- after giving its
definition, Hasper says:

"This definition is shown --

A |"msorry. \Were are you reading?
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Q |"mreading right after | read the
first paragraph under "Theory."

A Ckay. Yeah.

Q The first line |I've already read, which

is the definition that they provided of step

cover age.

A. Yes.

Q Then it follows with the sentence "This
definition is showmn in FIG 3." Then it follows and
it says -- Hasper says "Thus, we obtain 100 percent

step coverage if no void formation occurs.”
A. Yes.

Q And you agree with Hasper's definition;

correct?
A. Yes.
Q That - -
A It's a fine definition.
Q Ri ght .

No void or void-free equals 100 percent
step coverage?
A No, it doesn't say that.

Q It says "Thus, we obtain 100 percent
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step coverage if no void formation occurs.”

A Ri ght, but what | don't renenber if
that's called the converse. In logic "if then"
doesn't nean "then if." So I can't conclude from
that sentence that the absence of a void neans | had
100 percent step coverage.

Q Al right. But the sentence says "we
obtain 100 percent step coverage if no void
formati on occurs."

So what - -

A. Yes. He's teaching what the idea of
step coverage is and tal king to sone of the
exanpl es.

Q Al right.

A That's all this is doing.

Q He's associating 100 percent
coverage -- step coverage with no void formati on?

A. No, or at least | think that statenent
can be msleading if we say he's associating them

He's saying, as an exanple, if we have
a 100 percent step coverage, there should be no void

because basically there's no tapering of the |ayer
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as you go down the hole. That's really all he's
sayi ng.

Q You woul d have tapering if you didn't
have 100 percent step coverage to sone degree?

A By definition, if it's less than 100
percent step coverage, there is sone tapering
sonepl ace, but it doesn't tell you how.

It's inportant to realize that these
materials are being deposited and grown at el evated
tenperatures. And whenever you grow material s,
there's grain formation there, you know, you form
pol ycrystal line grains or maybe sone anorphous
structure. The structure can relax. There's
surface diffusion.

There's a ot of chem stry and physics
happeni ng there, and that's why it's inportant to --
to understand that you can forma void-free filling

wi t hout exactly 100 percent step coverage because

you' Il never get exactly 100 percent step coverage.
Q In general, the higher the aspect ratio
of the hole, the nore difficult it is to fill the

hole with no void; correct?
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A. Yes.

Q And this is because the higher the
aspect ratio, the harder it is to get reactants into
the hole; correct?

A It's not -- that's not quite right.

What happens is the reactants enter the
hol e, and they nmay react because they hit a wall
before they've gotten very far. Sonetines they'l|
bounce off the wall and they'll just bounce all the
way down. Sonewhere they will finally react, and
this is kind of the classic process.

So given that there's a finite
probability that they will react on the first hit or
the second hit or sonething, there's |ess

I npi ngenent that actually gets down to the bottom --

Q Yeah.

A -- and that's why hi gher aspect ratios
are harder to -- to fill.

Q | see. So it's because -- because of

t he hi gher aspect ratio, there's a higher Iikelihood
for inpingenent before reactants can get all the way

to the bottom of the hol e?
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A Yes, that's right.

Q Ckay. |If you have, for exanple, a .5
m cron hol e and before you deposit the tungsten, you
first deposit an adhesion |layer into the hole and
l et's say your deposition of the adhesion |ayer is,
you know, uniformthickness through the hole.

A So conformal with that.

Q Conformal, right.

A Ckay.

Q That deposition of the adhesion |ayer

woul d i ncrease the aspect ratio of the hole;

correct?
A. | f you put a conformal |ayer down, you
W Il increase the aspect ratio sonewhat, dependi ng

on the thickness of that |ayer conpared to the
di mensi ons of the hole.
Q And the thicker the adhesion |ayer, the
nore you woul d i ncrease the aspect ratio; correct?
A Yes.
Q And this is because the width of the
hol e becones narrower by tw ce the thickness of the

deposited | ayer.

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2007



© o0 N oo o B~ O w NP

e e
A W N L, O

15
16
17
18
19
20
21
22

GARY W. RUBLOFF, PH.D. Volume 2 Of 2 December 17, 2015
Samsung Electronics vs. Home Semiconductor 261

A Uh- huh

Q Wher eas, the height of the hole if
you're neasuring it fromthe bottomto the top of
the | ayer doesn't change; correct?

A Ri ght .

Q Al right. And so as you deposit
| ayers within the hole, it becones harder and harder
to fill that hole without a void because the aspect

ratio i s increasing; correct?

A It would seemthat way. | nean,
geonetrically you would say that, and -- and it's
known that at the end of the filling process, that's

when you really test the ability for getting good
step coverage and conformality.
It's probably hel pful to nmake the point

that these kinds of grain growh and material s
reaction and surface diffusion that | alluded to
earlier are probably what makes CVD as successful as
it isinfilling high aspect ratio structures.

Q When -- typically in sem conductor
fabrication, when you are tal ki ng about depositing a

| ayer of filmand you say you want to deposit a
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| ayer of filmthat is, say, 1,000 angstrons, a
conformal |ayer of 1,000 angstrons, is that

t hi ckness of the |ayer neasured at the -- the flat
surface or is it neasured within the hole?

A Well, | think nost everyone woul d
measure it at the flat surface.

Q Ckay.

A It's very often -- | nean, you think
about how you do sonething like that. You're trying
to devel op and qualify a process to do 1,000
angstrons of whatever. You're not going to nmake
fine structures to devel op that process. You take a
flat surface --

Q Ri ght .

A -- like a clean silicon wafer.

Q So what |'msaying -- when | say or --
sorry.

I n sem conduct or processing, when you
say deposit a tungsten layer of .2 mcrons to fill
the contact hole, the .2 mcron thickness refers to
the thickness of the tungsten |ayer at the flat

surface; correct?
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A. That's what | would take and | think
nost woul d take as the default, unless there were
sone other words to say try and deposit so nuch in
the hole or on the sidewall of this step.

Q Ri ght. Okay.

The thickness of the deposited |ayer
woul d be at nost equal to the thickness on the flat
surface, but would not be greater than the thickness
on the flat surface; correct?

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

THE W TNESS: Yeah, the thickness
on -- what was the first part? (Laugh).
BY MR CHEN

Q Sorry. Let nme -- that was a poorly
wor ded question. Let nme re-ask it.

So when you' re depositing, for exanple,
a tungsten layer of .2 mcrons.

A Ri ght .

Q And let's say you have a hole of .5
m crons. \Wen you're depositing that tungsten |ayer

and you finish the deposition, the thickness of the
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tungsten layer on the flat surface is .2 mcrons;
correct?
A Uh- huh.
Q Right. The thickness of that tungsten
| ayer within the hole would be no greater than .2
m crons, correct, on the sidewalls of the hole?
MR. COLAI ANNI:  Cbj ection.

| nconpl et e hypot heti cal .

THE WTNESS: Well, in the cases
that we're tal king about now |i ke described in -- in
this figure we just spoke to, that's true. It won't
be larger. |I'mnot sure there aren't sone
exceptional conditions, like if you were very high

tenperature and you deposited the filmand it nelts

and falls on the bottomor --

BY MR CHEN:

Q Ri ght .

A -- sonething like that, but these seem
pretty outlandish cases. | don't think of a

rel evant count er - exanpl e.
Q Ckay. Typically when you' re depositing

filmse within holes, the thickness of the filmwithin
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the hole is less than the thickness of the film on
the flat surface; correct?

A Well, if | take random CVD processes or
BCVD or evaporation, generally speaking, that woul d
be the case. Were that's not quite the case is
when you have a highly conformal deposition as is
attenpted to dom nate the first |ayer here.

Q Sur e.

A And then you won't have nore than 100
percent of the flat surface --

Q Ri ght .

A. -- but you nmay have very close to that.

Q Right. The max is equal to the
t hi ckness on the flat surface?

A Yeah, | can't think of a -- offhand of
a mechanismthat would be a counter-exanple to that.

Q Okay. Wiether or not you fill a hole
wi t hout a void is dependent on the step coverage,

correct, not really the thickness of the |ayer?

A. Well, if the hole is big and you put a
thin layer, you won't fill it. So it does depend on
t hi ckness.
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Q Ckay.
A And these filling procedures,

particularly with regard to whether there's a void
at the end, aren't only a question of step coverage
and conformality. Because the material changes that
happen during these processes alter that picture and
actually allow us to make CVD consi derably nore
effective than one woul d have expected from purely
geonetrical considerations of step coverage.

Q Ckay. If you are filling a hole with
conditions of, let's say, |ess than poor step
coverage -- let's use an exanple poor step
coverage -- it's possible that the hole would close
at the top and then you would no | onger be
conti nui ng your deposition wthin the hole, but that
you woul d just continue to deposit nmaterial on the
flat surface above the hole; correct?

MR. COLAI ANNI:  Cbj ection.
| nconpl et e hypot heti cal .
BY MR CHEN:
Q And, therefore, you would end up with a

| ayer that's very thick, but the hole still has a
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voi d; correct?

MR, COLAI ANNI: Objection. Vague.
Hypot heti cal .

THE WTNESS: Yeah, if the -- if
the step coverage is poor, then typically what

happens is you build up the deposition near the top

and eventually that will close. And if you didn't
turn off the tool, you'll keep grow ng and not hi ng
el se can change inside the trench until -- until

sone condition changes.
BY MR CHEN:

Q Ckay. |If you turn back to M yazaki,
whi ch is Exhibit 10.

M yazaki describes a nunber of

different enbodi nents for formng the tungsten
| ayer; correct?

A Vel |, he describes nore than that.
There are two | ayers involved and vari ous
enbodi nents involving different tenperatures and
stresses and flow rates and so on.

Q Ri ght. For enbodi nent 3, which begins

at colum 7 line 25, Myazaki discloses the specific
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process paraneters that are used for formng the two
| ayers of tungsten; correct?

This is colum 7 |ine 25.

A Col um 7.

Q Begi nning at colum 7 |line 25.

A Third enbodi nent.

Q Ri ght .

A And that's FIG 8.

Q Yes.

A Yes. It's starting colum 7 and
readi ng down, | think, yeah, down near |ine 50.

Q Yeah. Near |ine 50.

A G ves a whol e bunch of --

Q Ri ght .

A -- specifications.

Q Right. Those are the specific process

paraneters that M yazaki teaches to formthe
tungsten | ayers; correct?

A Yes.

Q And M yazaki is teaching these
conditions for -- for at least the first |ayer of

tungsten it's for filling a contact hole of a
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di ameter of roughly .5 mcrons; correct?

A. Yes.

Q And so at these sub-m cron di nensions,
havi ng specific paranmeters is very inportant;
correct?

A Well, it's useful to have sone gui dance
in where to set the knobs and to -- that's what he
provi des here as an exanpl e.

Q The process is very sensitive to
changes at these sub-m cron dinensions; correct?

A. |"mnot quite sure | know how to
calibrate the word "very."

Q Wul d you agree that the process is
sensitive to changes at these sub-m cron di nensi ons?

A | think the process is sensitive to
changes at any dinension. Because if I'm-- if |I'm
usi ng tungsten CVD to deposit a film the nature of
the material that's grain structure, resistivity and
so on, and the gromh rate will depend on these
vari ous paraneters.

Q Does the sensitivity increase as the

di mensi ons get smaller?
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A. Well, the material itself won't change
very much, except in structures. |If you' re talking

Q

o > O > O »F

A

t hat hi gh,

Q

about the dimensions of the structures, then there

are consequences on structure, yes.

as your dinensions get smaller?

reasonabl e high aspect ratio trench, which is not

2, your question is, is the process nore sensitive?

that's let's say a mcron dowmn to a 10th mi cron, can

you rephrase your question for that exanple so |

know how to think about it?

how at sub-m cron di nrensions or snmall di nensions --

| s the process |less tolerant to changes

That's a good questi on.

You don't know the answer to that?
No, |'m thinking.

Ckay.

| "' mthinking about it.

Sorry.

So if we take the exanple of a

but say a trench wth an aspect ratio of

If we go froman aspect ratio to trench

No, | just recall you previously saying
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A. Uh- huh.
Q -- the process is very sensitive to

changes. So I was just trying to confirmthat.

A "' mnot sure | renenber that.

MR, COLAIANNI: Objection to form
M scharacteri zes testinony.
BY MR CHEN:

Q When you' re doi ng sem conduct or
manufacturing, is it inportant to follow the recipes
that are provi ded?

MR. COLAIANNI: Objection to form

THE WTNESS: Well, if you're the
process engi neer and there's a recipe provided,
that's what you should follow. And if you -- if you
were to play with the paraneters, in the old days
when there were knobs, turn the knobs, that woul d be
vergi ng on irresponsible.

When you're going to do sonething
i ke that, you have to say -- you have to think
through. 1'd like to be able to make such and such
I nprovenents. Perhaps if | nove the process

variables in this way, |I'll get that, and | may do a
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desi gn of experinents so that | can determ ne

whet her that's right. W'Il|l have to stop -- we'll
have to stop processing product so | can do a set of
experinents as a devel opnent exercise to see if |
can do that.

BY MR CHEN:

Q Ri ght .

A That's how it woul d happen.

Q When you nodify the process, you woul d
need to conduct sone experinents to ensure that
you're still achieving the results that you want to
achi eve; correct?

A O -- or inproving the results but, |
nmean, generally speaking -- well, | nean, people go
t hrough these exercises when they're trying to tune
up a process or to tune up a process integration
sequence which involves nmultiple processes.

So you have to do it then as a
| egiti mate purpose, and then when tools go off-Iline
because they need preventive nai ntenance or
sonet hi ng, you have to cone back and do a coupl e of

waf ers experinment to prove that you' re back online
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correctly.
Q So when -- in sem conductor

fabrication, when you specify paraneters for a
process, those paraneters are designed to achieve a
specific result; correct?

A Ch, vyes.

Q And you woul dn't want to change those
paraneters w thout sone experinentation to ensure
that you have -- you're still able to achieve your
desired results or you' ve been able to achieve any
I nprovenent that you are seeking to achieve;
correct?

MR. COLAI ANNI:  (Obj ection.
| nconpl et e hypot heti cal .

THE WTNESS: Yeah. Well, you
don't just go changing things w thout good reason
and sone diligence in thinking, well, what do we
have to do to nmake -- test that kind of change?

Now, there's one potenti al
exception | should nention, which is that, take a
tungsten CVD tool. It's running | don't know how

many wafers a day, but a lot of them And as a
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function of how many depositions have been done or
how much material has been deposited since the | ast
chanber clean, you nay see that the perfornmance --
what do you call it? -- the performance shifts in
time alittle bit. The deposition rate goes down or
It goes up or sonething like that, and so you're
running a lot of wafers through the fab.

You have data on that, and so it
may be that there are cases where people know t hat
they have to turn the knob a little bit every 50

wafers to get optinmumquality out.

BY MR CHEN:
Q | see.
A "' mnot sure if anybody practices that,

but all the people who have been interested in
advanced process control for 20 years certainly have
t hought of that.
Q Right. kay. Looking at M yazaki
enbodi rent 3, which begins at colum 7 line 25 or
26.
Yes.

Q And if you go down to roughly line 50

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2007



© o0 N oo o B~ O w NP

e e
A W N L, O

15
16
17
18
19
20
21
22

GARY W. RUBLOFF, PH.D. Volume 2 Of 2

December 17, 2015

Samsung Electronics vs. Home Semiconductor 275

or 51, Myazaki tal ks about depositing the first
| ayer of tungsten filnm correct?

A. Yes.

Q Then going down to line 64, Myazaki is
tal ki ng about depositing the second | ayer of
tungsten filmon top of the first |ayer; correct?

A. Yes.

Q And M yazaki there says:

“"Furthernore, as shown in FIG 9, in

t he sane deposition chanber,

a tungsten film1l6 is

conti nuously forned by the chem cal

vapor deposition

usi ng tungsten hexafl uoride and hydrogen as a raw
material . "
You see that?
A. Yes.
Q So for enbodinent 3, Myazaki is
specifically enphasizing that the second | ayer of
tungsten is deposited in the same deposition chanber

as the first it

| ayer and that

I's continuously

formed; correct?
Yes.
Q M yazaki doesn't say that it's not
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I nportant to do a same chanber deposition; correct?
A Not here.

Ri ght .

He says it el sewhere.

Ckay.

> O »>» O

Says sonething related to it el sewhere.

Q Moving on to the fourth enbodi nent,
whi ch begins at colum 8 |ine 15.

A. Yes.

Q M yazaki starts to describe the
formation of the first tungsten filmfor the fourth
enbodi nent at colum 8 line 27; right?

A. Yes.

Q And then it fornms the second | ayer of
tungsten for the fourth enbodi nent begi nning at
colum 8 line 37; correct?

A Yes.

Q And there it says.

"Furthernore, as shown in FIG 11, in
t he sane deposition chanber, a tungsten film16 is
conti nuously forned by the chem cal vapor deposition

usi ng tungsten hexafl uoride and hydrogen as a raw
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material."
Correct?
A. Yes.

Q So, again, for enbodi nent 4, M yazaki
I s enphasi zing that the second | ayer of tungsten is
deposited in the sane deposition chanber as the
first and is continuously forned; correct?

A Yes.

Q And again here Myazaki does not say
that using a single chanmber or the sane deposition
chanmber is not inportant; correct?

A. Doesn't say that using a single chanber
is not? No. Wy would he -- but why woul d he say

it's not inportant? |If he says, |I'mdoing this, why

woul d he --

Q Ri ght .

A -- say it's not inportant that | do it?
(Laugh).

Q Ri ght .

A | woul dn't expect himto conment here.

Q He's specifically saying to do it in

t he same chanber; correct?
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A. No, he's specifically saying that's
what he does.

Q Ri ght .

A That's his teachi ng here.

Q Ckay. Then noving on to the fifth
enbodi nent, which begins at colum 8 |ine 47.

A. Yes.

Q The first tungsten filmis deposited --
the description of the deposition of the first
tungsten filmbegins at around |ine 56 of colum 8.

You see that?

A Yes.

Q And then the deposition of the second
| ayer of tungsten filmbegins at colum 8 |ine 66.

A. Yes.

Q And there M yazaki says with reference
to the fifth enbodi nent:

"Furthernore, as shown in FIGS. 9 and
11, in the sane deposition chanber, a tungsten film
16 is continuously fornmed by the chem cal vapor
deposition using tungsten hexafl uoride and hydrogen

as a raw material."
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You see that?

A Yes.

Q So, again, for the fifth enbodi nent,
M yazaki is enphasizing that the sane deposition
chanber is being used for the deposition of the
second tungsten film correct?

A Yes, in this part, in these three
enbodi nrents of the spec --

Q Ri ght.

A -- that's what he use -- uses.

Q And he doesn't say that it's not
inportant to do it in the sane -- sane chanber;
right?

A Well, he said -- no, he just says he

does it.
Q Ri ght .
That's what he's teaching.
That's what he's teaching.
For enbodi nent 6 which begins at colum
9 line 8.
A Yes.
Q M yazaki doesn't disclose specific
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process paraneters for the formation of the tungsten
| ayers; correct?
A No, not -- not for the sixth

enbodi nent. He's just given three different

exanpl es --
Q Ri ght .
A -- in previous enbodinents. So | think

the reader already knows sonme specific process
paraneters that could be used for these two fil ns.

Q Enbodi mrent 6 i s focusing on adjusting
the ratios of the thicknesses of the two different
| ayers; correct?

A. I n part, yes.

Q Now, in your declaration, you had
stated that there was an error in FIG 12 of the
M yazaki reference?

A Yes.

Q Coul d you explain what that error was?

A Yes. So FIG 12 plots the stress from
a conbination of two filnms as a function of their
conposition, and the teaching of Myazaki is that

you want to have at the lower level it's called,
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that's the first deposition, a filmthat,
unfortunately, has a high stress. You're not

| ooking for high stress, but that's just what you
get if you do void-free filling. And above that,
the upper level layer to have a |ow stress to
conpensate for the high stress of the first film

So when we |l ook at this chart, let's
| ook at the right-hand side of the chart. You see
the curve goes through a high stress of about 10 to
the 10th dynes per square centineter at the
ri ght-hand side, but the conpositions that are given
for the two filnms on the X axis indicate that the
high stress filmis not there, has zero conposition,
and the low stress filmis always there because it
has 100 percent of the conposition.

So my conclusion was this is obviously
an axis that is m sl abeled, the X axis, and so all
that one needs to do is to swtch the |abels for --
for the two X axes that are provided there.

So, in other words, the nunbers that go
from1l on the left to O on the right, that's the | ow

stress filmand fromO to 1 on the right, that's the
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high stress film So one can either change the

| abel s or take the X axis that's below and put it

above.
Q Ckay.
A Ckay?
Q Because -- okay. So effectively what

you're saying is sinply that the high stress film
| abel and the | ow stress film|label should be
reversed?
A Yes. Yes.
Q Ckay. Al right. Wy don't we take a
br eak.
A kay. I'mtaking off ny m crophone.
THE VI DEOGRAPHER: W are goi ng
off the record at 10: 16.
(Recess - 10:16 a.m - 10:31 a.m)
THE VI DEOGRAPHER: W are now back
on the record at 10: 31.
BY MR CHEN:
Q Dr. Rubloff, | believe that in your
decl arati ons you had proposed sone nodifications to

t he di scl osures of Myazaki; correct?
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A. Coul d you be nore specific?
Q In your reply declaration, | think you

refer to at | east one instance where you tal k about
adj usting sone of the Myazaki paraneters for a
contact hole of .35 mcrons as opposed to the .5
m cron hole that is discussed in M yazaki .

A Whi ch? Wi ch paragraph?

Q Let ne ook for it.

| think in paragraph 8A, you talk

about -- or 8B. Sorry. 8B.
A. 8B?
Q Yeah. You said -- the | ast sentence

you' re tal ki ng about conbining Myazaki wth Felix
and | think Wl f and you tal k about:

"Thus, in view of Myazaki's general
teaching that its process is applicable to contact
hol es arising fromadvanced m crom ni aturization, a
POSI TA woul d have found it obvious to apply
M yazaki's process to snmaller contact holes, such as
0.35 mcron hole disclosed in Felix, and that when
applied to these snmaller holes, the correspondi ng

deposition tinme would fall wthin the range recited
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in clains 10 and 23."
You see that?
A (Revi ew ng docunent). Yes.
Q Did you conduct any experinents to
determ ne the effect of applying the M yazaki
teachings for a .5 mcron hole to a hole the size of

.35 mcrons?

A Did | do experinents; was that your
gquestion?

Q Yes.

A. | didn't do any experinents, no.

MR, CHEN. Okay. Al right. |
don't have any questions -- further questions for
himat this tine.

Wul d you like to do your
redirect?

MR, COLAIANNI: W don't have any
guesti ons.

MR. CHEN. kay. Thanks.

THE VI DEOGRAPHER: W are goi ng
off the record at 10: 34.

(Recess - 10:34 a.m - 10:43 a.m)
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THE VI DEOGRAPHER: Here begi ns
Volunme 2 disk 2 in the video deposition of Gary
Rubl of f taken in the matter of Sanmsung El ectronics
CO LTD., Sansung El ectronics Anerica, Inc., Sansung
Sem conductor Inc., and Sanmsung Austin Sem conduct or
LLC versus Honme Sem conductor Corporation, in the
United States Patent and Trademark O fice, Before
the Patent Trial and Appeal Board, Case No. |IPR
2015- 00467.

Today's date is Decenber 17, 2015.
The tinme on the video nonitor is 10:43.

Counsel may now proceed.

CRCSS- EXAM NATI ON
BY MR CHEN

Q Dr. Rubloff, I wll now be

cross-exam ning you regarding the reply declaration

that you submtted in connection with Sanmsung's | PR

2015- 00467.

| wll ask you questions related to the
subject matter disguise -- discussed in your reply
declaration. You wll need to answer ny questions

truthfully and conpletely.
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The court reporter will record your
guestion -- ny question and your answers. |f your
attorney objects, you still nust answer all ny

guestions, unless he instructs you not to answer.

| f you do not hear or understand ny
questions, please ask ne to repeat or clarify. |If
you ask -- answer ny questions, ny assunption wl|
be that you understood the questions. |If you need a
break, please let ne he know and we'l| take one.

Do you under st and?

A Yes.

Q Can you think of any reason that m ght
af fect your ability to provide truthful and conplete
answers to ny questions today?

A To the extent that | know the answers,
no probl em

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

A No.

Q Al right. And, again, | think as we
di scussed before, you were previously deposed in

connection with this Sansung | PR, correct?
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A Ri ght .

Q And in that prior deposition, | asked
you to let me know if you didn't understand ny
guestions; correct?

A. Yes.

Q And if -- | told you that if you didn't
under stand ny questions, you could ask ne to repeat
or clarify; correct?

A. Yes.

Q And | told you that if you answer ny
guestions, ny assunption would be that you
under st ood ny questions; correct?

A. Yes.

Q And outside of any circunstances where
you asked ne to repeat or clarify a question, you
under st ood ny questions; correct?

A Yes.

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

A Certainly.

Q And you gave conpl ete answers to ny

guestions?
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A Yes.

Q And you stand by the answers provided
in that prior deposition?

A. Yes.

MR, CHEN. Okay. This is, |
bel i eve, 11.

THE REPORTER: 12.

MR CHEN: No, 12. Sorry.

(Docunent marked, for
identification purposes, as Rubloff Exhibit No. 12.)
BY MR CHEN:

Q Dr. Rubloff, I've asked the court
reporter to mark as Exhibit No. 12 your reply
decl aration submtted in connection wth Sansung's
| PR 467.

Do you have this declaration now in
front of you?

A. Yes.

Q (kay. And did you draft this
decl arati on?

A Yes.

Q And are you aware of any errors in this
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decl arati on?
A. Except for the m sspelling that |
mentioned earlier and which may be in this one or in

the previous. OCh, here it is.

Q Ckay.
A Ch, no, no, no. |'msorry.
Wll, | nentioned it in the previous

di scussi on.

Q Ri ght.

A O her than that, no.

Q O her than a typo that you had
menti oned before --

A Ri ght .

Q -- there's no other errors in this
decl aration; right?

A. Ri ght .

Q And there are no corrections that you
would like to nake to this declaration; right?

A | don't think so.

Q And how did you arrive at the opinions
that are in this declaration?

A. So | reviewed the decl aration and
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deposition of Ron Maltiel and ny previous

decl aration and the patents at issued -- at issue,
Emesh and Mak and the '893. | probably went over
sone of the other materials that | thought about in
drafting my original declaration, and | had

di scussions wth the attorneys, who asked questions
here and there to clarify things.

Q Ckay.

A | think that covers it pretty well.

Q Al right. And you arrived at the
conclusions in this declaration based on your own
anal ysis; correct?

A Absol ut el y.

Q Ckay.

(Docunent marked, for
I dentification purposes, as Rubloff Exhibit No. 13.)
BY MR CHEN:

Q Dr. Rubloff, | asked the court reporter
to mark as Exhibit 13 U S. Patent No. 5, 043, 299.
This is the Chang patent.

This is the patent that you referenced

i n your declaration; correct?
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A. Yes.
Q Al right. 1In your declaration, you

referenced the Chang patent as showi ng that a person
of ordinary skill in the art would know about the
AMAT 5000 machine in the tine frame of the '893
patent; correct?

A Well, | would say it differently from
the way you said it.

It's an exanple of the AMAT nmachi ne.

Q Ri ght .

A. But | wouldn't say that Chang in this
patent was denonstrating how many hundreds or
t housands of peopl e knew about the nmachi ne.

Q Ckay. At least it's an exanpl e of
sonebody using the AVAT 5000 tool; correct?

A Yes.

Q Al right. And the Chang patent
di scusses the use of the AMAT 5000 for CVD
deposition; correct?

A. Now, let ne just take a quick | ook at

Q Sur e.
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A. (Revi ew ng docunent). Yes. So your
guestion was, it describes CVD?

Q My question was confirmng that the
Chang patent discusses the use of the AMAT 5000 for
CVD tungsten deposition; correct?

A Yes.

Q Yeah. And the Chang patent discloses
t he AMAT 5000 tool with two chanbers; correct?

A. Yes.

Q And t he Chang patent uses one chanber
as a dedi cated cl eani ng chanber; correct?

A. Yes.

Q And t he Chang patent discusses the use
of the other chanber as a tungsten CVD chanber;
correct?

A Yes.

Q The Chang patent discloses the use of
only a single tungsten CVD chanber; correct?

A Let's see. It seens that way, yes.

Q The Chang patent does not discuss the
deposition of two |ayers of tungsten using two

di fferent CVD chanbers; correct?
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A. (Revi ew ng docunent). Yes.

Q Ckay. Now, if you turn to your
declaration, Exhibit -- which is Exhibit 12.

In your reply declaration at paragraph

2B, you state that cluster tools Iike the AVAT 5000
were well known at the tinme of the '893 invention;
correct?

A Yes.

Q You said that the whole world knew
about them correct?

A Yes. Well, | nentioned that should be

in the context of practitioners of the art.

Q Sur e.
A (Laugh).
Q | mean, | think that's fair.

W' re tal king about those involved in
sem conduct or processi ng?
A. Yes.
Q And that any person of ordinary skill
in the art would have known about that tool;
correct?

A Yes.
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Q Al right. Now, in perform ng your
anal ysis of the '893 patent, you searched for prior
art; correct?

A. Yes.

Q And sone of that art is what was
referenced in your declarations; correct?

A Sur e.

Q Right. And you sel ected the best

references for your declarations; correct?

A The best references of the ones |
found --

Q Ri ght .

A -- or considered.

Q Right. And you | ooked at nany
references that describe depositing two | ayers of
CVD tungsten to fill a contact hole; correct?

A Well, certainly at quite a nunber. |

don't -- | don't know about "many."
Q Ckay.
A. | don't renmenber how many there were.
Q Ri ght. But you searched for references

that tal ked about the depositing of two |ayers of
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CWD tungsten to fill a contact hole; correct?
A. Yeah.

Q Al right. You searched for patents;

A. Yes.
Q And you al so searched nonpat ent

[iterature; correct?

A Yes.

Q Text books?

A Yes. Yes.

Q And journal articles?
A Yeah, sure.

Q Yeah. You al so | ooked at references

t hat describe the use of the AVMAT 5000 cluster tool:

correct?
A. Yes.
Q Al right. 1In all of your searching,

you did not find any references that taught a
specific process for depositing two | ayers of
tungsten CVD in two separate CVD deposition
chanbers; correct?

A No.
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Q No, you did not find any references;
correct?

A No, | di sagree.

For exanple, there's a -- there's a
part of the sixth enbodi nent of the previous, the
M yazaki reference, which | think alludes to this
possibility in a very clear way that anyone would
understand. And this was an era since about 1987 |
think was the introduction of the P-5000 cluster
tool, and there were ot her conpanies putting out
cluster tools in the years that followed.

And this was -- this was so well known
by the tine of Myazaki or Enesh that anyone who
saw, well, | want to do two [ayers and | want the
process conditions to be different and in particul ar
for there to be different tenperatures, there's a
benefit to using a cluster tool to do that.

Q M yazaki --

A You know, you know, Applied Materials
made its nane, as | think it's just about the
bi ggest conpany maki ng sem conduct or manufacturing

equi pnment in the world or one of the biggest, out of
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that tool and introducing the concept of cluster
tools. And the benefits in contam nation control
and t hroughput and so on were so profound, that
everyone went to that. Wen you go into a fab
today, you'll have a hard tinme to find anything that
Is not a cluster tool.

Q M yazaki does not disclose or discuss
t he use of AMAT 5000 cluster tool; correct?

A. Doesn't nmention it. Probably didn't
need to.

Q Ckay.

A. And there woul d have been ot her
conpani es than AVMAT that had cluster tools. For
exanpl e, Novellus, Lam and so on.

Q M yazaki doesn't discuss the use of
cluster tools; correct?

A Does not nention cluster tools, but
says it doesn't have to be all in the sanme chanber.

Q Ckay. And M yazaki enbodi nent 6 does
not di scl ose specific process paraneters for the
deposition of tungsten CVD | ayers; correct?

A No, | disagree with that.
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| think he's -- anyone who -- who reads
M yazaki wll see very clear definition of what the
process chemstry is, exanples of what settings to
use fromenbodi nents 3, 4, 5. It would be very well
known.

Furt hernore, M yazaki does sonething
that the '893 just doesn't do, which is to tell --
tell you what reactive gases you need.

| was -- | was frankly shocked when |
read the '893 to find out that soneone could
actually get a patent on a tungsten CVD process
Wi t hout sayi ng you need a reducing species in
addition to the tungsten hexafluoride, and -- and
all that information is prescribed in both M yazaki
and Enesh in terns of how the process chem stry
wor ks.

Q In the portion of Myazaki discussing
enbodi mrent 6, no specific process paraneters are
di scl osed; correct?

A They're not stated in enbodi nent 6, but
they' re taught in the specification very clearly.

Q Ri ght .
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A. And -- and so nmaybe there are people
who would go to a patent |ike that and read.
don't |ike these nunbers, but let ne just read one
enbodi nent, |I'lIl pick 6, and never | ook at the rest
of it. | just don't think it's realistic.

Q Ckay. Enbodinents 3 through 5 do
di scl ose specific paraneters for depositing two
| ayers of tungsten; correct?

A Yes.

Q Right. And enbodinents 3 through 5
both teach specifically to use a single chanber for
bot h depositions -- for the deposition of both
| ayers of tungsten; correct?

A Enbodi nents 3 through 5 say that, yes.

Q Ckay. Qutside of Myazaki, in all your
searching, you did not find any references that
taught a specific process for depositing two |ayers
of tungsten CVD using two different CVD deposition
chanbers; correct?

A Qut si de of Myazaki, | don't know of
one that nmakes that explicit.

Q Right. And Enesh doesn't teach it;
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correct?

No, Emesh doesn't.

Q Mak doesn't teach it; correct?

A Mak mekes it pretty obvious.

Q Mak doesn't teach it; correct?

A Mak does not -- does not teach the two

| ayer tungsten deposition.

Q Ckay. You didn't cite any other
references that teach that; correct?

A. No, | didn't, but this is sonething
t hat peopl e reading both of those references woul d
I mredi ately conme to the conclusion this is howto do
it inreality in a tool.

Q kay. In fact, the only reference that
we' ve seen that explicitly teaches depositing two
| ayers of CVD tungsten in two separate deposition
chanmbers to fill a contact hole is the '893 patent
Itself; correct?

A | don't agree with that.

| think Myazaki does that or, in

conbi nati on, Enmesh and Mak.

(Docunent marked, for
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I dentification purposes, as Rubloff Exhibit No. 14.)
BY MR CHEN

Q Dr. Rubloff, we've -- |'ve asked the
court reporter to mark as Exhibit No. 14 U. S.

Pat ent No. 5,407,698, which is the Enesh patent.

And you relied on the Enesh patent to
hel p fornmul ate the analysis for your declarations;
correct?

A. Yes.

Q Al right. And you rely -- Enesh
di scl oses a nunber of different enbodi nents for the
deposition of tungsten, and you specifically relied
on enbodi nent 2 of Enesh; correct?

A That's correct.

Q Al right. And the gas flowrate for
tungsten hexafl uoride that Emesh discl oses for
enbodi nment 2 is 10 to 40 sccm correct?

A Can you point nme to the place you're
seeing that?

Q Sure. Just nmake sure |I'm | ooking at.

(Revi ewi ng docunent).

Ckay. Enbodi nent begins --
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enbodi nent 2, the description of enbodi nent 2 begins
at colum 8.
A Yeah, 55.
Q Yeah, |ine 55; right.
And there if you continue on --
(reviewi ng docunent).
Al right. WlIlIl, we mght have to cone
back to this because --
Vell, if you look to colum 5 --
A Yeah.
Q -- and beginning at line 36, it's not
speaki ng specifically about enbodinent 2 | think
it's speaking nore generally about the enbodi nents

that are discl osed --

A. Uh- huh.
Q -- in Enesh.
A Ckay.

Q And there it says that the gas fl ow
rates for tungsten hexafluoride, for exanple, is 10
to 40 sccm

A. Yeah, | see that, 10 to 40. In

hydr ogen, 240 to 800.
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Q Ri ght .

A And silane, 0 to 15.

Q So those are the gas flow rates that
Enmesh di scl oses for the enbodi nents described in the
patent; correct?

Yes.

Q And then specifically for enbodi nent 2,

the gas flow rate of tungsten hexafluoride is 40

sccmand this is shown in colum 11 --

A. Yes.

Q -- towards the bottomin that table;
correct?

A Yep.

Q Al right. And Enesh teaches a very
specific recipe for the deposition of the tungsten
| ayers in enbodi nent 2; correct?

A Well, he teaches in two places. One is
i n giving guidance about the hydrogen-to-tungsten
hexafl uoride ratio and the total pressure and so on.
So sone of it is in the specification text.

Q Ri ght .

A And then there's an exanple given,
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which is probably not to be considered inclusive but
exenplary of a way you would use this process.

Q VWhat is shown in the table is
reflective of what is described in the text;
correct?

A Well, | would say it's probably not
I nconsistent wwth it, but there's nore information
in the table. Because this is the process | ooking
at, as you see, preheat, predeposition, the plug
filling, the interconnect deposition, the punpdown,
and so on and it gives nore information.

So, for exanple, the hydrogen, which is
the reductant that's required, and silane, which can
be an additional reductant, those flow rates are
speci fied through each step or sub-step of the
recipe that's in exanple 2, as well as the tungsten
hexaf | uori de paraneters and the argon and nitrogen
paraneters as wel | .

So that's nmuch nore than the text of
the specification for enbodi nent 2.

Q Ckay. So the table provides nore

detail than the text?
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A. The table | ooks |ike what you' d see on
the screen of the tool.

Q Ckay. And that's a very specific set
of process paraneters?

A Yeah. Yeah. [It's one that works.

Q Ckay. And if you were nmanufacturing
t he device according to process, you' d want to
foll ow these paraneters; correct?

A. Wel |, or sonething along these I|ines,
but | think nore inportant is that if you wanted to
nodi fy the paraneters in a way to gain sone
advant age, you would | ook at these paraneters. But
you' d also I ook at the teaching in the text, which
points to the controlling significance of the
hydr ogen and tungsten flow rate and the existence of
a reductant, nanely, hydrogen.

You'd want to know what it tells you
about that to get the very different properties that
the two layers are requiring. One is it's okay to
be high stressed as long as it's void-free and the
second is | ow stress.

Q And you woul d then run experinents to
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deter m ne how your nodification to the process
paraneters m ght affect your results; correct?

A Sure. So, for exanple, if | wanted to,
|'"d go to higher flowrate. Then what | mght do is
to turn up the tungsten hexafluoride by -- | don't
know -- 20 percent, 50 percent, and | would at the
sane tinme proportionally increase the hydrogen and
the silane so that | kept the sane distribution of
reactive gases and stayed in the sane domai n of
either reaction rate limted deposition or supply
limted deposition.

Q Did you run any experinments on your
proposed nodification to the disclosed gas flow
rates of Enesh in enbodi nent 2?

A No. No. (Laugh).

Q Al right.

A No. | have a different job. (Laugh).
Q Right. Inert gases, |ike argon and
nitrogen, will affect the characteristics of the

tungsten deposition; correct?
A. Typically not. Inert gases generally

are regarded and behave as inert; nanely, they don't
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do anyt hi ng except change the total flow of the --
of the through -- of gases through the tool and
sweep reaction products out wth them

So their effect is -- their chem cal
effect is -- is essentially zero if they're truly
I nert gases, like argon is. Their effect on let ne
call it the mechanics or the physics -- it's
actually the chem cal engineering -- of the reactor
can be an effect, but only indirectly by changing
residence tines of the reactive gases and products
in the -- in the chanber

Now, nitrogen is a sonewhat different
story here. N trogen is nornmally regarded as an
inert gas, and it's very often used as inert gas
because it's inert and it's cheaper than argon or
hel i um

But here it evidently plays sone role
in inproving the specular reflectivity of the top
| ayer tungsten surface by sone kind of nediating
role as a chem sorption agent.

That's -- that's what's specul ated here

in Emesh. So it's not quite inert because it
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affects the grain structure and, therefore, the
reflectivity of the surface that's inportant to
l'ithography.

Q Doesn't Enesh teach that the inert
gases, |like argon or nitrogen, would affect the
characteristics of the |layer of tungsten that is
bei ng deposited?

A So where does it say that for argon?

| nmean, argon wll not chemcally
interact wwth these materi al s.

Q kay. Let nme find it.

A. | don't think that that's what's said.

Q So if you ook at colum -- if you | ook
at colum 6 line 67, Enesh is discussing the effect
of varying deposition paraneters and it refers to
FIGS. 3 and 8.

A (Revi ew ng docunent).

Q Actual ly, 3 through 8. FIGS. 3 through
8 show the effect of varying certain deposition
paraneters on the characteristics -- characteristics
of the resulting tungsten film

Do you see that?
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A. Yes.

Q And they show different results for
experinents conducted wth nitrogen as opposed to
experinents conducted wth argon; correct?

A Ri ght .

Q So dependi ng on whet her you use

nitrogen or argon, the characteristics of the

tungsten filmw Il change; correct?
A Right. | think that's consistent with
what | said.

Usual Iy nitrogen and argon are inert in
nost processes |like these, but in this case | think
t hey' ve shown that the nitrogen does have sone
effect on the surface norphol ogy and, therefore, the
specul ar versus diffuse reflectants.

Nitrogen is slightly reactive. If you
take a fresh tungsten or titanium surface at
sufficient tenperature, expose it to nitrogen,
you' Il forma tungsten or titaniumnitride. So it
IS not strictly an inert species.

Q Ckay. So then it's fair to say that

t he question of whether you use a gas -- a carrier
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gas |li ke argon or whether you use a carrier gas like
nitrogen wll affect the characteristic of the

tungsten filmthat is deposited; correct?

A Yes, that's what -- that's shown here,
| think.

Q Ckay.

A. | don't know how common it is but --
actually, I don't think it's very cormmon. | was --

| was kind of surprised to see that there's an
effect.

Q Changi ng the anount or the gas flow of
these carrier gases will also affect the
characteristics of the tungsten filmthat's
deposited; correct?

A That's a conplicated question.

So for argon, | would expect any
changes to be m nimal because it's truly inert.

For nitrogen, since it clearly has sone
effect on surface norphol ogy, there could be sone
effect. There probably would be sonme effect, but I
think it's inportant to distinguish the use of the

term"gas flow "
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So the deposition rate depends on how
many nol ecul es per second hit the surface and then
what the conditions are, |ike the tenperature of the
surface, to determ ne what fraction of those
actual ly deposit.

The thing that's -- that's not so
obvi ous here either in the '893, or in sonme of these
references, is that what you really want to know is
the partial pressure of the reacting species and the
partial pressure is because that's what determ nes
the i npingenent rate and ultimately the deposition
rate with other paraneters |ike tenperature.

And in a reactor like this, you have a
source of the gas flowing in at sone flow rate, you
have your reactor and your wafer that's being
deposited, and then you have a punp which is punping
t he gases away.

So when | specify a flow rate com ng
in, I"mactually not defining what the inpingenent
rate is on the surface because | can change the
speed of the punp. Typically there's a valve there

that allows you to nmake it punp faster or slower.
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And if | punp faster, | reduce the inpingenent rate
on the surface by lowering the partial pressure.

So | have a hard tinme answering your
gquestion conpletely when it's given in terns of flow
rate. Because if sonebody is playing with the
punpi ng speed or the throttle valve that controls
t he punpi ng speed --

Q Ri ght .

A -- behind ny back, I don't know what's
goi ng on in inpingenent.

Q When the patent discloses a particul ar
gas flowrate, the patent is trying to teach one of
ordinary skill in the art how much gas shoul d be
i ntroduced into the reaction chanber; correct?

A. Yes.

Q Okay. So a higher gas flow rate would

I ndi cate that nore gas should be introduced,

correct?

A It certainly wll be nore gas. | agree
to that.

Q Ri ght .

A The thing that's mssing is, we really

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2007



© o0 N oo o B~ O w NP

e e
A W N L, O

15
16
17
18
19
20
21
22

GARY W. RUBLOFF, PH.D. Volume 2 Of 2 December 17, 2015
Samsung Electronics vs. Home Semiconductor 313

don't know when you -- the problemis one of
transference of the know edge.

If it's taught here in a certain tool
and now | try to reproduce it in another tool that
has a different punping speed or sonething, then
those nunbers will probably not give ne the sane
resul t.

Q Ri ght .

A. So | have to be careful and judicious
about taking those nunbers literally --

Q Ri ght .

A. -- for flowrates and translating them
into teaching it to nme environnent and ny tool.

Q kay. Simlarly, if the patent
I ndicates a lower flowrate, the patent is trying to
teach that | ess gas should be introduced; correct?
Yes, that's true. Sure.
Ckay.
Assum ng not hi ng el se changes.

Ri ght.

> O »>» O

No punp changes, no val ve changes and

SO on.
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Q VWhat is the function of a carrier gas?
A A carrier gas can have several

different functions. Sonetines one wants a carrier
gas present to be able to increase the total
pressure in the chanber to prevent backstream ng of
species fromthe punp or from sone downstream part
of the reactor back toward where the -- where the
wafer is, let's say.

Sonetinmes it could be that | like to
run at a higher pressure where | have a decent
pressure gauge that works.

Sonetinmes | know that for the control
need in deposition rate, maybe | need a very thin
layer. So | don't want high gas fl ows because |
won't be able to tinme accurately how thick the |ayer
IS going to be.

So what could | do? Well | can keep
the active species gas flows |ow, but I don't want
themto stay -- the reaction products to stay around
the sanple, the wafer, very long. So if | add nore
inert gas and | turn up the punping speed, | can get

those species out away fromthe wafer nore quickly.
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So there are plenty of reasons that

people do it.

Q Ckay. So a carrier gas is not there to
carry reactants to the reaction site; right?

A Vell, it does that to sone extent,
sure.

Q Ckay.

A And that depends on pressure. |If
you' re working at sufficiently high pressures where
you have what's called viscous flow, then there are
convective forces that the flow patterns, the
streamines of the carrier gas, may determ ne what
the supply of active species goes to the wafer.
That's when you're -- and that's inportant when your
supply rate limted.

| f you work at nuch | ower pressures,

then the presence of the carrier gas doesn't do nuch
because the active species hit walls or wafers
before they ever find a gas nolecule. That's called
nol ecul ar f1l ow.

Q Ckay. So changing the gas flow rate of

a carrier gas can affect the characteristics of the

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2007



© o0 N oo o B~ O w NP

e e
A W N L, O

GARY W. RUBLOFF, PH.D. Volume 2 Of 2 December 17, 2015
Samsung Electronics vs. Home Semiconductor 316

tungsten CVD deposition; correct?

A Which? |If we're tal ki ng about Enesh,
do you nean argon or nitrogen?

Q Even for argon.

A For nodest changes, | don't think that

woul d be. Mbodest changes in the flowrate, |ike
factors of 2 or sonmething, 4, 5, 1| don't think there
wi |l be nmuch change.

Q But | arger changes in the gas flow rate

woul d affect the characteristics of the tungsten

deposition; correct?

A Wll, if | start at 1 Torr with ny
reactive gases and | decide, well, let's run at a
100 Torr, well, that will change the flow patterns
to sonme extent. And, generally speaking, | would

expect that if I'mrunning under reaction-limted
conditions trying to fill that hole wwth a --
wi thout a void, I won't see much change in that.

But if I"mrunning supply-limted
conditions, as the second |ayer prescribes, then |
m ght see a change in the deposition rate. | m ght
see nonuniformty across the wafer if the gases are
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com ng along the surface as opposed to a shower head
desi gn.

Q Changing the gas flowrate of a carrier
gas wll change the pressure of the reaction
chanber; correct?

A Assum ng that the flowrate and parti al
pressures of the carrier gas are already conparable
to or are significantly larger than the reactive
speci es, yes.

Q And the pressure of the reaction
chanber is a factor that can affect the
characteristics of the tungsten filmthat is being
deposited; correct?

A The characteristics of the filmor the
deposition rate?

Q Let's start with the deposition rate.

A Certainly can change it. If -- if the
-- if the partial pressures of the reactive species
change, then the deposition rate will be affected.

|f the partial pressure of the inert
gas changes within factors of -- | don't know -- 10

or sonething like that, | don't think the deposition
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rate will change nor do | think the material wll
change very much, if it's truly inert gas.

Q So if you went froma gas flow rate of,
say, 1 sccmto a gas flowrate of, say, 50 sccm of
the inert gas -- let's use argon -- that would
af fect both the characteristics of the deposition
film that is the tungsten filmthat is being

deposited, as well as the deposition rate; correct?

A. | don't think so. It's inert gas.
Q It's 50 tinmes difference
A. Yeah, but it doesn't matter. Unl ess

you're in supply rate-limted conditions, then you
have convective streanlines for where the gas fl ow
Is that dramatically changed what the i npingenent
rate on the surface is.

So -- so, for exanple, if | have here
the wafer and if | have arranged the gas flow so
that at 1 Torr that inert gas flowis going -- |
don't know -- like this and it's hitting the surface
and comng wwth it will be the reactive species, and
then when | turn it up to 50, sonehow very little of

the active species ever get to the surface and, |
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mean, a transport- or supply-limted regine of the
reaction, then it could change the deposition rate.
Probably only the deposition rate.

Q So you're saying that -- well, how
about this?

What if you went froma gas flow rate
of 0, no argon carrier gas, to 50 sccnmis of argon
carrier gas?

In that situation, would you see any
effect on the characteristic of the tungsten film
that's being deposited?

A. | have to | ook at what -- what punp
speed | have and the vacuum design of the system
because, | nean, if it were O, | mght be working at
a total pressure of the reactive species at the
range of 100 m|lliTorr or sone Torr or sonething
like a few Torr, sonething |ike that.

If all of a sudden it goes -- that
adding of the inert gas flow pushes it up to 100
Torr, well, then, | better nmake sure the punp can
handle it.

Q So are you saying that it would or
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woul d not affect the characteristic of the tungsten
filmthat's being deposited?
A O the tungsten filnf?
Yeah.
| think mnimlly.

Al right.

> O »>» O

Except under the unusual circunstances
that | described with ny hand waving that's now on
t he vi deot ape --

Q Ri ght .

A. -- under supply rate-limted
condi ti ons.

Q Ckay. So it's your opinion that really
the use of a true inert gas, |ike argon, has m ni nal
effect on the characteristic of the tungsten film
that's being deposited?

A Yes, it doesn't have a significant
effect on the tungsten film It has effect
secondarily in determ ning how | ong the residence
time is in the reactor and so -- and what the total
pressure is.

Q Ckay. The gas flow rate of the inert
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gas, using argon as the exanple, would affect,
however, or would potentially affect, however, the
rate at which the filmis deposited; correct?

A No. | think I just -- didn't | just
address that question?

The rate at which the filmwas

deposited depends on the process paraneters |ike
waf er tenperature and the active gas parti al

pressures and i npi ngenent rates --

Q Ri ght .

A. -- but not the inpingenent rate of
ar gon.

Q So all things being equal, if you had
an increased flow of carrier gas, |like argon, you

woul d not increase the tungsten film deposition
rate; correct?
A Typically not very much, except for

secondary effects that have to do with the design of

the -- of the vacuum system
Q Even though an increased fl ow of
carrier gas neans increased care -- nore of the

reactant is carried to the reaction site?
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A No. No, it isn't.

When you think about these reactors,
you have to imagine that each of the species has its
own partial pressure which relates to the nunber of
nol ecul es per cubic centineter, and except under the
specific circunstances where convective flowis
sending things a little bit haywire, they don't
I nteract substantially.

It's only when you change -- only when
you can change the total convective flow pattern of
the active species by changing the flow rates of a
truly inert gas will you see an effect.

Q Didn't you say that the carrier -- one
of the functions of the carrier gas is to carry
reactants to the reaction site?

A. It can be if you're working at
relatively high pressures.

Q kay. So let's |ook at Enesh, which is
Exhi bit 14, and we were tal king about enbodi nent 2,
whi ch is the enbodi nent that you relied on for your
decl arati ons.

Emesh di scl oses that the tine for the
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t ungst en
seconds;

A

Q
A

Q

A.
Q
A
Q
deposi ted

> O

O

are depos
seconds t

A
Q

CVD deposition of the first layer is 200
correct?

(Revi ew ng docunent). Let's see.

VWhere is that? The second enmbodi nrent --

Second enbodi nent .
-- starts on columm 8 near the bottom

Right. It's shown in the table in

colum 11 near the bottom

Yes.

And | think step 3 is the step where --
Ri ght .

-- the first layer of tungsten is

Ri ght .

And it says tinme --

Yes.

-- 200 seconds.

And what Enmesh is teaching is that you

iting the first layer of tungsten for 200
o fill the contact hole; correct?
Uh- huh.

And follow ng the deposition of the
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first layer of tungsten, Enesh teaches that you
conduct an etchback of the first layer of tungsten;
correct?

A. Yes.

Q And that etchback is to renove the
tungsten that was deposited on the substrate surface
out side of the hole; right?

A Yes.

Q Al'l right. And that etchback woul d
then renove that excess tungsten, |eaving only
tungsten within the hole; correct?

A. Yes.

Q Al right. And typically when you
desi gn processes for sem conduct or manufacturing,
you woul d not design themto waste materi al s;
correct?

MR, COLAI ANNI: (bjection
hypot heti cal .

THE WTNESS: Well, of course
nobody |i kes to waste things, but the reality is
t hat sem conduct or manufacturing wastes a | ot of

mat eri al because it uses subtractive processes.
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BY MR CHEN:
Q It wouldn't be perfect, of course. You

coul d never achieve that |evel of perfection wth no
waste, but you wouldn't specifically design it to
waste materials; correct?

A Yeah, this is usually pretty |ow on the

priority list --

Q Ckay.
A. -- one way or the other.
Q In other words, if you needed a | ayer

to be 5000 -- 500 angstrons thick, you would not
then deposit a layer of 1,000 angstrons and then
et chback to get your 500 angstrons; correct?

MR. COLAI ANNI:  (Obj ection.
| nconpl et e hypot heti cal .

THE WTNESS: Well, there nmay be
ot her considerations in the total process flow.

Renmenber that the game is never
about optim zing only one step or sub-step of a
sequence. |t's about the consequences of the total
sequence. So it sounds crazy to do that --

BY MR CHEN:
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Q Ri ght .
A. -- inisolation --
Q Sur e.
A -- but there may be benefits to it or
only di sadvantages. It depends on the context.

Q Ckay. The purpose of depositing the
first layer of tungsten in Emesh enbodinent 2 is to
fill the contact hole; correct?

A Yes.

Q Al right. They are not | ooking for
filmto remain outside of the contact hol e because
t hey conduct an etchback; correct?

A Vell, it's their choice of what
sequence of things they want to do to acconplish the
result. There may be a benefit to depositing extra
and then doing sonme kind of etchback planarization.

Q Ckay. So you're saying that there
could be a potential benefit to Emesh's -- to the
fact that there's tungsten deposit outside of the
hol e, which is |ayered, which is then subsequently
etched, renoved through etchback process?

A There may be.
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Q But you don't know what that benefit

A | don't recall that the |arger context
I's described here. The two enbodi nents give two
ways of achieving a result.

Q Ckay.

A But it's just for this part of a nuch
| arger process flow.

Q Ckay. But, neverthel ess, Enesh --
Enmesh teaches that you would conduct the first CVD
tungsten deposition for 200 seconds in order to fill
t he contact hole; correct?

A. | think that's too strong a statenent.

Emesh gives as an exanple a set of

process paraneters and exanple 2, the table, gives
you a list of themthat would acconplish the filling
i n 200 seconds, but | don't think that need -- that
shoul d be interpreted as the only condition and the
only tinme that could be realized using the teachings
of Emesh, in particular about gas flow ratios and
things like that, that are inportant to the very

characteristics that he's trying to get out of these
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two | ayers.

Q Ckay. But the -- what the paraneters
t hat Enesh di scloses for enbodinent 2 to fill the
contact hole are tungsten CVD deposition of 200
seconds; correct?

A That's what's in exanple 2, yes.

Q Ckay. It's your opinion that the
200- second deposition tinme taught by Enmesh is too
| ong and unnecessary to fill the contact hol e;
correct?

A. Are you | ooking at ny declaration?
Yes.

Let's ook at how | said that.

O > O

| think the discussionis fairly |ong.
It's in section 5 of your deposition, but | think
where your conclusion -- and please feel free to,

you know, review it as necessary -- but your

conclusion, | believe, is in paragraph 5F where you

say that:
"Thus, a POSI TA woul d have under st ood

that reducing a deposition tine to be 80 seconds,

seconds, which is the tine it takes to deposit a 2

80
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m cron | ayer using a 25 angstrom per second
deposition rate disclosed in Emesh, would be proper
because the hole remains conpletely filled after the
et chback process.™
A Yes. So -- so the statenent that 200

seconds is nore than needed is based on at |east two
-- two exanpl es.

One of themis the recognition that in
Enmesh, there are adhesion |ayers of reasonable
t hi ckness already inserted in the half mcron hole,
t hereby changi ng the dianeter.

And the second because as | -- as |
explained in regard to exanple 2, that table, that
t hese are exanples of paraneters, but there are a
variety of correlated paraneters which would give
faster or slower deposition rates, and that's part
of the reason that | explain that the flow rates

al one do not tell you what happens to the deposition

rate.

So by changi ng the punping speed, for
exanple, | can increase or decrease the deposition
rate w thout changing the flowrates at all, and
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we're not given here information about what the
punpi ng speed is or what the rel evant parti al
pressures are that are really the critical
paraneters for that surface deposition rate to be
det er m ned.
But | think in 5 here, I'mreally

tal ki ng about the adhesion |ayer part of the story.

Q Nevert hel ess, your conclusion is that
you only need to deposit the CVD tungsten for 80
seconds as opposed to the 200 seconds disclosed in
Emesh; correct?

A Yes. This is -- this is for filling
Emesh' s hol e.

Q Right. R ght. For filling the hole of

t he di aneter disclosed in Enesh --

A Yes.
Q -- which is .5 mcrons?
A For filling the hole that's descri bed

I n Emesh, which has these adhesion layers init.
Q Right. It starts at .5 mcrons, but
then it has sone adhesions on it?

A Cets snaller, yes.
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Q Okay. Now, Enesh discloses that to
fill the hole, the first |ayer of tungsten that they
deposit shoul d be about 5000 angstrons; correct?

A (Revi ewi ng docunent).

Q | believe the thickness of that |ayer
I's described at colum 9 line 7.

A Wul d you pl ease repeat the question?

Q Enmesh discloses that to fill that
contact hole, you should deposit the tungsten | ayer
of roughly 5000 angstrons using the process
paraneters described in the table on colum -- in
colum 11; correct?

A No, | don't think that's what he says
her e.

He says about 5000 angstrons tungsten
was deposited. He didn't say that's what's needed
to fill the hole. He said, we just deposited that.

Q Al right. At colum 9 line -- line 7,
Emesh states:

" About 5000 angstrons tungsten was
deposited using a | ow hydrogen-to-tungsten

hexaf |l uoride ratio of about 6 to 8 and O to 15 sccm
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of silane, in a carrier gas of argon, at a total
pressure of 9 Torr, to a sufficient thickness to
fill the contact vias wwth a filmof tungsten with
hi gh step coverage."

A Yes. So that's enough to at least fill
t he hol e.

Q Right. So what Emesh is saying is that
that thickness was a sufficient thickness to fill
the contact vias with a filmof tungsten with high
step coverage; right?

A To at least fill it. Renenber, he does
etchback after this. So -- so that neans he didn't
need the full 5000 to fill the hole. O herw se,
there woul d be nothing to etchback; right?

Q That's not true; correct?

Because no matter what, when you
deposit the tungsten, you would have tungsten
material on the surface area outside of the hole,
and if you wanted to get rid of that, you would need
to conduct the etchback; correct?

A. Well, let me read this again.

(Revi ewi ng docunent).
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Yes, you're right there. O course

it's deposited on the top surface as well.

Q Ri ght .
A Ri ght .
So -- so where -- where is the

di scl osure of what the width and depth of the hole
IS in enbodi nent 2?

Q (Pause). Well, it says that in colum
9, it discusses the aspect ratio. Colum 9 line 15.

A Uh- huh.

Q And then at colum 9 beginning at |ine
47, it's tal king about the second enbodi nent.

A Uh- huh.

Q And it's tal king about the -- how the
nmet hod i s advantageous for filling the small via
hol es of roughly .5 m crons.

A kay. So -- so if you took the
si npl est nodel and you had no adhesion | ayers.

Q Ckay.

A. And it's a half mcron wide by a mcron
deep and you put 5000 angstrons on, you wl|
certainly overfill the hole; right?
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Q Vell --

A And if you ook at FIG 2C, which
relates to this enbodi nent, conponent 40 is what
fills the hole, and you notice that the little dip
in the mddle over the trench over the hole doesn't
extend down to the top surface of the substrate.

And it's inportant to note that if it
did, if you had only provided -- if you hadn't
overfilled the hole, then that little dip would be
at the surface of the insulator nunmber -- well,
what's the nunber? | don't see a nunber here -- of
the insulator that has the hole in it.

So that when you did any etchback, you

woul d propagate that little crevice down into the

hol e and create a void. So you have to overfill it.
Q So --
A | agree that, you know, there's enough

to have sonme etchback on the bl anket areas.
That's -- that's correct, but you have to overfill
it --

Q Ckay.

A -- if you're going to do etchback.
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Q Ckay.

A So the 5000 angstrons is an
overfilling, according to the dinensions of the hole
t hat you suggest that you found, and it has to be
greater than what's needed.

Q Ckay. So whatever the case is, for the
Emesh process that's being described, it's inportant
that they use or they deposit 5000 angstronms of the
first layer of tungsten?

A Vell, | don't know if that's the nunber
it has to be. It's inportant that you overfill.

Q Ckay. It's inportant that you
overfill.

Now, | ooking at FIG 2C, which you just
referred to, you said that if there was no
overfilling, then that divot in the |ayer of
tungsten at the center of the hole would extend down
effectively to the -- the surface of the -- the
outer surface of the hole; correct?

A Yes.
Q Al right. And so as shown in FIG 2C,

what does -- how nuch overfilling would you estinmate
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I's there?
A How nmuch overfilling is here?
Q Yeah.
A Well, you nmean where is the bottom of

the little crevice?

Q Uh- huh. As conpared to the hei ght of
t he hol e.

A Well, you know, this is -- this is
difficult to answer because the drawing is clearly
not to scal e.

Q Ckay.

A. Because it's supposed to have an aspect
rati o of 2.

Q Ckay.

A And this is an aspect ratio of 1, to
start wth.

Q Ckay. But all you really need is to
overfill it such that when you do the etchback, the
crevice is above the hole? So that --

A. Yes.

Q -- when you renove the excess tungsten,

you don't propagate the crevice within the hole;

/_é ESQUIRE 800.211.DEPO (3376)

EsquireSolutions.com
HOME-2007



© o0 N oo o B~ O w NP

e e
A W N L, O

15
16
17
18
19
20
21
22

GARY W. RUBLOFF, PH.D. Volume 2 Of 2 December 17, 2015
Samsung Electronics vs. Home Semiconductor 337

correct?

A Right. R ght.

Q Ckay. So you would need to do sone
amount of overfilling but --

A Yes.

Q -- you wouldn't overfill it by tw ce

t he anmount; correct?

A | don't know. It probably doesn't cost
you much to do nore -- nore than less. | nean, when
you're running the tool that's going to do the
etchback, if you have to run it an extra 10 percent
of tinme, it probably doesn't matter because you
al ready have the overhead of noving the wafer into
the tool, taking it out and so on.

Q Ckay.

A | don't know how to estimate that.

Q Ckay. But then you would -- then what
you're saying is that you would want to do a certain
anount of overfill to ensure that you don't have
that crevice propagated within the hole?

A Ri ght .

Q Ri ght. And what Enesh teaches is that
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you shoul d deposit a | ayer of tungsten that is 5000
angstrons in thickness; correct?

A It's what he teaches in the exanple,
yes.

Q Right. And that exanple is for the .5
m cron di aneter hole; correct?

A. Yes, | think so.

Q Right. And that thickness is based on
the paraneters for the deposition that Enesh
specifically discloses in the table at colum 11;
right?

A. | don't think I could go that far. |
mean, he's giving an exanple in the table that's
shown. He says 5000 angstrons. That wll clearly
overfill the hole. That's what's needed, and | ater
in the nethod he says down in |ine 47:

In the nmethod of the second enbodi nent,
the first layer is provided under reaction
conditions for high step coverage and that it's
advantageous in filling small via holes,
approximately -- the little tilde -- .5 mcrons.

So | don't think that he's -- he's not
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saying that there's sonmething nagi c about a half
mcron here. He's saying small vias holes are going
to be in the range of half mcron. They used to be.
| think the inplication is, we used to be working at
a mcron, nowwe're at a half mcron, and tonorrow
we'll be at a quarter mcron.

Q So what Enmesh teaches for enbodi nent 2
Is a deposition tine for the first tungsten CVD
deposition of 200 seconds; correct?

A. Exanmpl e 2.

Q Right. And Enesh teaches that for that
first layer of CVD tungsten deposited for 200
seconds, you achi eve a 5000-angstromt hi ckness;
correct?

A (Revi ewi ng docunent). Well, | suppose
t he 5000 angstronms in the spec corresponds to the
exanple 2 would be the natural assunption.

It doesn't say the thickness in exanple

2, which normally one woul d expect to find there.

Q Right. But if you |look at the spec --

A Yeah. Yeabh.

Q -- at colum 9, when it's discussing
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the deposition of the 5000-angstrom | ayer --

A. Yes.

Q -- of tungsten, it refers you to the
paraneters disclosed in exanple 2 in the table;
correct?

A Yes.

Q Ckay. Now, you gave the opinion that

to achi eve the sane objectives of Enesh, a person of

ordinary skill in the art would know that only 80
seconds are necessary to fill the contact hole;
correct?

A. To fill the hol e of Enmesh.

Q Yes.
A | s that what you sai d?
Q And | think your conclusion is at

par agraph 5F of your decl aration.

A (Revi ew ng docunent). Yes.

Q Al right. So Enmesh teaches 200
seconds for a 5000-angstromthick |ayer, whereas,
you teach or you propose 80 seconds for a
2000-angstrom thick layer; correct?

A | don't -- (review ng docunent).
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|s there soneplace I'mallowed to
wite? (Laugh). | want to get the nunbers right.
Q | f you want to wite on the reference,
you can do that. | nean, on the exhibit. Sorry.
It will be -- | nmean, it wll be recorded.
A Wll, let me just think it through
then. (Pause).

So the calculation that | included in
nmy reply decl aration, Enmesh discloses that the first
conductive | ayer 40 has a step coverage of greater
than 90 percent. So a deposition of .2 mcrons,
2000 angstrons, on a planar surface would yield at
| east .18 mcrons on the sidewall, and that's nore
than is needed to conpletely fill the remaining void
-- vacancy volune in what started out as a half
m cron hol e before the adhesion | ayers were put
down.

So what's needed is .142 mcrons, and |
think that's what corresponds to the 80 seconds.

No. The 80 seconds is 2000 divided by
25; right?

Yes. 80 seconds is 2000 divided by 25,
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and that wll fill the hole because you only need
.14,

Q kay. So what Enesh specifically
teaches is a layer that's 5000 angstrons thick and
requi res 200 seconds to deposit that |ayer; correct?
That's what Enmesh teaches?

A No. Enesh teaches that he deposited
5000 angstrons to fill the hole and nore. That's
what -- that's what it says.

Q And you said it's inportant to do

overfilling; correct?

A Yeah. So he overfills the hole.

Q Right. You -- in your exanple, you're
not overfilling the hol e?

A No, because |I'm | ooking here at what it
takes to fill the hole and just to fill the hole
W thout a void, anticipating that we'll just add the

second | ayer on top of that.

Q So in your exanple, the crevice would
be propagated throughout the -- the --

A. No. No. It would ook like -- well,

this FIG 1 is not a good exanple, but basically
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where there's a crevice after -- since there's --
| ' m not tal king about using any etchback. The
second | ayer deposition, which is the | ow stress
layer, wll fill that crevice and that's just fine.

Q Wiy woul dn't there be etchback?
Doesn't Enesh teach the use of etchback?

A. Yes, but it's not needed.

Q So your nodification to the Enesh
process includes elimnating the etchback step?

A Well, you could probably do it either
way.

Q Ckay. So in order to use your
nodi fication to the Enmesh process, you would need to
el imnate the etchback step; correct?

A No, | didn't say that.

| think you can do it either way.

Q So if you do have the etchback step in
your nodification to the Enesh process, you woul d
t hen propagate the crevice throughout the contact
hol es; correct?

A Not necessarily.

Q You said it was inportant for Enmesh to
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do overfilling so that you do not propagate the
crevice throughout the contact hol es because in
Emesh you do an etchback, and if you did the

et chback and you had the crevice, it would be
propagat ed t hroughout the contact hol es.

That was your testinony; correct?

A Right, but | could -- if | wanted to do
the etchback, | could do nore than 80 seconds and
still be in the range as disclosed in the '893

patent and have enough to deal with any alteration
that m ght happen in the crevice, if | do etchback.
Q So I'"'mtrying to understand what you're
proposing as the nodification to Emesh, which you
rely on for your declaration and your opinion that
Emesh di scloses certain limtations of the '893
pat ent .
I n your proposed nodification, is there
et chback or not?
A Let nme see how | stated that.
(Revi ew ng docunent).
Ckay. Sorry. | had to reread.

So, no, |'m proposing the sane thing
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that Enmesh has with the etchback. The 2000
angstrons deposition, which is done in 80 seconds,
will nore than fill the hole and, therefore, be fine
W t hout the crevice encroaching on the area in the
hol e.

Q kay. So let ne -- let nme nake sure
under stand your nodification to the Enesh process.

Everything is effectively the sane as
t he Emesh process. The only difference is, is that
you're changing the tinme of the first tungsten CVD
deposition from 200 to -- 200 seconds to 80 seconds,
which will result in a CVD tungsten filmof 2000
angstrons i nstead of 5000 angstrons; correct?

A. Yes.

Q And it's your opinion that doing that
will still achieve all of the objectives that Enesh
Is trying to achieve, which is filling the contact
hol e wi thout a void and being able to etchback and
depositing the second | ayer of tungsten w thout
propagating a crevice in the contact hole; correct?

A That's correct.

Q Ckay.
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A. And 1'd li ke to add that these nunbers,
which we do as a kind of sanity check to see what
wor ks and what doesn't conpared to the specific
exanpl es given, are only one part of the picture.

| expl ai ned several tines the kinds of
things that happen in the real world. So one of
themis the issue that deposition rates and,
therefore, the tines it would take are not really
specified here to the precision that would be
necessary for one of ordinary skill.

Because one of ordinary skill knows
that it's the inpingenent rate and the associ at ed
partial pressures that are inportant, and they're
not only determ ned by flow rates.

Secondly, in a general sense, these
ki nds of exanples are subject to -- the paraneters
given in such exanples are subject to the
recognition that experinentation never put -- never
recogni zes fixed boundaries on paraneters, that
these are kind of gray boundaries at the edges.

And so | think it's -- it's an

exaggeration of inportance to take sone of these
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nunbers literally. Though we always in your
busi ness check these things for | egal consistency
and their | egal consequences. | know that.

Q So it's your opinion that an 80-second
deposition of CVD tungsten, keeping all the other
paraneters the sane as what's discussed in Enesh,
woul d all ow a person of ordinary skill in the art to
achi eve the sane objectives as disclosed in Enesh

for the deposition of the first |layer of tungsten;

correct?

A. | didn't get the first part of that
questi on.

Q Let me re-ask it.

It's your opinion that changing the

deposition tinme of the first |ayer of CVD tungsten
I n Emesh enbodi nent 2 from 200 seconds to 80 seconds
woul d still achieve all the objectives that Enesh is
trying to achieve with that deposition of the first
| ayer of tungsten; correct?

A. Yes.

Q Ckay. So what you're saying then is

Emesh does 120 seconds -- Enesh discloses the -- an
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addi tional 120 seconds of CVD tungsten deposition
for no benefit; correct?

A Well, | don't know that there's no
benefit to that.

There's for one thing -- so you're
t al ki ng about 80 seconds conpared to 200 seconds.
It may be that there's better snoothing if you
provide a little nore. So you start with these
crevices and then you put a |ayer on top that w |
be confornmal, relatively confornal because it's
fairly flat, and so it wll have a crevice on top.
In fact, it may even be depicted here.

No, it's not shown here, but there wll
be sone crevice there. And it may be that by adding
nore and then sputtering down, backetching down
t hrough nore material, you can nmake that top surface
of the second | ayer snoother, which nmay have
benefits in terns of |ithography, for exanple.

Renmenber, we had an extensive
di scussi on about another patent at issue where
pl anarity was inportant.

So | don't knowif that's why he didn't
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m nd wasting 120 seconds of tine, but there are
pl enty of reasons that could happen and sone of them
are even nore practical than that. Like, you know,
getting to a steady state in the tool when you first
turn it on or sonething like that. There are nmany
consi derati ons.

This industry does not worry a | ot
about the extra material.

Q So you're saying that there is sone
benefit to Enmesh's deposition of 200 seconds of CVD
tungsten. You just don't know what that is;
correct?

A No. No. | said | don't knowif
there's a benefit to it or what that m ght be.

Q Ckay.

A. There could be. There may not be.

And, renenber, this is only one concrete exanple
he's trying to show of what he's disclosing in the
pat ent .

Q Ri ght. Enesh teaches 200 seconds, but

you don't think that's necessary. You think only 80

seconds i s necessary; correct?
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A. Yes.

Q And Enmesh teaches a 5000-angstromthick
| ayer, and you don't think that's necessary. You
think only 2000 angstrons i s necessary; correct?

A. Yes.

Q And you can't explain why Enmesh woul d
specifically teach the deposition of an additi onal
3000 angstronms of CVD tungsten for that first |ayer;
correct?

A | could specul ate on reasons, as |
have, but that's about it.

Q Did you run any experinents based on
your nodifications of the Emesh paraneters to
det er m ne whet her those nodifications would still
fill a contact hole of .5 mcron void-free?

A No.

MR, CHEN. Wy don't we take a
br eak.

THE VI DEOGRAPHER: W are goi ng
off the record at 12:18.

(Wher eupon, at 12:18 p.m, a

| uncheon recess was taken.)
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AFTERNOON SESSI ON
(12:55 p.m)

GARY W RUBLOFF, PH.D.
called for continued exam nation and, having been
previously duly sworn, was exam ned and testified
further as foll ows:

CROSS- EXAM NATI ON ( CONTI NUED)

THE VI DEOGRAPHER: We are now on
the back on the record at 12:55.
BY MR CHEN

Q Al right. Dr. Rubloff, | believe for
your reply declaration in connection with the 467
| PR, you also rely on the Hasper reference that we
di scussed earlier today; correct?

A. Yes.

Q The Hasper reference is Exhibit 11.

A Yeah. (Indicating).

Q Right. And you rely on the Hasper
reference for its definition of "step coverage",;
correct?

A. Yes.

Q And the Hasper definition of "step
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coverage" is the definition that you used for your
anal ysis of your dec -- for your analysis included
i n your declaration for the 467 IPR, correct?

A. Yes.

Q And as we discussed earlier today, the
Hasper definition of "step coverage" is the ratio of
the tungsten thickness taken halfway up the feature
that is over the substrate surface thickness at the
nmonment the feature closes; correct?

A. Yes.

Q And as we di scussed earlier today that
for any step coverage |l ess than 100 percent, the
| ayer deposited on the sidewall of the contact hole,

the surface at that |ayer would have sone tilt;

correct?
A Yes.
Q And so the |ayer would be -- so if the

t hi ckness m dway up the feature is A the thickness
of the |ayer near the top of the contact hole would
be thicker than A, correct?

A. Yes.

Q And the thickness of the |ayer near the
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bott om of the contact hole would be thinner than A
correct?

A. Yes.

Q Ckay. And so for a step coverage of 90
percent, which | believe is what you used to perform
your cal cul ati ons of what thickness tungsten is
needed to fill the contact hole in Enesh.

For a step coverage of 90 percent, the
actual thickness of the layer closer to the bottom
of the hole would be I ess than -- would be | ess than
the .142 mcrons or 1420 angstrons of the first
tungsten | ayer that you say would be needed to fill
the via hole; correct?

A Yeah, a little bit. Yes.

Q Right. So in order to fill that via
hole so that there's no void, you would actually
need to deposit nore than what you've descri bed here
i n your declaration at paragraph 6C, correct?

A Yeah, at the bottommaybe a little bit,
but these were just estinmates to give a feeling for
what's really happening. | nean, | didn't attenpt

to nodel the vertical profile.
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There always is, as -- as the Hasper
reference shows, there always is a vertical profile
tothis and it's subject to, of course, the dom nant
features of what reaction regine you' re in, but also
to the details of how that vertical profile | ook and
howit's nodified by the material reactions that |
mentioned earlier with crystallization, surface
di ffusion and the I|ike.

Q So in order to fill the hole,
conpletely fill the hole with no void, the thickness
val ues that you' ve disclosed here in 6C woul d need
to be increased by sone anpunt; correct?

A A few percent probably.

Q Ckay.

A Wll, et ne clarify that, actually.

When you have a 60 percent or a 90
percent step coverage, there will be a tilt to the
surface, but it's really hard to predict how nuch
surface snoothing is going on during the deposition
process. So it's -- it's difficult to estimte what
that correction is. There's a correction, but |

don't.
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Q Al right. There's a correction but as
an internal --

A | know about it.

Q -- increasing the thickness of the
| ayer, but you are unable to determ ne how nuch t hat
woul d require; correct?

A. Yeah, | think it's small.

Q Ckay. But you don't know?

A. My intuition is that it would be small.

Q Ckay. Now, previously in your
decl aration, you had determ ned the thickness of the
nucl eation | ayer and adhesion |ayers on the
sidewal I s of the contact hole; correct?

A. Yes.

Q And you nade that determ nation based
on a cal cul ation using the step coverage of those
| ayers; correct?

A. Yes.

Q kay. G ven what we just discussed
about how the thickness of the layers would vary
between the top of the contact and the bottom of the

contact, it's also true then that the cal cul ati ons
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that you made for the thickness of these, the
adhesion | ayers and the nucleation |layers, would
actually be thinner towards the bottom of the
contact; correct?

A Yeah. Yeah, a bit.

Q Right. And especially there where
we' re tal king about a step coverage of 60 percent,
the variation in thickness would be nore significant
t han what we had di scussed for the 90 percent step
coverage; correct?

A Yes. Yes.

Q (kay. And so the -- because the
nucl eation | ayer and the adhesion | ayer are actually
thinner at the bottomof the hole, thinner than the
480- angstrom and 600- angstrom t hi cknesses that you
descri be in paragraph 5E of your declaration, the
resulting hole would be greater than -- than the, |
guess, 2.284 mcron hole size that you calculated in

your decl aration; correct?

A 2. -- I'"'msorry. Were is 2.284?
Q | think --
A |"'msorry, | don't --
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Q -- you calculated the size of the hole
that would need to be filled by the first tungsten
| ayer based on the thickness of the adhesion | ayer
and the thickness of the nucleation |ayer --

A Uh- huh.

Q -- subtracted fromthe size of the

original hole --

A Yes.

Q -- which was .5 mcrons; correct?

A. Yes.

Q And now that we've confirned that at

| east towards the bottom of the hole, the cal cul ated
adhesi on | ayer and nucleation -- the thicknesses of
t he adhesion | ayer and the nucleation |ayers woul d
actually be thinner.

Then that neans the size of the hole
after the deposition of the adhesion |ayer and the
nucl eation | ayers would actually be | arger than what
you had estimted in your declaration; correct?

Yes, so on.

Q Yeah.

A Subject to the -- the tilt in the
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angle, the slant angle --

Q Ri ght .

A -- on the sidewall, which is -- which
I s dependent on the chem cal nature of the
deposition process because the species on the
surface have sone nmobility, as | -- as | neant
before. So in sone cases, it nay be nore or |ess
close to vertical than in others.

Q Okay. And so because the hole at the
bottom of the contact is now | arger than what you
had estimated, that neans that the thickness of the

tungsten layer that is deposited or required to fill

the hole --
A Uh- huh
Q -- woul d again need to be increased by

a certain anount; correct?
A. Right. But we were tal king about a
di fference between -- we were tal king about 2000
angstrons deposition conpared to 1420, which is in
FIG 2B on page 10 of ny declarati on.
| mean, | don't think these effects

you' re tal king about are anything |Iike the
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di fference between those two.

Q Suffice it to say that --

A A long ways to go to get there this
way.

Q Sure. But suffice it to say that what
you cal cul ated for the thickness of the tungsten
| ayer, right, that you believe would be required to
fill the contact hole with no void is actually too
| ow, correct?

A. It may be a little low, but I wouldn't
put nmuch stock in that answer w thout doing a nuch
nore serious evaluation of the vertical profile that
results fromthe adhesion |ayer and nucl eation | ayer
chem stries thensel ves.

The work that we cited, Chris Kleijn's
wor k, Hasper is it? |Is that the Hasper work?
These -- these are the kinds of -- of studies that
one would have to look at if you want to nmake a
better estimate of how big an effect it is that
you're getting at.

Q Ckay.

A And | woul dn't specul ate short of
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t aki ng sonething serious on |like that nodeling
effort.

Q Right. So without that nodeling effort
or at |east that further study, you're not able to
say specifically by how nuch your proposed thickness
of the tungsten |ayer would need to be increased in
order to fill the contact hole; correct?

A No, | don't think I can be quantitative
about it, short of a significant nodeling exercise
li ke that.

But from having |ooked at -- | don't
know -- hundreds of cross-sectional SEMs for CVD
process, you know, |'ve been doing research in CVD,
i ncl udi ng tungsten CVD, for -- for many years and
|"ve seen lots of SEM cross-sections. And | don't
recall substantial angle variation in many of those
cross-sections. Mdest but not substantial.

Q But you do agree that the thicknesses
woul d need to be increased by sone anobunt; correct?

A In principle, it could -- it could be.
| nmean, if we assune that the step coverage is

nmeasured right at the mddle and that there is an
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angl e that goes fromfull coverage to |less than full
further down, there will be sone correction, but |
think it will be small.

Q Ckay. Now, the definition of "step
coverage" that's given in Hasper is based on the
ratio of A, which is the thickness of the |ayer
hal fway up the feature, and B, which is the
t hi ckness of the |ayer on the flat surface, flat
subsurface right outside of the feature or the
contact hole; correct?

A Yes.

Q Ckay. And the definition of "step
coverage" given in Hasper perforns that neasurenent

at the nonent that the feature closes; correct?

A Uh- huh

Q Ri ght ?

A Yes.

Q And we' ve di scussed earlier today that

when the feature closes, then you are now preventing
additional reactant fromentering into the contact
hol e and, theoretically, the reactions or the --

within the contact hole would -- woul d stop;
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correct?

A Shoul d, yes.

Q Right. And, therefore, the thickness
of the layer on the walls would no | onger increase;
correct?

A That's correct.

Q Right. Okay. So when you did your

cal culations you started with the, | believe,
nucl eation layer which is -- no. I'msorry. Let ne
restate that. | don't recall whether it was the --

|"mgoing to assune it's the adhesion |ayer. That
makes nore sense.
So the first layer that's deposited in

the contact hole is the adhesion |ayer; correct?

A | think that's right.

Q (kay. And you cal cul ated the
t hi cknesses of that |ayer based on the step coverage
of 60 percent; correct?

A Yes. Now, | don't recall whether
that's -- that's disclosed in Enmesh or not. | think
sone of them were.

Q Right. | believe you're right. Sone
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of the step coverages for those |ayers were

di scl osed. Wiether it's enbodinent 1 that was

carried over to enbodinent 2, | don't recall but --

A The adhesion layer is Ti nitride.

Q | think that's a fair assunption. |
don't --

A. Yeah, it is.

Q -- recall.

A. It says it --

Q Ckay.

A -- bottom of colum 8.

Q kay. GCkay. So the first layer that's
deposited in the hole is an adhesion | ayer of
titaniumnitride?

A. Yes.

Q And you cal cul ated how -- what the
t hi ckness would be within the hole of that titanium
nitride based on the deposited thickness on the
surface and a step coverage of at |east 60 percent;
correct?

A. Yes.

Q Al right.
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A. It's an assunption.

Q Right. You're assumng that the step
coverage was 60 percent?

A Yeah.

Q Ckay. |In order for the -- your
calculations to be correct, you're using the Hasper
definition of "step coverage"; correct?

A Yes.

Q Al right. And so assumng a step
coverage of 60 percent, you calculated that the
t hi ckness of adhesion |ayer within the hole woul d be
480 angstrons; correct?

A. Yes.

Q Al right. However, as Hasper says,
their step coverage is neasured at the nonent that
the feature cl oses; correct?

A Yes.

Q Ckay. So if you' ve deposited the
adhesi on | ayer and you used your step coverage of 60
percent to determ ne the 480-angstromthickness, at
that point the feature or the top of the contact

hol e has now cl osed; correct?
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A. So let's be careful, though. The
adhesion layer is Ti nitride sputter-deposited. The
Hasper reference refers only to CVD.

Q Ckay.

A So the typical way people do step
coverage estimates i s you've got a vertical step
like a little chair. You do the deposition. You
nmeasure in a cross-sectional SEMwhat's on the top
and you neasure hal fway down the step. So there's

not hi ng about closing in that case.

Q Ckay. But the Hasper definition --
A As | recall --

Q | " m sorry.

A.

-- | picked the 60 percent nunber to be
ki nd of conservative and to, you know, just get in
t he bal | parKk.

Q Ckay. But the Hasper definition of
"step coverage" says that step coverage is the ratio
in percents of the tungsten thickness A taken
hal fway up the feature depth and the substrate
surface thickness B at the nonent the feature

cl oses.
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That's the definition that Hasper uses

for "step coverage"; correct?

A Yes, but --

Q And - -

A -- that's the sane definition | just
gave for what people normally do.

Q Right. And that's the definition that
you used as well; right?

A Yeah. Yeah. Yeah.

Q And so when you've hit that point, the

feature 1s closed; correct?

A. You nean to nake the neasurenent?
Q Sur e.

A Yeah. |If it's in a hole, yes.

Q

Right. Okay. So if the feature is
cl osed, how do you deposit nore reactants to deposit
your next layer and your followon |ayer?
A Ch, no, that has nothing to do with it.
Let me see if | can clear up this confusion.
When Hasper gives this definition, if
you were doing an experinent to try to neasure the

step coverage in CVD, you could do this experinent
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and try to tine the deposition so that it's just
closed. It's probably not quite closed because if
it's already -- if it's after it's closed, it's
going to be too thick on top. You get the wong
answer .

Q Ri ght .

A So you | ook for a set of
cross-sectional SEMs that |let you see one that's
essentially closed, and the reason you choose to do
that is you' d like to be able to see what is the
t hi ckness with as nuch neasurenent accuracy as you
can. So you want it thick.

This, | think, would provide a kind of
m ni mum value to the conformality --

Q Ri ght .

A. -- or step coverage because in practice
you never go to the point where it's closed unl ess
you're filling. So you in that case have very high
conformality.

Q Ckay.

A Does that hel p?

Q Yes.
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So the step coverage of a -- the step
coverage is a characteristic of the deposition;
correct?

A. Yes.

Q Al right. It is -- would you say it
IS a constant at any point during the deposition?

A No, probably not.

Q Ch.

A | f you do very thin layer -- | think
the reality is, as you get toward closure --

Q Ri ght .

A. -- you may have sone nonlinearities
because it changes the fraction that are getting
into the hole. [It's changed the -- the aspect ratio
of the hole in a funny way. That's why you really

need nore sophisticated cal cul ations to know what to

expect .

Q Ckay.

A But in nost of these cases, we're
talking -- when you're trying to nmake conf or nal

structures, you're usually working in the regine

where you have reasonably high step coverage and
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thin layers. So the adhesion |ayer, the nucleation

| ayer. These would be thin | ayers.

MR. CHEN. Uh-huh. Ckay. | have

no further questions for Dr. Rubloff at this tine.
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short break?

off the record at

record at 13: 30.

guesti ons.

pl easur e.

as wel | .

MR COLAIANNI: Can we take a

VR. CHEN: Sur e.

MR. COLAI ANNI:  Ckay.

THE VI DEOCGRAPHER: W are goi ng
13: 18.
(Recess -

1:18 p.m - 1:30 p.m)

THE VI DEOCCRAPHER: W are on the

MR COLAIANNI: | don't have any

Thank you, Dr. Rubloff, for your
THE WTNESS: GCh. Onh, ny

MR CHEN. Al right. Thank you
THE W TNESS: Thank you.
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THE VI DEOCGRAPHER: Okay. W are
going off the record at 13: 30.
(Si gnature having not been waived,

the taking of the deposition concluded at 1:30 p.m)
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CERTI FI CATE OF COURT REPORTER
UNI TED STATES OF AMERI CA )
DI STRICT OF COLUMBI A )

|, DENISE D. VICKERY, the reporter before
whom t he foregoi ng deposition was taken, do
hereby certify that the w tness whose testinony
appears in the foregoing deposition was sworn by ne;
that the testinony of said wi tness was taken by ne
I n machi ne shorthand and thereafter transcribed by
conput er-ai ded transcription; that said deposition
Is atrue record of the testinony given by said
Wi tness; that | amneither counsel for, related to,
nor enployed by any of the parties to the action in
whi ch this deposition was taken; and, further, that
| amnot a relative or enpl oyee of any attorney or
counsel enployed by the parties hereto, or

financially or otherwi se interested in the outcone

of this action. EWL 2 V"ffk&;

Notary Public in and for the
District of Col unbia

My Conmm ssion expires February 14, 2018
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DEPCSI TI ON ERRATA SHEET

Qur Assignnment No. J0254991
Case Caption: SAMSUNG ELECTRONICS CO. LTD. vs. HOMVE
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 day of

, 2015.

GARY W RUBLOFF, PH. D.
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