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REMOTELY HELD AND REPORTED FROM THE STATE OF CALI FORNI A
TUESDAY, JULY 1, 2025, 12:40 P.M
---000---

COURT REPCORTER: My nane is Tamara Houst on,

California Certified Shorthand Reporter Nunber 7244.
---000---

Wher eupon, DEBORAH D. L. CHUNG PH.D., having

been called as a witness was duly sworn

to tell the truth, the whole truth,

and nothing but the truth testified

as foll ows:

--000- -
EXAM NATI ON BY MR I N
Q Okay. Good afternoon, Dr. Chung.
How are you?
A Good.
Q Wl cone back.

We just went through the earlier deposition
for the '909 patent, so | will not repeat a |lot of the
overl apping materials that we just covered; is that
okay?

A Yes.
Q Ckay. So right now, you're here to offer your
testinmony on U. S. Patent 8,682,924, also referred to as

the '924 patent; is that right?
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A Yes.

Q And you' ve offered a sworn declaration for
this proceeding, and that is Exhibit No. 2006, correct?

A Yes.

Q Ckay. |If you could pull up 1001, the '924
patent, Dr. Chung.

A Yes.

Q Did you review this patent as part of your
preparation for this deposition as well as in preparing
for your declaration?

A Yes.

Q What is the '924 patent generally directed to?

MR. ZINDA: (nbjection -- objection. Form
THE WTNESS: The title of this patent is,
"Lithiumion batteries using discrete carbon nanotubes,
nmet hods for production thereof and products obtained
therefrom"”
BY MR IN

Q Ckay. So in your -- in your view, that is

what the '924 patent is about?

MR, ZI NDA: (bjection. Form

THE WTNESS: Well, that's kind of the general
t opi c.
BY MR [N

Q Ckay. And with respect to the term"discrete
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carbon nanotubes,” | think we've been discussing that
for several depositions now and proceedi ngs.

| s your view of the term"discrete carbon
nanot ube" any different fromthe '924 patent as it has
been, for instance, the '909 patent?

MR, ZI NDA: (bjection. Form

THE WTNESS: Yes, it's the same. Yes, and
you can refer to ny declaration.
BY MR [N

Q If I could direct you, Dr. Chung, in the '924
patent to Colum 5, |ine 30.

A Ckay.

Q So there, the '924 patent provides what they
call Exanple 2, and it is directed to "discrete carbon
nanotubes with Iithiumiron phosphate coated on the
surface of the tubes for a lithiumion battery cathode
material."

Do you see that?

A Yes.

Q And pl ease feel free to take a mnute, if
needed.

But at a high |level, can you tell ne what is
bei ng made in Exanple 2?

MR. ZI NDA: (Objection. Form

THE WTNESS: Well, |I'mnot sure what you nean
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by "high level." This describes the steps of -- of the
process. And "high level,"” I"mnot sure what that
neans. You have to go through the details of the steps.
You cannot just --
BY MR [N
Q Sure. Yeah. Let ne re-ask.
What is -- what is being nade in Exanple 2?
MR. ZI NDA: (bjection. Form
THE WTNESS: It's making discrete carbon
nanotubes with the lithiumiron phosphate coated on the
surface of the tubes.
BY MR [N
Q And are these nultiwall or single-wall carbon
nanot ubes?

A Mul tiwall.

Q Ckay. And are these carbon nanot ubes
oxi di zed?

A Yes.

Q So as part of that process starting at around
line 42, it talks about -- or line 39, | should say, it
tal ks about adding things like iron acetate, |ithium

acetate, and ammoni um phosphat e.
Do you see that?
A Yes.

Q Wiy are those materials being added?
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MR. ZI NDA: (bjection. Form
THE WTNESS: The iron acetate is a precursor
to make the iron part of the resulting salt. The
lithiumacetate is the precursor to enabl e having
[ithiumin the resulting salt, and the amoni um
phosphate is a precursor that enables the final product
to have phosphorus in the resulting salt.
BY VR IN:
Q Wuld it be accurate to characterize those
conponents as LFP precursors?
MR. ZI NDA: (bjection. Form
THE WTNESS: Could you define LSP [sic]?
BY MR [N
Q So "LFP" is "lithiumiron phosphate.™
And so based on your understandi ng of why
those three materials we just tal ked about are being
added, would a POSITA view those materials collectively
as LFP or lithiumiron phosphate precursors?
A. Yes, those are precursors that, upon a
reaction, would formthe lithiumiron phosphate.
Q And why are they called precursors?
A. Precursors are not the final reaction product.
It's the reactant, and you convert the precursor to a
certain reaction or certain process to nake the product

you want .

10
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Q Ckay. And in case of Exanple 2 then, what is
the process that is being perforned with those
precursors?

MR. ZI NDA: (bjection. Form

THE WTNESS: Well, it's clearly stated in
Exanple 2. First of all, iron acetate is dissolved in
the ionized water and that is -- that constitutes one of

t he precursors.

And -- but then this is added to the carbon
nanot ube m xture with that nanotube in the diethylene
gl ycol, that carbon nanotube m xture; and this iron
acetate as dissolved in water is added to that m xture
t hat consists of the carbon nanotube and the diethyl ene
glycol. And after that, you heat it under nitrogen,
stir, and sonicate.

(Court reporter requested clarification.)

THE W TNESS: Under nitrogen, yeah, stir and
sonicate. And then after an hour at 140 degrees C, a
solution of a lithium acetate and anmoni um phosphate in
dei oni zed water is added. Ckay?

So in other words, the three precursor
chem cal s are not added at the sane tinme. The iron
acetate is there first. And after that, they add the
other two; that is, the lithium acetate and the amoni um

phosphat e.

11
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And then after that, then they raise the
tenperature to about 185 degrees C for 30 m nutes and --
over 30 mnutes -- raise the tenperature over
30 mnutes. And then held at 185 C for four hours.

That's the main steps. There are others after
that, but these are the nmain steps.

BY MR [N
Q Ckay. Thank you

And what is the purpose of that raising
tenperature step that you just tal ked about?

A. Ch, the tenperature is raised to 185 degrees C
over a period of 30 mnutes. That's generally a
procedure that's comon; that is, you don't raise a
tenperature instantaneously fromroomtenperature to
185 degrees, instantaneously raise the tenperature.
That's not usual practice, you know. And they are just
very careful about describing the details.

Q Sur e.

And what is the contribution of that raised
tenperature to the formation of the final product that
they are trying to nmake?

A. Coul d you rephrase that, please?
Q Yeah.
What does raising the tenperature do to the

precursors such that the final product is made in this

12
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exanpl e?
MR ZI NDA: Objection. Form
THE WTNESS: You need to have a reaction so
that the precursors react together to formthe final
product. And an el evated tenperature hel ps the
reaction, and --
BY MR [N
Q And then what -- |'msorry.
A. That's why they use 185 degree C.
Q And is that final product an LFP particle?
MR. ZI NDA: (bjection. Form
THE WTNESS: | don't think it's a single
particle. It gives you the reaction product, which is
the solid, but I wouldn't say that that solid is one
particle.
BY VR IN
Q And that certainly wasn't what | was referring
to. But those individual precursors, after the high
tenperature step, becone LF -- LFP, correct?
MR. ZI NDA: (bjection. Form
THE WTNESS: Yes. And it -- the -- after the
reaction is conplete so that all of the precursors have
been converted to the final product, which is the

[ithiumiron phosphate, then that's what you have.

13
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BY MR [N

Q And what is the relationship in the fina
product between lithiumiron phosphate and the carbon
nanot ubes?

MR. ZI NDA: (bjection. Form

THE WTNESS: Gkay. This pertains to the step
involving the iron acetate being introduced before
introducing the lithiumacetate and the amoni um
phosphat e.

In the step with the iron acetate introduced,
then you form sone iron deposit on the carbon nanotube
surface and that provides the spots for a subsequent
growmh of the lithiumiron phosphate when the other two
precursors are added.

BY MR [N

Q Ckay. And so for this deposition of the iron
on the surface of the carbon nanotube, is it necessary
t hat the nanotubes be oxi di zed?

MR ZI NDA: Objection. Form

THE WTNESS: The -- in this particular
procedure, the nanotube is first dispersed in diethylene
gl ycol through sonication. And this is the very first
step before any of those precursors are added.

And this dispersion of the nanotubes in the

di ethyl ene glycol is expected to be hel ped by having the

14
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car bon nanot ubes oxi di zed.
BY MR [N
Q And then once the renmaining constituents --

nanmely, the lithium acetate and the amoni um phosphate
-- are added and then the tenperature is raised, then
does that result in the formation of LFP on the surface
of the nanot ube?

MR. ZI NDA: (bjection. Form

THE WTNESS: Yeah, the lithiumiron phosphate
woul d coat on the surface of the tubes.
BY MR [N

Q Ckay. And is it accurate to say that the use

of oxi di zed carbon nanot ubes as opposed to unoxi di zed
carbon nanotubes facilitates the attachnment of LFP to
t he carbon nanotube surface?

MR. ZI NDA: (bjection. Form

THE WTNESS: That is not for sure, because
what's for sure is that the oxidation of the nanotube
hel ps the dispersion of the nanotubes in the diethyl ene
glycol. And then once you raise the tenperature,
especially to 185 degrees C, the heating can cause the
renmoval of sone of the functional groups produced
t hrough the oxi dation of the carbon nanotubes.

So whet her the functional groups produced by

t he oxi dation of the nanotubes helps the formation of

15
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the lithiumiron phosphate on the nanotube, that's
unclear. That's not taught. That's not clear.
BY MR [N

Q Ckay. But would it be fair to say that the
presence of oxidized functional groups, at |east, does

not hi nder that attachnment of LFP to the nanotube

surface?
MR. ZI NDA: (bjection. Form
THE WTNESS: Well, wi thout any teaching of
that, I wouldn't cone to that conclusion for sure.
BY MR [N
Q Wel |, based on your review of Exanple 2, are

you able to nmake any rational conclusions regarding the
effect of oxidation in creating LFP that is attached to
car bon nanot ubes?

MR. ZI NDA: (bjection. Form

THE WTNESS: No. By reading this patent, it
appears that the deposition of iron on the surface of
t he nanot ube plays a bigger role than the functional
groups on the nanotube in -- in the growh of the
[ithiumiron phosphate on the nanot ube.
BY MR [N

Q Ckay. |If we |looked at that -- the tenperature

raising step that occurs at 185 degrees Cel sius, is that

a common tenperature that is used for these types of

16
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processes?

MR ZI NDA: Objection. Form

THE W TNESS: The tenperature required depends
on the precise chemcals. You know, you are not limted
to a particular chemcal. | saw-- it's a precursor
that woul d give you the product you want. But it's --
the choice of chem cal is not unique, and the
tenperature required depends on the exact choice of the
precursor chem cal s.

But this ballpark kind of tenperature seens
reasonable to ne.

BY MR [N
Q Ckay. Could a | ower tenperature be used?

MR. ZI NDA: (Objection. Form

THE WTNESS: Yeah. | hate to specul ate.

All I want to say is that the tenperature
requi renment varies depending on exactly the situation.
BY VR IN

Q |s there a situation you know of where a | ower
tenperature could be used?

MR, ZI NDA: (bjection. Form

THE WTNESS: | -- | hate to speculate that.
BY MR [N
Q Yeah, I'mnot -- I'mnot asking you to
speculate, Dr. Chung. |I'mjust asking if you know, as

17
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you sit here today, of a particular set of circunstances
and materials that would allow formati on of these active
particles at a | ower tenperature.

MR. ZI NDA: (bjection. Form

THE WTNESS: Yeah. It -- you have to | ook at
the overall process. There are two heating steps here.
The first heating step is 140 degree C, and that
i nvol ves the iron acetate. Not the other two
precursors.

And after that, after you have introduced the
other two precursors -- nanely, the lithiumacetate and
ammoni um phosphate -- then you have anot her heating
step, which is 185 degree C. So you have to | ook at the
totality, not just singling out one step.

BY MR [N

Q | understand that, Dr. Chung. But |I'm asking
you -- asking you specifically about that second step,
which is undertaken after |ithiumacetate and anmoni um
phosphate is added. I'mjust trying to know if you've
seen, in your long, illustrious career, an instance of

using a | ower tenperature to formthose active

particles.

MR, ZI NDA: (bjection. Form

THE WTNESS: Yeah, ny testinony is detailed
in ny declaration. That's what | -- | have cone to

18
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under st andi ng based on the various exudates that | rely
on. So | don't want to rely on sonething else in this
testi nony.

BY VR IN

Q So -- so what are you relying on, then
Dr. Chung, in this testinony?

A. | -- 1 am-- ny testinony is in detai
described in nmy declaration. And what | rely on in this
declaration is all of the docunents that | cited in this
decl arati on.

Q Ckay. And | assune you've reviewed all of
t hose references that you cited in your declaration?

A Essential ly.

Q And based on that understanding, you' re not
able to tell me whether a | ower tenperature than 185
degree Cel sius has been used to formactive particles
fromprecursors; is that right?

MR. ZI NDA: (bjection. Form
THE W TNESS: Could you repeat, please?
BY VR IN

Q So based on your understandi ng of the
references that you' ve cited in your declaration, you
are not able to tell me whether a tenperature |ower than
under 105 degrees Celsius -- 185 degrees Cel sius can be

used to formactive particles fromlithium precursors;

19
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is that right?

MR ZI NDA: Objection. Form

THE WTNESS: Wat |'msaying is that based on
nmy study of those -- those docunents that | cited, in
relation to the argunents that | nmake in my decl aration,
| haven't cone across a tenperature different fromthis
and, also, the sane chemcals. GCkay. Sane two-step
heati ng process and sane chemcals. | haven't cone
across that.
BY VR IN

Q Are you aware of a scientific or technica

reasons why a |ower tenperature than 105 [sic] degrees
Cel sius may not be used for formation of active
particles?

MR. ZI NDA: (bjection. Form

THE WTNESS: It is not just a matter of
tenperature; it's a matter of tine. Here is 185 degrees
C for four hours for the second heating, and for the
first heating is 140 degrees C for one hour. Gkay? So
it's not just a matter of tenperature. It's tine also.
BY MR [N

Q Sure. | realize that, Dr. Chung, but I'm

aski ng about the tenperature aspect right now, and you
can assune whatever you need to for the tine aspect.

But at |east for the tenperature aspect,

20
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you're not aware of a reason why a | ower tenperature
cannot be used; is that right?

MR, ZI NDA: (bjection. Form

THE WTNESS:. |In general, to carry out a
certain chemcal reaction, if you | ower the tenperature,
chances are you need to have a longer tinme because the
reaction rate increases with increasing tenperature.

So if you lower the tenperature, the reaction
rate decreases and, therefore, you would need to give it
nore time. That concept is well known.

BY MR [N

Q And woul d the converse be true for higher
tenperatures, such that at a higher tenperature, you
coul d perhaps get by with I ess than four hours to form
the active particles?

MR. ZI NDA: (bjection. Form

THE WTNESS: Yes, in fairness, for a certain
reaction, in general, when you raise the tenperature of
t he reaction, chances are that woul d hasten the
reaction; that is, make the reaction rate greater so
that you would need | ess tine.

However, there's always a limt to how nuch
you can rai se and how nuch you can decrease, because as
you -- if the tenperature is too |low, then just a

reaction m ght not occur or m ght occur. Such a tiny,

21
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tiny rate that it's not neaningful. And if you raise
the tenperature too high, you m ght have sone side
reactions that give you contam nation or other products
that you don't want.

So there's obviously a w ndow of the
tenperature that is feasible. And within that w ndow,
the higher is the tenperature, the faster the reaction,
and the shorter is the required tine to conplete the
reaction.

BY VR IN

Q And based on the declaration that you' ve
provi ded and the various references that you have cited
therein, are you aware of any |lower or upper limts in
tenperature for this process?

MR. ZI NDA: (bjection. Form

THE WTNESS: | have not fornmed an opinion on
that particular point.

BY VR IN:

Q | f you could call up the Gan reference,
Dr. Chung. That was LGES 1021

A | have that.

Q And if | could also, at the sane tine, point
you to paragraph 201 of your declaration. That's on
page 116.

A Ckay.

22
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Q So starting on paragraph 201, | believe you
are tal king about the Cheng-Gn conbi nation. And then
if we go down to, |ike, paragraph 208, you provide your
under st andi ng of Gan's objectives, which | believe form

your basis for determning that Gan's nanot ubes are not

di screte.
Does that ring a bell, Dr. Chung?
MR. ZI NDA: (bjection. Form
THE WTNESS: It rings a bell
BY MR IN
Q Ckay. So let ne take it a little nore

specifically in paragraph 208. There, you provide one,
two, three -- three objectives of the nanotubes in Gan,
and the third one you provide there says, "It provides a
conductive bridge between CNTs to reduce the electrica
contact resistance there between."
Do you see that?
A Yes.
Q What is neant by "conductive bridge"?
MR. ZI NDA: (bjection. Form
THE W TNESS: A conductive bridge between CNTs
refer to electrical current being able to flow from one
nanot ube to the adjacent nanotube through that bridge.
BY MR [N

Q And what is the significance of electrica

23
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contact resistance with respect to that el ectrical
bri dge?
A Ckay.
MR ZINDA: Form
THE WTNESS: The electrical contact
resistance refers to the electrical resistance of --
of -- between point A and B. A being nanotube A;
B bei ng nanotube B, you know. A point in nanotube Ato
a point in nanotube B, and the resistance between the A
point and the B point, that -- that is the contact
resi st ance.
BY MR [N
Q So would it be accurate to say, Dr. Chung,
that in order to increase conductivity between
conponents, it is inportant to reduce contact resistance
bet ween t hose conponents?
MR ZI NDA: Objection. Form
THE WTNESS: Wat do you nmean by conductivity
in your -- in your statenent?
BY VR IN
Q El ectrical conductivity.
A. Yes. O what?
Q El ectrical conductivity between conponents via
a conductive bridge?

MR. ZI NDA: (bjection. Form

24
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THE WTNESS: Yeah. W don't -- electrica
conductivity describes the conductivity attribute of a
volunme of material. Okay. Say copper, a volune of
copper. What is the conductivity of this chunk of
copper? Ckay. That's how one describes -- understands
conductivity to nean.

But now when you tal k about conductivity
between A and B, that -- that's not volune. That
doesn't jibe with how people understand the word
“conductivity" to nean.

However, resistance would be okay. That is
t he resi stance between point A and point B. That woul d
be okay to consi der.

BY MR [N

Q So is the objective of providing a conductive
bri dge between two particles the sanme as, say, trying to
reduce the resistance between those two particles?

MR. ZI NDA: (bjection. Form

THE WTNESS: |In having a conductive bridge
bet ween two particles, you woul d make the resistance
between the two particles |ower. Now, whether that
reduction in the resistance is enough to satisfy your
conduction application, that is another question.

BY MR [N

Q In that exanple just now of trying to reduce
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resi stance between two particles through the electrical
bri dge between them is it inportant also to try to
reduce the electrical contact resistance that may be
present in that systen?

MR. ZI NDA: (bjection. Form

THE WTNESS: | don't quite understand your
di stinction between resistance and el ectrical contact
resi stance.
BY MR [N

Q Yeah. | was just referring to your

decl aration from paragraph 208 where you said Gan uses
car bon nanotubes to provide a conductive bridge between
CNTs, and then you also go on to say "to reduce the
el ectrical contact resistance there between.”

So I'mtrying to see if there is a difference
here between just conductivity and contact resistance.

MR ZI NDA: Objection. Form

THE WTNESS: Electrical contact resistance is
t he resistance across that contact. The contact is
between A and B

The resistance between A and B, that is the
el ectrical contact resistance. But the term
"conductivity" is not very suitable for describing

this -- the quality of this electrical contact.
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BY MR [N
Q And so what is nmore suitable, then, for
describing the quality of this electrical contact?
MR. ZI NDA: (bjection. Form
THE WTNESS: As | said, it's the resistance.

BY MR IN
Q You nean contact resistance?
A Yes.

Q What about the resistance through the body of
t he nanotube itself? |Is that inportant?
MR. ZI NDA: (bjection. Form
THE WTNESS: Wat do you nean by "body"?
Because we are tal king about the surface of -- of
nanot ube A --
BY MR [N
Q Sorry. | don't knowif it was ne, but
sonething -- sonmething froze the |last 20 seconds. It
may be me. G ve ne a second here.

MR IN Can we just go quickly off the

record?
(Di scussion off the record.)
BY MR [N
Q Sorry. Just earlier, just now, Dr. Chung, you

wer e asking ne what do | nean by the body of the

nanot ube, and I was sinply referring to the conductive

27



http://www.sullivancourtreporters.com/

© 0 N o O b~ W N

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

THE SULLIVAN GROUP OF COURT REPORTERS

path that is provided by the nanotube itself as opposed
to, you know, contact resistance that nay be present
when the nanotube cones into contact with sonething

el se.

Does that nake sense?

A Yeah. Yeah. You talk about two different
things. The contact -- the electrical contact
resi stance between two nanotubes is between the surface
of one nanotube and the surface of the other nanotube.

So the interior of either nanotube is not in
the picture because that electrical contact resistance
is the resistance between the surface of one nanotube
and the surface of the other nanotubes.

So what -- the body inside the nanotube is
sonet hing el se, which is not a part of this electrical
contact resistance concept. But then you're talking
about percolation. That -- that obviously is inportant,
but that's another -- another thing for a percol ative
network. The resistance of that network depends not
only on the contact of electrical resistance of each
contact between one nanotube and the other, not only
that, it al so depends on the conductivity of the
nanot ubes i n that network.

Q So is it accurate to say that to inprove

conductivity, you have to, one, reduce contact
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resi stance associated with the nanotubes; and, two, also
make sure that the nanotubes thensel ves are conductive?
s that right?

MR. ZI NDA: (bjection. Form

THE WTNESS: Yeah. The conductivity within
t he nanotubes and the contact electrical resistance
bet ween t he nanot ubes, those obviously enter into the
consi deration of the conductivity of the overal
percol ati ve network

But in addition, it's the nunber of these
contact points, nanotube -- nanotube contact points.
The nunbers of these also matters.
BY MR [N

Q And is the contact electrical resistance

bet ween nanot ubes and the active particles al so
i nportant?

MR ZI NDA: Objection. Form

THE WTNESS: Since we are -- let's say we
want to have this active particle, having the el ectrical
conduit so that the electrons can, you know, reach from
there to -- to the current collector or fromthe current
coll ector to the nanotube, you know, in and of, and you
need the carbon nanotube, let's say, to -- to provide
t hat conduit, then the nanotube nmust be in electrica

contact wwth the -- with the active particle.
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However, the nanotubes m ght not be just by
t hensel ves. They mght be within a binder, |ike the
PVDF. It becones a conductive binder, and the
conducti ve binder can help establish that conduit.
Ckay?

So there are kind of two entity that can help
that conduit. One is the nanotubes by thenselves, if
present; the other is the binder which has the nanotube
in case the binder has the nanotubes.

So if you are relying on the latter -- that
is, relying on the binder having nanotubes inside the
bi nder -- then in that case, the carbon nanotube inside
t he binder would not be able to directly touch the
active particles. Yet, the binder is rendered nore
conductive due to the presence of the nanotube inside,
so the binder still hel ps provide that electrica
condui t.

BY VR IN:

Q So are you saying, Dr. Chung, that at the
interface between that binder and that active particle,
t here's no carbon nanotube there?

MR. ZI NDA: (Objection. Form

THE W TNESS: Can you say that again?

BY MR [N
Q Yeah.
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So you were tal king about this supposedly
conductive binder just now, and so if that conductive
bi nder is in contact wth a nanotube -- sorry, if that
conductive binder is in contact with an active particle,
is it your view that current can flow through that
interface between the binder and the active particle
even in the absence of a carbon nanotube or other
conductive materials at that interface?

MR. ZI NDA: (Objection. Form

THE WTNESS: That's right. Because that
bi nder lunp itself is conducted. The nanotubes don't
have to stick out of that |unp because that [unp within
the lunmp i s conducted.
BY MR [N

Q And what gives that conductivity to that |unp?

MR. ZI NDA: (bjection. Form

THE WTNESS: |It's the presence of carbon
nanot ube.
BY MR [N

Q s current able to flow through the parts of

t he binder that do not have carbon nanot ubes?

MR. ZI NDA: (Objection. Form

THE WTNESS: |If it is correctly forned,
conductive binder, then the totality of that binder |unp

shoul d be conductive. |If a part of that lunp is
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conductive and part of that lunp is nonconductive, then
it is abad lunp. It is a bad conductive binder. And
" mtal king about a good one, not a bad one.

BY VR IN:

Q So in the -- in the case of this good
conductive binder, if you | ook at the external surface
of that binder, is it conductive?

MR. ZI NDA: (bjection. Form

THE WTNESS: Yes, it is conductive because
this lunp is conductive.
BY MR [N

Q And it is conductive because of the presence
of carbon nanotubes; is that right?

A Yes.

MR. ZI NDA: (bjection. Form

THE WTNESS: Yes. Gbviously it have to be
under the condition that the nanotubes forma
per col ati ve conductive network, and that woul d render
that lunp to be a conductor.
BY VR IN

Q | f a carbon nanotube is being used to form an
el ectrical bridge between two points, does that carbon
nanot ube need to be in physical contact with either of
t hose two points?

MR. ZI NDA: (bjection. Form
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THE WTNESS: kay. Let ne nmake sure
understand it.

You nean you have a single carbon nanotube,
not with any polynmer resin; just a single nanotube
between two -- two objects. The objects could be the

active material particle. That's what you nean; is that

right?
BY MR IN
Q Well, let's start with that, then
A. Ckay. So if there's a single carbon nanotube

and you want to inprove the electrical connectivity
bet ween these two objects, then the nanotube needs to be
t ouchi ng each of those two objects.

Q And how woul d that answer change, if at all
in the presence of resin?

A. It would change because if the carbon nanotube
Is incorporated in resin to forma conposite materi al
and -- so because of that carbon nanotube incorporation,
that conposite is conducti ve.

And if you put this conposite in between A and

B, because of the conductivity of this conposite, the
presence of this conposite between A and B will enhance
the electrical connectivity between A and B. But,
agai n, the common nanotube inside this lunp or inside

this conposite doesn't have to stick out of the
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conposite.

Q So is it your viewin that instance that the
contact resistance between the nanotube and the active
particle is irrelevant?

MR. ZI NDA: (bjection. Form
THE WTNESS: Are you referring to the carbon

nanot ube i nside the resin?

BY MR IN:
Q Yes.
A. And -- and the contact resistance -- I'"'ma

little confused here. WMaybe you can rephrase it.
Q So it is your viewthat with this resin
nanot ube | unp, assuming that this is a good conductive
| unp, as you've referred to earlier, when there is
el ectrical contact between the active particle and the
good | unp, that conductivity has nothing to do with
whet her or not there is any physical contact between the
active particle and the nanotubes thensel ves?
MR ZI NDA: Objection. Form
THE WTNESS: Any physical contact between the
nanot ube and the active particle; is that what you said?
BY MR [N
Q Yes. That's right.
A Okay. Al of the nanotubes inside the | unp,
okay, they -- they just don't stick out. GCkay. They
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are -- they are trapped inside the lunp. And so what's
touching the active particle is the lunp. Not any --

Q You keep saying the lunp, Dr. Chung. But as
understand it, based on your exanple here, the lunp has
two materials, right? Let's say PVDF and carbon
nanot ubes. That's it.

| f you take an SEM or TEM or whatever and | ook
at the interface between this good |lunp and the active
particle, which additive is touching the active
particle?

MR. ZI NDA: (bjection. Form

THE WTNESS: It doesn't work out quite |ike
this. The -- this conductive lunp is a material on its
own. Ckay? And this material happens to be a
conductive binder, and it happens to be a polynmer matrix
conposite with carbon nanotube inside of it.

Ckay. And the -- and because this lunp is
conducted, it is able to make el ectrical contact wth,
say, the active particle or whatever object it is
touching. Okay?

It is the conductivity of this overall lunp or
overall conposite that enables the lunp to function so
that it can act as a conduction nmedium And this
conduction nediumis touching the active particle.

So it's this conduction nedium which is the
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lunmp, that is the entity that is doing the touching.
The carbon nanotube inside is a nodifier. It nodifies
the lunp so that the | unp becones conduct ed.
BY VR IN:
Q So it is your view then, Dr. Chung, that in

this lunp, the PVDF and the carbon nanot ube becone
I ndi stingui shable, that it just becones one honobgenous
mat eri al ?

MR. ZI NDA: (Objection. Form

THE WTNESS: CObviously they're not one -- one
phase. |It's not one phase. ay? |It's tw phases, at
| east: The PVDF of resin is one, and the nanotube is
the other. A conposite material involves nore than one
phase. And it doesn't nean that there's no distinction
bet ween the two phases inside the conposite. They are
still different phases, but they make up the conposite
mat eri al .
BY VR IN:

Q Ckay. Understood. Understood.

Then which phase is in direct contact with the
active particle?

MR. ZI NDA: (Objection. Form

THE WTNESS: It -- again, it -- it is not --
that is, if the carbon nanotube indeed is distributed

t hroughout the lunp. Then you don't have a surface
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region of the lunp that is devoid of the nanotube.
Ckay? Then this lunp would have no problemin providing
the electrical connectivity between A and B. Ckay.

That's what | nean by a good |unp, a good
conducti ve bi nder.

But if it's a bad one, so that the very
surface region of that lunp is devoid of nanotube, then
this would be a bad | unp.

BY MR [N

Q Ckay. And this conductivity that you speak of
now, Dr. Chung, conmes fromdirect contact; is that
right?

MR. ZI NDA: (bj ecti on.

BY MR [N
Q Al so having a gap?

MR. ZI NDA: (bjection. Form

THE W TNESS:. The -- that conductive |unp
obviously has to be in contact with the active particle
or whatever you're trying to connect.

BY MR IN

Q Ckay. So -- so the conductive part of the
| unp has to be in direct contact with the conductive
part of the active particle; is that fair?

MR. ZI NDA: (Objection. Form

THE WTNESS: Yeah, | don't |like to say
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there's a conductive part of a |unp and a nonconducti ve
part of a lunp. Because if the lunp is a good one, the
totality of this |lunp should be conduct ed.
BY MR IN

Q Just earlier, though, Dr. Chung, you said that
there woul d be a CNT phase within the lunp as well as a
PVDF phase. |If we |ook specifically at just the PVDF
phase, is that conductive by itself?

MR. ZI NDA: (Objection. Form

THE WTNESS: |If you have an individual PVDF
[ unp wi thout carbon nanotube at all --

BY MR [N
Q That was not ny question, Dr. Chung.

W were -- earlier, we agreed that within this
good | unp, there would be discernible phases of carbon
nanot ubes and PVDF.

Do you recall that?

MR. ZI NDA: (bjection. Form

THE W TNESS: Could you repeat that?

BY MR IN
Q Yeah.

Do you recall our conversation earlier where
you were saying that within the good |unp, there would
be phases -- there would be a CNT phase and a PVDF phase
within that |unp, that good | unp.
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Do you recall that discussion?
A Yes.
MR, ZI NDA: (bjection. Form
BY VR IN:
Q Ckay. And ny question now to you is: Just
| ooking within the PVDF phase of that good |unp, is that
phase conductive?
MR. ZI NDA: (bjection. Form
THE WTNESS: If you consider a very snal
part of that good |unp and very mcroscopically in the
nanoscal e, over in that little region of nanoscale, then
you woul d be just |ooking at the PVDF without the carbon
nanot ube. But that's not the picture we are trying to
depict here. |It's not -- I'mnot tal king about a
nanoscal e, nano-size type of lunp. It's a mcroscopic
size, you know.
BY MR [N
Q Under st ood. Yeah
A. Yes, it's a mcroscopic size that we're
tal ki ng about and -- and so we shoul d not just consider
a tiny nanoscal e region inside the good |lunp that has no
nanot ube because it's not -- it's not relevant to the
di scussi on here because our discussionis -- it's not in
t hat scal e because our |unps are not that tiny.

MR IN. Ckay. Thank you very mnuch,
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Dr. Chung. No nore questions at this tine.

| pass the wtness.

MR. ZI NDA: Just give ne one mnute. W can
stay on the record.

| have no questions for the wtness.

MR IN.  Nothing further for the Petitioner,
ei t her.

COURT REPORTER: M. Zinda, would you like a
transcript?

MR. ZI NDA: No, thank you.

(Wher eupon the proceedi ngs concl uded at

1:45 p.m)
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| further certify that | amnot interested in the
event of the action.

In witness whereof, | have hereunto subscribed ny
name.

Dated: 8th of July, 2025.
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