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Washi ngton, D.C.
Thur sday, April 24, 2025
Deposition of RUSSELL J. HOLMES, Ph.D., a

wi tness herein, called for exam nation by counsel for
Patent Omer in the above-entitled matter, pursuant
to notice, the witness being duly sworn by MARY GRACE
CASTLEBERRY, a Notary Public in and for the District
of Col unbia, taken at the offices of Covington, 850
10th Street, N.W, Washington, D.C., at 9:05 a.m,
Thur sday, April 24, 2025, and the proceedi ngs being
taken down by Stenotype by MARY GRACE CASTLEBERRY,

RPR, and transcri bed under her direction.
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On behalf of the Patent Owner:
H. ANNI TA ZHONG, ESQ. (Via Zoom)
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(310) 277-1010
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PROCEEDI NGS
Wher eupon,
RUSSELL J. HOLMES, Ph.D.,
was called as a witness by counsel for Patent Owner,
and havi ng been duly sworn by the Notary Public, was
exam ned and testified as foll ows:
EXAM NATI ON BY COUNSEL FOR PATENT OWNER
BY MS. ZHONG

Q Good norning, Dr. Hol nes.

A Good nor ni ng.

Q Can you state your nanme --

A. Russel | Hol nes.

Q Can you pl ease state your nane for the
record.

A Russel | Hol nes.

Q Thank you. You have submitted a

declaration in this | PR2024-01095, is that correct,
for the '425 patent?
A That's correct, | have submtted a
decl aration for the '425 patent.
(Exhi bit No. 1003 was identified for

the record.)
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BY MS. ZHONG

Q And that is Exhibit 1003, is that correct?

A Yes, ny declaration is Exhibit 1003.

Q | remenber you testified |ast Friday that
you spent about -- a total of 120 hours between the
two proceedings. |s that correct?

A. Last Friday, | said | had spent at | east
120 hours, yes. |'ve gone back and checked ny tine

sheets and |'ve now spent | think about 170 hours

across both cases.

Q 170 hours across both cases?
A. Bot h cases, yes.
Q That includes your preparation for the

deposition, is that correct?

A. That includes everything I've spent on
both cases. So witing, preparation, anything |'ve
tracked my hours for, correct.

Q Do you know -- subtracting the preparation
time for the deposition, do you know how much tine

you' ve spent total ?

A. |'d have to go back to ny work sheets to
actually know that nunmber. So, no, | don't know that
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nunmber unfortunately.

Q Okay. Let nme ask you a question. What is
an electron injection |ayer?

A In the context of an OLED, an el ectron
injection layer is a layer of material at the
cat hode, electron transport material interface that's
designed to inprove electron injection fromthe
cat hode into the OLED

Q And what is an electron transport |ayer?

A. An el ectron transport material -- or
el ectron transport |ayer is a material that,
depending on its conposition, could have a coupl e of
functions. The nost inportant function is that it
takes electrons fromthe previous |layer, which is the
cathode or the electron injection |ayer of present,
to the next layer in the stack, which m ght be the
enmi ssive layer, it mght be an additional electron
transport layer, but it's basically conducting
el ectrons to the next layer in the stack.

In some instances, the electron transport

| ayer m ght serve as both the electron injection

| ayer and the electron transporting |ayer.
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Q And when does a single |ayer serve both
t he purposes as an electron injection |ayer and an
el ectron transport |ayer?

MR. VI DENFELLER: Obj ecti on.

THE WTNESS: In ny declaration, | discuss
i nstances whi ch you described. When an el ectron
transport material is doped, it can serve the
function of electron conduction and then it also can
favorably inmprove injection fromthe cathode into the
OLED as wel | .
BY MS. ZHONG.

Q So let's talk about a layer that is doped
with an alkaline metal. Do you have that in mnd, an
el ectron transport material that's doped with an
al kal i ne netal .

MR. WEI DENFELLER: Cbj ecti on.
BY MS. ZHONG.

Q And how does that al kaline netal helps
with electron injection?

A. So | think you m ght be crossing terns
there. You asked about an electron transport

mat eri al doped with an al kaline netal and then asked
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specifically about injection. So not the conducti on,
just the injection portion of the function of that
| ayer ?

Q Let's take one step back. Let's say there
is a material that's doped with Lithium

A. Okay.

Q And do you consider that to be an el ectron
injection |layer or electron transport |ayer?

A What is the material being doped with
Lithiunm? Can you offer sonme additional specificity
t here?

Q What are sonme of the materials you're
aware of being used in OLED that is doped with
al kaline netal s?

A. Well, | guess I'll draw the attention to
one of nmy exhibits which is Ma where the el ectron
transport material Bphen is being doped with an
al kaline netal like, you know, Lithiumor Lithium
conpl ex or sone of the other exhibits from He where
an electron transfer material Bphen is doped with an
al kaline netal |like cesium So those would be sone

exanpl es. So Bphen could be an exanple of a suitable
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el ectron transport material doped wth an al kaline
met al .

Q So let's start with Bphen. For Bphen
doped with cesiumor Lithium does that serve the
pur pose of an electron injection |ayer?

A. No. Bphen doped with cesiumor Lithiumis
the electron transport layer. It's just been doped
and typed. But the point is is that because of the
way it's being doped, you're increasing the
conductivity and you're also increasing the ability
toinject into that layer. So it's not an el ectron
injection layer. [It's just that that |ayer is also
capabl e of inproving electron injection.

Q And how does it help -- how does the
addition of the alkaline netal help with the electron
i njection?

MR. WEI DENFELLER: Cbj ecti on.

THE W TNESS: I n general, the addition of
an alkaline nmetal will help the conductivity in the
| ayer as an electron transport layer that's been
n-doped. And then there's a variety of different

ways that doping can also help electron injection,
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but notably the injection barrier is being inpacted
in some favorabl e way.
BY MS. ZHONG

Q How is the injection barrier affected in
sone favorable way by addi ng, for exanple, cesium or
Lithiumin the netal ?

A. So again, | think that depends on the
dopant and the material being doped and the cathode
ultimately being utilized as well. But again, |
think what | would say is that you' re reducing the
magni t ude of the electron injection barrier and hence
making it easier for electrons to be injected into
t he OLED.

Q And |l et's take the Bphen, the cesium of

Bphen and Lithium as an exanpl e.

A. Okay.
Q And how does that reduce the injection
barrier?

MR. VEI DENFELLER: QObj ecti on.
THE W TNESS: So the specific mechani sm
and the specific details of that interaction beyond

what |'ve already said, which is that functionally
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the electron barrier is reduced, are not things that
| considered in detail in preparing my opinions for
this case.

BY MS. ZHONG

Q What about instead of using a Lithium
netal, you used a neutral nolecule --

MR. WEI DENFELLER: Cbj ecti on.
BY MS. ZHONG

Q -- when doping. Do you have that in m nd?

A. Can you give ne an exanple of what you're
referring to?

Q So one of the -- the compound that we w |
be tal king about, and it's cited in the '425 patent,
is a Lithium Q or Lithium quinolate, correct?

A Yes, |'m aware.

Q So if you dope, let's say, Bphen with
Lithium Q does it help with reducing the injection
barrier?

(Exhibit No. 1010 was identified for
the record.)
THE WTNESS: So I'mgoing to rely on the

exhibits | consulted to render ny opinion today.
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Looki ng specifically at Ma, so this is Exhibit 1010,
Ma actually does dope Bphen with Lig. But in Ma's
device, it's not obvious if it's also inproving

i njection because Ma is also utilizing a separate

el ectron injection |ayer of Lithiumfluoride. And
that's actually intentional because that allows the
focus of the doping to really be on the conductivity
rather than on the electron injection portion of the
devi ce.

BY MS. ZHONG

Q Ckay. Besides Ma, did you cite another
docunment where the electron transport |ayer is doped
with Lithium Q?

A. | did not cite any other docunents where
the electron transport layer is explicitly doped wth
Li .

Q Are you aware of any systemat the tine of
the invention where the electron transport |ayer was
doped with Lithium Q besides the Ma systenf

A. I'"maware of prior work fromthe Kido
Group, Yamagata University doping Liq, but it is not

work that | exam ned closely for the purposes of ny
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opi ni on.
Q And you did not cite it?
A. No, | did not cite it.
Q Do you know what el ectron transport

materi al was the Kido Group using?

A. | don't recall off the top of ny head.

Q So besides the Kido Goup and the Ma group
wor k, were you aware of any other systens?

A. ' maware of other instances where Liq is
certainly being utilized prior to the date of the
"425. And so, again, the exanple I'll point to is
the exhibit by Liu where Liq is actually being
utilized as an electron injection |ayer as a neat
material. So this is Exhibit 1018. So that's an
earlier reference utilizing Lig as an EIL in an OLED.

(Exhi bit No. 1018 was identified for
the record.)
BY MS. ZHONG

Q But that layer is using pure on neat Liq,
correct? The Lig is not used as a dopant into
anot her materi al .

A. Lig is not being used as a dopant in that
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exhi bi t.

Q So let ne be nore specific. Besides in
the Kido Group, were they -- strike that.

Was the Kido Group also using Lithium Q as

a neat material or a pure filmor was it using Liqg as
a dopant into another material?

A. The prior work that I'mthinking of is Liq
bei ng used as a dopant into another material.

Q But you don't recall what material --

A. | don't recall

Q. -- was --

A. | don't recall the electron transport
| ayer that Quito was using.

Q Okay. In Quito's work, do you recal

whet her they used a separate electron injection

| ayer ?

A. | don't recall that detail of Quito's
wor K.

Q And do you recall in Quito's work what

ki nd of em ssion system were they using?
MR. WVEI DENFELLER: Cbj ecti on.

THE W TNESS: Unfortunately, | don't
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recall the details of what the emtter was in Quito's
wor k.
BY M5, ZHONG

Q Do you recall whether that emtter was a
fluorescent emtter or was it a phosphorescent
emtter?

A. As | noted already, | don't recall what
the specifics of the em ssive |ayer were in that
particul ar work.

Q Was there a particular reason why you
relied on Ma?

A. So what | found useful about Ma was that
Ma again was focusing specifically on the el ectron
transport material and the conduction aspect of the
dopi ng. And so because Ma uses an injection |ayer of
Lithiumfluoride, it allows the effect of the doping
to be nore directly tied to the conductivity of
electrons in the electron transport | ayer.

| also felt that the device data in Ma was
conpelling as well, show ng optim zation w th doping,
showi ng el ectron-only devices. And so for ne | ooking

at Ma as a person skilled in the art, there'd be a
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reason to conbine Ma and expect success whet her
conmbi ning with D ekmann or Suzuki, the two primary

references |'musing for nmy opinion.

Q Did you | ook at Ma yoursel f?

A. Ma was provided to nme by counsel to
consi der.

Q. What about Suzuki or Di ekmann?

A. Again, | don't renenber exactly who

provi ded what in terns of which references were m ne
and which came from counsel, but | think D ekmann and
Suzuki were provided to ne.

Q Now, in Di ekmann, Di ekmann nentioned three
specific electron transport materials, correct?

A. Is there a particular place in D ekmann
that you want to point nme in describing the three
materials you're referring to?

Q Why don't you go to page 8 and the
original page 5. So if you look at the | ower
ri ght-hand colum, there is a page nunber, for
exanmple, but at the top there is another page nunber.

A. So | have the translation of D ekmann, so

| assunme you nean page 5, then?
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Q The origi nal page 5.

A Yeah, original page 5. Got it. Eight out
of 261, yeah. |I'mon the sane place as you. Fine.

Q In the second paragraph starting wth,
"For exanple, the electron conducting |ayer," do you
see that?

A. | see that paragraph.

Q And do you see that for the electron

conducting | ayer, Di ekmann nentions three materials

in particular?

A. Yes, | see that.

Q And one of the materials is alum num @3,
correct?

A Yes, | see that.

Q And the second one is BAlg, is that
correct?

A. | see that.

Q And the third one is TPBi, correct?

A. Yes, that's correct.

Q Do you know what is a triplet energy for

the alum num @3 or Alq 3?

A. | don't off the top of ny head know the
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triple energy for Alqg 3.

Q Is it higher -- is it sufficient to
confine the triplet energy, for exanple, for iridium
(ppy) 3?

MR. VAEI DENFELLER:  Obj ecti on.

THE WTNESS: So are you asking if it has
a higher triplet energy than Ir (ppy)3?
BY MS. ZHONG

Q. Correct.

A. Again, | don't know what the triplet
energy of Alg 3 is, so | would be speculating on what
that precise alignment m ght be.

Q So you did not |ook into that?

A. | certainly considered questions rel ated
to architecture and material selection, but |I didn't
| ook specifically at what the triplet energy of Alg 3
woul d be in a device.

Q Do you know approxi mately based on your
wor k where the triplet energy for the Alg 3 is?

MR. WEI DENFELLER:  Obj ecti on.
THE W TNESS: Again, | wouldn't want to

approxi mate a nunber w thout consulting the
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literature and finding what the precise nunber m ght
be.
BY MS. ZHONG:

Q Do you know what is triplet energy |evel
for BAlQg?

A. | don't know the precise triplet energy
for BAlQ.

Q Do you know whether it's at a | evel that

they can find the triplet energy for the iridium
(ppy) 37

MR. WEI DENFELLER:  Obj ecti on.

THE W TNESS: Again, as of the case of AlQ
3, if I don't know the precise energy level, it's
chal l enging for me to comment whether or not it wll
confine the triplet energy of Ir (ppy)3.
BY MS. ZHONG

Q | was just wondering whether you know the

rel ative energy |evels between those two nol ecul es.

A. Wel |, again, even though | know relative
energy levels, |I'd need to know sonet hi ng about what
t he actual energy level of BAlgis. So | -- you

know, you're asking froma relative perspective. |
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don't know how to assign even a relative nunber to
that in ternms of the alignnent w thout know ng what
t hey are.

Q So you don't have a sense of |ike which
one i s higher, which one has a higher triplet
energy --

MR. WEI DENFELLER: Cbj ecti on.

BY MS. ZHONG

Q -- between the iridium (ppy)3 and BAlq, is
that right?

MR. WEI DENFELLER:  Obj ecti on.

THE W TNESS: For BAlq, no, | don't know
if they're simlar or if one is slightly lower or if
one is slightly higher. No, | don't actually know
that off the top of ny head.

BY MS. ZHONG.

Q Okay. What about TPBi. Howis its
triplet energy conpared to the iridium (ppy)3?

A. So | don't know the specific triplet
energy of TPBi, but TPBi is routinely used as an
el ectron transport material in phosphorescent OLEDs.

And so there | suspect its triplet energy is higher
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than Ir (ppy) 3.

Q Are you aware of any literature where TPB

was doped with Lithium Q?

A. No, I'mnot aware of a specific paper

where TPBi has been doped with Ligq.

Q Do you know what is the tendency for

Lithiumliberation or Lithiumdissociation when --

et ne wthdraw and ask.

Let's go to your declaration.

VWhy don't

we go to your description of D ekmann on page 45,

par agraph 68.

A Okay. | see it.

Q And in paragraph 68, and it's on page 46

of the declaration, you have reproduced figure 2A of

Di ekmann, correct?

A. Yes. Top of 46, yes.

Q And figure 2A is the configuration you

rely on in your analysis as to why D eknmann renders

'"425 obvi ous, correct?

A. Yes, that's the enbodi nent of D eknmann

that |' m using.

Q And in particular, you are relying on
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| ayer 402 as the n-doped electron transport |ayer, is
that correct?

A. That's correct.

Q And your position is that it would be
obvious to use a Lithium Q doped | ayer 402 in this
configuration, this figure 2A configuration of
Di ekmann, right?

A. My position is that a person of skill in
the art would see it obvious to replace the existing
N type dopant in 402 that D ekmann already descri bes
with Lig. Liq would be the dopant.

Q And in this figure 2A, layer 402 is
I mredi ately next to the cathode 3, is that correct?

A It is next to the cathode. But as
Di ekmann notes, that it necessarily does not have to
be next to the cathode. It certainly can be next to
t he cathode, but it does not necessarily have to be

next to the cathode. But it is next to the cathode

in figure 2A.
Q. And in figure 2A, let's say you are
correct, a person of ordinary skill in the art would

dope 402 with Lithium Q And when you deposit
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cathode directly on top of it, do you know whet her
any Lithiumw Il be |iberated?

MR. WEI DENFELLER:  Cbj ecti on.

THE WTNESS: So all | can state on that
point is referring back to Liu, which is an exhibit I
al ready nentioned earlier. Liu shows that Lig can
rel ease or can be dissociated upon netal deposition.
Whet her or not that happens for Liq doped into an ETL
of Diekmann, | -- it's hard to say.
BY MS. ZHONG

Q And is Lithiumliberation a concern in a

phosphorescent systenf

MR. WEI DENFELLER: Cbj ecti on.

THE W TNESS: Can you be nore specific in
ternms of what you nmean by "is a concern"?
BY MS. ZHONG.

Q So based on your experience, if Lithium
atomor Lithiumcation is |iberated upon deposition
of a cathode, what would be the generation of those
Li thium atons or cations be a concern to an OLED
desi gner ?

MR. VAEI DENFELLER:  Obj ecti on.
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THE W TNESS: No, not necessarily. For
exanple, Lithiumfluoride is routinely used as an
el ectron injection |ayer in OLEDs. And one nechani sm
by which Lithiumfluoride is thought to operate is
that when alum num strikes the Lithiumfluoride, the
Lithium fluoride is dissociated, which would |ead to
sone Lithiumrel ease, as you're putting it, and then
per haps reaction with the surrounding matri Xx.

But the concern would not necessarily --
or the issue would not necessarily di ssuade soneone
fromapplying Lithiumor Lithium based material as
the EIL or the dopant in a transport |ayer because
there's many exanples of Lithium doped phosphorescent
devi ces that work fantastically, that have very high
efficiency. So no, | don't think it's a significant
concern.

BY MS. ZHONG.
Q So Lithiumdiffusion is not a concern?

MR. WEI DENFELLER:  Obj ecti on.

THE WTNESS: So that's not quite the sane
question. You were asking is Lithiumdissociation a

concern in phosphorescent OLEDs. Bphen actually does
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note the potential issue associated with dopant

di ffusion, which is a general undesirable feature in
an OLED with doping that needs to be certainly

consi dered when designing the device. It's sonething
that could be an issue for both fluorescence and
phosphor escent OLEDs.

But if you |ook at the prior art that |
cite extensively in ny declaration, that was already
a solved issue at the tinme of the '425 work by He and
Pfeiffer and even work at Noval ed had shown that the
bl ocking layer that's typically included in a
phosphorescent OLED al |l ows the doped | ayer to be
spaced fromthe em ssive | ayer and reducing the
concern related to dopant diffusion.

BY MS. ZHONG.
Q Does Ma have an undoped bl ocking | ayer in
its structure?

MR. WVEI DENFELLER: Qbj ecti on.

THE WTNESS: |'m just going back to Ma so
| can reference their architecture accurately for
you. So Ma's device architecture is one where the

em ssive layer in Mais this 29-neter thick |ayer of
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Alg 3. There is not an additional |ayer between Alq
3 and Bphen doped with Liq. However, a person
skilled in the art would realize that the interface
bet ween NPB and Alg 3 is where the em ssion

ori gi nat es.

NPB and Alg 3 is arguably the nost fanpus
bi -1 ayer OLED that had ever been denonstrated, since
it was the first, and the low hole nobility of Alg 3
prevents holes from passing far into Alg. And so
even though Ma doesn't have an explicit bl ocking
| ayer, a person skilled in the art woul d understand
that the excitons in Alq are at the hole transport
| ayer side of Alg such that the rest of that Alq
| ayer is probably serving as a bl ocking | ayer or at
| east a spacer between the reconbination zone and the
N type Bphen | ayer.

So while there isn't an explicit bl ocking
layer, | think that functionality is actually built
into Ma's device architecture.

BY MS. ZHONG
Q Does Ma show results where they have an

Li g doped Bphen | ayer plus an undoped Bphen | ayer?
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A. Are you asking do they conpare devices
where in one case you have an Liq doped Bphen | ayer
and in other cases where you don't have an Liqg doped
Bphen | ayer? Li ke doped versus undoped?

Q ' mtal ki ng about whet her they have
conpared -- strike that. \Wether they have any
devi ce perfornmance data for a structure where they
have a bi-layer -- electron transport |ayer where the
bi -1 ayer being you have the Al g doped Bphen plus an
undoped Bphen --

MR. WEI DENFELLER:  Obj ecti on.

BY M5. ZHONG

Q -- versus a referenced structure where you
only have an undoped Bphen.

MR. VAEI DENFELLER:  Obj ecti on.

THE WTNESS: So | think | understand what
you're asking but, I'll just make sure. So you're
asking do they have a device where they -- so |ooking
at the first colum on page 811 where they have their
architecture, a conparison where they only have 50
nanoneters of Bphen between Al g and Lithiumfluoride

versus a structure where they have undoped Bphen
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foll owed by doped Bphen?
BY MS. ZHONG

Q My understanding is that when you have a
bl ocked layer as in Liu -- not in Liu. In He.

A. Ch, yeah. Right.

Q Usually it's cathode. You nmay or nmay not

have el ectron injection |ayer, then you have doped
Bphen | ayer, then you have an undoped Bphen | ayer,
t hen you have the em ssion |ayer, is that correct?

A. That's correct in He, but that need not be
the only way to realize a bl ocking layer. The
bl ocki ng | ayer doesn't have to be undoped el ectron
transport layer. But in He, yes, in He the bl ocking
| ayer is the undoped el ectron transport |ayer and
then it's followed by the doped el ectron transport
| ayer.

Q Does Ma have any -- did Ma nake any device
where it has -- let's just call that -- let's take
one step back. Let's call that structure where you
have a doped Bphen | ayer next to an undoped Bphen
| ayer, let's just call that a bi-layer structure for

di scussion. |Is that okay?
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A. For the purposes of this discussion, we

can call it that.
Q Okay.
A. A bi-layer electron transport layer. [|I'm

not commtting beyond that. But, yes, for this
di scussion, | understand where you're going.

Q Okay. So does Ma have any performance
data for this bi-layer electron transport
structure --

MR. WEI DENFELLER:  Obj ecti on.

BY M5. ZHONG

Q -- conpared to one where you basically
have an undoped Bphen | ayer?

MR. VAEI DENFELLER:  Obj ecti on.

THE W TNESS: To ny know edge, Ma does not
show an architecture where there is an undoped | ayer
of Bphen foll owed by a doped | ayer of Bphen in the
way that He does and in the way that you're
descri bi ng.

This said, | cite extensively the prior
literature on doping in phosphorescent OLEDs in ny

declaration and it was well-known at the tinme of the
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"425 how to realize efficient phosphorescent OLEDs
based on P and N type doped transport layers with
bl ocki ng | ayers.

So a person skilled in the art would
certainly look at Ma and either interpret it in the
way where | am where part of that Alqg |layer is
serving as a spacer |ayer or blocking layer, or would
| ook at that transport |ayer and realize they could
I npl enent He's type of structure as well.

BY MS. ZHONG
Q You brought up a pretty good question.
Alg 3 is not a phosphorescent system correct?

MR. WEI DENFELLER: Cbj ecti on.

THE WTNESS: Alq 3 at room tenperature
emts fluorescence.

BY MS. ZHONG.
Q And in the normal OLED operating
tenperature, is Alq 3 considered to be a fluorescent

OLED syst entf?

A. Alg 3 would be considered a fluorescent
mat eri al .
Q The Di ekmann em ssion systemis different
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fromAlqg 3, right?
MR. WVEI DENFELLER:  Obj ecti on.
BY M5, ZHONG
Q Let me put it this way. The specific
Di ekmann eni ssive |layer that you're relying on is not
Alg 3, correct?
A. | am not relying necessarily on Alq 3
being an emtter in D ekmann.
Q Ckay. Let's go to your declaration page
62 where you are anal yzing el enent 1F.
A. Okay. | amthere.
Q So in paragraph 104, you pointed out a
very specific em ssion systemfor D ekmann, correct?
MR. VI DENFELLER: Obj ecti on.
THE W TNESS: I n paragraph 104, | point
out what Di ekmann descri bes as their radiation
em tting regions.
BY MS. ZHONG
Q And that is the radiation emtting region
you are relying on for elenent 1F, correct?
A. That is the radiation emtting region |I'm

relying on for the enbodi nent of Di ekmann, yes.
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Q Do you know what is SEB-0107?

A. When you say do | know, do you nean
specifically do | know what the nolecule is?

Q Do you know what the material is?

A | don't know what that material is. |It's,
| assunme, a proprietary material.

Q And do you know what SEB-020 is?

A. Again, that's a proprietary material. |
don't know the specific architecture of that
particul ar nol ecule. But what | do know is that that
conbi nati on of presumably a host and guest would give

bl ue I'i ght em ssion.

Q Do you know what is TMVi 004?
A | have to assune it's a host, but | don't
know specifically what it is because, again, | assune

that's a proprietary material .
Q Do you know what is TMW 04?
MR. WVEI DENFELLER: Qbj ecti on.
THE WTNESS: So that's the material |
think you just asked ne about in the context of the
green emtting layer and | don't know what it is.

That's, again, a proprietary material, | assune.
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BY MS. ZHONG
Q | think that for the green one, it's

TMM 004 and for the red one, your citation only says

TMW 04.
A. I'"mlooking at the foll owing page as well.
Let me just check to see if Diekmann -- if that's ny

issue or if that's Di ekmann's issue.

Q. It's TMV 04, not 004.

A. For the red, yes. Yes, you're right. So,
yep, that's right. So, no, | also don't know what
the structure would be for TMV 04.

Q And you al so don't know what TERO012 is
either, right?

MR. VI DENFELLER: Obj ecti on.

THE W TNESS: No. Again, | assune these
are all proprietary materials and so their structures
are not in the open literature. |I'mrelying on the
associ ated reference that | cite in Exhibit 1028,

Kl ein, which further identifies these as blue, green
and red-emtting em ssive |ayers.
(Exhi bit No. 1028 was identified for

the record.)
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BY M5. ZHONG

Q But, for exanple, you don't know what
their relative energy level is?

MR. VAEI DENFELLER:  Obj ecti on.

THE WTNESS: No, | don't know what the
energetics of these materials.

BY MS. ZHONG.

Q Is Lithiumdiffusion nore of a concern --
strike that. |Is Lithiumdiffusion a nore serious
concern for the phosphorescent systemthan for a
fluorescent systenf

MR. WVEI DENFELLER:  Cbj ecti on.

THE WTNESS: So I'Il just start by
answering that Lithiumdiffusion, while it can be an
i ssue, was already a problemthat was resolved and
solved by the time of the -- or at least nmitigated by
the time of the '425 patent. And that's evidenced by
prior work on phosphorescent doping by whether it's
He, Pfeiffer or others fromthat group.

In terns of, again, whether it's a serious
i ssue, Lithiumdiffusion or any netal diffusion into

the em ssive | ayer of an OLED woul d be a problem for
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singlets and triplets, fluorescent emtters and
phosphorescent emtters. So in both cases, it's an
I ssue.
BY M5. ZHONG
Q Is it nore of a concern for the

phosphorescent system because of the preval ence of
the triplet energy level?

MR. VAEI DENFELLER:  Obj ecti on.

THE W TNESS: So again, I'll just
hi ghlight first that this was a problemthat had
al ready been resolved. Quenching issues in
phosphorescent OLEDs were certainly of interest
because of the fact that phosphorescent OLEDs have
the potential to effectively be 100 percent
internally efficient. And so there was interest in
trying to nake phosphorescent OLEDs that effectively
at peak efficiency had virtually no | oss associ at ed
with them

So, you know, trying to mtigate things
i ke quenching was part of trying to realize those
ul trahigh efficiencies that canme from phosphorescent

OLEDs. But it was already known at the tine that
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bl ocking | ayers were useful in phosphorescent OLEDs
to conbine the triplet and the em ssive | ayer and

t hen once doping was introduced to the comunity, it
was found those blocking |ayers could also help to
prevent dopant diffusion frommking its way to the
EM..

So | would make -- | just want to nake
sure it's clear that these issues are ones that were
already mtigated or at |east reduced by the tinme of
the '425 patent.

BY M5. ZHONG

Q Now, the He system and the other system
that you were referring to where they used a bl ocking
| ayer, those were not with Lithium Q correct?

MR. VAEI DENFELLER:  Obj ecti on.

THE WTNESS: No. The only exhibit I'm
citing that uses Liq as a dopant is M.

BY MS. ZHONG

Q Ckay. And Ma didn't use -- Ma didn't
really show the performance of the bi-layer structure
where you have one -- where the electron transport

| ayer consists of a doped Bphen plus an undoped
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Bphen, is that correct?

MR. VEI DENFELLER: QObj ecti on.

THE W TNESS: As we already discussed, M
doesn't exam ne a structure in which there's an
explicit undoped Bphen | ayer between the Al q | ayer
and the doped Bphen | ayer.

BY MS. ZHONG.

Q. Okay. And so instead of the Alq 3
em ssion |layer, if you have a phosphorescent system
do you know where the em ssion would occur in that
phosphorescent systenf

MR. VEI DENFELLER: QObj ecti on.

THE WTNESS: |It's hard to know j ust
replacing Alq -- again, | think |I need nore
specificity. So what exactly is the device
architecture you'd like ne to consider?

BY MS. ZHONG:

Q The Di ekmann architecture you relied on.
A. Oh, the Diekmann architecture, it already
has a phosphorescent emtter. |It's got Ir (ppy)3 in
it.
Q And where is the |ight generated?
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MR. VEI DENFELLER: QObj ecti on.
BY MS. ZHONG

Q Because you nentioned like in the M
system you believe that a light is generated at the
i nterface between the NPB and Alg 3, correct?

A. In the Ma --

MR. WEI DENFELLER: Cbj ecti on.
BY MS. ZHONG

Q Yeah.

A. In the Ma system that's correct. That's
what | said. In the D ekmann device, it's not --
it's harder for me to say exactly where the
reconbi nati on zone will be w thout knowi ng nore about
the specifics of the other em ssive |ayers that we've
tal ked about. Those proprietary materials are ones
where | don't necessarily know their energy |evels
and so | can't say with certainty whether the
reconbi nati on zone will be on one side of the
em ssive side |ayer versus the other versus in the
m ddl e.

Q And in fact, the -- strike that.

And if you | ook at paragraph 104, the way
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you're discussing it, it appears that it's a
three-layer em ssive |layer structure, is that
correct?

MR. VAEI DENFELLER:  Obj ecti on.

THE W TNESS: Paragraph 114 in ny
di scl osure?

BY MS. ZHONG:

Q 104.

A. Ch, 104. I|I'msorry. | msheard you.

Q Page 63.

A. Yeah, let me just refresh nyself on that

par agraph again. Yes, that would be nultiple
radi ation emtting regions in D ekmann.
Q And are they stacked on top of each other?
A. Yes. That would be the way to read what
Di ekmann is saying and so they woul d be stacked.
Q Okay. And do you know whether -- so the
iridium (ppy)3 or the phosphorescent |ayer would

actually be sandw ched between the red and the bl ue,

ri ght?
THE REPORTER: |'m sorry, could you repeat
that again? | mssed the very begi nning of the
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questi on.
BY MR, ZHONG.

Q Okay. Let nme restate it. So the green
phosphorescent em ssion |layer will be sandw ched
bet ween the red enm ssion |ayer and the bl ue eni ssion
| ayer, is that correct?

MR. WEI DENFELLER: Cbj ecti on.

THE WTNESS: So | actually just want to
go back to paragraph 91 of Di ekmann just to nmake sure
|" mclear on that aspect of it. Just give ne one
noment, pl ease.

Yes, the way that enbodi nent is described
is the iridium (ppy)3 containing |layer is between the
bl ue and the red em ssive |ayers.

BY MS. ZHONG.

Q So there will be a hole electron
reconbi nation in the red em ssion |ayer as well,
correct?

MR. WEI DENFELLER:  Obj ecti on.

THE W TNESS: There woul d be exciton
reconbi nation in the red emtting |ayer as well.

BY MS. ZHONG
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Q And in the prior art, in order to address
the Lithiumdiffusion issue, there's usually an
undoped bl ocki ng | ayer between the phosphorescent
em ssion | ayer and the doped el ectron transport
| ayer, is that correct?

MR. WEI DENFELLER: Cbj ecti on.

THE WTNESS: So in the prior art in the
context of the other exhibits show ng dopi ng of
phosphorescent devices, there is a bl ocking |ayer.
But that's also true in general of phosphorescent
OLEDs. There is frequently a blocking | ayer adjacent
to the emssive layer. So it's not exclusively in
t he context of just doping. That's sonething in
general that you find in phosphorescent OLEDs.

BY MS. ZHONG.

Q And that what you call a bl ocking |layer is
usual Iy undoped, correct?

MR. WVEI DENFELLER: Qbj ecti on.

THE WTNESS: Wat |I'mreferring to as a
bl ocking layer is usually undoped.

M5. ZHONG. Can we take a five-mnute

break?
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THE W TNESS: That sounds good. Five
m nut es.

(Recess.)
BY MS. ZHONG.

Q So we were discussing Bphen doped el ectron
transport | ayer before the break. |Is LithiumQ a
neutral nol ecul e?

MR. WEI DENFELLER: QObj ecti on.

THE W TNESS: M understanding is Lithium
Qis a neutral nmolecule. It's not sonething I
consi dered deeply in ny analysis of Ma. But, yeah,
my understanding is Lithium Q is a nolecule.

BY MS. ZHONG:

Q Do you consider LithiumQ to be an
n- dopant ?

A. Ma teaches it as an n-dopant, which is
what |' m basing ny opinion on. So, yes, | consider

Lig to be an n-dopant.
Q And what is the definition of an n-dopant?
A. So | think a person skilled in the art
woul d define an n-dopant as a dopant that increases

the conductivity of an electron transport material.
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Q So if the inprovenment in the electron
conductivity is through the inproved el ectron
nmobility rather than the increase in the nunber of
el ectrons, do you still consider that to be n-dopant?

MR. VAEI DENFELLER:  Obj ecti on.

THE WTNESS: By the definition | just
of fered, then, yes. And that's the definition I'm
applying in Ma as well where Ma is noting, based on
their data, that there does appear to be an increase
in nobility. So yes.
BY M5. ZHONG

Q Ma does not say there is an increase in

t he nunber of electrons, does it?

MR. VAEI DENFELLER:  Obj ecti on.

THE W TNESS: WM specifically focuses on
the change in nmobility and specifically via the
i nprovenent in hopping transport in the electron
transport material.
BY M5. ZHONG

Q And you interpret the reference to the
hopping rate to be an increase in the electron

mobility, is that right?
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MR. VEI DENFELLER: QObj ecti on.

THE WTNESS: So the term "hopping"” is how
el ectrical transport is described in disordered
organic thin films |ike Bphen or the other materials
we're discussing here. And so |I'mlooking at the
term "el ectron hopping" as essentially transport in
that electron transport material.

BY MS. ZHONG

Q Isn't it the case that in the case of
n-dopi ng, you are | ooking at the HOVO | evel of the
dopant and the LUMO | evel of the acceptor and see
where there's a match?

MR. WEI DENFELLER: Cbj ecti on.

THE W TNESS: Can you just rephrase that
agai n, pl ease?

BY MS. ZHONG.

Q Sure. When you di scussed doping and
organi ¢ material and dopi ng and inorganic materi al,
you usually exam ne the ionization potential of the
dopant and the electron affinity of the acceptor, is
that correct?

MR. VAEI DENFELLER:  Obj ecti on.
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THE WTNESS: If you're | ooking at
el ectron or n-doping in an organic thin film energy
alignment is one thing that you m ght consider.

BY MS. ZHONG.

Q Yeah. And the energy alignnment that you
consider is the ionization potential of the dopant
and the electron affinity of the acceptor or the
doped material, is that correct?

MR. WEI DENFELLER:  Obj ecti on.

THE WTNESS: So is there a specific
mechani smyou're trying to point to in specifically
calling out those energy |evels?

BY MS. ZHONG:

Q I'"mjust asking is that the genera
under st andi ng of how t he n-doping occurs?

MR. WEI DENFELLER: Cbj ecti on.

THE WTNESS: So |'ve already defined what
n-dopi ng and n-dopant nean and it's in the context of
what the conductivity of the electron transport
material is. And | guess | need to better understand
what you're asking about, what you're referring to to

answer your question nore effectively.
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(Exhi bit No. 2100 was identified for
the record.)
BY MS. ZHONG
Q Let me put a docunent into the Dropbox.
Can you pl ease refresh your Dropbox |ink and see
whet her you see an Exhi bit 2100.
A. Yes, | see the exhibit.
Q Can you pl ease open it up. And for the
record, Exhibit 2100 is U S. Patent Nunber 7,911, 129.
A. | have it open.
Q And the title of the patent is Arrangenment
for an organic pin-type light-emtting di ode and
met hod for manufacturing. And it's by -- it's

assigned to Noval ed.

A. Yes, | see it's assigned to Noval ed.
Q And can you please go to colum nunmber 10.
And in particular, can you |l ook at colum 10, |ines

46 to the end of that paragraph.

A Okay. Let me just read the whole
par agr aph.
Q. Sure.
A. Okay. |'ve read the paragraph.
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Q And can you al so read the paragraph in
colum 10, line 61 through 64.

A Okay. |1've read that paragraph as well.

Q So the disclosures in colum 10, lines 46
to 60 is discussing the energy |level alignment for

n-doping in organic materials, is that correct?

A. It's discussing the energy |evel alignnent
for n-doping -- |I'mjust reading their |anguage
again. |It's discussing the energy alignnment for --

yes, for a nechanismto dope these particul ar

materials via a specific energy alignment with the

dopi ng.
Q Okay.
A. Or dopant.
Q And according to this disclosure here,

they seemto be suggesting that to dope an organic
material with cesium the electron affinity of that

material to be doped should be above 1.9 eV, is that

correct?

MR. VEI DENFELLER: QObj ecti on.

THE W TNESS: Can you just point out the
line to me again? | haven't previously reviewed this
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docunent. Lines 62 or 3?
BY M5. ZHONG

Q Colum 10, line 61 to 64, for exanple. In
particul ar, 63 to 64.

A. | see the sentence that says, "The
following applies in the case of doping with cesium
EA (O2) greater than 1.9," if that's what you're

referring to.

Q. And EA refers to electron affinity,
correct?
A. EA is defined in the previous paragraph as

el ectron affinity.

Q According to this disclosure here, for a
nol ecul ar n-dopant, the electron affinity of the
matri x should not drop below 0.5 eV of the ionization
potential of the donor, is that correct?

MR. WEI DENFELLER: Cbj ecti on.
THE W TNESS: What |line specifically are
you pointing to?
BY MS. ZHONG
Q Columm 10, line 56 to 60. Then also take

a |look at 61 to 63.
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A. | see the sentence you're referring to
regardi ng to nol ecul ar n-dopant.

Q And according to that disclosure for the
nol ecul ar n-dopant, the electron affinity of the
matri x to be doped should be within 0.5 eV of the
i oni zation potential of the donor, is that correct?

A. So --

MR. WEI DENFELLER: QObj ecti on.
THE WTNESS: [I'll note that that's what
t hat sentence says. | don't know what the broader
context of the patent is because | haven't read it.
"1l also note that the doping being
alluded to here in this patent is a doping by charge
transfer. And as we've already discussed, the
conductivity can be inmproved via charge carrier
number or mobility. And in Ma, they're arguing based
on their data that what's happening is an increase in
the nmobility of electrons in the electron transport
| ayer.
BY MS. ZHONG
Q And you don't consider that to be a charge

transfer?
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MR. VEI DENFELLER: QObj ecti on.

THE WTNESS: | don't have to nmke an
assessnment as to whether or not it's a charge
transfer and | didn't go in detail to consider
whet her or not there was a charge transfer event in
Ma, because all | needed from Ma was the fact that
there's a favorable inprovenent in performance with
an n-doping of Lig and Bphen.

And so for ne, a person skilled in the art
woul d al ready be using either D ekmann or Suzuki,
whi ch al ready have N type doping, see Ma's favorable
performance with an alternate | abeled N type dopant
and understand that there'd be a potential benefit
now and an expected inprovenent in sone aspects of
devi ce perfornmance by using Lig as the dopant in
t hose ot her enbodi nents.

BY MS. ZHONG.

Q | understand your position, but let's
take -- let's see whether there's sonething that we
can agree with. Do you agree that Liqg is a nolecul ar
n- dopant ?

MR. VAEI DENFELLER:  Obj ecti on.
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THE WTNESS: Liq, | agree, is a nolecular
n-dopant and that would be part of the notivation for
a person skilled in the art to replace sonmething |ike
cesium as taught in D ekmann.

BY MS. ZHONG.

Q Is Lithiumfluoride a nolecular n-dopant?

A. | haven't thought about whether or not
Lithium fluoride is a nol ecular n-dopant, so | don't
have an opinion on Lithiumfluoride.

Q According to this Exhibit 2100 and the
di sclosure in colum 10, for exanple, lines 56 to 63
in particular, if LithiumQ inproves the conductivity
t hrough charge transfer, then according to this
docunent, its ionization potential should be normally
0.5 eV above the matrix that it wants to dope, is
that correct?

MR. WEI DENFELLER: Cbj ecti on.

THE W TNESS: So again, since | haven't
exam ned Exhibit 2100 in detail, |I'mhesitant to
render any further opinion on howit mght apply to
Lig or different nolecules that aren't specifically

noted in the paragraphs that you're calling out.
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BY M5. ZHONG

Q Okay. And it specifically nmentioned the
Bphen as the matrix material, correct, in colum 50
to --

A. Fifty-one, yeah. Bphen is called out as a

wel | - known, yes, electron transporter that could be

doped.

Q So they were thinking of |ike doping
Bphen?

A. As |'ve already noted in reference to He,

Bphen was a wi dely exam ned dopant by the group whose
research eventually becane Noval ed.

Q And in this particul ar paragraph, they
mention that for a nol ecul ar n-dopant, for exanple,
if they want to dope Bphen, then the el ectron
affinity of the matrix should not be bel ow the
i oni zation potential of the donor mnus 0.5 eV,
correct?

MR. WEI DENFELLER:  Obj ecti on.
THE W TNESS: So again, | just want to
make sure | know where you're pointing since | don't

know t his docunment. Can you again just tell ne by
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line what you're referring to again with those energy
| evel s?

BY MS. ZHONG:

Q Line 56 to 63.
A. Okay. | see those energetic requirenents.
Q So you agree with the energetic

requi renents that are stated in the previous
guesti ons?

MR. WEI DENFELLER:  Obj ecti on.

THE W TNESS: Can you state what
specifically fromthe previous questions you're
asking me to agree with?

BY M5, ZHONG

Q Okay. So according to this docunent, if
you use a nol ecul ar n-dopant of which LithiumQis an
exampl e, then the electron affinity of the matrix
such as Bphen should not be bel ow the ionization
potential of the donor less than 0.5 eV, is that
correct?

MR. VEI DENFELLER: QObj ecti on.

THE WTNESS: So | think that m ght be an

oversinplification of what a nol ecul ar n-dopant could
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be and how it could function. And so as |'ve already
mentioned, in the context of M, n-doping sinply
means that the conductivity of the electron transport
material is being inproved. And what's being
di scussed in Ma with Lig is one nechanismto inprove
t hat conductivity and Ma's data supports that
conclusion that Lig is a nolecular n-dopant in Bphen.
What you're pointing at in this Noval ed

docunent -- and again, | can't make a broad
generalization as to what this discloses because |'ve
only read here a dozen or so lines -- is talking
about charge transfer. And when you're saying for a
nol ecul ar dopant, it nust satisfy sonme specific
energy alignnment, that m ght be for the purposes of
Noval ed treating nol ecul ar n-dopant that's operating
by charge transfer. But what I'mtrying to stress is
that's not the only way to dope nmaterial as is shown
in M.
BY MS. ZHONG

Q Understood. But you have not reached a
conclusion as to whether there is -- Ma dopes the

Bphen t hrough charge transfer or sone other
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mechani sm correct?

MR. WVEI DENFELLER:  Obj ecti on.

THE WTNESS: |'monly taking what Ma is
describing in terns of their data. And Ma's position
is that they think Bphen is likely inproved due to
nmobi lity.

BY MS. ZHONG.

Q And you don't think the factor that the
mobility is inproved or the LUMJY LUMO overlap is
I nproved, that inplies there was charge transfer?

MR. VEI DENFELLER: Obj ecti on.

THE WTNESS: |'m not taking any position
on whether or not there's charge transfer in M
because | don't think a person skilled in the art
woul d need to see that in order to conmbine Ma with
the other references that |I'm forwarding regarding
the "425. So I'm --

BY MS. ZHONG

Q I'll ask -- go ahead.

A. I'mlooking at Ma's data and Ma's
concl usions of the favorable inpact of Liq as a

dopant in Bphen on transport and on OLED performnce
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and using that to make ny assessnent of whet her or
not a person would find it obvious to conbine Ma with
t hese other references and expect success.

Q So you don't -- I'masking a slightly

di fferent question.

A. Okay.

Q Why don't we pull up Ma --

A Sur e.

Q -- and go to page 813.

A. Okay. |I'mlooking at it.

Q And Ma is, for the record, Exhibit 1010.

A. Yes.

Q And | assune that you are referring to the

first full paragraph in the right-hand colum of page
813 when you say that Ma inproves the conductivities
t hrough el ectron nobility or electron hopping, is
that correct?

MR. WVEI DENFELLER: Qbj ecti on.

THE W TNESS: That's the paragraph that
|"'mreferring to in nmy discussion here and also Ma's
data as well showi ng the favorable inprovenent in

current flow through the electron-only devices.
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BY MS. ZHONG

Q And based on those data and the
expl anation, can you infer when there is charge
transfer between the Lithium Q and Bphen?

A. So before | answer your question, |I'mjust
going to reread that paragraph and questi on.

Q. Sure.

A. So again, I'"'mrelying on Ma's
interpretation of the results and Ma does not appear
to consider an increase in electron density due to a
charge transfer interaction, but Ma doesn't also
entirely exclude it as well.

Q Can you draw a concl usi on one way or the
ot her whether there is charge transfer in M?

MR. WVEI DENFELLER: Obj ecti on.

THE WTNESS: Again, | didn't -- |
certainly considered mechani smbut didn't feel that
that inpacted ny opinion. And so | don't think
have any further opinion to offer on whether or not
there is or isn't charge transfer between Liq and
Bphen in Ma. |I'mrelying on the fact that Ma is

clearly showing an i nproved performance and an
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n-dopi ng of Liq and Bphen and a favorabl e inprovenent
i n device behavi or.
BY MS. ZHONG

Q Can you please go to Di ekmann page --
ori gi nal page 91.

A " mthere.

Q In the | ast paragraph, in particular the
fifth line fromthe bottom "The organic |ayer stack

4 has a doped | ayer 402" --

A. Yes, | see it.

Q -- "with a dopant 410, which acts as an
el ectron donor." Do you see that?

A. | see that.

Q And is Lithium Q acting as an el ectron

donor in Ma?

MR. WEI DENFELLER: Cbj ecti on.

THE W TNESS: So again, as | just noted in
Ma, Ma is arguing that Lig is inproving the nmobility
of electrons in the transport material. Ma does not
specifically prevent the interpretation that Liq
m ght be a donor, but that's not what they're

explicitly teaching.
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BY MS. ZHONG
Q Okay. So based on the maxi mum
i nprovenent, it does not inply that Lig is acting as

an el ectron donor in particular?

A. So again, | want to be careful. | don't
think Ma excludes that because it's not clear -- you
know, so again, if |I refer back to Liu, Liu teaches

that Lig and subject to netal deposition has the
ability to dissociate. M does not use that and does
not consider that in detail in thinking about their
conductivity. So in Ma's explanation, it would be
nore on the nobility side than on any sort of carrier
I ncrease aspect. But | don't think Ma's analysis
necessarily would exclude that, but that's certainly
not what they're focusing on in M.

Q Okay. So is Lithium-- strike that.

So when Bphen or another el ectron

conducting material is doped with an al kali ne netal
i ke Lithiumand cesium is Lithiumor cesium acting

as an el ectron donor?

A. So usually in the literature, an al kaline
metal like Lithiumor an al kaline netal |ike cesium
Page 63
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woul d be consi dered as an el ectron donor as a dopant.

Q What about Lithiumfluoride. 1Is that
considered to be an el ectron donor through the
generation of Lithiunf

A. | don't really -- | wasn't required and
didn't really feel it inpacted ny decision in termns
of what the nmechanismfor Lithiumfluoride was. So |
don't think | have a strong opinion to offer on

Li thium fl uori de here.

Q What about for Lithium Q Do you have an
opi nion --

A So --

Q -- that indicates -- let's not tal k about

Ma. Let's talk about Liu where Lithium Q is acting
in an el ectron injection |ayer.

A. So Liu teaches that Lig as an el ectron
i njection |ayer does dissociate to sonme degree when
it sees the netal deposition.

Q And so it acts as an el ectron donor so at
| east through the dissociation into Lithium is that
ri ght?

MR. VAEI DENFELLER:  Obj ecti on.
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THE WTNESS: | guess | wouldn't classify
it to that degree necessarily. | think all Liu
teaches is that Lig can dissociate. How -- what
happens after that is not sonmething | had to consider
to make my opi nion.

BY MS. ZHONG.
Q Okay. In your opinion, in your expert
opinion, is Lithium Q an el ectron donor?

MR. WEI DENFELLER:  Obj ecti on.

THE WTNESS: | think |I've already noted
that nmy opinion on Lithiumor on Liqg is informed by
Liu and is informed by Ma in the context of how I'm
applying those prior art references with D ekmann and
wi th Suzuki .

And so in the context of Ma, Lig is mainly
serving to inprove nobility. That's what Ma is
arguing. And in the context of Liu, that's really a
very different system because it's a neat filmof Liq
rat her than doped into an electron transport
material. So | don't have any further speculation to
of fer on what Lig nmay or may not be doing.

BY MS. ZHONG
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Q Ckay. Let me ask it this way. Do you see
any evidence in Ma that LithiumQis acting as an
el ectron donor?

A. Ma does not present Liq explicitly as an
el ectron donor. But if Ligq was an el ectron donor,
again, that would only serve to help potentially as
well. But | don't think a distinction needs to be
made for a person skilled in the art to understand
t he advant ages of applying Lig as a nol ecul ar
n-dopant in the devices of D ekmann and Suzuki .

Q Do any of the docunments you cited present
evidence that Lithium Q served as -- strike that.

Does any of the references you cited

present evidence that Lithium Q acts as an el ectron

donor ?

MR. WEI DENFELLER: Cbj ecti on.

THE W TNESS: So before answering your
gquestion, | want to just briefly review the two

Lig-related references that | cite.
BY MS. ZHONG
Q Sur e.

A. Al right. Can you just reask your
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question, please?

Q Okay. M question is, of the references
that you cited, does any of them present evidence
that Lithium Q serves as an el ectron donor?

MR. VAEI DENFELLER:  Obj ecti on.

THE WTNESS: So there's only two
references | cite that discuss Lig. M does not
strictly refer to Lig as a donor. Again, Ma suggests
that the high conductivity of Bphen Lig may be
originated fromthe short hopping life of the
el ectron transport which is nore of an argunent for
mobility, but | just want to enphasi ze that they are
arguing that it may be originated and so it's
certainly possible that other factors m ght be
i nport ant.

In the context of Liu where Lig is being
used as an electron injection |ayer, the mechani sm
between Ligq and silver is thought to lead to Lithium
generation, but they don't specifically qualify that
as el ectron donor behavi or.

(Exhi bit No. 1006 was identified for

the record.)
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BY M5. ZHONG
Q Can we go to Suzuki, Exhibit 1006, in
particul ar, paragraph 333, PDF 49, original page 48.
A. Okay. Just give nme a second. All right.

You sai d paragraph, was it 3387

Q 333.

A OCh, I"'msorry, 333.

Q So the first paragraph of that page.

A Yes, of course. | know that sentence as
wel | .

Q And do you see the sentence, "In addition,

an electron transport layer with a high N nature
doped with inpurities can also be used"?
Do you see that sentence?

A | see that sentence.

Q What does it mean by a high N nature doped
with inmpurities?

A. So the term nology N nature is very
unusual and I think mght reflect the fact that this
was a translation. But a person skilled in the art
woul d read the sentence, "In addition, an electron

transport |layer with a high N nature doped with
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Impurities can also be used,” that would sinply nean
an n-doped el ectron transport | ayer.

Q And when he said the high N nature, that
nmeans the dopant is acting as an el ectron donor,
right, to increase the electron density in the
materi al ?

MR. WEI DENFELLER: Cbj ecti on.

THE WTNESS: No. Al I'msaying is that
that line nmeans that basically in addition an n-doped
el ectron transport |ayer can also be used, is the way
that a person skilled in the art would interpret that
sentence. So |I'mjust saying that N nature doped
with inmpurities just neans that whatever that dopant
has done has led it to be N type increased
conductivity for electrons consistent with how I
descri bed earlier.

BY MS. ZHONG.

Q Do you know whether -- you did not submt
pat ent application JP H4-297076 here, right?

A. No, | didn't submt that patent
application.

Q Did you review it?
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A. | did not review that patent application.

Q And so you don't know what Kkind of system
it is describing there, correct?

A In that -- what | chose to focus on was
the fact that exanples include those described and
there's these Japanese patents, but then there's al so
this peer-reviewed article, Journal of Applied
Physics by He, that is one of the exhibits | cite in
my declaration that clearly identifies with the

definition I"moffering and the interpretation I'm

offering of that sentence. So again -- go ahead.
Q Go ahead.
A. No. | was just going to add that in that

JP 2004, this is back to He dopi ng Bphen with a
dopant to increase conductivity which supports ny
interpretation of that first sentence.
(Exhi bit No. 1019 was identified for
the record.)
BY M5. ZHONG
Q And that peer-reviewed article is Exhibit
1019, correct?

A "' m going to doubl e-check that. That does
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sound correct, but just give ne a nonent. Yes, yes.
1019 by He.

Q And the particular structure you're
referring to is Bphen doped with cesium correct?

A. What |'m-- that is the particular
structure that He is looking at. But what |'m
referring to nore generally is just the fact that
clearly an electron transport layer with high N
nature doped inpurities nmeans an el ectron transport
| ayer with a conductivity dopant is the way |I'm
referring to He, which I think is the way Suzuki is
al so referring to He.

Q And we di scussed earlier cesium was
considered to be an el ectron donor, correct?

MR. WVEI DENFELLER: Obj ecti on.

THE WTNESS: In the context of n-doping,
cesiumis usually considered as an el ectron donor.
BY MS. ZHONG

Q In the area of the sem conductor, when you
tal k about n-doping and p-doping, you are talking
about the increase in the nunber of holes and the

nunmber of el ectrons, correct?
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MR. VEI DENFELLER: QObj ecti on.

THE W TNESS: Can you be a little nore
specific by what you nmean by sem conductor? What
type of sem conductor? Organic, inorganic? What are
we - -

BY MS. ZHONG:

Q. Let's tal k about silicon.

A. Ckay.

Q That's the nost preval ent sem conduct or,
ri ght?

A | agree.

Q And when you do n-doping of silicon, you

are basically increasing the electron density in
that -- by introducing inpurities into silicon to
i ncrease the electron density in the silicon,
correct?

A. In a conventional inorganic sem conductor
i ke silicon, usually an n-doped sanple of silicon
has a substitutional inpurity that is donating an
el ectron to the lattice.

Q So you neant conventional inorganic

sem conductor when you tal k about n-doping, it's
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t hrough the increase of the electron density in the
silicon netals, correct?

MR. WEI DENFELLER:  Cbj ecti on.

THE WTNESS: In the context of doping an
I norgani ¢ conventional sem conductor |ike silicon,
that the inpurities are normally there to add -- an N
type inmpurity would be there to add an electron to
the lattice.

| think it's really inportant to stress
here, though, that doping in inorganic materials and
doping in organic materials are two very different
things. In an inorganic material, when a
substitutional inmpurity is included, say, arsenic in
silicon, that would be an N type dopant that woul d
gi ve you additional electrons.

One really inportant difference to start
woul d be that, you know, you need very little dopant
to effect a substantial change in conductivity.
Doping in organic sem conductors is not nearly as
efficient and the nmechani sns are generally thought to
be different. And so | would hesitate to draw too

many parallels just in terns of verbiage to the
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conventi onal sem conductor literature.
BY MS. ZHONG

Q And do you know why the conducti ng
mechani smin organic material is different than from
a traditional sem conductor material -- traditional
i norgani ¢ sem conductor material ?

A. Yes. The conductivity mechanismis
di fferent because of the fact that in a crystalline
silicon sanple, one has w de bands. So when a
silicon crystal is formed, you have strong coval ent
bonds between the silicon atons, you have strong
interatom c overlap of the electron wave functi on and
so you get wi de bands, conduction band/val ence band,
and that facilitates effective band-like transport in
a conventional sem conductor |ike silicon.

In the organic materials that are at issue
here, these are generally glassy, anorphous, thin
films. Certainly polycrystalline filnms m ght be
used, but frequently are not used in OLEDs. And when
one has an anor phous material, one no |onger has the
same sort of band structure that you have in

crystalline silicon.
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And al so there is the inportant detail
that in an organic sem conductor, especially the ones
usi ng OLEDs, we don't usually think even in ternms of
conducti on band/val ence bands. W think in terns of
nol ecul ar orbitals |like HOMO and LUMO. And so that
changes the energy structure of the material relative
to a conventional sem conductor and also |eads to
differences in conductivity as you were aski ng about.
Again, it's band like in a material like silicon and
i n an organi c sem conductor, you usually have hopping
type transport that's certainly activated.

Q So in organic sem conductor materials, the
hoppi ng occurs through hopping fromthe LUMO of one
material onto the LUMO of another?

MR. WVEI DENFELLER: Obj ecti on.

THE W TNESS: In organic sem conduct or
material, electron transport will -- so electron
transport through, say, an electron transport
material will generally proceed via hopping between
adj acent nol ecul ar LUMOs.

BY MS. ZHONG
Q And is that why Ma tal ks about LUMJY LUMO
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hoppi ng or the LUMY HOMO orbital overlap?

MR. WVEI DENFELLER:  Obj ecti on.

THE WTNESS: |In general, since electron
transport occurs in a LUMO, that is going to be part
of the discussion of transport of electrons through
an electron transport material.

BY MS. ZHONG.

Q So do you still have Ma avail able? Can we
go back to page 8137

A. Yeah. |'mlooking at Suzuki, but | can go
back to Ma. Okay. Page 813.

Q Page 813, right-hand colum, the first
full paragraph.

A Yes.

Q And do you see that in the mddle of that
par agraph, there is a sentence starting wth,
transport manifolds. "Transport manifolds along with
their LUMO are expected to exhibit a certain extent
of overlap after mxing ratio goes beyond 17 wei ght
percent."

Do you see that?

A. | see that sentence, yes.
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Q And isn't that tal king about LUMY LUMO
spatial overlap between a Lithium Q nolecule and a
Bphen nol ecul e?

A. So, again, | didn't have to think -- or |
consi dered, but the specific details of what Ma is
referring to in terns of transport nmanifolds are
expected to exhibit a certain extent of overlap is
not sonething that inpacted ny opinion. M mght be
referring to spatial overlap. M mght be referring
to energetic overlap. And Ma m ght be referring to
bot h.

Q Do you see a couple of sentences below it
says, "Therefore, the high electron conductivity of
Bphen: Lithium Q nmay be originated from short hoppi ng
|l ength for electron transport, conpared to the pure
Bphen" ?

A. Yes, | see that sentence.

Q And does that provide an indication as to
whet her they're tal king about short spati al
difference between the LUMY LUMO of Bphen and Lithium
Q or the energy level?

MR. VAEI DENFELLER:  Obj ecti on.
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THE W TNESS: So that sentence, ny
interpretation is that it's referring to short
spatial |like, that they're actually referring to the
hoppi ng di stance for the electron and the el ectron
transport material.

BY MS. ZHONG.

Q So the short spatial difference between
the LUMO of the two nol ecul es?

A. | don't know if -- | guess | wouldn't
quite describe it as a spatial distance between the
LUMOs. | think it's probably nore appropriate to
just say between the nolecules. But, yeah, maybe if
you could be nore specific in terns of what you're
getting at regarding LUMOs, maybe | could be nore
effective in answering that.

Q Because when you say the hoppi ng occurs,
usually it's between the LUMOs of the two adjacent
nol ecul es, correct?

A. Yes.

MR. WEI DENFELLER: Cbj ecti on.

THE W TNESS: | understand that. It's

just normally a person skilled in the art woul dn't
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necessarily describe it as hopping between |ike --
the electron has to live in the LUMO, but you

woul dn't normally describe as hoppi ng between two
LUMOs. You'd just say between two nol ecul es.

BY MS. ZHONG

Q Okay. But it's between the LUMOs of two
adj acent nol ecul es.

A. The transport would be between the LUMOs
of two adjacent nol ecul es.

Q So Ma's postulation or theory is that by
adding LithiumQ to Bphen, it may be decreasing the
nol ecul ar di stance between two adj acent nolecules to
facilitate el ectron hoppi ng anong adj acent nol ecul es?

MR. VAEI DENFELLER:  Obj ecti on.

THE WTNESS: So is your question what M
is actually arguing for the change?
BY MS. ZHONG

Q Yeah. Correct.

A | think the sentence that we've been
di scussing, "Therefore, the high electron
conductivity of Bphen:Liqg may be originated from

short hopping length for electron transport, conpared
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to the pure Bphen HTL." | think it's clearly stating
what Ma's intended function -- or Ma's hypothesis is
to explain the results, which is that there is a
change in the hopping length in the doped film versus

the neat film

Q Do you have a background in chem stry?

A. | don't have any degrees in chem stry.

Q But do you consider yourself to be a
person of -- know edgeable in the chem cal art?

A. Is there a specific part of the chem ca

art you're referring to?

Q I n general.

A. | would not qualify mnmyself as an organic
chem st.

Q Do you consi der yourself to be a
physi ci st ?

A. | have a degree in physics. | don't

generally consider nyself with the | abels that |

pl ace on ny expertise. | consider nyself a person of
skill in the art of organic electronic materials and
devi ces.

Q So do you consider yourself to be soneone
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knowl edgeabl e about touch sensors or gesture
control s?

A. | consider nyself to be soneone
know edgeabl e in generally how such functionality
woul d be integrated with an OLED

Q Have you ever designed a system where you
i ntegrated touch sensors into an OLED?

A. | have not previously designed a system
with touch-sensing capability in OLED.

Q And is the design of integrating touch
sensor into an OLED usually done by sonmeone with an
el ectro engi neering degree?

MR. WEI DENFELLER: Cbj ecti on.

THE W TNESS: So again, | suspect that
t hat design could be carried out by people with a
vari ety of degrees dependi ng on what other additional
training they mght have. [|'mnot well versed in
what the backgrounds are of engi neers who carry out
that function in industry.
BY M5. ZHONG

Q Do you know whether it's inplenmented by

sonmeone with a chem stry degree?
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MR. WEI DENFELLER:  Obj ecti on.

THE W TNESS: Again, as | just said, |I'm
not sure what kind of background would carry out
those tasks in an industry. So | don't have
knowl edge of who does those particular tasks in
different settings.

BY MS. ZHONG
Q. What about for gesture control ?

MR. VAEI DENFELLER:  Obj ecti on.

THE W TNESS: M response woul d be the
sane. Again, it depends on the individual. It
depends on the organization. So | don't have
know edge of that.

BY MS. ZHONG

Q And can you pl ease take a | ook at your
definition of a person of ordinary skill in the art.
That will be on page 44 of your declaration.

A. Yes, |'m at page 44 of ny declaration.

Q And paragraph 64 in particular.

A. Yes.

Q You have defined a person of ordinary
skill in the art as sonmeone who had had a bachelor's
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degree in chem stry, physics, or a conparable field
of study, and at |east three years of research or
i ndustrial experience with organic optoel ectronic
light-emtting devices.

Do you see that?

| see that.

Q What do you consider to be the conparable
field of study to chem stry and physics?

A So conparable fields of study could be
things like electrical engineering, material science
engi neering, and the |iKke.

Q And the research or industrial experience
that is specified is in OLEDs in particular, correct?

A. I think what | say specifically is, yeah,
organi c optoelectronic light-emtting devices, but
that would certainly include OLEDs, yes.

Q Do you consi der solar cell to be an
organi ¢ optoelectronic light-emtting device?

A | would consider a solar cell to be an
organi ¢ optoel ectronic device and a solar cell under
sonme instances can emt light. Again, | haven't

t hought deeply about solar cells in terns of this
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context, but that's, | guess, what | can offer as ny
t houghts on sol ar cells.

Q What about photovoltaics. Do you consider
that to be an organic optoelectronic light-emtting
devi ce?

A. | woul d consider photovoltaics to be an
organi ¢ optoel ectronic device. And photovoltaics and
solar cells are essentially very simlar devices.

| guess one thing I'Il add just since
you' ve asked about this is that in the context of
researching solar cells, which is sonething that ny
group has al so worked on over the years, even though
the function m ght be for electrical power generation
rather than light em ssion, a lot of the core
understanding in ternms of transport, exciton
behavi or, good el ectrodes, these sort of things, are
general to electronic devices built from organic
sem conduct ors.

And so here | have called out specifically
organi c optoel ectronic light-emtting devices and
haven't thought specifically about photovoltaic

devices, but | think it's inportant to understand
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that these are not necessarily conpletely dissimlar

areas of investigation.

Q The material sets are very different,
correct?

A. ' mnot sure how you define "very
different,"” and so maybe |'m offer ny opinion, then.

The materials used in OLEDs and solar cells, the
combi nation has a different i ntended outcone, but
they are still organic thin filnms, they are stil
general ly conjugated nol ecules and you're still
generally worrying about what happens to excitons,
whet her they're generated electrically or generated
optically.

And so there mght -- the materials in the
solar cell are designed to broadly absorb |ight.
That's sonething we generally would avoid in an OLED.
But a |l ot of the physics of how that materi al
operates can be transferred.

Q For exanple, Bphen is not really used in
phot ovol tai cs, correct?
A. Actual |y, Bphen can be used in

phot ovol taics. One of the nbst common snall nolecul e
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exciton bl ocking |ayers used in organic solar cells,
a material known as Bat hocuproine, which is a very
simlar nolecule to Bphen, alnost identical save two
met hyl groups. And so that material was w dely used
even at the time of the '425 as an exciton bl ocking
| ayer in a solar cell.

And the exciton blocking |ayer in a solar
cell is essentially spacing the acceptor |ayer of the
solar cell, which is one of the |ayers that generates
photo current, fromthe cathode in order to optim ze
i ght absorption. So actually a material |ike Bphen
was extensively used. And | suspect there's probably
references that use Bphen though I'mcertainly not
aware of themon the fly.

(Exhi bit No. 2101 was identified for
the record.)
BY MS. ZHONG.
Q | have just placed an Exhibit 2101 into
t he Dropbox. Can you refresh to see if you have it?
A. Yes, |I'mrefreshing it right now Okay.
| have it open.

Q Exhi bit 2101 is a Chem cal Review article
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2007 by Wal zer and title of the article is Highly
Efficient Organic Devices Based on Electrically Doped
Transport Layers.

Do you see that?

A. Yes. Yeah, |'ve got it open in front of

Q Can you please go to page 1244, which is
PDF page nunber 12.

A. Yes, |'ve got it open.

Q And do you see there's a figure 147

A. Yes, | see there's figure 14.

Q And do you see that figure 14, the caption

iIs "N type doping of nolecular materials relevant for
OLED and organic solar cells requires different

electron affinities"? The first sentence in the

caption.
A. | agree that's the first sentence, yes.
Q So according to this Chem cal Review

article, they consider the material requirenent for
t he Bphen and organic solar cells would use different
materials with different electron affinities, is that

correct?
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MR. VEI DENFELLER: QObj ecti on.

THE WTNESS: | need to | ook nore closely
at the rest of the caption. | don't recall seeing
this figure before.

BY MS. ZHONG

Q. Sure.

A. Okay. So |I've read the caption. Can you
ask the question again?

Q So ny question is, according to this
article, they consider that the material requirenents
for the organic solar cells and for the OLEDs are
different, correct?

MR. WEI DENFELLER: Cbj ecti on.

THE WTNESS: So | can't answer that
gquestion the way you' re asking it because you're
arguing -- or you're asking in this article. |
haven't read this article and so | can't offer an
opi nion on the article.

BY MS. ZHONG

Q If you just limt it to figure 14, is that

what's stated here?

A So figure 14, second sentence says, "Wile
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organic solar cells my be doped with donors having a
HOMO around 4 el ectron votes, OLEDs require stronger
donors with a HOMO at about 3 electron volts." |Is

that the sentence you're pointing to?

Q I"mreferring to figure 14's caption in
general .

A. Well, that is the second sentence of
figure 14's caption, but that's the -- is that the

sentence you'd like nme to consider?

Q That's part of the consideration. So the
caption in general, does that inply that the materi al
requi renments for the OLEDs and the organic sol ar
cells are different?

MR. VAEI DENFELLER:  Obj ecti on.

THE W TNESS: Again, | don't think I can
generally conclude what this paper is teaching just
based on the three sentences and the caption in the
figure. | think | already commented that in the
context of organic solar cells and OLEDs, you have a
different function, but it's the underlying
principles that govern the materials and the things

that one has to worry about that are simlar is |
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thi nk what | had previously answered.

In ternms of what these authors are arguing
for these materials in the context of solar cells and
OLEDs, again, |I'd have to |ook at the paper nore
broadly to understand what they're tal king about.

BY MS. ZHONG

Q Structurally, OLEDs and organic sol ar
cells can be quite different as well, correct?
A Structurally, there could certainly be

differences in how an OLED and organic sol ar cell
m ght | ook.

Q For exanple, in organic solar cells, you
can have -- the materials in a particular |ayer can
be segregated, right? They don't have to be
honmbgeneous in a sense.

MR. WEI DENFELLER: Cbj ecti on.

THE WTNESS: Sorry. | need to better
under st and what you nean by segregated. \What -- can
you give ne a nore explicit exanple of what you're
asking ne to consider?

BY M5. ZHONG

Q So in organic solar cells, if you have a
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m xed | ayer, the materials in that particular |ayer
can be di scontinuous, correct?

A. So in a solar cell, there are a variety of
ways to make them The sinplest organic solar cell
t hat one can make would be a bulk material between
two el ectrodes. So one |layer between two el ectrodes,
in which case you're relying on the built-in electric
field between those two el ectrodes to dissociate an
exci ton.

The next sinplest architecture is a
bi -1 ayer in which one has an el ectron donor materi al
and an el ectron acceptor material stacked on top of
each other where excitons are generated in one or
both materials and dissociated at the interface.
[f 1I'munderstandi ng your question
correctly, you're tal king about a m xed device. 1In a
m xed device, you still need to be able to get
el ectrons and holes out of the m xture. And so |
don't necessarily agree with the comment that things
can be di scontinuous.
(Exhi bit No. 2102 was identified for

the record.)
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BY MS. ZHONG
Q Can you pl ease refresh your exhibit -- the

Dropbox |ink and see whether you see an Exhibit 2102.

A Yes, | see it.

Q The Forrest patent application. Do you
see that?

A. Yes, | see it.

Q Can you please go to figure 9B, 9C t hrough
9G.

A. | see the subfigures you're pointing to.

Q And do you see that they're discontinuous

| ayers 953a t hrough d?

A. | do.

Q And we discussed this particular figure
| ast Friday, correct?

A. Yes, we discussed this in the context of
the ' 164 patent deposition.

Q Ckay. And you nentioned that this is a
structure specific to solar cells and it has no
rel evance to OLED.

MR. VEI DENFELLER: Obj ecti on.

THE W TNESS: Can you |let nme know when |
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said that? When did | say this has no rel evance to
OLEDs? Are you saying | said that |ast week during
our previous deposition or today?

BY MS. ZHONG

Q Previ ous deposition. That's ny
recol | ection.

A. | don't have a strong recollection of
everything that | said |ast week. And in preparing
for the '425 deposition today, | wasn't aware that |
woul d be | ooking at exhibits fromthe ' 164
depositi on.

Q So et ne ask you, would you use this
structure, a simlar structure in OLED with
di sconti nuous 953a-d with nanocrystal s?

MR. WEI DENFELLER: Qbj ecti on.

THE WTNESS: | haven't thought about
whet her or not | would utilize this structure for an
OLED li ke those we're tal king about today in the
context of the '425.

BY M. ZHONG
Q And so you think that discontinuous

nanocrystals can al so be used in the OLED structure?
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A. | -- that's not what | said. | said |
haven't thought about in the context of the '425
whet her or not this would be utilized in an OLED
structure or not. |1'mnot taking an opinion on
whet her or not there's an incarnation where such a
structure m ght be useful. It's not sonething |'ve
t hought about in the context of this particul ar
pr oceedi ng.

Q Wel |, have you given any thought as to
whet her this particular structure would be rel evant
to an OLED structure?

MR. WVEI DENFELLER:  Cbj ecti on.

THE W TNESS: Again, is there a specific
part of nmy declaration that you're trying to point ne
towards here? | want to make sure | understand the
context of what you' re asking just because | hadn't
t hought so nmuch about solar cells and this Forrest
reference in the context of the opinion |'moffering
on the '425.

BY MS. ZHONG
Q Because | want to understand how nuch

cross-teaching there really is fromthe sol ar cell
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literature and the OLED literature.

A. Okay. Are there specific things that you
want to know regardi ng cross-teaching? It |ooks |ike
you're looking at a very specific Forrest patent.
What | can answer is that clearly Forrest is teaching
that this structure is at |east sonewhat benefici al
for a solar cell. If there's a particular version of
this that is being applied to an OLED, |'d be happy
to coment on it.

Q Do you know whet her you can have
di sconti nuous nanocrystal |ayers in OLED structure as
taught here?

A. So | think what |1've already comented on
in answering sonme of the other questions |'ve been
asked today is that usually when processi ng OLEDs,
one strives to make anorphous glassy thin filns
rat her than something that's nore
pol ycrystalline-like, which is what Forrest is
showi ng here in this Exhibit 2102.

So |l think I've already testified to that
and, you know, | don't think | have anything to add

beyond t hat.
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Q Wy is it in the OLED you are trying to
make a nore anorphous material versus a nore
pol ycrystalline or sem -crystalline material ?

MR. VAEI DENFELLER:  Obj ecti on.

THE WTNESS: |'m not necessarily taking
the position that that's what you're trying to do.
|'"mjust stating that that's what's generally done.
BY MS. ZHONG

Q And why was it generally done and is --
strike that.

Why was it generally done that you, for
the OLEDs, usually you form an anorphous materials
versus a nore polycrystalline or sem-crystalline
mat eri al s?

MR. VAEI DENFELLER:  Obj ecti on.

THE W TNESS: Anorphous materi al s,
anor phous glassy thin filns tend to be flat, which
tends to offer the ability to formthin |l ayers and
mul tilayer stacks w thout the potential issue of
fabrication defects that mght hurt yield. And so
that's one advantage to the fact that you're using an

anor phous glassy film
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Beyond that, | haven't, you know, prepared
in detail an opinion on why glassy filnms m ght be
preferential to polycrystalline materials in an OLED
BY MS. ZHONG.

Q And does that apply to the encapsul ati on
| ayer in OLED as wel | ?

MR. WEI DENFELLER: Cbj ecti on.

THE W TNESS: Does what apply to the
encapsul ation | ayer of OLED as well? Can you j ust
give ne a straight question there and then | can try
to answer?

BY M5. ZHONG

Q Does your observation that in OLED
manuf acturing, it typically forms anorphous fil ns,
does that observation also apply to the encapsul ation
| ayer of the OLED?

A. The encapsul ation layer in an OLED can be
formed via a variety of different nmethods as |I'm sure
we' |l discuss nore at sone point today. The sane
design principle or the sane observation |I'm making
regar di ng anor phous gl assy organic filnms would not

necessarily apply to the encapsul ati on.
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The encapsul ation is made up of different
materials, sometinmes inorganic. The |ayers can be
thicker. And so | don't think as a general rule you
woul d apply it in the same way to the encapsul ati on.

Q Wuld it apply to the organic |ayer?

MR. WEI DENFELLER: Cbj ecti on.

THE W TNESS: |Is your question about the
organi c active layers again? The actual |ayers
seeing current flow?

BY MS. ZHONG

Q No, the organic |ayer encapsul ation.

A. Well, first of all, it's not a requirenment
that there is an organic |layer in the encapsul ation.
It m ght just be inorganic barrier layers. 1In the
Ssituation where there m ght be an organic |ayer in
t he encapsul ati on, one could have a variety of
nor phol ogi es and so, no, | don't think it necessarily
woul d have to be anorphous. There may be benefits,
frankly, for it not to be anorphous in sonme cases.

Q What woul d be the benefits of not being
anor phous? Strike that.

What woul d be the benefits of
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crystallinity instead of anorphousness?

A. So, again, if one -- maybe I'll just rely
on one of my exhibits since this is a question that
actually comes up. So just give ne a nmonent and |' ||
point you to an exhibit.

(Exhi bit No. 1008 was identified for
the record.)

THE W TNESS: So, for exanple, in Lee,
which is Exhibit 1008, Lee is actually building an
encapsul ation layer that is based at |least in part on
polymer materials, so organic materials as you're
alluding to. And Lee actually reaches that tuning
the crystallinity of those polyner layers in an
alternating stack with an inorganic |ayer could be
benefici al .

And the main -- well, two consi derations
are that a crystalline material or nore crystalline
mat erial, need not be single crystalline, a nore
crystalline material could exhibit inproved barrier
properties because it's denser and hence has | ust
| ess porosity where diffusion of oxygen or water

m ght occur. But the less crystalline material, nore
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anor phous material, m ght have benefits in terns of
flexibility, mechanical flexibility.

And so this is why there's a bit of a
bal ance and it depends on the application and depends
on the exact architecture what one m ght go for
because that polyner |ayer could serve nultiple
pur poses in different structures.

BY MS. ZHONG
Q What about the thernonmechani cal properties
when it goes through thermal cycles?

MR. VEI DENFELLER: Obj ecti on.

THE W TNESS: Can you be nore specific on
what materials we're tal king about and what the
cycling is?

BY MS. ZHONG.
Q For the encapsulation |ayer materials
that's discussed in Lee.

MR. WVEI DENFELLER: Qbj ecti on.

THE W TNESS: Okay. So specifically what
Is the question, then? Sorry. I'mfamliar wth
what Lee's encapsulation is and so tell nme nore about

what thernomechani cal question you' d like to
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under st and.
BY MS. ZHONG

Q So when you have a nore crystalline
mat eri al, how does that affect the, for exanple, the
mechani cal properties such as adhesi on, del am nati on,
cracking, those properties as it goes through the
t her nomechani cal testing?

MR. WEI DENFELLER: QObj ecti on.

THE W TNESS: | don't think I
considered -- well, | considered the full -- 1
considered all of Lee. | don't think nmy opinion

relied on subsequent thernomechanical testing of the
device. Lee requires a thermal treatnment to formthe
crystalline layer, so I"mnot sure if | have an
answer for you.
BY MS. ZHONG

Q My question is do you know what is the
resulting reliability of that device with a highly
crystalline |ayer versus one that's kind of nore

anor phous?

A. Yeah. So that | can speak to. So | guess
"Il first just note that Lee's encapsulation -- and
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this is the enbodi nent shown in |ike figure 2, for
exanpl e, of Lee -- is not just a highly crystalline

| ayer. So Lee is very specific in what their
structure | ooks like. They have two different

pol ymer | ayers that are both paryl ene based and those
pol ymer | ayers are separated by an inorganic barrier

| ayer.

Now, in Lee's work, the inorganic barrier
| ayer is itself a barrier to the environnment. But
what's interesting about Lee's result and what was
sonet hing Lee enphasizes in their work is that those
paryl ene polynmer |ayers, despite being polyners and
despite polynmers normally being in the encapsul ation
only to break up the defect structure of adjacent
inorganic materials, Lee actually coments explicitly
t hose paryl ene | ayers thenselves are al so barrier
| ayers, too. And so one attractive aspect of Lee is
the fact that in principle, all of the layers of
their stack m ght serve as barriers, which is
significant.

Com ng to your question, you know, again,

Lee is intentional in that, you know, polyner
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i norgani c barrier |ayer, polyner stack, one of the
polymer layers is neant to be nore crystalline than
the other. And Lee realizes that by either -- they
propose an optical treatnment, which is probably the
nost sensible way to realize this, but an optical
treatment that actually crystalizes one of the |ayers
nore so than the other. And so what Lee shows them
Is that you have this balance between flexibility and
barrier properties. You' ve got polyners which are
generally inherently nore flexible than all 1norganic
encapsul ati ons, but you al so have this polymer wth
the variable crystallinity that allows you to get the
barrier properties as well.

So, again, my opinion didn't -- the
expectation of success a POSA woul d have in, say,
| ooki ng at Lee versus Di ekmann or | ooking at Lee
versus Suzuki is really based on the fact that, in
consi dering Lee versus Di ekmann, Lee is actually
pretty explicit that, you know, Di ekmann's approach
I's something that they're inproving on, right,
because Di ekmann proposes either all inorganic or

I norgani c interspaced with a polynmer. So Lee's
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approach would be a better barrier |ayer and by
virtue of the fact that it's pertaining so nuch
pol ymer, to your question, would also give it
flexibility, too.
And then in |looking at Lee with respect to
Suzuki, you know, Suzuki has an all inorganic barrier
| ayer. Their layers are both basically silicon-based
barrier materials. And so Lee has the advantage of
breaki ng up the defect structure of adjacent
materials which allows inproved barrier properties.
And so | think a person skilled in the art
woul d | ook at Lee's use of these polyners, which are
known to be flexible even in a sem -crystalline
state, as suitable for a flexible device. And so |
think that's sort of where the picture of Lee in
terms of flexibility would come in.
Q What | want to know is, for the paryl enes
in a high crystallinity structure, when it goes
t hrough thermal cycles, are they nore likely to
actually crack as they go through the thermal cycles
and del am nat e?

MR. VAEI DENFELLER:  Obj ecti on.
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THE W TNESS: So agai n, when you're saying
thermal cycles, you nean in operation just as an
OLED? So just turning the OLED on and off? What
thermal cycle are you referring to? | just want to
under st and what the extrenes are of the treatnent
you're considering and if it's sonething that the
device practically encounters or sonething nore
extrene.

BY MS. ZHONG
Q So the OLED devices usually undergo
t hernomechani cal testing, reliability tests, right?
A. Yeah. So an OLED will undergo reliability
tests, certainly. That usually just involves
measurenents of voltage and el ectrol um nescence
intensity under different conditions, right, whether
it's humdity, tenperature or just excitation. And
then | suppose a flexible device would undergo sone
| evel of mechanical testing as well. But in terns of
i ke the thernmomechani cal cycling, |I'm not sure what
the specifics would |look Iike there.
I think all 1 would say is |ooking as a

person skilled in the art at Lee, a person skilled in

Page 105

Veritext Lega Solutions
Caendar-CA @veritext.com 866-299-5127

Pictiva EX2019
Samsung v Pictiva
IPR2024-01095




© o0 N o o b~ w N P

N NN R R R R R R R R R
N P O © 0O N O O A W N B O

the art would understand that a polynmer is going to

of fer inproved flexibility over an all inorganic

stack and be notivated to utilize one accordingly.
(Exhi bit Nos. 1020 and 1021 were
identified for the record.)

THE W TNESS: The other thing I'll cal
out, too, is just the fact that if you | ook at
Exhi bit 1020, for exanple, or Exhibit 1021 -- let's
go to 1021. So 1021 is actually show ng an exanpl e
of a nmultilayer barrier coating, not quite |ike
what's in D ekmann, but an exanple of a polyner
I norgani c stack-type barrier coating, which | think
is kind of what we're tal king about here a bit, and
shows that you can see inproved performnce and
stability even on flexible devices. You know, |
think in figure 3 in that exhibit, they' re actually
encapsul ati ng plastic.

And so a person skilled in the art would
realize, based on the prior art at the tinme, that the
pol ynmer in the coating does not necessarily present
an obstacle. And in fact, |looking at the exhibits

l"mciting would give you an expectation of success.
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Q. Now i n Exhibit 1021, they use
pol yacryl ate, correct?

A. Yeah, the polyner is polyacrylate.

Q And Lee specifically disparaged the use of
pol yacryl ates, correct, in paragraph 008, correct?

A. "Il go to the paragraph just to nake sure
| don't get ahead of nyself. What paragraph again?
Can you just point nme to?

Q Par agraph 008 of Lee.

A. l"mjust going to quickly reread it to
make sure |I'mon the sanme page.

Yes, right. They are commenting on the
fact that there is an issue with polyacrylate
coatings or at least that -- perhaps it's not
necessarily an issue, but that inproved barrier
performance i s always desirable.

Q And Lee does not present any performance
data, correct?

MR. WEI DENFELLER:  Obj ecti on.

THE WTNESS: |'mjust going to read them
in Lee. Lee does not present device data but does

al lude to incarnations integrating OLEDs. And so Lee
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is certainly not -- Lee is certainly considering
applications in the OLED space.
BY M5, ZHONG

Q | understand. Does Lee present any data
of its invention conpared to the conventional PM
structure with alternating inorganic |ayer and
pol yacryl ate | ayers such as the one presented in
Chwang or Exhibit 10217

A. So in 1021, you're referring to figure 1B
| assune, sonething |like that?

Q Exhi bit 1021, figure 3, that provides you
with the structure of the encapsul ation, correct?

A Yeah. The caption of figure 3 does
provi de the structure, but Lee provides their
structure.

Q Yeah. And Exhibit 1021 provides how the
perfornmance changes over time in figure 1B, is that
ri ght?

A. Yes, yes, that's what | was referring to.
Figure 1B is the performance data.

Q Ckay. And we don't really know how Lee's

performance woul d be conpared to figure 1B, for
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exanmpl e, right?

MR. WVEI DENFELLER:  Obj ecti on.

THE WTNESS: | just want to reread a
coupl e of paragraphs of Lee here. Just give ne one
noment, pl ease.

So Lee doesn't show that data
specifically, but especially if you read the
i ntroduction of Lee including paragraph 8 to which
you already referred to and paragraph 7, it's pretty
clear that Lee has a good understandi ng of where
their invention is fitting into the encapsul ation
| andscape and why it's advant ageous.

Really all Lee is seeking to do is replace
t he polyacrylate, which is not an effective barrier
material, with a material that is. And a person
skilled in the art would recogni ze that parylene is
not going to cause issues as a -- it's another
polynmer. And so really | don't think a person
skilled in the art would see any problemw th that,
especially given all of the context that Lee offers
in ternms of understanding the chall enges for OLEDs.

And this is notable even in paragraph 33
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where, you know, Lee is taking great care to think
carefully about how you'd realize that nore
crystalline [ayer via optical nethods, understanding
that a thermal treatnment to some OLED nmaterials m ght
not be ideal. And so | actually think it's pretty
clear in Lee that they have a good understandi ng of
the challenges in making an OLED and | think a person
skilled in the art would see this as sinply replacing
one polyner that only has sort of that decoupling
functionality with just another polymer now that is
going to offer advantage of being a barrier |ayer as
wel | .

BY M5, ZHONG

Q Are you aware of any actual devices being
made at the performance reported?

A. | didn't specifically look in the
literature for paryl ene-based package devi ces.

Q Are you aware of any, in your 20 years of
experience, are you aware of any OLED devi ces that
actually have paryl ene encapsul ation especially with
two parylene layers with different crystallinity?

A So again, | tend to think about these

Page 110

Veritext Lega Solutions
Caendar-CA @veritext.com 866-299-5127

Pictiva EX2019
Samsung v Pictiva
IPR2024-01095




© o0 N o o b~ w N P

N NN R R R R R R R R R
N P O © 0O N O O A W N B O

sorts of questions in the context of the academ c
literature and the patent literature. | don't have a
paper or patent off the top of ny head that | can
call out that is using the specific encapsul ation on
OLED. But | don't think that would limt a person
skilled in the art fromreading this particular

pat ent and understanding the benefit to conmbining it
with Di ekmann and/or Suzuki .

Q And you would think that if sonething
actually works, people wll adopt them and actually
I mpl emrent themin actual devices, correct?

MR. WVEI DENFELLER:  Cbj ecti on.

THE W TNESS: So can you clarify what you
mean by if sonething actually works? | just want to
better understand --

BY MS. ZHONG.

Q. Well, like, for exanple, Lee, do you think
it's a good idea, people would try it?

A. Yeah.

Q It's been al nbst 20 years since it was
publi shed. You would think that if it's so obvious,

soneone woul d have tried it.
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A. Well, you know - -

Q So have you seen an exanple? That's ny
questi on.

A. Well, so there's obviously a |Iot of nuance
to the question you're asking. You know, the place
where this sort of high-level encapsulation is
practiced is an industry. You know, nost of the work
that's published in the literature and even a
significant fraction of the work that's published in
patents is carried out by academ c |labs. And in
academ c | abs, when one's focusing on, say, trying to
make a nore efficient OLED, one isn't sinultaneously
trying to necessarily make the nost |ongest |ived,
best npisture barrier device, right?

Encapsul ati on and keepi ng up noi sture and
oxygen is really sonething that is a bigger concern
when you're making an industrially relevant, you
know, device. And so | don't necessarily think that
if this is a good idea, you'd even see it in the
academ c literature because it mght only be
practiced at an industrial |evel.

When academi cs tend to encapsul ate their
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device, they frequently use the sinplest, quickest
possi bl e solution that is often a can, just
encapsul ating with another |ayer of glass and seal of
epoxy which albeit is a bit crude, but for the
pur poses of what an academ c's |ooking for, which is
to be able to test the device over a few weeks, it's
sufficient.

When one thinks about trying to make an
OLED that can be tested for hundreds of thousands or
mllions of hours, that's a different story. And so
| don't know that this encapsulation isn't being
used. It's quite possible that this encapsulation is
wi dely utilized right now But, yeah, | don't have
know edge of that.

Q So you have no know edge that this nethod
was used/ adopted by any of the conpani es maki ng OLEDs
in the industry, correct?

A. I do not have know edge of what those
specific encapsul ation techniques |ook Iike for an
I ndustrial device.

Q Okay. But conpanies also publish their

research, correct?
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A. Rarely. Conpanies tend not to publish
their research actually, so | would say that's
| argely incorrect. Conpanies file patents that are
of ten designed, you know, to reveal perhaps essenti al
conponents of their technology along with unessenti al
conponents of their technol ogy, but conpanies as a

rule don't generally publish their research.

Q Do you consult for the industry?
A. | don't currently consult for industry.
Q I n your past consultation, are you aware

of any OLED devices that actually use the teachings
of Lee?

A. Anything | may have | earned as a
consultant in the past would be covered by a
nondi scl osure agreenent and confidentiality

agreenents and so | would not be able to discuss

t hose details even if | had them
Q Do you have know edge?
A | can say that | don't have know edge

about the encapsulation utilized in industry.
Q And do you know how the utilization of the

optical nmethod would affect the further dissociation
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of Lithiumin the doped |ayer?

MR. WVEI DENFELLER:  Obj ecti on.

THE W TNESS: Can you just restate that?
| just want to nake sure | understand. Are you
tal king still about Lee?

BY MS. ZHONG:

Q. Wel |, the base devices that you are
di scussing all have an n-doped -- strike that.
So the devices -- the OLED devices that

you propose all have a Lithium Q doped el ectron
transport |ayer, correct?

A Yes. | amconbining Ma with either Suzuki
or Di ekmann, which both al ready have an n-doped | ayer
and sinply replacing that n-doped -- and dopant,
sorry, as Lig, yes.

Q So if you add Lee's encapsul ation to that
devi ce and you use Lee's teaching of the optical
treatnment to get one layer nore crystalline than the
ot her, do you know what the effect of that treatnent
woul d be on the electron transport |ayer --

MR. VEI DENFELLER: Obj ecti on.
BY MS. ZHONG
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Q -- at the diffusion of Lithium for
exampl e? O generation diffusing of Lithium for
exanpl e?

MR. VAEI DENFELLER:  Obj ecti on.

THE WTNESS: So | don't know what the
effect of the treatnment would be on Lithium
generation if there is any or Lithiumdiffusion if
there is any. What | can say in general, and it's
sonething that | already alluded to in Lee and |
think is inportant and indicative of the care they're
taking in designing their solution, is that Lee does
i ndicate the reflective |layer could be introduced --
thin reflective |ayer could be introduced into the
packagi ng that would all ow the optical excitation
that's being used to anneal one of the paryl ene
| ayers to be nore crystalline to not pass into the
OLED.

And so they considered the fact that if
you're even trying to crystallize the parylene |ayer
by optical neans, which is probably a sensible way to
go, they considered the idea of including a thin

reflective layer into the encapsulation so that you
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don't al so bake the underlying parylene |ayer and the
organi c | ayers under neat h.
BY MS. ZHONG
Q But is there going to be heat that's going
to be transferred downwards --
MR. WEI DENFELLER: Cbj ecti on.
BY MS. ZHONG.

Q -- to the organic layers of the OLED
stack?
A. So that | can't comment on. | think that

clearly there is not going to be so nuch heat
transferred that you would also crystallize the
underlying parylene layer. Oherw se that would be
i nconsistent with Lee's invention, right? So Lee's
invention requires really that you have a difference
in crystallinity or at |east that's one of the
enbodi mrents that they're pushing is that there is a
difference in crystallinity.

So if the heat just uniformy diffused and
you had steady-state, then you wouldn't be able to
realize that. But the extent to which there's

heati ng underneath, | don't have the information to
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answer that question. And | felt that whether or not
there was sone heat transfer didn't change my opinion
of Lee and the expectation of success that a person
skilled in the art would have in conbining Lee with
the other -- with D ekmann or Suzuki .

Q So there can be a tenperature gradient,
but you don't know what that tenperature gradient is,
correct?

A | don't know anything specific about what
the tenperature profile would | ook Iike during any of
Lee's proposed treatnents.

Q Okay. So if you |l ook at paragraph 28 of
Lee, it appears that the phase transition of
crystallinity, the tenperature to induce those are
actually pretty high, right? Anywhere between 200 to
400 degrees as listed here in this paragraph.

A. Yeah, | just -- can | just reread that
par agraph?

Q. Sure.

A. So | guess | want to offer perhaps a
different interpretation here. So paragraph 27, |

think, is inportant to first consider w th paragraph
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28. So paragraph 27 first inmportantly highlights
that the as-deposited parylene filmitself can be
utilized as a barrier layer. And so that's noted in
the final sentence of the paragraph. And what
they're noting in paragraph 27 is that the degree of
sem -crystallinity could be varied with anneali ng.

I n paragraph 28 and the tenperature cited
there, | think Lee is referring to sonething

different which is you could

- is arguing that the
paryl ene could have nmultiple stable solid phases and
that these could potentially be al so accessed by
going to higher tenperatures |like 200 to 290, 350 to
400. | don't read those two paragraphs as a

requi renment that one needs to utilize those higher
tenperature phases. And those higher tenperature
phases, for exanple, could be useful if you're trying
to encapsul ate a flexible substrate, right, where you

m ght not be worried as nmuch about the organic thin

films.

But yeah. So even if you |l ook at the
other -- look at the final sentence of 28,
“"Furthernore, it will be appreciated that the
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anneal i ng concepts descri bed above may be extended to
ot her systens."” | think actually Lee is teaching
fairly broadly a variety of different incarnations
that could be applied using paryl ene derivatives.
Because even parylene itself, you know, that's a
general noniker. There's other forns of paryl ene
t hat probably have different thernmal properties.

Q Do you know what annealing tenperature
Lee's parylene systens -- strike that.

What's the suitable annealing tenperature
for Lee's systenf

MR. WVEI DENFELLER:  Cbj ecti on.

THE W TNESS: So agai n, when you say what
is the suitable annealing tenperature, how are you
defining suitable or what criteria?

BY MS. ZHONG.

Q Suitable for Lee's purpose or suitable for
t he OLED devi ces.

A Yeah. And | guess ny read of Lee -- so
|"'mgoing to reread another portion of Lee before
answeri ng.

Again, | don't think I can offer a
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specific tenperature. Lee makes fairly clear in
paragraph 27, that in the target -- or one enbodi nent
woul d be | ooking at a range of between 10 and 70
percent crystallinity. Lee does not specifically

of fer conplete processing details for how those
different crystallines needs to be realized.

And in the previous paragraph in 26, it's
clear there's a range of processing conditions that
could be utilized to volatilize the rel evant
material. So | don't think I can offer a specific
tenperature as prescribed by Lee. But it's clear
that Lee understands that that tenperature needs to
be conpatible with the organic |ayers that are
under neat h.

Q Does Lee nention doped -- does Lee nention
an OLED device with a doped el ectron transport | ayer?

A. Let me just take a quick |look at Lee. |
don't think Lee nentions an OLED explicitly with N
dopi ng, but Lee speaks about OLEDs in a very general
sense and it's not specific to a particular
architecture.

Q Okay. And does Lee offer any gui dance on
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what the tenperature -- the appropriate tenperature
woul d be for any OLED devices, OLED systens?

MR. WEI DENFELLER:  Cbj ecti on.

THE WTNESS: So | want to | ook at one
nor e paragraph here before answeri ng.
BY MS. ZHONG.

Q. Sure.

A. So again, ny read of Lee is that Lee is
offering a general solution that is sensitive to the
thermal constraints that cone with an OLED nmaki ng an
organi c stack but is not offering a specific
prescription for a specific OLED architecture.

Q So in order for you to arrive at the right
anneal ing condition for D ekmann or Suzuki's device,
a person of ordinary skill in the art would have to
do trial and error in order to arrive at the right
condition, is that correct?

MR. WVEI DENFELLER: Qbj ecti on.

THE W TNESS: So in conbining references
in -- in conbining these references, it would be ny
opi nion and | think the expectation of a person

skilled in the art that there would be sonme routine
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optim zation of the, in this case, encapsul ation.
And so the expectation would be that a
person skilled in the art would see Lee and then
woul d adapt their own deposition equipnent, process
equi pment accordingly and then optimn ze on their
equi pment probably for the actual device lifetine or,
at a mnimm the water vapor transnission rate
t hrough the encapsul ation itself.
BY MS. ZHONG
Q And do you know which particul ar paryl ene
system woul d be suitable for D ekmann or Suzuki ?
MR. WVEI DENFELLER:  Cbj ecti on.
THE WTNESS: I|I'msorry, | mssed, which
particul ar what systenf
BY MS. ZHONG.

Q Oh, so Lee used the paryl ene systens,
correct?
A. Ch, which parylene system |'msorry. |

m sunder st ood. \Which specific paryl ene systen? |
didn't -- | considered the fact that Lee is very
general in allowng the user to have significant

flexibility in which parylene systemthey choose to
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utilize, but | didn't render a specific opinion on
whi ch paryl ene system woul d be nost suitable for
Di ekmann or Suzuki

Q Can a parylene systemwork with the Suzuk
or Di ekmann systenf

MR. WEI DENFELLER: Cbj ecti on.

THE W TNESS: That's something | didn't
have to forma detailed opinion on. | think in ny
opi ni on, | ooking at Lee, a person skilled in the art
woul d be notivated to apply Lee and sel ect an
appropri ate paryl ene system of the several provided
by Lee in the text to inprove the stability and
encapsul ati on of Di ekmann and Suzuki .

BY MS. ZHONG.

Q Okay. So based on your expert opinion,
for the Di ekmann system which paryl ene system woul d
you use?

A. So that's not sonmething I've -- |'ve
certainly considered Lee in full, but I haven't
t hought about in ternms of an opinion on what specific
paryl ene system | would use for Di ekmann.

Q What about for Suzuki -- go ahead.
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A. | was just going to say, and the same goes
for Suzuki. | haven't come up with a specific
process for what that would | ook Iike. And again,
think a person skilled in the art, that would be part
of the routine optim zation of taking what Lee is
descri bing and applying it on your own processing
equi pmrent and subject to your own constraints. There
may be constraints related to cost. There may be
constraints related to other things. | didn't use
t hose constraints to form ny opinion.

M5. ZHONG. We've been going on for a
while and it's al nost noon Eastern Tine. So do you
want to take a lunch break or do you want to go for
anot her session?

THE WTNESS: No, this seens |ike a
reasonable time to do lunch. Yeah.

M5. ZHONG. Okay. So let's go off the
record.

(Wher eupon, at 11:53 a.m, the deposition
in the above-entitled matter was recessed, to

reconvene at 12:57 p.m, this sanme day.)
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AFTERNOON SESSI ON
(12:57 p.m)
EXAM NATI ON BY COUNSEL FOR PATENT OWNER ( RESUMED)
BY MS. ZHONG
Q Dr. Hol mes, can you please go to page 82
of your report, starting with paragraph 139.

A. Sure. Let nme just get there. Yes, | see

Q And bet ween paragraphs 139 and 146, you
are discussing the reasons why you believe a POSI TA
woul d have conbi ned D ekmann and Ma, is that correct?

A. Yes, that's correct, in terns of dependent
claim?2, yes.

Q And can you summari ze the reasons for why
a person of ordinary skill in the art would have
conbi ned Ma and Di ekmann?

A. Yes. So if -- those paragraphs of ny
decl aration are conbi ning Ma and Di ekmann in the
foll ow ng ways. So D ekmann already teaches an OLED
with an N type or n-doped el ectron transport
material, and Ma is teaching an OLED with an n-doped

el ectron transfer material that has Liq. D ekmann
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doesn't teach Liq per se.

And a person skilled in the art seeing
that Di ekmann is raising issues related to dopant
di ffusion and commenting that nol ecul ar dopants are
an option would see Lig as a nol ecul ar dopant and as
a path to reduce diffusion issues in D eknann and
potentially inprove OLED behavi or.

Q And when you tal k about the inproved OLED
behavi or, you nentioned specifically two aspects,
correct? One is a reduced driving voltage and the
other is inproved power efficiency, correct?

A. Yeah, in the context -- just hold on. Let
me just take a quick | ook at the paragraphs. Yeah.
So those were the specifically OLED efficiency and
performance i nprovenents. | guess when | say
performance, |'malso allowing for that to include
lifetime as well. And so the issue of diffusion
could lead to performance -- or inprovenents in -- or
mtigating the issue of diffusion. Pardon ne. Could

| ead to performance i nprovenents as well as lifetine

I nprovenents as well, just performance in general.
But in terns of efficiency, yes, I'mreferring to a
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| ower operating voltage and hi gher power efficiency.
Q And regarding efficiency in the context of

OLEDs, there are different efficiency paraneters,

correct? There is |lum nescence efficiency, there is

power efficiency, there is a quantum efficiency,

correct?
A. That's right, yes.
Q And so which efficiency are you referring

to in specific?

MR. VEI DENFELLER: QObj ecti on.

THE WTNESS: So in 141, I'mcalling out
Ma's finding that's related to current efficiency and
power efficiency. The power efficiency is the
efficiency that's npost inpacted by the device driving
vol t age because the power efficiency is effectively a
measure of optical power outproduced by the OLED
di vided by electrical power consumed. So any
favorabl e reduction in driving voltage stands to
I nprove the power efficiency.

Ma al so comments, though, that the current
efficiency is inproved as well because there's

I ncreased charge bal ance in their device.
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BY MS. ZHONG

Q What is current efficiency? Is it also
call ed Ium nescence efficiency?

A. Is it also called |um nescence efficiency?

Can you point to where |um nescence efficiency is

bei ng used? | just want to nmake sure |I'm on the sane
page. | can define current deficiency, but --
Q So let's take like one step back. MWhat's

the current efficiencies unit?

A. So current efficiency is in units of
candel as per anpere, so anps. So it's basically now
a neasurenment of light output by the OLED in units of
candel as per unit of current injected into the
device. So candelas per anp is the unit of current
ef ficiency.

Q And do you know whet her that efficiency in
the unit you just nmentioned is also called
| um nescence efficiency in sone other context?

A It may be. [|'mnot aware if |'ve used
t hat inadvertently perhaps. Here I'mtrying to use
Ma's | anguage. Lum nescence efficiency | could see

potentially being used as current efficiency. That
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woul dn't surprise me. But | -- if there's a

particul ar

units.

Q

reference, | would want to | ook at the

And in paragraph 141, you have reproduced

Ma figure 3, correct?

A

Yes, |'ve reproduced Ma figure 3 just

bel ow paragraph 141, yes.

Q

And in figure 3 of Ma, the referenced

device is w thout p-doping or n-doping, correct?

A.
Q

F4- TCNQ
A.
Q

That's correct.

And then you have also a 4 wei ght percent

Yes, Ma is using both N and P type doping.

And for the current corresponding to the 4

wei ght percent F4-TCNQ is that with 33 percent

Lit hi um Q?
A.

|'"mgoing to just go back to Ma and

doubl e-check. Yeah, the p-doped devices in figure 3

are based on an n-doped | ayer of 33 wei ght percent

Lig i nto Bphen.

Q

|1 ke as far

So according to this graph of Ma, it |ooks

as power efficiency is concerned, the
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optimal |evel of doping for the HIL |ayer is between
0.3 and 2 wei ght percent, correct?

A Yep. |I'mjust |ooking at Ma again to make
sure |'manswering correctly. You said the optinum
appears to be between .3 and what was the other bound
of the question?

Q Two, 2 wei ght percent.

A. Well, it's not obvious. The optinmum --
there isn't enough data to say what the optinumis
because the optinmum could say al so, for exanple, be
.2 weight percent, right. But it's not -- it's
clearly better with doping and you reach an opti mum
but it need not be between .3 and 2. It m ght be

bet ween zero and .3 as well.

Q Okay.
A. But there is an optinmm
Q Yeah. But based on figure 3, do you see

that the zero percent and the 4 wei ght percent
p-doping, they are performing less well than the 0.3
to 2 weight percent ones, right?

A. So the -- sorry, which two are you | ooking

at again?
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Q So the best perform ng one for power
efficiency is at 0.3 weight percent.

A. Yes, | agree with that statenent.

Q And then what you have, the next best
perform ng one is a 2 weight percent one.

A. | agree.

Q And that one is not -- is slightly better

t han the undoped ones, the zero wei ght percent ones,

correct?

A. Well, zero weight percent is still doped
N-type.

Q Yeah, but zero weight, no doping, no
p- dopi ng?

A. Correct, no p-doping, yes. So in the case

of zero wei ght percent, F4-TCNQ there is only N
dopi ng, vyes.

Q So doesn't that indicate to you for 30
wei ght percent N doping, the optiml |evel of doping
for the hole transport |ayer or HIL |ayer would be
sonmewhere between 0.3 and 2 wei ght percent?

A. No. As | already noted, | think it just

i ndi cates the optinum doping | evel is sonewhere
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bet ween zero and 2 percent. Because you don't -- the
point at .3 weight percent it's quite -- it's

possi ble that .2 m ght have been better than .3,

ri ght?
Q Okay.
A. So | would agree that, you know, the

optimumis below 2, right?

Q Ckay.

A. But | don't think you can necessarily say
that it's on the high side of .3.

Q | see. How about for current efficiency.
Do you see a simlar trend?

A. So let ne just look closely at that imge.
It's -- you know, depending on which current density
you | ook at, the trend is simlar, though perhaps not
to the exact sane degree.

Q And when Ma concl uded that 30 percent
weight Lithium Qis the optinmum doping for the
el ectron transport |ayer, that's based on their
el ectron-only device testing, correct?

A. Yes, that's based on their electron-only

device testing, yes.
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Q For the electron-only device testing --

strike that.
Woul d the trend you observed for

el ectron-only device testing be the same as in a real
device with a fixed p-dopi ng anount ?

A. Can you be nore specific as to which
trend, which figure you want nme to consi der?

Q For exanple, the driving voltage trend.

A. So which figure are you pointing to in Ma?

| just want to nake sure |I'm | ooking at the right

dat a.

Q So Ma has many current density with
vol t age --

A. Yes.

Q -- curves, right?

A. Yes.

Q. And there's an el ectron-only device,

current density versus vol tage one.

A. So figure 5.

Q And | believe for the electron-only one,
that's probably the only figure they have there.

A Yes. So they show sonme in figure 6 as
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well. But figure 5 is what you're considering.

Q Figure 6, right?

A. Ch, figure 6, not figure 57

Q No, figure 5 or figure 6.

A. Okay.

Q Figure 5. Let's just |ook at figure 5.
A. Okay. So figure 5. And so what was the

guesti on you' re asking?

Q So in figure 5, based on the electron-only
device testing, the conclusion is that the optinal
dopi ng | evel seens to have reached sonmewhere
around -- between 33 and 50 percent, right?

A Again, for the sanme reason | nentioned
with F4-TCNQ | don't see why the optinum has to be
on the high side of 33. So | think the optinmm would

be somewhere between --

Q. Sevent een and - -
A. -- 17 and 50, yeah.
Q Okay. So instead of an electron-only

device, and if you have a conplete device with a hole
transport layer, with the em ssion |layer, et cetera,

right? Are you going to see a simlar trend? For
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exanmpl e, the 33 weight percent is going to perform
better than 50 percent and 17 wei ght percent?

A. So specifically, are you asking will the
current voltage characteristic of the device | ook the

sane as an el ectron-only device?

Q Yeah, at | east trend-w se.
A. So I'"Il just first say that isn't
sonething that | | ooked deeply at in ny anal ysis of

Ma in ternms of thinking about how the trend woul d
| ook for the whole device in terns of the current
density voltage characteristic.

In general, an electron-only device is
only considering part of the total device and so the
trend may not be necessarily the sane. |t again
depends on the degree of bal ance between the el ectron
and hole currents when you go to the full device.

And that's what Ma is getting at in figure 6. That's
how they're deciding -- like in figure 5, they're
optim zing the concentration. |In figure 6, they're
trying not to match it to the current through the
hol e side of the device.

Q So in figure 6, for each fixed
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concentration of the ETL, they're trying to see what
Is the optiml doping |level for the hole injection
| ayer ?

A. In figure 6 in my opinion, what they're
doing is trying to match at | east at sonme scale the
hol e current through the hole side of their device
and the electron current through the electron side of
their device. And this is one approach to try and
realize charge bal ance in your device.

Q So in figure 6, what they observed is for
33 wei ght percent doped ETL, the current density
curve for the black square line is overlapping with a
0.3 wei ght percent doped HIL, is that -- and then
t hey decided that's where the charge bal ance woul d be
achieved in the conplete device, is that correct?

A. That's how Ma is using figure 6.

Q And is it always the case if you add
Lithium Q to an organic electron transport |ayer, you
are going to see reduced driving voltage and inproved
current efficiency?

A. So, again, as |I've noted earlier in the

day, the only exhibit that |I'm presenting that has
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Lig as an n-dopant in an electronic transport
material is Ma. And so | don't think I can offer a
nore general opinion. But a person skilled in the
art who's already using N doping as is in D ekmann
and as is in Suzuki would see Liq as an alternate
dopant to replace their n-dopant wth.

Q But do they know whether the resulting
doped | ayer woul d offer better performance than an
undoped | ayer?

A. So that -- | guess | want to nmake an
I nportant distinction here. They're not conparing it
to an undoped layer, right? So an inportant
di fference between Ma and between the conbi nations
that |'"musing for nmy opinion is that in Ma, Ma is
conparing to basically an undoped or partially doped
devi ce.

In Di ekmann and Suzuki, the inventor has
al ready decided that they are making a doped device.
And so the conparison wouldn't be necessarily to an
undoped devi ce because that decision is already nmade.
The doping's already there. And so here the question

woul d be is there an expectation of success in using
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Lig as the n-dopant as an alternative to whatever
n-dopant is already being used.
And | think based on Ma, there's an

expectation that Liq would work and hence could
I nprove device performance. But even in the case
wher e device performance only stayed constant
per haps, Liq offers additional advantages as a
nol ecul ar dopant fromthe perspective of diffusion
because it's a bul ky nol ecul e.

Q Have you done any testing to see whether

Lig offers reduced diffusion?

A. | have not --

Q Conpared to cesiumor Lithium for that
matter.

A. | have not --

MR. WEI DENFELLER: Cbj ecti on.

THE W TNESS: | have not done any testing
mysel f. But Di ekmann acknow edges the chall enge and
acknow edges nol ecul ar dopants as an alternative to
el emental netals, and a person skilled in the art
woul d recogni ze Liq as a nol ecul ar dopant that woul d

fit that bill.
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BY MS. ZHONG

Q But we've al so established that at |east
based on Liu, when alum numis deposited on LithiumQ
a neat film there is some Lithiumdissociation or
Li t hi um generati on happeni ng, correct?

A. That is what Liu teaches for a neat film
of Lig under a netal cathode. But even in the case
where sone Lithium were generated, as a person of
skill in the art -- a person skilled in the art would
| ook and expect that there would be potentially |ess
Li t hi um generated than strictly Lithium metal going
in as an n-dopant. And so | think even still there'd
be an expectation for success.

Q But with the reduced amount of Lithium --

l et's take one step back.

Do you know what's the relative
performance in terns of power efficiency,
| um nescence efficiency, current efficiency and
driving voltages are of a cesiumor Lithium doped
el ectron transport |ayer versus a Lithium Q doped
transport | ayer?

MR. VAEI DENFELLER:  Obj ecti on.
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THE W TNESS: Again, | think |I nade clear
the references that I'"musing and | don't have a
di rect conparison between Lig doped and alternate
doped el ectron transport materials in terns of
performance.
BY MS. ZHONG.

Q Okay. And do you know what's the rel ative
device |life due to Lithiumdiffusions are for those
two systens?

A. So again, not as a comment on stability
aside from saying that inproved charge bal ance woul d
be expected to inprove stability. But in ternms of
the actual neasurenent of diffusion, that's not
I ncl uded.

One thing I will add, though, is that, you
know, Ma's data in conparing, say, figure 3 and
| ooki ng at the square data w thout doping versus the
circle data, which is just zero percent F4-TCNQ does
clearly show that there is an efficiency inprovenment
even wth just Lig. And so a person skilled in the
art would at | east appreciate that Liq is bringing

favorabl e and dopi ng behavior to the device.
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Q I's that behavior -- does that behavior
apply to every single electron transport materials or
it's specifically the Bphen systemthat Ma is | ooking
at ?

A. | don't see any reason why it wouldn't be
nore general than Bphen, but Ma only considers Bphen.

(Exhi bit No. 2007 was identified for
the record.)
BY M5. ZHONG

Q Can you please pull up Exhibit 2007. So

Exhi bit 2007 is a --

A. Hold on. | actually don't see it. 20077

Q Exhi bit 2007.

A. Yeah, | don't see it. Just give ne a
second.

Q You don't see it in the IPR '425 fol der?

A | see --

Q It's 2007 Sasaki, effects of energy |evel
al i gnnent.

A. Ckay. |I'mjust sorting by nost recently

nodified. So | see a couple of other papers we

haven't discussed yet. So let nme scroll down.
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Q If you want to do the nanme, by nane.

A. 2007, Sasaki. Yep, |I've got it now.

Q So Exhibit 2007 is a paper by Sasaki with
the name Effects of Energy-Level Alignnment on

Operating Voltages of Blue Organic Light-Emtting

Diodes. Is that the article you pulled up?
A. That's the article I'm | ooking at.
Q And can you take a look at figure 1 on the

second page”?

A. | see figure 1.

Q And can you see that there is a device 3?
A. | see device 3, yes.

Q And in device 3, the cathode is alum num

It has an electron injection layer, Lithium Q@ and
then it has an electron transport |ayer of undoped
Bphen. Do you see that?

A. Yes, | see that.

Q So on that particular page, the right-hand
side colum, second colum, and so the tenth line in
t hat paragraph starting with, "Although.” "Although
we fabricated a blue OLED with Lithium Q used as the

El L and Bphen doped with Lithium Q used as the ETL,
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its operating voltage was nuch higher than that of

device 3."
Do you see that sentence?
A | see that sentence.
Q And does that indicate to you that the

aut hor of this paper also made anot her device where
i nstead of undoped Bphen it's Bphen doped with
Li t hi um @Q?

A. That sentence says that the authors made a
blue OLED with Ligs as EIL and Bphen doped with Liq
used as the ETL.

Q So the difference between that alternative
device and device 3 is that the ETL is replaced with
a Lithium Q doped Bphen | ayer, is that correct?

A. | actually don't know if that's the only
difference. Let me just read that sentence again.

It doesn't actually say that everything else is being

held constant. So | don't know that for certain.
(Exhi bit No. 2105 was identified for
the record.)

BY M5. ZHONG

Q Let's see what | have. Can you pull up
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Exhi bit 2105, which is the supplenental information
for the paper in Exhibit 2007.

A Yeah. Let me just refresh. GOkay. | have
it open.
Q And can you please first check to nmake

sure that this |looks |ike the suppl enental
i nformation for Exhibit 20077
A. Again, |I'massumng this is the
suppl enental information if that's what you're
telling me it is and that's where you' ve obtained it,

| don't have any ability to check if it's not.

Q Why don't you go to PDF page nunber 3.
A. Sur e.
Q And do you see there's device 3 and

there's device 5?
A. OCh, pardon nme. | was | ooking at docunment

page 3. So docunment page 2, |ooking at figure S1?

Q. Yes.
A. Yes.
Q And do you see that there's a device 3 and

device 5 and the only difference appears to be the

ETL | ayer or electron transport |ayer in device 3
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it's undoped?

A. Uh- huh.

Q And in device 5, it's one-to-one Bphen and
Li t hi um Q?

A | see that.

Q And let's go back to Exhibit 2007.

A. Actually, I'd like to nake a comment on

figure S1 while we're here.

Q Sur e.
A. Figure S1.Ais a really nice schematic of
the architecture of these two devices. And I'll just

note that Bphen plus Liq here is being used w thout a
bl ocki ng | ayer against the em ssive |ayer of the
device which is not generally how one woul d depl oy
conductivity doping in an OLED

Q That's also the structure in Ma, right?

There is not an explicit --

A. But |'ve already commented --
Q -- blocking --
A. But |'ve already comend on how Ma is

wor ki ng. This device has an explicit host and guest

em ssive |layer which likely would indicate to persons
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skilled in the art that the charge transport is nore
effectively optimzed than it would be just in Alq.

And so | suspect that if this device is
suffering problems with efficiency, it's probably
suffering because of the fact that there's quenching
between the emtter and the transport layer. And I
suspect that if a blocking |ayer was placed into this
device, the authors would have seen an inprovenent in
perfor mance.

Q But as manufactured or as fabricated,
according to the inventor, the authors of the paper,
t hey saw a reduced performance in the ternms of the
driving voltage, correct?

A. Did they say driving voltage or
efficiency?

Q | believe so. If you go back to Exhibit
2007, they nmention that the --

A. "1l just ook at figure S1 since you've
given ne that. The correct density voltage
characteristics and | um nescence vol tage
characteristics are there for both devices. 1|'d say

there's a margi nal change in driving voltage except
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| ooking at where the turn-on is actually occurring
for these devices.
And again, | would argue that, in ny
opi nion, device 5is not a well-crafted device in
terms of how one should use a doped transport |ayer.
And frankly, 1I"msurprised given how recent this
reference is that there isn't a blocking |ayer
bet ween the em ssive | ayer and the Bphen doped ETL.
So if I look at the | um nance, the turn-on
voltage for these two devices is very simlar,
3-point whatever, just over three volts and just
under three volts. So, yeah, |'m happy to go | ook at
t hat passage in the main text. Wat was the exhibit
nunmber again, 21 --
Q 2007, Exhibit 2007.
A. 2007, right. And did you want to go back
to that discussion of figure 2A B?
Q Yes. And Sasaki and the co-authors, their
view is that the one with Lithium Q doped Bphen
has -- operating voltage was nuch higher.
So in Exhibit 2007, according to Sasaki

and the co-authors, their viewis that the device
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with Lithium Q doped Bphen has a nuch hi gher
operating voltage than that with the undoped Bphen,
Is that correct?

A. So again, going back to the -- |'mjust
going to open up the SI in the other tab here. All
right. What was that exhibit? |'msorry, can you
tell me again what the exhibit nunber was for the SI?

Q I think it's 2105.

A. Okay. |I'mgoing to get them both open
now. And the other one was 2007.

Q 2007.

A. Geat. So if I -- again, | haven't read
this paper before or |ooked at this paper before, but
as an expert in OLEDs and soneone who's certainly
t hought about blue OLEDs, if | look at figure S-1 in
the SI and conpare these two architectures and it
does |l ook like they're identical with the exception
of Liqg doping and the electron transport |ayer. And
then | ook at the corresponding electrical behavior
in Band C, | think the turn-on voltage is very
simlar. The forward current is lower for the doped

device. But again, as |'ve already noted, that's
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because this is not an optim zed use of the doping.
This is not taking the teachings of the literature
i nto account when actually making a doped device.

So | think it's quite clear why Liqg m ght
not |l ead to an enhancenent in device 5 because the
bl ocki ng | ayer hasn't been properly applied here.

Q. This is a 2022 article, right?

A. If you say so. | can look at the -- it
| ooks like it was actually --

Q It's 2023 published, but | -- yeah.
Sorry. It has a copyright date of 2022, but | ooks
like it mght have been published on --

A. It was published on Decenber 4th, 2022,
according to the details of the article. It was

recei ved August 30t h, 2022.

Q. So it's a 2022 article?

A. | woul d agree, yes.

Q So it's 13, 14 years later than '425
pat ent ?

A. Uh- huh.

Q And presumably these are -- these are at
| east people with ordinary skill in the art.
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A. Is that a question you want ne to address
or --

Q Do you agree that they probably have --
t hey probably meet your definition of person of
ordinary skill in the art?

A. | assune that whoever the |ead
i nvestigator is, the PI who's the correspondi ng
aut hors here, would probably nmeet it. | don't know
enough about the others to know if they're a
first-year student or sone secondary contributor to
the work. But | would agree that someone on this
list is nmeeting my definition of a person skilled in
the art.

Q And device 5 is the device they fabricated
as a conparison device to device 3, right?

A. In figure S-1, they are conparing device 5
to device 3.

Q And if you go back to Exhibit 2007 and if

you | ook at the device nunber 2.

A. Okay. Device 2, I'mlooking at it.
Q Figure 1.
A. Yeah.
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Q For that one, it also doesn't have an
undoped bl ocking | ayer, correct?

A. It does not appear to have a | ayer between
the EM. and the ETL.

Q And you don't really know for the EM. and
t he Merck-specific HTL whether the light is generated
at the -- near the interface with the HTL such that
you effectively have an el ectron blocking |ayer, is
that right?

A. I don't know anythi ng about what a
Mer ck-specific HTL would offer. And again, as |
said, I'"ve only just been introduced to this paper
and these device architectures.

Q So at least in this device structure
bet ween device 3 and 5, the addition of the LithiumQ
to Bphen wi thout optim zation does not really lead to
i nproved performance.

A. So as I've said, and I'll say this clearly
again because | think this is actually, you know, an
I ssue with the device architecture. | think what
this data is actually showing is that these

fluorescent emtters can be quenched by an
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interaction with a doped |ayer, which is sonething
that | think earlier in the day seened to only be

di scussed in the context of phosphorescent emtters.
These are fluorescent emtters.

And ny expert opinion of what's happening
in this device is that you're generating singlet
excitons on a fluorescent guest and they're
interacting with the doped | ayer being quenched. And
so | think the reason why they don't see inproved
performance is |ikely because of the fact that they
don't have a bl ocking | ayer between the doped | ayer
and the em ssive | ayer.

Even if this was prior art, which it's
not, | don't think a person skilled in the art would
| ook at this and be dissuaded by the use -- by their
application of Lig. | think they would | ook at this
and say, well, if my goal is to ultimtely use Liqgq or
a dopant in general, which this group doesn't appear
to be doing in their other devices per se, |'m going
to include a blocking layer. And | think this
actually just further enphasizes that that quenching

I's sonmething that's inportant to consider in
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fluorescent and phosphorescent OLEDs when nmaki ng
desi gn deci si ons.

Q When you say "the quenching," are you
t al ki ng about the quenching induced by Lithium
di f fusi on?

A. Not necessarily. Because just the fact
that -- so in a doped |layer in general, there m ght
be quenching if it's adjacent to the em ssive |ayer.
It's so unusual to see a doped | ayer right next to
the em ssive layer. And so there can be quenching in
general with doped electron transport nol ecul es.

Q If there is no diffusion of the dopant,
why woul d there be quenching in the em ssive |ayer?

A. Because an exciton in the enm ssive |ayer
can interact with at least the first few nanoneters
of the transport |ayer via Forster transfer.

Q So how thick a blocking |ayer do you
usually need to have in order to prevent that
quenching effect?

MR. VEI DENFELLER: QObj ecti on.
THE WTNESS: | guess |I'Il go and consult

my own exhibits. But again, the blocking |ayer is
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not only serving that function because it could also
be hel ping to prevent issues with diffusion and so
it's not the only constraint. But typical Forster
radi us, again, mght be on the order of 3, 4
nanonmeters, sonmething like that. But again, it
depends on the materials invol ved.
So if you go back and | ook at He, Exhibit

1019, their blocking layer is 10 nanoneters of
undoped Bphen. That would certainly be sufficient to
prevent energy transfer that has a characteristic
| ength scale of 3, 4 nanoneters.

(Exhi bit No. 2103 was identified for

the record.)

BY MS. ZHONG:

Q And can you pull up Exhibit 21037
A. Sur e.
Q Exhi bit 2103 is an article published in

organi c el ectronics by Felipe A Angel.

A. Yes, | see the article.

Q And | think this is also a pretty recent
article although I can't figure out when it was

published. So it was received on April 13th, 2018,
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publ i shed and accepted -- available online on May 16,
2018, correct?

A | see that on the bottom of the first
page.

Q And the device structure in this paper is,
if you | ook at experinmental section in the sentence
bridging page 1 and 2 is a 20 angstrom | ayer of
nol ybdenum oxi de and then you have an NPB | ayer and
t hen you have an alum num Q3 |ayer and then a Bphen
| ayer and Liq as the electron injecting |ayer, right?

A. So again, | haven't seen this paper. |'m
going to read that whol e paragraph before | --

Q. Sure.

A. -- respond. Okay. |'ve read the

par agraph in question.

Q Actual ly, can you look at figure 2 on page
221.

A | see it.

Q And in the figure 2 structure, the

el ectron transport |ayer is Bphen doped with Lithium
Q wth varying concentrations, correct?

A Al right. So this is a different
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structure now?

Q Isn't that the sane structure?

A. Well, the one you had ne read earlier
wasn't doped Bphen with Liqg. Bphen was an optional
ETL and Lig was the electron injecting |ayer.

Q Okay. So for the figure 2 structure.

A. Okay. Then let -- I'mjust going to go
ahead and read the correspondi ng paragraph. OCkay. |
see the structures.

Q And in this structure, for the electron
transport |ayer, for the em ssion |layer and for the
hol e transport layer, the materials for those three

| ayers are the sane as in Ma, correct?

A. So for the -- repeat your question,
pl ease.
Q So if you look at the device structure

that's shown in figure 2.

A Uh- huh.

Q The hole transport |ayer, the em ssion
| ayer and the electron transport |ayer, those three
| ayers have the sanme materials as those used in M,

is that correct?

Page 157

Veritext Lega Solutions
Caendar-CA @veritext.com 866-299-5127

Pictiva EX2019
Samsung v Pictiva
IPR2024-01095




© 00 ~N o o b~ w N PP

N NN R R R R R R R R R R
N P O © 0O N o O A W N L O

A | guess | want to be careful here because
Ma really has a 40 nanoneter doped hole transport
| ayer followed by a 10 nanoneter NPB |layer. And Ma
refers to that doped MIDATA | ayer in the experi ment
section as a p-doping HTL. So | don't think | would
agree that the hole transport |ayers are the sane.
NPB is being used in both devices, varying different
t hi cknesses. Alq is being used in both devices,
varying different thicknesses. Bphen Liq is being
used in both devices with different thicknesses.

So | can agree those materials are in the
device, but | don't think I would agree that they're
using the sanme hole transport |ayer.

Q In Ma, what you have is Alg 3 as the
em ssive | ayer, correct?

A. In Ma, Alg is emtting |ight.

Q And adjacent to the em ssive layer Alg 3
on the cathode side is Bphen doped with Lithium Q
correct?

MR. WEI DENFELLER: Cbj ecti on.

THE WTNESS: On the other -- you're

sayi ng between Al g and the cat hode?
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BY MS. ZHONG

Q Yes.
A. Bphen is --
Q | medi ately adjacent to the Alg 3 | ayer on

t he cathode side, that's Bphen doped with Lithium Q

correct?
A. That's correct.
Q And in Ma, immedi ately adjacent to the Alq

3 em ssive |layer on the anode side is NPB, is that

correct?
A Yes. NPB is on the Anode side of the Alg.
Q And simlarly, in this Exhibit 2103, you

have Alq 3 as the em ssive |ayer?

A. Agai n, wi thout knowi ng nore about what
they're trying to acconplish, it's difficult to say.
But in nmy opinion, Alqg is likely serving as the
enmi ssion layer in this device, but | don't see any
em ssion spectra that would tell nme as such.

Q And adj acent to the Alg 3 on the cathode
side is Bphen doped with LithiumQin this Exhibit
2103, correct?

A Yes. A thinner |ayer of Bphen than in M,
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but it is Bphen doped with Lig. And then Liq is also
bei ng used as an EIL.

Q And on the anode side i medi ately adj acent
to Alq 3, you also have an NPB, the sticker, correct?
A. NPB is adjacent to Alg in this paper.

Q And if you look at the figure 2 of Exhibit
2103, is it correct that as the Lithium Q doping
concentration i ncreases, there seens to be an
increase in the driving voltage and a slight decrease

in the external quantum efficiency?

A. In figure -- which one, 2A?
Q Fi gure 2.
A Again, w thout know ng the details of what

is actually being presented and discussed in this
paper, all | can do is | ook at the points on the
graph. But | think to nmake a conclusion on what's
actual ly happening and how it m ght be different than
Ma, especially given that Ma has p-doping as well,
it's really not possible for nme to do that just
| ooki ng at these points.

Q What does it show on the -- so what does

it show in figure 2A?
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MR. VEI DENFELLER: QObj ecti on.

THE WTNESS: So again, | can read figure
2A in ternms of the | abels on the axes and the data
points in the plot. But | want to stress that what's
i nportant here is that | don't have the context of
what this author is actually trying to acconpli sh.
And even though in their device architecture they may
have the same materials in the structure, the
t hi ckness and the fact that the p-doping in Ma is
m ssing is inportant.

I think if what we're trying to assess is
clearly does Liq inprove performnce as the ETL,
that's clear in figure 3 of Ma conparing the undoped
device and the Lig-only doped devi ce.

BY MS. ZHONG.

Q Isn't it true that the nol ybdenum oxide is
acting as a hole injection |ayer?

A. Mol ybdenum oxi de can act as a hole
i njection layer, but |I have no way of knowing if it's
offering the sanme benefit as MIDATA F4-TCNQ at Ma's
concentration or not.

Q Do you know what Di ekmann is using for its

Page 161

Veritext Lega Solutions
Caendar-CA @veritext.com 866-299-5127

Pictiva EX2019
Samsung v Pictiva
IPR2024-01095




© o0 N o o b~ w N P

N NN R R R R R R R R R
N P O © 0O N O O A W N B O

hole injection |layer or hole transport |ayer?

A Sorry, I'mstill looking at the reference
you just put in front of me. What Diekmann is --

Di ekmann |ists several materials that are possible
candi dates for the electron transport and el ectron
i njection materi al s.

Q So for the one that you specifically rely
on, what is the hole transport |ayer?

A. I don't think I actually specifically cal
out a specific hole transport material in D ekmann,
but | can go back to that part of my disclosure.

Just let ne find that.

Yes. So what | do on page 69 of ny
decl arati on regardi ng dependent claim5, hole
transport |ayer that is p-doped, | include sone of
t he exanples from Di ekmann essentially as hol e
conducting layers. And so spTAD is a notabl e exanple
and | use that as part of the enbodi nent because
SpTAD is material that's been previously shown to be
p-doped in OLEDs as in He and Pfeiffer.

Q And that's not the same one as used in M,

correct?
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A. Ma uses MIDATA.

Q And it's different than the one you just
mentioned, right, spTAD?

A Yes. But both of those materials, based
on the prior art, have been p-doped prior to the '425

bei ng i ssued.

Q And do they have the same doping effect?
A. Both those materials can be effectively
doped with a dopant |ike F4-TCNQ | don't know

specifically if the concentration dependence is the
same for both of them

Q So, for exanple, we don't know, when you
use spTAD, you are going to have a simlar charge
bal ance systemas Ma was able to get with its MIDATA?

A. | actually think a person skilled in the
art would have a high expectation of success in that
regard just because of the fact that charge bal ance
device is based off doped, MIDATA and doped, spTAD
were already known at the tinme. And so | think
actually a person of skill in the art would have a
hi gh expectation of success potentially.

Q Are you aware of any OLED system where the
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el ectron transport layer is a |ithium Q doped
el ectron transport |ayer and the hole transport |ayer
is a p-doped spTAD?

A. I am not aware of a reference off the top
of nmy head that would have the structure you're
descri bi ng.

Q And is the doping performance dependent on
t he thickness of the |layers?

A. Can you clarify what you nean by doping
perf or mance?

Q Strike that. 1s the OLED performance in
terms of driving voltages, current and the power
efficiency dependent on the thickness of the doped
el ectron transport | ayer?

MR. VAEI DENFELLER:  Obj ecti on.
THE WTNESS: In general, the efficiency

and voltage of an OLED will depend on the thickness
of their constituent |layers. |In the case of an OLED
with doped transport |ayers, there will still be sone

dependence on thickness, but it m ght be reduced
because of the fact that the doping helps to reduce

the resistance in those |ayers.
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BY M5. ZHONG
Q And would it be -- would the performance
of the OLED in ternms of driving voltages, current and
t he power efficiency dependent on the concentration
gradient in the electron transport |ayer of the
dopant ?
MR. WEI DENFELLER: Cbj ecti on.
THE WTNESS: | don't think we've tal ked
about dopant being graded in an electron transport
| ayer.
BY M5. ZHONG
Q So we tal ked about this norning about
the -- you have a doped | ayer, then an undoped | ayer,

a bi-layer structure, correct?

A. Yes, what we call the bi-layer structure.
Ckay.

Q Okay.

A. Can you reask your question with that

cont ext, please?
Q So does the performance of the OLED, for
example, its driving voltage, its power efficiency,

its current efficiency, do those performance
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paraneters depend on the electron transport |ayers
structures, for exanple, whether it's a nonol ayer,
whether it's a bi-layer structure or whether there's
a concentration gradient of the dopants across the
el ectron transport | ayer?

MR. WEI DENFELLER: Cbj ecti on.

THE W TNESS: So the question you're
asking is very broad. It's effectively asking does
t he performance of an OLED depend on the precise
t hi ckness, |ayer structure and conposition of the
el ectron transport |ayer. And the answer is yes, an
OLED performance w ||l depend on how the el ectron
transport |ayer is configured.

BY MS. ZHONG.

Q And if you have a bi-layer structure --
and by bi-layer, what | nean is a doped el ectron
transport | ayer adjacent to an undoped el ectron
transport | ayer.

A So a bl ocking |l ayer and a doped transport
| ayer, yeah.

Q Okay. A doping -- strike that.

So let's say we have an OLED device with a
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doped el ectron transport |ayer and a bl ocking |ayer.

A | understand.

Q And assune that the dopant in that OLED is
Lit hium Q

A. Okay.

Q How nmuch of performance inprovenent there

woul d be conpared to an undoped el ectron transport
| ayer?

MR. WEI DENFELLER:  Obj ecti on.

THE WTNESS: So just so I'mclear, we're
tal ki ng about an arbitrary OLED where the only
difference is the electron transport |ayer consists
either of a fully undoped el ectron transport |ayer or
a | ayer that has undoped el ectron transport materi al
as a bl ocker followed by doped electron transport
material with Liqg?

BY MS. ZHONG.

Q Correct, with the layer thickness
optimzed in each case.

A. So that's a very hypot hetical question
obviously. | don't think | can say what the

i nprovenent in performance woul d be w t hout know ng
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nor e about the device, w thout know ng nore about is
it initially p-doped on the hole side, wthout
know ng nore about the em ssive | ayer.

| think the inportant point to make is
t hat when we're tal king about the context of Di eknann
and Suzuki, we're not starting with an undoped
transport layer. |It's already doped and so now it's
just a question of is there a reason to try using Liqg
in place of whatever the existing dopant is. And so
| think that's what | just want to stress in terns of
how a person of skill in the art would | ook at the
rel evant exhibits.

Q And in your opinion, the reason why a
person of ordinary skill in the art would have pl aced
t he nore common dopant, for exanple, Lithium or
cesiumis because Lithium Q has a high nol ecul ar
wei ght, so its diffusion rate is |ower?

MR. WVEI DENFELLER: Qbj ecti on.

THE WTNESS: So that -- certainly there
woul d be the fact that it's a nol ecul ar n-dopant that
woul d be attractive to a person skilled in the art.

And just as Lithiumwas eventually replaced to sone
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extent with cesium a person skilled in the art would
be looking to try and realize the benefits of
sonething that is bulkier and | ess able to diffuse

t hrough the transport material .

However, | think that the perfornmance
i nprovenents noted in Ma would al so nean that a
person skilled in the art could expect to see
potentially better performance on the N type doping
side as well. But that's sonething that one woul d
have to try in their own device to know how nuch
better the switch to Lig mght be froma voltage or
efficiency perspective.

BY MS. ZHONG
Q And was that sonething -- strike that.
Woul d that inprovenent necessarily happen?

MR. WEI DENFELLER: Cbj ecti on.

THE W TNESS: So you're asking ne to
speculate on if the addition of n-doping wll always
I nprove a device?

BY MS. ZHONG
Q No. |'m saying whether the n-doping with

Lithi um Q woul d necessarily inprove the device
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performance in structures that you have specified for
Suzuki and Di ekmann.

MR. WEI DENFELLER:  Cbj ecti on.

THE WTNESS: So | think |I actually just
spoke to that in the second reason a person skilled
in the art would have a notivation to use Lig. And
so, again, with D ekmann or Suzuki using sonething
that's obviously not Lig to start, the person of
ordinary skill in the art would have the reduced
di ffusi on nol ecul ar dopant notivation and expectation
for success in applying Liqg, but also would have the
stated benefits of Liq as a dopant in Ma that could
| ead to inproved performance froman efficiency or
vol t age perspective as well. But as | noted earlier,
how much and how bi g depends on the device and that's
sonet hing that a person skilled in the art would be
notivated to try.

BY MS. ZHONG
Q Woul d there necessarily be an i nprovenent?
MR. VEI DENFELLER: QObj ecti on.
THE W TNESS: That's not sonething that |

can answer with certainty a priori.
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BY M5. ZHONG

Q And i s your opinion that the diffusion
rate decreases with nol ecul ar wei ght?

A. So can you just confirm what you nmean by
diffusion rate and what the diffusing species is and
what it's diffusing in?

Q Well, you tell ne. Wen you have a
Li t hi um Q doped Bphen or Lithium Q doped el ectron
transport | ayer, which species is diffusing?

MR. WEI DENFELLER:  Obj ecti on.

THE WTNESS: Okay. So in ny declaration,
the species it's diffusing is the dopant and that's
consistent with how Di ekmann is noting this problem
as well. And when one is thinking about diffusion in
a solid, one nechanismfor diffusion is through enpty
space. In a crystalline materials, these would be
strictly defined as interstitial sites, open sites
between the atons of the lattice. In sonething
that's nore anorphous, it mght just be porosity.

And the general thinking that a person
skilled in the art wuld have is that the | arger and

bul ki er the dopant becones, the fewer open spaces
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it's going to be able to fit through. And so if you
have a dopant that is larger -- and nol ecul ar wei ght
could certainly tie to size -- if you have a dopant

that is larger, it's just not going to be able to

t ake advantage of as nmany sizes of pores to diffuse

t hrough your electron transport nmaterial.

And so your question about am | tying
diffusivity to nolecular weight, | think I'mnore
confortable tying it to size, but size and nol ecul ar
wei ght can sonetines go in the sane direction.

BY M5. ZHONG

Q And is it also a function of the
concentration of the dopants?

A. Generally, when one defines a diffusion
coefficient or a diffusivity, the diffusivity is a
property of the material and of the material it's
di ffusing through. And so usually the diffusivity is
not going to be concentration-dependent, though in a
hi ghly noni deal solution, that m ght be the case as
well. Usually the flux will be concentration
dependent. And so normally a diffusive flux can be

witten as the product of a diffusion coefficient at
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a concentration gradient in whatever the diffusing
speci es is.

Q And when you're tal king about diffusion
rate, you are referring to the flux, right?

A No, | think I -- I don't think |I said
diffusion rate. | tal ked about diffusion coefficient
and then the flux is the product of the diffusion
coefficient and the concentration gradient driving
diffusion. Strictly diffusion will usually only
occur in the presence of a concentration gradient.
Coul d be over short length scales, but usually over a
concentration gradient.

Q So in the case of Ma, at 33 wei ght
percent, you are al nost talking about one-to-one
nol ecul ar ratio, right, of the Bphen versus Lithium
Qv

A Yes.

Q So it's really different than a nor nal
dopi ng situation where you think about the dopant is
really a very m nor conponent of the entire m xture,
ri ght?

MR. VAEI DENFELLER:  Obj ecti on.
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THE WTNESS: | guess |I'm not sure what a
normal doping | evel would necessarily be.
BY MS. ZHONG
Q For exanple, for the P dopant side, you're
tal ki ng about 0.3 wei ght percent, 2 weight percent,
ri ght?
A. Yes, | acknow edge it's different for the
p- dopi ng and the n-doping side of the device.
Q And what's the normal doping anount when
you dope with al kaline netal ?
MR. WEI DENFELLER:  Obj ecti on.
THE W TNESS: Again, | don't know what a
normal doping ambunt is. W can certainly go to one
of several references. And maybe I'll do that now.

BY MS. ZHONG:

Q. Sure.

A. Yeah. So -- and this is why | wanted to
check. In He, for exanple, no specific --

Q Can you refer to --

A ' m sorry.

Q Exhi bit 10197

A Exhi bit 1019, yes. In He 1019, no
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specific doping concentration for cesiumis given
because the authors note that it's challenging to
actually calculate and so they base their
optim zation of the cesium dopi ng on subsequent
measurenents of conductivity.
(Exhi bit No. 1016 was identified for
the record.)
THE W TNESS: In Pfeiffer, which is
Exhi bit 1016, | think it's the sane. They also don't
list a specific concentration for the n-dopant, |
think for the same reason. And then in the second He
reference, | also include -- I'Il find it and let you
know t he exhi bit.
(Exhi bit No. 1030 was identified for
the record.)
BY MS. ZHONG.
Q s it 10307
A. It probably is. Yes, it's 1030. Yes,
same problem So |I'mnot sure what a normal doping
woul d be, especially at the tine because it was
chal l engi ng to neasure deposition rates, at |east

according to these authors, of cesiumusing
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conventional quartz -- crystal nonitors.
Q And you have used Lithium doped Bphen in

your experinments, correct?

A. | have not used Lithium doped Bphen
mysel f, but I amon -- | ama contributing author on
a publication that | believe uses Lithium doped
Bphen.

Q And do you know what's the doping

per cent age?

A. I don't have that paper in front of nme, so
| don't know off the top of ny head.

Q So let's say we have two OLEDs.
Everything is the sane except that in the electron
transport | ayer, one has a 17 wei ght percent Lithium
Q doped in Bphen and the other one has 33 wei ght
percent Lithium Q doped in Bphen.

Do you have that in m nd?

A. Yeah, | have that in mnd except Ma, Ma
basically | ooks at simlar structures. So, yes, |
have that in m nd.

Q And for those two structures, what's the

relative amount of Lithium Q diffusion in the two
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systens?

MR. WVEI DENFELLER:  Obj ecti on.

THE WTNESS: So | actually -- | don't
know t hat quantitatively because, again, |'mrelying
in these proceedings on Ma and Ma doesn't cover LiqQ
di ffusion explicitly, so | don't think I can really
of fer any additional answer on that question.

BY MS. ZHONG

Q Wul d there be nore diffusion or at |east
flux of diffusion in the 33 wei ght percent one since
the concentration gradient is higher?

A. So | want to nake sure I'mclear. Were
is the concentration gradient higher?

Q So on one side you have 33 wei ght percent

lithium Q and on other side is zero, right?

A. Which interface are you referring to?
Q. It's interfacing with the alum nium Q
A. Ckay. So the em ssive |ayer, yeah.
Q The diffusion in relative anount is

diffusion into the em ssive | ayer.
A. Yes, | understand. Again, it's actually

hard to say. So if | was tal king about the diffusion
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of like carbon and iron, a very well behaved system
then the flux would scale nicely with the diffusion
coefficient tinmes the concentration gradient. |
don't have enough information about the nechani sns
for diffusion in Ligto really be able to answer that
question with certainty in terns of whether there'd
be a difference or not.
Q And do you know whether there is

necessarily a lower diffusion taking into
consi deration of the fact that sonme Lithium my be
generated and the Lithium Q concentration is pretty
high in the electron transport |ayer versus a system
that's doped with nore traditional cesiumor Lithium
el ectron transport | ayer?

MR. WVEI DENFELLER: Obj ecti on.

THE WTNESS: So if | remenber the first
part of that question --

BY MS. ZHONG:

Q Ckay. Let ne just --

A. Yeah, maybe ask it again. That would be
hel pful .

Q Okay. So let's take two OLEDs and
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everything being the sane except that the el ectron
transport |ayer for any one systemis a LithiumQ
doped Bphen, okay?

A Yes, | wunderstand.

Q And based on Ma, appears that the effect

of doping needs to be 17 wei ght percent or 33 wei ght

percent. Those are pretty high concentrations,
ri ght?
A. Again, |'ve already comented. |'m not

sure what "pretty high" nmeans. So | don't think |I'm
going to offer any further opinion on what pretty
hi gh m ght nmean, but they are higher in the ETL than
the HTL in M.

Q And you have anot her device. Everything
el se being the sane except that the el ectron
transport |ayer is doped with cesiumor Lithium
okay? And let's assune that the doping level is 5
wei ght percent. So in those two systens, which one
has a hi gher dopant -- which one has a total --
hi gher total diffusion of the dopants or the
generated in Lithiuminpurities?

MR. VAEI DENFELLER:  Obj ecti on.
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THE WTNESS: So | don't think I have
enough information to say one way or the other. \What
| would -- the general comment that | think I've
al ready made, but 1'll apply here as well is |
understand trying to link it to a concentration
gradient and that's because that's, you know, one of
t he ways that we think about diffusion. But if the
diffusivity of the diffusing species is |ow, then the
concentration gradient is |less relevant because a
very small nunber of tinmes any concentration gradient
will still be a very small nunber.

And so a person skilled in the art would
| ook at Liq and | ook at the fact that it's a bul kier
nol ecul e than el enental Lithium or cesium and
recogni ze that that has the ability to have a
| arger -- or a lower diffusion coefficient for
diffusion in the electron transport |ayer and that
woul d be the notivation to conbi ne as an n-dopant in
Di ekmann or Suzuki

Q And do you know what is the concentration
of the generated Lithiumin the Lithium Q doped ETL

| ayer ?
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MR. VEI DENFELLER: QObj ecti on.

THE WTNESS: As | said this norning, |
don't have certainty as to what the |evel of Lithium
generation is even if there is any. All | can speak
tois that in Liu, Liu comments that there is Lithium
generati on when depositing netal on top of a |ayer of
Lig. But |I don't have any quantitative details on
what that concentration would be if it's present.

BY MS. ZHONG

Q And do you know what is the concentration
of the free Lithiumatom or cation that can diffuse
through the -- an alkaline netal doped el ectron
transport |ayer?

MR. VI DENFELLER: Obj ecti on.

THE W TNESS: That's sort of -- those sort
of details were not sonmething that inpacted ny
opinion and | didn't look into them So, no, | don't
have any information to offer on that.

BY MS. ZHONG
Q So, for exanple, if the atomor the
cation, the free cation are bound up by the el ectron

transport |ayer to form sone kind of coordination
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conpounds or sone kind of conpl exation, then the
Li t hi um woul d becone | ess nobile in those situations,
right?

MR. VAEI DENFELLER:  Obj ecti on.

THE WTNESS: | didn't consider that |ine
of reasoning for my argunents or ny opinion. M
opi nion was based strictly on the fact that Di eknmann
Is pointing to the diffusion issue of the dopant as
being a problem Liqg being a |arger, and dopant, as
taught by Ma, would allow a person skilled in the art
to address that problem | didn't go into thinking
about what the specific interactions mght be between
dopants and ot her nol ecul es.
BY MS. ZHONG.

Q What about Lithiumfluoride. Wat is its

di ffusion coefficient conpared to Lithium Q?

MR. WEI DENFELLER: Cbj ecti on.

THE W TNESS: Again, | haven't | ooked at
that and so | don't know.

BY MS. ZHONG

Q Do you know whether it's higher or |ower?
A. No, | don't. As |I've already said, |
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don't know what the diffusion coefficient is for Lig
and | separately don't know what the diffusion
coefficient is for Lithiumfluoride, so |I'mnot able
to answer that question.

Q And Lithiumfluoride is one of the nanmed

preferred dopant in Di ekmann, correct?

A. Lithiumfluoride is a |isted dopant in
Di ekmann.
Q And you have no opinion whether Lithium

fluoride is a nolecular dopant or it's considered to
be a salt with free cations and anions --

MR. WVEI DENFELLER:  Cbj ecti on.
BY M5, ZHONG

Q -- or what the formof Lithiumfluoride
exi sts as a dopant. You don't have any of those
opi nions, right?

A. | didn't need to take an opinion on what
Lithium fluoride's function would be in D ekmann's
device. M enphasis was sinply on | ooking at whet her
or not Ma and Di ekmann woul d teach to the clains.

Q But your person of ordinary skill in the

art, wouldn't they ask what is a notivation to
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replace Lithiumfluoride with Lithium Q?

MR. WVEI DENFELLER:  Obj ecti on.

THE W TNESS: Again, | think a person of
ordinary skill in the art would see D ekmann and
realize that there's a benefit to utilizing a
nol ecul ar n-dopant. And |'m not taking a position on
what Lithium fluoride should be classified as, but
Liq certainly can be classified as a nol ecul ar
n-dopant and so that would be the notivation to
conbi ne.

BY MS. ZHONG.
Q So what woul d be the advantage of using

Li t hium Q over using Lithiumfluoride?

A. So again, |I'mnot qualifying what Lithium
fluoride is as a nolecular -- whether it's a
nol ecul ar n-dopant or not. | think the advantage a

person skilled in the art would see is that Liqg is a
nol ecul ar dopant and so that would be the potenti al
advantage they would see in trying to apply it. How
it relates to Lithiumfluoride is not sonething |I had
to think about to conme to ny opinion.

M5. ZHONG. Why don't we take a
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five-m nute break
THE W TNESS: Sure. That sounds good.
(Recess.)
BY M5. ZHONG
Q Can we take a look at the figure 2A of
Di ekmann that you rely on?
A. Sure. Let me go find it.
Q. So the first appearance of that figure is
on page 46 of your report.

A Yep. |I'mjust pulling it up. Yes, | see

Q And so in figure 2A of Di ekmann, there is

a | ayer 402 that's doped. That's to cathode 3,

correct?
A. Yes, that's correct.
Q And then there is an unl abel ed | ayer

bet ween | ayer 401 and 402, correct?

A. " msorry, can you repeat that question
agai n?
Q So in figure 2A of Di ekmann, do you see

t hat between | ayer 402 and | ayer 401, there is

anot her |ayer, but it's not |abeled with anything?
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A. That's true. | agree.

Q Do you know what that |ayer is?

A | think a person of skill in the art would
recogni ze that as a bl ocking | ayer or an undoped

el ectron transport |ayer in the device.

Q And what about the | ayer between 401 and
anode 2.

A. So the | ayer between 401 and anode 2 coul d
be a hole transport layer. It could be a series of

hol e transport layers. Could be p-doped.

Q So in figure 2A, 402 is shown as a doped
| ayer with those little circles corresponding to
dopants, correct?

A. Yes.

Q And the other layers, no dopants are
shown, correct?

A. In the other layers, no dopants are shown,
including in the em ssive |layer, which D ekmann
teaches is also doped with an emtter.

Q And for the em ssive |layer, so for --
let's | ook at paragraph 104 of your decl aration.

A Okay.
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Q And it's on page 63 of your report.

A. Yes, | see it.

Q And for that one, we discussed this
nmorni ng that you basically relied on three |ayers,
correct?

A. Yes, as we discussed this norning, three
different |layers, each in a different col or.

Q. And do you think that this limtation is
nmet if we rely only on one of the three |ayers?

A. Can you rephrase your question? The
limtation claim1lF or --

Q Limtation 1F.

A. Oh, okay. So we're tal king about 1F. If
we rely on just one of the three layers. So |
considered all three |ayers and | considered all
three | ayers because of the way the claimlimtation
is actually witten.

And so el enent 1F notes that wherein the
| ayer sequence conprised at | east one
radi ati on-em tting region configured to generate
el ectromagnetic radiation in a spectral range from

infrared to UV during operation. And so using
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Di ekmann's three | ayers, you're getting that full
range of em ssion, blue, green and red, to neet the
requi renment of this elenment of claiml.

Q Okay. So ny question to you is that if
the -- you interpreted this claimas covering the --
every single wavel ength between the infrared to UV.

A. Yes, |I'minterpreting this elenment of the
claimto cover effectively the visible. So fromthe
UV to the infrared.

Q But the three |ayers are generating red,
green and blue lights, right?

A. Yes. Based on the reference | cite on the
follow ng page to Klein, they're generating red,
green and blue |ight.

Q And other than iridium (ppy)3, you don't
know what the emtter materials are for the red and
the green, right?

MR. WVEI DENFELLER: Qbj ecti on.

THE W TNESS: No. As we've already tal ked
about, the materials listed other than Ir (ppy)3 are
presumably proprietary materials whose structure is

probably not public.
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BY MS. ZHONG

Q And so you don't know what the em ssion
spectruns are, correct?

A. | don't know what their specific em ssion
spectra are. But as | note in paragraph 103, |I'm
al so relying on Di ekmann teaching that the
el ectromagneti c radi ati on generated by the radiation
emtting conponent may in particular have a spectrum
with wavel engths in an ultraviolet to infrared
spectral range.

And so |'m taking knowl edge of those three
emtters being blue, green and red with the fact that
Di ekmann is teaching that you need to cover the ful
range of the visible. That's at the bottomof 62 in
my decl arati on.

BY MS. ZHONG:

Q. | understand.

A. Ckay. Yeah.

Q But right after the sentence that you
quoted in paragraph 103, it says, "In particular, it

may be advantageous if the spectral conprises at

| east one wavel ength visible to an observer,"
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correct?

A. Is this in D ekmann now you're quoting to?
Q Yes.
A. Sure. Let nme just go to that so | can

make sure |I'mon the sane page as you. This is still
around Di ekmann 767

Q Yes, page 676.

A. Al right. Hold on. I'mnot sure I'min

the right place. So 76 of D eknmann?

Q Yes.
Oh, page -- I'msorry.
Q Page 76.
A Yep, yep. Okay.
Q And the | ast paragraph.

A. Yep. Hold on. So this is this paragraph
starting the el ectromagnetic radi ation, correct?

Q. Yes, starting with the --

A. Yep, yep, yep. So in particular, it my
be advantageous, that's the sentence you're pointing
to, correct?

Q Correct.

A Okay. Yep. Al right.
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Q So it seens -- go ahead.

A No. | was going to say, rem nd ne what
your question was.

Q Okay. So reading the sentence i medi ately
after the one you quote, it seens to be saying that
have a spectrumwi th wavelength in an ultraviolet to
infrared spectral range, that can be satisfied by a
spectrum that conprised just one wavel ength visible
to an observer, correct?

MR. VEI DENFELLER: QObj ecti on.
THE WTNESS: That's not how | interpreted
the claimor it's not how I --

BY MS. ZHONG:

Q |'"mjust saying like -- sorry.

A. No, | said that's not how | interpreted
t hat passage in Diekmann, but 1'Il reread it right
now agai n.

Q Ckay.

A Yes. So | guess | -- Diekmann -- so |

guess | don't see necessarily the conflict here. So
my interpretation of the claimelenent, which

obvi ously belongs to the '425 and not Di ekmann, is
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that the claimis intending for em ssion fromthe
ultraviolet to the infrared. And D ekmann certainly
is arguing that and al so has a red/green/blue triple
enm ssive | ayer enbodi nent that would further support
this broad emn ssion.

And further | think supporting the read

that |'moffering of Diekmann is the fact that part
of the focus of Diekmann -- and there's obviously
many t hi ngs D ekmann is doing -- but part of the

focus in Diekmann is for solid state lighting, is a
white |lighting device and a white |ighting device
woul d ideally have spectral conponents throughout the
visible. Oherwise it would have a | ow col or
rendering i ndex and woul dn't be able to reproduce all
of the colors that are needed to illum nate an

i nternal space.

Q. So if the red, green and bl ue em ssion
spectrum they don't exactly overlap which nakes the
green em ssion spectrum-- is very narrow and it ends
before the green em ssion spectrumstarts to -- the
green emtter starts to emt and the green emtter

and em ssion is at a point before the red emtter
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starts to emt. So basically there are gaps between
the m ssion spectrumfor the red, green and blue. Do
you still consider that configuration to satisfy

el ement 1F of the '425?

MR. VI DENFELLER: Obj ecti on.

THE WTNESS: So | didn't consider
alternate, | guess, emtter configurations that could
satisfy or not satisfy the claimlanguage. Wat |
did was read D ekmann as a person skilled in the art.
Understand that ny reading of the sentence in
question is when one has a spectrumfromthe
ultraviolet infrared range consistent with Di ekmann's
interest at |east in sone enbodi nents in nmaking a
white lighting elenent, and al so consistent with
Di ekmann's use of red, green and blue emtters.

The type of device you're describing would
not be a well suited white light-emtting device and
so to nme it would be one that would be, you know,
|l ess within the sane scope of what D ekmann is
teaching. Because a device that basically has -- you
know, if you want to take an extrene -- a delta

function em ssion spectrumin the blue, green and
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red, you'll have an extrenely |ow color rendering

i ndex and would be a very poor illumnate. And so |

think readi ng Diekmann in the context that D ekmann's
witten, | don't think that would be consistent with
what they're trying to invent.

BY MS. ZHONG.

Q What do you nmean by a white |ight em ssion
device? So if you have a display that can render
color, like a white color, do you consider that to be
a white light-emtting device?

A. So, no. Wat I'mreferring to in this
case is an OLED that, when energized, emts white
light. So a single device that when energi zed emts
white light. And certainly when OLEDs grew in
efficiency and performance, there was additional
interest in groveling their application and solid
state lighting for illum nation, general |ighting was
a significant potential next application for OLEDs.

And so |I"'mactually referring to a device
where, based on D ekmann and based on the claim
| anguage, the device itself is emtting -- or sorry,

the OLED itself, pardon ne, not the device -- the
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OLED itself is emtting white |ight.
So, for exanple, a three em ssive |ayer

that are stacked in a single device.

Q But each of the layers only is emtting
one of the -- a part of the spectrum right?
A. It's actually possible to -- yeah, so in

Di ekmann' s enbodi nent, each of the layers is
responsible for emtting a different part of the
spectrum But as we've discussed, all three of those
| ayers are within the single OLED and so that OLED,
when energized, will emt white |ight.

Q VWhen you say within a single OLED, what do
you nmean by that?

A. So elenment 1F is saying wherein the
organi c | ayer sequence, and so when | say a single
OLED, | nean within, you know, Diekmann's enbodi ment
in figure 2A, within three layers, red, green, blue,
replacing 401, right? So if you | ook at figure 2A,
the em ssive |layer 401 would now be Di ekmann's
em ssive | ayer of SEB-10, SEB-20, TMV4:1r(ppy) and
TMM 4: TER12, right? So, | nmean, a single OLED device

as shown in D ekmann figure 2A
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Q So instead of the three em ssive | ayers
being vertically stacked, what if they are
hori zontally placed. Do you still consider themto
be within a single OLED device?

MR. VI DENFELLER: Obj ecti on.

BY MS. ZHONG.
Q Because they share the sanme el ectron
transport |ayer and the hole transport |ayer.

MR. WEI DENFELLER:  Obj ecti on.

THE WTNESS: So | didn't consider
alternate enbodi nents of -- again, of what else would
meet 1F mainly just because I -- in ny opinion,

Di ekmann's three em ssive layers replacing 401 in
figure 2A woul d neet the specification of the claim
So | don't have an opinion to offer on the other
enbodi ments that m ght neet or not neet the claim
| anguage.
BY MS. ZHONG:

Q Do you have an opinion as to whether the
al um num B em ssive | ayer alone would neet the claim
| anguage?

A. AL -- sorry, can you rephrase your
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question?

Q So instead of the RGB nultiple em ssive
| ayer structure as in Diekmann, if you just have the
al um num Q3 | ayer as your em ssion |ayer as in Ma, do
you consider that to neet the limtation recited in
el ement 1F?

MR. WEI DENFELLER: Cbj ecti on.

THE W TNESS: Well, elenment 1F requires
generation of electromagnetic radiation fromthe UV
to the infrared. |'mnot aware that Al g generates
em ssion fromthe UV to the infrared.

BY MS. ZHONG.
Q So in your opinion, you don't believe that
Alg 3 layer alone neets el enent 1F?

MR. WVEI DENFELLER: Obj ecti on.

THE W TNESS: Again, | don't have the data
in front of me to be able to conment on whether or
not Alq would neet 1F. The way | have applied -- or
the way | have interpreted 1F and the way | have
applied D ekmann towards 1F is that whatever the
enbodi ment is that's being used to satisfy this claim

has to be one radiation emtting region configured to
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generate radiation from UV to infrared.

And so the opinion I'mtaking is that
Di ekmann satisfies that by virtue of the comment that
they're trying to realize a spectrumfromthe
ultraviolet to the infrared and that they have an
enbodi rent that allows em ssion in the red/ green/blue
simul taneously with three em ssive | ayers.

BY MS. ZHONG:

Q Do any of your references show how an
n-doped el ectron transport |layer would -- strike
t hat .
Do any of your references discuss how the
devi ce woul d perform where the OLED | ayer -- let ne

wi t hdraw and reask that question.

Whi ch of your references discuss a device
with nultiple em ssive layers in a single OLED
devi ce?

MR. WVEI DENFELLER: Qbj ecti on.

THE W TNESS: Just give nme a nonent to
doubl e-check ny references. Let ne do one nore
check. Okay. There's several references beyond

Di ekmann that have either nmultiple em ssive |ayers or
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a conbi nati on of em ssive |ayers.
(Exhi bit No. 1013 was identified for
the record.)
BY MS. ZHONG.
Q And whi ch have those?
A. Sure. Let me go through them one by one.
The first is in Exhibit 1013, Bal do, et al.
Q Does this one have a doped el ectron
transport | ayer?
A. No, it does not use a doped el ectron
transport | ayer.
(Exhi bit No. 1029 was identified for
the record.)
BY MS. ZHONG.
Q And what's the next one?
A. The next one where | speculate that it's a
-- it has multiple emtter layers would be in Exhibit

1029, page 21.

Q Page 217
A. Uh- huh.
Q If it says it has a wide PIN structure,

t hat nmeans they have nultiple em ssive | ayers?
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A. No, the PIN aspect only refers to the
doping. That's why | said | speculate this one has
mul tiple em ssive | ayers because to cover the white,
it's likely using nultiple em ssive layers and it's
clearly noted as a white device, but | --

Q Yeah, that's what | neant. You are
inferring that there are nmultiple em ssive |ayers

because it is white light-emtting, is that correct?

A That's correct.

Q What's the next one?

A. Exhi bit 1030.

Q Okay. And before we go to Exhibit 1030,

for Exhibit 29, do you know what the dopant is?

A. This is the Noval ed reference agai n?
Q. Yes.
A. No, | don't think there's any information

beyond what's shown in the slide, so | don't know the
speci fic dopant.

Q And you don't know whether it's a
nol ecul ar dopant or whether it's a netal dopant,
correct?

A. Pardon nme. | thought you were referring
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to the emtter dopant. You're tal king about
conductivity dopants?

Q Correct, the electron transport dopant.

A I would infer based on the data shown on
page 7 of the same slide deck from Novaled that it's
nost |ikely a nmolecular n-dopant, but | don't know
that for a fact. But they're advertising that on

slide 7 as part of this slide deck.

Q And you don't know whet her that nolecul ar
dopant is a Lithiumsalt or whether they're -- back
then it was popular for people to | ook at the -- what

they call the high-1ying HOVMO nol ecul ar dopant, for
exanmpl e, such as tungsten hpp4, cobalt and chrom um
type of nol ecul ar dopants, correct?
MR. VAEI DENFELLER:  Obj ecti on.
THE WTNESS: | don't know what the
nol ecul ar dopant is that they're referring to.
BY MS. ZHONG
Q And you said the next one is Exhibit 10307?
A. Yes, 1030. If you look at figure 1 of
1030, this is a double em ssive | ayer OLED where both

em ssive layers are configured to emt light from
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It (ppy) 3.
Q And do you know what is the dopant used

here?
MR. VAEI DENFELLER:  Obj ecti on.

BY MS. ZHONG.

Q What is the n-dopant used in figure 1?

A. At the bottom of page 1, right colum, the
n-dopant used in figure 1 is cesium

Q But in this em ssive layer, there is only
iridium(ppy)3. It doesn't have nmultiple em ssive
| ayers, right?

MR. WVEI DENFELLER:  Cbj ecti on.

THE W TNESS: So again, if you | ook
closely at the exhibit, this is specifically called
out as a double em ssive |layer OLED. So there are
two em ssive |layers, but they are both emtting from
It (ppy) 3.

BY MS. ZHONG:

Q So the double em ssive layer is with
different host materials. One is with TCTA. The
other one is with TAZE and both are doped with the

sanme iridium (ppy)3?
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MR. VEI DENFELLER: QObj ecti on.
THE WTNESS: That's correct. That's
what's shown in figure 1.
BY MS. ZHONG
Q So in both layers, it's green |light --
strike that.
For both of the em ssive layers, it's
green |ight, correct?
MR. WEI DENFELLER:  Obj ecti on.
THE WTNESS: |In this paper, both em ssive
| ayers emit green |ight.
BY MS. ZHONG.
Q So in this paper, it doesn't have a red
em ssion |ayer and a blue em ssion |ayer, then a
green en ssion |layer as in Di ekmann.
A. No. Figure 1 only has the two em ssive
| ayers and each enissive layer is doped with Ir
(ppy)3. So the emssion will ook |ike em ssion from

lr (ppy)3 fromboth | ayers.

Q What's the next one?
A. | believe that's all of them
Q And you did not cone across with any
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references where Lithium Qis used and nultiple
em ssion |ayers are used, correct?

MR. WEI DENFELLER:  Cbj ecti on.

THE W TNESS: As we discussed earlier, no,
| haven't conme across any references where Liq is
used with nmultiple em ssion |ayers.

BY MS. ZHONG.

Q l'"mnot restricting using LithiumQin the
el ectron transport later. It can also be in the
el ectron injection | ayer.

A Oh, pardon ne. So your question is aml
aware of any papers where Lig is used as the electron
i njection layer and that device also contains several
en ssion | ayers?

Q So ny question is are you aware of any
OLED devi ces where Lithium Q is used as either
el ectron injection |ayer or electron transport | ayer
and al so contains nultiple em ssion |ayers?

A. That is not sonething that | | ooked for in
my preparation of ny declaration. There are
certainly many papers in which red, green and bl ue

| ayers are stacked in an OLED to nake a white OLED.

Page 204

Veritext Lega Solutions
Caendar-CA @veritext.com 866-299-5127

Pictiva EX2019
Samsung v Pictiva
IPR2024-01095




© o0 N o o b~ w N P

N NN R R R R R R R R R
N P O © 0O N O O A W N B O

" mnot aware of one that fits the constraints you're
describing off the top of ny head, but it's not
sonething | | ooked for.

Q And besi des Di ekmann, of the references we
just discussed, which one has a white em ssion | ayer
and an n-doped el ectron transport |ayer besides
Di ekmann?

MR. WEI DENFELLER: QObj ecti on.

THE W TNESS: Are you specifically asking
about the exhibits we just discussed?
BY M5. ZHONG

Q The exhibits that you have submtted or
any ot her paper that you are aware of.

A. So of the exhibits that we just went
t hrough, the Noval ed slide deck is likely the one
t hat woul d show what you're describing. The other
exhibits | called out weren't designed to generate
white |ight.

Q But for the Noval ed one, you're not sure
whet her the dopant is Lithiumsalt or not, correct?

A. I don't have know edge of Noval ed's

dopant .
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Q So based on your expert know edge and
experience, do you know what kind of nol ecul ar dopant
was Noval ed devel opi ng back then?

MR. VAEI DENFELLER:  Obj ecti on.

THE WTNESS: | don't have know edge of
what kind of dopant Noval ed was devel opi ng back then.
BY MS. ZHONG

Q And do you know whet her Noval ed was usi ng
Lithium Q or exploring LithiumQin their products
back then?

MR. WEI DENFELLER:  Obj ecti on.

THE WTNESS: | don't know if Noval ed was
| ooking at Liqg in their products.

BY MS. ZHONG

Q Do you know whet her Noval ed was | ooki ng at
any Lithiumsalt in their PIN structures back then?

MR. WEI DENFELLER: Cbj ecti on.

THE WTNESS: | don't have any know edge
of what Noval ed was | ooking at, whether it's Lithium
salt or otherwise, in their PIN structures.

BY M5. ZHONG

Q By the way, what is your hourly rate?
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What is ny what?
VWhat is your hourly rate.
OCh, I'"msorry.

What is your hourly consulting rate?

> O > O >

My hourly consulting rate is $600 per
hour. And then | have a higher rate for deposition

and courtroomtestinony that | think was set at $150

per hour.

Q How many tinmes have you worked for Sanmsung
bef ore?

A Wth the exception of the '164, | haven't

wor ked for Samsung before.

Q How many tines have you worked with
Covi ngt on before?

A This is the first time |I've worked with

Covi ngton, the '164 and the '425.

Q You have your own research group, correct?
A. | do.
Q And what are the educational background of

the researchers in your research group?
A. You' re asking what are the educati onal

backgrounds effectively of nmy graduate student
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researchers?
Q And post-docs.
A. So | work in a departnent of chem ca
engi neering and material science. As such, the
maj ority of students that | recruit into ny research
group are pursuing either a Ph.D. in chem ca
engi neering and material science. The undergraduate
training of those students is generally either
chem cal engineering, material science or physics
nost frequently would be the three that are nost
comonly in nmy group.
Q How | ong does it usually take them --
strike that.
How | ong does it usually take before they
becone an i ndependent researcher?
MR. WEI DENFELLER: Cbj ecti on.
THE WTNESS: |'mnot sure how to define
i ndependent researcher in this context. Can you be
nore specific as to the traits that you would be
ascribing to that noniker?
BY MS. ZHONG

Q. So what is the goal of a Ph.D. trainee?
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A. That's a good question. In ny opinion,
the goal of a Ph.D. is to take a student from a
position where they have a | ot of energy, but perhaps
don't necessarily have the ability to efficiently
direct it in ternms of being critical of their
experiments, being critical of their data, howto
desi gn experinents. And then after their Ph.D., have
them energe ready to take on chall enges that m ght
come with their future career, whether in academ a or
i ndustry. And --

Q And -- go ahead.

A. No. | was just going to say, and in that
process, they are beconm ng an i ndependent researcher.
Q And where in that process is the skil

| evel of a POSITA for?

A. So in defining a person skilled in the art
for this particular proceedi ng, ny thinking was
specifically about an experienced -- either an
experienced third-year graduate student, j ust
finished their third year, and i s now conpetent and
able to look at the literature, able to critically

| ook at their data, able to decide next steps or
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soneone who has gone through a simlar |evel of
maturation, training and growth in an industri al
setting related to work in organic electronics. And
that's very nmuch consistent with how | prescribe the
devel opnent of graduate students in nmy group.

What | tend to say to themis obviously at
t he begi nning of their career, you know, they will be
doi ng experinments that while they're consulted on,
senior students and I will be helping themto decide
what's next. But what | tend to say is that in your
third year, you should have now that independence to
be able to | ook at your data, clearly decide what the
next step is, synthesize that with the literature and
what else is happening in the research group and be
abl e to nmake those i ndependent deci sions.

And what | always like to say to the
students is that, in your fourth year, you should be
comng to ne with a great idea for an experinent and
then when | agree with you it's a great idea, you
should say to ne, and | already did it and show ne
t he data and show nme that you were right. And that's

when | start to know as the advi sor that that student
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is ready for their next challenge in their
pr of essi onal devel opnent.

Q So in your opinion, a person of ordinary
skill in the art should be soneone who can take the
literature, independently assess the significance of
the teaching in the literature and deci de what to do
with the literature data, is that correct?

MR. WEI DENFELLER: QObj ecti on.

THE WTNESS: | don't think I -- | hope |
didn't nake it sound quite that independent. | think
a person skilled in the art should be able to | ook at
the literature, understand what the literature is
teachi ng and see how that |iterature could be
beneficial to what they're trying to acconplish and
wor k on.

And so in the context of the current
proceedi ng, which I'Il just use as the obvious
exanpl e, sonmeone should be able to understand the
chal l enges they're trying to resolve in their
research, look at the literature and then be able to
say, ah, that's sonmething now that |I'm being taught

that will allow ne to make ny device better. |'m
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going to go into the lab and try and optim ze it as
needed. And | think that is consistent wth what
woul d be needed for a person skilled in the art and
wth what's needed for this particular case.
BY MS. ZHONG

Q When were you first exposed to OLEDs?

MR. WVEI DENFELLER: Cbj ecti on.

THE WTNESS: So | first started reading
about OLEDs as a -- let nme be careful. So with
intensity as a first-year graduate student, but I
first started readi ng about OLEDs as a seni or
under graduate as | was beginning to consider
potential universities for graduate study.

BY MS. ZHONG
Q And did you take any classes as an

under grad student?

A. | took many cl asses as an undergraduate
st udent.
Q No, sorry, did you take any classes in

OLEDs as an undergrad student?
A. | have to think a little bit back now |

didn't take any classes as an undergraduate student
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that were focused entirely on OLEDs. And | don't
recall |earning about OLEDs as an undergrad student
i n class.

Q And so what you | earned about OLEDs in
undergrad i s when you were |l ooking at different grad
prograns and trying to figure out what you wanted to
do, is that correct?

A. Yeah, that's correct. And also | had a
general interest towards the end of ny undergraduate
studies in nore engineering applications of physics.
And so ny undergrad training is in physics. | had
wor ked very much on fundanmental characterization
related to physics as an undergrad and | had an
interest in trying to understand how | could maybe
nove into nore of an applied space.

And so | ooking at just what was -- what
types of materials were interesting and energing, |
did cone across organi c sem conductors and that was
one of the areas that | was interested in |ooking at
for graduate school.

Q At the tinme that you nmentioned, 2008-2009,

was it typical to offer undergrad classes in OLEDs?
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MR. VEI DENFELLER: QObj ecti on.

THE W TNESS: When you say was it typical,
at what schools, where? That's a very broad
question. Can you be nore specific?

BY MS. ZHONG.

Q So in the physics departnent or chem stry
departnment, those are the relevant fields that you
have defined for a person of ordinary skill in the
art, correct?

A. That's correct. Well, those and
associ ated fields as well, but those are two that |

list explicitly.

Q So in those associ ated departnents, do
they offer classes -- undergraduate classes in OLEDs?
A. Again, | can't speak for all of the --
again, | did ny undergraduate training in Canada, so

| can't speak for all of the degreed prograns in
chem stry and physics that m ght exist. You know, in
general, | think that whether or not there's an
explicit course depends oftenti mes on whether or not
there's a faculty nmenber of that particul ar

institution that works in the area.
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Certainly I teach an undergraduate course
and | bring elenents of OLEDs and organi c solar cel
into my class. So seniors in chem cal engineering
and material science at the University of M nnesota
can | earn about OLEDs as undergrads.

Q But that's not necessarily the case. 1In a
| ot of universities, they don't have an OLED program
or that does not have a professor that specializes in
OLEDs.

MR. VEI DENFELLER: QObj ecti on.

THE W TNESS: Again, | think |I addressed
that. But it's hard for nme to know what's avail abl e
and what's not. All | can really speak to is ny own
experience in that respect. |Increasingly, though,
OLEDs are so ubiquitous that | would be surprised if
they weren't at this stage used as an exanple in
cl asses on organic chem stry and physical chem stry.
BY MS. ZHONG

Q ' mnot tal king about today. |'mtalking
about back in 2008-20009.

MR. VEI DENFELLER: Obj ecti on.

THE WTNESS: | think nmy coment woul d
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hol d even in 2008-2009. Certainly a chem st who is
doi ng any kind of research and | ooking for ways to
better engage their undergraduates in sophonore
organic chem stry class or a junior |evel physical
chem stry class would naturally try to find exciting
appl i cations.

And even in 2008-2009, while obviously the
commerci ali zation was not quite where it was today, |
think that woul d have been a potential exanple, but I
can't say with certainty where OLEDs were taught and
where OLEDs weren't taught.

BY MS. ZHONG.

Q Do you have any research coll aboration
with Sanmsung?

A. | don't have any research col |l aboration
with Samsung and never have.

Q And in paragraph 5 of your declaration,
you nentioned several classes that you are teaching.
Are those undergrad cl asses or graduate |evel
cl asses?

A. Sure. Let nme just go back to ny

decl aration. Those are all offered as undergrad
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cl asses. The course | teach in solar cell physics is
listed as an undergrad class and sonetines there

m ght be one or two grad students who take it, but it
is primarily undergrad. All the other ones are
excl usi vely undergrad cl asses.

Q So which of these classes that you
i ntroduced -- strike that.

In which of these classes do you actually
teach OLED-rel ated material s?

A. Sure. So in ny class on solar cell
physics, | actually have taught students about OLEDs.
And the reason why is because, in the context of
tal ki ng about organic solar cells, it's helpful to at
| east acknow edge the wi de commerci alization and
operation of OLEDs as sort of a general notivator for
organi ¢ sem conductors. So | talk about OLEDs in ny
class in solar cell physics.

| have tal ked about OLEDs in ny transport
and kinetics class and did this senmester. And then
| " ve al so tal ked about OLEDs in ny el ectronic and
magneti c properties of materials class which is where

it's probably nost obvious. And ny introductory
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mat eri al science class | have not taught for many,
many years, so | don't renenber if | also found a way
to tal k about OLEDs in that class, but it wouldn't
surprise ne if | did.

Q So what do you teach about OLEDs in those
classes? Do you tal k about N doping of electron
transport | ayer?

A. Well, it depends on the class and | don't
know if | can remenber ny |lecture notes on the spot.
But in the context of electronic and magnetic
properties of materials, | make -- | teach students
in that class about LEDs based on inorganic
sem conductors |ike galliumarsenide or gallium
nitride and then | comment on the fact that those
technol ogies, while very efficient, are not easy to
produce. They're expensive devices. And then | use
that as a way to introduce the concept of OLEDs
focusing mainly on structure of the device and how it
wor ks and the fact that it uses nol ecul es.

In the transport and kinetics class, there
| talk about the fact that OLEDs use anorphous thin

films, sonething we touched on this norning, because
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a big part of that class is on how materials are
processed, but frequently the materials exanpl es used
are netals. And so | always try to bring sonme of ny
own expertise and personality into the class and so |
sort of will say to them okay, you just |earned
about nmetals. Now let's talk about the phone in your
pocket, and comrents on thin film behavior there.

And then in the solar cell physics class,
my discussionis alittle bit nore high level. |
woul d share with themthe |ayer structure. So they
actually would know for sure what ETL, HTL, EM. nean
in that class. | mght even share with themthe
concept of a phosphorescent dopant, though | don't
remenber if | did that last fall. And then there |
sort of focus on sone of the unique functionality of
di spl ays based on these devices, whether it's
flexible or, you know, foldable or these sorts of
interesting formfactors that are only possible --
well, not only possible -- but largely only possible
with OLEDs rather than LCD displays. So those are
sonme of the ways | interweave aspects of OLEDs into

t hese cl asses.
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Q Do you teach what kind of materials you
use to dope the electron transport |ayer, for
exampl e? O would that be too specific?

A | think I have alluded to the fact that
one can dope organi ¢ sem conductors, but | don't
think I've taught them specifically about Lithium or
cesi um versus what other options there m ght be. So
| can't say for certain, but | don't think that would
be something |'d enphasi ze.

Q Let's take a | ook at paragraph 28 of your
decl arati on.

A Okay. Al right. | found it.

Q So you want the excitons to formin the
enm ssion | ayer, correct?

MR. VAEI DENFELLER:  Obj ecti on.

THE W TNESS: Are you referring to a
particul ar device structure here? |Is this for the
figure on 177
BY MS. ZHONG.

Q Any of the structures that you have
depicted from page 17 to page 19.

A. Sure. Yes, usually you're form ng
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excitons in the emssive layer with the intent of
emtting |ight.

Q And you don't want the excitons to be
formed in -- strike that.

You don't want the exciton to be forned in
a | ayer other than the eni ssion |ayer, is that
correct?

MR. WEI DENFELLER: QObj ecti on.
BY MS. ZHONG

Q O the em ssive |ayer.

A. What was the |ast thing you added there,
or the what |ayer?

Q O the em ssive |ayer.

A. In my opinion, you want the excitons to
formin the em ssive |ayer and to reconbine and emt
light fromthe em ssive | ayer.

Q So a person of ordinary skill in the art
woul d understand that it is inportant to form
el ectrons in holes in the em ssive |ayer, correct?

MR. VEI DENFELLER: QObj ecti on.
THE W TNESS: A person skilled in the art

woul d understand that it's inportant to form excitons
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in the em ssive | ayer.
BY MS. ZHONG

Q And they woul d al so understand the
i nportance of not formng excitons in a |ayer that is
not an em ssive |ayer, correct?

A. Yes. A person skilled in the art woul d
understand that the objective is to formexcitons in
t he em ssive | ayer.

Q Em ssive | ayers consist of hosts and
guests, correct?

A. An em ssive |layer may consi st of a host
and guest, but an em ssive |layer m ght also be a neat
mat eri al .

Q And when the en ssive |ayer consists of a
host and a guest, what is the typical percentage of
t he host?

MR. WEI DENFELLER: Cbj ecti on.

THE WTNESS: So if | ook in ny
decl aration, what | note at the bottom of page 16 is
the EML generally consists of two different types of
nol ecul es referred to as host and guest with the host

enconpassi ng roughly 90 percent of the film but with
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t he guest responsible for [ight em ssion. And that
90 percent of the filmis a nom nal nunber for a
typi cal phosphorescent OLED

BY MS. ZHONG.

Q And when you say 90 percent, is that a
wei ght percentage? Mol ar percentage? Vol une
per cent age?

A. So in the context of a vapor-deposited
device, which is what | have in m nd here, generally
it's volume percent based on the way the conposition
I's measured. But in fact, if the densities of the
materials are simlar, the weight percent/vol une
percent will also be simlar.

Q Are the densities of the host materials
and guest materials typically simlar?

MR. WEI DENFELLER: Cbj ecti on.

THE W TNESS: Again, it depends on the
host and guest. | don't know off the top of ny head
what the densities are of the various materials. [|I'm
just noting that, if they are simlar, then the
vol ume percent and wei ght percent would al so be

simlar.
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BY MS. ZHONG.

Q Do you know what's the -- for iridium
phosphorescent em ssive materials, do you know what
their typical densities are?

A. I don't know the density of, again,
sonething like iridium (ppy)3, so | don't want to
hazard a guess at what the density would be.

Q. And do you know what the typical em ssive
organic materials -- strike that.

Do you know what is a typical host
material's density are in the em ssive |ayer?

MR. VEI DENFELLER: QObj ecti on.

THE WTNESS: So | want to make sure |I'm
clear. Wen you say density in the em ssive |ayer,
you're not referring to the conposition of the
enmi ssive layer. You're referring to the nass
density, is that correct?

BY MS. ZHONG.

Q Yes. Do you know what is the typica
density for the host materials are?

MR. WEI DENFELLER: Obj ecti on.

THE WTNESS: So | don't know -- again,
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|'d be hazarding a guess at what | think the typical
density is. So | don't know off the top of ny head
what the density would be for sone of these
mat eri al s.

BY MS. ZHONG.

Q And when the enission |ayer consists of a
host and a guest, do they exist as a physical m xture
or do they form sone kind of conpl exes?

MR. WEI DENFELLER:  Obj ecti on.

THE W TNESS: When | consi der the behavi or
of the host and the guest in the em ssive |ayer, |
think of themas a sinple m xture.

BY MS. ZHONG

Q What about for the n-doped el ectron
transport |layer. Do you consider themjust as a
physi cal m xture or do you believe there is sone kind
of a conpl exes forned?

MR. WVEI DENFELLER: Qbj ecti on.

THE W TNESS: Again, I'mnot -- | consider
them as a physical mxture. | haven't thought about
whet her or not a conplex mght formbe it in the EM.

or other layers of the stack. So | don't have
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anything further to add on that.
BY M5. ZHONG

Q I n paragraph 29, it says that selection of
the materials that are included -- in 29, you say,
"The selection of the materials that are included in
the EML of the OLED strongly determ nes the
light-emtting efficiency of the device."

Do you see that?

A. Yes, | see that, that sentence.
Q What do you nean by that?
A. Sure. So when one is defining the EM. of

an OLED, the biggest choice one that makes that

I npacts efficiency is whether or not one is using a
fluorescent emtter or a phosphorescent emtter. A
sinple fluorescent emtter, the injection of

el ectrons and holes into the em ssive |ayer and
generation of excitons on that emtter lead to 75
percent of the excitons being forbidden from

under goi ng radi ative reconbination. So in a
fluorescent material, the triplets are not able to
emt light. And so as a result, the fluorescent

material, even if you do everything correctly,
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al ready | oses three-quarters of its potenti al
efficiency.

Usi ng a phosphorescent material where the
triplet becones radiative via intersystem crossing
all ows one to get around that bottleneck and realize
t he potential quadrupling in efficiency just by
sel ection of the material. And so that choice of
whet her you're choosing a fluorescent material that
emts out of the singlet or a phosphorescent materi al
that emts out of the triplet and is able to harvest
all electrically generated excitons is a huge factor
i n whether or not the device you're going to
construct has a very high efficiency or a much | ower
ef ficiency.

And again, this is independent of what
ot her decisions you make. Well, it's not necessarily
i ndependent, but it's nostly independent of the
deci si ons you make in the device because of the fact
that the triplets in a fluorescent material are
quantum nechanically disallowed fromemtting |ight.
There's a spin selection rule that prevents them from

radi atively reconmbi ning. So that neans that
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three-quarters of the excited states you electrically
generate, even if you do everything well, are dark.

While in the phosphorescent emtter, you
formsinglets and triplets. The singlets convert
into triplets and the triplets can emt |ight, which
nmeans that now all of those electrically generated
excited states can be harvested for |ight em ssion.
And so ny usage of the term"strongly" there is
referring to the type of dopant that one selects to
start.

Q Okay. So the first sentence in paragraph
29 is referring to the emtted materials where they
are choosing a phosphorescent material or fluorescent
material, is that correct?

A. When | say the -- again, obviously the
host can matter, too. But when | say strongly
determ nes, I'mnoting the fact that you can have a
significant dependence on efficiency just comng from
how you sel ect the em ssive |ayer.

Q And related to that is to make sure that
there is not going to be premature or nonradiative

quenching of the triplet energy |levels, especially in
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t he phosphorescent system correct?

MR. WVEI DENFELLER:  Obj ecti on.

THE WTNESS: No, I'll just restate that.
So the nonradi ative reconbination of the triplets
wi Il | happen by default in a fluorescent material. So
in a fluorescent material, the triplets are not
nonradi ative. There's very little you can do unless
you nove to a nore exotic emtter, but the triplets
are going to be nonradiative and so there you' ve | ost
the triplets already.

And then in the case of the phosphorescent
emtter, the triplet is now your radiative
reconbi nati on channel and you're trying to optim ze
the formati on and reconbination of triplets on that
phosphor escent guest.
BY MS. ZHONG.

Q But in the phosphorescent system it is

I nportant for you to nake sure there's not going to
be any triplet exciton quenching in order to |ike
maxi m ze the efficiency, for exanple, correct?

MR. VEI DENFELLER: Obj ecti on.

THE WTNESS: In a phosphorescent OLED
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with a phosphorescent emtter, you want to maxi m ze
the rate of reconbination of triplets on the
phosphor escent guest.

BY MS. ZHONG.

Q And diffused inpurities |like alkaline
net al species can act as quenching sites and
t herefore reduce the efficiency of the phosphorescent
system is that right?

A. [mpurities in the em ssive layer in OLED
be they netallic or otherw se, can inpact the
efficiency of a fluorescent and phosphorescent OLED

Q Do you know whet her the Lithium Q woul d
affect the -- strike that.

Do you know whet her Lithium Q can act as
quenching sites for the triplet energy levels in a
phosphorescent systenf

A. So based on the data | have, | don't know
for a fact whether or not Lig would be a quencher for
a phosphorescent system or a fluorescent system for

that matter.

Q Do you think at the time of the invention,
a person of ordinary skill in the art woul d expect
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that the Lithium Q can act as a quenching site?

A As |'ve said before, | think that that's
not the question a person skilled in the art would be
asking. | think a person skilled in the art would be
asking can | replace the anti-dopant that |'m al ready
using in Suzuki and Di ekmann with Lig and have an
expectation of success. And | think the answer to
that is yes.

Agai n, Di ekmann and Suzuki al ready used
doping. Both of thempermt that doping to be used
with the phosphor. And so |I think that would be the
question a person of skill in the art would ask and
they woul d have an expectation that Liq being a
nol ecul ar dopant woul d be potentially | ess nobile
and, based on the prior art, would al so know t hat
bl ocking |l ayers are routinely used in OLEDs and can
mtigate this issue as well.

Q But in Ma, it does not specifically
speci fy an i ndependent bl ocking |ayer, correct?

(Exhi bit No. 1014 was identified for
the record.)

MR. VAEI DENFELLER:  Obj ecti on.
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THE W TNESS: WMa does not -- again, as we
di scussed earlier, Ma does not specifically have a
bl ocking layer. |1've already given ny opinion on how
| think Ma is working. But P and n-doping,
especially in phosphorescent OLEDs, was al ready so
wel | -known at the time of the '425 that this would be
know edge to a person skilled in the art.

And frankly, even beyond that, bl ocking
| ayers were routinely introduced i nto phosphorescent
OLEDs even that weren't dopant, right? And so even
if you look at -- mght as well cull one of these
out .

So if you |l ook at, for exanple, Exhibit
1014, which is a sem nal paper on iridium
phosphorescence applied in OLEDs, you can see in
their figure 1 that they're using NPD as a hole
transport |layer. They're using Alq as an el ectron
transport layer. And then a bl ocking |layer of BCP in
contact with the EM.. This is from 1999. Every
person working in OLEDs has effectively read this
paper. It is an extrenely inportant paper. And

woul d understand that bl ocking |ayers are sonething
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that are routine to include in an OLED. And in this
device, it's not even doped and the bl ocking |ayer's
bei ng 1 ncl uded.

So the idea of including a blocking |ayer
woul d not be sonething a person skilled in the art
woul d be surprised by. They m ght already be doing
it even if they weren't doping.

BY MS. ZHONG.

Q You're not offering an opinion as to when
Ma first becane available, correct? Wy don't you
take a | ook at paragraph 74 of your decl aration.

A. Okay. |'ve seen paragraph 74.

Q And you stated here that you are inforned
that Ma is prior art to the '425 patent, correct?

A That's correct. That's what | state
t here.

Q You are not independently form ng an
opi nion as to whether Ma qualifies as prior art,
correct?

A Agai n, whether or not it qualifies as
prior art is usually something that | would | eave to

the attorneys to advise ne on.

Page 233

Veritext Lega Solutions
Caendar-CA @veritext.com 866-299-5127

Pictiva EX2019
Samsung v Pictiva
IPR2024-01095




© o0 N o o b~ w N P

N NN R R R R R R R R R
N P O © 0O N O O A W N B O

Q Okay.

A. Yeah.
Q And you are not offering any facts or
opi nions regarding how -- the search capability of

Synthetic Metals online publication back in 2008 or
2009, correct?

A. No, | haven't been asked to offer any
opi ni on on the searchability of any of the exhibits I
pull out. | think that |ooking at Ma, | just
happened to open the exhibit backups that you asked
about and | see it was avail abl e online August 29th,
2008, but 1I'm not offering any broader opinion on how
sear chabl e any of these papers m ght have been.

Q And do you know, back in August 29, 2008,
when it says it's made avail able online, was it
avai l able only to subscribers or it's available to
any general public --

MR. WVEI DENFELLER: Qbj ecti on.
BY M5. ZHONG
Q -- menbers?
A. Yeah. | don't have know edge of how the

agreenents work in ternms of how these journals are
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available. Al | could say --

Q Go ahead.
A. | was just going to add, all | can say is
that in August of 2008 and earlier than that, | was

pulling journal articles online routinely. And
Synthetic Metals is certainly a journal that | read
at the time, but | don't have any broader know edge
of whether it was publicly avail able, subscription
based. | don't know.

Q And were you pulling the articles that has
been published for a while or are you pulling the
articles that was posted online but before they
beconme published on paper? Do you know what | nean?

MR. VAEI DENFELLER:  Obj ecti on.

THE WTNESS: So | don't know if | can
answer that because | don't know the last tinme |
| ooked at an article on paper. Certainly | haven't
| ooked at anything on paper since 2008 and | think it
pr obably woul d have been maybe in very early graduate
school woul d have been the last time | |ooked up a
paper in the library. For nmy graduate training,

everything was done online. And so | don't know the

Page 235

Veritext Lega Solutions
Caendar-CA @veritext.com 866-299-5127

Pictiva EX2019
Samsung v Pictiva
IPR2024-01095




© o0 N o o b~ w N P

N NN R R R R R R R R R
N P O © 0O N O O A W N B O

specifics of how a paper publication date would have
related to an online date. Wen things were
avai | abl e online, that was when we as researchers
were readi ng them
BY MS. ZHONG.

Q And when it becones avail able online, how
do you search for those papers?

A. The way | tend to search for those papers
is I'"I'l use things |ike Web of Science, Science
Direct, Google Scholar. These are, you know, conmmopn

ways that academ cs and --

Q Okay.
A Okay.
Q Once they becone -- so after an article

beconmes posted online, do you know when they get

I ndexed?
MR. WEI DENFELLER: Cbj ecti on.
THE W TNESS: | have no know edge to how
t hat process works and the timng and -- no, | don't.
One thing I'll just note, though, is I

want to make sure it's clear, using the term nol ogy

"posted online" makes it sound |ike the author is
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i ke posting this on their website and then hoping it
gets favorably reviewed and publi shed.

Generally, ny experience is when articles
are published online, they've already gone through
peer review. And so | don't know specifically for
this journal or any other ones we're | ooking at, but
the term "posted" has a bit of a negative
connotation. | just wanted to clarify.

BY M5. ZHONG

Q Under stood. What | nmean is you don't know
how | ong after the journal -- once the article --
strike that.

You don't know how | ong after the journal
publ i shed or makes the article available on its
website the article actually gets indexed, right?

MR. WEI DENFELLER: Cbj ecti on.

THE WTNESS: No. As |I've said already, |
don't have any know edge what soever of the indexing
process. | just know that journals send out table of
contents alerts when issues are avail able and there's
ways to search things online, but | don't know how

I ndexi ng works and what the timng is of all that.
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BY MS. ZHONG

Q And | also want to confirmthat as far as
Lithium Q doped el ectron transport |ayer is
concerned, Ma is the only article you cited, correct?

A. Mo is the only article | cite in the
context of Liqg doping. | also have Liu as an
exhibit, which is Liq ElILs, and that was nmainly
because | felt Ma was sufficient to teach a person
skilled in the art about this material as a dopant.

Q And let's take a | ook at your paragraph

145 on page 85.

A " msorry, paragraph 145, is that what you
sai d?

Q 145.

A. Great. Thank you. OCkay. |'mthere.

Q So you state that use of LithiumQ as a

dopant in an OLED el ectron transport |ayer was
well -known in the art at the tinme, and it was
specifically taught by M.

Do you see that sentence?

| see that sentence.

Q And you nentioned doing so would be a
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routine practice for a POSITA to inplenment with a

hi gh probability of success. Do you see that?

A | see that as well.

Q What do you nean by doing so?

A. Let nme just reread the previous sentence
to make sure I'mclear. What | nean the "doing so

woul d be a routine practice” would nean that
switching fromone N type dopant to Liq would be a
routine practice.

Q And when you nentioned routine practice,
what do you nean by routine practice?

A. | nmean it's sonething that a person of
skill in the art could acconplish and expect success
with just sonme routine optimzation of the device.

Q And what are those routine optim zation?

A. In this particular case, the routine
optim zation would |ikely be thickness and
conposition of the doping. So thickness of the
active -- the electron transport |ayer, possibly the
whol e transport |ayer and then the doping
concentration of the electron transport |ayer and

possi bly the hole transport |ayer.
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Q And when you say probability of success,
what's your definition of success?

A So high probability of success would be
that here, realizing, first of all, inplenmentation of
Lig into their device so that they could take
advant age of the reduced diffusion that would conme
with the nol ecular n-dopant. So that's one.

And then the other probability of success
woul d be that the device operates with potentially
hi gher efficiency and | ower voltage. So essentially
hi gh probability of success would be expecting to
still have a good perform ng OLED but now i ntegrated
with a nol ecul ar n-dopant that can offer benefits
fromthe diffusion perspective.

Q And can you take a | ook at paragraph 228
on page 130 of your declaration.

A. Okay.

Q And the | anguage here in paragraph 228 is

pretty simlar to that in 145, correct?

A. Yes. So the context --
Q Al nost identi cal.
A. Yes, the context is very simlar. This is
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now t aki ng Suzuki, which already teaches an n-doped

| ayer, and again saying that it would be routine
practice to swtch fromthe n-dopant in Suzuki to Liq
with expectation of success.

Q And the routine practice and the
probability of success here neans the sane thing as
i n paragraph 145, correct? So your use of the term
routi ne practice and the probability of success in
paragraph 228 are the sane -- is the same as your use
of those ternms in paragraph 145, correct?

A. In both cases, | amdefining routine
practice as neani ng POSA would | ook at Ma and either
Suzuki or Di ekmann and realize that this is swtching
one dopant for another and with only routine
optim zation would expect to be able to nmake a
wel | -perform ng device and take advantage of the
reduced diffusivity of an n-type or a nol ecul ar
n- dopant.

Q And the routine optimzation is as you
have nentioned, adjusting the dopant concentration
and the thickness of the |ayer?

A. Those woul d be exanpl es of what | woul d
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call routine optim zation. Anytinme one |ooks at the
literature, sees an interesting material that would
potentially nmake your own device better, a person of
skill in the art would not expect necessarily that
it's going to work under exactly the same conditions
that is seen in the literature. And so there's an
expectation that sone optim zation would have to go
into making that material work its best in your
particul ar device.

Q And what ot her optim zation would you
routinely do besides the thickness and concentration?

A Just to be clear, are you asking in
general what are other optim zations that | would
call routine in OLED?

Q I n your proposed nodification of D ekmann.

A. | see. In both D ekmann -- both Di eknann
and Suzuki already teach blocking layers. So |I don't
think there's a need to introduce an additional
| ayer. And so again, at least as | think about this
right now, | think the nost relevant routine
optim zations would be thickness and dopi ng

concentration in the doped conductive | ayers.
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M5. ZHONG Wiy don't we take a
five-m nute break

THE W TNESS: Okay.

(Recess.)
BY MS. ZHONG.

Q So in your declaration, especially in the
background sections, you nentioned the inportance of
hi gh efficiency for the OLED systens, correct?

A. Is there a particular place |I'm doing that
t hat you can just direct ne?

Q For exanpl e, paragraph 29 of your
decl arati on.

A. Thank you. Let me just go there. Oh, a
par agraph we al ready discussed. Yes, | discussed the
units of efficiency, sure.

Q So is the operability of an OLED device
defined by its various efficiencies?

MR. WVEI DENFELLER: Qbj ecti on.

THE W TNESS: What do you nean by
operability?
BY M5. ZHONG

Q So when do you consider yourself -- strike
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t hat .

Is there a m ni mum requirenent of
efficiency for an OLED structure that you have
fabricated before you say you have actually obtained
an OLED device that actually works?

MR. WEI DENFELLER: Cbj ecti on.

THE WTNESS: So if | understand your
guestion, you're saying is there sone baseline |evel
of efficiency you need to realize before you can cal
it an OLED?

BY M5. ZHONG

Q Yes. O |um nescence |level or --
A In ny opinion, and | think this is
consi stent with what the person of skill in the art,

in the community would say, if the device is emtting
el ectrol um nescence, then it's an OLED. And so even
a device that m ght not be, say, optimzed, right, if
it's emtting electrolum nescence, then it's -- you
know, it's an OLED

| suppose an exception would be if it's --

you know, if it's a -- perhaps if it's a device
not -- if it's a material not designed perhaps to
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emt electrolum nescence and you' re applying several
t housand volts to it or sonething |like that. But
yeah, if you're making a device like the kind I'm

di scussing in ny background of ny declaration and it
has sone neasurable efficiency, then it's emtting
el ectrol um nescence and it would be an OLED

Q And what's your definition of if it's
em tting electrol unm nescence?

A. Wel |, electrolum nescence is the process
of electron hole reconbinati on where the el ectrons
and holes are being injected by sonme applied voltage
so that electron reconbination |eads to exciton
confirmation and |light em ssion. So generally,
el ectrol um nescence is defined -- | should say
el ectrol um nescence is usually defined as just the
process of injecting electrons in holes and then
reconbining themto emt |ight.

(Exhi bit No. 2104 was identified for
the record.)
BY M. ZHONG

Q Can you, for exanple, pull up Exhibit

2104.
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A. 2104 you sai d?

Correct.
A Okay. Let nme find it. Okay. | have it
open.
Q And let's go to one of the figures that
have | um nescence. Can you go to figure -- this one

doesn't have the absolute one. Go to figure 3 on

page 1680.
A. Okay. | see the figure.
Q And do you see that figure 3Bis -- the Y

axis is |lum nescence?
A. The Y axis is lum nance in figure 3B, yes.
Q So the Y axis is lumnance and it's | og
scale, right, going from10 to the mnus 1 to 10 to

the 4th, correct?

A. On the vertical axis, the scale goes from
10 to the minus 1 to 10 to the 4th, | agree.

Q Ckay. And what is the m ninmum|evel of
| um nance -- what's the m nimum | um nance required

bef ore you say the device is el ectrolum nescent?
MR. WVEI DENFELLER: Cbj ecti on.

THE W TNESS: Again, can you restate that
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agai n, please, for nme?
BY MS. ZHONG

Q Okay. So you see that the |um nance | evel
can vary from 10 to the mnus 1 to 10 to the 4th, for
exanpl e.

A. Yeah.

Q. And is there a mninmum | evel that the
| um nance |l evel had to be net before you say there's
el ectrol um nescence?

MR. VEI DENFELLER: QObj ecti on.

THE WTNESS: So in ny opinion -- again,
in my opinion in the context of the OLEDs |I'mtalking
about in ny background in ny declaration, if you have
nmeasur abl e el ectrol um nescence, you have
el ectrol um nescence. And so if you're nmeasuring
el ectrol um nescence, you wouldn't then therefore say,
well, this is not enough el ectrol um nescence, so |
don't have el ectrolum nescence. You either have it
or you don't. So if you're neasuring
el ectrol um nescence, then there's el ectrol um nescence
to be neasured.

BY MS. ZHONG
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Q Even if it's in the noise region?

A. Well, if you're only neasuring noise, then
you're not necessarily nmeasuring |um nescence, right?
So | think part of doing the neasurenent properly
woul d be understandi ng what the sensitivity of your
equi pmrent is and then maki ng your concl usion
accordingly.

Q So any | evel of |um nance above the noise
| evel , you consider that to be an OLED?

MR. VEI DENFELLER: QObj ecti on.

BY MS. ZHONG.

Q So if a device can emt sonething -- so if
you have a device that can emt electrolum nescently
above a noise |evel, you consider that to be an OLED
devi ce?

MR. WEI DENFELLER: Cbj ecti on.

THE W TNESS: Again, I'Il first just say
this is not sonething that cane up in the context of
my rendering an opinion for the '425. So |'m not
prepared to offer an opinion on how noise m ght
I npact because | think the subsequent question then

is, well, how far above the noise floor does it have
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to be to be el ectrolum nescence and |'mnot going to
of fer an opinion on that because it's not sonething
| ' ve thought about. | think the point is that if a
device emts el ectrolum nescence, then it's emtting
el ectrol um nescence. |I'mnot really sure how nuch
nore | can add to that.

BY MS. ZHONG.

Q And you can generally drive
el ectrol um nescence by increasing voltages, correct?

A. So when you say you can drive
el ectrol um nescence, can you just clarify exactly
what you nean by that?

Q You can generate -- by increasing the
driving voltage, usually you can |like have increased
el ectrol um nescence, correct?

A. So when you increase the -- so again, in
my opi ni on, when you increase voltage across an OLED,
you'll wusually increase the current flow ng through
the OLED. And usually when you increase the current
flow ng through an OLED, you'd also see an increase
in the brightness or the | um nance of the device.

But as you can see, even in the data in
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front of us, the current voltage characteristics have
a conplicated functional dependence and so the degree
to which you woul d see an increase in |um nance with
vol t age depends on what part of the curve you're in.

Q And there is no upper limt on what that
driving voltage needs to be, right?

A. Can you just clarify, when you say what
that driving voltage needs to be, what you nean by
t hat ?

Q For exanple, if you first detect
el ectrol um nescence at 120 volts, do you stil
consider that to be an OLED?

A. Well, | think I alluded to that when you
first asked the question a few nonents ago. The
qualification | made there is that there's a
distinction in the literature between
el ectrol um nescence and an OLED. And so the earli est
denonstrations of el ectrolum nescence from organic
materials were in the late '50s and early 1960s where
effectively researchers nmade bul k single crystals of
organi ¢ conpounds |i ke anthracin or naphthal ene and

then put crude el ectrodes on either side of those
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crystals. And those crystals were very thick and

t hose el ectrodes were very crude and there were no
transport bl ocking layers and things of this nature.
And so under kilovolts of applied voltage, those
crystals emtted el ectrolum nescence. It was very
inefficient, but they emtted el ectrol um nescence.

But nobody refers to those results as the
first OLED. The first OLEDs are really identified as
the first thin filmdevices that were initially
denonstrated at Kodak and then nore w dely devel oped
by many groups and conpanies in the '90s. And so
that's the one distinction |'m making is that
el ectrol um nescence i s a phenonenon that one observes
when one puts current through a material under an
applied voltage, it sees light. An OLED is sonething
that's a little nore specific. And at |east for
people skilled in the art, the situation you're
descri bing, putting several hundred volts across a
material that probably is not really nmeant to show
efficient electrolum nescence, there m ght be nore
debate as to whether or not that's an OLED despite it

havi ng el ectrol um nescence.
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Q So what you nean is that the voltage
that's applied across the cathode and anode needs to
be relatively | ow.

A. Again, I"'mnot going to -- |'mnot sure
relatively nmeans in the way you're using it and |
don't have sone voltage range that | can use to
quantify that. M point is just to say that a | ot of
materials will exhibit electrolum nescence because of
the fact that you can apply very | arge voltages, but
not all of those materials show ng
el ectrol um nescence woul d be quantified as OLEDs.

Q So when do you go froma material that's
el ectrol um nescent versus a material that you
consider to be -- strike that.

When do you -- what is the point of
transition or the range of transition when you | ook
at a device that you say if it's only
el ectrol um nescent versus you say this is an OLED?

MR. WEI DENFELLER:  Obj ecti on.

THE WTNESS: | want to nmake sure |'m
really clear here. | amnot taking the opinion that,

for a given device, there m ght be sone range of
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vol tages where it's an OLED and sone where it's not.
That is not the opinion that |I'moffering.

What |'m saying is that the community,
when consi dering what an OLED is, generally the
hi storical devel opnent of OLEDs is set to have begun
with the devel opnent of el ectrolum nescence in thin
films. The work that had been done far earlier on
thick crystals, stand-alone crystals with crude
contacts where the voltages and fields required were
enornmous is generally just referred to as organic
el ectrol um nescence.

BY MS. ZHONG

Q Ckay. And what's the definition of thin
filns?
A. Again, | haven't had to define thin film

for these proceedings and so | don't want to offer
any further definition. | just have already said
that the first OLEDs are regarded as those that were
devel oped at Kodak and then devel oped by ot her
researchers in the '90s.

Q And what is a range of thickness for the

OLEDs that you have been working with?
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MR. WVEI DENFELLER: Obj ecti on.

THE W TNESS: Can you ask that question
agai n?
BY MS. ZHONG.

Q So what is a range of the filmthickness

for the OLEDs you have been working with?

MR. WEI DENFELLER: Cbj ecti on.

THE W TNESS: The range -- there is no
upper limt per se. A thin filmcan actually be a
thick as well. The noniker of thin filmis generally
referring to the fact that the filmis on a
substrate, that there's sone substrate associ ated
with the filmand the device.
BY MS. ZHONG.

Q But what's a typical thickness of a thin

filn?

MR. WEI DENFELLER: Cbj ecti on.

THE WTNESS: | hesitate to define one.
Thin films can have any thickness. The typical
t hickness of thin films in OLEDs, you know, one coul d
| ook at any of the exhibits, by Pfeiffer, He, Baldo.

There's several different versions of OLEDs in the
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exhi bits that have typical thicknesses of the
different layers involved. The total thickness could
be 100 nanoneters, could be several hundred
nanoneters. It all depends on the device that's

envi sioned and how it's being built.

BY MS. ZHONG.

Q So for the driving voltage, is there a

desired upper limt?

MR. WEI DENFELLER:  Obj ecti on.

THE W TNESS: Again, one doesn't usually
t hi nk about an upper limt on voltage because the
obj ective is generally to operate the device at as
| ow a voltage as possible to avoid having an issue
with power efficiency in the OLED.
BY MS. ZHONG.

Q So if you have a thick filmbut you have
to apply, say, 50 volts or even 100 volts in order to
generate an el ectrol um nescence, do you stil
consider it to be an OLED?

MR. VEI DENFELLER: QObj ecti on.
THE W TNESS: At that point, | don't think

| could really offer an opinion. These sorts of --
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that sort of a device, again, wouldn't generally be
sonet hing that conmes up in the OLED |literature
because you're using a very crude structure and have
a very high voltage. And so | don't think there's
really anything further | can offer because this
question of what is an OLED and what is

el ectrol um nescence is not sonmething |'ve considered
for ny declaration and | think I've already offered
the opinion | can offer on these topics.

BY MS. ZHONG

Q So what's a typical driving voltage range
t hat you have seen in literature?

MR. WEI DENFELLER: Cbj ecti on.

THE WTNESS: So what is the typical
driving voltage range just for an OLED in literature?
BY MS. ZHONG.

Q. Correct.

A. Sure. | can go to sone of the exhibits
and get a perspective on that. So, for exanple,
Exhibit 1016, Pfeiffer et al., figure 1 shows a pl ot
of electrolum nescence intensity. So that's again

| um nance in candel as per neters squared versus
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vol tage and you can see sone typical |um nance
vol tage characteristics there.

And so in ternms of what a typical voltage
is, it depends on what you're trying to realize. The
voltage will often be determ ned by the brightness
required for the associ ated application.

Q And what's a typical brightness required
for an OLED?

MR. WEI DENFELLER:  Obj ecti on.

THE WTNESS: As | just noted, it depends
on the application.

BY MS. ZHONG.

Q And for white light-emtting em ssion
application, what's the typical |um nescence
required?

MR. WEI DENFELLER: Cbj ecti on.

THE WTNESS: So | don't know off the top
of my head what the | um nance spec is right now for a
commercial white LED or OLED. |'m not sure. And
also, 1'd have to take into account the fact that
once you integrate an OLED into a lighting el enent,

there's all kinds of optical managenent and | um nare
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physics that | don't even want to specul ate on that
al so can mani pul ate the brightness. So | don't know
what the relevant |evel would be for a given
application per se.
BY MS. ZHONG

Q And in Exhibit 2104, if you look at figure
4A, is it correct that according to figure 4A of
Exhibit 2104, as you -- the OLED with doped LithiumQ
has a hi gher driving voltage than one that's undoped?

MR. WEI DENFELLER:  Obj ecti on.

THE WTNESS: So | haven't seen this paper
before. |I'mnot even sure if it's prior art. It
doesn't look like it is. So you're asking ne about
figure 4?

BY MS. ZHONG:

Q Yes. And the structure | believe is on
page 1679.
A. Al right. Let ne read the paragraph.

Al right. What was your question regarding this
architecture?
Q If you |l ook at figure 4A

A. Yes.
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Q Is it correct that as the LithiumQ

percent age i ncreases, the driving voltage increased?

A Are you asking me to | ook at the bl ack
synbol s?

Q. Correct.

A. So in figure 4A, not know ng anything el se

about this publication or what it's trying to
acconplish, the black synbols are increasing with Liqg
per cent age.

Q And the red |line are showi ng the
| um nance, correct?

A. Yes.

Q And according to figure 4A the |um nance
decreases slightly as you increase the Lithium Q
per cent age, correct?

A. One thing that's inportant to note in the
way this data is plotted is that the | um nance axis
is actually --

Q On the right-hand side.

A. Yeah, |I'll just finish the comment -- is
actually pretty zooned in. And so since this is a

| og plot, the actual change in |lum nance is marginal.
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And | suspect that if error bars were placed on these
data points, mght not be statistically nmeaningful.

Q That's what |'m saying. Based on this
one, it only decreases slightly. The |um nance only
decreases slightly as the Lithium Q percentage is --

A. Yeah. And what |'msaying is that if
there's error bars put on these data points, you
m ght not be able to nake that inference at all based
on the statistics. They mght be within error, which
m ght nean they're statistically the sane. And
frankly, | don't know what the error bars on voltage
are either because I'mnot famliar with this
particul ar work or this device.

Q And if you |l ook at 4B, figure 4B, the
i nset, does it appear that the external quantum
efficiency decreases as the Lithium Q percentage
i ncreases?

MR. WVEI DENFELLER: Qbj ecti on.

THE WTNESS: It's not clear to ne what
that inset is plotting. It's mssing a Y axis.
BY MS. ZHONG

Q So if you look at B, external quantum
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efficiency versus current density for the device upon
m xi ng percentage of mxing lithiumin the nETL.

A. So not the inset. Because the inset
doesn't have a vertical |abel on the axis.

Q Isn't that the inference, that the inset
is plotting the EQE percentage versus the lithiumQ
per cent age?

MR. WEI DENFELLER: QObj ecti on.

THE WTNESS: |'mnot sure what to infer
wi t hout reading the text on figure 4B.
BY MS. ZHONG

Q Okay. Read the caption for AL It says
driving voltage, |um nescence, and, bracket, inset of
panel B, external quantum efficiency of the blue
devi ces upon m xi ng percentage of lithium Q and nETL
under a constant current density of 25 mllianp per
square centinmeters.

A | see that.

Q So does that informyou that the inset in
figure 4B, that the Y axis is the external quantum
efficiency?

A. That would be how I'd interpret the inset
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of panel B.

Q Okay. And with that understandi ng, does
the inset of figure 4B shows that the externa
quantum effici ency decreases as the el ectron
transport |ayer is doped with lithium Q?

A. Assum ng there's no other changes being
made to the architecture, the inset seens to suggest
a reduction with percent, at least initially.

Q Okay.

A. But it's worth noting that in figure 4C,
there's a remarkabl e inprovenent in stability with
doping. And so while in this case you have a, |'d
argue small reduction in efficiency, the gain you're
getting in stability m ght be as nuch as a hundred
times, a hundred X

And to nme it's clear, wthout having read
t he paper and just |ooking at the panel, that the
advant age just looking at this figure is that clearly
there's sonething very favorable happening with
stability as Liq is added to the electron transport
| ayer. And as we've discussed, stability is also an

I nportant paranmeter, especially when tal king at the
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comrercial |evel for OLED performnce.
Q Now, | ook at your Exhibit 1003, paragraph
-- between paragraphs 139 and 146. Can you tell ne

where lifetime is discussed in these paragraphs?

A. Can you just tell ne the call-outs again?
| was still |ooking at the papers in front of ne.
Q So paragraphs 139 through the end of that

section which | believe ends in 146.

A. Ckay. So the full ground 2 is what you're
sayi ng?

Q Yes.

A |'"'mgoing to reread that so | can respond
appropriately. So in my opinion, | guess there's two
things I'Il note on this. The first is that a person

skilled in the art constructing an OLED under st ands
that there's efficiency and lifetime that are
potentially of interest when naking an OLED

And second of all, a person skilled in the
art woul d understand that the discussion in paragraph
144, in referring to the need to m nim ze dopant
di ffusion, when | say conprom sing performance, |'m

not limting that only to efficiency. A person would
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understand that that includes all aspects of the OLED
performance, because of the fact that inpurities in
the em ssive |l ayer cannot only quench excitons, but
can al so serve as sites for degradation, can serve as
pl aces where reactions m ght occur. There's all
ki nds of other detrinmental things that could happen.
So while | don't necessarily call out the
words "lifetinme" in the paragraphs you specified, |
think a person skilled in the art would understand
that in paragraph 44, it's included in part of
performance.
The other thing to note, too, is that M
specifically calls out the fact that in their
opi nion, the inproved charge bal ance present in an
Li g doped device would be expected to |ead to better
lifetinme because of the fact that you're no | onger
accurul ati ng an excess of one carrier type in an
i mbal anced device. So | think a person skilled in
the art readi ng grounds 2 and understandi ng that
we're using Ma and reading Ma woul d see the
di scussion of lifetime in the conclusion of Ma as

wel | .
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Q Lifeti me does not appear in these
par agraphs, correct? The word "lifetinme."
MR. WEI DENFELLER:  Cbj ecti on.
THE W TNESS: Yeah, | already acknow edged
that lifetime doesn't appear in the paragraphs, but
t he word "performance” does, and lifetime does appear
in M.
BY MS. ZHONG
Q Okay. And when you tal k about the netal
ion diffusion in an undoped system there would not

be any netal ion diffusion, correct? Let ne put it

this way.
A. Sur e.
Q I n an undoped el ectron transport | ayer,

there would not be any netal ion diffusion fromthat
el ectron transport |ayer into the enm ssive |ayer,
correct?

A. So that's a really interesting question.
Even in an undoped system if your electron transport
| ayer isn't optimzed in ternms of its thickness, you
coul d have issues where even the cathode netal m ght

serve as a quenching site as well.
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Q And do you have any evidence that Lithium
Q doping would reduce the netal ion diffusion
conpared to an undoped systen?

A. Well, so Lithium-- Liq doping is -- you
know, the objective of using a nolecular dopant there
is to reduce the diffusion of another dopant. And so
conparison to an undoped system there is no dopant
di ffusion in the undoped system Vhat |I'mreferring
tois netal diffusion at the cathode el ectron
transport layer interface. And so | don't think
there's a conparison to be made for dopant diffusion
bet ween an Liq device and a device that isn't doped.

Q What |'m saying is that do you know
whet her the addition of LithiumQto the el ectron
transport layer is going to limt or reduce the netal
i on doping, for exanmple, fromthe cathode?

A. | don't know if it would inpact the netal
i on doping fromthe cathode. That is a phenonmenon
t hat can usually be addressed by nmaking the el ectron
transport |ayer the correct thickness, basically
making it thicker than the penetration depth of those

metal ions. As we discussed, a person skilled in the
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art would recognize Lig as a nol ecul ar dopant, has
the potential to reduce dopant diffusion in
conpari son to, say, elenental netals.

Q And the inprovenent in lifetinme observed
in the Ki paper, that cannot be due to the reduced
metal ion diffusion, correct?

MR. WVEI DENFELLER: Cbj ecti on.

THE WTNESS: |'msorry, you're referring
to 2104 agai n?

BY M5, ZHONG

Q Yeah, 2104, figure C. So what you see is
that the lifetime is increased over -- in conparison
to an undoped system correct?

MR. WEI DENFELLER:  Cbj ecti on.

THE W TNESS: In figure 4C, the lifetine
is increasing in conparison to an undoped system
assum ng that the rest of the structure is the sane.
BY MS. ZHONG.

Q Okay. And in an undoped system there's
not going to be any dopant diffusion, correct?

A. There is no dopant -- no conductivity

dopant in the electron transfer material, so there
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woul d not be dopant diffusion in that sense.

Q Okay. And so whatever the reason for the
I mprovenent for the lifetine, it cannot be due to the
reduction in the dopant ion diffusion, correct?

A. Again, | haven't read this paper. | don't
know exactly what the specifics are. But as |I said
earlier, it seenms that in figure 4C, there's a
favorabl e i nprovenent in stability with Liqg doping.

Q Al nmy point is whatever reason for that
I nprovenent is, it has nothing to do with netal ion
di ffusion, correct?

MR. WVEI DENFELLER:  Cbj ecti on.

THE WTNESS: | don't know for a fact
whet her or not there is any role played for that in
the initial degradation even of the zero percent
device. So it's challenging for me to attribute al
of the different factors that m ght be changi ng as
one includes Lig. But I think as a person skilled in
the art, | can |l ook at that data and see that there
is a favorable inprovenent in device lifetime with
Li g addition.

BY MS. ZHONG
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Q But the inprovenent in the lifetime is not
due to the dopant netal ion diffusion, correct?

MR. WEI DENFELLER:  Cbj ecti on.

THE W TNESS: Again, |'mnot -- can you
clarify exactly what you're asking in that respect?
BY MS. ZHONG

Q Well, you are pointing nme to paragraph 144
of your declaration.

A Yes.

Q In particular, you were pointing to the
sentence stating that at the tinme, it was well
under st ood that dopant metal ions could readily
diffuse in the OLED during filmgrowth and operation,

conprom sing performance, correct?

A. Yes.
Q And the dopant netal ion diffusion just
does not occur in undoped system -- undoped Bphen

system correct?

A. | understand your question. Again, |
don't know how -- so if | just conpare the doped
devices, say, 17 to 33 to 50, there is still an

i nprovenent in stability that's quite significant,
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even going from 17 percent Liq to 50 percent Liq. |
don't know the specifics of whether that's related to
dopant diffusion or not or changes to dopant
diffusion or not. That's not sonething | can comrent
on. | don't know if the dopant diffusion changes
her e.

Q. And if it's all LithiumQ the diffusion
coefficient doesn't change, correct?

A Agai n, that was the assunption | mde
earlier, but | don't know that for a fact because |'m
not aware of a neasurenent of Liq's diffusion

coefficient versus concentration.

Q And you have no idea what the -- so let's
take one step back. As a person of ordinary -- would
a person of ordinary skill in the art expect the

Lithium Q diffusion to be significantly different
going from zero percent to 17 wei ght percent to 33
wei ght percent and 50 wei ght percent?

A. Well, there is no Liqg in the zero percent
device. So | don't understand how there can be Lig
di f fusi on.

Q Okay. So we agree that for the zero
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wei ght percent Bphen or that the undoped Bphen
device, there is no Liq diffusion?

MR. WEI DENFELLER:  Cbj ecti on.

THE WTNESS: | think | can restate that
as | agree that for the zero percent Liqg device,
there is no Liq.

BY MS. ZHONG.

Q And if there's no Liq, there's no Liq
di ffusion, correct?

A. If there is no Liqin that film then
there is no Liqg diffusing in that film

Q And woul d a person of ordinary skill in
the art expect that the netal ion diffusion due to
the cathode netals be different in an undoped -- in
an OLED device with an undoped Bphen versus 17 wei ght
percent doped Bphen, 33 wei ght percent doped Bphen or
50 wei ght percent doped Bphen?

MR. WVEI DENFELLER: Qbj ecti on.

THE WTNESS: | don't think there's enough
information to make an assessnment on how the netal
di ffusion would be different as a function of

conposi tion.
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BY MS. ZHONG

Q Okay. And can a person of ordinary skil
in the art -- strike that.
Woul d a person of ordinary skill in the

art have any expectation or know edge regardi ng the
Lithium Q diffusion rate in an OLED device with 17
wei ght percent doped Bphen versus 33 wei ght percent
doped Bphen versus 50 wei ght percent doped Bphen?
MR. WEI DENFELLER:  Obj ecti on.
THE WTNESS: |'msorry, you |l ost nme on
the question there. Can you please restate it?
BY M5. ZHONG
Q Let's say you have three OLED devices and
the only difference is one has an el ectron transport
| ayer with 17 wei ght percent Lithium Q doped in
Bphen. The second one has 33 wei ght percent Lithium
Q doped in Bphen and the third one has 50 wei ght
percent Lithium Q doped in Bphen. Do you have in
m nd those three devices?
A Yes, | think | understand the devices
you' re descri bi ng.

Q So anong those three devices, what would a

Page 272

Veritext Lega Solutions
Caendar-CA @veritext.com 866-299-5127

Pictiva EX2019
Samsung v Pictiva
IPR2024-01095




© o0 N o o b~ w N P

N NN R R R R R R R R R
N P O © 0O N O O A W N B O

person of ordinary skill in the art view regarding
the Lithium Q dopant diffusion rate?

MR. WEI DENFELLER:  Cbj ecti on.

THE WTNESS: So |I'm going to answer that
in a pretty specific way because | think | already
answered it in the context of Ma. So this particular
publication we're tal king about was published in
2022. So this is, what, 14 years after the '425 and
well after Ma as well. And so a person of skill in
the art at the tinme that's relevant here for the '425
woul d | ook at Ma, would see a nol ecul ar dopant, would
understand the chall enges in using elenental netal
dopants and woul d have an expectation of success that
Lig woul d have a reduced diffusion in the transport
mat eri al .

Beyond that, in ternms of specific
di ffusion coefficients for Lig with various el ectron
transport materials, | don't know what those
di ffusion coefficients would be. And | think a
person skilled in the art would have to do sone
experinmentation to find them out specifically.

But the fact that Lig was a nol ecul ar
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n-dopant at that point and that that was an objective
of the community to replace elenmental nmetals with
nol ecul ar N dopants woul d have been what the person
of skill in the art had to see to be notivated to
apply Liq in Diekmann and Lig in Suzuki.
BY MS. ZHONG.

Q But as between Liq and undoped ones, would
t hey expect that there's -- strike that.

At the time that you nentioned, did a
person of ordinary skill in the art know what is the
relative amount of diffusion for the Ma system versus
one that's doped with cesiumor Lithiumor Lithium
fluoride at a nuch | ower doping concentration?

MR. VAEI DENFELLER:  Obj ecti on.

THE WTNESS: | don't have any know edge
that a person skilled in the art would necessarily
have specific nunmbers, but honestly, | didn't | ook
for them \What a person skilled in the art at that
point in time is that they would have | ooked for a
nol ecul ar n-dopant. That was the | evel of
devel opnent at the tinme in trying to find an

al ternate dopant.
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In terns of the quantitative details of,
you know, how different is the diffusion coefficient,
how different is the transport indifferent --
transport materials, that is not the threshold for
whi ch a person skilled in the art would hold
t hensel ves to to have an expectati on of success.

Their goal would be to take an existing N type
dopant, replace it with a prom sing nol ecular N type
dopant that's clearly already been shown in Ma to

yi el d successful device performance and try it in the
structure of D ekmann and Suzuki .

Whet her the diffusion coefficient is one
nunmber or the other, I don't know that that would
have been available to a person skilled in the art at
the time. But whether it is or not doesn't affect ny
opi nion as to whether or not they'd be notivated to
conmbi ne these two worKks.

BY MS. ZHONG
Q So nmy next question to you is, do you know
what is a doping rate -- strike that.

If you dope the electron transport |ayer

with Lithiumfluoride, Lithiumor cesium what is the
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m ni nrum anount of doping do you have to have in order
for you to see an inproved conductivity?

MR. WEI DENFELLER:  Cbj ecti on.

THE W TNESS: That's not sonething |
| ooked at. That's -- certainly for cesium Lithium
it'"s in the literature and woul d have been avail abl e
to a person skilled in the art at that point. At
| east knowi ng the inprovenment of conductivity was in
the art, but I don't know those nunbers. Again, they
aren't things that woul d have inpacted ny deci sion
and nmy opinion on conmbining Ma with D ekmann or M
with Suzuki .
BY M5, ZHONG

Q And when you add Lithium Qto an el ectron

transport | ayer, there conmes a point where LithiumQ
actually becones the major conponent of the el ectron
transport |ayer, correct?

MR. WVEI DENFELLER: Qbj ecti on.

THE W TNESS: What do you nean by maj or
conponent ?
BY MS. ZHONG

Q So, for exanple, when you -- at 33 weight
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percent of Lithium Q in Bphen, we said that's a

one-to-one nmolar ratio, correct?

A. You had said that's one to one or about
one to one. | haven't done that cal cul ati on.
Q Okay. Dr. Randall, who is another expert

for Samsung, had opined that 33 weight percent is
about one-to-one nolar ratio. So |I'mjust going off
hi s nunbers.

A. Okay. | don't know his cal culation, but |
can entertain the nunbers.

Q Ckay. And so as you increase the
percentage of LithiumQin the mxture, LithiumQis
going to beconme the mmjor conponent in the sense that
there are going to be nore Lithium Q nol ecul es than
t he Bphen nol ecul es, correct?

MR. WEI DENFELLER: Cbj ecti on.

THE WTNESS: | agree at sonme point you'l
have nore Lig nol ecul es than Bphen nol ecul es.
Eventual ly you'll have only Liq nol ecul es.

BY MS. ZHONG
Q And let's go to the extrenme case when you

have only the Lig nol ecul es.
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A. Uh- huh.

Q And would the diffusion in that case still
be | ower than an electron transport |ayer of Bphen
with lightly doped al kaline netal ?

MR. VAEI DENFELLER:  Obj ecti on.

THE WTNESS: | think |'ve attenpted to
answer this before. | don't know specifically what
the diffusion coefficient of Liq or an al kaline netal
woul d be or howit's going to change with
concentration. What | can assert is that a person
skilled in the art at the tinme of the '425 woul d
understand the value of transitioning to a nol ecul ar
n-dopant and that's the basis upon which | fornmed the
opi nion in my declaration.

BY MS. ZHONG

Q But we al so know that at high
concentration, you have a higher flux. You tend to
have a higher flux, correct?

A. Agai n, the context of that statenent that
| think I did actually add to in a |ater discussion
is the concentration gradient is only relevant if the

species diffusing can actually diffuse. And so if
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the diffusion to coefficient is sufficiently |ow,
then the concentration gradient may not matter.

Q But you don't really know, for Lithium Q
first of all, which species is actually diffusing,
whether it's the Lithium Q nolecule or it's the
Li t hium cation, correct?

A. ' mnot taking a position on whether or
not there's any diffusion, frankly, whether --
because again, Liq as a nolecul ar n-dopant could very
wel | solve that problem and may have m ni mal
diffusion. | think this discussion is very
hypot hetical. But | have not -- | don't know the
degree to which Liq disassociates and so | don't know
t he degree to which Liq m ght generate Lithium

| think we've already tal ked about the Liu
reference where, you know, there's sonme specul ation
t hat when it sees a cat hode deposition, there could
be sone dissociation. But | haven't thought about
how that transfers into the doped structures of Ma.

Q So you don't really know like in the m xed
filmof the electron transport |ayer, the

concentration of the Lithium species that can
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actually diffuse? You have not really nmade that
determ nation, correct?

A So to be clear, you're asking ne if |
quantitatively know the concentration of Lithium
species in Ma's doped Liqg Bphen ETL that are
avai l able for diffusion as well as their diffusion
coefficient?

Q. Yes.

A. I think I'"ve answered several tinmes that |
don't have that information.

Q It doesn't have to be very precise. Do
you even know the order of magnitude?

MR. WEI DENFELLER: Cbj ecti on.

THE WTNESS: No. As | said, | don't know
what those nunbers are. But |I'll enphasize again
what |'ve said already that that does not limt or
i npact ny opinion for this grounds and it would not
I npact a person's skill in the art's expectation for
success in conbining Ma and D ekmann or Ma and
Suzuki. And so | don't think a person skilled in the
art would require that |evel of specificity before

seei ng the advantages and trying to combi ne Ma and
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Suzuki or Ma and Di ekmann with a sufficient
expectation for success.
BY M5, ZHONG
Q So your assunption is that the Lithium Q

does not dissociate, or at |least not dissociate to a
significant extent in the mxed film correct?

MR. WEI DENFELLER: Cbj ecti on.

THE WTNESS: | don't think |I've said
that. | don't think I've taken an opinion on Liq
di ssociation in Bphen. Wat |I've said is that M
teaches that Liq -- again, they use the term nol ogy
may -- but may inpact the nobility of the film and
that that's the mechanismto inprove the conductivity
of the n-doped | ayer.

And then with that | al so acknow edge in
Liu that when used as a filmas an ElIL, cathode
deposition can lead to sone dissociation. But |I'm
not taking a position on whether or not Liq is
di sassociating in Ma or not or the extent to which
it's disassociating because | don't think that's
necessary and | don't think persons skilled in the

art would see that as essential to conbining.
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The data in Ma is very clear that there is
an i nprovenment and that Ma is teaching Liqg as an
anti-dopant and that's what a person skilled in the
art would have to see.

BY MS. ZHONG.

Q The inmprovenent that Ma shows is the
decrease in the driving voltage and a slight increase
in the efficiency, correct?

A. Ma shows an increase in efficiency and
reduced driving voltage and the fact that this is a
nol ecul ar n-dopant. And while Ma isn't providing
stability data or operational degradation data,

Di ekmann makes clear the interest in having dopants
that would not diffuse as readily as al kaline netal s
like Lithium And so that's the additional advantage
that a person skilled in the art would see in M.

Q | understand. Does Ma provide any
I ndication as to the relative diffusion rate of the
dopant or Lithiumin its systenf

A. Sorry, can you ask that again?

Q Does Ma provide any data that Lithium Q

actually has a reduced diffusion rate conpared to
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el emental -- conpared to the alkaline netals
t hensel ves?

A. Ma does not specifically make that
conparison. Ma is only focused on Ligq as a dopant
and Bphen and the case as we've di scussed where
there's no Lig doped as well. But a person skilled
in the art readi ng Di eknmann and understanding as a
person skilled in the art that increased, you know,
basically nol ecular bulk if you like, increased size,
Is going to frustrate diffusion of the dopant in the
el ectron transport materi al .

Q But you did not determ ne the equilibrium
bet ween the Lithium Q versus the dissociated system
di ssoci ated state, correct?

MR. WVEI DENFELLER: Obj ecti on.
THE W TNESS: No. As |'ve noted before,
have not offered an opinion on whether Liq
di sassociates at all in Bphen and, if it did happen
to dissociate, the level to which it disassoci ates.
BY MS. ZHONG
Q Okay.

A. But allow that Liq being a nol ecul e,
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inserting the same anmount of Lithiumversus Liqg, a
person skilled in the art would |ikely expect that,
again, even if Liqg disassociates partially, that it's
likely going to be less nobile and that it likely
won't conpl etely dissoci ate.

Q Ma al so does not provide any |ifespan or
|ifetinme data, correct?

A. Ma does not provide data on device
lifetinme or device degradation. However, M does
note, in the final |ine before the conclusion, "So,
we can predict that the conplete Device C should have
a good lifetine." And so that's based on the
assessnment that when there's charge inbalance in the
em ssive | ayer of an OLED and one builds up either
excess el ectrons or excess holes, that can conprom se
t he device performance. And so they are noting that
their device at least in their m nd woul d be expected
to have inproved lifetine.

Q Did they say inproved lifetinme or does it
just say it's good lifetime?

A. | guess they're saying it's a good

lifetine.
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Q Did Ma state that the undoped devi ce woul d
have a bad lifetine?

A. Ma doesn't state anything el se about their
devices. But | think a person skilled in the art
woul d read the paragraph and understand that what M
is trying to teach is that a well bal anced devi ce
that doesn't lead to substantial accunul ation of one
carrier type in the em ssive |ayer would be
beneficial for a lifetine.

Q Does Ma show any data that the doped
system that was slightly unbal anced el ectrons and
hol es woul d have worse lifetime than one that's
bal anced? Strike that.

Does Ma show any data that shows the
lifetinme of the device with undoped Bphen woul d have
been worse lifetine than one with doped Bphen?

A. |'"mgoing to reread Ma's paragraph to nake
sure | answer your question accurately. So Ma notes
that, in that sanme paragraph, "For the stability of

t he devices, we have known that in undoping devices

such as device A" -- so that's a fully undoped
structure -- "the nunber of holes is much nobre than
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the electrons.” So what they're saying, first of
all, is that in device A they're hole rich,
essentially an excess nunber of hol es.

"So, a surplus of holes at the NPB/ Al q
interface increases the probability that Al g3 cations
are fornmed, which are known to be unstable.” So Ma
is acknow edging that in their undoped device, there
are going to be issues with stability and that those
I ssues are arising froman excess density of holes
and that that will lead to rapid device degradation.

And so | think Ma is disclosing here --
and | didn't exam ne reference 30, but they are
offering a reference -- that their undoped device
does not have good lifetinme, as they're putting it.

And then they go on to note that
because -- when they introduced this PIN device with
novel n-doping and p-doping and that's where they can
predi ct that the conplete device that's doped
properly with bal anced el ectron hole transport shoul d
have good lifetine.

So while Ma does not show data, | think

they are clearly pointing to the literature. They
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show clearly that they have an understandi ng of what
the stability of device Ais and why it would be
unstabl e and then do clearly note why they're
optim zed doped devi ce should be inproved.

Q Can you achi eve charge bal ance by using
al kaline metals and Lithium fluoride in Ma's systen?

A. Well, Ma's already using Lithiumfluoride
as an ElL.

Q If Ma dopes its Bphen with cesium Lithium
or Lithiumfluoride, can it achi eve charge bal ance?

A That | don't know for a fact. |'m not
famliar with this particul ar device being doped with
cesium or Lithium

Q And so assum ng that you have optim zed
doping levels for the Lithium Q system versus an OLED
device of Ma structure but with Bphen, doped with
optim zed |l evel of cesium Lithiumor Lithium
fluoride, does a person of ordinary skill in the art
know whi ch one woul d have better lifetinme?

A. I don't think it's possible to -- so let
me make sure | understand your question. The various

materials you listed were cesium Lithiumfluoride,
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and what was the |ast one?

Q Li t hi um

A Lithium And you're asking which of those
have a better lifetime?

Q Versus Lithium Q

A. W t hout maki ng those devices, it's hard
for nme to conclude with certainty, but a person
skilled in the art would understand that using Liqg as
a nol ecul ar n-dopant would bring potential advantages
by reduci ng dopant diffusion.

Q And woul d t hose advant ages al ready exi st
with Lithiumfluoride?

A. As |'ve said earlier, | don't take a
position on Lithiumfluoride and I'mnot sure howto

t hi nk about whet her that would be a nmol ecul e or not.

Q Lithiumfluoride is a neutral conpound,
correct?
A. I'"'msorry, the court reporter has a

question. What was your question?
Q " masking you is Lithiumfluoride a
neutral conpound?

A. | don't -- Lithiumfluoride is --
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actual |y, under what circunstances?

Q As used in the film OLED film

A. So when Lithiumfluoride is used in an
OLED film my understanding is that what you're
starting with in the deposition source is a neutral
conpound, but | don't know if there's sone
di ssoci ation even in the source of Lithiumfluoride.
It's a salt. So |I'mnot sure exactly what its
behavi or woul d ook like in the deposition source.

It's deposited frequently as a neat

material, as an EIL, and while there's a coupl e of
different pictures of how its operation works in
literature, | think the nobst common opinion is that
the Lithiumfluoride is dissociated when the netal
strikes the Lithiumfluoride film

Q What about when Lithium fluoride is doped
in a Bphen. Do you know in what state they would
exi st?

A That's not something | considered in the
context of formng nmy opinion and so | don't have an
opi nion on how Lithium fluoride would [ ook with

Bphen. | think that's sonething | nentioned earlier.
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Regar di ng whet her or not there's coordination, |
actually don't know.

Q And you' ve never conpared the diffusion
ability of Lithiumfluoride versus Lithium Q
correct?

A. When you're asking me if |I've conpared it,
are you asking if I've nade these neasurenents or

| ooked in the literature?

Q Yes.

A Yes to which one?

Q Lithium Q versus Lithium fluoride.

A Sorry. Are you asking if |'ve actually

done experinents conparing themor if |'ve just
researched in the literature conparing then? What
specifically?

Q Ei t her.

A. Oh. No on both counts. | have never
studi ed diffusion of these dopants experinentally
myself and | did not | ook extensively for
measurenments of diffusion of these dopants in the
literature.

Q And do you know whet her Lithiumfluoride

Page 290

Veritext Lega Solutions
Caendar-CA @veritext.com 866-299-5127

Pictiva EX2019
Samsung v Pictiva
IPR2024-01095




© o0 N o o b~ w N P

N NN R R R R R R R R R
N P O © 0O N O O A W N B O

exi sts as nononers when they were deposited or they
exist as multimers, basically Lithiumfluoride is
aggr egat ed?

A. | don't think |I've ever thought about that
and so | don't have an opinion on that.

Q And do you have an opinion as to whether
LithiumQis deposited as a nononer, as a diner, as a

trimer, hexamer?

A. Again, that's not sonething | even thought
about as relevant when formng ny opinion. | think
asked earlier, | considered Lig and Bphen as a
m xture.

Q What about barium Do you know its

di ffusi on constant conpared to Lithium Q?
A | don't.
Q So in Ma, does the addition of LithiumQ
to the Bphen | ayer help reduce the injection barrier?
A. That's a good question. | don't think it
does. And | think that's why Ma intentionally
i ncludes a 1 nanonmeter Lithiumfluoride electron
i njection |ayer under their cathode. And so | think

| mentioned this very early in the day, that that
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allows all of these different electron transport
| ayers to have good injection from al um num because
Lithiumfluoride is there now to provide the
assi stance for electron injection which allows M's
data shown in figure 5 to focus on the actual
transport of electrons in the doped el ectron
transport material.

And so | don't think Ma is |ooking at a
change in injection. | think Ma is |ooking at a
change in conductivity and transport within the
el ectron transport |ayer.

Q So is it your opinion that for a LithiumQ
doped el ectron transport |ayer, you still need to
have an i ndependent el ectron injection |ayer?

A. No, that's not the opinion |I'm stating.
What |'m saying is that in Ma -- so in doing the
experinments Ma is doing, Ma is trying to de-couple
potential changes in injection from potential changes
in transport or in Ma's case nobility.

And by including Lithiumfluoride at the
interface, Ma is essentially ensuring that all the

devices they're constructi ng have suitably good
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el ectron injection fromalumnuminto the el ectron
transport material which allows Ma's results to be
focused on how the conductivity is actually being
changed with dopi ng.
| don't take any position on whether or

not Lithiumfluoride is needed with a Bphen Liq doped
| ayer. But as | note in ny declaration, there is
prior work fromHe in both cases and Pfeiffer that
does indicate that when one has a doped el ectron
transport layer, an injection |ayer may no | onger be
needed because the doped el ectron transport |ayer not
only addresses the conductivity issue, but also the
I njection issue as well.

Q Do you know how the OLED device in M
woul d behave if you renoved the Lithiumfluoride
| ayer and uses only the Lithium Q and Bphen next to

t he cat hode?

A. That's basically the inversion of the
gquestion | was just answering. | don't know that for
a fact. In that case, if LIF is renoved, then now
the electronic transport layer will be both inproving

conduction and potentially also inproving injection,
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but | don't know how that device specifically would
| ook wi t hout seeing the data.

Q So are fluorescent OLEDs generally | ess
efficient than phosphorescent OLEDs?

A. As | note in ny declaration, sinple
fluorescent OLEDs are less efficient than
phosphor escent OLEDs.

Q When you say sinple fluorescent OLEDs,
what do you nean by sinple?

A. Well, there's a |lot of different ways one
can generate fluorescence. And a sinple fluorescent
emtter would be a fluorescent emtter that only
emits fromthe singlet state that the triplets are
not radiative. More recently, there has been work to
realize emtters known as thermally activated del ayed
fluorescence emtters or TADF emtters. These are
emtters that emt fromthe fluorescent singlet
state, but because of their design, the singlet and
triplet are nerely to generate energy rather than in
a sinple fluorescent emtter where the triplet is
much | ower energy.

Under certain conditions in those
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materials -- and they have to be designed to get that
energetic alignment. [It's not sonething that one
finds naturally frequently -- the triplet could
actually be excited back into the singlet. And so
what then happens is that with those fluorescent
emtters -- and they're still fluorescent because
they're emtting out of the singlet -- they show
what's called pronmpt fluorescence, which is the
initial excitation of the singlet, reconbining and
emtting light. And then they also showed del ayed
fluorescence, which is excitons that went through the
triplet, sat for a while and then cane back to the
singlet and then emt fluorescence.

And so if you ook in the time domain,
these materials will show fl uorescence and then a
sl ow decay of fluorescence. These sorts of materials
can be quite efficient. They can be as efficient as
phosphorescence emtters because they offer another
route to harvest the triplets that in a sinple
fluorescent emtter, which is what was happeni ng at
the time of the '425, those triplets would be not

radi ati ve.
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The ot her exanple of a nonsinple
I ncarnation of fluorescence would be in a so-called
phosphor-sensitized OLED where one uses a
phosphorescent material, perhaps an
iridiumcontaining material, to mx the singlet and
triplet state and then use that to effectively punp
the singlet of a fluorescent material which can al so
|l ead to high efficiency, though that hasn't been
depl oyed as widely for applications.

And then the |l ast case is what's known as
triplet-triplet annihilation fluorescence, which is a
situation where now you have a fluorescent emtter,
it emts fromthe singlet state, and the triplets you
generate actually annihilate with each other to
create another singlet which gives you an additional
boost of fluorescence. And so when | say sinple
fluorescence, |I'mtal king about essentially not those
versions of fluorescence because they can all show
hi gher efficiency than a sinple fluorescent device.

Q So ny question to you is, at the tinme of
the '425 invention, were those types of nore

conplicated fluorescence systens, no?
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A. | didn't -- so | know that
phosphor-sensitized fl uorescence was known and |
expect that triplet-triplet annihilation fluorescence
was known. But | think largely at the time of the
'425, fluorescence was viewed to be a less efficient
path to el ectrol unm nescence and phosphorescence. But
| haven't done a literature search to find out
exactly when the first papers on these topics cane
out .

Q So at the tinme of the '425 inventions or
the '425 patent -- so at the tinme of the '425 patent,
when literature tal ks about fluorescent system you
usual l'y think about a single fluorescent system
unl ess sonething else in the paper indicates it's one
of those nore exotic fluorescent species, is that
correct?

A. In my opinion, usually if there's a
process going on that's nmeant to increase the
efficiency of the fluorescent emtter, that wll
usually be called out in the work. The only instance
in which it may not be the case is if the authors

aren't aware that it's happening.
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Q So for an electron transport |ayer with 33
wei ght percent Lithium Q which one is a host and
whi ch one woul d be the guest?

MR. VAEI DENFELLER:  Obj ecti on.

THE WTNESS: So what is the broader
context of the question?

BY MS. ZHONG

Q So in a mxture of the Bphen with Lithium
Q wth 33 weight percent LithiumQ which one would
you consider to be the host and which one would you
consi der to be the dopant or the guest?

MR. WVEI DENFELLER:  Cbj ecti on.

THE WTNESS: |'mgoing to go back and
consult Ma before answering your question. So in
terms of your termnology is what is the host and
what is the guest, | think I'd prefer to use the
| anguage actually in the -- in Ma which refers to Liq
as the n-dopant and Bphen is, again, the electron
transport material. And when Ma uses that
term nol ogy, Ma doesn't put any restriction on when
It mght apply and when it m ght not apply.

BY MS. ZHONG
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Q If Lithium Qis 70 weight percent of the
m xture, do you still consider LithiumQ to be the
dopant ?
MR. VAEI DENFELLER:  Obj ecti on.
THE W TNESS: M doesn't consider that
sort of extreme doping of Liq into Bphen.
BY MS. ZHONG.
Q What about 50 wei ght percent?
A In Ma, there is no distinction at 50
wei ght percent, 33 weight percent, 17 wei ght percent
where there's any change in term nology. Ma refers
to Lig as an n-dopant and a person skill in the art
woul d see it as such.
Q But to you, dopant doesn't have to be the
m nor phase of the m xed |layer, is that correct?
The Lithium Q does not have to be the
m nor phase of the m xed el ectron transport |ayer, is
that correct?
A | didn't consider any instances where Liq
wasn't the m nor phase of the electron transport
| ayer and so | didn't offer an opinion on how the

term nol ogy m ght change outside of the range in M.
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|"'mrelying on the fact that Ma refers to Liq
consistently as the n-dopant in the ETL and that's

the term nol ogy | anguage that | applied in ny

anal ysi s.

Q Even when the ratio of Lithium Q and Bphen
is one to one, you still consider LithiumQ as the
n- dopant ?

A. Yeah. | think what | just said is that in

Ma, Ma doesn't put any bookends on when Lig is a
dopant or when it's sonething else. Ma refers to LiqQ
as a dopant and even at 50 wei ght percent, there's an
I mprovenent in electron transport. And so | think
that a person skilled in the art would | ook at Ms,
see Ma's usage of the termLig as an n-dopant in
Bphen and apply it accordingly.

Q And when you say there's an i nprovenent,
an i nprovenment over what? What's the baseline?

A. I'm |l ooking at figure 5 where the baseline
current is zero percent Liq in the ETL and all of the
configurations that Ma consi dered show i ncreased
current flow through the ETL conpared to that undoped

case.
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Q So as long as there is an inprovenent in
conductivity versus an undoped | ayer, you consider
those to be n-dopant.

A. I am not generalizing an opinion there. |
am si nply sayi ng what Ma presents. And so Ma does
not change their term nol ogy across the data set they
exam ne. They show what | ooks |ike n-doping across
t he range of concentrations they | ook at and so a
person skilled in the art would refer to Lig as the
n-dopant in Ma's work.

Q And even t hough somewhere between 33
percent and 50 wei ght percent you see a decrease in
the conductivity, you would still consider the
Lithium Qto be an n-dopant?

MR. VAEI DENFELLER:  Obj ecti on.

THE WTNESS: | amessentially saying what
Ma is considering it at and how | used it. So Ma
refers to Lig as an n-dopant, does not bottl eneck the
range or bookend the range and so that's the way a
person skilled in the art wuld read what Ma is
doi ng.
BY MS. ZHONG
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Q And | want to confirm a nunber of things.
Lithiumis an el ectron donor when it's doped into an
el ectron transport |ayer, correct?

MR. VI DENFELLER: Obj ecti on.
THE W TNESS: Which electron transport
| ayer ?
BY MS. ZHONG.
Q Any el ectron transport | ayer.
MR. WEI DENFELLER:  Obj ecti on.
THE W TNESS: I --
BY MS. ZHONG.

Q When you use Lithiumto dope an el ectron
transport layer, that Lithiumacts as an el ectron
donor, is that correct?

A. Whet her or not sonething is an el ectron
donor or an el ectron acceptor depends on relative
energy alignnment. And so without knowi ng what you're
doping Lithiumin, | can't offer a blanket statenent
on Lithiumw |l always be an el ectron donor in any
el ectron transfer material.

I recall you showi ng me an exhibit this

norni ng that had specific prescribed energy
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alignnments and so that's why | asked what is Lithium
bei ng doped in.

Q Wel |, Di ekmann nentions using Lithiumas a
preferred n-dopant, correct?

A. Yes.

Q So in that case, is Lithiumacting as an
el ectron donor?

A In an instance where Lithiumcan serve as
an electron donor, it would act as an el ectron donor.
| just -- your question was in any electron transport
| ayer and there does depend on sone energetic
alignment. So when Lithiumis a dopant -- and again,
maybe the best thing to do would be to pick a paper

where they're actually doping with Lithium So, for

exampl e --

Q Exhi bit 1019?

A. | was actually going to go to Exhibit
1016.

Q Ckay.

A. So this is Pfeiffer. They're doping
Lithiumw th Bphen. In that case, Lithiumis an

el ectron donor in Bphen.
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Q And is that the sanme in Exhibit 10197

A | have to go to 1019. So Exhibit 1019 is
not using Lithium

Q Sorry. So in Exhibit 1019, the dopant is
cesium correct?

A. As shown in figure 1 in Exhibit 1019, the
dopant is cesium

Q And cesiumis acting as electron donor in
that case, correct?

A. My under standi ng of how cesium operates in
this case is that it is acting as an el ectron donor
to Bphen.

MR. VEI DENFELLER: | think we're getting
close to the seven hours here. Can you tell us?
THE REPORTER: Yes, six hours and 48
m nutes on the record.
BY MS. ZHONG.

Q And you have not nmade any determ nation as
toif the Lithium Q acts as an el ectron donor in --
strike that.

And | think you confirmed this norning

t hat based on Ma's own di scl osure, there's no
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indication that Lithium Q acts as el ectron donor in
that system correct?

A. So, again, in Ma -- |I'Il just point to the
relevant entry again so it's clear. This is Ma page
813 in the first full paragraph. That's when Ma is
descri bi ng what may be going on to describe their
data and, as we've discussed, Ma says the high
el ectron conductivity may be originated from short
hoppi ng | ength. Ma does not specifically discuss
el ectron donation, but frankly they don't rule it out
ei t her.

Q And if bariumis used to N dope an
el ectron transport |ayer, is bariumacting as an
el ectron donor in that case?

A. | have | ess experience thinking about
barium but ny -- let nme just take a quick | ook here.
| just want to consult one reference.

Yes, so based on the literature and the
readi ng of Di ekmann, barium would |ikely also serve
as an el ectron donor.

Q And does Di ekmann view Lithiumfluoride

al so as an el ectron donor?
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A | don't recall how Di ekmann specifically
descri bes or if Diekmann specifically describes
Lithiumfluoride. | know Lithiumfluoride is
certainly listed, but I don't recall at this point
whet her or not it's listed explicitly as an el ectron
donor or just an n-dopant.

Q So on page 91 of Di ekmann for the 402
| ayer, it specifically nmentions that the dopant acts

as an electron donor, correct?

A. This is paragraph 91 -- top of the page
917

Q Uh- huh.

A And whi ch paragraph would you like nme to
| ook at?

Q For Di ekmann, the | ast paragraph.

A. Okay. Let nme just read it. Yes, | see

the line you' re tal king about.

Q It nmentions that the organic |ayer stack 4
has a doped | ayer 402 with a dopant of 410 which acts
as an el ectron donor, correct?

Yes, | see that |ine.

Q So in Diekmann's device in figure 2A, the
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dopant in layer 402 acts as el ectron donor, correct?
A. | don't read Diekmann as limting in that
way. M inpression as a person skilled in the art is
that the majority of dopants available at the tine
woul d |i kely have been el ectron donors. And so
Di ekmann is probably witing that stipulation based
on what some of the nobst common dopants woul d have
been. However, a person skilled in the art, again,
seeing Ma identify a nolecular n-dopant | don't think
woul d | ook at Di ekmann and think that that's
excl uded, especially since D ekmann teaches a
nol ecul ar P type dopant.
Q And is Lithiumfluoride a preferred dopant
i n D ekmann?

MR. WVEI DENFELLER: Obj ecti on.

THE WTNESS: |'m not sure about
preferred. Lithiumfluoride is listed in D ekmann.
BY MS. ZHONG

Q Why don't you take a | ook at your
paragraph 144. And in particular, do you see there
it is stated D ekmann preferred n-dopants cesium

bari um and Lithium fluoride?
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A. I"'mstill reading it. Yes, | see that
l'ine.

Q So based on your own sunmary here, is
Lithium fluoride one of Diekmann's preferred
n- dopant s?

A. That's what the sentence you're pointing
to says. But I'll just add to you that, again, as |
just noted, a person skilled in the art would not see
that preference as limting because n-dopant sinply
means a conpound that increases conductivity and Ma
teaches such in their work on Lig.

Q Did you cite any docunent indicating that
woul d not be the understanding by a person of
ordinary skill in the art?

MR. VAEI DENFELLER:  Obj ecti on.

THE WTNESS: No, | didn't think | had to
cite additional a docunment because a person of
ordinary skill in the art would have that
under st andi ng.

BY MS. ZHONG
Q Despite the fact that D ekmann

specifically says that it's n-dopant acts as an
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el ectron donor?
MR. WVEI DENFELLER:  Obj ecti on.
THE W TNESS: That taken plus the fact
t hat Di ekmann al so teaches that dopant diffusion is
sonet hing that needs to be dealt with in the device
as well and that a nol ecul ar n-dopant woul d all ow one
to satisfy that particular aspect of D ekmann, too.
BY MS. ZHONG
Q There are nol ecul ar n-dopant that is not
Lithium Q that serves as el ectron donors, correct?
A. Is there a particular one you' re asking nme
that |'m aware of?
Q Are you aware of any other than Lithium Q?
A. Certainly there are others, but |I'm not
aware of many actually, certainly not at this tine.
There m ght be other nolecules, but there's -- |

don't think they were w dely known.

Q What about the tungsten hpp4?
A ['msorry?
Q Tungst en hpp4.
A. ["'mnot famliar with that conpound.
Q And you were working in the -- you
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graduated in -- you got your Ph.D. in 2008 and 2009,

right?
A | received ny Ph.D. in 2006.
Q Okay. And were you doing post-doc at the

time or you already had your own research group at

the tine?

A. No, | started running ny research group in
2006. | didn't do a post-doc.

Q So in 2008 and 2009, you al ready had your

own research group for two to three years, correct?

A. That's correct.

Q And you were not aware of that tungsten
hpp4?

A. | was not aware of the conmpound you're

descri bi ng.

M5. ZHONG. Okay. | don't have any
further questions. Subject to the redirect by your
counsel, | think I"'m done with m ne.

MR. WEI DENFELLER: Ckay. Thank you. Wy
don't we take a short break and reconvene.

(Recess.)

VR. WEI DENFELLER: There is no redirect.
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t he i nstant

MS. ZHONG. So we are done today, right?
MR. WEI| DENFELLER: Yes.

MS. ZHONG. Thank you. Sounds good.
(Wher eupon, at 5:56 p.m, the taking of

deposition ceased.)
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CERTI FI CATE OF REPORTER

UNI TED STATES OF AMERI CA ) Ss:
DI STRI CT OF COLUMBI A )

I, MARY GRACE CASTLEBERRY, RPR, the officer
bef ore whom t he foregoi ng proceedi ngs were taken, do
hereby certify that the foregoing transcript is a
true and correct record of the proceedings; that said
proceedi ngs were taken by ne stenographically to the
best of ny ability and thereafter reduced to
typewiting under ny supervision; and that | am
nei t her counsel for, related to, nor enployed by any
parties to this case and have no interest, financial

or otherwise, in its outcone.

<9%11099, Si gnat ur e%
Notary Public in and for

The District of Col umbi a

My conm ssion expires: 7/14/2026
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SCOTT C. WEI DENFELLER, ESQ
swei denfel |l er @ov. com

APRI L 29, 2025
RE: Samsung Di splay Co., LTD. v. Pictiva Displays Internationa
4/ 24/ 2025, Russell J Hol mes, Ph.D, (#7301766).
The above-referenced transcript has been
conpl eted by Veritext Legal Solutions and
review of the transcript is being handl ed as foll ows:
___ Per CA State Code (CCP 2025.520 (a)-(e)) — Contact Veritext
to schedule a time to review the original transcript at
a Veritext office.
Per CA State Code (CCP 2025.520 (a)-(e)) — Locked .PDF
Transcript - The witness should review the transcript and
make any necessary corrections on the errata pages included
bel ow, notating the page and |ine nunber of the corrections.
The witness should then sign and date the errata and penalty
of perjury pages and return the conpl eted pages to al
appearing counsel within the period of time determ ned at
t he deposition or provided by the Code of Civil Procedure

Contact Veritext when the sealed original is required.

___ Wiiving the CA Code of Civil Procedure per Stipul ation of

Counsel - Original transcript to be released for signature
as deternined at the deposition.
___ Signature Waived — Reading & Signature was wai ved at the

time of the deposition.
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_X_ Federal R&S Requested (FRCP 30(e)(1)(B)) — Locked . PDF

Transcript - The witness should review the transcript and
make any necessary corrections on the errata pages incl uded
bel ow, notating the page and |ine nunber of the corrections.
The wi tness should then sign and date the errata and penalty
of perjury pages and return the conpl eted pages to al
appearing counsel within the period of time determ ned at

t he deposition or provided by the Federal Rules.

Federal R&S Not Requested - Reading & Signature was not

requested before the conpletion of the deposition
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Samsung Di splay Co.,

LTD. wv.

Pictiva Displays International

Russel |l J Hol nes, Ph.D (#7301766)
ERRATA SHEET

PAGE. ~ LINE___ CHANGE

REASON

PAGE_.  LINE___ CHANGE

REASON

PAGE__~ LINE___ CHANGE

REASON

PAGE_~ LINE___ CHANGE

REASON

PAGE. ~ LINE___ CHANGE

REASON

PAGE__~ LINE___ CHANGE

(Russell J Hol mes, Ph.D) Dat e
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Federal Rules of Civil Procedure

Rule 30

(e) Review By the Witness; Changes.

(1) Review; Statement of Changes. On request by the
deponent or a party before the deposition is
completed, the deponent must be allowed 30 days
after being notified by the officer that the
transcript or recording is available in which:

(A) to review the transcript or recording; and

(B) if there are changes in form or substance, to
sign a statement listing the changes and the
reasons for making them.

(2) Changes Indicated in the Officer's Certificate.
The officer must note in the certificate prescribed
by Rule 30(f) (1) whether a review was requested
and, 1if so, must attach any changes the deponent

makes during the 30-day period.

DISCLAIMER: THE FOREGOING FEDERAL PROCEDURE RULES
ARE PROVIDED FOR INFORMATIONAL PURPOSES ONLY.

THE ABOVE RULES ARE CURRENT AS OF APRIL 1,

2019. PLEASE REFER TO THE APPLICABLE FEDERAL RULES

OF CIVIL PROCEDURE FOR UP-TO-DATE INFORMATION.
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VERITEXT LEGAL SOLUTIONS

COMPANY CERTIFICATE AND DISCLOSURE STATEMENT
Veritext Legal Solutions represents that the
foregoing transcript is a true, correct and complete
transcript of the collogquies, gquestions and answers
as submitted by the court reporter. Veritext Legal
Solutions further represents that the attached
exhibits, if any, are true, correct and complete
documents as submitted by the court reporter and/or
attorneys in relation to this deposition and that
the documents were processed in accordance with

our litigation support and production standards.

Veritext Legal Solutions is committed to maintaining
the confidentiality of client and witness information,
in accordance with the regulations promulgated under
the Health Insurance Portability and Accountability
Act (HIPAA), as amended with respect to protected
health information and the Gramm-Leach-Bliley Act, as
amended, with respect to Personally Identifiable
Information (PII). Physical transcripts and exhibits
are managed under strict facility and personnel access
controls. Electronic files of documents are stored

in encrypted form and are transmitted in an encrypted
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fashion to authenticated parties who are permitted to
access the material. Our data is hosted in a Tier 4

SSAE 16 certified facility.

Veritext Legal Solutions complies with all federal and
State regulations with respect to the provision of
court reporting services, and maintains its neutrality
and independence regardless of relationship or the
financial outcome of any litigation. Veritext requires
adherence to the foregoing professional and ethical
standards from all of its subcontractors in their

independent contractor agreements.

Inquiries about Veritext Legal Solutions'
confidentiality and security policies and practices
should be directed to Veritext's Client Services
Associates indicated on the cover of this document or

at www.veritext.com.
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