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I. INTRODUCTION

Samsung Display Co., Ltd. (“Petitioner”) petitions for inter partes review
(“IPR”) seeking cancellation of claims 1-4, 6, and 814 (the “Challenged Claims”)
of U.S. Patent No. 8,558,223 (Ex.1001, “’223 patent”), assigned to Pictiva Displays
International Ltd.

The Challenged Claims relate to an organic electronic component comprising
a substrate, a first electrode, a second electrode, and an electron-conducting layer.
The purportedly inventive feature of the Challenged Claims relates to the
composition of an electron-conducting layer, such that it comprises (i) a metal
complex and (ii) a particular genus of organic compound—i.e., organic compounds
comprised of a heteroaromatic compound conjugated to an aromatic compound via
a C-C bond.

As shown in this petition, this feature was known in the prior art. Werner and
Ma both disclose an electron-conducting layer comprising (i) a metal complex and
(i1) “BPhen,” an organic compound that is specifically recited in claim 6 as a
compound that may serve as the organic compound under the *223 patent. Werner
discloses use of the same metal complex “W,(hpp)s” (reported in the *223 patent as
W,(TBD-A),) that is used in each embodiment of the *223 patent. And Ma discloses
as its metal complex the compound “Liq,” which the Patent Owner has identified as

the metal complex in the accused products in the related district court case.
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Therefore, Werner and Ma each disclose the purportedly inventive feature of the
Challenged Claims.

Other elements of the Challenged Claims relate to features that result from the
co-evaporation of a metal complex and an organic compound, like BPhen. These
elements flow from the simultaneous evaporation of BPhen and W (hpp)4 or BPhen
and Liq, as disclosed in Werner and Ma.

Accordingly, the Challenged Claims are all unpatentable as obvious over
Werner and/or obvious over Ma as explained below.

II. STANDING, MANDATORY NOTICES AND FEE AUTHORIZATION

Grounds for Standing: Pursuant to 37 C.F.R. § 42.104(a), Petitioner certifies
that the *223 patent is available for IPR and that Petitioner is not barred or estopped
from requesting an IPR challenging the *223 patent on the grounds identified in this
petition.

Real Party-in-Interest: Petitioner identifies Samsung Display Co., Ltd.,
Samsung Electronics Co., Ltd., and Samsung Electronics America, Inc. as real
parties-in-interest.

Related Matters: Patent Owner has asserted the ’223 patent in litigation
against Samsung Electronics Co. Ltd. and Samsung Electronics America, Inc. in
Pictiva Displays International Ltd. v. Samsung Electronics Co., Ltd., et al., Case No.

2:23-cv-00495 (E.D. Texas).
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Lead and Back-Up Counsel: Petitioner designates David A. Garr (Reg. No.
74,932, dgarr@cov.com) as lead counsel, of Covington & Burling LLP, One
CityCenter, 850 Tenth Street, NW, Washington, DC 20001 (postal and hand
delivery), telephone: (202) 662-6000, facsimile: (202) 662-6291.

Petitioner designates Scott C. Weidenfeller (Reg. No. 54,531,
sweidenfeller@cov.com) as back-up counsel, of Covington & Burling LLP, One
CityCenter, 850 Tenth Street, NW, Washington, DC 20001 (postal and hand
delivery), telephone: (202) 662-6000, facsimile: (202) 662-6291.

Petitioner designates Alexa R. Hansen (Reg. No. 63,811, ahansen@cov.com)
as additional back-up counsel, of Covington & Burling LLP, Salesforce Tower, 415
Mission Street, Suite 5400, San Francisco, CA 94105 (postal and hand delivery),
telephone: (415) 591-6000, facsimile: (202) 662-6291.

Service Information: Service information is provided in the designation of
counsel above. Petitioner consents to service of all documents via electronic mail at
the email addresses above and at SDC-Pictiva-IPR@cov.com.

Fee Authorization: The Office is authorized to charge all fees due in
connection with this proceeding to Deposit Account No. 60-3160.

III. SUMMARY OF CHALLENGE

Petitioner requests IPR of claims 14, 6, and 8—14 of the *223 patent based on

the following grounds:
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e Ground I: Claims 14, 6, and 8—14 are rendered obvious by Werner;

and

e Ground II: Claims 1-2, 6, and 8—14 are rendered obvious by Ma.

The 223 patent is a U.S. national stage of application of PCT Application No.

PCT/DE2009/001359, filed on September 25, 2009, and claims priority to foreign

applications filed on September 26, 2008, and November 7, 2008. Petitioner’s

challenge is based on the following references, which are available as prior art under

35 U.S.C. § 102 (pre-AIA)! as shown in the following table:

- Availability as
Exhibit Reference Date(s) Prior Art
Exs.1005 (English | Werner Published September 15, | §§ 102(a),
translation), 1006 2005 102(b)
(original German)
Ex.1007 Ma Published August 29, §§ 102(a),
2008 102(b)

IV. OVERVIEW OF THE 223 PATENT

A.  Specification

The °223 patent is directed to an organic electronic component, comprised of

at least a “substrate, a first electrode, a second electrode, and an electron-conducting

! Because the application for the *223 patent was filed prior to March 16, 2013, the

pre-AlA conditions for patentability apply.
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layer.” °223 patent, Abstract.? Fig. 1 of the *223 patent (reproduced below) discloses
a representative version of the organic electronic component showing “a layer
sequence comprising a substrate 1, on which a first electrode 2 and a second
electrode 4 are arranged. The electron-conducting layer 3 and the emitting layer 5

are located between the two electrodes.” ’223 patent, 15:15—18.

FIG 1

2 3

OO\

77227222

\\\\\\\\\\\\\\\\\\\\ N\

ld., Fig. 1.

2 Consistent with IPR procedure, Petitioner does not raise any challenge to the *223
patent under 35 U.S.C. §112; however, Petitioner reserves the right to raise any
appropriate challenge in the related District Court litigation, including invalidity

challenges based on enablement or written description.
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The *223 patent discloses that “the electron-conducting layer” comprises (i) a
metal complex and (i1) an organic compound. /d., 1:57-59. The ’223 patent discloses
that the metal complex has existing ligands and a metal atom. See id. 2:17-27. In
particular, “[m]etal complexes having two central atoms are particularly well suited
for the formation of chains” (id., 2:49-50) and that “[i]n this case, each of the two
central atoms has a coordination site without a steric hindrance being generated.”
1d., 2:45-47. One particular example of a metal complex is referred to as W,(TBD-

A)4, which is more conventionally known as W (hpp)s (id. at 3:22—-38):

(\k/j ﬁ>

"mu\

UJ

C ,O

ld.

The organic compound “comprises a heteroaromatic compound which is
conjugated with an aromatic compound via a C—C bond.” Id., 4:2—4. Various
exemplar compounds meeting this structural limitation are provided, but “[t]he
compounds illustrated in the structures I to XIII are particularly well suited as an

organic compound for the electron-conducting layer.” Id., 7:43—45. Compounds I to

XIII are listed below:
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~continued
VI IX

XI

XII

X1

Id., 5:16-8:42. Several of these compounds are known by their abbreviations: for

example, Compound III is known as TBPL? Compound IV is known as PBD.

3 Although the 223 patent states that Compound III is TPBI (*223 patent, 16:12-14
(“The third structural formula [in Fig. 3] shows TPBI (1,3,5-tris(1-phenyl-1H-
benzimidazole-2-yl)benzene), the organic compound II1.”), the structure of TPBI as
Compound III is misdrawn in both the specification (in Fig. 3 and in column 5) and
in Claim 6 (e.g., while TBPI contains a double bond in the imidazole, Compound I11

contains only a single bond in each of the heteroaromatic rings). Ex.1003, 926, n.2;
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Compound V is known as BCP. Compound VI is known as BPhen. Compound XIII
is known as OXD-7. Ex.1003, 431.

The °223 patent also discloses that “[b]y virtue of the coordination of the
organic compound on the metal complexes, and the associated overlap of the
orbitals, additional electrons can be transferred from the metal to the ligand via a
metal complex-ligand-electron transfer (metal-ligand-charge-transfer complex)”
(id., 2:6-10) and that “[t]he coordination of the organic compound to the central
atom can be effected directly via a further atom or else also via an aromatic system.”
(id., 2:19-21).

This electron-conducting layer can be obtained by joint vaporization of the
metal complex with the organic compound. /d., 16:37—44. The ’223 patent discloses
one method for manufacturing such an organic electronic component as follows:

providing a substrate as method step A), applying a first electrode in
method step B), depositing an electron-conducting layer on the
substrate as method step C), applying a second electrode in method step
D), wherein the electron-conducting layer is deposited by simultaneous

vaporization of a metal complex and an organic compound.

id., 431, n.3. In light of the clear instruction that Compound III is TBPI, in this
proceeding, claim 6 is analyzed under the assumption that Compound I1I is intended

to be TPBI. Ex.1003, 431, n.3.
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Id., 13:14-22. “In a further method variant, the organic compound does not
coordinate to the metal complex prior to vaporization.” Id., 14:9—10. The *223 patent
discusses production mechanisms to achieve the joint vaporization:

The metal complex and the organic compound can for example be
vaporized from two different vessels which are spatially separated from
each other. However, it is also possible to put the two compounds into
one vessel without a reaction or coordination taking place amongst the
compounds in the solid phase and so that the compounds then being

vaporized from the joint vessel.
Id., 14:11-17.

The 223 patent further discloses that “[i]n an embodiment of the organic
electronic component, at least parts of the organic compounds bridge two metal
complexes together, so that a chain-like structure is formed and/or at least parts of
the organic compounds bridge more than two metal complexes together, so that a
network-like structure is formed.” Id., 11:11-16.

In particular, the *223 Patent observes that “compounds I to XIII [identified
above] allow not only for the formation of two-dimensional chains, but, by virtue of
their multiplicity of coordination sites, they also allow for the formation of three-
dimensional networks. In this case, an organic compound coordinates to more than

two metal complexes.” Id., 7:48-53.

10
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The ’223 patent discloses that

[b]y suitable selection of the metal complexes, for example binuclear
metal complexes, and suitable selection of the organic compounds such
as for example the compounds I to XXIII, the joint vaporization of the
metal complex with the organic compound in the gas phase or on the
deposited surface results in interactions, so that the compounds

coordinate to each other.
’223 patent, 11:17-23. The ’223 patent explains that “[t]his coordination can result
in the formation of two-dimensional chains or three-dimensional networks.” Id.,
11:24-26. The 223 patent also discloses that “[t]he degree of cross-linking and thus
the formation of network-like or chain-like structures can be controlled by the ratio
of metal complex to organic compound.” /d., 13: 65-67.

The ’223 patent includes two independent claim (claims 1 and 10) and twelve
dependent claims (claims 2-9, and 11-14).

B.  Prosecution History

During prosecution of the U.S. Patent Application No. 13/121,090 that issued
as the ’223 patent, prosecution claims 1-4 and 9—15 were rejected under 35 U.S.C.
102(e) as being anticipated by U.S. Patent Publication 2008/0258610 A1 (“Ikeda”).

Among the limitations that the Examiner found that Ikeda disclosed, the
Examiner observed that Ikeda disclosed

an organic electrode component, comprising: a substrate 101, a first

electrode 102, a second electrode 107, an electron-conducting layer 103

11
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which 1s arranged in such a way that is electrically conductively

connected to at least on one of the electrodes 102/107, wherein the

electron-conducting layer 103 can be obtained by joint vaporization of

a metal complex, which comprises a central metal atom, with an organic

compound.

Ex.1002, 811. These elements are depicted in Ikeda’s Fig. 1A.

///////////////

\

107

Second Electrode

Electron-Conducting Layer

First Electrode

102

101

Light

Substrate

Ikeda, Fig. 1A (annotated).

Prosecution claim 5 depending from prosecution claim 1 added the element

“wherein the organic compound comprises a heteroaromatic compound which is

12
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conjugated with an aromatic compound via a C-C bond.” Id., 14. The Examiner
found that this claim comprised allowable subject matter.*

The applicant did not dispute the Examiner’s findings on Ikeda. Rather, the
applicant amended prosecution claims 1 and 11 (the only two independent claims)
“to include the limitations of claim 5.” Id., 836. Following this amendment, the
claims were allowed. Ex.1002, 1131-1134. Thus, the claims of the *223 patent were
only allowed after the independent claims were amended to require that “the organic
compound comprises a heteroaromatic compound which is conjugated with an
aromatic compound via a C-C bond.” Although the Examiner found that “[t]he prior

art of record does not disclose, make obvious, or otherwise suggest the structure of

* The Examiner did not address Ikeda’s disclosures regarding layer 106 (see Ikeda,
[0071]-[0073] and [0077]), which is an electron-conducting layer arranged in such
a way that is electrically conductively connected to at least on one of the electrodes
102/107, and which can be obtained by joint evaporation. Ex.1003, 942. Layer 106
is comprised of various metal complexes (see [0071]) and may also contain
additional compounds (see [0073], including the organic compounds PBD
(Compound IV in the ’223 patent); OXD-7 (Compound XIII in the ’223 patent);
BPhen (Compound VI in the ’223 patent); and BCP (Compound V in the ’223

patent). Ex.1003, 942.

13
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the applicant’s together with the other limitations of the independent claims,” the
Examiner did not have the benefit of other prior art, including the Werner and Ma
references, which were not of record during prosecution and which specifically
disclose such an organic compound, along with every other element of the
independent claims (among others), as discussed below. Ex.1003, 944.

V. LEVEL OF ORDINARY SKILL

A person of ordinary skill in the art (“POSA™) at the time of the alleged
invention of the 223 patent would have had a university degree in chemistry and
additional expertise or a second university degree in the field of electrical
engineering, particularly optoelectronics, or alternatively a university degree in
electrical engineering and additional expertise or a second university degree in the
field of chemistry. The person of ordinary skill in the art has spent several years
studying the structure and function of organic optoelectronic components, in
particular OLEDs, and has detailed knowledge of the chemical structure of light-
emitting organic layers and the transport of charge carriers to these layers. In this
respect, the person of ordinary skill in the art works at the interface between
electrical engineering/physics (charge carrier transport and light emission processes
in optoelectronic components) and chemistry, in particular organic chemistry

(materials and layer stack combinations suitable). Ex.1003, §946—47.

14
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VI. CLAIM CONSTRUCTION
Petitioner does not believe that any specialized constructions are necessary

for this petition.

VII. OVERVIEW OF PRIOR ART
A.  Werner (Ex.1005, Ex.1006)
PCT Application Publication No. WO 2005/086251 (“Werner”) was

published on September 15, 2005, which is more than one year before the September
25, 2009, filing of the PCT application that led to the *223 patent.

Werner is directed to “an electronic device with an organic semiconducting
material doped with a metal complex as an n-dopant.” Werner, 1:14-16. Werner
discloses that an “[t]he layer of the organic semiconducting material doped with the
n-dopant according to the invention is applied to an ITO layer (indium tin oxide)
arranged on a glass substrate. After applying the n-doped organic semiconductor
layer according to the invention, a metal cathode is applied, for example, by vapor-
deposition of a suitable metal to produce an organic light-emitting diode.” Id.,
61:17-22.

Werner discloses that “the metal complex according to the invention is a
multinuclear metal complex™ (id., 11:7-8) and specifically discloses Wa(hpp)a. 1d.
60:20-21 (“M;hpps with M equal to Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo, or W.”)
(emphasis added). Werner discloses BPhen as an organic compound for the n-doped

organic semiconductor layer. /d., 55:5-6.

15
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Werner discloses that “[t]he doping of the respective matrix material with the
n-dopants according to the invention can be carried out by one or a combination of
the following methods” and specifically discloses “[c]o-evaporation in a vacuum
with one source for the matrix material and one for the dopant” and “[p]reparation
of a solution of matrix molecules and dopants and subsequent formation of a layer
from this solution by conventional methods such as solvent evaporation or spin-
coating.” Id., 56:13-30.

B. Ma (Ex.1007)

J.W. Ma et al., Organic light-emitting diodes based on new n-doped electron
transport layer, Synthetic Metals 158, 810-814 (2008) (“Ma”) is an article published
in Synthetic Metals and available online as of August 29, 2008, which is more than
a year before the September 25, 2009, filing of the PCT application that led to the

’223 patent.’

> Ma was also published in the December 2008 issue of Synthetic Metals. The
“available online” date refers to a date when “a version of the article was made

available online in the journal.” See https://doi.org/10.1016/j.synthmet.2008.05.009

(last accessed July 1, 2024, under “What do these dates mean?”’). No revisions to the
article are indicated between August 29, 2008, and the December 2008 issue date,

and the disclosures relied upon in this IPR are central to the article. Therefore, the

16
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Ma is directed to “[o]rganic light-emitting diodes with 8-hydroxy-quinolinato
lithium [Liq] doped 4’7-diphyenyl-1, 10-phenanthroline [BPhen] as electron
transport layer (ETL).” Ma, 810, Abstract. Ma discloses that “[g]lass coated with
ITO ... was used as starting substrate,” and

4,4’ 4>’ -tris(3-methylphenylphenylamono) triphenylamine (m-
MTDATA):x wt.% etrafluro/sic/-tetracyano-quinodimethane (F4-
TCNQ) and Bphen:y wt.% Liq are used as p-doping HTL and n-doping
(ETL), respectively. N,N’-diphenyl-N, N’-bis(1,1’-biphenyl)-4,4’-
diamine (NPB) and Alq3 are used as interlayer and emission layer
(EML), respectively, while LiF and Al are used as electron injection

layer and cathode, respectively.
Ma, 811.
Ma further discloses that

a 50 nm-thick BPhen:Lig ETL was co-deposited on the EML. In the co-

deposition process, organic sources were independently controlled ... .

online publication date of Ma provides “strong indicia that [the] asserted reference
was publicly accessible” by August 29, 2008, and this evidence is at a minimum
“sufficient to establish a reasonable likelihood that the reference was publicly
accessible before the critical date of the challenged patent.” Hulu, LLC v. Sound
View Innovations, LLC,1PR2018-01039, Paper 29 at 3, 13, 17 (PTAB Dec. 20, 2019)

(precedential).

17
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All the layers (organic layers, and Al electrode) of the devices were
fabricated by conventional thermal evaporation in a high vacuum

chamber with a base pressure of 1x107° Torr.

1d.

VIII. APPLICATION OF PRIOR ART TO THE CHALLENGED CLAIMS

A.  Ground I: Claims 1-4, 6, and 8—14 Are Rendered Obvious by
Werner

Werner renders obvious all of the elements of claims 1-4, 6 and 8-14 of the
’223 patent, as discussed below. Ex.1003, 958. Further, given the identical
arrangement in Werner of each disclosed or suggested element, as articulated in
Ground I below, a POSA would have been motivated to arrive at the claims as a
whole based on Werner’s disclosure and a POSA’s knowledge. Ex.1003, 958.

As discussed below, Werner discloses an OLED structure including an anode,
a cathode, and an n-doped organic semiconductor layer. The n-doped organic
semiconductor layer can be an electron-conducting layer and can be formed by joint
vaporization of a metal complex as an n-dopant and an organic compound as a matrix
material. Specifically, Werner discloses that the materials for this layer may include
(1) the metal complex Wa(hpp)s, which has two central metal (W) atoms and is in
fact the same metal complex that is used in each embodiment of the 223 patent; and

an (i1) the organic compound BPhen, which comprises a heteroaromatic compound
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which is conjugated with an aromatic compound via a C—C bond, and which is

accordingly identified in the *223 patent as Compound VI. Ex.1003, 4959-60.

N
(T
Wa(hpp)s or W>(TBD-A)4) BPhen
(’223 patent, 3:21-38) (Werner, 54:11-13)

1. Independent Claim 1

a. Preamble: An organic electronic component,
comprising:

To the extent the preamble is limiting, Werner discloses it. In the background
of the invention, Werner explains that the “[t]he invention relates ... to an electronic
device with an organic semiconducting material doped with a metal complex as an
n-dopant.” Werner, 1:9—16. Werner further discloses that “[t]he invention relates ...
to an organic semiconducting material containing an organic matrix material and a
metal complex as an n-dopant ... .” Id. Werner also explains that one of the uses of
the organic semiconducting material doped in each case with the n-dopants is in an
organic light emitting diode. Werner, 2:21-30. Werner therefore discloses an

organic electronic component. Ex.1003, q61.
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b. Element 1[a]: a substrate, a first electrode, a second
electrode, an electron-conducting layer which is
arranged in such a way that it is electrically
conductively connected to at least one of the electrodes,

Werner discloses this element. Werner discloses an organic light-emitting
diode including a glass substrate, an ITO layer (a first electrode), a metal cathode (a
second electrode), and a n-doped organic semiconductor layer, which can be used
for electron transport (an electron-conducting layer). Ex.1003, 9962-63.

The layer of organic semiconducting material doped with the n-dopant
according to the invention is applied to an ITO layer (indium tin oxide)
arranged on a glass substrate. After applying the n-doped organic
semiconductor layer according to the invention, a metal cathode is
applied, for example, by vapor-deposition of a suitable metal to produce

an organic light-emitting diode.

Werner, 61:17-22 (emphasis added). This structure is schematically shown below:

metal cathode <+— Second electrode

N-doped organic

; <— Electron-conducting layer
semiconductor layer

ITO anode <«— First electrode

Glass <«— Substrate

In Werner, the n-doped organic semiconductor layer is at least an electron-

conducting layer. Ex.1003, 4/64. First, Werner discloses that
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the area containing a metal complex according to the invention or
consisting essentially or entirely of it [the metal complex] can be
electrically conductively contacted with an organic semiconducting
material and/or an inorganic semiconducting material, for example,

arranged on such a substrate.

Werner, 57:34-58:2 (emphasis added). Second, Werner states that “[t]he present
invention describes suitable n-dopants for organic semiconducting materials such as
electron transport materials commonly used in electronic devices ... .” Id., 52:34—
53:3 (emphasis added). Third, Werner explicitly states that its techniques are not
limited to particular layers but are instead broadly applicable: “The use of the
dopants according to the invention is not limited to the above examples; in particular,
the layer structures can be supplemented or modified by introducing additional
suitable layers.” Id., 59:30-33. Fourth, Werner’s invention accommodates
additional layers. Id., 61:26-28 (“It is understood that additional layers may be
provided between the individual layers mentioned depending on the application.”).
Therefore, a POSA would have understood that Werner’s doping technique using a
metal complex and organic compound would have been used in an electron-
conducting layer, such as an electron transport layer. Ex.1003, q64.

Because the n-doped organic semiconductor layer (the electron conducting
layer) is between the first electrode (the ITO layer) and the second electrode (the

metal cathode), in order to produce a light-emitting diode, the n-doped organic
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semiconductor layer would have to be arranged in such a way that is electrically
conductively connected to at least one of the electrodes. Ex.1003, 965.

c. Element 1[b]: wherein the electron-conducting layer is

obtained by joint vaporization of a metal complex,

which comprises a central metal atom, with an organic
compound,

Werner discloses this element. Ex.1003, 466.

First, Werner discloses that the electron-conducting layer (n-doped organic
semiconductor layer) is comprised of a metal complex and an organic compound
(i.e., the matrix material). Werner, 1:14-16; Ex.1003, 967.

Second, Werner discloses that the metal complex comprises a central metal
atom. Werner, 10:14-19; Ex.1003, 968. Werner discloses that “the metal complex
according to the invention is a multinuclear metal complex” (id., 11:7-8) and
specifically discloses “a so-called paddlewheel complex [65], in which two central
metal atoms, in particular transition metal central atoms are bridged by 1, 2, 3, 4 or
more bidentate ligands each binding one ligand atom to both metal central atoms.”
1d., 11:26-29 (emphasis added). An exemplary paddlewheel complex (65) with two

central metal atoms (red circles) is shown below:
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Id., 12:1-3 (annotated). Werner specifically discloses Wa(hpp)s as one of the
examples of the polynuclear metal complex. Werner, 60:20-21 (“Mxhpps with M
equals Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo, or W”); see also 13:20-21 (defining hpp as
“Chpp:  anion of 1,3,4,6,7,8-hexahydro-2H-pyrimido[l,2-a]pyrimidine)”)
(emphasis  added). Wa(hpp)s is tetrakis(hexahydropyrimidinopyrimidine)
ditungsten(Il), known as ditungsten tetra(hpp), is the only metal complex used in all
the embodiments of the 223 patent. *223 patent, 14:22-46, 16:61-18:45., Figs. 5—
8; Ex.1003, 968. Wa(hpp)ais referred to as Wo(TBD-A)4 in the 223 patent. Ex.1003,
68. The structure of Wo(TBD-A)4 1s disclosed in the *223 patent, as reproduced

below:
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’223 patent, 3:21-38. Based on the structure above, Wa(hpp)s and W,(TBD-A),4 are
identical compounds. Ex.1003, 968.

Third, Werner discloses an organic compound, which it refers to as the matrix
material. Werner, 52:33-55:25; Ex.1003, 969. For example, Werner discloses that
“[p]henanthrolines, which can be substituted or unsubstituted, in particular aryl-
substituted, such as phenyl or naphthyl-substituted, can also be used as matrix
materials. In particular, BPhen can be used as the matrix material.” Werner, 55:3—6

(emphasis added). The structure of BPhen is disclosed as follows:
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7\ =
_ \ /

_'QW
\_ N N7

BPhen = bathophenanthroline
(4,7-Diphenyl-1,10-phenanthroline)
C24H16N2

Id., 54:11-13. As another example, Werner discloses that 3-(4-biphenylyl)-4-
phenyl-5-tert-butylphenyl-1,2,4-triazole (C30H27N3) as a triazole that can be used

as the matrix material. The structure of this compound is disclosed as follows:

7 )
@/%m

3-(4-Biphenylyl)-4-phenyl-5-tert-butylphenyl-1,2 4-triazoles

C30H27N3

Werner, 55:15-17. Werner also discloses that “[h]eteroaromatics, in particular
triazoles, can also be used as matrix materials, possibly also pyrroles, imidazoles,
triazoles, pyridines, pyrimidines, pyridazines, and the like. The heteroaromatics are
preferably substituted, in particular aryl-substituted, such as phenyl or naphthyl-
substituted.” Id., 55:8—12. All of these matrix materials are organic compounds.

Ex.1003, 969.
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Fourth, Werner discloses that the electron-conducting layer is obtained by

joint vaporization of a metal complex with an organic compound because “[t]he

provided metal complex is evaporated simultaneously with the matrix material” to
form an n-doped organic semiconductor layer. Werner, 61:10-11; Ex.1003, 970.

d. Element 1[c]: wherein the organic compound

comprises a heteroaromatic compound which is

conjugated with an aromatic compound via a C—C
bond.

Werner discloses this element. Ex.1003, §71. Two of the matrix materials (i.e.,
organic compounds) disclosed by Werner, BPhen and 3-(4-biphenylyl)-4-phenyl-5-
tert-butylphenyl-1,2,4-triazole (C30H27N3) are discussed above for Element 1[b].

Ex.1003, §71. See supra Section VIII.A.1.c. The structure of BPhen is shown below:

aromatic compound

C-C bond

BPhen = bathophenanthroline
(4,7-Diphenyl-1,10-phenanthroline)
C24H16N2

Id., 54:11-13 (annotated). BPhen is a heteroaromatic compound conjugated with an
aromatic compound via a C—C bond, as shown above. Ex.1003, 472. Indeed, BPhen

is identified in the *223 patent as exemplary Compound VI, and it is recited in claim
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6’s list of organic compounds that may serve as the “organic compound [that]
comprises a heteroaromatic compound which is conjugated with an aromatic
compound via a C—C bond” of claim 1.

The structure of 3-(4-biphenylyl)-4-phenyl-5-tert-butylphenyl-1,2,4-triazole

(C30H27N3) is shown below:

@ .~ aromatic compound
\ ’// | @
] N
_ Z
heteroaromatic compound C-C bond

3-(4-Biphenylyl)-4-phenyl-5-tert-butylphenyl-1,2 4-triazoles

C30H27N3

Werner, 55:15—-17 (annotated). This compound is also a heteroaromatic compound
conjugated with an aromatic compound via a C—C bond, as shown above.
Ex.1003, 973.
2. Dependent Claim 2: The organic electronic component
according to claim 1, wherein the organic compound

coordinates to the metal complex due to the joint
vaporization.

Werner discloses the additional elements in claim 2. Ex.1003, 474.
First, Werner discloses a metal complex that can coordinate to an organic

compound. Ex.1003, §75. For example, Werner discloses Wa(hpp)s as one of the
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examples of the “electron-rich neutral metal complex” for the n-doped organic
semiconductor layer. Werner, 60:17-21 (“M;hpps with M equals Cr, Mn, Fe, Co,
Ni, Cu, Zn, Mo, or W”); see also id. 13:16-21 (‘“Preferably, at least one ligand, two,
several, or all ligands are selected from the group of halides, carboxylates,
formamidinates, pyrimido-pyrimidines including their anions, in particular
substituted or unsubstituted pyrimido [1,2-a]pyrimidine or their anions, in particular
hpp (hpp: anion of 1,3,4,6,7,8-hexahydro-2H-pyrimido[l,2-a]pyrimidine ... .”)
(emphasis added). W, (hpp)s has two central metal atoms (tungsten), and the ability
to coordinate with an organic compound. Ex.1003, 975. Indeed, the ’223 patent
confirms that “W is a preferred central metal atom” due to “the ability to coordinate
with additional ligands [i.e., organic compounds]” and that “[i]t is particularly
preferred if all of the central atoms in the metal complex are W.” 223 patent, 3:4—
8.

Second, Werner discloses an organic compound that can coordinate to a metal
complex. Ex.1003, §76. For example, Werner discloses that “[i]n particular, BPhen
can be used as the matrix material.” Werner, 55:5-6. The ’223 patent purports that
BPhen (Compound VI) is one of the compounds that “are particularly well suited as
an organic compound for the electron-conducting layer” because it “comprises
several coordination sites for metal complexes.” *223 patent, 7:43-48; see also id.

7:47-63 (“These compounds I-XIII ... have large delocalized electron systems
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[which] ... enable the compounds to accept and transport further negative charges
very effectively since this additional charge can be easily distributed onto several
atoms in the molecule. Therefore, a coordinated metal complex can effectively
transfer a negative charge to the organic compound coordinated thereto.”).

Third, Werner discloses that “the metal complex is evaporated simultaneously
with the matrix material” to form an n-doped organic semiconductor layer. Werner,
61:10-11; Ex.1003, q77. The *223 patent discloses that “[b]y virtue of the joint
vaporization of the metal complex with an organic compound, the two compounds
interact with one another in the gas phase or when they meet one another on the
substrate surface” 223 patent, 1:60—63. Because Wj(hpp)s and BPhen are the
materials that can coordinate when jointly vaporized according to the *223 patent,
Werner discloses that the organic compound coordinates to the metal complex due
to the joint vaporization. Ex.1003, 977.

3. Dependent Claim 3: The organic electronic component

according to claim 1, wherein the metal complex comprises
more than one central metal atom.

Werner discloses the additional elements in claim 3. Ex.1003, q78.
As discussed in Section VIIL.A.1.c, Werner discloses Wa(hpp)s as a metal
complex that can be used for the n-doped organic semiconductor layer. Werner,

60:20-21. As the ’223 patent discloses, W(hpp)s comprises more than one central
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metal atom (designated by the red circles in the figure below, using the structure

from the 223 patent). Ex.1003, 479.

e

\

~ 2D
e

’223 patent, 3:21-45 (describing W,(TBD-A)4 (i.e., Wa(hpp)s) as a metal complex

7

U/J

of which “many electrons can be donated by the two central W-atoms”) (emphasis
added).
4. Dependent Claim 4: The organic electronic component

according to claim 1, wherein the central metal atom or
central metal atoms is/are selected from Cr, Mo or W.

Werner discloses the additional elements in claim 4. Ex.1003, 980.

As discussed in Section VIII.A.3, Werner discloses Wa(hpp)s as a metal
complex that can be used for the n-doped organic semiconductor layer. W (hpp)4
comprises two W atoms as central metal atoms. Ex.1003, 81; 223 patent, 3:21-45.

5. Dependent Claim 6: The organic electronic component

according to claim 1, wherein the organic compound is
selected from [Compounds I-XIII]:

Werner discloses the additional elements in claim 6. Ex.1003, 982.
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As discussed in Section VIII.A.1.c, Werner discloses BPhen as the preferred
matrix material (organic compound) that can be used for the n-doped organic
semiconductor layer. Ex.1003, 483. BPhen is Compound VI specified in claim 6 of
the *223 patent. The structures of BPhen from Werner and Compound VI in the 223

patent are shown below:

7\
\_Q_/>
N N7

BPhen = bathophenanthroline
(4,7-Diphenyl-1,10-phenanthroline)
C24H16N2

Werner, 54:11-13.

VI

’223 patent, col. 6.
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6. Dependent Claim 8 The organic electronic component
according to claim 1, wherein at least parts of the organic
compounds bridge two metal complexes together, so that a
chain-like structure of the metal complexes is formed and/or
atleast parts of the organic compounds bridge more than two
metal complexes together, so that a network-like structure of
the metal complexes is formed.

Werner discloses and/or renders obvious the additional elements in claim 8.
Ex.1003, 984.

Werner discloses a metal complex with two central atoms (Wa(hpp)s), an
organic compound (BPhen), and manufacturing processes that the ’223 patent
purports would achieve the additional elements in claim 8. Ex.1003, 85. The *223
patent discloses that “[b]y virtue of the joint vaporization of the metal complex with
an organic compound, the two compounds interact with one another in the gas phase
or when they meet one another on the substrate surface” ’223 patent, 1:60—62; see
also id., 11:17-29.

Although Werner does not expressly disclose the structure formed by the
metal complex and organic compound (matrix material) upon vaporization, Werner
discloses a metal complex (W2(hpp)4), organic compound (BPhen) and vaporization
process that allows for formation of chain-like or network like structures, wherein at
least parts of the organic compounds bridge two (or more) metal complexes together.
Ex.1003, q86. Using the same metal complex (W2(hpp)s), organic compound

(BPhen) and vaporization process as in Werner, the *223 patent describes such a
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combination as forming chain-like or network like structures, wherein at least parts
of the organic compounds bridge two (or more) metal complexes together. See, e.g.,
’223 patent, 1:60-62, 7:48—67, 11:17-26; Ex.1003, 486.

a. The Metal Complex

Werner discloses a metal complex with two central atoms (Wa(hpp)a).
Werner, 60:20-21; Ex.1003, 987. The *223 patent discloses that “[m]etal complexes
having two central atoms are particularly well suited for the formation of chains.”
’223 patent, 2:49-50 (emphasis added) (citing F. Albert Cotton et al., 18
Organometallics 2724-2726 (1999) (Ex.1012 and “Cotton 1999”)). The *223 patent
explains that Cotton 1999 illustrates “[a] chain-like sequence of metal complexes
and of aromatic compounds bridging two adjacent complexes.” *223 patent, 2:53—

55 (emphasis added). Cotton 1999 provides the following image below:
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metal complex
Rhy(0,CCF3)4

organic compound
C6M€6

metal complex
\ < Rhy(0,CCF3)4

Cotton 1999, Fig. 1 (annotated). The ’223 patent explains that according to Cotton
1999, “the coordination of the aromatic system can lead to a chain formation,
wherein two metal complexes are linked by an organic compound.” 223 patent,
2:34-36. All the exemplary embodiments in the 223 patent used a metal complex
having two central metal atoms, i.e., W2(TBD-A)a. (i.e., Wa(hpp)s). *223 patent,
14:22-46,16:61-18:45, Figs. 5-8. Like the Rh,(O,CCF3)4 in Cotton 1999, W,(TBD-

A), (i.e., Wa(hpp)s)® which contains two central metal atoms, can be bridged by an

6 As discussed in Section VIILA.l.c, Wa(hpp)s is the identical compound to

W2(TBD-A)4. Ex.1003, 968.
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organic compound so that a chain-like structure of the metal complexes is formed.
Ex.1003, 987.

b.  Organic Compound

Werner discloses BPhen, (Werner, 55:3—6) which is compound VI in the *223
patent. Ex.1003, 988. The ’223 patent discloses that “[t]he coordination of the
organic compound to the central atom can be effected directly via a further atom or
else also via an aromatic system” ’223 patent, 2:19-21. BPhen can coordinate to
metal complexes because it has both an aromatic compound and also a nitrogen
heterocycle. Ex.1003, 989. Further, BPhen has a heteroaromatic group, whose
delocalized electron system also enables coordination to metal complexes. Ex.1003,
989. Indeed, the *223 patent confirms that “each of [Compounds I to XIII disclosed
in the ’223 patent, which includes BPhen] comprises both an aromatic compound
and also a nitrogen heterocycle” and “thus comprises several coordination sites for
metal complexes.” ’223 patent, 7:45-48. The ’223 patent also confirms that
“[f]urthermore, these compounds [[-XIII] have large delocalized electron systems,
such as for example condensed aromatic compounds or aromatic compounds which
are in electronic conjugation with each other.” °223 patent, 7:53—57. The *223 patent
explains that “[i]n contrast to an aromatic compound, a heteroaromatic compound
has the advantage that it is not only able to coordinate to a metal complex via the

aromatic system (m-electrons), as described in the [Cotton 1999], but furthermore
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the coordination can also be effected directly via the heteroatom.” ’223 patent, 3:56—
61. Said differently, the 223 patent contends that heteroaromatic compounds with
heteroatoms (like BPhen) coordinate to metal complexes (like Wa(hpp)s) via two
different mechanisms: with delocalized m electrons and with the heteroatoms.
Ex.1003, 989.

BPhen can form two-dimensional chains or three-dimensional networks.
Ex.1003, 990. The 223 patent confirms that “[t]hese compounds I to XIII [including
Compound VI, BPhen) allow not only for the formation of two-dimensional chains,
but, by virtue of their multiplicity of coordination sites, they also allow for the
formation of three-dimensional networks.” *223 patent, 7:48-51 (emphasis added).

The heteroaromatic portion of the compound of BPhen is planar like the
benzene ring in CsMes from Cotton 1999. Ex.1003, 991. W,(hpp)s has a similar
structure to Rhy(O,CCF3)4, in that it contains two transition metal atoms (W vs. Rh)
and four organic ligands. Ex.1003, 991. Thus, a POSA would have expected that
similar to Fig. 1 of Cotton 1999, BPhen can bridge two W,(hpp), molecules together,

so that a chain-like structure of the metal complexes is formed, as illustrated below:
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metal complex

. / Wa(hpp)s

© “——organic compound
BPhen

~_metal complex
W(hpp)4

c. Vaporization Process

Werner discloses a method of jointly depositing W(hpp)s and BPhen in a
manner that would allow for coordination. Ex.1003, 992.

Simultaneous (or joint) vaporization of the metal complex W(hpp)s and the
organic compound BPhen can result in coordination and the formation of chain- or
network-like structures. Ex.1003, 993. The ’223 patent contends that this
coordination and formation takes place. See, e.g.,’223 patent, 11:17-26 (discussing

how “joint vaporization” of binuclear metal complexes and “one of the compounds
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of [-XIII” leads to “coordination” and ‘“can result in the formation of two-
dimensional chains or three-dimensional networks.”). Thus, the metal complex
Wa(hpp)s, one of the preferred metal complexes of the *223 patent, and disclosed by
Werner (Werner, 60:20-21) and the organic compound BPhen, one of the preferred
organic compounds (compound VI) of the *223 patent, and disclosed by Werner
(Werner, 55:3-6), according to the *223 patent, can coordinate via joint vaporization
to form chain-like or network-like structures. Ex.1003, 993.

Werner discloses manufacturing processes that result in simultaneous (or
joint) vaporization of W(hpp)s and BPhen, that, would allow coordination of a metal
complex and an organic compound, wherein at least parts of the organic compounds
bridge two metal complexes together, so that a chain-like or network-like structure
of the metal complexes is formed. Ex.1003, 994. Werner discloses that “[t]he doping
of the respective matrix material with the n-dopants according to the invention can
be carried out by one or a combination of the following methods” and discloses five
different processes. Werner, 56:13-30. One disclosed method (Method (a)) is “[c]o-
evaporation in a vacuum with a source for the matrix material and one for the
dopant[.]” Werner, 56:17—18. This is the same process disclosed in the *223 Patent.
’223 patent, 14:11-17. Ex.1003, 994.

Use of this method, which would jointly vaporize W,(hpp)s and BPhen, would

result in coordination of W (hpp)s and BPhen, wherein at least parts of the organic
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compounds (BPhen) bridge two metal complexes (Wx(hpp)s) together, so that a
chain-like or network-like structure of the metal complexes is formed. Ex.1003, 495.
See, e.g., ’223 patent, 1:60—62, 11:17-26. For this reason alone, Werner discloses
this limitation. Ex.1003, 495.

d. Coordination in the Gas Phase

To the extent that forming a chain-like or network-like structure of the metal
complexes wherein at least parts of the organic compounds bridge two (or more)
metal complexes together is dependent on joint vaporization and coordination of
Wa(hpp)s and BPhen in the gas phase, Werner also discloses it. Ex.1003, 496.

Werner discloses methods of depositing W (hpp)s and BPhen in a manner that
would allow for coordination in the gas phase. As described by the ’223 patent, the
formation of chain-like or network-like structures arises “[bJecause of the

29

coordination of the organic compound to the metal complex in the gas phase ... .
’223 patent, 13:51-53; Ex.1003, 997.

The °223 patent describes that joint vaporization leads to the coordination of
a metal complex and organic compound in the gas phase. Ex.1003, 498. The *223
patent provides that “[b]ecause of the simultaneous vaporization of metal complexes
and organic compounds, both compounds are simultaneously present next to each
other in the gas phase. This enables the organic compound to coordinate to the metal

complex in the gas phase.” ’223 patent, 13:36—40; see also ’223 patent, 13:29-33
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(“Deposition of the electron-conducting layer can be effected by means of
simultaneous vaporization of a metal complex and an organic compound. The
simultaneous vaporization enables the molecules to interact with each other.”).

According to the *223 patent, simultaneous (or joint) vaporization of Wx(hpp)s
and BPhen results in coordination, and “[b]ecause of the coordination of the organic
compound to the metal complex in the gas phase, chain-like or network-like
structures can be formed.” ’223 patent, 13:51-53 (emphasis added). Thus, according
to the 223 patent, W(hpp)s, one of the preferred metal complexes of the *223 patent
and disclosed by Werner (Werner, 60:20-21), and BPhen, one of the preferred
organic compounds (compound VI) of the *223 patent and disclosed by Werner,
(Werner, 55:3—6), would necessarily coordinate in the gas phase to form chain-like
or network-like structures. Ex.1003, 999.

For example, Werner discloses manufacturing processes that result in
simultaneous (or joint) vaporization of W,(hpp)s and BPhen, that, according to the
’223 patent, would allow coordination of a metal complex and an organic compound
in the gas phase, wherein at least parts of the organic compounds bridge two metal
complexes together, so that a chain-like structure of the metal complexes is formed.
Supra Section VIII.A.6.c; Ex.1003, 4100.

Werner discloses that “[t]he doping of the respective matrix material with the

n-dopants according to the invention can be carried out by one or a combination of
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the following methods” and discloses five different processes. Werner, 56:13-30.
One disclosed method (Method (a)) is “[c]o-evaporation in a vacuum with a source
for the matrix material and one for the dopant.” Werner, 56:17-18. According to the
’223 patent, use of this method with Wj(hpp)s and BPhen would result in
coordination of W(hpp)s and BPhen in the gas phase wherein at least parts of the
organic compounds (BPhen) bridge two (or more) metal complexes (W(hpp)s)
together, so that a chain-like or network-like structure of the metal complexes is
formed. For this reason alone, Werner discloses this limitation. Ex.1003, §101.

In the alternative, a POSA would have been motivated to combine Method (a)
and Method (e) (Werner, 56:26-30 (“[p]Jreparation of a solution of matrix molecules
and dopants and subsequent formation of a layer from this solution by conventional
methods[,] such as solvent evaporation or spin-coating.”)) to prepare a mixture of
matrix material and dopant (Method (e)) and vaporize the mixture in a vacuum
(Method (a)), because Werner teaches that “a combination” of Methods (a) and (e)
are appropriate. Werner, 56:13-30, Ex.1003, 9102. Doing so would allow for
W2(hpp)4 and BPhen to be in close proximity in the gas phase, so as to allow for
BPhen to bridge two (or more) W2(hpp)4 molecules, such that a chain-like or
network-like structure is formed. Ex.1003, §102.

In a second alternative, a POSA would have been motivated to evaporate a

mixture of BPhen and Wj(hpp)s from a single crucible under vacuum. Ex.1003,

41



Petition for Inter Partes Review of U.S. Patent No. 8,558,223

103. When W,(hpp)s and BPhen are pre-mixed before evaporation and evaporated
from a single crucible in a vacuum, both compounds are likely to simultaneously
present next to each other in the gas phase and there is an opportunity for W(hpp)s
and BPhen molecules to interact and coordinate in the gas phase due to the proximity
of these molecules. Ex.1003, q103.

A POSA, seeking to control the evaporation rate more finely, would have
known that evaporation of a mixture of BPhen and W,(hpp)4 from a single crucible
under vacuum would have advantages over evaporation from two separate crucibles.
Ex.1003, q104.

This knowledge is confirmed by a second Werner application, US
2007/0249148 (“Werner I1”’), which serves as an illustration of the background
knowledge of a POSA. Ex.1003, 105. Werner Il is directed to doped semiconductor
material on a substrate, naming overlapping inventors as Werner, and assigned to
the same company NovaLED AG, which describes shortcomings of the vacuum
vaporization of a matrix material and doping material from two separate crucibles
and provides evidence of the knowledge a POSA would have to vaporize BPhen and
W, (hpp)s from a single crucible:

This method has a number of drawbacks. It is necessary for the
evaporation rates of the evaporation sources to be controlled very
accurately throughout the entire evaporation process in order to achieve

homogeneous doping. Furthermore, the radiation emission
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characteristics and the arrangement of the evaporation sources have to
be such that the ratio of the flow rates of matrix material and dopant is
constant over the entire surface of the substrate. This can only be
ensured with considerable difficulty in particular for substrates with a
large base area. Furthermore, it is necessary to provide an additional
evaporator for the dopant for each doped layer when designing an
evaporation installation. Not least, the maintenance outlay for an
installation of this type is increased considerably. Finally, there is a
considerably increased outlay on control engineering for operation of

the evaporators.

Werner 11, [0010]. Specifically, Werer II describes that “in particular producing
devices with organic layers, such as organic light-emitting diodes,” a matrix material
and a dopant can be “sublimed/vaporized from the same vaporization source.” /d.,
[0016]. Werner II explains that “[t]he proposed method simplifies the production of
doped layers. The properties of the molecular flows of matrix material and dopant
can be identically configured, since both materials are sublimed/vaporized from the
same vaporization source.” Id., [0015]-[0016]. Werner II specifically describes that
“a mixture of the at least one semiconductor matrix material and the at least one
doping material is converted into a vapour phase with the aid of a vaporization
source and then deposited on the substrate” and that “[1]t is possible to use mixtures
of two or more materials.” Id., [0015]. The common inventor in Werner and Werner

IT underscores that they relate to continued work in a common field of effort and
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continued related developments in that field, and thus would reflect the knowledge
held by a POSA to have been motivated to combine Methods (a) and (e) of Werner,
to give a metal complex and organic compound that coordinate in the gas phase,
wherein at least parts of the organic compounds bridge two metal complexes
together, so that a chain-like structure of the metal complexes is formed. Ex.1003,
q105.

In a third alternative, a POSA would have been motivated to modify the
parameters of deposition to achieve coordination of BPhen and W,(hpp). in the gas
phase. Ex.1003, 9106. A POSA would have understood that if the BPhen and
Wa(hpp)s coordinate in the gas phase, the complex which is deposited will be
coordinated BPhen and W1 (hpp)s. Ex.1003, 4106. A POSA would also understand
that a deposited layer of coordinated BPhen and W,(hpp)s will contain a more
uniform distribution of BPhen and W (hpp)4, than if the BPhen and W (hpp)s are
individually deposited such that coordination happens on the surface. Ex.1003, §106.
A POSA would have understood that a more uniform layer of coordinated BPhen
and W,(hpp)s would allow for the more efficient transfer of electrons through that
layer. Ex.1003, 9106. A POSA would also have understood that a more uniform
layer of coordinated BPhen and W,(hpp)s would allow for the more efficient use of

materials to make the electron conducting layer. Ex.1003, §106.
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One way a POSA could have increased the likelihood of coordination of
BPhen and Wi(hpp)s in the gas phase is through choosing a method of deposition
that ensures a low vacuum in the reaction chamber. Ex.1003, q107. Using a low
vacuum in the reacting chamber would increase collision of the vaporized BPhen
and W, (hpp)s molecules in the gas phase rather than on the substrate. Ex.1003, 4107.
Thus, a POSA would have been motivated to execute the co-evaporation of BPhen
and W, (hpp)s under a high vacuum pressure, for example, a 0.1-10 Torr pressure to
employ the organic vapor phase deposition (OVPD) method, as evidence by the
knowledge of a POSA, as shown by Shtein (Ex.1008). Ex.1003, 4107.

Shtein explains that the advantages of OVPD is that it “affords precise control
over the layer thickness and dopant concentration, while increasing the materials use
efficiency over that obtained by VTE.” Shtein, 4006. These advantages align with a
POSA’s motivation to achieve coordinated BPhen and W,(hpp)s in the gas phase.
Ex.1003, 99108—-109. Shtein teaches that “[1]n contrast to the conventional process
of vacuum thermal evaporation, the background has pressure during OVPD is
typically 0.1-10 Torr.” Id., 4005, Abstract. Thus, a POSA would have been
motivated to use a 0.1-10 Torr vacuum for the co-evaporation method in Werner in
view of Shtein. Ex.1003, q109.

Applying the method of Shtein method would increase collision of the

vaporized Wj(hpp)s and BPhen molecules so that there would be a higher
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opportunity for BPhen to coordinate in the gas phase to W,(hpp)s rather than on the
substrate, thereby achieving a POSA’s goal of coordination in the gas phase.
Ex.1003, §110. According to the *223 patent, coordination in the gas phase of metal
complexes such as W, (hpp)s to organic compounds like BPhen would allow for at
least parts of the organic compounds bridge two (or more) metal complexes together,
so that a chain-like (or network-like) structure of the metal complexes is formed.
Ex.1003, q110.

e. Embodiments in the 223 Patent Confirm a POSA’s
Reasonable Expectation of Success

A POSA would have reasonably expected that the metal complex (Wa(hpp)s),
organic compound (BPhen) and vaporization process of Werner would successfully
allow for coordination, and therefore, formation of chain-like or network like
structures, wherein at least parts of the organic compounds bridge two (or more)
metal complexes together, based on the examples in the 223 patent. Ex.1003, q111.

The ’223 patent discloses an embodiment in which three-dimensional network
of a metal complex and an organic compound was purportedly formed, using
simultaneous vaporization from two separate crucibles. Ex.1003, q112. The ’223
patent discloses that “[t]he electron-conducting layer has a three-dimensional
network of the metal complex W,(TBD-A), and the organic compound I’ when “[i]n
a vacuum recipient, an electrically heatable silica or ceramic crucible is charged with

200 mg of W,(TBD-A),” and “a further silica or ceramic crucible is charged with
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the organic compound of above-mentioned structure I” and “two sources are
regulated to a deposition rate of 4.5 nm/s” during vaporization. 223 patent, 14:22—
34 (emphasis added).

Werner discloses an identical process condition as in this embodiment.
Ex.1003, 4113. Werner discloses that “[t]he doping of the respective matrix material
with the n-dopants according to the invention can be carried out by ... [c]o-
evaporation in a vacuum with a source for the matrix material and one for the
dopant.” Werner, 56:13—18. Because Werner discloses the same manufacturing
process as the embodiment of the *223 patent that purportedly enabled a network
structure with Wo(TBD-A), and one of the organic compounds that was specifically
recommended by the *223 patent for a chain-like or network-like structure (see *223
patent, 7:48-51), a POSA would have understood that joint evaporation of W,(hpp)4
and BPhen (Compound VI of the ’223 patent) according to the method set out in
Werner would also form a three-dimensional network as in the embodiment of the
’223 patent. Ex.1003, §113. Alternatively, for the same reasons, a POSA would have
found it highly likely that that joint evaporation of W, (hpp)s and BPhen (Compound
VI of the *223 patent) according to the method set out in Werner would also form a
three-dimensional network as in the embodiment of the *223 patent. Ex.1003, 4113.

Further, the ’223 patent specifically discloses examples “according to the

invention” in which Compound V was co-deposited with W2(TBD-A)4. *223 patent,
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16:56-17:21. Compound V and Compound VI are structurally very similar except
for two methyl groups on Compound V. Ex.1003, 4114. The structures of these two

compounds are shown below:

Compound V (BCP) Compound VI (BPhen)

Given the structural similarities between Compound V (BCP) and Compound
VI (BPhen), if Compound V and W,(TBD-A)4 (i.e., Wa(hpp)s) achieve the claimed
invention when simultaneously vaporized, a POSA would have reasonably
understood that Compound VI (BPhen) would also achieve the claimed structure
with W,(TBD-A)4 (i.e., Wa(hpp)s). Ex.1003, q115. Alternatively, for the same
reasons, a POSA would have found it highly likely that Compound VI (BPhen)
would also achieve the claimed structure with W,(TBD-A)s (i.e., Wa(hpp)s).
Ex.1003, 9115. Thus, to the extent that Compound V and Wy(TBD-A). (i.e.,
W, (hpp)s) achieved a chain-like or network-like structure, Compound VI (BPhen)
and W,(TBD-A)4 (i.e., Wa(hpp)s) would also achieve such a chain-like or network-

like structure. Ex.1003, q115.
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7. Dependent Claim 9: The organic electronic component
according to claim 1, which is formed as an organic LED
(OLED) which additionally comprises an organic emitting
layer.

Werner discloses the additional elements in claim 9. Ex.1003, 4116.

Werner discloses that “[a]fter applying the n-doped organic semiconductor
layer according to the invention, a metal cathode is applied, for example, by vapor
deposition of a suitable metal to produce an organic light-emitting diode” (Werner,
61:19-22 (emphasis added)), and that “depending on the particular application,
further layers may be provided between the individual layers mentioned.” Thus,
although an organic emitting layer is not explicitly disclosed in Werner, the organic
light-emitting diode by definition would inherently comprise an organic emitting
layer. Ex.1003, q117.

8. Independent Claim 10

a. Preamble: A method for manufacturing an organic
electronic component, comprising the method steps of:

To the extent the preamble is limiting, Werner discloses it. Supra Section
VIII.A.1.a; Ex.1003, q118.
b.  Element 10[a]: A) providing a substrate, B) applying a

first electrode, C) depositing an electron-conducting
layer on the substrate, D) applying a second electrode,

Werner discloses this element. Werner discloses the steps of a) providing a
substrate (i.e., a glass substrate), B) applying a first electrode (i.e., an ITO layer),

and C) (“depositing an electron-conducting layer on the substrate”). Werner, 61:17—
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19 (“The layer of organic semiconductor material doped with the n-dopant according
to the invention is applied to an ITO layer (indium tin oxide) arranged on a glass
substrate.”). Ex.1003, 4119.

As for the step C) (“depositing an electron-conducting layer on the
substrate”), the *223 patent uses the term “on” in reference to a layer that is formed
above a substrate though not directly in contact with it. For example, although the
second electrode 4 in Fig. 1 is not directly in contact with the substrate, the *223
patent describes that the second electrode 4 is “on” the substrate 1. See, e.g., *223
patent, 15:14—15 (“FIG. 1 shows a layer sequence comprising a substrate 1, on which

a first electrode 2 and a second electrode 4 are arranged.”) (emphasis added).

Ex.1003, 9120.

FIG 1
_ II:my

\\\\\\[3
I,

\\\\\\\\\\\\\

’223 patent, Fig. 1. See also Nichia Corp. v. Document Security Systems, Inc.,
IPR2018-00965 Paper No. 15 at 67 (P.T.A.B. Oct. 29, 2018) (determining, in the

semiconductor device context, that the plain and ordinary meaning of “formed on”
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is “not limited to directly formed on’). Thus, in the context of the *223 patent, the n-
doped organic semiconductor layer of Werner is deposited on the substrate although
it is not directly deposited on the substrate. Ex.1003, §120.

Further, Werner discloses applying “a metal cathode” after the n-doped
semiconductor layer is applied, as recited by step D). Werner, 61:19-22; Ex.1003,
q121.

c. Element 10[b]: wherein the electron-conducting layer

is deposited by means of simultaneous vaporization of
a metal complex and an organic compound,

Element 10[b] is identical to Element 1[b] except that Element 10[b] does not
require that the metal complex comprise a central metal atom. Werner discloses
Element 10[b] for the same reasons as Element 1[b]. Supra Section VIIL.A.l.c;
Ex.1003, q122.

d. Element 10[c]: wherein the organic compound
comprises a heteroaromatic compound which is

conjugated with an aromatic compound via a C—C
bond.

Element 10[c] is identical to Element 1[c]. Werner discloses Element 10[c]

for the same reasons as Element 1[c]. Supra Section VIII.A.1.d; Ex.1003, §123.
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9. Dependent Claim 11: The method according to claim 10,
wherein during the simultaneous vaporization the organic
compound coordinates in the gas phase to the metal complex.

Werner discloses and/or renders obvious the additional elements in claim 11
for the same reasons Werner discloses the coordination in the gas phase as discussed
in the context of claim 8. See supra Section VIII.A.6.d; Ex.1003, §124.

10. Dependent Claim 12: The method according to claim 10,

wherein the electron-conducting layer is deposited as a
chain-like or network-like structure.

Werner discloses and/or renders obvious the additional elements in claim 12,
in that the BPhen and W, (hpp)s would be deposited in a chain-like or network-like
structure as discussed for claim 8. See supra Section VIII.A.6; Ex.1003, q125.

11. Dependent Claim 13: The method according to claim 12,
wherein the degree of cross-linking of the electron-

conducting layer is controlled by the ratio between the metal
complex and the organic compound during vaporization.

Werner discloses and/or renders obvious the additional elements in claim 13.
Ex.1003, 9126.

In the context of the 223 patent, a POSA would have understood that the
degree of cross-linking in a layer is related to the electron conductivity of the layer
because “[t]he formation of chain-like or network-like structures enables additional
electrons to be able to be transferred from the metal complexes to the organic
compounds, said electrons are then available for charge transport in the electron-

conducting layer.” (223 patent, 11:29-33) and “[t]he degree of cross-linking and
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thus the formation of network-like or chain-like structures can be controlled by the
ratio of metal complex to organic compound.” (223 patent, 13:61-67). Ex.1003,
1127.

Werner discloses that “[p]referably, the mentioned metal complexes are used
according to the invention as n-dopants, e.g., in a ratio of < 1:1 or < 1:2” Werner,
58:4-5. Werner also discloses that a doped layer can achieve a higher conductivity
than an undoped layer. /d., 58:10—15 (“When using phthalocyanine-zinc as the
matrix, a conductivity of higher than 1078 S/cm was obtained, for example 107¢ S/cm.
... The conductivity of undoped phthalocyanine zinc, however, is at most 1071
S/cm.”). Ex.1003, q128.

It was well-known to a POSA as of the priority date that the electron
conductivity increases as the doping ratio of the metal complex to the organic
compound increases up to a certain level, but that the electron conductivity decreases
when the doping ratio is too high. See, e.g., Ma (Ex.1007) at 812 (illustrating state
of the art), Fig. 5. See infra Section VIII.B.9. Ex.1003, 4129.

As of the priority date, a POSA would have been well aware that the degree
of cross-linking is related to electron conductivity and that the ratio between the
metal complex and the organic compound during vaporization affects the electron
conductivity of the electron-conducting layer. Ex.1003, 4130. Thus, a POSA would

have reasonably expected that the degree of cross-linking of the electron-conducting
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layer is controlled by the ratio between the metal complex and the organic compound
during vaporization. Accordingly, it would have been obvious that the degree of
cross-linking is controlled by the ratio between the metal complex and the organic
compound during vaporization. Ex.1003, q130.

12. Dependent Claim 14: The method according to claim 10,

wherein the organic compound does not coordinate to the
metal complex prior to vaporization.

Werner discloses and/or renders obvious the additional elements in claim 14.
Ex.1003, q131.

Werner discloses that “[t]he doping of the respective matrix material with the
n-dopants according to the invention can be carried out by ...(a) Co-evaporation in
a vacuum with a source for the matrix material and one for the dopant.” Werner,
56:13—18. Because the matrix material (i.e., organic compound) and the dopant (i.e.,
metal complex) are contained in two separate sources prior to vaporization, there is
no opportunity for the matrix material and the dopant to coordinate prior to
vaporization. Ex.1003, 4132.

B. Ground II: Claims 1-2, 6, and 8—14 Are Rendered Obvious by Ma

Ma renders obvious all of the elements of claims 1-2, 6, and 8—14 of the *223
patent, as discussed below. Ex.1003, 4133. Further, given the arrangement in Ma of

each disclosed or suggested element, as articulated in Ground II below, a POSA
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would have been motivated to arrive at the claims as a whole based on Ma’s
disclosure and a POSA’s knowledge. Ex.1003, 4133.

As discussed below, Ma discloses an OLED structure including an anode, a
cathode, and an electron transport layer. Ex.1003, 9134. The electron transport layer
is electron-conducting and formed by joint vaporization of (i) a metal complex Liq
as an n-dopant and (i1) BPhen as an organic compound. Ex.1003, 4134. The Patent
Owner has identified Liq as a central metal complex which comprises a central metal
atom (the metal atom Li). BPhen comprises a heteroaromatic compound which is

conjugated with an aromatic compound via a C—C bond. Ex.1003, §134.

\"/ N — — \
)
/4

Lig BPhen

Ma, 811, Fig. 1 (excerpted).

1. Independent Claim 1

a. Preamble: An organic electronic component,
comprising:

To the extent the preamble is limiting, Ma discloses it. Ma relates to “[o]rganic
light-emitting diodes with 8-hydroxy-quinolinato lithium [Liq] doped 4°7-

diphyenyl-1, 10-phenanthroline [BPhen] as electron transport layer (ETL).” Ma,

55



Petition for Inter Partes Review of U.S. Patent No. 8,558,223

810, Abstract. Because the organic light-emitting diode is an electronic device

including an organic compound BPhen in the ETL, it is an organic electronic
component. Ex.1003, q135.

b. Element 1[a]: a substrate, a first electrode, a second

electrode, an electron-conducting layer which is

arranged in such a way that it is electrically
conductively connected to at least one of the electrodes,

Ma discloses this element. Ex.1003, 4136. Ma discloses that “[g]lass coated
with ITO ... was wused as starting substrate,” and “4,4°,4°’-tris(3-
methylphenylphenylamono) triphenylamine (m-MTDATA):x wt.% etrafluro/sic/-
tetracyano-quinodimethane (F4-TCNQ) and Bphen:y wt.% Liq are used as p-doping
HTL and n-doping (ETL), respectively. N,N’-diphenyl-N, N’-bis(1,1’-biphenyl)-
4,4’-diamine (NPB) and Alqs are used as interlayer and emission layer (EML),
respectively, while LiF and Al are used as electron injection layer and cathode,

respectively.” Ma, 811. This structure is schematically shown below:
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Al «+— Cathode
LiF <«— Electron Injection Layer
BPhen with Lig <+— Electron Transport Layer

Alg; <«— Emission Layer

NPB <«— |nterlayer

m-MTDATA with F,-TCNQ «— Hole Transport Layer

ITO «— Anode

Glass +— Substrate

As shown above, in Ma, glass is the substrate, ITO is the anode (i.e., a first
electrode), BPhen doped with Liq is the electron transport layer (ETL) (i.e., an
electron conducting layer)’, and Al is the cathode (i.e., a second electrode). Ma,
811; Ex.1003, q136.

Because the “BPhen with Liq” layer (electron transport layer) is between
the first electrode (ITO anode) and the second electrode (Al cathode), in order to

produce a light-emitting diode, the electron-conducting layers would have to be

" The *223 patent discloses that “the electron-conducting layer assumes the function
of ... the electron-transporting layer.” 223 patent, 16:42—44. Thus, the “BPhen with
Liq” layer (electron transport layer) in Ma is an electron-conducting layer in the

context of the *223 patent. Ex.1003, 9136, n.4.
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arranged in such a way that is electrically connected to at least one of the
electrodes. Ex.1003, 4137. Also, because the electrode (Al) is deposited on the
electron-injection layer (LiF), which in turn is deposited on the “BPhen with Liq”
layer, the electron-conducting layer in Ma is arranged in such a way that it is
electrically conductively connected to at least one of the electrodes. Ex.1003,
q1137.
c. Element 1[b]: wherein the electron-conducting layer is
obtained by joint vaporization of a metal complex,

which comprises a central metal atom, with an organic
compound,

Ma discloses and/or renders obvious this element in view of the Patent
Owner’s assertions regarding Liq. Ex.1003, 4138.

First, Ma discloses Liq as the metal complex used in the ETL. Ma, 811.
Although the ’223 patent is silent as to the meaning of the term “central” in this
claim, Patent Owner has specifically identified Liq as a “metal complex” comprising
Li as a “central metal atom.” Ex.1003, 9139. That is, under Patent Owner’s
interpretation, which Petitioner adopts for purposes of this specific proceeding,® Ma
discloses a metal complex which comprises a central metal atom. Liq comprises the

metal atom of lithium (L1i), as shown below. Ex.1003, q139.

8 Petitioner reserves the right to advance alternative arguments as appropriate in

other proceedings, including the parallel district court litigation.
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Ma, 811, Fig. 1 (excerpted).

Second, Ma discloses BPhen as the organic compound used in the ETL. Ma,
811, Fig. 1. BPhen is an organic compound, and compound VI of the 223 Patent.
Ex.1003, 9140.

Third, Ma discloses that the electron-conducting layer is obtained by joint
vaporization of a metal complex with an organic compound because the electron
transport layer (ETL) was formed by joint vaporization of a metal complex (Liq) and
an organic compound (BPhen). Ex.1003, 4141; Ma, 811 (“a 50 nm-thick BPhen:Lig
ETL was co-deposited on the EML. In the co-deposition process, organic sources
were independently controlled. ... All the layers (organic layers, and Al electrode)
of the devices were fabricated by conventional thermal evaporation in a high

vacuum chamber with a base pressure of 1x107 Torr.”) (emphasis added).
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d. Element 1[c]: wherein the organic compound
comprises a heteroaromatic compound which is
conjugated with an aromatic compound via a C—C
bond.

Ma discloses this element. Ex.1003, §142. Ma discloses BPhen as the organic

compound used for the electron transport layer. The structure of BPhen is shown

Q-0
\}d’

"\ S

below:

aromatic compound

C-C bond

BPhen heteroaromatic compound

Ma, 811, Fig. 1 (excerpted and annotated). BPhen is a heteroaromatic compound
conjugated with an aromatic compound via a C—C bond, as shown above. Ex.1003,
9142. BPhen is Compound VI, which is claimed as a heteroaromatic compound
conjugated with an aromatic compound via a C—C bond in the ’223 patent. *223

patent, claims 1 and 6.
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2. Dependent Claim 2: The organic electronic component
according to claim 1, wherein the organic compound
coordinates to the metal complex due to the joint
vaporization.

Ma discloses and/or renders obvious this element in view of the Patent
Owner’s assertions regarding Liq. Ex.1003, 4143.

As discussed above for claim 1, Ma discloses Liq and BPhen as the metal
complex and the organic compound, respectively, used for the electron transport

layer. Ma, 810—11. The structures of Liq and BPhen are shown below:
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Ma, 811, Fig. 1 (excerpted). Ma also discloses joint vaporization to create the ETL.
Ma, 811. Ex.1003, q144.

The ’223 patent does not specifically disclose Liq as one of the metal
complexes that can coordinate to the organic compounds disclosed in the 223 patent
due to joint vaporization. Ex.1003, q145. However, the Patent Owner has
specifically identified Liq as such a metal complex that can coordinate to a

heteroaromatic compound which is conjugated with an aromatic compound via a
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C—C bond, contending that lithium coordinates with the free electrons on the
heteroatoms of the heteroaromatic compound due to joint vaporization. Under Patent
Owner’s understanding, which Petitioner adopts for purposes of this specific
proceeding,” a POSA would have understood that the lithium atom in Liq would
similarly coordinate to the nitrogen atom(s) (or the delocalized m-electrons) of
BPhen (one of the organic compounds specifically disclosed in the ’223 patent,
which “comprises several coordination sites for metal complexes™ (223 patent,
7:43-48)) due to joint vaporization. Ex.1003, 4145.

The ’223 patent discloses that “[t]he coordination of the organic compound to
the central atom can be effected directly via a further atom or else also via an
aromatic system” (°223 patent, 2:19-21) and that “[b]y virtue of the coordination of
the organic compound on the metal complexes, and the associated overlap of the
orbitals, additional electrons can be transferred from the metal to the ligand via a
metal complex-ligand-electron transfer (metal-ligand-charge-transfer complex)”
(Id., 2:6-11). As discussed above with respect to Section VIII.A.1.c-d, BPhen
comprises a heteroaromatic system which could coordinate to the electrons of Ligq.

Ex.1003, 9146.

? Petitioner reserves the right to advance alternative arguments as appropriate in

other proceedings, including the parallel district court litigation.
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The ’223 patent discloses a representative coordination between a metal
complex and an organic compound, in which the Rh metal atoms of Rh,(O,CCF3)4
and the delocalized m electrons of the aromatic compound of C¢Mes form

coordination, as illustrated below. Ex.1003, 4147.

metal complex
Rh,(0,CCF3)4

organic compound
C6Me<,

metal complex
\ Rhy(0,CCF3)4

Cotton 1999, Fig. 1 (annotated). Because BPhen has a planar central structure similar
to C¢Meg, along with additional heteroatoms with free electrons (Ex.1003, 4147)
based on Patent Owner’s contentions, a similar coordination between a BPhen
molecule and two Liq molecules would occur. Ex.1003, 9147.

Ma also discloses that any potential coordination of Liq and BPhen would be

due to the joint vaporization. In Ma, BPhen and Liq are jointly vaporized from two
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separate sources. Ma, 811 (“a 50 nm-thick BPhen:Lig ETL was co-deposited on the
EML. In the co-deposition process, organic sources were independently controlled.
... All the layers (organic layers, and Al electrode) of the devices were fabricated by
conventional thermal evaporation in a high vacuum chamber with a base pressure of
1x107° Torr.”). Ma, 811. Thus, any coordination between Liq molecules and BPhen
molecules could occur only after the separately-sourced Liq and BPhen are jointly
vaporized and interact with each other. Ex.1003, 9148.

Thus, Ma discloses an organic electronic component wherein the organic
compound coordinates to the metal complex due to the joint vaporization, at least
under Patent Owner’s assertions. Ex.1003, §149.

3. Dependent Claim 6: The organic electronic component

according to claim 1, wherein the organic compound is
selected from [Compounds I-XIII]:

Ma discloses the additional elements in claim 6. Ex.1003, 9150.
As discussed in Section VIII.B.1.c, Ma discloses BPhen as the organic
compound for the ETL. Ma, 811. BPhen is Compound VI in the *223 patent, which

is compound VI in claim 6. *223 patent, col. 6. Ex.1003, q151.
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4. Dependent Claim 8: The organic electronic component
according to claim 1, wherein at least parts of the organic
compounds bridge two metal complexes together, so that a
chain-like structure of the metal complexes is formed and/or
atleast parts of the organic compounds bridge more than two
metal complexes together, so that a network-like structure of
the metal complexes is formed.

Ma discloses the additional elements in claim 8.

As discussed above in section VIIL.B.1, Ma discloses a metal complex (Liq)
and an organic compound (BPhen). Ma also discloses manufacturing processes that
the ’223 patent purports would achieve the additional elements in claim 8, as
discussed below. Ma does not expressly disclose the structure formed by Liq and
BPhen upon vaporization. Ex.1003, 4152. However, the Patent Owner has asserted
that organic compounds with multiple coordination sites around rings (like the two
nitrogens of BPhen), when simultaneously vaporized with Liq, will form chain-like
or network like structures. Ex.1003, 152. For purposes of this specific proceeding,
Petitioner adopts Patent Owner’s understanding that, when simultaneously
vaporized, Liq and organic compounds with multiple coordination sites around rings

(like BPhen) will form chain-like or network-like structures.!® Ex.1003, 152.

10 Petitioner reserves the right to advance alternative arguments as appropriate in

other proceedings, including the parallel district court litigation.
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Indeed, the *223 patent describes how compounds like BPhen can purportedly
form chain-like structures when coordinated to certain metal complexes, as
discussed in Section VIII.A.6. Ex.1003, q153.

Moreover, Ma discloses the same vaporization process that, according to the
’223 patent, (1:60-62; see also id. 11:17-29) allows for formation of chain-like or
network like structures, wherein at least parts of the organic compounds bridge two
(or more) metal complexes together. Ma discloses that the electron transport layer
was formed by “conventional thermal evaporation in a high vacuum chamber with a
base pressure of 1 x 10~ Torr.” Ma, 811. Ex.1003, §154.

In light of Patent Owner’s assertion that Liq can coordinate with organic
compounds with multiple coordination sites around rings (like BPhen), and the *223
patent’s assertion that BPhen can form chain-like or network-like structures when
coordinated to a metal complex when simultaneously vaporized, Ma discloses this
limitation. See supra Sections VIII.A.6.a. and VIII.A.6.b; Ex.1003, q155.

5. Dependent Claim 9: The organic electronic component
according to claim 1, which is formed as an organic LED

(OLED) which additionally comprises an organic emitting
layer.

Ma discloses the additional elements in claim 9. Ex.1003, q156.
Ma discloses an organic light-emitting diode (OLED) formed using Liq and

BPhen, wherein the emission layer is comprised of Alqs. Ma, Abstract, 811.
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Al gs

Ma, 811, Fig. 1. Because Alqs is an organic compound, Ex.1003, 9157, Ma discloses
an OLED which additionally comprises an organic emitting layer.

6. Independent Claim 10

a. Preamble: A method for manufacturing an organic
electronic component, comprising the method steps of:

To the extent the preamble is limiting, Ma discloses it. Supra Section
VIIL.B.1.a. Ex.1003, 9q158.
b. Element 10[a]: A) providing a substrate, B) applying a

first electrode, C) depositing an electron-conducting
layer on the substrate, D) applying a second electrode,

Ma discloses and/or renders obvious this element. As shown in the schematic
below, in Ma, the glass substrate is provided, and the ITO anode (i.e., a first

electrode) is applied on the glass substrate. Ma, 811. Ex.1003, 4159.
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Al +— Cathode
LiF «+— Electron Injection Layer
BPhen with Lig “+— Electron Transport Layer

Algs <+— Emission Layer

NPB <+— Interlayer

m-MTDATA with F,-TCNQ | +— Hole Transport Layer

ITO «— Anode

Glass <«— Substrate

As discussed in Section VIII.A.8.b, in the context of the 223 patent, Ma’s
electron transport layer is deposited on the substrate although it is not directly
deposited on the substrate. Ex.1003, §160.

Further, Ma discloses forming an organic electroluminescence element by
applying a second electrode composed of Al after depositing the electron transport
layer, as recited by step D). Ex.1003, 9161.

c. Element 10[b]: wherein the electron-conducting layer

is deposited by means of simultaneous vaporization of
a metal complex and an organic compound,

Element 10[b] is identical to Element 1[b] except that Element 10[b] does not
require that the metal complex comprise a central metal atom. Thus, Ma discloses

Element 10[b] regardless of the meaning of the term “central atom” for the same

reasons as Element 1[b]. Supra Section VIII.B.1.c. Ex.1003, 4162.
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d. Element 10[c]: wherein the organic compound
comprises a heteroaromatic compound which is
conjugated with an aromatic compound via a C—C
bond.

Element 10[c] is identical to Element 1[c]. Ma discloses Element 10[c] for the
same reasons as Element 1[c]. Supra Section VIIL.B.1.d. Ex.1003, 4163.
7. Dependent Claim 11: The method according to claim 10,

wherein during the simultaneous vaporization the organic
compound coordinates in the gas phase to the metal complex.

Ma discloses and/or renders obvious the additional elements in claim 11. The
Patent Owner has specifically identified Liq as such a metal complex that can
coordinate to organic compounds in the gas phase during simultaneous vaporization.
The *223 patent discloses that “[b]ecause of the simultaneous vaporization of metal
complexes and organic compounds, both compounds are simultaneously present
next to each other in the gas phase. This enables the organic compound to coordinate
to the metal complex in the gas phase.” ’223 patent, 13:36—40. The 223 patent
specifically discloses that “[this] coordination can be effected for example via a
heteroaromatic compound in the organic compound.” Id., 13:40-42. And, BPhen has
a heteroaromatic structure suitable for such coordination according to the ’223

patent. See ’223 patent, col. 6 (Compound VI). Thus, under Patent Owner’s
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understanding, which Petitioner adopts for purposes of this specific proceeding,'!
Liq would similarly coordinate to BPhen in the gas phase during the simultaneous
vaporization. Ex.1003, 9164.

In the alternative, a POSA would have been motivated to modify the
parameters of deposition to achieve coordination of BPhen and Liq in the gas phase.
Ex.1003, 9165. A POSA would have understood that if the BPhen and Liq coordinate
in the gas phase, the complex which is deposited will be coordinated BPhen and Liq.
Ex.1003, 9165. A POSA would also have understood that a deposited layer of
coordinated BPhen and Liq will contain a more uniform distribution of BPhen and
Liq, than if the BPhen and Liq are individually deposited such that coordination
happens on the surface. Ex.1003, §165. A POSA would have understood that a more
uniform layer of coordinated BPhen and Liq would allow for the more efficient
transfer of electrons through that layer. Ex.1003, §165. A POSA would also have
understood that a more uniform layer of coordinated BPhen and Liq would allow for
the more efficient use of materials to make the electron conducting layer. Ex.1003,

q165.

1 Petitioner reserves the right to advance alternative arguments as appropriate in

other proceedings, including the parallel district court litigation.
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One way a POSA could have increased the likelihood of coordination of
BPhen and Liq in the gas phase is through choosing a method of deposition that
ensures a low vacuum in the reaction chamber. Ex.1003, §166. Ma discloses that the
electron transport layer was formed by “conventional thermal evaporation in a high
vacuum chamber with a base pressure of 1 x 10~ Torr.” Ma, 811. It was well-known
that it would be beneficial to increase the pressure in the vacuum chamber to use the
OVPD method (in essence, using the Ma’s VTE method but increasing the pressure
to 0.1-10 Torr) for its “precise control over the layer thickness and dopant
concentration, while increasing materials use efficiency over that obtained by VTE.”
Ex.1003, 9166; Shtein, 4006. A POSA would have understood that when BPhen and
Liq are jointly evaporated using the OVPD method, they would likely result in
coordination in the gas phase rather than on the substrate because increasing the
pressure of the reaction chamber would increase collision of the vaporized Liq and
BPhen molecules, which in turn would result in coordination of these compounds in
the gas phase. Ex.1003, 4166.

8. Dependent Claim 12: The method according to claim 10,

wherein the electron-conducting layer is deposited as a
chain-like or network-like structure.

Ma discloses the additional elements in claim 12. As discussed in Section

VIII.B.4, according to Patent Owner’s contentions, the coordination of the organic
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compound (BPhen) to the metal complex (Liq), according to the *223 patent would
result in a chain-like structure being deposited. Ex.1003, 4167.

9. Dependent Claim 13: The method according to claim 12,

wherein the degree of cross-linking of the electron-

conducting layer is controlled by the ratio between the metal
complex and the organic compound during vaporization.

Ma discloses the additional elements in claim 13. Ex.1003, §168.

As discussed in Section VIII.A.11, the 223 patent discloses that the degree
of cross-linking in a layer is related to the electron conductivity of the layer. See *223
patent, 11:29-33, 13:61-67. Figure 5 of Ma demonstrates how a change in the ratio
between Liq and BPhen alters the current density (i.e., electron conductivity) of the

electron transport layer created in Ma. Ex.1003, §169.

400
Electron only device

350 |-
&
E 300 .
S | —=—0wt% Liq in ETL
E 250 —*— 17Wt% Liqin ETL
= —a— 33wt% Liq in ETL
- —w— 50wt% Liq in ETL
£ 200} qin
c
2
< 150
o
§ I
5 100+
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o ' 1 1 1 1

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Voltage (V)

Fig. 5. Current density vs voltage characteristics of electron-only devices of 0wt X,
17 wtX, 33wt X and 50wt % Liq doped into BPhen.

Ma, 812, Fig. 5. Note that Fig. 5 of Ma was obtained using “electron-only devices”

in which the current consists mainly of the electrons (Ma, 811). However, the same
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trend would have achieved using a complete device including a hole transport layer.
Ex.1003, 9169, n.5.

Fig. 5 of Ma shows that “[a]t the same voltage, the current density increases
along with the increase in the doping ratio” and that “[t]he highest current density is
observed at the doping ratio of 33 wt% Liq.” Ma, 813. The molecular weight (MW)
of BPhen is 332.4 g/mole and the MW of Liq is 151.09 g/mole. Ex.1003, 4169. Thus,
33 wt% Liq in BPhen corresponds to a molar fraction of 52.4% Liq in BPhen, which
is approximately 1:1 molar ratio between Liq and BPhen. Ex.1003, 4169.

Ma teaches that “[t]hese J—V characteristics of electron-only devices suggest
that a certain doping ratio of Liq to BPhen can improve the electron transport ability
of the co-deposited layer.” Ma, 813. Specifically, Ma explains that a heavy doping
concentration of Liq (greater than 1:2 BPhen:Liq) may lead to significant diffusion
of the dopant into the emission layer and cause quenching. /d. Thus, Ma suggests
that coordination of Liq and BPhen at the 1:1 ratio would yield the highest current
density and that greater amounts of Liq would reduce the current density. Ex.1003,
q1170.

Thus, Ma teaches an optimum ratio of the metal complex to the organic
compound to achieve the best electron conductivity. Ex.1003, §171. In other words,
Ma teaches that the electron conductivity is controlled by the ratio between the metal

complex and the organic compound during vaporization. Ex.1003, §171. Because
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the degree of cross-linking is related to the electron conductivity according to the
’223 patent (see 223 patent, 11:29-33, 13:61-67), it would have been obvious that
the degree of cross-linking is controlled by the ratio between the metal complex and
the organic compound during vaporization. Ex.1003, §171.

10. Dependent Claim 14: The method according to claim 10,

wherein the organic compound does not coordinate to the
metal complex prior to vaporization.

Ma discloses the additional elements in claim 14. Ex.1003, 4172.

Ma discloses that “[i]n the co-deposition process [of ETL], organic sources
[for Liq and BPhen] were independently controlled” and that “[t]he deposition rates
for the co-deposition layer were monitored using two independent quartz sensors.”
Ma, 811. Because Liq and BPhen are contained in two independent sources prior to
vaporization, there is no opportunity for BPhen and Liq to coordinate prior to
vaporization. Ex.1003, 4173.

IX. DISCRETIONARY DENIAL IS INAPPROPRIATE
A.  Section 314(a)

The Board should decline to exercise its discretion to deny institution under
35U.S.C. § 314(a) and Apple Inc. v. Fintiv, Inc., IPR202-0019, Paper 11 (P.T.A.B.
Mar. 20, 2020) (precedential). While the 223 patent is asserted in Pictiva Displays
International Ltd. v. Samsung Electronics Co., Ltd., et al., Case No. 2:23-cv-00495
(E.D. Texas), this case remains in a very early stage. The 223 patent was first

asserted on March 1, 2024. Ex.1016. Infringement contentions were served on
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March 11, 2024. Invalidity contentions were served on June 10, 2024. The court
issued its initial scheduling order on April 17, 2024, scheduling a trial for August
2025. See Ex.1017.

Accordingly, the parties have made no material investments in the parallel
litigation. Discovery is still in its early stages (with the deadline for fact discovery
being March 10, 2025), and the claim construction process has not even begun (the
parties will not exchange their proposed claim terms for construction until October
1, 2024). Additionally, this Petition is being filed just three and a half months after
the service of infringement contentions, demonstrating that Petitioner has acted with
diligence in preparing its patent challenge. Finally, Patent Owner will need to narrow
the asserted claims in advance of any trial, see Ex.1017 at 1, so a trial could not
resolve all of Petitioner’s claim challenges. Discretionary denial is further
inappropriate because this Petition presents compelling evidence of unpatentability,

for the reasons discussed in Section VIII, above.

B.  Section 325(d)

The Board likewise should not deny institution under §325(d) and Advanced
Bionics, LLC v. Med-EIl Elektromedizinische Gerdte GmbH, IPR2019-01469,
Paper 6 at 8 (P.T.A.B. Feb. 13, 2020) (precedential).

In applying Advanced Bionics, the Board considers the “Becton, Dickinson”

factors, Becton, Dickinson & Co. v. B. Braun Melsungen AG,IPR2017-01586, Paper
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8 (P.T.A.B. Dec. 15, 2017) (precedential as to § III.C.5, first paragraph). “[1]f the
record of the Office’s previous consideration of the art is not well developed or
silent, then a petitioner may show the Office erred by overlooking something
persuasive.” Advanced Bionics, [IPR2019-01469 at 10. “An example of a material
error may include misapprehending or overlooking specific teachings of the relevant
prior art where those teachings impact patentability of the challenged claims.” Id. at
8, n.9.

Here, none of the prior art references asserted in this Petition were
substantively considered by the Examiner during prosecution. Werner and Ma were
not of record during prosecution.

As mentioned in Footnote 4 in Section IV.B. above (“Prosecution History™),
during prosecution the Examiner allowed the claims over Ikeda, overlooking that
Ikeda’s layer 106 may constitute an electron-conducting layer that is comprised of
various metal complexes (such as Alq; or Zn(BOX);) and may also contain certain
organic compounds as discussed in the *223 patent. Ex.1010, [0071]-[0073]. Ikeda’s
disclosures regarding Layer 106 are different than the Werner and Ma references
asserted here, which disclose layers comprising an organic compound (BPhen) in
combination with W(hpp)s or Liq. However, to the extent there is any question
whether the prior art asserted here is arguably the same (or substantially the same)

as lkeda, it is clear that the Examiner materially erred in overlooking the relevant
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discussion in Ikeda (Ex.1010) concerning Layer 106 in paragraphs [0071]-[0073].
Although the Examiner did cite to broad portions of Ikeda encompassing those
paragraphs, see Ex.1002, 811-813 (repeatedly citing to “(ABSTRACT, Figures 1A-
1C, pages 2-4, paragraphs [0062]-[0082])”), the Examiner did not address or even
mention Tkeda’s Layer 106. See id. Accordingly, discretionary denial under §325(d)
is not warranted here.

X. CONCLUSION

Petitioner respectfully requests inter partes review and cancellation of claims
14, 6, and 8—14 of the 223 patent.
Date: July 2, 2024 Respectfully submitted,
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