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FIGURE 1

(57) Abstract: Polymeric barriers for organic light emit-
ting diodes are formed in-situ by encapsulation or poly-
merization. Encapsulation with melamine-cyanurate is per-
formed using sublimation reaction technique. An encapsu-
lation technique involves curing a layer of resin made by
mixing a polyaza aryl compound, such as melamine,
melam, or melem, with a cyanuryl triglycidyl ether. Anoth-
er encapsulation technique involves curing a layer of resin
made by mixing the polyaza aryl aromatic compound in
2,4,6-tricyanatophenyl glycidyl ether or tetracyanatoben-
zene applied to an organic light emitting diode. Photo cata-
Iytic curing of the coating may be achieved in the presence
of catalysts such as titanium I'V oxide acetylacetonate.
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NANO-ENCAPSULATING POLYMERS WITH HIGH BARRIER PROPERTIES

CLAIM OF PRIORITY

[0001] The present application claims the benefit of and priority to U.S. Provisional
Application Serial No. 61/736,260, entitled “Nano-Encapsulating Polymers with High Barrier
Properties,” which application was filed on December 12, 2012. The aforementioned application

is incorporated by reference herein in its entirety and for all purposes.

BACKGROUND

[0002] Organic light emitting devices (OLEDs) are a type of device having visual
emissions from an organic compound. In general, the basic OLED structure consists of a
plurality of fluorescent organic layers sandwiched between a transparent conducting anode and
metallic cathode. When an appropriate bias is applied to the device, holes are injected from the
anode and electrons from the cathode; some of the recombination events between the holes and
electrons result in electroluminescence (EL). OLEDs may be found in low information displays
such as mobile phones, MP3 players, and digital cameras.

[0003] The organic layers are highly susceptible to water and oxygen, with exposure
resulting in reduced efficiency in OLEDs or even complete failure. In order to protect the OLED,
barrier materials with low permeability of ambient moisture and oxygen are coated on the
surface. Several types of polymeric resins have being evaluated for this application such as
epoxy resins, polyacrylonitrile, polyvinyl alcohol and its copolymers, poly(lactide), polyethylene
terephthalate, poly(vinylidene dichloride), liquid crystal polymers, silicone polymers,
polyethylenes, and others. None of these known polymeric barriers demonstrate outstanding
barrier resistance to both oxygen and water at the same time. For example, polyvinyl alcohol is

an excellent barrier toward oxygen, but very poor barrier toward water. In contrast, high density
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polyethylene is excellent barrier toward water but poor barrier toward oxygen. “Multi-layer”
barriers, inorganic barriers, and sandwiched aluminum thin films have been developed, however,
these are not suitable for use with OLEDs due to their processing complexity, and lack of
adhesion or optical transparency.

[0004] Melamine vapor deposition processes lead to remarkably reduced oxygen
permeation when a single layer of melamine was coated on common polymers such as PET or
polypropylene. However, the film demonstrates instability due to high moisture absorption of
melamine as single molecules (non-polymeric). The melamine film thus produced has solubility
in water of 3.24% that indicates it is highly water absorbing. The high water absorbance renders

it useless as a barrier film for OLEDs.

SUMMARY

[0005] This disclosure presents nano-polymeric barriers or films and coated
semiconductors prepared from polyaza aryl compounds reacted with cyanurates or related
glycidyl ethers. The barriers offer excellent resistance toward oxygen and water that can be
applied easily to objects such as an OLED. The barriers can be made from disclosed coating
compositions.

[0006] Embodiments include a polymer coated semiconductor. In various
embodiments, the semiconductor is a light emitting diode. The light emitting diode may be an
organic light emitting diode. A polyaza aryl polymer is coated on at least one surface of the
semiconductor.

[0007] These new polymeric barriers for OLEDs are produced in-situ. A first
technique is an encapsulation using a gas-phase sublimation reaction. A second technique is from

mixing a polyaza aryl compound and cyanuryl triglycidyl ether, applying the viscous resin to the
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object, and finally photocuring. A third technique is mixing a polyaza aryl compound in a 2,4,6-
tricyanatophenyl glycidyl ether and/or cyanurate triglycidyl ether, applying the coating to the

object, and photocatalytic curing in the presence of a catalyst.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIGURE 1: Schematic of Melamine Hydrogen Bonding with Cyanuric Acid.
Schematic shows the Melamine donor-acceptor-donor (D-A-D) and Cyanuric Acid (A-D-A).

[0009] FIGURE 2: Schematic of Melamine-Cyanuric Acid Lattice showing
Hydrogen Bonds in Self-Assembly. Section of the extensive two-dimensional hydrogen bond
network (dashed) between melamine (M) and cyanuric acid (C).

[0010] FIGURE 3 — Structures of melam and melem.

[0011] FIGURE 4 - Structures of 1,3,5-cyanurate triglycidyl ether and 2,4,6-

tricyanatophenyl glycidyl ether.

DETAILED DESCRIPTION

[0012] The above summary of the present disclosure is not intended to describe each
illustrated embodiment or every possible implementation of the present disclosure. The
description, which follows, particularly exemplifies these embodiments.

[0013] Before the present compositions and methods are described, it is to be
understood that they are not limited to the particular compositions, methodologies or protocols
described, as these may vary. It is also to be understood that the terminology used in the
description is for the purpose of describing the particular versions or embodiments only, and is
not intended to limit their scope.

[0014] It must also be noted that as used herein and in the appended claims, the

12l (13

singular forms “a”, “an”, and “the” include plural reference unless the context clearly dictates
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otherwise. Unless defined otherwise, all technical and scientific terms used herein have the same
meanings as commonly understood by one of ordinary skill in the art. Although any methods and
materials similar or equivalent to those described herein can be used in the practice or testing of
embodiments disclosed, representative methods, devices, and materials are now described.

[0015] “Optional” or “optionally” means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where the event
occurs and instances where it does not.

[0016] An “interpenetrating polymer network” (IPN) is a polymer comprising two or
more networks which are at least partially interlaced on a polymer scale but not covalently
bonded to each other. The two or more networks can be envisioned to be entangled in such a way
that they are concatenated and cannot be pulled apart, but not bonded to each other by any
chemical bond.

[0017] A “composite” is a combination of two or more materials differing in form or
composition on a macroscale, each retaining their identities. Composites can normally be
physically identified and exhibit an interface with one another.

[0018] A “network” is a highly branched macromolecule in which essentially each
constitutional unit is connected to each other constitutional unit and to the macroscopic phase
boundary by a plurality of permanent paths through the macromolecule, the number of such
paths increasing with the average number of intervening bonds; the paths are, on the average, co-
extensive with the macromolecule. An example of a network is 1,3,5-triazine-2,4,6-triamine
condensed in the vapor phase with cyanurate as shown by the branching of the polymeric

constitutional units through covalent and hydrogen bonds in Figure 2.
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[0019] Polyaza aryl compounds are polyamino-1,3,5-triazine derivatives. The
polyaza aryl compounds include, but are not limited to, melamine, melam, and melem. Melamine
is 2,4,6-triamino-1,3,5-triazine (Figure 1). Melam is (N-4,6-diamino-1,3,5-triazin-2-yl)-1,3,5-
triazine-2,4,6-triamine (Figure 3). Melem, 2,5,8-triamino-1,3,4,6,7,9,9b-heptaazaphenalene of
the formula C¢HeNjo (Figure 3), is a 1,3,5-triazine derivative that may be considered melamine
condensed with three molecules of guanidine, and five molecules of ammonia desorbed
therefrom. Other polyaza aryl compounds are compounds that can be considered condensation
products of 1,3,5-triazine-2,4,6-triamine and guanidine or urea.

[0020] As used herein, the equivalent weight of the amine functional compound or
material is based on the number of hydrogen atoms (or other groups containing active hydrogen
atoms) as opposed to the number of amine groups. The equivalent weight of melamine is 126/6
= 21. The equivalent weight of melam is 235/9 = 26. The equivalent weight of melem is 218/6
= 36.

[0021] As used herein, epoxide equivalent weight means the grams of epoxy
compound or resin containing one gram equivalent of epoxide. The epoxide equivalent weight
for triglycidyl cyanurate is 297/3 = 99. The epoxide equivalent for tricyanatophenyl glycidyl
ether is 273/1 = 273. The epoxide equivalent for mixtures can be determined by the Shell
Analytical Method HC-397A-89 (perchloric acid method).

[0022] An aspect of the disclosure is the epoxide compound and the amine
compounds are mixed according to their epoxy equivalent weight and the amine equivalent
weight. For example melamine and 2,4,6-tricyanatophenyl glycidyl ether would be mixed in a
weight ratio of 21:273. Melamine (126 MW) and cyanuric acid (129 MW) are mixed in the

vapor phase in an appropriate weight ratio.
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[0023] It is contemplated that the relative proportion of epoxy to amine in the various
compositions may vary widely within the scope hereof in order to accommodate the needs and
requirements of any particular application. In general, however, it is preferred that the reactive
composition of the present invention to use amine weight calculated based on the epoxy
equivalent of the resin

[0024] Various aspects involve curing. Curing comprises formation of covalent
bonds, for example trimerization of phenyl cyanates. Curing may be effected by photocuring.
Photocuring can be fulfilled by UV or thermally by infrared. Curing may be effected by catalytic
curing. In some embodiments, the curing is photocuring in the presence of a catalyst. In certain
embodiments, the catalyst is titanium (IV) oxide acetylacetonate catalyst, an organometallic
catalyst, photocationic iodonium salts, or any other commercial epoxy photocuring catalyst.
Photocuring may be carried out in the presence of a photoinitiator. Photocationic initiators
include iodonium salts, a non-limiting example is (bisalkylphenyl)
iodoniumhexafluorophosphate. Useful iodonium salts are described more fully in U.S. Pat. No.
4,256,828, which is incorporated herein by reference. Known photo-accelerators may be added
to the photocationic initiators. A non-limiting example of a photo-accelerator is N-dodecyl-1-
hydroxy-2-naphthalenecarboxyamide. Non-limiting examples of organometallic catalysts
include (MeCp)Mn(CO);, CpMn(CO);, CpFe(CO),Cl, (benzene)Cr(CO), [CpFe(eta®-
naphthalene)*]AsFg™, [CpFe(eta®-mesitylene)*]SbFg", [CpFe(eta®-naphthalene)*]AsFq~,
Re(CO)sBr, CpyFe, Cp,TiCl,; and MeSiCp, wherein Me is methyl, Ph is phenyl, Cp is
cyclopentadienyl.  Suitable photoactivatable organometallic complex salts include those

described in U.S. Pt. Nos. 5,059,701; 5,191,101; 5,252,694; and 6,153,302. Photocatalytic
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reactions may be carried out with GE Blak-ray 15 watt black lights (primary wavelength 366nm)
and temperature up to 83 °C as known in the literature for polycyanate curing.

[0025] An aspect of the disclosure is a polymer coated semiconductor comprising a
semiconductor with a coating of a polyaza aryl polymer on a first surface of the semiconductor,
wherein the coating has low oxygen permeability and low moisture permeability. In some
embodiments, the first surface comprises a transparent conducting electrode. In other
embodiments, the first surface comprises a transparent conducting electrode, wherein the
electrode is a cathode. In still other embodiments, the semiconductor is an organic light emitting
diode. In other embodiments, the coating is on a plurality of surfaces of the semiconductor.

[0026] A low oxygen permeability transmits less than about one nmole/square
meter.day at 23 °C. In some embodiments, the layer may transmit less than about 0.1 nmol of
oxygen / square meter per day at 23 °C. In certain embodiments, the layer may transmit less than
about 0. 1 nmol of oxygen / square meter per day at 23 °C. In other embodiments, the layer may
transmit less than about 0.001 nmol of oxygen / square meter per day at 23 °C. A low water
vapor barrier transmits less than one nmol water / square meter per day at 23 °C. In some
embodiments, the layer may transmit less than about 0.1 nmol of water / square meter per day at
23 °C. In certain embodiments, the layer may transmit less than about 0.01 nmol of water /
square meter per day at 23 °C. In other embodiments, the layer may transmit less than about
0.001 nmol of water / square meter per day at 23 °C.

[0027] In some embodiments, the coating is a polyaza aryl polymer that is a network
comprising melamine and cyanuric acid. In other embodiments, the network is formed from the
reaction of at least one of melam, melem, and melamine; and at least one of cyanuric acid,

cyanurate, triglycidyl ether cyanurate, and 2,4,6-tricyanatophenyl glycidyl ether. In other
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embodiments, the coating comprises a composite having at least one component that is a polyaza
aryl polymer formed from polymerization of at least one of melam, melem, and melamine; and at
least one of cyanuric acid, cyanurate, triglycidyl ether cyanurate, and 2,4,6-tricyanatophenyl
glycidyl ether. In other embodiments, the coating comprises a composite having at least one
component that is a network formed from melamine and cyanuric acid. In still other
embodiments, the coating comprises an interpenetrating polymer network of at least two
polymers, at least one of which is a polyaza aryl polymer formed from at least one of melam,
melem, and melamine; and at least one of cyanuric acid, cyanurate, triglycidyl ether cyanurate,
and 2,4,6-tricyanatophenyl glycidyl ether, or a network formed from melamine and cyanuric
acid.

[0028] In other embodiments the coating is a network, composite or interpenetrating
polymer network wherein the polyaza aryl polymer is formed from at least one of melam,
melem, and melamine or any combination thereof, with cyanuric acid. In certain embodiments,
the polyaza aryl polymer comprises a polymer formed from polymerization of at least one of
melam, melem, and melamine, or any combination thereof, with triglycidyl cyanurate. In yet
other embodiments, the polyaza aryl polymer comprises a polymer formed from at least one of
melam, melem, and melamine, or any combination thereof, in reaction with 2.,4,6-
tricyanatophenyl glycidyl ether. In some certain embodiments, the polyaza aryl polymer
comprises melamine and cyanuric acid.

[0029] In other embodiments the coating is one of a network, composite or
interpenetrating polymer network wherein the polyaza aryl polymer is formed from
polymerization of melam, with at least one of cyanuric acid, cyanurate, triglycidyl ether

cyanurate, and 2,4,6-tricyanatophenyl glycidyl ether or any combination thereof. In certain
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embodiments, the polyaza aryl polymer is from a polymerization of at least one of melem, with
at least one of cyanuric acid, triglycidyl ether cyanurate, and 2,4,6-tricyanatophenyl glycidyl
ether or any combination thereof. In yet other embodiments, the polyaza aryl polymer comprises
a polymer formed from melamine, reacting with at least one of cyanuric acid, triglycidyl ether
cyanurate, and 2,4,6-tricyanatophenyl glycidyl ether or any combination thereof. In some certain
embodiments, the polyaza aryl polymer comprises a network of melamine and cyanuric acid.
[0030] The polymer coated semiconductor may have a coating of at least one or more
of the following polymers: melamine cyanurate, melam cyanurate, melem cyanurate,
poly(melamine-triglycidyl —ether cyanurate), poly(melam-triglycidyl ether cyanurate),
poly(melem-triglycidyl ether cyanurate), poly(melamine- 2,4,6-tricyanatophenyl glycidyl ether),
poly(melam- 2,4,6-tricyanatophenyl glycidyl ether), poly(melem-2,4,6-tricyanatophenyl glycidyl
ether), or combinations thereof. The polymer coated semiconductor may have a coating of at
least one or more of the following polymers: melam cyanurate, melem cyanurate, melamine-
triglycidyl ether cyanurate, melam-triglycidyl ether cyanurate, poly(melem-triglycidyl ether
cyanurate, poly(melamine- 2.,4,6-tricyanatophenyl glycidyl ether), poly(melam- 2,4,6-
tricyanatophenyl glycidyl ether, poly(melem-2,4,6-tricyanatophenyl glycidyl ether), or
combinations thereof. The polymer coated semiconductor may have a coating of at least one or
more of the following polymers: poly(melamine-triglycidyl ether cyanurate), poly(melam-
triglycidyl ether cyanurate), poly(melem-triglycidyl ether cyanurate), poly(melamine- 2,4,6-
tricyanatophenyl glycidyl ether), poly(melam- 2,4,6-tricyanatophenyl glycidyl ether),
poly(melem- 2,4,6-tricyanatophenyl glycidyl ether), or combinations thereof. The polymer
coated semiconductor may have a coating of at least one or more of the following polymers:

poly(melamine-triglycidyl —ether cyanurate), poly(melam-triglycidyl ether cyanurate),
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poly(melem-triglycidyl ether cyanurate), or combinations thereof. The polymer coated
semiconductor may have a coating of at least one or more of the following polymers:
poly(melamine- 2,4,6-tricyanatophenyl glycidyl ether), poly(melam- 2,4,6-tricyanatophenyl
glycidyl ether), poly(melem- 2,4,6-tricyanatophenyl glycidyl ether), or combinations thereof.
Any of the above embodiments may be a composite and interpenetrating polymer network.

[0031] An embodiment comprises a method for preparing an aza aryl compound —
cyanurate coated semiconductor. One step of the method comprises heating cyanuric acid to
provide cyanuric acid vapor. Another step of the method comprises heating a polyaza aryl
compound to form polyaza aryl compound vapor. Another step is the vapor phase reaction of the
cyanuric acid with the polyaza aryl compound to form a polyaza aryl - cyanurate. In addition, the
polyaza aryl - cyanurate alights on a semiconductor to form a coating. The coating is then cured.
In some embodiments, the semiconductor is a light emitting diode. The light emitting diode may
be an organic light emitting diode.

[0032] Some embodiments comprise heating cyanuric acid to provide cyanuric acid
vapor, heating melamine to provide melamine vapor, reacting at vapor phase onto a surface of a
semiconductor a mixture of the cyanuric acid vapor and the melamine vapor to form the
poly(melamine-cyanurate) coated semiconductor.

[0033] Poly(melamine-cyanurate) is shown schematically in Figure 1. Vapor reaction
poly(melamine-cyanurate), has high barrier properties toward both oxygen and water due to the
formation of self-assembling ultra-high molecular weight complex formed via the organized
intermolecular networks of hydrogen bonds and n-m aromatic ring stacking. Poly(melamine-

cyanurate) is highly water penetration resistant based on its self-assembling, tightly packed
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geometrical configuration. In certain embodiments, the semiconductor is an organic light
emitting diode.

[0034] The poly(melamine-cyanurate) coating was demonstrated for melamine and
cyanuric acid. Poly(melamine-cyanurate) overcomes the water solubility problem of the prior art
melamine coatings. The thin polymeric film produced is insoluble in water (water-proof) due to
the formation of self-assembling ultra-high molecular weight complex via the organized
intermolecular networks of hydrogen bonds and n-n aromatic ring stacking.

[0035] In some embodiments, the heating of the cyanurate and the heating of the
polyaza aryl compound are simultaneous. The cyanuric acid may be heated to about 200 °C,
about 220 °C, about 240 °C, about 260 °C, about 280 °C, about 300 °C, or a range between any
of the two temperatures and including the endpoints. The cyanuric acid may be heated to about
200 °C to about 280 °C. The cyanuric acid may be heated to about 220 °C to about 275 °C.

[0036] The polyaza aryl compound may be heated to about 300 °C, about 320 °C,
about 340 °C, about 360 °C, about 380 °C, about 400 °C, or a range between any of the two
temperatures and including the endpoints. The polyaza aryl compound may be heated to about
300 °C to about 380 °C. The polyaza aryl compound may be heated to about 330 °C. The
polyaza aryl compound may be heated to about 330 °C to about 375 °C. In some embodiments,
the polyaza aryl compound is melamine heated to about 330 to about 375 °C. The melamine may
be heated to about 330 °C. to about 300 °C, about 320 °C, about 340 °C, about 360 °C, about
380 °C, about 400 °C, or a range between any of the two temperatures and including the
endpoints.

[0037] In some embodiments of the method, heating cyanuric acid and heating

melamine are performed simultaneously.
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[0038] In still other embodiments, the heating is carried out under vacuum. The
heating of the cyanuric acid may be carried out under vacuum. In some embodiments, heating of
the cyanuric acid is carried out under a vacuum of about 10 mm to about 30 mm vacuum. The
heating of the polyaza aryl compound may be carried out under vacuum. In some embodiments,
the heating of the polyaza aryl compound may be under about 10 mm Hg to about 30 mm Hg
vacuum.

[0039] The vapor phase reaction comprises formation of hydrogen bonds and n-n
aromatic ring stacking. The product of the vapor phase reaction forms a layer on the
semiconductor. The nominal thickness of a layer can be varied by depositing greater amounts of
the vapor phase reaction product. The layer thickness can be increased by adding additional
layers. The layer nominal thickness can be about 10 nm, about 100 nm, about 300 nm, about 1
micron, about 10 microns, about 30 microns, about 100 microns, about 200 microns, about 500
microns, or a range between any of the two thicknesses and including the endpoints. In some
embodiments, the coating has a thickness of about 10 microns to about 150 microns. In other
embodiments, the semiconductor has a thickness of not more than about 10 microns.

[0040] In some embodiments, the polyaza aryl compound may be melamine, melam,
melem, or combinations thereof. The layer may be melamine cyanurate, melam cyanurate,
melem cyanurate or combinations thereof.

[0041] Another embodiment is a method of preparing a polymer coated
semiconductor. The method comprises mixing a polyaza aryl compound with triglycidyl
cyanurate to provide a resin, applying the resin to a transparent surface of a semiconductor, and
curing the resin to provide the polymer coated semiconductor. The resin can be applied to the

OLED object by common techniques and photocured and/or catalytic cured.
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[0042] In some embodiments, the polyaza aryl compound comprises melam, melem,
or melamine, or any combination thereof. In certain embodiments, the polyaza aryl compound
comprises melam. In other certain embodiments, the polyaza aryl compound comprises melem.
In still other certain embodiments, the polyaza aryl compound comprises melamine. In some
embodiments, the curing is photocuring. In other embodiments, the curing is catalytic curing.

[0043] In some embodiments, the polyaza aryl compound may be melamine, melam,
melem, or combinations thereof. The layer may be a melamine cyanurate glycidyl ether, a melam
cyanurate glycidyl ether, a melem cyanurate glycidyl ether or combinations thereof. The product
of the curing reaction forms a layer on the semiconductor. The efficiency of barrier for oxygen
and water is based on the three dimensional network polymeric structures formed in the curing.
In some embodiments, the curing is photocuring. In some embodiments, the curing is
photocuring in the presence of a catalyst. In certain embodiments, the catalyst is titanium (IV)
oxide acetylacetonate catalyst, an organometallic catalyst, photocationic iodonium salts, or other
epoxy photocuring catalyst.

[0044] In certain embodiments, the layer thickness is about 10 microns to about 150
microns. In other embodiments, the layer thickness is of not more than about 150 microns. In
some other embodiments, the layer thickness is not more than about 50 microns. In certain
embodiments, the layer thickness is about 10 microns to about 150 microns. In other
embodiments, the layer thickness is not more than about 150 microns. In some other
embodiments, the layer thickness is not more than about 50 microns. The layer thickness can be
varied by applying greater amounts of the resin. The layer thickness may be increased by adding

additional layers. The layer thickness can be about 10 nm, about 100 nm, about 300 nm, about 1
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micron, about 10 microns, about 30 microns, about 100 microns, about 200 microns, about 500
microns, or a range between any of the two thicknesses and including the endpoints.

[0045] In still other embodiments, the layer thickness is about 20 microns. In yet
other embodiments, the layer thickness is about 10 microns.

[0046] Another embodiment is a method of preparing a polymer coated
semiconductor, the method comprising mixing a polyaza aryl compound in 2,4,6-
tricyanatophenyl glycidyl ether to provide a resin, applying the resin to a transparent surface of a
semiconductor, and curing the resin to provide the polymer coated semiconductor. The resin can
be applied to the OLED object by common techniques.

[0047] In some embodiments, the polyaza aryl compound comprises melam, melem,
or melamine, or any combination thereof. In certain embodiments, the polyaza aryl compound
comprises melam. In other certain embodiments, the polyaza aryl compound comprises melem.
In still other certain embodiments, the polyaza aryl compound comprises melamine. The layer
may be a poly(melamine-cyanurate) glycidyl ether, a melam cyanurate glycidyl ether, a melem
cyanurate glycidyl ether or combinations thereof.

[0048] In some embodiments, the semiconductor is a light emitting diode. The light
emitting diode may be an organic light emitting diode. The coating may be on one or more
surfaces of the semiconductor. In some embodiments, the resin is applied to a transparent surface
of the OLED. The efficiency of barrier for oxygen and water is based on the three dimensional
network polymeric structures formed in the curing and thickness of the coating.

[0049] In some embodiments, the polymer coated semiconductor has a polymer coat
layer of about uniform thickness. The layer may be of substantially uniform thickness. In certain

embodiments, the layer thickness is about 10 microns to about 150 microns. In other
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embodiments, wherein the layer thickness is about 100 microns. In some other embodiments, the
layer thickness is not more than about 50 microns. In still other embodiments, the layer thickness
is not more than about 20 microns. In yet other embodiments, the layer thickness is not more
than about 10 microns. The layer thickness can be varied by applying greater amounts of the
resin. The layer thickness may be increased by adding additional layers. The layer thickness can
be about 10 nm, about 100 nm, about 300 nm, about 1 micron, about 10 microns, about 30
microns, about 100 microns, about 200 microns, about 500 microns, or a range between any of
the two thicknesses and including the endpoints.

[0050] Another embodiment comprises a coating composition. The coating
composition comprises a polyaza aryl compound in triglycidyl cyanurate. In some embodiments,
the polyaza aryl compound comprises melam, melem, or melamine, or any combination thereof.
In certain embodiments, the polyaza aryl compound comprises melam. In certain other
embodiments, the polyaza aryl compound comprises melem. In still other certain embodiments,
the polyaza aryl compound comprises melamine.

[0051] Another embodiment is a coating composition comprising a polyaza aryl
compound in 2.4,6-tricyanatophenyl glycidyl ether. In some embodiments, the polyaza aryl
compound comprises melam, melem, or melamine, or any combination thereof. In certain
embodiments, the polyaza aryl compound comprises melam. In certain other embodiments, the
polyaza aryl compound comprises melem. In still other certain embodiments, the polyaza aryl
compound comprises melamine. In some embodiments, the composition further comprises an
organometallic catalyst. In certain embodiments, the organometallic catalyst is a titanium (IV)
oxide acetylacetonate catalyst or iodonium photocationic catalysts or any other commercial

photocatalyst epoxy curing agents.

-15-



WO 2014/092826 PCT/US2013/059430

[0052] Another embodiment is a film made by curing a coating of a polyaza aryl
compound and a cyanurate. In some embodiments, the polyaza aryl compound comprises melam,
melem, or melamine, or any combination thereof. In other embodiments, the polyaza aryl
compound comprises melam or melem, or any combination thereof. In some embodiments, the
cyanurate is cyanuric acid, triglycidyl cyanurate, 2,4,6-tricyanatophenyl glycidyl ether, or a
combination thereof. In other embodiments, the cyanurate is triglycidyl cyanurate, 2,4,6-
tricyanatophenyl glycidyl ether, or a combination thereof. In some embodiments, the curing is
photocuring, photocuring in the presence of an organometallic catalyst, heating at temperatures
40-60 °C or higher based on the thermal stability of OLED, or a combination thereof. In some
embodiments, the curing is photocuring. Photocuring can be fulfilled by UV and thermally by
infrared. In certain embodiments, the photocuring in the presence of a titanium (IV) oxide
acetylacetonate catalyst, iodonium salts, or any other commercial epoxy photo curing agent.

[0053] Another embodiment comprises a film. The film comprises a coating that has
been cured. The film comprises a coating of cured polyaza aryl compound in a glycidyl
cyanurate. In some embodiments, the glycidyl cyanurate is triglycidyl cyanurate, 2,4,6-
tricyanatophenyl glycidyl ether, or any combination thereof. The glycidyl cyanurate may
comprise triglycidyl cyanurate. The glycidyl cyanurate may comprise 2,4,6-tricyanatophenyl
glycidyl ether. In other embodiments, the film comprises a cured coating of a polyaza aryl
compound in 2.4,6-tricyanatophenyl glycidyl ether. In some embodiments, the polyaza aryl
compound is melamine, melam, melem, or combinations thereof. In other embodiments, the
polyaza aryl compound is melamine. In still other embodiments, the polyaza aryl compound is

melam. In yet other embodiments, the polyaza aryl compound is melem.
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[0054] In some embodiments, the coating is cured by photocuring, photocuring in the
presence of an organometallic catalyst, heating, or combinations thereof. The curing may be by
photocuring. Photocuring can be fulfilled by UV and thermally by infrared. In some
embodiments, the curing catalyst is titanium (IV) oxide acetylacetonate. The catalyst may be
titanium (I'V) oxide acetylacetonate catalyst, iodonium salt or any other commercial epoxy photo
curing agent. In other embodiments, curing by heating is heating at about 20 °C, about 40 °C,
about 60 °C, about 80 °C, about 100 °C, or a range between any of the two temperatures and
including the endpoints, based on the thermal stability of the OLED, or a combination thereof.

[0055] The film thickness can be increased by an initial coating thickness or by
adding additional layers. The film thickness can be about 10 nm, about 100 nm, about 300 nm,
about 1 micron, about 10 microns, about 30 microns, about 100 microns, about 200 microns,
about 500 microns, or a range between any of the two thicknesses and including the endpoints. In
some embodiments, the film has a thickness of about 10 microns to about 150 microns. In
various embodiments, the film is about 100 micron thick. In other embodiments, the film has a
thickness of not more than about 10 microns.

[0056] The polymer coated semiconductors and films of the various embodiments
comprise low oxygen permeability and low moisture permeability layers. In some embodiments,
a low oxygen permeability transmits less than about one nmol/square meter per day at 23 °C.
The layer may transmit less than about 0.1 nmol of oxygen /square meter at 23 °C. The layer
may transmit less than about 0.01 nmol of oxygen /square meter per day at 23 °C. The layer may
transmit less than about 0.001 nmol of oxygen /square meter per day at 23 °C. In some
embodiments, a low water vapor barrier transmits less than one nmol water/square meter per day

at 23 °C. The layer may transmit less than about 0.1 nmol of water /square meter per day at 23
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°C. The layer may transmit less than about 0.01 nmol of water /square meter per day at 23 °C.

The layer may transmit less than about 0.001 nmol of water /square meter per day at 23 °C.

[0057] An embodiment is a compound having structural formula I'V:
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EXAMPLES

[0058] Although the present disclosure has been described in considerable detail with
reference to certain embodiments thereof, other versions are possible. Therefore the spirit and
scope of the appended claims should not be limited to the description and the versions contained
within this specification. Various aspects of the present disclosure will be illustrated with

reference to the non-limiting examples.

Example 1a. A melamine — cyanuryl triglycidyl ether coating composition.

[0059] Melamine 21.2 gm) is mixed with cyanuryl triglycidyl ether (100 gm) and N-
methyl imidazole (0.5 gm) as curing activator to form a viscous resin at ambient temperature.
The viscous coating material is heated to 60 C then applied to the substrate (OLED) using high
pressure spray technique, the coating material is lift to cure at ambient temperature or thermally
accelerated curing is achieved by using IR radiation lamp as heating source. The degree of curing

is evaluated by differential scanning calorimetry to insure complete curing.

Example 1b. A melamine — cvanuryl triglycidyl ether coating composition with catalyst.

[0060] Melamine (21.2 gm) is mixed with cyanuryl triglycidyl ether (100 gm) to
form a first viscous resin at ambient temperature. To this is added, with mixing, titanium (IV)
oxide acetylacetonate (2 gm) at ambient temperature. The homogeneous composite is applied by
high pressure spray technique to the substrate, at ambient temperature, then photocatalytically
cured by UV radiation obtained from high pressure mercury lamp for 30 min. The degree of

curing is evaluated by differential scanning calorimetry to insure complete curing.
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Example 1c. A melamine — 2.4.6-tricyanatophenyl glycidyl ether coating composition.

[0061] Melamine (7.66 gm) is mixed with 2,4,6-tricyanatophenyl glycidyl ether (100
gm) to form a viscous resin at ambient temperature, then a cyanate photocatalytic curing catalyst
(2% of the cyanate resin), such as any of the following organometallic compounds :
(MeCp)Mn(CO)3, CpMn(CO)3, CpFe(CO),Cl, (benzene)Cr(CO), [CpFe(eta®-
naphthalene)*]AsFg™, [CpFe(eta®-mesitylene)*]SbFg", [CpFe(eta®-naphthalene)*]AsFq~,
Re(CO)sBr, CpyFe, Cp,TiCl,; and MeSiCp, wherein Me is methyl, Ph is phenyl, Cp is
cyclopentadienyl, is added. The product is mixed well to form homogenous product, heated to
60 °C, then applied to the substrate, and photolytically/thermally cured for 3 hours at a
temperature of about 80 °C to insure complete curing of both the glycidyl ether and cyanate to
form highly network coating product. The degree of curing is evaluated by differential scanning

calorimetry to insure complete curing.

Example 1d. 2.4.6-tricyanatophenvl glycidyl ether coating composition with catalyst.

[0062] Melamine (7.66) is mixed with 2,4,6-tricyanatophenyl glycidyl ether (100 gm)
to form a first viscous resin at ambient temperature. To this is added, with mixing, titanium (IV)
oxide acetylacetonate (2 gm) at ambient temperature and 2 gm of an organometallic cyanate
photocuring catalyst listed in example 1c (2% of the cyanate resin). The homogeneous composite
is applied by high pressure spray technique to a substrate (OLED), at ambient temperature, then
photocatalytically cured by UV radiation obtained from high pressure mercury lamp for 30 min.

The degree of curing is evaluated by differential scanning calorimetry to insure complete curing.

Example le. A film of melamine — cvanuryl triglycidyl ether using catalyst.

[0063] The resin of example 1b is photocured using UV-A light of 300-385 nm

wavelength until the film becomes firm.
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Example 1f. A melamine — cyanuryl triglycidyl ether polymer coated semiconductor.

[0064] The resin of example la, 1b is heated to 60 °C, applied to a surface of an
OLED by high pressure spray technique. The resin is photocured using UV-A light of 300-385
nm wavelength until the film becomes firm as confirm by differential scanning calorimetry.

Example 1g. A film of melamine — 2.4.6-tricyvanatophenyl glvcidyl polymer coated
semiconductor.

[0065] The resin of example lc, 1d is heated to 60 °C, applied to the surface of an
OLED. The resin is photocured wusing UV-A light of 300-385 nm
wavelength/thermalphotocatalytic curing until the film becomes firm as confirm by differential

scanning calorimetry.

Example 2a. A melam — cvanuryl triglycidyl ether coating composition.

[0066] Melam (26 gm) is mixed cyanuryl triglycidyl ether (100 gm) and N-methyl
imidazole (0.5 gm) as a curing activator to form a viscous resin at ambient temperature. The
viscous coating material is heated to 60 °C then applied to the substrate (OLED) using high
pressure spray technique, the coating material is lift to cure at ambient temperature or thermally
accelerated by using IR radiation lamp as heating source. The degree of curing is evaluated by

differential scanning calorimetry to insure complete curing.

Example 2b. A melam — cvanuryl triglvcidyl ether coating composition with catalyst.

[0067] Melam (26 gm) is mixed with cyanuryl triglycidyl ether (100 gm). To this is
added, with mixing, titanium (IV) oxide acetylacetonate (2 gm) at ambient temperature. The
composite is applied by high pressure spray technique to the substrate (OLED), at an ambient

temperature, then photocatalytically cured by UV-radiation obtained from a high pressure

21-



WO 2014/092826 PCT/US2013/059430

mercury lamp for 30 min. The degree of curing is evaluated by differential scanning calorimetry

to insure complete curing.

Example 2¢. A melam — 2.4.6-tricyanatophenyl glycidyl ether coating composition.

[0068] Melam (9.52 gm) is mixed with 2,4,6-tricyanatophenyl glycidyl ether (100
gm) to form a viscous resin at ambient temperature. Then a cyanate photocatalytic curing
catalyst (2% of the cyanate resin), such as any of the following organometallic compounds :
(MeCp)Mn(CO)3, CpMn(CO)3, CpFe(CO),Cl, (benzene)Cr(CO), [CpFe(eta®-
naphthalene)*]AsFg™, [CpFe(eta®-mesitylene)*]SbFg", [CpFe(eta®-naphthalene)*]AsFq~,
Re(CO)sBr, CpyFe, Cp,TiCl,; and MeSiCp, wherein Me is methyl, Ph is phenyl, Cp is
cyclopentadienyl, is added. The product is mixed well to form a homogenous product, heated to
60 °C, then applied to the substrate, photocatalytically/thermally cured for 3 hours at temperature
about 80 °C to insure complete curing of both glycidyl ether and cyanate to form a highly
network coating product. The degree of curing is evaluated by differential scanning calorimetry

to insure complete curing.

Example 2d. A melam — 2.4.6-tricyanatophenyl glycidyl ether coating composition with catalyst.

[0069] Melam (0.1 mol, 9.52 gm) is mixed with 2,4,6-tricyanatophenyl glycidyl ether
(0.4 mol, 100 gm) to form a first viscous resin at ambient temperature. To this is added, with
mixing, titanium (IV) oxide acetylacetonate (2 gm) at ambient temperature. The homogeneous
composite is applied by high pressure spray technique to the substrate (OLED), at an ambient
temperature, then photocatalytically cured by UV-radiation from a high pressure mercury lamp
for 30 min. The degree of curing is evaluated by differential scanning calorimetry to insure

complete curing.
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Example 2e. A film of melam — cvanuryl triglycidyl ether.

[0070] The resin of example 2a is photocured in the presence of the mentioned
photocatalyst using UV-A light of 300-385 nm wavelength until the film becomes firm. The

degree of curing is evaluated by differential scanning calorimetry to insure complete curing.

Example 2f. A film of melam — cyanuryl triglvcidyl ether using catalyst.

[0071] The resin of example 2b is photocured in the presence of mentioned catalysts
using UV-A light of 300-385 nm wavelength until the film becomes firm. The degree of curing

is evaluated by differential scanning calorimetry to insure complete curing.

Example 2¢g. A film of melam — cyanuryl triglycidyl ether using catalyst.

[0072] The resin of example 2b is cured with heat in the presence of the mentioned
activators and curing agents using infra-red radiation until the film becomes firm. The degree of

curing is evaluated by differential scanning calorimetry to insure complete curing.

Example 2h. A film of melam — 2.4.6-tricyanatophenyl glycidyl ether using catalyst.

[0073] The resin of example 2d is photocured in the presence of the mentioned
catalysts using UV-A light of 300-385 nm wavelength until the film becomes firm. The degree of

curing is evaluated by differential scanning calorimetry to insure complete curing.

Example 2i. A melam — cvanuryl triglycidyl ether polymer coated semiconductor.

[0074] The resin of example 2a is applied to a surface of an OLED using high
pressure spray technique. The resin is photocured in the presence of the mentioned catalysts
using UV-A light of 300-385 nm wavelength until the film becomes firm. The degree of curing

is evaluated by differential scanning calorimetry to insure complete curing.
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Example 2j. A film of melam — 2.4.6-tricvanatophenyl glycidyl polymer coated semiconductor.

[0075] The resin of example 2d is applied to the surface of an OLED using high
pressure spray technique. The resin is photocured until the film becomes firm. The degree of

curing is evaluated by differential scanning calorimetry to insure complete curing.

Example 3a. A melem — cvanuryl triglycidyl ether coating composition.

[0076] Melem (0.168 mol, 36 gm) is mixed with cyanuryl triglycidyl ether (100 gm)
and N-methyl imidazole (0.5 gm) as curing activator to form a viscous resin at ambient
temperature. The viscous coating material is heated to 60 °C then applied to the substrate
(OLED) using high pressure spray technique, the coating material is lift to cure at ambient
temperature or thermally accelerated by using IR radiation lamp as heating source. The degree of

curing is evaluated by differential scanning calorimetry to insure complete curing.

Example 3b. A melem — cvanuryl triglvcidyl ether coating composition with catalyst.

[0077] Melem (36 gm) is mixed with cyanuryl triglycidyl ether (100 gm) to form a
first viscous resin at ambient temperature. To this is added, with mixing, titanium (IV) oxide
acetylacetonate (2 gm) at ambient temperature. The homogeneous composite is applied by high
pressure spray technique to the substrate (OLED), at an ambient temperature, then
photocatalytically cured by UV radiation obtained from high pressure mercury lamp for 30 min.

The degree of curing is evaluated by differential scanning calorimetry to insure complete curing.

Example 3c. A melem — 2.4.6-tricyanatophenyl glycidyl ether coating composition.

[0078] Melem (0.1 mol, 13.26 gm) is mixed with 2,4,6-tricyanatophenyl glycidyl
ether (0.3 mol, 100 gm) to form a viscous resin at ambient temperature. The same catalyst and

curing procedure shown in example 1c is adopted.
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Example 3d. A melem — 2.4.6-tricyanatophenvl glycidyl ether coating composition with catalyst.

[0079] Melem (13.26 gm) is mixed with 2,4,6-tricyanatophenyl glycidyl ether (100
gm) to form a first viscous resin at ambient temperature. The same catalyst and curing procedure

shown in example 1d is adopted.

Example 3e. A film of melem — cvanuryl triglycidyl ether.

[0080] The resin of example 3a is photocured Adopting the same catalyst and

procedure used in example le.

Example 3f. A film of melem — cyanuryl triglvcidyl ether using catalyst.

[0081] The resin of example 3b is photocured adopting the same catalyst and

procedure used in example 1f.

Example 32. A film of melem — cyanuryl triglycidyl ether using catalyst.

[0082] The resin of example 3b is cured with heat adopting the same procedure used

in example 1 gm.

Example 3h. A film of melem —2.4.6-tricyanatophenyl glycidyl ether using catalyst.

[0083] The resin of example 3d is photocured adopting the same procedure and

catalyst used in example 1h.

Example 3i. A melem — cvanuryl triglycidyl ether polymer coated semiconductor.

[0084] The resin of example 3a is applied to a surface of an OLED adopting the same

procedure used in example 1i.
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Example 3j. A film of melem — 2.4.6-tricvanatophenyl glycidyl polymer coated semiconductor.

[0085] The resin of example 3d is applied to the surface of an OLED adopting the

same procedure used in example 1k.

Example 4. Melamine-cvanurate coated OLED semiconductor.

[0086] A poly(melamine-cyanurate) layer is formed on a substrate using a
sublimation reaction technique. Fine powders of cyanuric acid and melamine are each placed in
separate sublimation reaction vessels and heated to 220 °C and 330 °C, respectively under
controlled reduced pressure for an experimentally determined time. The sublimed vapor is mixed
and exposed to the OLED object. Single or multi-layer coatings of melamine-cyanurate and/or
other melamine-cyanurate derivatives are applied using this method. Figure 2 demonstrates the

tight-packed self-assembly of the resulting coating of melamine-cyanurate.

Example 5: Preparation of a 2.4.6-tricyanatophenyvl glycidyl ether.

[0087] A flanged-top reaction vessel fitted with condenser, mechanical stirrer,
separatory funnel, is immersed in a water bath. To the vessel is charged with 1,2,3.5
tetrahydroxybenzene (0.1 mol, 14.2 gm), commercially known benzenetetrol. To this is added
sodium hydroxide (0.11 mol, 4.4 gm) as a 20% aqueous solution to dissolve the
tetrahydroxybenzene. To this is added epichlorohydrin (0.11 mol, 10 gm) and n-butyl alcohol (50
gm), the surfactant cetyltrimethylammonium bromide (0.5 gm), and lithium chloride (0.2 gm).
The reaction vessel is flushed with nitrogen for ten minutes. The reaction is carried out at 80 °C
for three hours. Samples are taken each 30 min for analysis to determine the optimum time for
formation of benzenetetrol monoepichlorohydrin. At the optimum time, the unreacted
epichlorohydrin is distilled off, then crushed sodium hydroxide (0.25 mol, 10 gm) is added

portion wise with continuous mixing over two hours at 60 °C. Samples are taken for analysis to
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determine optimum time for complete dehydrochlorination. The epoxy equivalent is determined.
The salt is filtered off. Sodium hydroxide (13.5 gm) is added to transfer the phenolic hydroxyl to
sodium phenolate salt which is soluble in the water phase. Cyanogen bromide (0.5 mole, 53 gm)
is dissolved in n-butyl alcohol, cooled to -10 °C, then added drop-wise to the pre-cooled glycidyl
sodium phenolate at -5 °C with vigorous stirring over three hours. The tricyanatophenyl glycidyl
ether formed will be transferred to the organic phase while the unreacted or partially cyanate
derivatives will remain in the aqueous phase. At the end of the reaction, the organic phase is
separated and washed with 1% aqueous sodium bicarbonate to remove any traces of unreacted
cyanogen bromide. The organic phase is dried with anhydrous sodium sulphate overnight. The
butyl alcohol is evaporated under vacuum. The highly viscous liquid is used in the OLED
encapsulation reaction, either alone or in combination with triglycidylcyanurate, and cured to

form a highly cross-linked epoxy—cyanate coating on the OLED.

[0088] In the above detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols typically identify similar
components, unless context dictates otherwise. The illustrative embodiments described in the
detailed description, drawings, and claims are not meant to be limiting. Other embodiments may
be used, and other changes may be made, without departing from the spirit or scope of the
subject matter presented herein. It will be readily understood that the aspects of the present
disclosure, as generally described herein, and illustrated in the Figures, can be arranged,
substituted, combined, separated, and designed in a wide variety of different configurations, all

of which are explicitly contemplated herein.
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[0089] The present disclosure is not to be limited in terms of the particular
embodiments described in this application, which are intended as illustrations of various aspects.
Many modifications and variations can be made without departing from its spirit and scope, as
will be apparent to those skilled in the art. Functionally equivalent methods and apparatuses
within the scope of the disclosure, in addition to those enumerated herein, will be apparent to
those skilled in the art from the foregoing descriptions. Such modifications and variations are
intended to fall within the scope of the appended claims. The present disclosure is to be limited
only by the terms of the appended claims, along with the full scope of equivalents to which such
claims are entitled. It is to be understood that this disclosure is not limited to particular methods,
reagents, compounds, compositions or biological systems, which can, of course, vary. It is also
to be understood that the terminology used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting.

[0090] With respect to the use of substantially any plural and/or singular terms
herein, those having skill in the art can translate from the plural to the singular and/or from the
singular to the plural as is appropriate to the context and/or application. The various
singular/plural permutations may be expressly set forth herein for sake of clarity.

[0091] It will be understood by those within the art that, in general, terms used
herein, and especially in the appended claims (for example, bodies of the appended claims) are
generally intended as “open” terms (for example, the term “including” should be interpreted as
“including but not limited to,” the term “having” should be interpreted as “having at least,” the
term “includes” should be interpreted as “includes but is not limited to,” et cetera). While
various compositions, methods, and devices are described in terms of “comprising” various

components or steps (interpreted as meaning “including, but not limited to”), the compositions,
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methods, and devices can also “consist essentially of” or “consist of” the various components
and steps, and such terminology should be interpreted as defining essentially closed-member
groups. It will be further understood by those within the art that if a specific number of an
introduced claim recitation is intended, such an intent will be explicitly recited in the claim, and
in the absence of such recitation no such intent is present. For example, as an aid to
understanding, the following appended claims may contain usage of the introductory phrases "at
least one" and "one or more" to introduce claim recitations. However, the use of such phrases
should not be construed to imply that the introduction of a claim recitation by the indefinite
articles "a" or "an" limits any particular claim containing such introduced claim recitation to
embodiments containing only one such recitation, even when the same claim includes the
introductory phrases "one or more" or "at least one" and indefinite articles such as "a" or "an"
(for example, “a” and/or “an” should be interpreted to mean “at least one” or “one or more”); the
same holds true for the use of definite articles used to introduce claim recitations. In addition,
even if a specific number of an introduced claim recitation is explicitly recited, those skilled in
the art will recognize that such recitation should be interpreted to mean at least the recited
number (for example, the bare recitation of "two recitations," without other modifiers, means at
least two recitations, or two or more recitations). Furthermore, in those instances where a
convention analogous to “at least one of A, B, and C, et cetera” is used, in general such a
construction is intended in the sense one having skill in the art would understand the convention
(for example, “ a system having at least one of A, B, and C” would include but not be limited to
systems that have A alone, B alone, C alone, A and B together, A and C together, B and C
together, and/or A, B, and C together, et cetera). In those instances where a convention

analogous to “at least one of A, B, or C, et cetera” is used, in general such a construction is
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intended in the sense one having skill in the art would understand the convention (for example, “
a system having at least one of A, B, or C” would include but not be limited to systems that have
A alone, B alone, C alone, A and B together, A and C together, B and C together, and/or A, B,
and C together, et cetera). It will be further understood by those within the art that virtually any
disjunctive word and/or phrase presenting two or more alternative terms, whether in the
description, claims, or drawings, should be understood to contemplate the possibilities of
including one of the terms, either of the terms, or both terms. For example, the phrase “A or B”
will be understood to include the possibilities of “A” or “B” or “A and B.”

[0092] In addition, where features or aspects of the disclosure are described in terms
of Markush groups, those skilled in the art will recognize that the disclosure is also thereby
described in terms of any individual member or subgroup of members of the Markush group.

[0093] As will be understood by one skilled in the art, for any and all purposes, such
as in terms of providing a written description, all ranges disclosed herein also encompass any and
all possible subranges and combinations of subranges thereof. Any listed range can be easily
recognized as sufficiently describing and enabling the same range being broken down into at
least equal halves, thirds, quarters, fifths, tenths, et cetera As a non-limiting example, each range
discussed herein can be readily broken down into a lower third, middle third and upper third, et

13

cetera As will also be understood by one skilled in the art all language such as “up to,” “at
least,” and the like include the number recited and refer to ranges which can be subsequently
broken down into subranges as discussed above. Finally, as will be understood by one skilled in
the art, a range includes each individual member. Thus, for example, a group having 1-3 cells

refers to groups having 1, 2, or 3 cells. Similarly, a group having 1-5 cells refers to groups

having 1, 2, 3, 4, or 5 cells, and so forth.
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[0094] Various of the above-disclosed and other features and functions, or
alternatives thereof, may be combined into many other different systems or applications.
Various presently unforeseen or unanticipated alternatives, modifications, variations or
improvements therein may be subsequently made by those skilled in the art, each of which is

also intended to be encompassed by the disclosed embodiments.
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CLAIMS

What Is Claimed Is:

1. A polymer coated semiconductor comprising a semiconductor with at least one
surface comprising a transparent conducting electrode, and a coating on the at least one surface,
the coating comprising a polyaza aryl polymer, wherein the coating has low oxygen permeability

and low moisture permeability.

2. The polymer coated semiconductor of claim 1, wherein the coating transmits less
than about 1 nmol of oxygen /square meter per day and less than 1 nmol water/square meter per

day at 23 °C.

3. The polymer coated semiconductor of claim 1, wherein the coating transmits less
than about 0.1 nmol of oxygen /square meter per day and less than about 0.1 nmol water/square

meter per day at 23 °C.

4. The polymer coated semiconductor of claim 1, wherein the semiconductor is an

organic light emitting diode.

5. The polymer coated semiconductor of claim 1, wherein the coating comprises a

network of:

at least one of melam, melem, and melamine; and
at least one of cyanuric acid, cyanurate, triglycidyl ether cyanurate, and 2,4,6-

tricyanatophenyl glycidyl ether.
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6. The polymer coated semiconductor of claim 4, wherein the coating is a composite
of a plurality of materials, wherein at least one of the materials comprises a polyaza aryl

polymer.

7. The polymer coated semiconductor of claim 6, wherein the polyaza aryl polymer
comprises at least one of melam, melem, and melamine; and at least one of cyanuric acid,
cyanurate, triglycidyl ether cyanurate, and 2.4,6-tricyanatophenyl glycidyl ether and

tetracyanatobenzene

8. The polymer coated semiconductor of claim 5, wherein the coating is an

interpenetrating polymer network of the polyaza aryl polymer and a second polymer.

9. The polymer coated semiconductor of claim 1, wherein the polyaza aryl polymer
comprises melam-cyanurate, melem-cyanurate, or melamine-cyanurate, or any combination

thereof.

10. The polymer coated semiconductor of claim 1, wherein the polyaza aryl polymer
comprises melam-triglycidyl cyanurate, melem-triglycidyl cyanurate, or melamine-triglycidyl

cyanurate, or any combination thereof.

11. The polymer coated semiconductor of claim 1, wherein the polyaza aryl polymer
comprises melam- 2,4,6-tricyanatophenyl glycidyl ether, melem-2.,4,6-tricyanatophenyl glycidyl
ether, or melamine-2,4,6-tricyanatophenyl glycidyl ether, and tetracyanatobenzene or any

combination thereof.

12. A method of preparing a melamine-cyanurate coated semiconductor, the method

comprising:

-33-



WO 2014/092826 PCT/US2013/059430

heating cyanuric acid to provide cyanuric acid vapor;

heating melamine to provide melamine vapor;

reacting at vapor phase onto a surface of a semiconductor a mixture of the
cyanuric acid vapor and the melamine vapor to form the melamine-cyanurate coated
semiconductor; and

curing the melamine-cyanurate.

13. The method of claim 12, wherein heating cyanuric acid and heating melamine are

performed simultaneously.

14. The method of claim 12, wherein the cyanuric acid is heated to a temperature of

from about 220 °C to about 275 °C.

15. The method of claim 12, wherein steps are carried out under controlled vacuum

(reduced pressure).

16. The method of claim 15, wherein the vacuum is about 10 mm Hg to about 30 mm

Hg vacuum.

17. The method of claim 12, wherein the cyanuric acid is heated to about 220 °C.

18. The method of claim 12, wherein the melamine is heated to about 330-375 °C.

19. The method of claim 12, wherein the melamine is heated to about 330 °C.

20. The method of claim 12, wherein the semiconductor is an organic light emitting

diode.
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21. The method of claim 12, wherein the melamine-cyanurate coated semiconductor

has a melamine-cyanurate layer thickness of about 10 to about 150 microns.

22. The method of claim 12, wherein the melamine-cyanurate coated semiconductor

has a melamine-cyanurate layer thickness of about 150 microns.

23. The method of claim 12, wherein the melamine-cyanurate coated semiconductor

has a melamine-cyanurate layer thickness of not more than about 10 microns.

24. A method of preparing a polymer coated semiconductor, the method comprising:

mixing a polyaza aryl compound in triglycidyl cyanurate to provide a resin;
applying the resin to a transparent surface of a semiconductor; and
curing the resin to provide the polymer coated semiconductor applying high

pressure spray technique.

25. The method of claim 24, wherein the polyaza aryl compound comprises melam,

melem, or melamine, or any combination thereof.

26. The method of claim 24, wherein the polyaza aryl compound comprises melam.

27. The method of claim 24, wherein the polyaza aryl compound comprises melem.

28. The method of claim 24, wherein the polyaza aryl compound comprises
melamine.

29. The method of claim 24, wherein the curing is photocuring.

30. The method of claim 24, wherein the curing is catalytic curing.
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31. The method of claim 24, wherein the coated semiconductor has a polymer coat

layer thickness of about 10 to about150 microns.

32. The method of claim 24, wherein the coated semiconductor has a polymer coat

layer thickness of about 50 microns.

33. The method of claim 24, wherein the coated semiconductor has a polymer coat

layer thickness of about 20 microns.

34. The method of claim 24, wherein the coated semiconductor has a polymer coat

layer thickness of about 10 microns.

35. A method of preparing a polymer coated semiconductor, the method comprising:

mixing a polyaza aryl compound with 2,4,6-tricyanatophenyl glycidyl ether
according to the epoxy equivalent and the amine equivalent of the epoxy and hardener
respectively to provide a resin;

applying the resin to a transparent surface of a semiconductor; and

curing the resin to provide a polymer coated semiconductor.

36. The method of claim 35, wherein the polyaza aryl compound comprises melam,

melem, melamine, or any combination thereof or their other amino derivatives.

37. The method of claim 35, wherein the polyaza aryl compound comprises melam.

38. The method of claim 35, wherein the polyaza aryl compound comprises melem.

39. The method of claim 35, wherein the polyaza aryl compound comprises
melamine.
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40. The method of claim 35, wherein the curing is photocuring.

41. The method of claim 35, wherein the curing is photocuring in the presence of
titanium (IV) oxide acetylacetonate catalyst, photocationic iodonium salts, or any other

commercial epoxy photocuring catalyst.

42. The method of claim 35, wherein the coated semiconductor has a polymer coat

layer thickness of about 100 microns.

43. The method of claim 35, wherein the coated semiconductor has a polymer coat

layer thickness of about 50 microns.

44, The method of claim 35, wherein the coated semiconductor has a polymer coat

layer thickness of about 20 microns.

45. The method of claim 35, wherein the coated semiconductor has a polymer coat

layer thickness of about 10 microns.

46. A coating composition comprising a polyaza aryl compound in triglycidyl
Cyanurate.
47. The coating composition of claim 46, wherein the polyaza aryl compound

comprises melam, melem, or melamine, or any combination thereof.

48. The coating composition of claim 46, wherein the polyaza aryl compound

comprises melam.

49. The coating composition of claim 46, wherein the polyaza aryl compound

comprises melem.
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50. The coating composition of claim 46, wherein the polyaza aryl compound

comprises melamine.

51. A coating composition comprising a polyaza aryl compound in 2.4,6-

tricyanatophenyl glycidyl ether.

52. The coating composition of claim 51, wherein the polyaza aryl compound
comprises melam, melem, or melamine, or any combination thereof.

53. The coating composition of claim 51, wherein the polyaza aryl compound
comprises melam.

54. The coating composition of claim 51, wherein the polyaza aryl compound
comprises melem.

55. The coating composition of claim 51, wherein the polyaza aryl compound
comprises melamine.

56. The coating composition of claim 51, further comprising an organometallic
catalyst.

57. The coating composition of claim 51, further comprising titanium (IV) oxide
acetylacetonate catalyst.

38. A film made by curing a coating of a polyaza aryl compound and a cyanurate.

59. The film of claim 58, wherein the polyaza aryl compound is melamine, melam,

melem, or a combination thereof.
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60. The film of claim 58, wherein the polyaza aryl compound is melam, melem, or a

combination thereof.

61. The film of claim 58, wherein the cyanurate is cyanuric acid, triglycidyl
cyanurate, 2.4,6-tricyanatophenyl glycidyl ether, and tetracyanatobenzene or a combination

thereof.

62. The film of claim 58, wherein the cyanurate is triglycidyl cyanurate, 2.4,6-

tricyanatophenyl glycidyl ether and tetracyanatobenzene, or a combination thereof.

63. The film of claim 58, wherein the curing step is a photocuring, photocuring in the
presence of an organometallic catalyst, heating at a temperature from 40 °C or higher based on

the thermal stability of OLED, or a combination thereof.

64. The film of claim 58, wherein the curing is photocuring in the presence of a

titanium (IV) oxide acetylacetonate catalyst or any other commercial epoxy photo curing agent.

65. The film of claim 58, wherein the curing is photocuring.

66. The film of claim 58, wherein the film is about 100 microns thick.

67. A compound having structural formula IV:

v

-39-



WO 2014/092826 PCT/US2013/059430
1/3

| T
N N N
’H/ Z Ny
7D M |
O/ N N
J\ /"/ A\
Heo P
N N N
C ’,H/ Ny
0 N \o"/ ’
| A
H
FIGURE 1

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/059430

WO 2014/092826

2/3

FIGURE 2



WO 2014/092826 PCT/US2013/059430
3/3

N
PN 1 ]
- - PPN
HoN N N N NH, F G
H H,N N N NH,
Melam Melem
FIGURE 3
0]
0
NC
N
0 N 0 0

CN

%
\

o
=

011 10

FIGURE 4



PCT/US2013/059430 28.04.2014

INTERNATIONAL SEARCH REPORT International application No.

PCT/US 13/59430

Box Ne. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. E] Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are.dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. HI  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this intérnational application, as follows:
--Please see Attached Sheet-- ’

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
' claims. : :

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of .
additional fees. ’

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. & No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: :
Claims 1-11 and 46-67

Remark on Protest . D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
’ fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)




INTERNATIONAL SEARCH REPORT

PCT/US2013/059430 28.04.2014 -

International application No.
PCT/US 13/59430

A." CLASSIFICATION OF SUBJECT MATTER
IPC(8) - HO1L 21/56 (2014.01)
USPC - 438/124; 257/E21.502

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC(8): HO1L 21/56 (2014.01)
USPC: 438/124

Minimum documentation searched (classification system followed by classification symbols)

USPC: 257/E21.502 (see search terms below)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic databe formating PATBASE (Pgpb, uspt, usoc, epab, jpab,

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

electrode, coating or film, polyaza aryl, melamine or melam or melem,

dwpi, tdbd); Google Scholar/Patents (pl, npl): Semiconductor,
cyanuric or cyanurate or glycidy|, clyidyl or triglycidyl, permeability

C. DOCUMENTS CONSIDERED TO BE'RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 4,461,879 A (BAUER et al.) 24 July 1984 (24.07.1984) col. 1, In. 7 - col. 2, In. 50, col. 3, In. | 46-47, 50, 58-59, 61-63
; 5-38; col. 5, In. 10-35 : and 65-66 .
i 8, 10-11, 48-49, 51-57,
60, 64, 67 :
X US 7,301,228 B2 (USULI et al.) 27 November 2007 (27.11.2007) col. 2, In 26-32; col. 4, In.1-23; | 1-7, 9
- col. 8, In. 18-29; col. 10, In. 5-13; col. 11, In. 27-40 ’
1Y ' 8, 10-11, 48-49, 51-57,
60, 67
Y US 4,137,275 A (SMITH et al.) 30 January 1979 (30.01.1979) col. 1, In. 5-23, col. 2, In. 18-38 57,64
‘A US 2008/0241529 A1 (BAUER et al.) 02 October 2008 (02.10.2008) see entire documént 1-11, 46-67
A US 2007/0036981 A1 (GALLO et al.) 15 February 2007 (15.02.2007) see entire document 1-11, 46-67
A US 2006/0041096 A1 (SHIN et al.) 23 February 2006 (23.02.2006) see entire document 1-11, 46-67
A US 3,916,073 A (HOROWITZ et al.) 28 October 1975 (28.10.1975) see entire document 1-11, 46-67

E] Further documents are listed in the continuation of Box C.

[

* Special categories of cited documents:

“A” document defining the general state of the art which is-not considered
i to be of particular relevance
"“E” earlier application or patent but published on or after the international
filing date
“L” document which may throw doubts on priority claim(s) or which is-
- cited to establish the publication date of another citation or other
special reason (as specified) '
“0” document referring to an oral disclosure, use, exhibition or other
means
“P” document published prior to the international filing date but later than

the priority date claimed

“T"  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

wxn

“Y” document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is

. combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

23 March 2014 (23.03.2014)

Date of mailing of the international search report

2 8 APR 2014

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer: .
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)



PCT/US2013/059430 28.04.2014

INTERNATIONAL SEARCH REPORT International application No.

PCT/US 13/59430

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be-paid.

Group I: Claims 1-11, 46-67 drawn to a polymer coated semiconductor comprising a semiconductor with at least one surface comprising
a transparent.conducting electrode, and a coating on the at least one surface, the coating comprising a polyaza aryl polymer in a
cyanurate, wherein the coating has low oxygen permeability and low moisture permeability.

Group iI: Claims 12-45, drawn to a method of preparing a melamine-cyanurate coated semiconductor, the method comprising: heating
cyanuric acid to provide cyanuric acid vapor; heating melamine (Applicant in para [0019] defines polyaza aryl compound is polyamino-
1,3,5-triazine derivatives such as melamine), to provide melamine vapor, reacting at vapor phase onto a surface of a semiconductor a
mixture of the cyanunc acid vapor and the melamine vapor to form the melamine-cyanurate coated semiconductor; and curing the
melamine-cyanurate. ’ :

The inventions listed as Groups I-11 do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special Techincal Features: )
Group | includes the special technical features of a coating having low oxygen permeability and low moisture permeability, not included
in the other groups. ’

Group Il includes the special technical feature of heating cyanuric acid to provide cyanuric acid vapor; heating melamine to provide
melamine vapor, not included in the other groups.

Common Technical Features: ‘

The only technical features shared by Groups I-It that would otherwise unify the groups, is a coated semiconductor the coating
comprising a polyaza aryl polymer in a cyanurate; however, this shared technical feature does not represent a contribution over prior art,
because the shared technical features are disciosed by US 2010/0112760 A1 to Usui et al. (hereinafter Usui), which discloses a coated
semiconductor, the coating comprising a polyaza aryl polymer in a cyanurate (para [0102]-[0104]; fig 4A-4F, insulating resin film

122... melamine iso-cyanurate)

As the technical features were known in the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

Therefore, Groups I-ll lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

Form PCT/ISA/210 (extra sheet) (July 2009) -



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - wo-search-report
	Page 45 - wo-search-report
	Page 46 - wo-search-report

