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57) ABSTRACT

Disclosed is an organic light emitting diode display appa-
ratus including: a substrate; an organic light emitting diode
disposed on the substrate; and an encapsulation layer encap-
sulating the organic light emitting diode. The encapsulation
layer has a structure in which two or more inorganic layers
and one or more organic layers are alternately stacked one
above another, each of the inorganic layers has a thickness
of about 40 nm to about 1000 nm and an index of refraction
of about 1.41 to about 2.0, each of the organic layers has a
thickness of about 0.2 um to about 15 pm and an index of
refraction of about 1.4 to about 1.65, and the organic layers
are formed of an encapsulating composition. The encapsu-
lating composition includes: about 10 wt % to about 70 wt
% of (A) a non-silicon-based di(meth)acrylate, about 20 wt
% to about 70 wt % of (B) a silicon-based di(meth)acrylate,
about 5 wt % to about 40 wt % of (C) a mono(meth)acrylate,
and about 1 wt % to about 10 wt % of (D) an initiator, the
(B) silicon-based di(meth)acrylate being represented by
Formula 1.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2015-0087824, filed on Jun. 19,
2015 in the Korean Intellectual Property Office, the entire
disclosure of which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to an organic light
emitting diode display apparatus.

DESCRIPTION OF THE RELATED ART

[0003] Organic light emitting diodes are vulnerable to
moisture and/or gas. Organic light emitting diodes can suffer
from delamination at an interface between a metal field and
a light emitting layer due to moisture. The organic light
emitting diodes can have high resistance due to oxidation of
metals and can suffer from degradation of organic materials
in the light emitting layer due to moisture and/or oxygen.
The organic light emitting diode can suffer from deteriora-
tion in light emission due to oxidation of the light emitting
layer or the metal field by outgassing inside or outside the
organic light emitting diodes. Thus, the organic light emit-
ting diode must be encapsulated by an encapsulation com-
position capable of protecting the organic light emitting
diode from moisture and/or gas.

[0004] The organic light emitting diode can be encapsu-
lated by an encapsulation layer having a multilayer structure
in which organic layers and inorganic layers are alternately
stacked one above another. The organic layers can be formed
by plasma deposition. However, the organic layers can be
etched by plasma. Etching of the organic layers can dete-
riorate an encapsulation function of the organic layers and
provide adverse influence on formation of the inorganic
layers. Each of the organic layers is formed between two
adjacent inorganic layers. If the organic layers exhibit low
resistance to plasma, there can be difficulty in formation of
the inorganic layers. As a result, the organic light emitting
diode can suffer from deterioration in luminous character-
istics and reliability.

[0005] The encapsulation layer includes a plurality of
inorganic layers on a substrate. Thus, the encapsulation layer
can suffer from slight lifting between the inorganic layers
and/or delamination or slight lifting between the substrate
and the inorganic layer. As a result, the inorganic layers
cannot sufficiently prevent moisture and/or oxygen from
penetrating the organic light emitting diode.

[0006] The background technique of the present invention
is disclosed in Korean Patent Laid-open Publication No.
2011-0071039.

SUMMARY OF THE INVENTION

[0007] It is one aspect of the present invention to provide
an organic light emitting diode display apparatus that
includes an organic layer exhibiting high plasma resistance.
[0008] It is another aspect of the present invention to
provide an organic light emitting diode display apparatus
that includes an organic layer having considerably low water
vapor permeability and oxygen permeability.

[0009] It is a further aspect of the present invention to
provide an organic light emitting diode display apparatus
that includes an organic layer exhibiting excellent transpar-
ency.
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[0010] Tt is yet another aspect of the present invention to
provide an organic light emitting diode display apparatus
that includes an organic layer capable of securing reliability
in elapsed time by protecting the organic light emitting diode
display apparatus from surroundings including moisture and
2as.

[0011] It is yet another aspect of the present invention to
provide an organic light emitting diode display apparatus
that secures light extraction efficiency for driving the organic
light emitting diode display apparatus with low power.

[0012] In accordance with one aspect of the present inven-
tion, an organic light emitting diode display apparatus
includes: a substrate; an organic light emitting diode dis-
posed on the substrate; and an encapsulation layer encap-
sulating the organic light emitting diode, wherein the encap-
sulation layer has a structure in which two or more inorganic
layers and one or more organic layers are alternately stacked
one above another, each of the inorganic layers having a
thickness of about 40 nm to about 1000 nm and an index of
refraction of about 1.41 to about 2.0, each of the organic
layers having a thickness of about 0.2 pm to about 15 um and
an index of refraction of about 1.4 to about 1.65, the organic
layers being formed of an encapsulating composition, and
wherein the encapsulating composition includes about 10 wt
% to about 70 wt % of (A) a non-silicon-based di(meth)
acrylate, about 20 wt % to about 70 wt % of (B) a
silicon-based di(meth)acrylate, about 5 wt % to about 40 wt
% of (C) a mono(meth)acrylate, and about 1 wt % to about
10 wt % of (D) an initiator, the (B) silicon-based di(meth)
acrylate being represented by Formula 1:

X X; X;
| | |
0—R,—Si—0 Ti—O Si—R,
I, X, X, X, CH,
n

[0013] (where R, R,, R;, Ry, X}, X5, X5, Xy, X5, X, and
n are the same as defined in the following detailed descrip-
tion).

[0014] The present invention provides an organic light
emitting diode display apparatus that includes an organic
layer exhibiting high plasma resistance.

[0015] The present invention provides an organic light
emitting diode display apparatus that includes an organic
layer having considerably low water vapor permeability and
oxygen permeability.

[0016] The present invention provides an organic light
emitting diode display apparatus that includes an organic
layer exhibiting excellent transparency.

[0017] The present invention provides an organic light
emitting diode display apparatus that includes an organic
layer capable of securing reliability in elapsed time by
protecting the organic light emitting diode display apparatus
from surroundings including moisture and gas.

[0018] The present invention provides an organic light
emitting diode display apparatus that secures light extraction
efficiency for driving the organic light emitting diode display
apparatus with low power.

[0019] The present invention provides an organic light
emitting diode display apparatus, in which two adjacent
inorganic layers are formed to contact each other to prevent
slight lifting and/or delamination between the inorganic
layers or between a substrate and an inorganic layer, thereby
suppressing permeation of moisture and/or oxygen into an
encapsulation layer through an edge thereof.



US 2016/0372704 A1l

BRIEF DESCRIPTION OF DRAWINGS

[0020] FIG. 1 is a sectional view of an organic light
emitting diode display apparatus in accordance with one
embodiment of the present invention.
[0021] FIG. 2 is a sectional view of an organic light
emitting diode display apparatus in accordance with another
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0022] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompa-
nying drawings. It should be understood that the present
invention is not limited to the following embodiments and
may be embodied in different ways, and that the following
embodiments are given to provide complete disclosure of
the invention and to provide a thorough understanding of the
invention to those skilled in the art. It should be noted that
the drawings are not to precise scale and some of the
dimensions, such as width, length, thickness, and the like,
are exaggerated for clarity of description in the drawings.
Further, although only a portion of a component is illustrated
for convenience of description, other portions of the com-
ponent can become apparent to those skilled in the art.
Furthermore, it should be understood that the present inven-
tion can be realized in various ways by those skilled in the
art without departing from the spirit and scope of the
invention.

[0023] As used herein, spatially relative terms such as
“upper” and “lower” are defined with reference to the
accompanying drawings. Thus, it will be understood that
“upper” can be used interchangeably with “lower”. It will be
understood that when a layer is referred to as being “on”
another layer, it can be directly formed on the other layer, or
intervening layer(s) may also be present. Thus, it will be
understood that when a layer is referred to as being “directly
on” another layer, no intervening layer is interposed ther-
ebetween.

[0024] As used herein, the term “(meth)acryl” refers to
acryl and/or methacryl.

[0025] Unless otherwise stated herein, the term “substi-
tuted” means that at least one hydrogen atom in a functional
group is substituted with a halogen atom (for example (F, Cl,
Br or I), a hydroxyl group, a nitro group, a cyano group, an
imino group (—=NH, —NR, R being a C, to C,, alkyl
group)), an amino group (—NH,, —NH(R"), —N(R")(R"™),
R', R" and R™ each being independently a C, to C,, alkyl
group), an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group, a C, to C,, alkyl group, a Cg
to C5, aryl group, a C; to C;, cycloalkyl group, a C; to Cy,
heteroaryl group, or a C, to C, heterocycloalkyl group.
[0026] As used herein, the term “aryl group” refers to a
functional group in which all elements of a cyclic substituent
have p-orbitals and these p-orbitals are conjugated. The aryl
group includes monocyclic, non-fused polyeyclic or fused
polycyclic functional groups. Here, the term “fused” means
that a pair of carbon atoms is shared by contiguous rings.
The aryl group also includes biphenyl groups, terphenyl
groups, or quaterphenyl groups, in which at least two aryl
groups are connected to each other through a sigma bond.
The aryl group may refer to a phenyl group, a naphthyl
group, an anthracenyl group, a phenanthrenyl group, a
pyrenyl group, a chrysenyl group, and the like.

[0027] As used herein, the term “heteroaryl group” refers
to a functional group in which an aryl group contains 1 to 3
hetero atoms selected from the group consisting of N, O, S,
P and Si, and the other atoms in the aryl group are carbon.
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The heteroaryl group also includes a functional group in
which at least two heteroaryl groups are directly connected
through a sigma bond. The heteroaryl group also includes a
functional group in which at least two heteroaryl groups are
fused. If the heteroaryl groups are fused, each ring may
include 1 to 3 heteroatoms as set forth above. The heteroaryl
group may refer to, for example, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group,
atriazinyl group, a quinolinyl group, an isoquinolinyl group,
and the like.

[0028] More specifically, the C4 to Cs, aryl group and/or
the C; to C,, heteroaryl group may be a substituted or
unsubstituted phenyl group, a substituted or unsubstituted
naphtyl group, a substituted or unsubstituted anthracenyl
group, a substituted or unsubstituted phenanthryl group, a
substituted or unsubstituted naphthacenyl group, a substi-
tuted or unsubstituted pyrenyl group, a substituted or unsub-
stituted biphenyl group, a substituted or unsubstituted p-ter-
phenyl group, a substituted or unsubstituted m-terphenyl
group, a substituted or unsubstituted chrysenyl group, a
substituted or unsubstituted triphenylenyl group, a substi-
tuted or unsubstituted phenylenyl group, a substituted or
unsubstituted indenyl group, a substituted or unsubstituted
furanyl group, a substituted or unsubstituted thiophenyl
group, a substituted or unsubstituted pyrrolyl group, a sub-
stituted or unsubstituted pyrazoyl group, a substituted or
unsubstituted imidazolyl group, a substituted or unsubsti-
tuted triazolyl group, a substituted or unsubstituted oxazolyl
group, a substituted or unsubstituted thiazolyl group, a
substituted or unsubstituted oxadiazolyl group, a substituted
or unsubstituted thiadiazolyl group, a substituted or unsub-
stituted pyridyl group, a substituted or unsubstituted pyrim-
idinyl group, a substituted or unsubstituted pyrazinyl group,
a substituted or unsubstituted triazinyl group, a substituted
or unsubstituted benzofuranyl group, a substituted or unsub-
stituted benzothiophenyl group, a substituted or unsubsti-
tuted benzimidazolyl group, a substituted or unsubstituted
indolyl group, a substituted or unsubstituted quinolinyl
group, a substituted or unsubstituted isoquinolinyl group, a
substituted or unsubstituted quinazolinyl group, a substi-
tuted or unsubstituted quinoxalinyl group, a substituted or
unsubstituted naphthyridinyl group, a substituted or unsub-
stituted benzoxazinyl group, a substituted or unsubstituted
benzothiazinyl group, a substituted or unsubstituted acridi-
nyl group, a substituted or unsubstituted phenazinyl group,
a substituted or unsubstituted phenothiazinyl group, a sub-
stituted or unsubstituted phenoxazinyl group, a substituted
or unsubstituted dibenzofuranyl group, a substituted or
unsubstituted dibenzothiophenyl group, or combinations
thereof, without being limited thereto.

[0029] As used herein, the term “etching rate of an organic
layer due to plasma” or “plasma etching rate” refers to a
value calculated by Equation 2 after the following proce-
dures: an initial height T1 (unit: um) of an organic layer,
which is formed by depositing an encapsulating composition
to a predetermined thickness and photocuring the composi-
tion, is measured, followed by measuring height T2 (unit:
um) of the organic layer after plasma treatment under
conditions of inductively coupled plasma (ICP) power: 2500
W, radio frequency (RF) power: 300 W, DC bias: 200 V, Ar
flow: 50 sccm, etching time: 1 min and pressure: 10 mtorr.
Here, the initial height (T1) of the organic layer may range
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from about 1 pm to about 10 pm. The value calculated by
Equation 2 is inversely proportional to plasma resistance of
the organic layer.

EBtching rate of organic layer due to plasma (%)=

(T1-12)/T1x100 <Equation 2>

[0030] As used herein, the tern “index of refraction”
means a value measured with respect to an organic layer or
an inorganic layer by spectroscopic ellipsometry.

[0031] The organic light emitting diode display apparatus
according to the present invention includes a substrate; an
organic light emitting diode disposed on the substrate; and
an encapsulation layer encapsulating the organic light emit-
ting diode, wherein the encapsulation layer has a structure in
which two or more inorganic layers and one or more organic
layers are alternately stacked one above another, each of the
inorganic layers has a thickness of about 40 nm to about
1000 nm and an index of refraction of about 1.41 to about
2.0, each of the organic layers has a thickness of about 0.2
pm to about 15 um and an index of refraction of about 1.4
to about 1.65, and the organic layers may be formed of an
encapsulating composition.

[0032] The encapsulating composition according to the
present invention can realize an organic layer having excel-
lent plasma resistance. Accordingly, in the organic light
emitting diode display apparatus according to the present
invention, such an organic layer is formed between the
inorganic layers to realize an effect of blocking permeation
of external moisture and oxygen by blocking defects of the
inorganic layers while flattening the inorganic layers,
thereby realizing a thin thickness of the encapsulation layer.
[0033] The encapsulating composition according to the
present invention can realize an organic layer exhibiting
significantly low water vapor permeability and oxygen per-
meability. Accordingly, the organic light emitting diode
display apparatus according to the present invention can
further suppress permeation of external moisture and/or
oxygen into the organic light emitting diode while improv-
ing reliability of the organic light emitting diode in elapsed
time.

[0034] Each of the inorganic layers may have a thickness
of about 40 nm to about 1000 nm and an index of refraction
of about 1.41 to about 2.0. Within these ranges, the inorganic
layers can block permeation of external moisture and/or
oxygen into the organic light emitting diode while securing
light extraction efficiency. Specifically, each of the inorganic
layers may have a thickness of about 100 nm to about 1000
nm and an index of refraction of about 1.41 to about 1.8.
Within these ranges, the inorganic layers can secure light
extraction efliciency while exhibiting transparency.

[0035] Each of the organic layers may have a thickness of
about 0.2 pm to about 15 pm and an index of refraction of
about 1.4 to about 1.65. Within these ranges, the organic
layers can realize effects of blocking permeation of external
moisture and oxygen, and can secure light extraction effi-
ciency by blocking defects of the inorganic layers while
flattening the inorganic layers, thereby realizing a thin
thickness of the encapsulation layer. Specifically, each of the
organic layers may have a thickness of about 1 um to about
15 pm, for example, about 1 pm, about 2 um, about 3 pm,
about 4 pm, about 5 pm, about 6 pm, about 7 pm, about 8
pm, about 9 pm, or about 10 pm, and an index of refraction
of, for example, about 1.4, about 1.45, about 1.5, about 1.55,
or about 1.6. Within these ranges, the organic layers can
more efliciently block defects of the inorganic layers while
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flattening the inorganic layers and can secure further
improved light extraction efficiency while exhibiting trans-
parency.

[0036] The inorganic layers and the organic layers may
have the same or difference indexes of refraction and/or the
same or different thicknesses.

[0037] For example, in the organic light emitting diode
display apparatus according to the present invention, the
inorganic layers include a first inorganic layer and a second
inorganic layer; the organic layer includes a first organic
layer; and the encapsulation layer includes the first inorganic
layer, the first organic layer, and the second inorganic layer
alternately stacked one above another.

[0038] The encapsulation layer may have a structure
wherein the first inorganic layer and the second inorganic
layer are sequentially stacked at an edge thereof. In one
embodiment, the first inorganic layer and the second inor-
ganic layer may have the same area. In another embodiment,
the second inorganic layer may be formed to surround the
first organic layer. In other embodiments, the inorganic
layers may have the same area or may have a gradually
increasing area with increasing distance from the organic
light emitting diode.

[0039] Next, an organic light emitting diode display appa-
ratus according to one embodiment of the invention will be
described with reference to FIG. 1. FIG. 1 is a partially
sectional view of an organic light emitting diode display
apparatus in accordance with one embodiment of the inven-
tion.

[0040] Referring to FIG. 1, an organic light emitting diode
display apparatus 100 according to one embodiment
includes a substrate 110, an organic light emitting diode 120,
and an encapsulation layer 130, which can encapsulate the
organic light emitting diode 120.

[0041] The substrate 110 may be disposed under the
organic light emitting diode 120 and the encapsulation layer
130 to support the organic light emitting diode 120 and the
encapsulation layer 130. The substrate 110 may include a
luminous region in which the organic light emitting diode
120 is formed, and a non-luminous region corresponding to
a region excluding the luminous region.

[0042] The substrate 110 may be a glass substrate, a quartz
substrate or a transparent plastic substrate. The transparent
plastic substrate may be applied to flexible products by
providing flexibility to the organic light emitting diode
display apparatus. The transparent plastic substrate may be
formed of at least one among polyimide resins, acrylic
resins, polyacrylate resins, polycarbonate resins, polyether
resins, polyester resins including polyethylene terephthalate,
and sulfonic acid resins, without being limited thereto.
[0043] The organic light emitting diode 120 may be
formed on the luminous region of the substrate 110 to drive
the organic light emitting diode display apparatus. The
organic light emitting diode is a self-emissive device and
may include a typical structure publicly known in the art.
[0044] Specifically, the organic light emitting diode may
have a structure wherein an anode, a hole transport region,
a light emitting layer, an electron transport region, and a
cathode are sequentially stacked in this order. The hole
transport region may include at least one of a hole injection
layer, a hole transport layer and an electron blocking layer.
The electron transport region may include at least one of a
hole blocking layer, an electron transport layer and an
electron injection layer. Light is emitted from the light
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emitting layer through recombination of holes generated
from the anode and electrons generated from the cathode in
the light emitting layer. Details of the anode, the hole
transport region, the light emitting layer, the electron trans-
port region, and the cathode are well known to those skilled
in the art.

[0045] Specifically, the anode may be formed of a material
having high work function to allow efficient injection of
holes into the light emitting layer. Examples of materials for
the anode may include metals such as nickel, platinum,
vanadium, chromium, coppet, zinc, and gold, metal alloys
thereof, metal oxides such as zinc oxide, indium oxide,
indium tin oxide, and indium zinc oxide, combinations of
metals and metal oxides, such as a combination of zinc oxide
and aluminum, a combination or zinc oxide and antimony.
The cathode may be formed of a material having low work
function to allow easy injection of electrons into an organic
light emitting layer. Examples of materials for the cathode
may include metals such as magnesium, calcium, sodium,
potassium, titanium, indium, yttrium, lithium, gadolinium,
aluminum, silver, tin, lead, cesium, barium, or metal alloys
thereof.

[0046] The light emitting layer may include a material
known to those skilled in the art. For example, the light
emitting layer may include fluorine derivatives and metal
complexes, without being limited thereto.

[0047] The hole transport region may be formed of mate-
rials such as m-MTDATA, TDATA, 2-TNATA, NPB,
[-NPB, TPD, Spiro-TPD, Spiro-NPB, a-NPB, TAPC,
HMTPD, PEDOTT/PSS  (poly(3,4-ethylenedioxythio-
phene)/poly(4-styrenesulfonate), and PANI/PSS (polyani-
line/poly(4-styrenesulfonate) as follows, without being lim-
ited thereto.
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-continued -continued
TAPC

HMTPD

Spiro-TPD O Q
N Q Q N [0048] In the electron transport region, the hole blocking
. layer may include at least one of BCP and Bphen as follows,
without being limited thereto.

Spiro-NPB

C j [0049] The electron transport layer may include at least
one of BCP and Bphen as above, and Alq,, BAlq, TAZ,

NTAZ, ET1, and ET2 as follows, without being limited
thereto.
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[0050] The electron injection layer may include at least
one of LiF, NaCl, CsF, Li,0, and BaO, without being limited
thereto:

[0051] The encapsulation layer 130 may be directly
formed on the organic light emitting diode 120 to encapsu-
late the organic light emitting diode 120. Herein, the expres-
sion “directly formed on” means that no adhesive layer,
bonding layer and/or air layer is interposed between the
encapsulation layer and the organic light emitting diode.

[0052] The encapsulation layer 130 may have a multilayer
structure in which two or more inorganic layers and one or
more organic layers are alternately stacked one above
another. FIG. 1 shows an organic light emitting diode
display apparatus including an encapsulation layer in which
two inorganic layers and one organic layer are alternately
stacked in a total of three layers. Specifically, FIG. 1 shows
an organic light emitting diode display apparatus including
an encapsulation layer in which a first inorganic layer 131,
a first organic layer 132, and a second inorganic layer 133
are alternately stacked. In other embodiments, the encapsu-
lation layer may have other types of multilayer structure in
which the inorganic layers and the organic layers are alter-
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nately stacked in a total of 5 to 15 layers, specifically, 5
layers, 6 layers or 7 layers. For example, in the structure
wherein the encapsulation layer includes a total of 5 layers,
the encapsulation layer may include a first inorganic layer,
a first organic layer, a second inorganic layer, a second
organic layer, and a third inorganic layer alternately stacked
one above another. In the structure wherein the encapsula-
tion layer includes a total of 7 layers, the encapsulation layer
may include a first inorganic layer, a first organic layer, a
second inorganic layer, a second organic layer, a third
inorganic layer, a third organic layer, and a fourth inorganic
layer alternately staked one above another. Generally, the
outermost layer of the encapsulation layer may be an inor-
ganic layer. With this structure, the organic light emitting
diode display apparatus according to the present invention
can secure reliability in elapsed time.

[0053] For example, in the organic light emitting diode
display apparatus according to the present invention, the
inorganic layers includes a first inorganic layer and a second
inorganic layer; the organic layer includes a first organic
layer; and the encapsulation layer includes the first inorganic
layer, the first organic layer, and the second inorganic layer
alternately stacked one above another, wherein the first
inorganic layer and the second inorganic layer may at least
partially contact each other. In some embodiments, the
encapsulation layer may have a structure wherein the first
inorganic layer and the second inorganic layer are sequen-
tially stacked at an edge thereof. Further, in the organic light
emitting diode display apparatus according to the present
invention, each of the inorganic layers and the organic layers
may have a gradually increasing area with increasing dis-
tance from the organic light emitting diode.

[0054] In the organic light emitting diode display appara-
tus according to the present invention, the inorganic layers
may have the same area or a gradually increasing area with
increasing distance from the organic light emitting diode
120.

[0055] Referring to FIG. 1, the structure of the encapsu-
lation layer wherein the inorganic layers include the first
inorganic layer 131 and the second inorganic layer 133, and
the organic layer includes the first organic layer 132 will be
described in more detail.

[0056] Each of the first inorganic layer 131 and the second
inorganic layer 133 has a different composition than the first
organic layer 132 and can compensate for effects of the first
organic layer 131. Each of the first and second inorganic
layers 131, 133 can suppress permeation of oxygen or
moisture into the organic light emitting diode 120.

[0057] Each of the first inorganic layer 131 and the second
inorganic layer 133 has a thickness of about 40 nm to about
1000 nm and an index of refraction of about 1.41 to about
2.0. Within these ranges, the inorganic layers can block
permeation of external moisture and/or oxygen into the
organic light emitting diode while securing light extraction
efficiency.

[0058] The first inorganic layer 131 is formed to directly
contact the organic light emitting diode 120 and the substrate
110. With this structure, the first inorganic layer 131 can
suppress permeation of external moisture and/or oxygen into
the organic light emitting diode 120. As used herein, the
expression “formed to directly contact” means that no
adhesive layer, bonding layer and/or air layer is interposed
between the organic light emitting diode 120 and the first
inorganic layer 131.
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[0059] The second inorganic layer 133 is directly formed
on the first organic layer 132. The first organic layer 132 has
high plasma resistance. Accordingly, the second inorganic
layer 133 can secure a uniform thickness and the encapsu-
lation layer 130 can secure uniform surface roughness.

[0060] The second inorganic layer 133 is formed to at least
partially contact the first inorganic layer 131. Thus, the
encapsulation layer 130 may have a structure wherein the
first inorganic layer 131 and the second inorganic layer 133
are sequentially stacked on the substrate 110. With this
structure, the encapsulation layer 130 can further suppress
permeation of external moisture and/or oxygen into the
organic light emitting diode 120 while further improving
encapsulation functions at side surfaces of the organic light
emitting diode 120. Furthermore, the encapsulation layer
130 can improve reliability of the organic light emitting
diode 120 by preventing slight lifting and/or delamination
between the first inorganic layer 131 and the second inor-
ganic layer 133. Referring to FIG. 1, the encapsulation layer
130 has a structure wherein the first inorganic layer 131 and
the second inorganic layer 133 are sequentially stacked at an
edge thereof.

[0061] The second inorganic layer 133 has a lower surface
contacting the first inorganic layer 131. With this structure,
a contact area between the first inorganic layer 131 and the
second inorganic layer 133 is enlarged, thereby further
improving encapsulation effects. Alternatively, the second
inorganic layer 133 may be formed to contact the first
inorganic layer 131 at an edge of the second inorganic layer
133, particularly, a thickness portion or an upper surface of
the second inorganic layer 133.

[0062] The second inorganic layer 133 surrounds the first
organic layer 132 and is sequentially stacked on the first
inorganic layer 131. In this structure, the first inorganic layer
131 has the same area as the second inorganic layer 133.
Alternatively, the second inorganic layer 133 may be formed
to surround both the first organic layer 132 and the first
inorganic layer 131. Alternatively, the inorganic layer may
have a gradually increasing area with increasing distance
from the organic light emitting diode 120. With this struc-
ture, the encapsulation layer 130 can suppress permeation of
external moisture and/or oxygen into the organic light emit-
ting diode 120 while further suppressing delamination and/
or slight lifting between the first inorganic layer 131 and the
second inorganic layer 132.

[0063] Each of the first inorganic layer 131 and the second
inorganic layer 133 may be formed of an inorganic material
having excellent light transmittance. The first inorganic
layer 131 and the second inorganic layer 133 may be formed
of the same or different inorganic materials. Specifically, the
inorganic materials may include metals, nonmetals, inter-
metallic compounds or alloys, inter non-metallic compounds
or alloys, oxides of metals or nonmetals, fluorides of metals
or nonmetals, nitrides of metals or nonmetals, carbides of
metals or nonmetals, oxynitrides of metals or nonmetals,
borides of metals or nonmetals, oxyborides of metals or
nonmetals, silicides of metals or nonmetals, and mixtures
thereof. The metals or nonmetals may include silicon (Si),
aluminum (Al), selenium (Se), zinc (Zn), antimony (Sb),
indium (In), germanium (Ge), tin (Sn), bismuth (Bi), tran-
sition metals, and lanthanide metals, without being limited
thereto. Specifically, the inorganic materials may include
silicon oxide (SiO,), silicon nitride (SiN, ), silicon oxynitride
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(8iO,N,), ZnSe, Zn0O, Sb,0;, AlO, including A1,O;, In,0;,
or SnO,. Here, each of x and y ranges from 1 to 5.

[0064] The first organic layer 132 may be disposed inside
aregion defined between the first inorganic layer 131 and the
second inorganic layer 133. That is, the first organic layer
132 may be completely surrounded by the first inorganic
layer 131 and the second inorganic layer 133.

[0065] The first organic layer 132 may have a thickness of
about 0.2 um to about 15 um and an index of refraction of
about 1.4 to about 1.65. Within these ranges, the first organic
layer can realize an effect of blocking permeation of external
moisture and oxygen and can secure light extraction effi-
ciency by blocking defects of the inorganic layers while
flattening the inorganic layers.

[0066] The first organic layer 132 may be formed of an
encapsulating composition according to the present inven-
tion. Accordingly, the first organic layer 132 can block
external moisture and oxygen.

[0067] FIG. 1 shows the structure wherein the encapsula-
tion layer 130 includes only the first organic layer 132 as an
organic layer. In another embodiment, the encapsulation
layer 130 may further include a second organic layer and a
third inorganic layer sequentially formed on the second
inorganic layer 133. In this embodiment, the first organic
layer 132 and the second organic layer may have the same
area. Alternatively, the second organic layer may have a
larger area than the first organic layer. That is, the organic
layers may have the same area or a gradually increasing area
with increasing distance from the organic light emitting
diode 120.

[0068] The first organic layer 132 is formed of an encap-
sulating composition according to embodiments of the pres-
ent invention. Thus, the organic light emitting diode display
apparatus 100 according to the embodiment of the invention
has an encapsulation layer having plasma resistance and
flatness, and can suppress permeation of external moisture
and oxygen. Furthermore, in the organic light emitting diode
display apparatus 100 according to the embodiment of the
invention, each of the inorganic layers has a thickness of
about 40 nm to about 1000 nm and an index of refraction of
about 1.41 to about 2.0; each of the organic layers has a
thickness of about 0.2 um to about 15 um and an index of
refraction of about 1.4 to about 1.65 and is formed of the
encapsulating composition according to the embodiments of
the invention, thereby more effectively blocking permeation
of external moisture and oxygen into the organic light
emitting diode display apparatus.

[0069] Next, an encapsulating composition according to
embodiments of the present invention will be described.
[0070] An encapsulating composition according to one
embodiment of the present invention includes: about 10 wt
% to about 70 wt % of (A) a non-silicon-based di(meth)
acrylate; about 20 wt % to about 70 wt % of (B) a
silicon-based di(meth)acrylate; about 5 wt % to about 40 wt
% of (C) a mono(meth)acrylate; and about 1 wt % to about
10 wt % of (D) an initiator, wherein the (B) silicon-based
di(meth)acrylate may be represented by Formula 1:

)I‘:l )|<3 )|<5 0
o—Rl—Ti—o Ti—O Si—R,
CH, X, X, X CH,

R;
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[0071] (wherein R, R,, Ry, Ry, X, Xo, X5, Xy, Xs, X,
and n will be described in detail below).

[0072] The encapsulating composition according to the
embodiment of the invention may include the (A) non-
silicon-based di(meth)acrylate, the (B) silicon-based di(me-
th)acrylate represented by Formula 1, the (C) mono(meth)
acrylate, and the (D) initiator. In addition, the encapsulating
composition according to the embodiments may include the
(A) non-silicon-based di(meth)acrylate, the (B) silicon-
based di(meth)acrylate represented by Formula 1, the (C)
mono(meth)acrylate, and the (D) initiator in the specific
amounts as set forth above. Thus, the encapsulating com-
position can exhibit significantly improved photocuring rate.
Further, the encapsulating composition can realize an
organic layer exhibiting excellent light transmittance after
curing while exhibiting significantly high plasma resistance.
Thus, the encapsulating composition according to the
embodiment can realize an organic layer having low etching
rate due to plasma used in formation of an inorganic layer
and thus can improve reliability of an organic light emitting
diode.

[0073] Specifically, the encapsulating composition
according to the embodiment may have a photocuring rate of
about 88% or more, specifically about 88% to about 99%,
more specifically about 90% to about 99%, for example,
about 90%, about 91%, about 92%, about 93%, about 94%,
about 95%, about 96%, about 97%, about 99%, or about
99%. In addition, the encapsulating composition according
to the embodiment may have a light transmittance of about
93% after curing, for example, about 93.5% to about 100%,
about 94.2% to about 100%, about 95% to about 99%, or
about 96% to about 99%, at a wavelength of about 380 nm
to about 700 nm. Further, the encapsulating composition
according to the embodiment may have an etching rate of an
organic layer due to plasma of about 20% or less after
curing, for example, about 0.1%, about 1%, about 2%, about
3%, about 4%, about 5%, about 6%, about 7%, about 8%,
about 9%, about 10%, about 11%, about 12%, about 13%,
about 14%, about 15%, about 16%, about 17%, about 18%,
about 19%, or about 20%. Within these ranges of photocur-
ing rate, light transmittance and etching rate of the organic
layer due to plasma, the encapsulating composition accord-
ing to the embodiment can significantly improve reliability
of the organic light emitting diode.

[0074] In one embodiment, the encapsulating composition
may include about 10 wt % to about 50 wt % of the (A)
non-silicon-based di(meth)acrylate, about 20 wt % to about
70 wt % of the (B) silicon-based di(meth)acrylate, about 5
wt % to about 40 wt % of the (C) mono(meth)acrylate, and
about 1 wt % to about 10 wt % of the (D) initiator, based on
the total weight of (A), (B), (C) and (D).

[0075] As used herein, the (A) non-silicon-based di(meth)
acrylate, the (B) silicon-based di(meth)acrylate. the (C)
mono(meth)acrylate and the (D) initiator are different com-
pounds.

[0076] Hereinafter, the (A) non-silicon-based di(meth)
acrylate, the (B) silicon-based di(meth)acrylate, the (C)
mono(meth)acrylate and the (D) initiator will be described
in more detail.

[0077] (A) Non-Silicon-Based di(meth)acrylate

[0078] The (A) non-silicon-based di(meth)acrylate is a
photocurable monomer which does not include silicon (Si)
and has two (meth)acrylate groups. Thus, the encapsulating
composition can have improved photocuring rate and
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improved post-curing light transmittance. In addition, the
(A) non-silicon-based di(meth)acrylate has low viscosity at
25° C. and thus can reduce viscosity of the encapsulating
composition. Thus, the encapsulating composition can
facilitate formation of an organic layer on an organic light
emitting diode or on an inorganic layer encapsulating the
organic light emitting diode using a method such as inkjet
printing and the like.

[0079] The (A) non-silicon-based di(meth)acrylate is a
non-aromatic non-silicon-based di(meth)acrylate not con-
taining an aromatic group, and may include a substituted or
unsubstituted long-chain alkylene group-containing non-
silicon-based di(meth)acrylate. In this case, the encapsulat-
ing composition facilitates formation of the organic layer on
the organic light emitting diode or on the inorganic layer
encapsulating the organic light emitting diode using a
method such as deposition and the like.

[0080] Specifically, the (A) non-silicon-based di(meth)
acrylate may be a substituted or unsubstituted C, to C,,
alkylene group-containing di(meth)acrylate. More specifi-
cally, the (A) non-silicon-based di(meth)acrylate may
include a di(meth)acrylate having an unsubstituted C, to C
alkylene group between (meth)acrylate groups. Here, the
number of carbon atoms in the alkylene group refers to the
number of carbon atoms present only in the alkylene group
excluding carbon atoms present in the di(methjacrylate
group.

[0081] In one embodiment, the (A) non-silicon-based
di(meth)acrylate may be represented by Formula 2:

CH, CH,
R; Ry

[0082] wherein R, and R, are each independently hydro-
gen or a methy! group, and R, is a substituted or unsubsti-
tuted C, to C,, alkylene group.

[0083] Since the encapsulating composition according to
the present invention includes the (A) non-silicon-based
di(meth)acrylate represented by Formula 2, the encapsulat-
ing composition can exhibit higher photocuring rate and
allows more easy deposition due to low viscosity thereof.
[0084] For example, R; in Formula 2 may be an unsub-
stituted Cq to C,, alkylene group. More specifically, the (A)
non-silicon-based di(meth)acrylate may include at least one
of octanediol di(meth)acrylate, nonanediol di(meth)acrylate,
decanediol di(meth)acrylate, undecanediol di(meth)acrylate,
and dodecanediol di(meth)acrylate.

[0085] The (A) non-silicon-based di(meth)acrylates may
be used alone or in combination thereof in the encapsulating
composition.

[0086] The (A) non-silicon-based di(meth)acrylate may be
present in an amount of about 10 wt % to about 70 wt %
based on the total weight of (A), (B), (C) and (D). For
example, the (A) non-silicon-based di(meth)acrylate may be
present in an amount of about 10 wt % to about 50 wt %, for
example, about 35 wt %, about 36 wt %, about 37 wt %,
about 38 wt %, about 39 wt %, about 40 wt %, about 41 wt
%, about 42 wt %, about 43 wt %, about 44 wt %, about 45
wt %, about 46 wt %, about 47 wt %, or about 48 wt %,
based on the total weight of (A), (B), (C) and (D). Within
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this range, the encapsulating composition can exhibit
improved photocuring rate, and can realize an organic layer
exhibiting high light transmittance and low plasma etching
rate.

[0087] (B) Silicon-Based di(meth)acrylate

[0088] The (B) silicon-based di(meth)acrylate includes at
least one substituted or unsubstituted C to C,, aryl group,
which is connected to a silicon atom. Thus, the encapsulat-
ing composition can realize an organic layer having very
high plasma resistance, thereby exhibiting low plasma etch-
ing rate.

[0089] The (B) silicon-based di(meth)acrylate may be
represented by Formula 1:

Xi X3 Xs
| | |
0—R,—Si—0 Ti—O Si—R,
CH, X, X, X CH,
n

[0090] wherein R, and R, are each independently a single
bond, a substituted or unsubstituted C, to C,, alkylene
group, a substituted or unsubstituted C, to C,,, alkylene ether
group, *—N(R")—(R")—* (* representing a binding site for
an element, R' being hydrogen or a substituted or unsubsti-
tuted C, to C;, alkyl group, and R" being a substituted or
unsubstituted C; to C,, alkylene group), a substituted or
unsubstituted C; to C,, arylene group, a substituted or
unsubstituted C, to Cs, arylalkylene group, or *—(R')—
O—** (* representing a binding site for O in Formula 1, **
representing a binding site for Si in Formula 1, and R' being
a substituted or unsubstituted C, to C,, alkylene group);
[0091] X,,X,, X,, X,, X and X, are each independently
hydrogen, a hydroxyl group, a halogen, a cyano group, a
substituted or unsubstituted C, to C,, alkyl group, a substi-
tuted or unsubstituted C, to C;, heterocycloalkyl group, a
substituted or unsubstituted C; to C;, cycloalkyl group, a
substituted or unsubstituted C, to C,, alkyl ether group,
*—NR)»—R")—* (* representing a binding site for an
element, and R' and R" being each independently hydrogen
or a substituted or unsubstituted C, to C,, alkyl group), a
substituted or unsubstituted C, to C,, alkyl sulfide group, a
substituted or unsubstituted C, to C,,, aryl group, a substi-
tuted or unsubstituted C, to C,, heteroaryl group, or a
substituted or unsubstituted C, to C,, arylalkyl group;
[0092] at least one of X, X,, X5, X,, X5 and X, is a
substituted or unsubstituted C4 to C,, aryl group, or a
substituted or unsubstituted C, to Cs,, heteroaryl group;
[0093] R, and R, are each independently hydrogen or a
methyl group; and

[0094] nis an integer from 0 to 30, or ranges from 0 to 30
on average.
[0095] The term “single bond” means that Si and O are

directly connected (Si—O) in Formula 1.

[0096] Specifically, in Formula 1, R, and R, may be each
independently a single bond, a substituted or unsubstituted
C, to C,, alkylene group, or a substituted or unsubstituted C,
to C,, alkylene ether group. Specifically, X, X,, X5, X, X
and X, may be each independently hydrogen, a substituted
or unsubstituted C, to C, alkyl group. a substituted or
unsubstituted C; to C,,, cycloalkyl group, a substituted or
unsubstituted C, to C,, alkyl ether group, a substituted or
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unsubstituted Cq to Cy, aryl group, a substituted or unsub-
stituted C, to C,, heteroaryl group, or a substituted or
unsubstituted C, to C,, arylalkyl group; and at least one of
X, X,, X5, X,,, X, and X may be a substituted or unsub-
stituted Cq to C;, aryl group.

[0097] More specifically, in Formula 1, R, and R, may be
each independently a single bond, or a substituted or unsub-
stituted C, to C,, alkylene group. In this case, the encapsu-
lating composition can further reduce the plasma etching
rate.

[0098] More specifically, in Formula 1, X, X,, X, X,, X,
and X, may be each independently a substituted or unsub-
stituted C, to C,, alkyl group, or a substituted or unsubsti-
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tuted C4 to C, , aryl group; and at least one of X |, X, X5, X,,,
X5 and X may be a substituted or unsubstituted Cq to C,,
aryl group. More specifically, X |, X,, X5, X,, X5 and X, may
be each independently a methyl, ethyl, propyl, butyl, pentyl,
phenyl, biphenyl, or naphthyl group; and one, two, three or
six of X, X, X5, X,,, X and X, may be a phenyl or naphthyl
group. In this case, the encapsulating composition can
further reduce the plasma etching rate.

[0099] More specifically, n is an integer from about 1 to
about 5. In this case, the encapsulating composition can
further reduce the plasma etching rate.

[0100] More specifically, the (B) silicon-based di(meth)
acrylate may be represented by any one of Formulae 3 to 8.

<Formula 3>
3 (|:H3 O
OW
ca? Si—0—8i—0—S§i CH,
' | | MO P
0] CH; CH;
<Formula 4>
CH;
CHy 0]
0 |
CH; N NS 0—si—0—s CH,
| M 0
0] CH;
CH;
<Formula 5>
TH; 0]
OW
CHZW Si—O—Si—O_Tiw\ )k/CHZ
(0]
0 CH;
<Formula 6>
CH;3 [ j [ j
0]
OW
CH5 Si—O—Ti—O—Tiw\ CH,
0]
CH; CHj
CH;
<Formula 7>
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-continued

(6]
Cl CH; ; CL
| | CH,
CI | |
CH;j CH;z CH;z
(6]

[0101] The (B) silicon-based di(meth)acrylates may be
used alone or in combination thereof.

[0102] The (B) silicon-based di(meth)acrylate may be
present in an amount of about 20 wt % to about 70 wt %
based on the total weight of (A), (B), (C) and (D). For
example, the (B) silicon-based di(meth)acrylate may be
present in an amount of about 25 wt % to about 45 wt %, for
example, about 28 wt %, about 29 wt %, about 30 wt %,
about 31 wt %, about 32 wt %, about 33 wt %, about 34 wt
%, about 35 wt %, about 36 wt %, about 37 wt %, about 38
wt %, about 39 wt %, about 40 wt %, or about 41 wt %,
based on the total weight of (A), (B), (C) and (D). Within
this range, the encapsulating composition can exhibit high
photocuring rate. In addition, the encapsulating composition
can realize an organic layer exhibiting high light transmit-
tance and low plasma etching rate.

[0103] The (A) non-silicon-based di(meth)acrylate and the
(B) silicon-based di(meth)acrylate represented by Formula 1
may be present in a total amount of about 50 wt % to about
90 wt %, specifically about 60 wt % to about 90 wt % based
on the total weight of (A), (B), (C) and (D). Within this
range, the encapsulating composition can realize an organic
layer exhibiting low plasma etching rate.

[0104] The (A) non-silicon-based di(meth)acrylate and the
(B) silicon-based di(meth)acrylate represented by Formula 1
may be present in a weight ratio (A:B) of, for example, about
1:0.1 to about 1:1, about 1:0.1 to about 1:85, about 1:0.1 to
about 1:80, about 1:0.1 to about 1.75, about 1:0.1 to about
1:70, about 1:0.1 to about 1:0.65, or about 1:0.1 to about
1:0.6. Within this range, the encapsulating composition can
realize an organic layer exhibiting further reduced plasma
etching rate.

[0105] The (B) silicon-based di(meth)acrylate may be
prepared by a typical method. For example, the (B) silicon-
based di(meth)acrylate may be prepared by reacting a silox-
ane compound, in which a substituted or unsubstituted C to
C;q aryl group or a substituted or unsubstituted C, to Cs,
heteroaryl group is connected to at least one silicon atom,
with a compound extending a carbon chain (for example,
allyl alcohol), followed by reaction with (meth)acryloyl
chloride, without being limited thereto. Alternatively, the
(B) silicon-based di(meth)acrylate may be prepared by
reacting a siloxane compound, in which a substituted or
unsubstituted Cg to C;, aryl group or a substituted or
unsubstituted C, to C,, heteroaryl group is connected to at
least one silicon atom, with (meth)acryloyl chloride, without
being limited thereto.

[0106] (C) Mono(meth)acrylate

[0107] The (C) mono(meth)acrylate included in the encap-
sulating composition can increase a photocuring rate of the

Dec. 22,2016

<Formula 8>

encapsulating composition. In addition, the (C) mono(meth)
acrylate can reduce a plasma etching rate of the organic layer
while increasing light transmittance of the organic layer.

[0108] The (C) mono(meth)acrylate may include a non-
silicon-based mono(meth)acrylate not containing silicon.
Specifically, the (C) mono(meth)acrylate may include at
least one of aromatic mono(meth)acrylates containing an
aromatic group and non-aromatic mono(meth)acrylates not
containing an aromatic group.

[0109] The (C) mono(meth)acrylates may be used alone or
in combination thereof. The aromatic mono(meth)acrylates
among the (C) mono(meth)acrylates may be used alone or in
combination thereof. The non-aromatic mono(meth)acry-
lates among the (C) mono(meth)acrylates may be used alone
or in combination thereof.

[0110] In one embodiment, the (C) mono(meth)acrylate
may include an aromatic group-containing mono(meth)acryl
ate. Since both the aromatic group-containing mono(meth)
acrylate and the (B) silicon-based di(meth)acrylate as set
forth above contain an aromatic group, the aromatic group-
containing mono(meth)acrylate and the (B) silicon-based
di(meth)acrylate exhibit further improved compatibility in
the encapsulating composition when used together. Thus, the
(C) mono(meth)acrylate can exhibit further improved mis-
cibility with the (B) silicon-based di(meth)acrylate. In this
case, the encapsulating composition can have an improved
effect of reducing a plasma etching rate of the organic layer.

[0111] The aromatic mono(meth)acrvlate may include a
substituted or unsubstituted aromatic group-containing
mono(meth)acrylate. Here, the term “aromatic group” refers
to a monocyclic aromatic group or a polycyclic aromatic
group including fused forms and the like, or refers to a form
in which single rings are connected to each other by a sigma
bond. For example, the aromatic group may refer to at least
one of a substituted or unsubstituted C, to Cs, aryl group, a
substituted or unsubstituted C, to Cs, arylalkyl group, a
substituted or unsubstituted C; to Cs, heteroaryl group, and
a substituted or unsubstituted C, to C,, heteroarylalkyl
group. More specifically, the aromatic group may include at
least one of phenyl, biphenyl, terphenyl, quaterphenyl, naph-
thyl, anthracenyl, phenanthrenyl, chrysenyl, triphenylenyl,
tetracenyl, pyrenyl, benzopyrenyl, pentacenyl, coronenyl,
ovalenyl, corannulenyl, benzyl, pyridinyl, pyrazinyl, pyrim-
idinyl, pyridazinyl, triazinyl, quinolinyl, isoquinolinyl, qui-
noxalinyl, acridinyl, quinazolinyl, cinnolinyl, phthalazinyl,
thiazolyl, benzothiazolyl, isoxazolyl, benzisoxazolyl,
oxazolyl, benzoxazolyl, pyrazolyl, indazolyl, imidazolyl,
benzimidazolyl, purinyl, thiophenyl, benzothiopheny]l, fura-
nyl, benzofuranyl, and isobenzofuranyl groups.
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[0112] For example, the aromatic mono(meth)acrylate
may be represented by Formula 9.

R; O

I
CH=C—C—0—CH,3—Rg

[0113] wherein R is hydrogen or a methyl group; s is an
integer from 0 to 10; and R is a substituted or unsubstituted
Ce 1o Cy, aryl group or a substituted or unsubstituted C, to
Cs, aryloxy group.

[0114] For example, R, may be a phenylphenoxyethyl
group, a phenoxyethyl group, a benzyl group, a phenyl
group, a phenylphenoxy group, a phenoxy group, a pheny-
lethyl group, a phenylpropyl group, a phenylbutyl group, a
methylphenylethyl group, a propylphenylethyl group, a
methoxyphenylethyl group, a cyclohexylphenylethyl group,
a chlorophenylethyl group, a bromophenylethyl group, a
methylphenyl group, a methylethylphenyl group, a
methoxyphenyl group, a propylphenyl group, a cyclohexyl-
phenyl group, a chlorophenyl group, a bromophenyl group,
a phenylphenyl group, a biphenyl group, a terphenyl group,
a quaterphenyl group, an anthracenyl group, a naphthalenyl
group, a triphenylenyl group, a methylphenoxy group, an
ethylphenoxy group, a methylethylphenoxy group, a
methoxyphenyloxy group, a propylphenoxy group, a cyclo-
hexylphenoxy group, a chlorophenoxy group, a bromophe-
noxy group, a biphenyloxy group, a terphenyloxy group, a
quaterphenyloxy group, an anthracenyloxy group, a naph-
thalenyloxy group, or a triphenylenyloxy group.

[0115] Specifically, the aromatic mono(meth)acrylate may
include at least one of 2-phenylphenoxyethyl (meth)acry-
late, phenoxyethyl (meth)acrylate, phenyl (meth)acrylate,
phenoxy (meth)acrylate, 2-ethylphenoxy (meth)acrylate,
benzyl (meth)acrylate, 2-phenylethyl (meth)acrylate, 3-phe-
nylpropyl (meth)acrylate, 4-phenylbutyl (meth)acrylate,
2-(2-methylphenyl)ethyl (meth)acrylate, 2-(3-methylphe-
nyljethyl (meth)acrylate, 2-(4-methylphenyl)ethyl (meth)
acrylate, 2-(4-propylphenyl)ethyl (meth)acrylate, 2-(4-(1-
methylethyl)phenyl)ethyl (meth)acrylate, 2-(4-
methoxyphenyl)ethyl (meth)acrylate, 2-(4-
cyclohexylphenyl)ethyl (meth)acrylate, 2-(2-chlorophenyl)
ethyl (meth)acrylate, 2-(3-chlorophenyl)ethyl (meth)
acrylate, 2-(4-chlorophenyl)ethyl (meth)acrylate, 2-(4-
bromophenyl)ethyl (meth)acrylate, 2-(3-phenylphenyl)ethyl
(meth)acrylate, 4-(biphenyl-2-yloxy)butyl (meth)acrylate,
3-(biphenyl-2-yloxy)butyl (meth)acrylate, 2-(biphenyl-2-
vloxy)butyl  (meth)acrylate,  1-(biphenyl-2-yloxy)butyl
(meth)acrylate, 4-(biphenyl-2-yloxy)propyl (meth)acrylate,
3-(biphenyl-2-yloxy)propyl (meth)acrylate, 2-(biphenyl-2-
vloxy)propyl (meth)acrylate, 1-(biphenyl-2-yloxy)propyl
(meth)acrylate, 4-(biphenyl-2-yloxy)ethyl (meth)acrylate,
3-(biphenyl-2-yloxy)ethyl (meth)acrylate, 2-(biphenyl-2-
yloxy)ethyl (meth)acrylate,  1-(biphenyl-2-yloxy)ethyl
(meth)acrylate, 2-(4-benzylphenyl)ethyl (meth)acrylate,
1-(4-benzylphenyl)ethyl (meth)acrylate, and structural iso-
mers thereof, without being limited thereto. In addition, it
should be understood that the (meth)acrylates as set forth
herein are provided only by way of example and the present
invention is not limited thereto. Further, the (meth)acrylates
according to the present invention include all acrylates
corresponding to structural isomers. For example, although
only 2-phenylethyl (meth)acrylate is mentioned by way of
example, the (meth)acrylates according to the present inven-
tion include all of 3-phenylethyl (meth)acrylate and 4-phe-
nyl (meth)acrylate.

[0116] The non-aromatic mono(meth)acrylate may be a
substituted or unsubstituted C, to C,,, alkyl group-containing
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mono(meth)acrylate. Specifically, the non-aromatic mono
(meth)acrylate may be an unsubstituted linear C, to C,,
alkyl group-containing mono(meth)acrylate, more specifi-
cally an unsubstituted linear C, , to C,,, alkyl group-contain-
ing mono(meth)acrylate. For example, the non-aromatic
mono(meth)acrylate may include at least one of decyl
(meth)acrylate, undecyl (meth)acrylate, lauryl (meth)acry-
late, tridecyl (meth)acrylate, tetradecyl (meth)acrylate, pen-
tadecyl (meth)acrylate, hexadecyl (meth)acrylate, heptade-
cyl (meth)acrylate, octadecyl (meth)acrylate, nonadecyl
(meth)acrylate, and arachidyl (meth)acrylate, without being
limited thereto.

[0117] The (C) mono(meth)acrylate may be present in an
amount of about 5 wt % to about 40 wt % based on the total
weight of (A), (B), (C) and (D). For example, the (C)
mono(meth)acrylate may be present in an amount of about
5wt % to about 30 wt % based on the total weight of (A),
(B), (C) and (D). Within this range, the encapsulating
composition can exhibit high photocuring rate. In addition,
the encapsulating composition can realize an organic layer
exhibiting high light transmittance and low plasma etching
rate.

[0118] (D) Initiator

[0119] The (D) initiator allows the organic layer to be
formed by curing the (A) non-silicon-based di(meth)acry-
late, the (B) silicon-based di(meth)acrylate and the (C)
mono(meth)acrylate, and may include any typical photopo-
lymerization initiators without limitation.

[0120] The (D) initiator may include at least one of
triazine, acetophenone, benzophenone, thioxanthone, ben-
zoin, phosphorus, and oxime initiators, without being lim-
ited thereto. For example, the phosphorus initiator may
include diphenyl(2,4,6-trimethylbenzoyl)phosphine oxide,
benzyl(diphenyl)phosphine oxide, bis(2,6-dimethoxyben-
zoy1)(2,4,4-trimethylpentyl)phosphine oxide, and mixtures
thereof. For example, the phosphorus initiator can exhibit
better initiation performance under UV light of long wave-
lengths in the composition according to the present inven-
tion.

[0121] Inthe encapsulating composition, the (D) initiators
may be used alone or in combination thereof.

[0122] The (D) initiator may be present in an amount of
about 1 wt % to about 10 wt % based on the total weight of
(A), (B), (C) and (D). Within this range, the encapsulating
composition allows suflicient photopolymerization under
exposure to light. In addition, the unreacted initiator remain-
ing after photopolymerization can be reduced, whereby the
organic layer can exhibit further improved light transmit-
tance. Specifically, the (D) initiator may be present in an
amount of about 2 wt %, about 3 wt %, about 4 wt %, or
about 5 wt %, based on the total weight of (A), (B), (C) and
D).

[0123] The encapsulating composition may be formed by
mixing the (A) non-silicon-based di(meth)acrylate, the (B)
silicon-based di(meth)acrylate, the (C) mono(meth)acrylate
and the (D) initiator. For example, the encapsulating com-
position may be formed as a solvent-free composition not
containing a solvent. For example, when the composition for
encapsulation of an organic light emitting diode is a solvent-
free composition, wt % is based on the total weight of the
(A) non-silicon-based di(meth)acrylate, the (B) silicon-
based di(meth)acrylate, the (C) mono(meth)acrylate and the
(D) initiator.

[0124] The encapsulating composition may include about
10 wt % to about 50 wt % of Si. Within this range, the
composition can further reduce the plasma etching rate of
the organic layer.

[0125] The encapsulating composition may have a viscos-
ity at 25° C£2° C. (23° C. to 27° C.) of about 0 cPs to about
200 ¢Ps, specifically about 100 cPs or less, more specifically
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about 5 ¢Ps to about 50 ¢Ps, about 5 ¢Ps to about 40 cPs, or
about 5 cPs to about 30 cPs. Within this range, the encap-
sulating composition can facilitate formation of the organic
layer. Within this range, it is advantageous to perform a
method such as deposition and inkjet printing upon forma-
tion of the organic layer.

[0126] The encapsulating composition is a photocurable
composition, and may be cured by UV irradiation at about
100 mW/cm? to about 500 mW/cm? for about 1 second to
about 100 seconds, without being limited thereto

[0127] The encapsulating composition may further
include a heat stabilizer.

[0128] Hereinafter, an encapsulating composition accord-
ing to another embodiment of the present invention will be
described.

[0129] According to another embodiment of the present
invention, the encapsulating composition may include (A) a
non-silicon-based di(meth)acrylate, (B) a silicon-based
di(meth)acrylate, (C) a mono(meth)acrylate, (D) an initiator
and (E) a heat stabilizer, wherein the (B) silicon-based
di(meth)acrylate may be represented by Formula 1, and
wherein the encapsulating composition may include: about
10 wt % to about 70 wt % of the (A) non-silicon-based
di(meth)acrylate; about 20 wt % to about 70 wt % of the (B)
silicon-based di(meth)acrylate; about 5 wt % to about 40 wt
% of the (C) mono(meth)acrylate; and about 1 wt % to about
10 wt % of the (D) initiator, based on the total weight of (A),
(B), (C) and (D).

[0130] The encapsulating composition according to this
embodiment can suppress change in viscosity at room
temperature. The encapsulating composition according to
this embodiment can exhibit higher light transmittance,
higher photocuring rate and lower plasma etching rate than
compositions for encapsulation materials which do not
include the heat stabilizer. The components of the encapsu-
lating composition according to this embodiment are the
same as those of the composition according to the above
embodiment excluding the heat stabilizer. Therefore, only
the heat stabilizer will be described in detail hereinafter.
[0131] The (E) heat stabilizer is included in the composi-
tion for encapsulation to suppress change in viscosity at
room temperature, and may include any typical heat stabi-
lizers. In some embodiments, the (E) heat stabilizer may be
a sterically hindered phenolic heat stabilizer.

[0132] Specifically, the (E) heat stabilizer may include at
least one of pentaerythritol-tetrakis[3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propionate], stearyl-3-(3,5-di-t-butyl-4-hy-
droxyphenyl)propionate, 1,3,5-tris(2,6-dimethyl-3-hy-
droxy-4-t-butylbenzyl)isocyanurate, 1,3,5-tris(3,5-di-t-
butyl-4-hydroxybenzyl)isocyanurate, 1,3,5-tris(2-
hydroxyethyl)isocyanurate, pentaerythritol-tetrakis[3-(3,5-
di-t-butylhydroxyphenyl)propionate], and tris(4-t-butyl-3-
hydroxy-2,6-dimethylbenzyl)isocyanurate, without being
limited thereto.

[0133] The (E) heat stabilizer may be present in an amount
of about 2,000 ppm or less, specifically about 0.01 ppm to
about 2,000 ppm, more specifically about 100 ppm to about
800 ppm, or about 100 ppm to about 750 ppm, based on the
total weight of (A), (B), (C) and (D). Within this range, the
heat stabilizer can further improve storage stability and
processability of the encapsulating composition in a liquid
state.

[0134] In one embodiment, the encapsulating composition
may include the (A) non-silicon-based di(meth)acrylate,
which includes a C, to C,, alkylene group-containing di(me-
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th)acrylate, the (B) silicon-based di(meth)acrylate repre-
sented by one of Formula 3 to Formula 8, the (C) mono
(meth)acrylate represented by Formula 9, the (D) initiator
including a phosphorus initiator, and the (E) heat stabilizer.
[0135] Although not shown in FIG. 1, the organic light
emitting diode display apparatus 100 may include a drive
circuit for driving the organic light emitting diode 120. In
some embodiments, although not shown in FIG. 1, the
organic light emitting diode display apparatus may further
include a thin film transistor (TFT) layer and a buffer layer
between the substrate 110 and the organic light emitting
diode 120. The TFT layer drives the organic light emitting
diode and may include a gate line, a data line, a drive power
line, a reference power line, and a capacitor.

[0136] In some embodiments, although not shown in FIG.
1, the organic light emitting diode display apparatus may
further include a bonding layer covering the encapsulation
layer and a substrate bonded to the bonding layer to encap-
sulate the organic light emitting diode. The bonding layer
may be a transparent bonding film. The bonding layer and
the substrate may be formed of a typical material known to
those skilled in the art.

[0137] Next, an organic light emitting diode display appa-
ratus according to another embodiment of the present inven-
tion will be described with reference to FIG. 2.

[0138] Referring to FIG. 2, an organic light emitting diode
display apparatus 200 according to this embodiment
includes a substrate 110, an organic light emitting diode 120,
and an encapsulation layer 130', which encapsulates the
organic light emitting diode 120.

[0139] In the organic light emitting diode display appara-
tus 200 according to this embodiment, the encapsulation
layer 130" includes a first inorganic layer 131, a first organic
layer 132, a second inorganic layer 133, a second organic
layer 134, and a third inorganic layer 135. In this embodi-
ment, the second inorganic layer 133 is formed to contact at
least a portion of the third inorganic layer 135, and the
second organic layer 134 is disposed within a region
between the second inorganic layer 133 and the third inor-
ganic layer 135.

[0140] Next, a method of fabricating an organic light
emitting diode display apparatus according to one embodi-
ment of the present invention will be described.

[0141] The method of fabricating an organic light emitting
diode display apparatus according to one embodiment of the
invention may include forming an organic light emitting
diode on a substrate, and forming an encapsulation layer in
which inorganic layers and organic layers are alternately
formed on the organic light emitting diode, wherein the
organic layers may be formed of the encapsulating compo-
sition according to the embodiments of the present inven-
tion.

[0142] First, an organic light emitting diode is formed on
a substrate. Specifically, a cathode is formed on the sub-
strate; and a light emitting layer and other layers are formed
thereon by dry coating, such as vacuum deposition, sputter-
ing, plasma plating and ion plating, or wet coating, such as
spin coating, dipping and flow coating, followed by forma-
tion of an anode thereon, thereby forming an organic light
emitting diode on the substrate.

[0143] The inorganic layers may be formed by any suit-
able vacuum process including sputtering, evaporation, sub-
limation, CVD, PECVD, ECR-PECVD (electron cyclotron
resonance plasma enhanced chemical vapor deposition), and
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combinations thereof, without being limited thereto. The
organic layers may be formed by any method such as
deposition, spin coating, printing, inkjet printing, and spray-
ing, without being limited thereto.

[0144] Next, the present invention will be described in
more detail with reference to some examples. It should be
understood that these examples are provided for illustration
only and are not to be construed in any way as limiting the
present invention.

PREPARATIVE EXAMPLE 1

[0145] Ina 1000 ml flask provided with a cooling tube and
a stirrer, 300 ml of ethyl acetate, 25 g of 3-phenyl-1.1,3,5,
S-pentamethyltrisiloxane (Gelest Inc.) and 43 g of allyl

CH,
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alcohol (Daejung Chemicals & Materials Co., Ltd.) were
placed, followed by nitrogen purging for 30 minutes. Next,
72 ppm of Pt-on-carbon black powder (Aldrich GmbH) was
added to the mixture, followed by heating the flask to 80° C.
and stirring the mixture for 4 hours. The remaining solvent
was removed by distillation, thereby obtaining a compound.
71.5 g of the obtained compound and 39 g of triethylamine
were sequentially added to 300 ml of dichloromethane,
followed by slowly adding 34.3 g of acryloyl chloride while
stirring the mixture at 0° C. The remaining solvent was
removed by distillation, thereby obtaining a monomer (mo-
lecular weight: 522.85 g/mol) represented by Formula 3 and
having a purity of 97% as determined by HPLC. (1H NMR:
87.61, m, 3H; 87.12, m, 2H; 66.25, d, 2H; §6.02, dd,
2H;65.82, t, 1H;85.59, d, 2H;63.87, m, 4H;31.54, m, 4H;30.
58, m, 4H;80.02, m, 15H)

<Formula 3>

CH,

0
0 I |
CHZ/ Wsi—o—Si—o—SiM )J\/CHZ
| | 0 7
0

CH;

CH;
CH
O\kl 3
CH/ |
0O

CH,

CH; CH;

PREPARATIVE EXAMPLE 2

[0146] A monomer (molecular weight: 584.92 g/mol) rep-
resented by Formula 4 was prepared in the same manner as
in Preparative Example 1 except that 21 g of 3,3-diphenyl-
1,1,5,5-tetramethyltrisiloxane was used instead of 25 g of
3-phenyl-1,1,3,5,5-pentamethyltrisiloxane and 30.2 g of
methacryloyl chloride was used instead 0f34.3 g of acryloyl
chloride. The obtained monomer had a purity of 96% as
determined by HPLC. (1H NMR: 67.52, m, 6H:07.42, m,
4H;06.25, d, 2H;86.02, dd, 2H;55.82, t, 1H;d5.59, d, 2H;d3.
86, m, 4H; 61.52, m, 4H;50.58, m, 4H;560.04, m, 12H)

<Formula 4>

CH; 0

Si—o—Si—o—SIM CH,
| 0)

CH;

PREPARATIVE EXAMPLE 3

[0147] A monomer (molecular weight: 646.99 g/mol) rep-
resented by Formula 5 was prepared in the same manner as
in Preparative Example 1 except that 21 g of 3,3-diphenyl-
1,1,5,5-tetramethyltrisiloxane was used instead of 25 g of
3-phenyl-1,1.3,5,5-pentamethyltrisiloxane. The obtained
monomer had a purity of 94% as determined by HPLC. (1H
NMR: §7.61, m, 6H;067.12, m, 4H;56.25, d, 2H;56.02, dd,
2H;05.82, 1, 2H;03.87, m, 4H;01.54, m, 4H;00.58, m, 4H;d0.
02, m, 12H).
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<Formula 5>

0
0 | |
CHZ/\’( WTi—O—Si—O—TiMO)K/CHz

0 CH; CH,

[0148] Details of components used in Examples and Com-
parative Examples were as follows.

[0149] (A) Non-silicon-based di(meth)acrylate: (Al)
1,12-dodecanediol dimethacrylate (Sartomer Co., Ltd.),
(A2) 1,10-decanediol dimethacrylate (Shin Nakamura
Chemical Co., Ltd.).

[0150] (B) Silicon-based di(meth)acrylate: (B1) monomer
of Preparative Example 1, (B2) monomer of Preparative
Example 2, (B3) monomer of Preparative Example 3.
[0151] (C) Mono(meth)acrylate: (C1) HRI-07 (Daelim
Chemical Co., Ltd.), (C2) benzyl methacrvlate (TCI Co.,
Ltd.), (C3) lauryl acrylate (Aldrich GmbH).

[0152] (D) Initiator: Darocur TPO (BASF GmbH).
[0153] (E) Heat stabilizer: IRGANOX 1010 (BASF
GmbH).

[0154] (F) Monomer represented by Formula 10 (X-22-
164, molecular weight: 460.78 g/mol, Shin-Etsu Co., Ltd.)

CH; CH, CH,

<Formula 10>
0

0
CHZ/\r W%i—o—%i—o—%i\/\o)vcm
0

CH; CH; CH;

EXAMPLE 1

[0155] 47.8 parts by weight of (A1), 28.7 parts by weight
of (B1), 19.2 parts by weight of (C1) and 4.3 parts by weight
of (D) were placed in a 125 ml brown polypropylene bottle,
followed by mixing at room temperature for 3 hours using
a shaker, thereby preparing an encapsulating composition
(viscosity at 25° C.: 21 cPs).

EXAMPLE 2 TO EXAMPLE 13 AND
COMPARATIVE EXAMPLES 1 TO 4

kinds and/or amounts of (A), (B), (C), (D) and (E) were
changed as listed in Table 1 (unit: parts by weight).

COMPARATIVE EXAMPLE 5

[0157] An encapsulating composition was prepared in the
same manner as in Example 1 except that 28.7 parts by
weight of the (F) monomer was used instead of 28.7 parts by
weight of the (B 1) monomer of Preparative Example 1.

[0158] Each of the compositions for encapsulation mate-
rials prepared in Examples and Comparative Examples was

[0156] Compositions for encapsulation materials were evaluated as to properties as listed in Table 1. Results are
prepared in the same manner as in Example 1 except that shown in Tables 1 and 2.
TABLE 1
Example
1 2 3 4 5 6 7 8 9 10 11 12 13
A Al 478 478 388 388 478 485 3825 388 — — — 418 478
A2 — — — — — — — — 383 383 383 — —
B Bl 287 287 388 291 — — — — 28.7 — — — —
B2 — — — — 287 29.1 38.25 20.1 — 287 — 28.7 —
B3  — — — — — — — — — — 287 — 402
c C 192 192 195 291 192 195 192 291 287 287 287 — —
(o J— — — — — — — — — — — —
3 — — — — — — — — — — — 19.2 77



US 2016/0372704 A1l

16

Dec. 22,2016

TABLE 1-continued

Example
1 2 3 4 5 6 7 8 9 10 1 12 13
D 43 43 2.9 3.0 43 29 43 3.0 43 43 43 43 43
E (ppm) — 750 750 750 750 750 750 750 750 750 750 750 750
F _ _ _ _ _ _ _ _ _ _ _ _ _
Photocuring 947 957 959 942 954 954 962 952 964 952 947 953 966
rate (%)
Light 935 93.7 938 946 942 942 946 944 952 961 958 948 952
transmittance
(%)
Plasma 113 1.5 111 109 75 7.6 7.3 7.2 9.8 6.5 6.8 158 142
etching
rate (%)
Index of 148 1480 1496 1492 1508 1508 1509 1521 148 1500 1500 1502 1491
refraction
TABLE 2 [0163] <Evaluation of Properties>
Comparative Fxample [0164] (1) Photocuring rate: The encapsulating composi-
tion was measured as to the intensity of absorption peaks in
5 e - -
! 2 > 4 “ the vicinity of 1635 em™ (C=C) and 1720 cm™ (C=0)
A Al 76.7 67.0 670 670 478 using FT-IR (NICOLET 4700, Thermo Co., Ltd.). The
A2 — — — — — .. .
B B1 16 287 B B B composition was coateq ontlo a glass subst.rate using a
B2 — — — — — sprayer, followed by UV curing through UV irradiation at
¢ gi - — — P 100 mW/em? for 10 seconds, thereby obtaining a specimen
C2 - — 2’7 - - having a size of 20 emx20 cmx3 pm (widthxlengthxthick-
b e a3 3 3 22-2 " ness). Then, the cured film was aliquoted and the intensities
E (ppm) 750 750 750 _ of absorption peaks of the cured film were measured in the
. F oy 925 — — — 287 vicinity of 1635 em™ (C=C) and 1720 cm™' (C=0) using
Photocuring rate (% 92.5 94.2 93.5 92.4 89.5 .
Light transmittance (%) 91.5 004 875 865 018 FT-IR (NICOLET 4700, Thermo Co., Litd.). Photocuring
Plasma etching rate (%) 23.3 22.1 325 387 255 rate was calculated by Equation 1:
Index of refraction 1.473 1483 1494 1493 1529

[0159] As shown in Table 1, the encapsulating composi-
tion according to the present invention could realize an
organic layer exhibiting high photocuring rate, high light
transmittance, and low plasma etching rate.

[0160] Furthermore, even when the compositions of
Examples and Comparative examples had similar indexes of
refraction as defined herein, the compositions of Examples
exhibited superior plasma resistance to the compositions of
Comparative Examples, thereby improving durability and
reliability of an organic light emitting diode.

[0161] Furthermore, the compositions of Examples exhib-
ited superior light transmittance to the compositions of
Comparative Examples, thereby enabling an organic light
emitting diode display apparatus to realize clearer image
quality.

[0162] Conversely, as shown in Table 2, the encapsulating
composition of Comparative Example 1, which included
(A), (B) and (C) in amounts outside the range according to
the present invention, had a problem of high plasma etching
rate. In addition, the encapsulating composition of Com-
parative Examples 2 to 4, which did not include any one of
(B) and (C), also had a problem of high plasma etching rate.
Further, the encapsulating composition of Comparative
Example 5, which included the silicon-based di(meth)acry-
late not containing an aryl group, also had a problem of high
plasma etching rate.

Photocuring rate (%)=1-(4/B)Ix100

[0165] (wherein A is a ratio of the intensity of an absorp-
tion peak in the vicinity of 1635 cm™" to the intensity of an
absorption peak in the vicinity of 1720 cm™ for the cured
film; and B is a ratio of the intensity of an absorption peak
in the vicinity of 1635 em™ to the intensity of an absorption
peak in the vicinity of 1720 cm™ for the encapsulating
composition).

[0166] (2) Light transmittance: The encapsulating compo-
sition was subjected to UV curing under N, to form a 10 um
thick film. Next, light transmittance of the film in the visible

light range of 550 nm was measured using a Lambda 950
(Perkin Elmer Co., Ltd.).

[0167] (3) Plasma etching rate: The encapsulating com-
position was coated to a predetermined thickness and photo-
cured to form an organic layer, followed by measuring an
initial coating height (T1, 1 pm to 10 um) of the organic
layer. The organic layer was subjected to plasma treatment
under conditions of ICP power: 2500 W, RF power: 300 W,
DC bias: 200V, Ar flow: 50 sccm, etching time: 1 min, and
pressure: 10 mtorr, followed by measuring the height (T2,
unit: um) of the organic layer. The plasma etching rate of the
organic layer was calculated by Equation 2:

Etching rate of organic layer due to plasma (%)=
(T1-T2)/T1x100
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[0168] (4) Index of refraction: An encapsulating compo-
sition was deposited to a predetermined thickness on a glass
plate and was subjected to photocuring to form an organic
layer. Index of refraction was measured with respect to the
specimen used in measurement of the coating height (T1, 1
um to 10 um) of the organic layer using EC-400 (J. A.
WooLLAM Co., Ltd.), followed by fitting in a Cauchy
model. An index of refraction at a wavelength of 550 nm was
determined as a representative index of refraction.

[0169] It should be understood that various modifications,
changes, alterations, and equivalent embodiments can be
made by those skilled in the art without departing from the
spirit and scope of the invention.

What is claimed is:

1. An organic light emitting diode display apparatus,
comprising: a substrate; an organic light emitting diode
disposed on the substrate; and an encapsulation layer encap-
sulating the organic light emitting diode,

wherein the encapsulation layer having a structure in

which two or more inorganic layers and one or more
organic layers are alternately stacked one above
another, each of the inorganic layers having a thickness
of about 40 nm to about 1000 nm and an index of
refraction of about 1.41 to about 2.0, each of the
organic layers having a thickness of about 0.2 um to
about 15 pm and an index of refraction of about 1.4 to
about 1.65, the organic layers being formed of an
encapsulating composition, and

wherein the encapsulating composition comprises about

10 wt % to about 70 wt % of (A) a non-silicon-based
di(meth)acrylate, about 20 wt % to about 70 wt % of
(B) a silicon-based di(meth)acrylate, about 5 wt % to
about 40 wt % of (C) a mono(meth)acrylate, and about
1 wt % to about 10 wt % of (D) an initiator, the (B)
silicon-based di(meth)acrylate being represented by

Formula 1:
X X3 Xs
| | |
o—Rl—Ti—o Ti—o Si—R,
CH, X, X, X CH,
R;

(where R, and R, are each independently a single bond, a
substituted or unsubstituted C, to C,, alkylene group, a
substituted or unsubstituted C, to C,, alkylene ether
group, *—N(R")—R")—* (¥ representing a binding
site for an element, R' being hydrogen or a substituted
or unsubstituted C, to C,, alkyl group, and R" being a
substituted or unsubstituted C, to C,, alkylene group),
a substituted or unsubstituted C, to C;, arylene group,
a substituted or unsubstituted C, to Cs, arylalkylene
group, or *—(R")»—O—** (* representing a binding
site for O in Formula 1, ** representing a binding site
for Si in Formula 1, and R' being a substituted or
unsubstituted C, to C;, alkylene group);

X, X, X5, X, X and X, are each independently hydro-
gen, a hydroxyl group, a halogen, a cyano group, a
substituted or unsubstituted C, to Cs, alkyl group, a
substituted or unsubstituted C, to C,, heterocycloalkyl
group, a substituted or unsubstituted C; to Cs,
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cycloalkyl group, a substituted or unsubstituted C, to
C;, alkyl ether group, *—N(R")—(R")—* (* represent-
ing a binding site for an element, and R' and R" being
each independently hydrogen or a substituted or unsub-
stituted C, to C,, alkyl group), a substituted or unsub-
stituted C, to C,,, alkyl sulfide group, a substituted or
unsubstituted C¢ to C,, aryl group, a substituted or
unsubstituted C, to C,, heteroaryl group, or a substi-
tuted or unsubstituted C, to C, arylalkyl group;

at least one of X, X,, X;, X,, X5 and X is a substituted
or unsubstituted C, to C,,, aryl group, or a substituted
or unsubstituted C, to C,, heteroaryl group;

R; and R, are each independently hydrogen or a methyl
group; and

n is an integer from O to 30, or ranges from 0 to 30 on
average).

2. The organic light emitting diode display apparatus
according to claim 1, wherein the inorganic layers comprises
a first inorganic layer and a second inorganic layer; the
organic layer comprises a first organic layer; the encapsu-
lation layer comprises the first inorganic layer, the first
organic layer, and the second inorganic layer alternately
stacked one above another; and the first inorganic layer and
the second inorganic layer at least partially contact each
other.

3. The organic light emitting diode display apparatus
according to claim 2, wherein the encapsulation layer has a
structure in which the first inorganic layer and the second
inorganic layer are sequentially stacked at an edge thereof.

4. The organic light emitting diode display apparatus
according to claim 2, wherein the first inorganic layer and
the second inorganic layer have the same area.

5. The organic light emitting diode display apparatus
according to claim 2, wherein the second inorganic layer is
formed to surround the first organic layer.

6. The organic light emitting diode display apparatus
according to claim 1, wherein the inorganic layers have the
same area or a gradually increasing area with increasing
distance from the organic light emitting diode.

7. The organic light emitting diode display apparatus
according to claim 1, wherein the inorganic layers comprise
at least one of silicon oxide, silicon nitride, silicon oxyni-
tride, ZnSe, ZnO, Sh,0;, Al,0;, In,0;, and SnO,.

8. The organic light emitting diode display apparatus
according to claim 1, wherein, in Formula 1, R, and R, are
each independently a single bond, a substituted or unsub-
stituted C, to C,, alkylene group, or a substituted or unsub-
stituted C, to C;, alkylene ether group; X, X,, X5, X,, X,
and X, are each independently hydrogen, a substituted or
unsubstituted C, to C,, alkyl group, a substituted or unsub-
stituted C to C,, cycloalkyl group, a substituted or unsub-
stituted C, to C,, alkyl ether group, a substituted or unsub-
stituted C, to C;, aryl group, a substituted or unsubstituted
C, to C;, heteroaryl group, or a substituted or unsubstituted
C, to Cy, arylalkyl group; and at least one of X |, X, X3, X,,
X5 and X is a substituted or unsubstituted C; to Cy, aryl
group



US 2016/0372704 A1l
18

9. The organic light emitting diode display apparatus
according to claim 1, wherein the (B) silicon-based di(meth)
acrylate is represented by one of Formula 3 to Formula 8:

<Formula 3>
TH3 TH3 o}
(0]
. WTi—o—Ti—o—Ti\/\ JK/CHZ
O
0 CH; CH; CH;
<Formula 4>
CH;
TH3 TH; 0
OW
CH Ti—O—Si—O—Ti—\/\ CH,
O
0 CH; CH;
CH;
<Formula 5>
(leg (le3 0
OW
CHZW TI—O—Sl_O_TIW\ )k/CHZ
0]
0] CH; CH;
<Formula 6>
CH; [ ] [ ]
O
(0]
CHj WSi—O—Si—O—Siw\ CH,
| | | 0
0 CH; CH; CH;
CH,
<Formula 7>
CH;j [ ] [ ]
(0]
(0]
CH; WSi—o—Si—o—Si CH,
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-continued

| | CI.

CHS I I
CH;j CH;z CH;z

10. The organic light emitting diode display apparatus
according to claim 1, wherein the (A) non-silicon-based
di(meth)acrylate is represented by Formula 2:

CH; CH,
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<Formula 8>

(where R, and R, are each independently hydrogen or a
methyl group, and R being a substituted or unsubsti-
tuted C, to C,, alkylene group).

11. The organic light emitting diode display apparatus
according to claim 1, wherein the (C) mono(meth)acrylate
comprises one of an aromatic mono(meth)acrylate and a
non-aromatic mono(meth)acrylate.

12. The organic light emitting diode display apparatus
according to claim 1, wherein the composition further com-
prises a heat stabilizer.

L S S T
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