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(57) ABSTRACT

Provided are a composition for encapsulating an organic
light emitting element and an organic light emitting element
display device manufactured therefrom, the composition
comprising: (A) a non-silicone-based photocurable multi-
functional monomer; (B) a silicone-based photocurable mul-
tifunctional monomer; (C) a non-silicone-based photocur-
able monofunctional monomer; (D) a silicone-based
photocurable monofunctional monomer; and (E) an initiator,
wherein the silicone-based photocurable multifunctional
monomer (B) is represented by chemical formula 1.
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COMPOSITION FOR ENCAPSULATING
ORGANIC LIGHT EMITTING ELEMENT
AND ORGANIC LIGHT EMITTING
ELEMENT DISPLAY DEVICE
MANUFACTURED THEREFROM

TECHNICAL FIELD

[0001] The present invention relates to a composition for
encapsulation of an organic light emitting device and an
organic light emitting display fabricated using the same.

BACKGROUND ART

[0002] An organic light emitting display includes an
organic light emitting device. Such an organic light emitting
device can suffer from deterioration in light emitting prop-
erties upon contact with external moisture and/or oxygen.
Thus, the organic light emitting device must be encapsulated
with an encapsulation composition. The organic light emit-
ting device is encapsulated in a multilayer structure includ-
ing an inorganic barrier layer and an organic barrier layer.
The inorganic barrier layer is formed by plasma deposition,
which can cause the organic barrier layer to be etched by
plasma. When the organic barrier layer is etched, an encap-
sulation function of the organic barrier layer can be dam-
aged. As a result, the organic light emitting device can suffer
from deterioration in light emitting properties and reliability.
Recently, a flexible organic light emitting display has been
developed in the art. Thus, an organic barrier layer is also
required to have good flexibility.

[0003] The background technique of the present invention
is disclosed in Korean Patent Publication No 2011-0071039
A

DISCLOSURE

Technical Problem

[0004] It is one aspect of the present invention to provide
a composition for encapsulation of an organic light emitting
device which can realize an organic barrier layer having
good plasma resistance and improve reliability of an organic
light emitting device.

[0005] Tt is another aspect of the present invention to
provide a composition for encapsulation of an organic light
emitting device which can realize an organic barrier layer
having low modulus.

[0006] Tt is a further aspect of the present invention to
provide a composition for encapsulation of an organic light
emitting device which can be used in a flexible organic light
emitting display.

[0007] It is yet another aspect of the present invention to
provide a composition for encapsulation of an organic light
emitting device which can realize an organic barrier layer
having high light transmittance and has high photocuring
rate.

[0008] It is yet another aspect of the present invention to
provide a composition for encapsulation of an organic light
emitting device which can easily form an organic barrier
layer by deposition, inkjet printing, or the like.

Technical Solution

[0009] In accordance with one aspect of the present inven-
tion, a composition for encapsulation of an organic light
emitting device includes: (A) a non-silicone-based photo-
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curable polyfunctional monomer; (B) a silicone-based pho-
tocurable polyfunctional monomer; (C) a non-silicone-based
photocurable monofunctional monomer; (D) a silicone-
based photocurable monofunctional monomer; and (E) an
initiator, wherein the (B) silicone-based photocurable poly-
functional monomer is represented by Formula 1:

<Formula 1>
0 X X3 Xs 0
| | |
O—Rl—?i—o ?i—o ?i—RZ—O
CH CH,
2 X Xy L, X6
R; Ry

[0010] wherein in Formula 1, R, R,, R5, R, X, X, X;,
X4, Xs, X4, and n are the same as defined in the following
detailed description.

[0011] In accordance with another aspect of the present
invention, an organic light emitting display includes: an
organic light emitting device; and a barrier stack formed on
the organic light emitting device and including an inorganic
barrier layer and an organic barrier layer, wherein the
organic barrier layer is formed of the composition for
encapsulation of an organic light emitting diode according to
the present invention.

Advantageous Effects

[0012] The present invention provides a composition for
encapsulation of an organic light emitting device which can
realize an organic barrier layer having good plasma resis-
tance. Thus, the composition for encapsulation of an organic
light emitting device can improve reliability of an organic
light emitting device.

[0013] The present invention provides a composition for
encapsulation of an organic light emitting device which can
realize an organic barrier layer having low modulus.
[0014] The present invention provides a composition for
encapsulation of an organic light emitting device which can
be used in a flexible organic light emitting display.

[0015] The present invention provides a composition for
encapsulation of an organic light emitting device which has
high photocuring rate. Thus, the composition for encapsu-
lation of an organic light emitting device can realize an
organic barrier layer having high light transmittance.
[0016] The present invention provides a composition for
encapsulation of an organic light emitting device which can
easily form an organic barrier layer by deposition, inkjet
printing, or the like.

DESCRIPTION OF DRAWINGS

[0017] FIG. 1 is a sectional view of an organic light
emitting display according to one embodiment of the present
invention.

[0018] FIG. 2 is a sectional view of an organic light
emitting display according to another embodiment of the
present invention.

BEST MODE

[0019] Embodiments of the present invention will be
described in detail with reference to the accompanying
drawings. It should be understood that the present invention
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may be embodied in different ways and is not limited to the
following embodiments. In the drawings, portions irrelevant
to the description will be omitted for clarity. Like compo-
nents will be denoted by like reference numerals throughout
the specification.

[0020] As used herein, the term “(meth)acryl” may refer to
“acryl” and/or “methacryl”.

[0021] As used herein, unless otherwise stated, the term
“substituted” means that at least one hydrogen atom of a
functional group is substituted with a halogen (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™ being each independently a C, to C,,
alkyl group), an amidino group, a hydrazine or hydrazone
group, a carboxyl group, a C, to C,, alkyl group, a C4 to Cs,
aryl group, a C; to C;, cycloalkyl group, a C; to Cy,
heteroaryl group, or a C, to Cs, heterocycloalkyl group.
[0022] 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 polycyclic 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.

[0023] 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.
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.

[0024] More specifically, the C,4 to C,,, aryl group and/or
the C, 10 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
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or unsubstituted thiadiazolyl group, a substituted or unsub-
stituted pyridyl group, a substituted or unsubstituted pyrim-
idiny] 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.

[0025] As used herein, the term “non-silicon” means that
a corresponding compound is free from silicon (Si).

[0026] As used herein, the term “photocurable monomer”
refers to a monomer having a vinyl group, an allyl group
and/or a (meth)acrylate group as a photocurable functional

group.

[0027] As used herein, the term “composition for encap-
sulation of an organic light emitting device” can be repre-
sented by “encapsulation composition” or “composition”.

[0028] As used herein, the term “etching rate of an organic
barrier layer due to plasma” or “plasma etching rate” refers
to a value calculated by Equation 2 after the following
procedures: an initial height T1 (unit: pm) of an organic
barrier layer, which is formed by depositing a composition
for encapsulation of an organic light emitting device to a
predetermined thickness and photocuring the composition,
is measured, followed by measuring height T2 (unit: pm) of
the organic barrier layer after plasma treatment under con-
ditions of inductively coupled plasma (ICP) power: 2,500 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 barrier layer may
range from about 1 um to about 10 um. The value calculated
by Equation 2 is inversely proportional to plasma resistance
of the organic barrier layer.

Plasma etching rate of organic barrier layer (%)=
(T1-12)/T1x100

<Equation 2>
[0029] Hereinafter, a composition for encapsulation of an
organic light emitting device according to one embodiment
of the present invention (hereinafter, “encapsulation com-
position”) will be described.

[0030] The encapsulation composition according to this
embodiment includes: (A) a non-silicone-based photocur-
able polyfunctional monomer, (B) a silicone-based photo-
curable polyfunctional monomer, (C) a non-silicone-based
photocurable monofunctional monomer, (D) a silicone-
based photocurable monofunctional monomer, and (E) an
initiator, wherein the (B) silicone-based photocurable poly-
functional monomer may be represented by Formula 1:
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<Formula 1>
0 X X3 Xs
O—Rl—Sli—O di—o Sli—Rz—O
CH, )l(l )|(4 . )|(6 CH,
R Ry

[0031] wherein in Formula 1, R, R,, R;, R, X, X, X,
X4, X5, Xg, and n are the same as disclosed in the following
description.

[0032] The encapsulation composition according to this
embodiment may include the (A) non-silicone-based pho-
tocurable polyfunctional monomer, the (B) silicone-based
photocurable polyfunctional monomer represented by For-
mula 1, the (C) non-silicone-based photocurable monofunc-
tional monomer, and the (D) silicone-based photocurable
monofunctional monomer. Thus, the encapsulation compo-
sition according to this embodiment can have considerably
improved photocuring rate. In addition, the encapsulation
composition according to this embodiment can realize an
organic barrier layer having high post-curing light transmit-
tance and very high plasma resistance. As a result, the
encapsulation composition according to this embodiment
can improve reliability of an organic light emitting device.
Further, the encapsulation composition according to this
embodiment can realize an organic barrier layer having low
post-curing modulus and thus can be used in a flexible
display.

[0033] Specifically, the encapsulation composition
according to this embodiment may have a photocuring rate
of about 88% or higher, for example, about 88% to about
99%. In addition, the encapsulation composition may have
a post-curing light transmittance of about 93% or higher at
awavelength of about 380 nm to about 700 nm, for example,
about 93% to about 100%. Further, the encapsulation com-
position according to this embodiment may have a post-
curing plasma etching rate of an organic barrier layer of
about 10% or less, for example, about 0.1% to about 10%,
about 0.1% to about 9%, or about 0.1% to about 8%.
Moreover, the encapsulation composition may have a post-
curing Young’s modulus (elastic modulus) of an organic
barrier layer of 6.5 GPa or less, specially about 0.1 GPa to
about 6 GPa. Within these ranges of the photocuring rate and
the plasma etching rate, the encapsulation composition can
remarkably improve reliability of the organic light emitting
device and thus can be used in an organic light emitting
display. Within this range of the modulus, the encapsulation
composition can be used in a flexible organic light emitting
display.

[0034] Herein, the (A) non-silicone-based photocurable
polyfunctional monomer, the (B) silicone-based photocur-
able polyfunctional monomer represented by Formula 1, the
(C) non-silicone-based photocurable monofunctional mono-
mer, and the (D) silicone-based photocurable monofunc-
tional monomer, and the (E) initiator are different com-
pounds. These compounds may be used alone or as a mixture
thereof.

[0035] In one embodiment, the encapsulation composition
may include about 10 wt % to about 50 wt % of the (A)
non-silicone-based photocurable polyfunctional monomer,
about 20 wt % to about 70 wt % of the (B) silicone-based
photocurable polyfunctional monomer, about 5 wt % to
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about 50 wt % of the (C) non-silicone-based photocurable
monofunctional monomer, about 1 wt % to about 50 wt %
of the (D) silicone-based photocurable monofunctional
monomet, and about 1 wt % to about 10 wt % of the (E)
initiator, based on the total weight of (A), (B), (C), (D), and
(B).

[0036] (A) Non-Silicone-Based Photocurable Polyfunc-
tional Monomer

[0037] The (A) non-silicone-based photocurable poly-
functional monomer may be a photocurable monomer hav-
ing at least two, specifically 2 to 6. photocurable functional
groups. Particularly, the (A) non-silicone-based photocur-
able polyfunctional monomer may be a non-silicone-based
di(meth)acrylate. The non-silicone-based di(meth)acrylate
has low viscosity at 25° C. to reduce viscosity of the
encapsulation composition, thereby allowing easy formation
of an organic barrier layer through inkjet printing or the like.
[0038] The (A) non-silicone-based photocurable poly-
functional monomer is a non-aromatic monomer free from
an aromatic group and may include a non-silicone-based
di(meth)acrylate containing a substituted or unsubstituted
long-chain alkylene group. In this case, the encapsulation
composition allows easy formation of an organic barrier
layer on an organic light emitting device or an inorganic
barrier layer encapsulating the organic light emitting device
through deposition or the like.

[0039] Specifically, the (A) non-silicone-based photocur-
able polyfunctional monomer may include a di(meth)acry-
late having a substituted or unsubstituted C, to C,, alkylene
group, more specifically a di(meth)acrylate having an
unsubstituted C,; to C,5 alkylene group between (meth)
acrylate groups. Here, the number of carbon atoms of the
alkylene group means the number of carbon atoms present
only in the alkylene group excluding carbon atoms of the
di(meth)acrylate group.

[0040] In one embodiment, the non-silicone-based di(me-
th)acrylate may be represented by Formula 2:

<Formula 2>
O0—Rs—0
CH, CH,
R; Ry

[0041] wherein in Formula 2, R,, R, are each indepen-
dently hydrogen or a methyl group, and

[0042] Ry is a substituted or unsubstituted C, to Cj,
alkylene group.
[0043] With the non-silicone-based photocurable poly-

functional monomer represented by Formula 2, the encap-
sulation composition according to this embodiment can
further improve the photocuring rate and has low viscosity
to allow easier deposition. For example, in Formula 2, Ry is
an unsubstituted C, to C;, alkylene group, preferably an
unsubstituted C to C,, alkylene group, more preferably an
unsubstituted C; to C,, alkylene group. More specifically,
the non-silicone-based di(meth)acrylate may include at least
one of butanediol di(meth)acrylate, hexanediol di(meth)
acrylate, octanediol di(meth)acrylate, nonanediol di(meth)
acrylate, decanediol di(meth)acrylate, undecanediol di(me-
th)acrylate, and dodecanediol di(meth)acrylate.
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[0044] The (A) non-silicone-based photocurable poly-
functional monomer may be present in an amount of about
10 wt % to about 50 wt %, for example, about 10 wt % to
about 30 wt %, about 10 wt %, about 11 wt %, about 12 wt
%, about 13 wt %, about 14 wt %, about 15 wt %, about 16
wt %, about 17 wt %, about 18 wt %, about 19 wt %, about
20 wt %, about 21 wt %, about 22 wt %, about 23 wt %,
about 24 wt %, about 25 wt %, about 26 wt %, about 27 wt
%, about 28 wt %, about 29 wt %, or about 30 wt %, based
on the total weight of (A), (B), (C), (D), and (E). Within this
range, the encapsulation composition can realize an organic
barrier layer having improved properties in terms of photo-
curing rate and light transmittance and having low plasma
etching rate.

[0045] (B) Silicone-Based Photocurable Polyfunctional
Monomer
[0046] The (B) silicone-based photocurable polyfunc-

tional monomer includes at least one substituted or unsub-
stituted C to Cs, aryl group coupled to a silicon atom. As a
result, the encapsulation composition can realize an organic
barrier layer that exhibits very high plasma resistance to
provide low plasma etching rate.

[0047] The (B) silicone-based photocurable polyfunc-
tional monomer is a silicone-based di(meth)acrylate and
may be represented by Formula 1:

<Formula 1>
o) X X3 Xs 0
| | |
O—Rl—?i—o ?i—O ?i—RZ—O
CH, X, Xy Xe CH,
n

[0048]

[0049] R, and R, are each independently a single bond, a
substituted or unsubstituted C, to C,, alkylene group, *—N
R)»—R"—* (* being 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 C;,
arylalkylene group, or *—(R"»—O—** (* being a binding
site for O in Formula 1, ** being a binding site for Si in
Formula 1, and R' being a substituted or unsubstituted C, to
C,, alkylene group),

[0050] X, X,, X5, X,, X5, 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,, alkoxy group, *—N
RYR™M (* being a binding site for an element, R' and R"
being each independently hydrogen or a substituted or
unsubstituted C, to C;, alkyl group), a substituted or unsub-
stituted C, to C,,, alkylsulfide 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,

[0051] at least one of X, X,, X;, X,, X5 and X, being a
substituted or unsubstituted C; to C,, aryl group or a
substituted or unsubstituted C, to Cs,, heteroaryl group,

Wherein in Formula 1,
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[0052] R, and R, are each independently hydrogen or a
methyl group, and

[0053] n is an integer of O to 30 or has an average value
of 0 to 30. Here, the term “single bond” refers to a direct
bond between Si and O (Si—0) in Formula 1.

[0054] Specifically, in Formula 1, R, and R, may be each
independently a single bond, a substituted or unsubstituted
C, to C,, alkylene group, or *—(R")—O—** (* being a
binding site for O in Formula 1, ** being a binding site for
Si in Formula 1, and R' being a substituted or unsubstituted
C, to C,, alkylene group).

[0055] Specifically, in Formula 1, X, X,, X5, X,, X5 and
X may be 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;, alkoxy group, a substituted or unsubsti-
tuted C to C,q aryl group, a substituted or unsubstituted C,
to C;, heteroaryl group, or a substituted or unsubstituted C,
to Cy, arylalkyl group, wherein at least one of X, X,, X,
X4, X5, and X may be a substituted or unsubstituted C; to
C,, aryl group.

[0056] 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-
lation composition can further reduce the plasma etching
rate.

[0057] More specifically, in Formula 1, X, X,, X5, X,,, X;
and X, may be each independently a substituted or unsub-
stituted C, to C,, alkyl group or a substituted or unsubsti-
tuted C, to C,, aryl group, wherein at least one of X, X,,
X5, X4, X, and X, may be a substituted or unsubstituted Cg
to C,, aryl group. More specifically, X, X,, X, X,, X and
X may be each independently a methyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, a
phenyl group, a bipheny! group or a naphthyl group, wherein
one, two, three or six of X, X,, X, X,,, X5 and X, may be
a phenyl group or a naphthyl group. In this case, the
encapsulation composition can further reduce the plasma
etching rate. More specifically, n may be an integer of 1 to
5. In this case, the encapsulation composition can further
reduce the plasma etching rate.

[0058]

[0059] Specifically, the silicone-based di(meth)acrylate
may be represented by one of Formulae 3 to 9:

More specifically, n may be an integer of 1 to 30.

<Formula 3>
o~ B
CH/\“/ Wﬁi_o_?i_o_%i_v\o)k/CHz
[0} CH; CH; CHs
<Formula 4>
CH
o BT
CHZ)\“/ \/\_%i_O_Si_O_SIi_\/\O)k(CHZ
0 CH; CH; o
3



US 2018/0342674 Al

-continued
<Formula 5>
o B 3
AN AT S
CHW Si=0=8i-0-Si~ _~ AT
(0] CH; CH;3
<Formula 6>

CH -0—S8i-0-Si CIL
2 1 1 _\/\O 2
0 CH; CH;
CHj
<Formula 7>

2

0
-0—S8i-0-Si CH,
_ RO
¢}
CH;
<Formula 8>
0
CH3 CH;
| CH,
Sl— —Si—0 —Sli
CH3 i CH; CH;

e

<Formula 9>
CH,
o CH, CH
CHZ)W \ksl 0=si-0- sl—\/\ )K(CHZ
0 CH3 CH3 o
CH;
[0060] The (B) silicone-based photocurable polyfunc-

tional monomer may be present in an amount of about 20 wt
% to about 70 wt %, specifically about 25 wt % to about 65
wt %, about 25 wt % to about 60 wt %, about 25 wt % to
about 50 wt %, about 25 wt % to about 45 wt %, about 21
wt %, about 22 wt %, about 23 wt %, about 24 wt %, about
25 wt %, about 26 wt %, about 27 wt %, 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 %, about 41 wt %, about 42 wt %, about 43 wt %,
about 44 wt %, or about 45 wt %, based on the total weight
of (A), (B), (C), (D), and (E). Within this range, the
encapsulation composition can have high photocuring rate
and can realize an organic barrier layer having high light
transmittance and low plasma etching rate.

[0061] The (A) non-silicone-based photocurable poly-
functional monomer and the (B) silicone-based photocur-
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able polyfunctional monomer may be present in a total
amount of about 30 wt % to about 60 wt %, specifically
about 30 wt % to about 55 wt %, about 30 wt % to about 50
wt %, about 35 wt % to about 55 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 %, about 41 wt %, about 42 wt %, about 43
wt %, about 44 wt %, about 45 wt %, about 46 wt %, about
47 wt %, about 48 wt %, about 49 wt %, about 50 wt %,
about 51 wt %, about 52 wt %, about 53 wt %, about 54 wt
%, about 55 wt %, based on the total weight of (A), (B), (C),
(D), and (E). Within this range, the encapsulation compo-
sition can realize an organic barrier layer having low plasma
etching rate.

[0062] The (B) silicone-based photocurable polyfunc-
tional monomer may be prepared by any typical method
known in the art. For example, the (B) silicone-based
photocurable polyfunctional monomer may be prepared by
reacting a compound for extending a carbon chain (for
example, allyl alcohol) with a siloxane compound in which
a substituted or unsubstituted C; to C,, aryl group or a
substituted or unsubstituted C, to Cs, heteroaryl group is
coupled to at least one silicon atom, followed by reaction of
the reaction product with (meth)acryloyl chloride, without
being limited thereto. Alternatively, the (B) silicone-based
photocurable polyfunctional monomer may be prepared by
reacting (meth)acryloyl chloride with a siloxane compound
in which a substituted or unsubstituted C to C,, aryl group
or a substituted or unsubstituted C, to Cs, heteroaryl group
is coupled to at least one silicon atom, without being limited
thereto.

[0063] (C) Non-Silicone-Based Photocurable Monofunc-
tional Monomer

[0064] The (C) non-silicone-based photocurable mono-
functional monomer can increase the photocuring rate of the
encapsulation composition and increase light transmittance
of the organic barrier layer.

[0065] The (C) non-silicone-based photocurable mono-
functional monomer is a non-silicone-based mono(meth)
acrylate and may include at least one of an aromatic mono
(meth)acrylate having an aromatic group and a non-aromatic
mono(meth)acrylate not containing an aromatic group.
Since both the aromatic mono(meth)acrylate and the (B)
silicone-based photocurable polyfunctional monomer
include the aromatic groups, the aromatic mono(meth)acry-
late and the (B) silicone-based photocurable polyfunctional
monomer exhibit further improved compatibility when used
together in the encapsulation composition. Thus, the aro-
matic mono(meth)acrylate can further improve miscibility
with the (B) silicone-based photocurable polyfunctional
monomer. As a result, the encapsulation composition can
remarkably reduce the plasma etching rate of the organic
barrier layer.

[0066] The aromatic mono(meth)acrylate may include a
substituted or unsubstituted aromatic group-containing
mono(meth)acrylate. Here, the term “aromatic group”
means a monocyclic aromatic group or a polycyclic aro-
matic group including fused forms and the like, or means a
form in which single rings are connected to each other by a
sigma bond. For example, the aromatic group may mean at
least one of a substituted or unsubstituted C; to Cy, aryl
group, a substituted or unsubstituted C, to Cs, arylalkyl
group, a substituted or unsubstituted C; to Cs, heteroalkyl
group, and a substituted or unsubstituted C; to Cs, het-
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eroarylalkyl group. More specifically, the aromatic group
may include at least one of phenyl, biphenyl, terphenyl,
quaterphenyl, naphthyl, anthracenyl, phenanthrenyl, chryse-
nyl, triphenylenyl, tetracenyl, pyrenyl, benzopyrenyl, pen-
tacenyl, coronenyl, ovalenyl, corannulenyl, benzyl, pyridi-
nyl, pyrazinyl, pyrimidinyl, pyridazinyl, triazinyl,
quinolinyl, isoquinolinyl, quinoxalinyl, acridinyl, quinazoli-
nyl, cinnolinyl, phthalazinyl, thiazolyl, benzothiazolyl, isox-
azolyl, benzisoxazolyl, oxazolyl, benzoxazolyl, pyrazolyl,
indazolyl, imidazolyl, benzimidazolyl, purinyl, thiophenyl,
benzothiophenyl, furanyl, benzofuranyl, and isobenzofura-
nyl groups.

[0067] For example, the aromatic mono(meth)acrylate
may be represented Formula 10:

<Formula 10>
R

Il
CHy==C—C—0—+CH,3—Rg

[0068] Wherein in Formula 10, R; is hydrogen or a methyl
group; s is an integer of 0 to 10; and

[0069] R, is a substituted or unsubstituted C; to Cs, aryl
group or a substituted or unsubstituted Cg to Csq aryloxy
group.

[0070] 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, 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.

[0071] Specifically, the aromatic mono(methacrylate 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-
nylethyl (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-
yloxy)butyl (meth)acrylate,  1-(biphenyl-2-yloxy)butyl
(meth)acrylate, 4-(biphenyl-2-yloxy)propyl (meth)acrylate,
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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-
vloxy)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. That is, it should
be understood that the (meth)acrylates as set forth herein are
provided by way of example only 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-pheny-
lethyl (meth)acrylate is mentioned by way of example, the
(meth)acrylates according to the present invention include
all of 3-phenylethyl (meth)acrylate and 4-phenyl (meth)
acrylate.

[0072] The non-aromatic mono(meth)acrylate may be a
substituted or unsubstituted C, to C, alkyl group-containing
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 a least one of decyl (meth)
acrylate, undecyl (meth)acrylate, lauryl (meth)acrylate, tri-
decyl (meth)acrylate, tetradecyl (meth)acrylate, pentadecyl
(meth)acrylate, hexadecyl (meth)acrylate, heptadecyl
(meth)acrylate, octadecyl (meth)acrylate, nonadecyl (meth)
acrylate, and arachidyl (meth)acrylate, without being limited
thereto.

[0073] The (C) non-silicone-based photocurable mono-
functional monomer may be present in an amount of about
5wt % to about 50 wt %, specifically about 5 wt % to about
45 wt %, about 5 wt % to about 40 wt %, about 5 wt % to
about 35 wt %, about 5 wt % to about 30 wt %, about 15 wt
% to about 35 wt %, for example, about 5 wt %, about 6 wt
%, about 7 wt %, about 8 wt %, about 9 wt %, about 10 wt
%, about 11 wt %, about 12 wt %, about 13 wt %, about 14
wt %, about 15 wt %, about 16 wt %, about 17 wt %, about
18 wt %, about 19 wt %, about 20 wt %, about 21 wt %,
about 22 wt %, about 23 wt %, about 24 wt %, about 25 wt
%, about 26 wt %, about 27 wt %, about 28 wt %, about 29
wt %, about 30 wt %, about 31 wt %, about 32 wt %, about
33 wt %, about 34 wt %, or about 35 wt %, based on the total
weight of (A), (B), (C), (D), and (E). Within this range, the
encapsulation composition can have increased photocuring
rate. In addition, the encapsulation composition can realize
an organic barrier layer having high light transmittance and
low plasma etching rate.

[0074] (D) Silicone-Based Photocurable Monofunctional
Monomer
[0075] The (D) silicone-based photocurable monofunc-

tional monomer can reduce post-curing modulus of an
organic barrier layer, which is formed of the encapsulation
composition, thereby allowing the encapsulation composi-
tion to be used in a flexible organic light emitting display.

[0076] The (D) silicone-based photocurable monofunc-
tional monomer is a silicon-based mono(meth)acrylate and
may be represented by Formula 11:
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<Formula 11>
R; Y,

I
o Si—.
CH; v | ’

Y;

[0077] Wherein in Formula 11, R, is hydrogen or a methyl
group;

[0078] nis an integer of 1 or more;

[0079] Y,,Y,, and Y areidentical to or different from one

another and are each independently a substituted or unsub-
stituted C, to C,, alkyl group, a substituted or unsubstituted
C, to C,, alkoxy group, a substituted or unsubstituted C; to
C,, aryloxy group, a substituted or unsubstituted C, to Cs,
dialkylamine group, a substituted or unsubstituted C, to Cs,
alkylsulfide group, a substituted or unsubstituted C, to Cy,
aryl group, a substituted or unsubstituted C, to C,,, arylalkyl
group, or a functional group represented by Formula 12:

<Formula 12>

[0080] (wherein in Formula 12, * is a binding site for Si
in Formula 11;

[0081] m is an integer of 1 or more;

[0082] Z,,Z,and Z, are identical to or different from one

another and are each independently a substituted or unsub-
stituted C, to C,, alkyl group, a substituted or unsubstituted
C, to C;, alkoxy group, a substituted or unsubstituted Cg to
C,, aryloxy group, a substituted or unsubstituted C, to C,,
dialkylamine group, a substituted or unsubstituted C1 to C30
alkylsulfide group, a substituted or unsubstituted C,4 to Cy,
aryl group, or a substituted or unsubstituted C, to Cs,
arylalkyl group); and

[0083] whenY,,Y, orY;is a functional group represented
by Formula 12 and m is 2 or more, functional groups
represented by Formula 12 and contained in the (D) silicone-
based photocurable monofunctional monomer may be iden-
tical to or different from one another.

[0084] Specifically, n and m may be each independently an
integer of 1 to 10. In one embodiment, at least one of Y, Y,
and Y, may include a substituted or unsubstituted C, to Cs,
aryl group or a substituted or unsubstituted C, to C,,
arylalkyl group. Specifically, Y,, Y, and Y; may be each
independently a substituted or unsubstituted C, to C,, alkyl
group, a substituted or unsubstituted C to C,, aryl group, or
a functional group represented by Formula 12 in which Z ,
Z, and Z; are each independently a substituted or unsubsti-
tuted C,; to C,, alkyl group, preferably a substituted or
unsubstituted C,; to Cs alkyl group, or a substituted or
unsubstituted C, to C,, aryl group. In one embodiment, at
least one of Y, Y,, and Y; may be a functional group
represented by Formula 12.

[0085] In Formula 11, when Y, Y,, or Y5 is a functional
group represented by Formula 12 and m is 2 or more,
functional groups represented by Formula 12 and contained
in the (D) silicone-based photocurable monofunctional
monomer may be identical to one another or may be
different from one another as in Formula 13.
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[0086] The (D) silicone-based photocurable monofunc-
tional monomer may include at least one of compounds
represented by Formulae 13 to 17:

<Formula 13>

CH,
CH; CH;
| | _/\/O
CH3—Sii—O—S|i—O—S|i CH;
CH; CH; CH; 0
<Formula 14>
CH;

<Formula 15>

i—O0—Si—O0—=_i
[0} (0]
CH3) KCH3
¢}
6}
CH;
CH,
<Formula 16>
0 TH3
Si—O0
CH. AN
P | O

<Formula 17>

CH3—SiM CH,
(0]

CHz
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[0087] The (D) silicone-based photocurable monofunc-
tional monomer may be prepared by any typical method
known in the art. For example, the (D) silicone-based
photocurable monofunctional monomer may be prepared by
reacting an allyl alcohol with a specific siloxane compound,
followed by reaction of the reaction product with (meth)
acryloyl chloride, without being limited thereto.

[0088] The (D) silicone-based photocurable monofunc-
tional monomer may be present in an amount of about 1 wt
% to about 50 wt %, specifically about 1 wt % to about 50
wt %, about 1 wt % to about 45 wt %, about 1 wt % to about
40 wt %, about 1 wt % to about 35 wt %, about 1 wt % to
about 30 wt %, about 1 wt % to about 25 wt %, about 10 wt
% to about 30 wt %, for example, about 1 wt %, about 2 wt
%, about 3 wt %, about 4 wt %, about 5 wt %, about 6 wt
%, about 7 wt %, about 8 wt %, about 9 wt %, about 10 wt
%, about 11 wt %, about 12 wt %, about 13 wt %, about 14
wt %, about 15 wt %, about 16 wt %, about 17 wt %, about
18 wt %, about 19 wt %, about 20 wt %, about 21 wt %,
about 22 wt %, about 22 wt %, about 23 wt %, about 24 wt
%, about 25 wt %, about 26 wt %, about 27 wt %, 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 %, about 41 wt %, about 42 wt %, about 43
wt %, about 44 wt %, about 45 wt %, about 46 wt %, about
47 wt %, about 48 wt %, about 49 wt %, or about 50 wt %,
based on the total weight of (A). (B), (C), (D), and (E).
Within this range, the encapsulation composition can realize
an organic barrier layer having low modulus.

[0089] (E) Initiator

[0090] The (E) initiator allows an organic barrier layer to
be formed by curing the (A) non-silicone-based photocur-
able polyfunctional monomer, the (B) silicone-based pho-
tocurable polyfunctional monomer represented by Formula
1, the (C) non-silicone-based photocurable monofunctional
monomet, and the (D) silicone-based photocurable mono-
functional monomer, and may include any typical photopo-
lymerization initiator without limitation.

[0091] The (E) initiator may include at least one of triaz-
ine, acetophenone, benzophenone, thioxanthone, benzoin,
phosphorus, and oxime initiators, without being limited
thereto. For example, the phosphorus initiator may include
diphenyl(2,4,6-trimethylbenzoyl)phosphine oxide, benzyl
(diphenyl)phosphine oxide, bis(2,6-dimethoxybenzoyl)(2,4,
4-trimethylpentyl)phosphine oxide, and mixtures thereof.
For example, the phosphorus initiator can exhibit better
initiation performance under UV light of long wavelengths
in the composition according to the present invention.
[0092] The (E) initiator may be present in an amount of
about 1 wt % to about 10 wt %, specifically about 1 wt %
to about 5 wt %, based on the total weight of (A), (B), (C),
(D), and (E). Within this range, the initiator allows sufficient
photopolymerization under exposure to light and can further
reduce unreacted initiator remaining after photopolymeriza-
tion, thereby further improving light transmittance of an
organic barrier layer.

[0093] The encapsulation composition may be formed as
a solvent-free composition not containing a solvent. For
example, when the encapsulation composition is a solvent-
free composition, wt % is based on the total weight of (A),
(B), (). (D), and (E).

[0094] The encapsulation composition may have a viscos-
ity at 25° C.£2° C. (23° C. to 27° C.) of about 0 cP to about
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200 cP, specifically about 100 cP or less, more specifically
about 5 ¢P to about 50 ¢P, about 5 ¢P to about 40 ¢P, or about
5 cP to about 30 cP. Within this range, the encapsulation
composition allows easy formation of an organic barrier
layer. Within this range, it is advantageous to perform a
method such as deposition and inkjet printing upon forma-
tion of an organic barrier layer.

[0095] The encapsulation composition is a photocurable
composition and may be cured by UV irradiation at about 10
mW/cm? to about 500 mW/cm? for about 1 second to about
100 seconds, without being limited thereto.

[0096] The encapsulation composition may be used in
encapsulation of an organic light emitting device. Particu-
larly, the encapsulation composition may be used in both a
non-flexible organic light emitting display and a flexible
organic light emitting display.

[0097] The encapsulation composition may be used in
encapsulation of a member for an apparatus, particularly, a
member for displays, which can suffer from degradation or
deterioration in quality due to permeation of gas or liquid in
a surrounding environment, for example, atmospheric oxy-
gen and/or moisture and/or water vapor and due to perme-
ation of chemicals used in the preparation of electronic
products. Examples of the member for an apparatus may
include illumination devices, metal sensor pads, microdisc
lasers, electrochromic devices, photochromic devices,
microelectromechanical systems, solar cells, integrated cir-
cuits, charge coupled devices, light emitting polymers, light
emitting diodes, and the like, without being limited thereto.
[0098] Next, a composition for encapsulation of an
organic light emitting device according to another embodi-
ment of the present invention will be described.

[0099] The composition for encapsulation of an organic
light emitting device according to this embodiment includes
(A) a non-silicone-based photocurable polyfunctional
monomet, (B) a silicone-based photocurable polyfunctional
monomer, (C) a non-silicone-based photocurable monofunc-
tional monomer, (D) a silicone-based photocurable mono-
functional monomer, (E) an initiator, and (F) a heat stabi-
lizer, wherein the (B) silicone-based photocurable
polyfunctional monomer may be represented by Formula 1.
As a result, the encapsulation composition according to this
embodiment can suppress change in viscosity at room
temperature. The encapsulation composition according to
this embodiment can further improve light transmittance and
photocuring rate while reducing the plasma etching rate, as
compared with the encapsulation composition not including
the heat stabilizer. Except for the heat stabilizer, the encap-
sulation composition according to this embodiment is sub-
stantially the same as the composition for encapsulation of
an organic light emitting device according to the above
embodiment. Thus, the following description will be given
only of the heat stabilizer.

[0100] In the encapsulation composition, the (F) heat
stabilizer serves to suppress change in viscosity of the
encapsulation composition at room temperature and may
include any typical heat stabilizers. In some embodiments,
the (F) heat stabilizer may be a sterically hindered phenolic
heat stabilizer. Specifically, the (F) heat stabilizer may
include at least one of pentaerythritoltetrakis[3-(3,5-di-tert-
butyl-4-hydroxyphenyl)propionate], stearyl-3-(3,5-di-t-bu-
tyl-4-hydroxyphenyl)propionate, 1,3,5-tris(2,6-dimethyl-3-
hydroxy-4-t-butylbenzyl)isocyanurate,  1,3,5-tris(3,5-di-t-
butyl-4-hydroxybenzyl)isocyanurate, 1,3,5-tris(2-
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hydroxyethyl)isocyanurate, pentaerythritoltetrakis[3-(3,5-
di-t-butylhydroxyphenyl)propionate]. and tris(4-t-butyl-3-
hydroxy-2,6-dimethylbenzyl)isocyanurate, without being
limited thereto. The (F) 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 based on the total weight of (A), (B), (C),
(D), and (E). Within this range, the heat stabilizer can further
improve storage stability and processability of the encapsu-
lation composition in a liquid state.

[0101] An organic light emitting display according to the
present invention may include an organic barrier layer
formed of the composition for encapsulation of an organic
light emitting device according to the embodiments of the
invention. Specifically, the organic light emitting display
may include an organic light emitting device; and a barrier
stack formed on the light emitting device and including an
inorganic barrier layer and an organic barrier layer, which
may be formed of the composition for encapsulation of an
organic light emitting device according to the embodiments
of the present invention. As a result, the organic light
emitting display can exhibit high reliability.

[0102] In the organic light emitting display according to
the present invention, the organic barrier layer may be
formed by inkjet printing or deposition of the composition
for encapsulation of an organic light emitting device.
[0103] Next, an organic light emitting display according to
one embodiment of the invention will be described with
reference to FIG. 1. FIG. 1 is a sectional view of an organic
light emitting display according to one embodiment of the
present invention.

[0104] Referring to FIG. 1, an organic light emitting
display 100 according to this embodiment includes a sub-
strate 10, an organic light emitting device 20 formed on the
substrate 10, and a barrier stack 30 formed on the organic
light emitting device 20 and including an inorganic barrier
layer 31 and an organic barrier layer 32, wherein the
inorganic barrier layer 31 adjoins the organic light emitting
diode 20 and the organic barrier layer 32 may be formed of
the composition for encapsulation of an organic light emit-
ting device according to the embodiments of the present
invention.

[0105] The substrate 10 is not particularly restricted so
long as an organic light emitting device can be formed on the
substrate. For example, the substrate 10 may be formed of a
material, such as transparent glass, a plastic sheet, and a
silicon or metal substrate.

[0106] The organic light emitting device 20 is commonly
used in an organic light emitting display, and, although not
shown in FIG. 1, may include a first electrode, a second
electrode, and an organic light emitting layer formed
between the first electrode and the second electrode. In
addition, the organic light emitting layer may have a struc-
ture wherein a hole injection layer, a hole transport layer, a
light emitting layer, an electron transport layer, and an
electron injection layer are sequentially stacked, without
being limited thereto.

[0107] The barrier stack 30 includes the inorganic and
organic barrier layers, and the inorganic and organic barrier
layers are composed of different components, thereby real-
izing the respective functions of encapsulating the organic
light emitting device.

[0108] The inorganic barrier layer includes different com-
ponents than the organic barrier layer, thereby supplement-

Nov. 29,2018

ing the effects of the organic barrier layer. The inorganic
barrier layer may be formed of inorganic materials having
good light transmittance and good moisture and/or oxygen
barrier properties. For example, the inorganic barrier layer
may include at least one selected from among metals;
nonmetals; compounds or alloys of at least two metals;
compounds or alloys of at least two nonmetals; oxides of
metals, nonmetals or mixtures thereof; fluorides of metals or
nonmetals or mixtures thereof; nitrides of metals, nonmetals
or mixtures thereof; carbides of metals, nonmetals or mix-
tures thereof; oxynitrides of metals, nonmetals or mixtures
thereof; borides of metals, nonmetals or mixtures thereof;
oxyborides of metals, nonmetals or mixtures thereof; sili-
cides of metals, nonmetals or mixtures thereof; 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 barrier layer may be
silicon oxide (SiO,), silicon nitride (SiN,), silicon oxynitride
(8iO,N,), zinc selenide (ZnSe), zinc oxide (Zn0), antimony
trioxide (Sb,0;), aluminum oxide (AlO,) including alumina
(A1,0,), indium oxide (In,0,), or tin oxide (SnO,).

[0109] The inorganic barrier layer may be deposited by a
plasma process or a vacuum process, for example, sputter-
ing, chemical vapor deposition, plasma chemical vapor
deposition, evaporation, sublimation, electron cyclotron
resonance-plasma enhanced chemical vapor deposition, or
combinations thereof. The inorganic barrier layer may have
a thickness of about 40 nm to about 1,000 nm, specifically
about 100 nm to about 1,000 nm.,

[0110] The organic and inorganic barrier layers are alter-
nately deposited, thereby securing smoothing properties of
the inorganic barrier layer, while preventing defects of one
inorganic barrier layer from spreading to other inorganic
barrier layers.

[0111] The organic barrier layer may be formed by depo-
sition, inkjet printing, screen printing, spin coating, blade
coating, or curing of the composition for encapsulation of an
organic light emitting device, or combinations thereof. For
example, the organic barrier layer may be formed by coating
the composition for encapsulation of an organic light emit-
ting diode to a thickness of about 1 pm to about 50 pm,
followed by curing the composition through irradiation at
about 10 mW/cm? to about 500 mW/cm? for about 1 second
to about 100 seconds. The organic barrier layer may have a
thickness of about 1 pm to about 50 Vim.

[0112] The barrier stack may include any number of
organic and inorganic barrier layers. Combination of the
organic and inorganic barrier layers may vary with a level of
permeation resistance to oxygen and/or moisture and/or
water vapor and/or chemicals. For example, the organic and
inorganic barrier layers are formed in a total of 10 layers or
less, for example, 2 layers to 7 layers. Specifically, the
organic and inorganic barrier layers are formed in a total of
7 layers in the following order: inorganic barrier layer/
organic barrier layer/inorganic barrier layer/organic barrier
layer/inorganic barrier layer/organic barrier layer/inorganic
barrier layer.

[0113] In the barrier stack, the organic and inorganic
barrier layers may be alternately deposited. This is because
the aforementioned composition has an effect on the organic
barrier layer due to the properties thereof. As a result, the
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organic and inorganic barrier layers can supplement or
reinforce encapsulation of the member for the apparatus.
[0114] Next, an organic light emitting display according to
another embodiment of the invention will be described with
reference to FIG. 2. FIG. 2 is a sectional view of an organic
light emitting display according to another embodiment of
the present invention.

[0115] Referring to FIG. 2, an organic light emitting
display 200 according to this embodiment includes a sub-
strate 10, an organic light emitting device 20 formed on the
substrate 10, and a barrier stack 30 formed on the organic
light emitting device 20 and including an inorganic barrier
layer 31 and an organic barrier layer 32, in which the
inorganic barrier layer 31 encapsulates an inner space 40
which receives the organic light emitting device 20 therein,
and the organic barrier layer 32 may be formed of the
composition for encapsulation of an organic light emitting
device according to the embodiments of the invention. The
organic light emitting display 200 according to this embodi-
ment is substantially the same as the organic light emitting
display according to the above embodiment except that the
inorganic barrier layer does not adjoin the organic light
emitting device.

MODE FOR INVENTION

[0116] 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

[0117] In a 1,000 ml flask provided with a cooling tube
and a stirrer, 300 ml of ethyl acetate, 21 g of 3,3-diphenyl-
1,1,5,5-tetramethyltrisiloxane and 43 g of allyl alcchol
(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
thereto, followed by heating the flask to 80° C. and stirring
the components for 4 hours. The remaining solvent was
removed by distillation, thereby obtaining a compound. 71.5
¢ of the obtained compound and 39 g of triethylamine were
sequentially added to 300 ml of dichloromethane, followed
by slowly adding 30.2 g of methacryloyl chloride while
stirring the mixture at 0° C. The remaining solvent was
removed by distillation, thereby obtaining a monomer rep-
resented by Formula 4 and having a purity of 95% as
determined by HPLC (molecular weight: 584.92 g/mol). (1H
NMR: 67.52, m, 6H; 67.42, m, 4H; 66.25. d, 2H; 66.02, dd,
2H; 65.82, t, 1H; 65.59, d, 2H; 63.86, m, 4H; 81.52, m, 4H;
60.58, m, 4H; 60.04, m, 12H).

<Formula 4>
CH;
PN N
CH NN Si—0—Si—0—Si o8
) X 1 1 X 1_\/\0& 2
0 CH, CH,

CH;
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Preparative Example 2

[0118] Amonomer represented by Formula 9 was obtained
in the same manner as in Preparative Example 1 except that
25 g of 3-phenyl-1,1,3,5,5-pentamethyltrisiloxane (Gelest
Inc.) was used instead of 21 g of 3,3-diphenyl-1,1.5,5-
tetramethyltrisiloxane.

<Formula 9>

CHy
CH; CH; 0

0 i i
CH NN Si-0-si—0-si CH
22\'( ] | ] _\/\OJ\( 2
0 CH; CH; CHs -
3

Preparative Example 3

[0119] In a 1,000 ml flask provided with a cooling tube
and a stirrer, 300 ml of ethyl acetate, 25 g of 3-phenyl-1,1,
1,3,5,5-hexamethyltrisiloxane (Gelest Inc.) and 47 g of allyl
alcohol were placed, followed by nitrogen purging for 30
minutes. Next, 72 ppm of Pt-on-carbon black powder (Al-
drich GmbH) was added thereto, followed by heating the
flask to 80° C. and stirring the components for 4 hours. The
remaining solvent was removed by distillation, thereby
obtaining a compound. 65.5 g of the obtained compound and
48 g of triethylamine were sequentially added to 300 ml of
dichloromethane, followed by slowly adding 31.3 g of
methacryloyl chloride while stirring the mixture at 0° C. The
remaining solvent was removed by distillation, thereby
obtaining a monomer represented by Fornula 13 and having
a purity of 97% as determined by HPLC (molecular weight:
410.73 g/mol). (1H NMR: 67.61, m, 3H: 87.12, m, 2H:
86.25, d, 1H: 66.02, dd, 1H: 83.87, m, 2H: 82.82, s, 3H:
81.54, m, 2H: 50.58, m, 2H: 80.02, m, 18H).

<Formula 13>

CH,
CH; CHj
| | _/\/O
CH3—Ti—O—Si—O—Ti CHj
CH; CH; CH; 0]
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Preparative Example 4

[0120] A monomer represented by Formula 14 and having
a purity of 96% as determined by HPLC (molecular weight:
410.73 g/mol) was obtained in the same manner as in
Preparative Example 3 except that 25 g of 3-phenyl-1,1,1,
5,5,5-hexamethyltrisiloxane (Gelest Inc.) was used instead
of 25 g of 3-phenyl-1,1,1,3,5,5-hexamethyltrisiloxane (Ge-
lest Inc.). (1H NMR: 67.61, m, 3H: §7.12, m, 2H; 56.25, d,
1H: 86.02, dd, 1H: 83.87, m, 2H: 82.82, s,3H 81.54, m, 2H:
80.58, m, 2H: 80.02, m, 18H).

<Formula 14>

P
CH;—Si—CHj
| CH,
0
| _/\/O
|Si CH;
0 0
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Example 1

[0127] 19 parts by weight of (A1), 29 parts by weight of
(B2), 29 parts by weight of (C), 20 parts by weight of (D1),
and 3 parts by weight of (E) were placed in a 125 ml brown
polypropylene bottle, and mixed by a shaker at room tem-
perature for 3 hours, thereby obtaining an encapsulation
composition.

Examples 2 to 5, Comparative Examples 1 and 2,
and Reference Example 1

[0128]
same manner as in Example | except that the kinds and/or
contents of (A), (B), (C), (D), and (E) were changed as listed
in Table 1 (unit: parts by weight).

Encapsulation compositions were prepared in the

[0129] Each of the encapsulation compositions prepared
in Examples, Comparative Examples, and Reference
Example was evaluated as to properties as listed in Table 1.
Results are shown in Table 1.

TABLE 1
Comparative Reference
Example Example Example
1 2 3 4 5 1 2 1
(A) (A1) 9 19 19 —  — 68 39 39
(A2) - - - 191 = -
(B) (B1) — % 29 - 29 29
(B2) 29 — 29— 2 -
©) 29 29 29 29 29 29 — 29
(D) (D1) 200 —  — 20 220 @ — 29 -
(D2) — 20 20 - - - — —
(E) 33 3 3 3 3 3 3
Modulus (GPa) 45 53 35 54 4 11.2 43 6.9
Photocuring rate (%) 932 923 915 932 921 932 912 923
Plasma etching rate (%) 76 66 74 63 72 76 135 2
[0121] Details of components used in Examples and Com- [0130] As shown in Table 1, the composition for encap-

parative Examples were as follows.

[0122] (A) Non-silicone-based photocurable polyfunc-
tional monomer: (Al) 1,12-dodecanediol dimethacrylate
(Sartomer Co., Ltd.), (A2) 1,6-hexanediol dimethacrylate
(Sartomer Co., Ltd.)

[0123] (B) Silicone-based photocurable polyfunctional
monomer: (B1) monomer of Preparative Example 1, (B2)
monomer of Preparative Example 2

[0124] (C) Non-silicone-based photocurable monofunc-
tional monomer: 2-phenylphenoxyethyl acrylate (Hitachi
Chemical Co., Ltd.)

[0125] (D) Silicone-based photocurable monofunctional
monomer: (D1) monomer of Preparative Example 3, (D2)
monomer of Preparative Example 4

[0126]
(BASF)

(E) Initiator: Phosphorus initiator, Darocur TPO

sulation of an organic light emitting device according to the
present invention could realize an organic barrier layer
having high photocuring rate, high light transmittance, and
low plasma etching rate, thereby improving reliability of an
organic light emitting device. In addition, the composition
for encapsulation of an organic light emitting device accord-
ing to the present invention could realize an organic barrier
layer having low modulus so as to be used in a flexible
display.

[0131]
pared in Comparative Examples 1 and 2, which were free
from one of (A), (B) and (C) had a problem of high modulus
or high plasma etching rate. In addition, the encapsulation

Conversely, the encapsulation compositions pre-

composition prepared in Reference Example 1, which was
free from (D), realized an organic barrier layer having
considerably high plasma etching rate.
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[0132] <Property Evaluation>

[0133] (1) Modulus: Each of the prepared encapsulation
compositions was deposited to a predetermined thickness,
followed by curing through UV irradiation at a wavelength
0f 395 nm at 500 mJ to obtain an organic barrier layer having
a thickness of 30 pm, thereby preparing a specimen for
modulus measurement. Modulus of the specimen was mea-
sured using a Nano Indenter G200 (Agilent Inc.) in a manner
of 5 s loading, 2 s hold loading and 5 s unloading under
conditions of experiment mode: indentation mode (using
Berkovitz), control mode: force control, Max. force: 60 uUN
(0213-T1J: 54 uN by 100 nm displacement control) at room
temperature (20° C. to 25° C.).

[0134] (2) Photocuring rate: The encapsulation composi-
tion was measured as to intensity of absorption peaks in the
vicinity of 1635 em™" (C—=C) and 1720 em™" (C—=0) using
an FT-IR spectrometer (NICOLET 4700, Thermo Co., [td.).
The encapsulation composition was applied to a glass sub-
strate through a sprayer, followed by curing through UV
irradiation at 100 mW/cm? for 10 seconds, thereby preparing
a specimen having a size of 20 cmx20 cmx3 pm (widthx
lengthxthickness). Then, the intensity of absorption peaks of
the cured film was measured in the vicinity of 1635 em™
(C=C) and 1720 cm™" (C=0) using an FT-IR spectrometer
(NICOLET 4700, Thermo Co., Ltd.). Photocuring rate was
calculated by Equation 1:

Photocuring rate (%)=11-(4/B)Ix100

[0135] wherein Equation 1, A is a ratio of the intensity of
an absorption peak in the vicinity of 1,635 cm™ to the
intensity of an absorption peak in the vicinity of 1,720 cm™
measured for the cured film, and

[0136] B is a ratio of the intensity of an absorption peak in
the vicinity of 1,635 cm' to the intensity of an absorption
peak in the vicinity of 1,720 cm™" measured for the encap-
sulation composition.

[0137] (3) Plasma etching rate: The encapsulation com-
position was deposited to a predetermined thickness and
photocured to form an organic barrier layer, followed by
measuring the initial deposition height (T1, 1 pm to 10 m)
of the organic barrier layer. The organic barrier layer was
subjected to plasma treatment under conditions of ICP
power: 2500 W, RE power: 300 W, DC bias: 200 V, Ar flow:
50 sccm, etching time: 1 min and pressure: 10 mTorr,
followed by measuring the height (T2, unit: pm) of the
organic barrier layer. The plasma etching rate of the organic
barrier layer was calculated by Equation 2:

<Equation 1>

<Equation 2>

Plasma etching rate of organic barrier layer (%)=
(T1-12)/T1x100 2,

[0138] 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.

1. A composition for encapsulation of an organic light

emitting device, comprising:

(A) a non-silicone-based photocurable polyfunctional
monomer; (B) a silicone-based photocurable polyfunc-
tional monomer; (C) a non-silicone-based photocurable
monofunctional monomer; (D) a silicone-based photo-
curable monofunctional monomer; and (E) an initiator,
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wherein the (B) silicone-based photocurable polyfunc-
tional monomer is represented by Formula 1:

<Formula 1>
0 Xy X3 Xs 0
| | |
O—Rl—?i—o ?i—O ?i—RZ—O
CH CH,
2 i) X4 . X6
R; R4

where in Formula 1, R, and R, are each independently a
single bond, a substituted or unsubstituted C, to C,,
alkylene group, *—N(R")—(R"}—* (* being 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 C,, arylalkylene
group, or *—(R")—O—** (* being a binding site for O
in Formula 1, ** being 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
hydrogen, a hydroxyl group, a halogen, a cyano group,
a substituted or unsubstituted C, to C,, alkyl group, a
substituted or unsubstituted C, to C,, heterocycloalkyl
group, a substituted or unsubstituted C; to C,,
cycloalkyl group, a substituted or unsubstituted C, to
C,, alkoxy group, *—N(R")R") (* being 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;,
alkylsulfide group, a substituted or unsubstituted C to
C,, aryl group, a substituted or unsubstituted C, to C;,
heteroaryl group, or a substituted or unsubstituted C, to
C,, arylalkyl group, at least one of X, X, X5, Xy, X;
and X being a substituted or unsubstituted C; to C,,
aryl group or a substituted or unsubstituted C, to Cs,
heteroaryl group,

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

n is an integer from 0 to 30 or has an average value of 0
to 30.

2. The composition according to claim 1, wherein, in
Formula 1, R, and R, are each independently a single bond,
a substituted or unsubstituted C, to C,, alkylene group, or
*—(R')—O—** (* being a binding site for O in Formula 1,
** heing a binding site for Si in Formula 1, and R' being a
substituted or unsubstituted C, to C;, alkylene group); and

X, X, X5, X4, X5 and X are each independently hydro-
gen, a substituted or unsubstituted C, to C,, alkyl
group, unsubstituted C; to C;, cycloalkyl group, a
substituted or unsubstituted C, to C;, alkoxy group, a
substituted or unsubstituted C, to C;, aryl group, a
substituted or unsubstituted C, to C,, heteroaryl group,
or a substituted or unsubstituted C, to C;, arylalkyl
group, at least one of X, X,, X5, X,,, X, and X, being
a substituted or unsubstituted Cg to C;, aryl group.

3. The composition according to claim 1, wherein the (B)

silicone-based photocurable polyfunctional monomer is rep-
resented by one of Formulae 3 to 9:
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<Formula 3>

CH;
o
CHW WSI 0=8i-0- 81
0 o Cny

O

)J\,CHz

<Formula 4>

CH;
o CH;j CH3 (€]
)ﬁ( W Sl

CH; 0—Si-0— Sl—\/\o )kKCH2
[0) CH3 ;3
CH,
<Formula 5>
o CH; ; C
CHW WSI 0—8i-0— Sl—\/\ JK/CHZ
0 CH3 o 2
<Formula 6>

CH; [ j[ ] o
CH)ﬁ(OWSI_

i—0—S8i-0-Si CH.
i | ? _\/\O)k( 2
e} CH; CH; CH;

CH;
<Formula 7>
CH; [ ][ j o
0
Z)T WSi—O—Si—O—Si—\/\O)K(CHZ
<Formula 8>
0
CH3 CH3
CH,
SI—O—SI—O—SI
CH3 i CH3 CH;
<Formula 9>
CH
40 Y g
cn NTNSi-0—8i-0-Si cH
2 1 i I\/\O)k( 2
0 CH; CH; CH;
CHy
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4. The composition according to claim 1, wherein the (A)
non-silicone-based photocurable polyfunctional monomer is
represented by Formula 2:

<Formula 2>

CH, CH,

where in Formula 2, R; and R, are each independently
hydrogen or a methyl group, and R is a substituted or
unsubstituted C, to C;, alkylene group.

5. The composition according to claim 1, wherein the (C)
non-silicone-based photocurable monofunctional monomer
comprises an aromatic mono(meth)acrylate.

6. The composition according to claim 1, wherein the (D)
silicone-based photocurable monofunctional monomer is
represented by Formula 11:

<Formula 11>

CH N

where in Formula 11, R; is hydrogen or a methyl group;

n is an integer of 1 or more;

Y,, Y, and Y, are identical to or different from one
another and are each independently a substituted or
unsubstituted C, to C,, alkyl group, a substituted or
unsubstituted C, to C, alkoxy group, a substituted or
unsubstituted C, to C,, aryloxy group, a substituted or
unsubstituted C, to C,, dialkylamine group, a substi-
tuted or unsubstituted C, to C,, alkylsulfide group, a
substituted or unsubstituted C; to C,, aryl group, a
substituted or unsubstituted C, to C,, arylalkyl group,
or a functional group represented by Formula 12:

<Formula 12>

(where in Formula 12, * is a binding site for Si in Formula
11;

m is an integer of 1 or more;

7,7, and 7, are identical to or different from one another
and are each independently a substituted or unsubsti-
tuted C, to C,, alkyl group, a substituted or unsubsti-
tuted C, to C;, alkoxy group, a substituted or unsub-
stituted C, to C,, aryloxy group, a substituted or
unsubstituted C; to C,, dialkylamine group, a substi-
tuted or unsubstituted C, to C;, alkylsulfide group, a
substituted or unsubstituted C, to Cs, aryl group, or a
substituted or unsubstituted C, to C;, arylalkyl group);
and
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when Y,, Y, or Y5 is Formula 12 and m is 2 or more,
functional groups represented by Formula 12 and con-
tained in the (D) silicone-based photocurable mono-
functional monomer are identical to or different from
one another).

7. The composition according to claim 1, wherein the (D)
silicone-based photocurable monofunctional monomer com-
prises at least one of compounds represented by Formulae
13 10 17:

<Formula 13>

CH,
CH; CHy

| | _/\/O
CH3—Si—O0—8i—0—=5i CH;

CH; CH; CH,

<Formula 14>

P
CH;—Si—CH;
| CH,
0
| _/\/O
T CH;
0 0

<Formula 15>

g
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-continued
<Formula 16>
0 THs
CHz\/“\o/\/_ S|i_o O
CH;
<Formula 17>
0]

N CHy.
(0]

CH;

8. The composition according to claim 1, comprising:
about 10 wt % to about 50 wt % of the (A) non-silicone-
based photocurable polyfunctional monomer; about 20 wt %
to about 70 wt % of the (B) silicone-based photocurable
polyfunctional monomer; about 5 wt % to about 50 wt % of
the (C) non-silicone-based photocurable monofunctional
monomer; about 1 wt % to about 50 wt % of the (D)
silicone-based photocurable monofunctional monomer; and
about 1 wt % to about 10 wt % of the (E) initiator, based on
the total weight of (A), (B), (C), (D), and (E).

9. The composition according to claim 1, further com-
prising: a heat stabilizer.

10. The composition according to claim 9, wherein the
heat stabilizer is present in an amount of about 0.01 ppm to
about 2,000 ppm based on the total weight of (A), (B), (C),
(D), and (E).

11. An organic light emitting display, comprising:

an organic light emitting device; and

a barrier stack formed on the organic light emitting device

and comprising an inorganic barrier layer and an
organic barrier layer,

wherein the organic barrier layer is formed of the com-

position for encapsulation of an organic light emitting
device according to claim 1.

12. The organic light emitting display according to claim
11, wherein the organic barrier layer has a modulus of about
6.5 GPa or less.
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