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ORGANIC LIGHT EMITTING DISPLAY
APPARATUS AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0114132, filed on
Sep. 25, 2013 in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] Aspects of one or more embodiments of the present
invention are directed toward an organic light-emitting dis-
play apparatus and a method of manufacturing the same.
[0004] 2. Description of the Related Art

[0005] An organic light-emitting display apparatus, in
comparison to other display apparatuses, has a wide viewing
angle, good contrast, and fast response speed such that the
organic light-emitting display apparatus has drawn a lot of
attention as a next generation display apparatus. The organic
light-emitting display apparatus may be used as a display unit
of a small-sized product such as a mobile phone or as a
display unit of a large-sized product such as a television.
[0006] The organic light-emitting display apparatus
includes organic light-emitting devices on a substrate, and a
thin film encapsulation layer is formed to cover the organic
light-emitting devices. Because the organic light-emitting
devices are vulnerable to moisture and oxygen, a thin film
encapsulation layer is formed on the organic light-emitting
devices to prevent the moisture and oxygen from penetrating
into a panel from outside and to protect the organic light-
emitting devices from the moisture and oxygen that may
penetrate from the outside.

[0007] The thin film encapsulation layer may be formed on
the light-emitting devices by stacking organic and inorganic
films.

SUMMARY

[0008] A comparative organic light-emitting display appa-
ratus and a manufacturing method thereof have drawbacks
including;: an increase in the complexity of a deposition pro-
cess due to a multi-layer structure in which organic and inor-
ganic films are alternatively stacked; an increased process
time due to the increased complexity of the deposition pro-
cess; and a decreased lifespan of the organic light-emitting
display apparatus because penetration of moisture and oxy-
gen into a display unit is not completely prevented resulting in
the display unit being damaged.

[0009]  Accordingly, aspects of embodiments of the present
invention are directed toward an organic light-emitting dis-
play apparatus that may easily prevent moisture and oxygen
from penetrating into an inside of a panel from an outside
thereof, and a method of manufacturing the organic light-
emitting display apparatus.

[0010] Aspects of one or more embodiments of the present
invention are directed toward an organic light-emitting dis-
play apparatus that may easily prevent moisture and oxygen
from penetrating into an inside of a panel and a method of
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manufacturing the organic light-emitting display apparatus.
However, the one or more embodiments are not limited
thereto.

[0011] According to an embodiment of the present inven-
tion, an organic light-emitting display apparatus includes: a
substrate; an organic light-emitting device on the substrate;
and a thin film encapsulation layer including a first inorganic
film, a first organic film, and fine particles including silica
with platinum particles, the fine particles being dispersed on
the first organic film, wherein the thin film encapsulation
layer is on the organic light-emitting device.

[0012] The thin film encapsulation layer may further
include a second organic film arranged on the first organic
film.

[0013] The fine particles may be between the first and sec-
ond organic films.

[0014] The first and second organic films may be formed as
a single layer.
[0015] The thin film encapsulation layer may further

include a second inorganic film on the second organic film.
[0016] A size(e.g., a diameter) of each of the fine particles
may be in a range of about 5 nm to about 20 nm.

[0017] The silica may include porous silica.

[0018] A size (e.g., diameter) of each of the platinum par-
ticles may be in a range of about 1 nm to about 10 nm.
[0019] A method of manufacturing an organic light-emit-
ting display apparatus includes: preparing a substrate; form-
ing an organic light-emitting device on the substrate; and
forming a thin film encapsulation layer on the organic light-
emitting device, wherein the forming of the thin film encap-
sulation layer includes: forming a first inorganic film on the
organic light-emitting device; forming a first organic film on
the first inorganic film; and dispersing fine particles on the
first organic film, the fine particles include silica with plati-
num particles.

[0020] The forming of the thin film encapsulation layer
may further include forming of a second organic film on the
first organic film.

[0021] The dispersing of the fine particles may be per-
formed between the forming of the first organic film and the
forming of the second organic film.

[0022] The forming of the second organic film may include
forming the second organic film on the first organic film to
have no interface therebetween.

[0023] The forming of the thin film encapsulation layer
may further include forming a second inorganic film on the
second organic film.

[0024] A size (e.g., a diameter) of each of the fine particles
may be in a range of about 50 nm to about 200 nm.

[0025] The silica may include porous silica.

[0026] A size (e.g., a diameter) of each of the platinum
particles may be in a range of about 5 nm to about 10 nm.

[0027] The first and second organic films may include the
same material.
[0028] The platinum particles are on a surface and in pores

of the silica.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] These and/or other aspects will become apparent
and more readily appreciated from the following description
of example embodiments, taken in conjunction with the
accompanying drawings in which:
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[0030] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to an
embodiment of the present invention;

[0031] FIG. 2 is a schematic cross-sectional view illustrat-
ing a thin film encapsulation layer of an organic light-emitting
display apparatus according to another embodiment of the
present invention;

[0032] FIG. 3 is a schematic perspective view of a first
organic film including the thin film encapsulation layer of the
organic light-emitting display apparatus;

[0033] FIG.4isaschematic view ofone of the fine particles
dispersed on the first organic film illustrated in FIG. 3;
[0034] FIG. 5 is an enlarged schematic view of the one of
the fine particles illustrated in FIG. 4:

[0035] FIGS. 6 through 9 are cross-sectional views sche-
matically illustrating a method of manufacturing an organic
light-emitting display apparatus according to an embodiment
of the present invention;

[0036] FIG. 10 is a schematic cross-sectional view of an
organic light-emitting display apparatus.

DETAILED DESCRIPTION

[0037] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like ele-
ments throughout. However, the present embodiments may
have different forms and should not be construed as being
limited to the descriptions set forth herein. Accordingly, the
embodiments are merely described below, by referring to the
figures, to explain aspects of the present invention.

[0038] Inembodiments hereinafter, x, y, and z axes are not
limited to three axes in rectangular coordinates, but they may
be explained in a broad sense. For example, x, y, and z axes
may be perpendicular to each other but may indicate other
directions that are not perpendicular.

[0039] It will be understood that when an element or layer
is referred to as being “on” another element or layer, the
element or layer may be directly on another element or layer,
or intervening elements or layers may be present. However,
when an element is referred to as being “directly on” another
element or layer, there are no intervening elements or layers
present. Further, the use of “may” when describing embodi-
ments of the present invention refers to “one or more embodi-
ments of the present invention.”

[0040] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to an
embodiment of the present invention, and FIG. 2 is a sche-
matic cross-sectional view illustrating a thin film encapsula-
tion layer of an organic light-emitting display apparatus
according to another embodiment of the present invention.
[0041] Referring to FIGS. 1 and 2, the organic light-emit-
ting display apparatus includes a substrate 100, an organic
light-emitting device 200 arranged on the substrate 100, and
a thin film encapsulation layer 300 arranged on the organic
light-emitting device 200. The thin film encapsulation layer
300 may include a first inorganic film 310, a first organic film
320, and fine particles 400 dispersed on the first organic film
320. Asillustrated in FIG. 1, the thin film encapsulation layer
300 may further include a second organic film 330 and a
second inorganic film 340.

[0042] The organic light-emitting device 200 may be
arranged on the substrate 100 as shown in FIG. 1. In this case,
the substrate 100 may be a bottom substrate. The substrate
100 may be formed of various materials, such as glass, metal,

Mar. 26, 2015

plastic, or the like. The arrangement of the organic light-
emitting device 200 on the substrate 100 includes both a
direct arrangement of the organic light-emitting device 200
on (e.g., directly on) the substrate 100 and an arrangement of
the organic light-emitting device 200 on layers formed on the
substrate 100 (e.g., on layers stacked adjacent to one another).
For example, a thin film transistor (TFT) may be arranged on
the substrate 100, an overcoat film may cover the TFT, and
then the organic light-emitting device 200 may be disposed
on the overcoat film. FIG. 1 illustrates an embodiment in
which the organic light-emitting device 200 is directly dis-
posed on the substrate 100 for convenience.

[0043] The organic light-emitting device 200 includes a
pixel electrode, an intermediate layer including a light-emit-
ting layer placed on the pixel electrode, and an opposite
electrode disposed to cover the intermediate layer and to face
the pixel electrode. The structure of the organic light-emitting
device 200 will be further described later.

[0044] As illustrated in FIG. 1, the thin film encapsulation
layer 300 may be arranged on the organic light-emitting
device 200 in order to cover (e.g., encapsulate) it. The thin
film encapsulation layer 300 may be arranged in an order
(e.g., an order along a direction from closest to the substrate
100 to furthest away) of the first inorganic film 310, the first
organic film 320, the second organic film 220, and the second
inorganic film 340.

[0045] For example, the first inorganic film 310 is arranged
on the organic light-emitting device 200, and the first organic
film 320 is arranged on the first inorganic film 310. In this
case, the fine particles 400 may be arranged (e.g., sporadi-
cally arranged or dispersed) on the first organic film 320 (e.g,,
on a surface of the first organic film 320). The second organic
film 330 is arranged on the first organic film 320, and the
second inorganic film 340 is arranged on the second organic
film 330.

[0046] The thin film encapsulation layer 300 of the organic
light-emitting display apparatus may have a multi-layer
structure in which more than one organic and inorganic films
are stacked. When the thin film encapsulation layer 300 is
formed of only organic films or inorganic films, moisture or
oxygen may come from or may penetrate from the outside
thereof through a fine passage formed in the films. Therefore,
a multi-layer thin film encapsulation layer using an organic/
inorganic composite film in which organic and inorganic
films are stacked (e.g., alternatively stacked) should be pre-
pared or formed so as to prevent the penetration of the mois-
ture and oxygen therethrough.

[0047] The first inorganic film 310 and the second inor-
ganic film 340 may be formed of at least one material selected
from the group consisting of silicon nitride, aluminum
nitride, zirconium nitride, titanium nitride, hafnium nitride,
tantalum nitride, silicon oxide, aluminum oxide, zirconium
oxide, magnesium oxide, titanium oxide, cerium oxide, and
silicon oxynitride (e.g., SION), and may be formed as single
or multi-layer films.

[0048] As described above, the first organic film 320 is
arranged or dispersed on the first inorganic film 310. The first
organic film 320 may be formed as single or multilayer films
and may be formed of at least one material selected from the
group consisting of a diazo-based resin, an azide-based resin,
an acryl-based resin, a polyamide-based resin, a polyester-
based resin, an epoxide-based resin, a polyether-based resin,
and a urethane-based resin that are polymerized by, for
example, photo polymerization.
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[0049] As illustrated in FIG. 1, the fine particles 400 are
arranged on the first organic film 320. The fine particles 400
may include silica 410 and platinum particles 420 (refer to
FIG. 4). For example, the silica 410 may be porous, and the
platinum particles 420 may be dispersed as a catalyst on a
surface or in pores of the porous silica 410. The fine particles
400 may be dispersed on the first organic film 320. The
platinum particles 420 dispersed on the surface and in the
pores of the silica 410 of the fine particles 400 prevent the
moisture and oxygen from penetrating from the outside there-
through and protect the organic light-emitting device 200
from the moisture and oxygen, which will be further
described in more detail later.

[0050] Referring to FIG. 1, the fine particles 400 are dis-
persed on the first organic film 320, and the second organic
film 330 may be arranged on the first organic film 320 on
which the fine particles 400 are dispersed. The second organic
film 330 may be an overcoat film that ensures an upper surface
of the first organic film 320 is substantially flat. For example,
the fine particles 400 are dispersed on the first organic film
320, and when the second inorganic film 340 is directly
arranged on the first organic film 320, the upper surface
thereof may not be flat due to the fine particles 400 dispersed
on the first organic film 320. As a result, the second organic
film 330 may be further arranged on the first organic film 320
in order to ensure that the first organic film 320 is substan-
tially flat. The second organic film 330 illustrated in FIG. 1 is
a single layer film but is not limited thereto.

[0051] The second organic film 330 may be formed as
single or multilayer films and may be formed of at least one
material selected from the group consisting of a diazo-based
resin, an azide-based resin, an acryl-based resin, a polyamide-
based resin, a polyester-based resin, an epoxide-based resin,
a polyether-based resin, and a urethane-based resin that are
polymerized by, for example, the photo polymerization.
[0052] Referring to FIG. 1, the fine particles 400 are dis-
persed on the first organic film 320, and the second organic
film 330 is arranged on the first organic film 320. Therefore,
the first and second organic films 320 and 330 may be recog-
nized as being separated (e.g., may be separate or individual
layers); however, in the organic light-emitting display appa-
ratus according to another embodiment of the present inven-
tion, the first and second organic films 320 and 330 may be
one layer (e.g., a single or continuous layer) as illustrated in
FIG. 2. When the first and second organic films 320 and 330
are formed of an identical material and the second organic
film 330 is arranged on the first organic film 320, the first and
second organic films 320 and 330 may be one layer (e.g., a
single or continuous layer). The fine particles 400 are dis-
persed on the first organic film 320, but a size (e.g., a diam-
eter) of each of the fine particles 400 is about 100 nm so that
a visible or recognizable interface between the first and sec-
ond organic films 320 and 330 may not exist. As illustrated in
FIG. 2, because the fine particles 400 that are arranged on the
first organic film 320 are interposed between the first and
second organic films 320 and 330, and because the first and
second organic films 320 and 330 do not have a visible inter-
face therebetween, the fine particles 400 may float in the
middle of or between (e.g., may be dispersed in or between)
the first and second organic films 320 and 330 when a cross-
sectional view is observed.

[0053] The second inorganic film 340 may be further
arranged on the second organic film 330. Based on the upper
surface of the substrate 100, that is, along a direction from the
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substrate 100 toward the organic light-emitting device 200,
the uppermost layer of the thin film encapsulation layer 300
may be an inorganic film thereof. However, because an
organic film is vulnerable to foreign substances entering from
the outside (e.g., penetrating from the outside therethrough),
an inorganic film may be arranged as the uppermost layer
(e.g., arranged on the uppermost surface) of the thin film
encapsulation layer 300 to block the foreign substances from
penetrating therethrough. In the organic light-emitting dis-
play apparatus, the second inorganic film 340 may be
arranged as the uppermost layer of the thin film encapsulation
layer 300. However, a third organic film or a third inorganic
film may also be stacked or arranged on the second inorganic
film 340. In this case, the third organic or inorganic film may
be arranged as the uppermost layer (e.g., arranged on the
uppermost surface) of the thin film encapsulation layer 300.
[0054] FIG. 3 is a schematic perspective view of the first
organic film 320 of the thin film encapsulation layer 300 of
the organic light-emitting display apparatus, FIG. 4 is a sche-
matic view of one of the fine particles 400 dispersed on the
first organic film 320 illustrated in FIG. 3, and FIG. 5 is an
enlarged schematic view of the one of the fine particles 400
illustrated in FIG. 4. The fine particles 400 will be described
in more detail with reference to FIGS. 3 through 5.

[0055] As illustrated in FIG. 3, the fine particles 400 are
dispersed (e.g., randomly dispersed) on the first organic film
320. A method of dispersing the fine particles 400 on the first
organic film 320 may include spreading a solution including
the fine particles 400 on an organic film and drying the same
or forming an organic film and dispersing the fine particles
400 thereon by utilizing a dispenser or the like. The fine
particles 400 dispersed on the first organic film 320 prevent
moisture and oxygen from penetrating into an inside of a
panel from the outside and protect the organic light-emitting
display apparatus.

[0056] As illustrated in FIG. 4, the fine particles 400 are
formed of the silica 410, and the silica 410 may be porous.
When attaching the platinum particles 420, which act as a
catalyst, to the silica 410, a surface area of the porous silica
410 may be greater than a surface area of other silica such that
a greater number of the platinum particles 420 may be
attached thereto. The porous silica 410 has multiple pores,
and the particles of the platinum 420 may be attached onto the
surface and in the pores of the silica 410. A size (e.g., a
diameter) of the porous silica 410 may be in a range of about
100 nm to about 200 nm, and a size (e.g., a diameter) of each
platinum particle 420 attached to the porous silica 410 may be
in a range of about 5 nm to about 10 nm.

[0057] FIG. 5 illustrates an enlarged portion of the one of
the fine particles 400 illustrated in FIG. 4. Referring to FIG. 5,
the platinum particles 420 are dispersed on the surface and in
the pores of the porous silica410. As described above, the fine
particles 400 dispersed on the first organic film 320 prevent
moisture and oxygen from penetrating into an inside of the
panel. That is, the moisture and oxygen attaches to the plati-
num particles 420 that are dispersed on the surface and in the
pores of the porous silica 410 of the fine particles 400, and
thus the moisture and oxygen are blocked from reaching the
inside of the organic light-emitting display apparatus.
Accordingly, when moisture and oxygen that are not blocked
by the upper layers of the thin film encapsulation layer 300
penetrate therethrough, the moisture and oxygen entering
inside the panel through the thin film encapsulation layer 300
attach to the platinum particles 420 dispersed on the porous
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silica 410 of the fine particles 400 that are arranged (e.g.,
randomly arranged) on the first organic film 320. As a result,
foreign materials, such as moisture and oxygen, may be pre-
vented from further penetrating inside the panel of the organic
light-emitting display apparatus so that a lifespan of the
organic light-emitting display apparatus may be increased
and occurrence of dead pixels may be reduced (e.g., mini-
mized).

[0058] Also, the fine particles 400 may be dispersed to
function as a film, rather than forming a separate inorganic
film between the first and second organic films 320 and 330,
and thus a complexity of a procedure for manufacturing the
thin film encapsulation layer 300 is reduced and also a process
time is shortened.

[0059] Example embodiments ofthe organic light-emitting
display apparatus have been described so far; however, the
present invention is not limited thereto. For example, a
method of manufacturing the organic light-emitting display
apparatus is also included in the scope of the present inven-
tion.

[0060] FIGS. 6 through 9 are cross-sectional views sche-
matically illustrating a method of manufacturing an organic
light-emitting display apparatus.

[0061] FIG. 6 illustrates preparing the substrate 100 and
forming the organic light-emitting device 200 on the substrate
100. In this case, the substrate 100 may be a bottom substrate.
The substrate may be formed of various materials such as
glass, metal, or plastic. The formation of the organic light-
emitting device 200 on the substrate 100 includes not only a
direct formation of the organic light-emitting device 200 on
the substrate but also a formation of the organic light-emitting
device 200 on layers formed on the substrate 100. For
example, a TFT may be formed on the substrate 100, covered
by an overcoat film, and then the organic light-emitting
device 200 may be formed on the overcoat film. In FIGS. 6
through 9 and the description hereinafter, the organic light-
emitting device 200 is described as being directly disposed on
the substrate 100 for convenience only, but the present inven-
tion is not limited thereto.

[0062] The organic light-emitting device 200 includes the
pixel electrode, the intermediate layer including the light-
emitting layer placed on the pixel electrode, and the opposite
electrode disposed to cover the intermediate layer and to face
the pixel electrode.

[0063] As illustrated in FIG. 7 through 10, the thin film
encapsulation layer 300 may be formed on the organic light-
emitting device 200 in order to cover the same. The thin film
encapsulation layer 300 may be arranged in the order (e.g., in
the order from closest to the substrate 100 to furthest away) of
the first inorganic film 310, the first organic film 320, the
second organic film 220, and the second inorganic film 340.
[0064] For example, the first inorganic film 310 is formed
on the organic light-emitting device 200, and the first organic
film 320 is formed on the first inorganic film 310. In this case,
the fine particles 400 having the silica 410 to which the
platinum particles 420 are included and/or attached may be
arranged (e.g., sporadically arranged) on the first organic film
320. Inaddition to the formation of the first inorganic film 310
and the first organic film 320, the second organic film 330
may be formed on the first organic film 320, and the second
inorganic film 340 may be formed on the second organic film
330.

[0065] According to a manufacturing method of the
organic light-emitting display apparatus, the thin film encap-
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sulation layer 300 may have a multi-layer structure in which
more than one organic film and inorganic film are stacked.
When the thin film encapsulation layer 300 is formed only of
organic films or inorganic films, moisture or oxygen may
enter from the outside through a small passage formed in the
films. Therefore, a multi-layer thin film encapsulation layer
using an organic/inorganic composite film in which organic
and inorganic films are stacked (e.g., alternatively stacked)
may be formed so as to prevent the penetration of the moisture
and oxygen therethrough.

[0066] According to an embodiment of the present inven-
tion, the first and second inorganic films 310 and 340 may be
formed by a method selected from a group consisting of a
sputtering method, a chemical vapor deposition (CVD)
method, an electron-beam method, thermal evaporation, and
thermal ion beam assisted deposition (IBAD). The first and
second inorganic films 310 and 340 may be formed as single
or multilayer films and may be formed of at least one material
selected from the group of silicon nitride, aluminum nitride,
zirconium nitride, titanium nitride, hafnium nitride, tantalum
nitride, silicon oxide, aluminum oxide, zirconium oxide,
magnesium oxide, titanium oxide, cerium oxide, and silicon
oxynitride (e.g., SiON).

[0067] Asillustrated in FIG. 8, the fine particles 400 may be
arranged or dispersed on the first organic film 320. The first
organic film 320 may be formed by, for example, evaporation,
CVD, or photo polymerization. The fine particles 400 may
include the silica 410 and the platinum particles 420. The fine
particles 400 are formed through an operation of preparing
silica particles and then an operation of converting the silica
particles into the porous silica 410. The silica particles are
converted into the porous silica 410 in order to expand or
increase a surface area of the silica 410 to ensure that a greater
number of the platinum particles 420, which act as a catalyst,
may attach thereto. Then, by adding the separate porous silica
410 and the platinum particles 420 into a solution, the porous
silica 410 and the platinum particles 420 may be chemically
synthesized and then combined with a magnetic bar, the plati-
num particles 420 may be attached on the surface and in the
pores of the porous silica 410.

[0068] An operation of arranging the fine particles 400 on
the first organic film 320 may be performed between an
operation of forming the first organic film 320 and an opera-
tion of forming the second organic film 330. Because the fine
particles 400 may be randomly arranged on the first organic
film 320 and the platinum particles 420 that are dispersed on
the surface and in the pores of the porous silica 410 of the fine
particles 400 may prevent moisture and oxygen from pen-
etrating therethrough from the outside, the organic light-emit-
ting device 200 may be protected from the external moisture
and oxygen.

[0069] Referring to FIG. 9, the fine particles 400 are dis-
persed on the first organic film 320, and the second organic
film 330 may be formed on the first organic film 320 on which
the fine particles 400 are dispersed. The second organic film
330 may be an overcoat film to ensure the upper surface of the
first organic film 320 is flat (or planar). In FIG. 9, the second
organic film 330 is a single-layer film, but the second organic
film 330 may vary, for instance, it may be a multilayer film.
The second organic film 330 may be formed by, for example,
evaporation, a silk screen process, coating, or polymerization
using ultraviolet rays or visible rays.

[0070] An operation of forming the second organic film
330 may include forming the second organic film 330 on the
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first organic film 320 without an interface therebetween.
Referring to FIG. 9, the fine particles 400 are dispersed on the
first organic film 320, and the second organic film 330 is
formed on the first organic film 320. Thus, the first and second
organic films 320 and 330 may be recognized as separate or
independent layers; however, when the first and second
organic films 320 and 330 are formed of an identical material
and the second organic film 330 is arranged on the first
organic film 320, the first and second organic films 320 and
330 may form one layer (e.g., a single or continuous layer).
Although the fine particles 400 are dispersed on the first
organic film 320, the size (e.g., the diameter) of each fine
particle is about 100 nm so that an interface between the first
and second organic films 320 and 330 may be prevented. The
first and second organic films 320 and 330 described above
may be formed as single or multi-layer films and may be
formed of at least one material selected from the group of a
diazo-based resin, an azide-based resin, an acryl-based resin,
apolyamide-based resin, a polyester-based resin, an epoxide-
based resin, a polyether-based resin, and a urethane-based
resin that are polymerized by, for example, the photo poly-
merization.

[0071] The thin film encapsulation layer 300 may further
include the second inorganic film 340. Based on the upper
surface of the substrate 100, that is, along a direction from the
substrate 100 toward the organic light-emitting device 200,
the uppermost layer of the thin film encapsulation layer 300
may be an inorganic film of the thin film encapsulation layer
300. However, because an organic film is vulnerable to for-
eign substances entering from the outside (e.g., penetrating
therethrough), an inorganic film may be arranged as the
uppermost layer (e.g., arranged on the uppermost surface) of
the thin film encapsulation layer 300 to block the foreign
substances from penetrating therethrough. In the organic
light-emitting display apparatus, the second inorganic film
340 may be arranged as the uppermost layer of the thin film
encapsulation layer 300, or a third organic film and/or a third
inorganic film may be stacked on the second inorganic film
340. In this case, the third inorganic or inorganic film may be
arranged as the uppermost layer of the thin film encapsulation
layer 300.

[0072] As illustrated in FIG. 9, the fine particles 400 are
dispersed (e.g., randomly dispersed) on the first organic film
320. The fine particles 400 dispersed on the first organic film
320 may prevent moisture and oxygen from penetrating into
an inside of the panel from the outside so as to protect the
organic light-emitting display apparatus. The fine particles
400 are formed of the silica 410, and the silica 410 may be
porous. The porous silica 410 has multiple pores, and the
platinum particles 420 may be attached on the surface and in
the pores of the silica 410. A size (e.g., a diameter) of the
porous silica 410 may be in the range of about 100 nm to about
200nm, and a size (e.g., a diameter) of each platinum particle
420 attached to the porous silica 410 may be in the range of
about 5 nm to about 10 nm.

[0073] When moisture and oxygen that are not blocked by
the upper layers of the thin film encapsulation layer 300
penetrate therethrough, the moisture and oxygen entering
inside the panel through the thin film encapsulation layer 300
may be attach to the platinum particles 420 dispersed on the
porous silica 410 of the fine particles 400 that are arranged
(e.g., randomly arranged) on the first organic film 320, and
thus further penetration of the moisture and oxygen into the
panel of the organic light-emitting display apparatus may be
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prevented so that the lifespan thereof may increase and the
occurrence of dead pixels may be reduced (e.g., minimized).

[0074] Also, the fine particles 400 may be dispersed to
function as a film, rather than forming a separate inorganic
film between the first and second organic films 320 and 330,
and thus, a complexity of a manufacturing process of the thin
film encapsulation layer 300 is reduced and also a process
time is also reduced.

[0075] FIG. 10 is a schematic cross-sectional view of an
organic light-emitting display apparatus.

[0076] As illustrated in FIG. 10, the organic light-emitting
display apparatus according to an embodiment of the present
invention may include a thin film transistor (TFT) arranged
on the substrate 100, and the organic light-emitting device
200 that is electrically coupled to (e.g., connected to) the TFT.
The TFT includes a semiconductor layer 103 having amor-
phous silicon, polycrystalline silicon, or an organic semicon-
ductor material, a gate electrode 105, and source and drain
electrodes 107.

[0077] Abufferlayer 102 formed of silicon oxide or silicon
nitride is arranged on the substrate 100 in order to ensure a
surface of the substrate 100 is flat (e.g., planar) and/or to
prevent foreign substances from penetrating into the semi-
conductor layer 103, and the semiconductor layer 103 may be
disposed on the buffer layer 102.

[0078] The gate electrode 105 and the source and drain
electrodes 107 may include various materials. Adhesion to
neighboring layers, surface flatness of layers to be stacked,
workability, etc. may be considered when forming the gate
electrode 105, and in the case of the source and drain elec-
trodes 107, conductivity or the like may be considered when
forming the same. For example, the gate electrode 105 and the
source and drain electrodes 107 may be formed to have a
single or multilayer structure and may be formed of at least
one material selected from the group consisting of aluminum
(Al), platinum (Pt), palladium (Pd), silver (Ag), gold (Au),
nickel (Ni), neodymium (Nd), iridium (Ir), calcium (Ca),
molybdenum (Mo), titanium (T1), tungsten (W), and copper
(Cu).

[0079] A gateinsulation film 104 may be disposed between
the semiconductor layer 103 and the gate electrode 105 so as
to prevent conductivity therebetween, and an interlayer insu-
lation film 106 may be disposed between the gate electrode
105 and each of the source and drain electrodes 107. The gate
insulation film 104 and the interlayer insulation film 106 may
each be formed to have a single or multi-layer structure and
may each be formed of a material such as silicon oxide,
silicon nitride, or the like.

[0080] A protection film 108 covering the TFT may be
arranged to protect the same. The protection film 108 may be
formed of an inorganic material such as silicon oxide, silicon
nitride, silicon oxynitride, or the like. In F1G. 10, the protec-
tion film 108 is a single layer, but the protection film 108 is not
limited thereto, for instance, the protection film 108 may have
a multilayer structure.

[0081] An overcoat film 110 may be arranged on the pro-
tection film 108. For example, as illustrated in FIG. 10, when
the organic light-emitting device 200 is arranged on the upper
surface of the TFT, the overcoat film 110 may be arranged to
ensure the upper surface of the protection film 108 covering
the TFT is substantially flat. The overcoat film 110 may be
formed of, for example, an acryl-based organic material, ben-
zocyclobutene (BCB), or the like. In FIG. 10, the overcoat
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film 110 has a single-layer structure, but the overcoat film 110
is not limited thereto, for instance, the overcoat film 110 may
have multi-layer structure.

[0082] The organic light-emitting device 200 includes a
pixel electrode 210, an opposite electrode 230, and an inter-
mediate layer 220 (that is, disposed between the pixel elec-
trodes 210 and the opposite electrode 230 and includes a
light-emitting layer) are arranged on the overcoat film 110.
[0083] An opening (e.g., an aperture) for exposing at least
one of the source and drain electrodes 107 of the TF T exists in
the protection film 110 and in the overcoat film 110, and
through the opening, the pixel electrode 210 that is arranged
on the overcoat film 110 is electrically coupled to (e.g., elec-
trically connected to) the TFT by contacting the source or
drain electrode 107.

[0084] A pixel definition film 120 may be arranged on the
upper surface of the overcoat film 110. The pixel definition
film 120 includes openings (e.g., apertures) corresponding to
respective subpixels, and each of the openings (e.g., the aper-
tures) is for exposing a center of the pixel electrode 210 so as
to define a pixel. The pixel definition film 120 may be formed
of an organic material such as a polyimide.

[0085] The pixel electrode 210 may be electrically coupled
to (e.g., electrically connected to) the TFT by contacting the
source or drain electrode 107 of the TFT. The pixel electrode
210 may be formed of a transparent (or translucent) or reflec-
tive electrode. When the pixel electrode 210 is formed of the
transparent (or translucent) electrode, the pixel electrode 210
may be formed of indium tin oxide (e.g., ITO), indium zinc
oxide (e.g., IZ0), zinc oxide (e.g., ZnO), indium oxide (e.g.,
In,0;), indium gallivm oxide (e.g., IGO), or aluminum zinc
oxide (e.g.. AZO). When the pixel electrode 210 is formed of
the reflective electrode, the pixel electrode 210 may have a
reflection film formed of silver (Ag), magnesium (Mg), alu-
minum (Al), platinum (Pt), palladium (Pd), gold (Au), nickel
(Ni), neodymium (Nd), iridium (Ir), chromium (Cr) or com-
pounds thereof, and layers formed of indium tin oxide (e.g.,
ITO), indium zinc oxide (e.g., IZO), zinc oxide (e.g., ZnO),
indium oxide (e.g., In,05), indium gallium oxide (e.g., [GO),
or aluminum zinc oxide (e.g., AZO). However, one or more
embodiments of the present invention are not limited thereto,
and thus, the materials and the structures may vary.

[0086] The intermediate layer 220 of the organic light-
emitting device 200 may include low molecular weight or
macromolecular substances. When the intermediate layer 220
includes the low molecular weight substances, a hole injec-
tion layer (HIL), a hole transport layer (HTL). an emission
layer (EML), an electron transport layer (ETL), an electron
injection layer (EIL), etc. may be stacked as single or multi-
layer structures. When the intermediate layer 220 includes
macromolecular substances, the structure thereof may
include the HTL or EML.

[0087] However, one or more embodiments of the present
invention are not limited thereto.

[0088] As illustrated in FIG. 10, the opposite electrode 230
may be arranged to face a front surface of the substrate 100.
That is, the opposite electrode 230 may face the pixel elec-
trode 210 and is included in the organic light-emitting devices
200. The opposite electrode 230 may be formed of a trans-
parent (or translucent) or reflective electrode. When the oppo-
site electrode 230 is formed of the transparent (or translucent)
electrode, the opposite electrode 230 may include metals
having a low work function, for example, layers formed of
lithium (L), calcium (Ca), lithium fluoride/calcium (LiF/Ca),
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lithium fluoride/aluminum (LiF/AI), aluminum (Al), silver
(Ag), magnesium (Mg), or compounds thereof, and the trans-
parent (or translucent) conductive layers may be formed of
indium tin oxide (e.g., ITO), indium zinc oxide (e.g., [Z0),
zinc oxide (e.g., ZnO), or indium oxide (e.g., In,O). When
the opposite electrode 230 is formed of the reflective elec-
trode, the opposite electrode 230 may have layers formed of
lithium (L), calcium (Ca), lithium fluoride/calcium (LiF/Ca),
lithium fluoride/aluminum (LiF/Al), aluminum (Al), silver
(Ag), magnesium (Mg), or compounds thereof. The structure
and materials of the opposite electrode 230 are not limited
thereto, and thus, may vary.

[0089] The thin film encapsulation layer 300 may be
arranged on the opposite electrode 230. The first inorganic
film 310, the first organic film 320, the second organic film
330, and second inorganic film 340 may be arranged on the
thin film encapsulation layer 300 in the stated order. In addi-
tion, the fine particles 400 are dispersed between the first and
second organic films 320 and 330. The platinum particles 420
attached to the porous silica 410 of the fine particles 400
prevent moisture and oxygen from penetrating into the
organic light-emitting device 200 so as to protect the same.
[0090] While one or more example embodiments of the
present invention have been described with reference to the
figures, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims and their
equivalents.

What is claimed is:

1. An organic light-emitting display apparatus, the appara-
tus comprising:

a substrate;

an organic light-emitting device on the substrate; and

a thin film encapsulation layer comprising a first inorganic

film, a first organic film, and fine particles comprising
silica with platinum particles, the fine particles being
dispersed on the first organic film,

wherein the thin film encapsulation layer is on the organic

light-emitting device.

2. The organic light-emitting display apparatus of claim 1,
wherein the thin film encapsulation layer further comprises a
second organic film arranged on the first organic film.

3. The organic light-emitting display apparatus of claim 2,
wherein the fine particles are between the first and second
organic films.

4. The organic light-emitting display apparatus of claim 3,
wherein the first and second organic films are a single layer.

5. The organic light-emitting display apparatus of claim 2,
wherein the thin film encapsulation layer further comprises a
second inorganic film on the second organic film.

6. The organic light-emitting display apparatus of claim 1,
wherein a size of each of the fine particles is in a range of
about 5 nm to about 20 nm.

7. The organic light-emitting display apparatus of claim 1,
wherein the silica comprises porous silica.

8. The organic light-emitting display apparatus of claim 1,
wherein a size of each of the platinum particles is in a range of
about 1 nm to about 10 nm.

9. A method of manufacturing an organic light-emitting
display apparatus, the method comprising:

preparing a substrate;

forming an organic light-emitting device on the substrate;

and
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forming a thin film encapsulation layer on the organic

light-emitting device,

wherein the forming of the thin film encapsulation layer

comprises:

forming a first inorganic film on the organic light-emit-
ting device;

forming a first organic film on the first inorganic film;
and

dispersing fine particles on the first organic film, the fine
particles comprise silica with platinum particles.

10. The method of claim 9, wherein the forming of the thin
film encapsulation layer further comprises forming of a sec-
ond organic film on the first organic film.

11. The method of claim 10, wherein the dispersing of the
fine particles is performed between the forming of the first
organic film and the forming of the second organic film.

12. The method of claim 11, wherein the forming of the
second organic film comprises forming the second organic
film on the first organic film to have no interface therebe-
tween.
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13. The method of claim 10, wherein the forming of the
thin film encapsulation layer further comprises forming a
second inorganic film on the second organic film.

14. The method of claim 9, wherein a size of each of the fine
particles is in a range of about 50 nm to about 200 nm.

15. The method of claim 9, wherein the silica comprises
porous silica.

16. The method of claim 9, wherein a size of each of the
platinum particles is in a range of about 5 nm to about 10 nm.

17. The organic light-emitting display apparatus of claim 4,
wherein the first and second organic films comprise the same
material.

18. The organic light-emitting display apparatus ofclaim 7,
wherein the platinum particles are on a surface and in pores of
the silica.

19. The method of claim 12, wherein the first and second
organic films comprise the same material.

20. The method of claim 15, wherein the platinum particles
are on a surface and in pores of the silica.
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