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Description

CROSS-REFERENCE TO RELATED PATENT APPLI-
CATION

[0001] Thisapplication claims priority to and the benefit
of Korean Patent Application No. 10-2009-0004572, filed
on January 20, 2009, in the Korean Intellectual Property
Office, the entire content of which is incorporated herein
by reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0002] The present invention relates to an organic
light-emitting display apparatus, and, more particularly,
to an organic light-emitting display apparatus for encap-
sulating an organic light-emitting device.

2. Description of the Related Art

[0003] Organic andinorganic light-emitting display ap-
paratuses are flat panel display apparatuses. In addition,
organic and inorganic light-emitting display apparatuses
are self-emitting display apparatuses that have wide
viewing angle, good contrast, and rapid response speed.
In addition, organic light-emitting display apparatuses in-
cluding a light-emitting layer formed of an organic mate-
rial have better brightness, lower driving voltage, and
higher response speed characteristics than inorganic
light-emitting display apparatuses, and can provide mul-
ticolored images. However, organic light-emitting display
apparatuses can easily deteriorate due to contamination
from outside air and penetration of moisture. In order to
protect the organic light-emitting devices (e.g., the or-
ganic light-emitting diodes) of the organic light-emitting
display apparatuses from the deterioration caused by the
contamination of outside air and/or penetration of mois-
ture, a thin film encapsulation method of alternately
stacking organic layers and inorganic layers has been
developed. The thin film encapsulation method can be
used on an organic light-emitting display apparatus hav-
ing a large, flexible, bendable, and/or ultra-thin film dis-
play.

[0004] Withreferencetoaregion horizontaltoan upper
portion of an organic light-emitting device (e.g., an or-
ganic light-emitting diode) included in an encapsulation
layer region of an alternately stacked structure, impuri-
ties, air, or moisture may easily penetrate into the periph-
eral region of the organic light-emitting device.

[0005] Also, during aprocess of depositing organiclay-
ers, an organic light-emitting device is exposed to ultra-
violet (UV) rays when liquefied or gasified organic mon-
omer is cured by irradiating UV to form polymer, which
deteriorates the properties of the organic layers included
in the organic light-emitting device, and changes the in-
terface properties between the organic layers and elec-
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trodes included in the organic light-emitting device. Thus,
the electrical properties of the organic light-emitting de-
vice may be deteriorated and/or a leakage current may
occur when a voltage is applied to the organic light-emit-
ting device, thereby increasing power consumption of the
organic light-emitting display apparatus that includes the
organic light-emitting device and reducing the lifespan
thereof.

SUMMARY OF THE INVENTION

[0006] An aspect of an embodiment of the present in-
vention is directed toward an organic light-emitting dis-
play apparatus for protecting an organic light-emitting de-
vice (e.g., an organic light-emitting diode) from external
impurities, such as gas and moisture, and/or improving
the electrical properties of the organic light-emitting de-
vice.

[0007] According to an embodiment of the present in-
vention, there is provided an organic light-emitting dis-
play apparatus including: a substrate; a display portion
on the substrate and including an organic light-emitting
device (preferably a plurality of organic light-emitting di-
odes which are arranged in a matrix); a non-display por-
tion being a peripheral region of the display portion on
the substrate; and an encapsulation layer on the display
portion (preferably on the organic light-emitting device)
and including at least a first encapsulation layer com-
posed of an inorganic material and at least a second en-
capsulation layer composed of an organic material, the
first and second encapsulation layers being alternately
stacked on the display portion (preferably on the organic
light-emitting device), wherein at least a portion of an end
portion of the encapsulation layer which contacts the non-
display portion of the substrate, includes only the first
encapsulation layer.

[0008] Preferably the complete circumference of the
(outmost) end portion of the encapsulation layer, which
contacts the non-display portion of the substrate, com-
prises only the first encapsulation layer. That is, the first
and second encapsulation layers are alternately stacked
in the display portion but the first and second encapsu-
lation layers are not alternately stacked in the portion of
the outer circumference of the first encapsulation layer.
That is, the stacked structure of the encapsulation layer
extends over the display portion and in an area of the
non-display portion which is adjacent to the display por-
tion, the stacked structure of the encapsulation layer
transforms into a structure of only the first encapsulation
layer so that in a more outmost region of the encapsula-
tion layer (of the non-display portion) the lateral end por-
tions of the encapsulation layer is only formed of the first
encapsulation layer. Accordingly, the second encapsu-
lation layer is not present in the lateral end portions of
the encapsulation layer.

[0009] Preferably, the second encapsulation layer nar-
rows in a region which is adjacent to the edge of the
organic light-emitting device, i.e. aregion which is located
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directly adjacent to the outer circumference of a projec-
tion of the organic light-emitting device onto the (second)
encapsulation layer along an axis being perpendicular to
the substrate. That is, the at least one second encapsu-
lation layer comprises a tapered portion in said region.
This tapered portion forms a step in the region where the
encapsulation layer contacts the edge of the organic
light-emitting device which can more efficiently avoid
cracking in said stepped region.

[0010] An area of the second encapsulation layer may
be greater than that of the display portion. Preferably, a
respective area of all second encapsulation layers may
be greater than the area of the display portion. Accord-
ingly, the second encapsulation layer completely covers
the display portion. In more particular, a projection of the
second encapsulation layer along a first axis onto the
display portion completely covers the display portion,
wherein the first axis is parallel to the normal vector of
the upper surface of the substrate. Preferably, the upper
surface of the substrate is a completely planar surface.
More preferably, the upper surface of the substrate is a
completely planar surface in the area of the display por-
tion.

[0011] The thickness of the second encapsulation lay-
er may be greater than that of the first encapsulation lay-
er. Preferably the respective thickness of all second en-
capsulation layers may be greater than the thickness of
the thickest first encapsulation layer. Preferably, the first
encapsulation layer and/or the second encapsulation lay-
er comprise a uniform thickness in the display portion.
Preferably, the number of first encapsulation layers and
the number of second encapsulation layers is equal to
each other. Alternatively, one more first encapsulation
layers is provided compared to the number of second
encapsulation layers (the lowest and the uppermost layer
are then first encapsulation layers and the second en-
capsulation layers are stacked therebetween). Prefera-
bly, the number of first encapsulation layers and the
number of second encapsulation layers ranges between
2 and 20. More preferably, the number of first encapsu-
lation layers and the number of second encapsulation
layers ranges between 2 and 6. Preferably, all first en-
capsulation layers have the same thickness. Preferably,
all second encapsulation layers have the same thick-
ness.

[0012] An area of the first encapsulation layer may be
greater than that of the second encapsulation layer. Pref-
erably, a respective area of all first encapsulation layers
may be greater the respective largest area of the second
encapsulation layers. Accordingly, the first encapsulation
layer (at least one first encapsulation layer) completely
covers the second encapsulation layer (at least one sec-
ond encapsulation layer). In more particular, a projection
of the first encapsulation layer along the first axis onto
the second encapsulation layer completely covers the
encapsulation layer.

[0013] The firstencapsulation layer may include a low-
est layer of the encapsulation portion that is closest to
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the display portion.

[0014] The second encapsulation layer may include a
lowest layer of the encapsulation portion that is closest
to the display portion.

[0015] The organic light-emitting display apparatus
may further include: a light function layer disposed be-
tween the display portion and the encapsulation portion.
The light function layer is preferably adapted to reflect
UV (ultraviolet light) and to increase the light extraction
efficiency of the display portion. In the sense of the
present invention, ultraviolet light is radiation having a
wavelength between 150 nm and 380 nm, more prefer-
ably between 200 nm and 380. Preferably, the light func-
tion layer has a reflectance for ultraviolet light of more
than 0.2, more preferably of more than 0.4, more prefer-
ably of more than 0.6, more preferably of more than 0.8
and still more preferably of more than 0.9. Preferably,
the light function layer has a reflectance for visible light
(380 nm - 780 nm) emitted by the organic light-emitting
device of less than 0.6, more preferably of less than 0.4,
more preferably of less than 0.2 and still more preferably
of less than 0.1.

[0016] The light function layer may be formed of a ma-
terial selected from the group consisting of Alq3, benz-
ophenone, photo acryl, BaF,, CsF, NagAl;F 14, KCI, SiO,
and combinations thereof.

[0017] The thickness of the light function layer may be
between about 20 nm and about 200 nm. More prefera-
bly, the thickness of the light function layer ranges be-
tween 100 nm and 150nm, more preferably, the thickness
of the light function layer ranges between 110 nm and
140nm and still more preferably, the thickness of the light
function layer ranges between 120 nm and 130nm. Pref-
erably, the light function layer has a uniform thickness.
Preferably, the light function layer has a uniform thick-
ness at least in an area of the display portion.

[0018] At least one of the first encapsulation layer or
the second encapsulation layer of the encapsulation por-
tion (encapsulation layer) may have a flat surface at a
position corresponding to the display portion. Preferably,
all first encapsulation layers and/or all second encapsu-
lation layers have a flat surface at a position correspond-
ing to the display portion. In the sense of the present
invention, a flat surface means a planar surface having
a maximum curvature (on the upper side) of less than
1/R, wherein R is the radius of curvature and preferably
R is greater than 0.1m, more preferably R is greater than
1 m, more preferably R is greater than 10m, more pref-
erably R is greater than 100m and still more preferably
R is greater than 1 km.

[0019] The encapsulation portion (=encapsulation lay-
er) may have a flat surface at a position corresponding
to the display portion.

[0020] Preferably the first encapsulation layer com-
prises a first, first encapsulation layer on the display por-
tion, wherein the second encapsulation layer comprises
a first, second encapsulation layer on the first, first en-
capsulation layer, and wherein the first encapsulation fur-
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ther comprises a second, first encapsulation layer on the
first, second encapsulation layer.

[0021] Preferably the second encapsulation layer fur-
ther comprises a second, second encapsulation layer on
the second, first encapsulation layer, and wherein the
first encapsulation layer further comprises a third, first
encapsulation layer on the second, second encapsula-
tion layer.

[0022] Preferably each of the first, first encapsulation
layer, the second, first encapsulation layer, and the third,
first encapsulation layer is on an outermost perimeter of
the substrate.

[0023] According to an embodiment of the present in-
vention, there is provided an organic light-emitting dis-
play apparatus comprising: a substrate; a display portion
on the substrate and comprising an organic light-emitting
device; a non-display portion being a peripheral region
of the display portion on the substrate; and an encapsu-
lation layer on the display portion and comprising a first,
first encapsulation layer on the display portion, a first,
second encapsulation layer on the first, first encapsula-
tion layer, and a second, first encapsulation layer on the
first, second encapsulation layer, wherein an end portion
ofthefirst, firstencapsulation layer contacts the substrate
and an end portion of the second, firstencapsulation layer
contacts the end portion of the first, first encapsulation
layer, and wherein each of the first, first encapsulation
layer and the second, first encapsulation layer is com-
posed of an inorganic material and the first, second en-
capsulation layer is composed of an organic material.
[0024] Preferably each of the first, first encapsulation
layer and the second, first encapsulation layer is on an
outermost perimeter of the substrate.

[0025] Preferably the organic light-emitting display ap-
paratus further comprises: a light function layer between
the display portion and the encapsulation portion.
[0026] According to an embodiment of the present in-
vention, there is provided a method for manufacturing an
organic light-emitting display apparatus as described
above. In this method, the second encapsulation layer is
formed by depositing liquefied or gasified monomer and
curing the deposited monomer by irradiating UV, and the
light function layer is disposed between the display por-
tion and the encapsulation portion, thereby preventing
damage to a portion (or a lower portion) of an organic
light-emitting device due to the irradiated UV (or protect-
ing this portion of the organic light-emitting device from
damage caused by the irradiated UV).

[0027] The light function layer may be a single layer,
but the present invention is not limited thereto. That is,
the light function layer may be a multilayer structure, the
number of layers preferably ranging between 2 and 10.
In this regard, preferably each layer of the light function
layer is formed of a material having a different refraction
index, and accordingly the reflection of UV increases.
Preferably, the light function layer is a multilayer and the
thickness of each layer is 1/4 the wavelength of UV se-
lected from 200 nm and 380 nm. Advantageously, the
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light function layer increases the reflection of UV. The
light function layer preferably resonates light generated
by the display portion, thereby increasing the light ex-
traction efficiency of the display portion. The thickness
of each layer may be between about 20 nm and about
200 nm. More preferably, the thickness of each layer
ranges between 100 nm and 150nm, more preferably,
the thickness of each layer ranges between 110 nm and
140nm and still more preferably, the thickness of each
layer ranges between 120 nm and 130nm. Preferably,
each layer has a uniform thickness. Preferably, each lay-
er has auniformthickness atleastin an area of the display
portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The accompanying drawings, together with the
specification, illustrate exemplary embodiments of the
present invention, and, together with the description,
serve to explain the principles of the present invention.

[0029] FIG. 1 is a schematic cross-sectional view of
an organic light-emitting display apparatus according to
an embodiment of the present invention;

[0030] FIG. 2 is a schematic enlarged view of an en-
capsulation portion of the organic light-emitting display
apparatus shown in FIG. 1;

[0031] FIG. 3 is a schematic plan view of the organic
light-emitting display apparatus shown in FIG. 1 taken
from a direction X; and

[0032] FIG. 4 is a schematic cross-sectional view of
an organic light-emitting display apparatus according to
another embodiment of the present invention.

DETAILED DESCRIPTION

[0033] In the following detailed description, only cer-
tain exemplary embodiments of the present invention are
shown and described, by way of illustration. As those
skilled in the art would recognize, the invention may be
embodied in many different forms and should not be con-
strued as being limited to the embodiments set forth here-
in. Also, in the context of the present application, when
an element is referred to as being "on" another element,
it can be directly on the other element or be indirectly on
the other element with one or more intervening elements
interposed therebetween. Like reference numerals des-
ignate like elements throughout the specification.
[0034] FIG. 1 is a schematic cross-sectional view of
an organic light-emitting display apparatus 100 accord-
ing to an embodiment of the present invention.

[0035] ReferringtoFIG. 1, adisplay portion 120, which
includes an organic light-emitting device (e.g., an organic
light-emitting diode) for forming an image, and an encap-
sulation portion 150, which encapsulates the display por-
tion 120, are formed on a substrate 101. A region of the
substrate 101 excluding the display potion 120 is refer-
enced as a non-display portion 140 and is shown in FIG.
3. The non-display portion 140 may extend between the
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edge (or edge portion) of the substrate 101 and the edge
(or edge portion) of the display portion 120. The edge (or
edge portion) of the display portion 120 may be the outer
edge of the outermost light emitting diodes or the outer
circumference of the outermost light emitting diodes.
[0036] FIG. 2 is a schematic enlarged view of the en-
capsulation portion 150 of FIG.

1. Here, the encapsulation portion 150 is shown to
include a first encapsulation layer 151 composed of
three first encapsulation layers 151 a, 151b, and
151c and a second encapsulation layer 152 com-
posed of two second encapsulation layers 152a and
152b. In more detail, a first, first encapsulation layer
151 ais formed on the display portion 120 and then
a first, second encapsulation layer 152a is formed
on the first, first encapsulation layer 151 a. A second,
first encapsulation layer 151 b; a second, second
encapsulation layer 152b; and a third, first encapsu-
lation layer 151c¢ are sequentially formed on the first,
second encapsulation layer 152a. However, the
present invention is not limited to the above method
of forming the encapsulation layers. For example,
the second encapsulation layer may be formed on
the display portion before the first encapsulation lay-
er is formed on the display portion. That is, either the
first encapsulation layer 151 or the second encap-
sulation layer 152 may be the lowest layer of the
encapsulation portion 150 that is closest to the dis-
play portion 120.

[0037] The first encapsulation layer 151 is formed of
an inorganic material to block or prevent gas or moisture
from penetrating from outside. In more detail, the first
encapsulation layer 151 may be formed of a metal nitride
and/or oxide containing calcium oxide, alumina, silica,
titania, indium oxide, silicon oxide, silicon nitride, and/or
aluminum nitride. The second encapsulation layer 152
is formed of an organic material to relieve stress from the
inside of the first encapsulation layer 151, fill out any pos-
sible defects, such as cracks, pinholes, etc., formed in
the surface of the first encapsulation layer 151, and make
the encapsulation portion 150 to be overall smooth. The
second encapsulation layer 152 may contain acrylic, me-
ta acrylic, polyester, PET, polyethylene, and/or polypro-
pylene.

[0038] Althoughtwo pairs of the first encapsulation lay-
er 151 and the second encapsulation layer 152 are al-
ternately stacked in FIG. 2, the present invention is not
limited thereto. That is, the number of times the first en-
capsulation layer 151 and the second encapsulation lay-
er 152 are alternately stacked is not limited in the present
invention, and two or more pairs of the first encapsulation
layer 151 and the second encapsulation layer 152 may
be alternately stacked.

[0039] An area of the second encapsulation layer 152
is greater than that of the display portion 120, so as to
cover the display portion 120. An area of the first encap-

10

15

20

25

30

35

40

45

50

55

sulation layer 151 is greater than that of the second en-
capsulation layer 152, so that the area of the first encap-
sulation layer 151 is greater than the areas of the display
portion 120 and the second encapsulation layer 152.
[0040] The first encapsulation layer 151 and the sec-
ond encapsulation layer 152 are alternately stacked on
the upper portion of the display portion 120. Only the first
encapsulation layer 151 is stacked on the peripheral re-
gion of the display portion 120. As a result, an end portion
of the first encapsulation layer 151 contacts the substrate
101, and only the first encapsulation layer 151 is stacked
on the outermost circumference of the encapsulation por-
tion 150 on the peripheral region of the display portion
120. Also, the first, first encapsulation layer 151 a that is
the lowest layer of the encapsulation portion 150 contacts
the substrate 101 as shown in FIG. 2.

[0041] Ingeneral, an organic layer that is more vulner-
able to moisture than an inorganic layer is easily de-
formed and moisture may be transferred therein. Thus,
if the second encapsulation layer 152 and the first en-
capsulation layer 151 are alternately stacked on the pe-
ripheral region of the display portion 120 formed on the
substrate 101, moisture more easily penetrates into the
display portion 120 through the second encapsulation
layer 152 than the first encapsulation layer 151. To pro-
tect from such penetration, an end region of the encap-
sulation portion 150 that is the outermost circumference
of the substrate 101 does not include the second encap-
sulation layer 152 on the peripheral region of the display
portion 120 in the encapsulation structure of the present
embodiment.

[0042] Therefore, the organic light-emitting display ap-
paratus 100 effectively prevents a defect caused by con-
taminates, such as moisture, dust, or gas that may pen-
etrate into the side surface of the display portion 120, in
particular, a defect that occurs on the edge of the display
portion 120, thereby improving the image quality proper-
ties of the organic light-emitting display apparatus 100.
[0043] Inoneembodiment, the thickness of the second
encapsulation layer 152 is greater than that of the first
encapsulation layer 151. The first encapsulation layer
151 may be formed by using sputtering, chemical vapor
deposition (CVD), ion beam assisted deposition (IBAD),
etc. The first encapsulation layer 151 that is formed to
be too thick may have too many defects that occur and
may increase the manufacturing process and cost due
to a slow filming operation. Thus, in one embodiment of
the present invention, the first encapsulation layer 151
is formed as a thin film (or multiple thin films). Also, the
second encapsulation layer 152 containing an organic
material is formed by depositing liquefied or gasified
monomer and curing the deposited monomer by irradi-
ating UV. Thus, the second encapsulation layer 152 hav-
ing a greater thickness than the first encapsulation layer
151 can be more easily manufactured than the first en-
capsulation layer 151, and may have a uniform thickness
and elaborate structure.

[0044] The second encapsulation layer 152 having a
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greater thickness than the first encapsulation layer 151
can flatten the encapsulation portion 150 formed on the
upper portion of the display portion 120 so that the en-
capsulation portion 150 has an overall elaborate struc-
ture and protects the display portion 120 from contami-
nation of outside air and/or penetration of moisture. Also,
on the regions corresponding to the upper and side por-
tions of the display portion 120 shown in FIG. 2, the thick-
ness of the second encapsulation layer 152 is greater
than that of the first encapsulation layer 151.

[0045] FIG. 4 is a schematic cross-sectional view of
an organic light-emitting display apparatus 200 accord-
ing to another embodiment of the present invention. Re-
ferring to FIG. 4, a display portion 220 is formed on a
substrate 201. An encapsulation portion 250 is formed
on the substrate 201 to encapsulate the display portion
220. A light function layer 230 is disposed between the
display portion 220 and the encapsulation portion 250.
For purposes of convenience of description, differences
between the present embodiment and the previous em-
bodiment will now be described. The substrate 201, the
display portion 220, and the encapsulation portion 250
are the same (or substantially the same) as described in
the previous embodiment and thus their detailed descrip-
tions are not provided again.

[0046] Since a second encapsulation layer is formed
by depositing liquefied or gasified monomer and curing
the deposited monomer by irradiating UV, the light func-
tion layer 230 is disposed between the display portion
220 and the encapsulation portion 250, thereby prevent-
ing damage to a portion (or a lower portion) of an organic
light-emitting device due to the irradiated UV (or protect-
ing this portion of the organic light-emitting device from
damage caused by the irradiated UV).

[0047] The light function layer 230 is formed of a ma-
terial that reflects UV and increases a light extraction
efficiency of the display portion 220. In more detalil, the
light function layer 230 is formed of Alq3, benzophenone,
photo acryl, BaF,, CsF, NasAl;F 4, KCI, and/or SiO, and,
in particular, may be formed of Alg3.

[0048] Although the light function layer 230 is shown
as a single layer in the present embodiment, the present
invention is not limited thereto. That is, the light function
layer 230 may be a multilayer structure. In this regard, if
each layer of the light function layer 230 is formed of a
material having a different refraction index, the reflection
of UV increases. When the light function layer 230 is the
multilayer and if the thickness of each layer is 1/4 the
wavelength of UV, the light function layer 230 increases
the reflection of UV. The light function layer 230 reso-
nates light generated by the display portion 220, thereby
increasing the light extraction efficiency of the display
portion 220. The thickness of the light function layer 230
is between about 20 nm and about 200 nm in order to
increase the light extraction efficiency and the color purity
of the display portion 220. If the thickness of the light
function layer 230 is less than 20 nm, the light function
layer 230 may be vulnerable to the penetration of UV,
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which deteriorates device properties. In one embodiment
of the presentinvention, the thickness of the light function
layer 230 is more than 50 nm. Because the light extraction
efficiency and the color purity of the display portion 220
may be reduced if the thickness of the light function layer
230 exceeds 200 nm, the thickness of the light function
layer 230 is less than 200 nm in another embodiment of
the present invention. In one embodiment of the present
invention, the thickness of the light function layer 230 is
less than 150 nm.

[0049] In view of the foregoing and according to an
embodiment of the present invention, an organic light-
emitting display apparatus can easily encapsulate an or-
ganiclight-emitting device and improve its electrical prop-
erties.

[0050] While the presentinvention has been described
in connection with certain exemplary embodiments, it is
to be understood that the invention is not limited to the
disclosed embodiments, but, on the contrary, is intended
to cover various modifications and equivalent arrange-
ments included within the scope of the appended claims,
and equivalents thereof.

Claims

1. Anorganic light-emitting display apparatus compris-
ing:

a substrate (101, 201);

a display portion (120, 220) located on the sub-
strate (101, 201),

an organic light-emitting device arranged in the
display portion (120, 220);

a non-display portion (140) being a peripheral
region of the display portion (120, 220) located
on the substrate (101, 201); and

an encapsulation layer (150, 250) formed on the
display portion (120, 220) and comprising at
least a first encapsulation layer (151) composed
of an inorganic material and at least a second
encapsulation layer (152) composed of an or-
ganic material, the first and second encapsula-
tion layers (151, 152) being alternately stacked
on the display portion (120, 220),
characterized in that

at least a portion of an end portion of the encap-
sulation layer (150, 250), which contacts the
non-display portion (140) of the substrate (101,
201), comprises only the first encapsulation lay-
er (151).

2. Theorganic light-emitting display apparatus of claim
1, wherein a surface area of the second encapsula-
tion layer (152) is greater than a surface area of the
display portion (120, 220).

3. The organic light-emitting display apparatus accord-
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ing to any one of the preceding claims, wherein a
thickness of the second encapsulation layer (152) is
greater than a thickness of the first encapsulation
layer (151).

The organic light-emitting display apparatus accord-
ing to any one of the preceding claims, wherein a
surface area of the first encapsulation layer (151) is
greater than a surface area of the second encapsu-
lation layer (152).

The organic light-emitting display apparatus accord-
ing to any one of the preceding claims, wherein the
first encapsulation layer (152) comprises a lowest
layer of the encapsulation layer (150) closest to the
display portion (120, 220) or wherein the second en-
capsulation layer (152) comprises a lowest layer of
the encapsulation layer (150) that is closest to the
display portion (120, 220).

The organic light-emitting display apparatus accord-
ing to any one of the preceding claims, wherein the
first encapsulation layer (151) is formed of a material
selected from the group consisting of metal nitride,
metal oxide, calcium oxide, alumina, silica, titania,
indium oxide, silicon oxide, silicon nitride, aluminum
nitride and combinations thereof; and/or the second
encapsulation layer (152) comprises one material
selected the group consisting of from acrylic, meta
acrylic, polyester, PET, polyethylene, polypropylene
and combinations thereof.

The organic light-emitting display apparatus accord-
ing to any one of the preceding claims, further com-
prising a light function layer (230) arranged between
the display portion (120, 220) and the encapsulation
layer (250), the light function layer (230) being adapt-
ed to reflect ultraviolet light.

The organic light-emitting display apparatus of claim
7, wherein the light function layer (230) comprises a
material selected from the group consisting of Afq3,
benzophenone, photo acryl, BaF,, CsF, NagAl;F 44,
KCI, SiO, and combinations thereof.

The organic light-emitting display apparatus accord-
ing to any of claims 7 and 8, wherein the light function
layer (230) is a single layer with a thickness between
from 20 nm and 200 nm.

The organic light-emitting display apparatus accord-
ing to any of claims 7 and 8, wherein the light function
layer (230) is a multilayer structure, wherein each
layer of the multilayer structure of the light function
layer (230) has a thickness between from 20 nm and
200 nm and wherein the each layer of the multilayer
structure of the light function layer (230) is formed
of a material having a different refraction index.
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The organic light-emitting display apparatus accord-
ing to any one of the preceding claims, wherein at
least one of the first encapsulation layer (151) and
the second encapsulation layer (152) has a flat sur-
face at a position corresponding to the display por-
tion (120).

The organic light-emitting display apparatus accord-
ing to any one of the preceding claims, wherein the
encapsulation layer (150, 250) has a flat surface at
a position corresponding to the display portion (120,
250).

The organic light-emitting display apparatus accord-
ing to any one of the preceding claims, wherein the
first encapsulation layer (151) comprises two layers
(151a, 151b) arranged on the organic light-emitting
device, wherein the second encapsulation layer
(152) comprises one layer (152a) interposed be-
tween the two layers (151 a, 151 b) of the first en-
capsulation layer (151).

The organic light-emitting display apparatus of claim
13, wherein the second encapsulation layer (152)
comprises two layers (152a, 152b) and the first en-
capsulation layer (151) comprises three layers
(151a, 151b, 151c¢) arranged on the display portion
(120, 220), respectively, and wherein the two layers
(152a, 152b) of the second encapsulation layer (152)
are interposed between the outermost of the three
layers (151a, 151b, 151c) of the first encapsulation
layer (151), and wherein the layers (151a, 152a,
151b, 152b, 151c) of the first and second encapsu-
lation layers (151, 152) are alternately stacked on
each other.

The organic light-emitting display apparatus of claim
14, wherein each of the three layers (151a, 151b,
151c) of the first encapsulation layer (151) laterally
terminates on the edge of the outermost perimeter
of the substrate (101).
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