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(57 ABSTRACT

An organic light-emitting display apparatus, includes a sub-
strate including display area and a non-display area; a display
device in the display area on the substrate; and a thin film
encapsulating layer that covers the display device and
includes an encapsulating inorganic layer and an encapsulat-
ing organic layer, the encapsulating inorganic layer including
a plurality of inorganic layers and the encapsulating organic
layer including a plurality of organic layers, at least one
organic layer among the plurality of organic layers including
aplurality ofholes, and the plurality of holes being filled with
an inorganic layer on the at least one organic layer.
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ORGANIC LIGHT-EMITING DISPLAY
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2014-0122940,
filed on Sep. 16, 2014, in the Korean Intellectual Property
Office, and entitled: “Organic Light-Emitting Display Appa-
ratus,” is incorporated by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] One or more exemplary embodiments relate to an
organic light-emitting display apparatus.

[0004] 2. Description of the Related Art

[0005] An organic light-emitting display apparatus may
include organic light-emitting devices (OLEDs) that include
hole injection electrodes, electron injection electrodes, and
organic emission layers formed between the hole injection
electrodes and the electron injection electrodes.

SUMMARY

[0006] Embodiments may be realized by providing an
organic light-emitting display apparatus, including a sub-
strate including display area and a non-display area; a display
device in the display area on the substrate; and a thin film
encapsulating layer that covers the display device and
includes an encapsulating inorganic layer and an encapsulat-
ing organic layer, the encapsulating inorganic layer including
a plurality of inorganic layers and the encapsulating organic
layer including a plurality of organic layers, at least one
organic layer among the plurality of organic layers including
aplurality of holes, and the plurality of holes being filled with
an inorganic layer on the at least one organic layer.

[0007] The plurality of holes may be in the non-display
area.
[0008] The plurality of holes may surround the display
area.
[0009] Theholes may be identical in shape and arranged in

a pattern such that the plurality of holes are spaced apart from
each other at predetermined intervals.

[0010] Thethin film encapsulating layer may include a first
organic layer, a first inorganic layer, a second organic layer,
and a second inorganic layer that are sequentially stacked, and
the first and second inorganic layers may contact each other at
an outer region of the first and second organic layers.

[0011] The plurality of holes may be in the second organic
layer, and the plurality of holes may be filled with the second
inorganic layer such that the second inorganic layer contacts
the first inorganic layer.

[0012] A protection layer including an inorganic material
may be between the display device and the first organic layer,
and a plurality of second holes may be in the first organic layer
and filled with the first inorganic layer such that the first
inorganic layer contacts the protection layer.

[0013] A protection layer including an inorganic material
may be between the display device and the first organic layer,
and a plurality of second holes may be in the first organic layer
and filled with the first inorganic layer such that the first
inorganic layer contacts the protection layer.

[0014] The apparatus may further include a thin film tran-
sistor that is electrically connected to the display device and
includes an active layer, a gate electrode, a source electrode,
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and a drain electrode. A gate insulating layer may be between
the active layer and the gate electrode, an interlayer insulating
layer may be between the gate electrode, the source electrode,
and the drain electrode, and the gate insulating layer and the
interlayer insulating layer may extend to the non-display area
and may form a display area inorganic layer on the substrate.
[0015] The encapsulating inorganic layer may cover the
display area, may be on the display area inorganic layer, and
may extend to an outer region of the substrate.

[0016] The apparatus may further include a blocking unit
between the display area inorganic layer and the encapsulat-
ing inorganic layer, in the display area.

[0017] The blocking unit may include a plurality of block-
ing units.
[0018] Respective heights of the plurality of blocking units

may be different and may be greater toward the outer region
of the substrate.

[0019] The apparatus may further include a passivation
layer that covers the thin film transistor and a pixel defining
layer on the passivation layer. The blocking unit may include
a same material as one or more of the passivation layer or the
pixel defining layer.

[0020] The encapsulating inorganic layer may extend
beyond an edge of the display area inorganic layer and may
contact a side of the display area inorganic layer and an upper
surface of the substrate.

[0021] Thedisplay device may be an organic light-emitting
device including a first electrode, a second electrode, and an
intermediate layer between the first and second electrodes.
[0022] Atleast one of the plurality of organic layers may be
between the plurality of inorganic layers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Features will become apparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0024] FIG. 1 illustrates a schematic plan view of an
organic light-emitting display apparatus according to an
embodiment;

[0025] FIG. 2 illustrates a schematic cross-sectional view
of the organic light-emitting display apparatus cut along the
line XA-XB of FIG. 1;

[0026] FIG. 3 illustrates a schematic cross-sectional view
of a modified example of the organic light-emitting display
apparatus of FIG. 1; and

[0027] FIG. 4 illustrates a schematic cross-sectional view
of another modified example of the organic light-emitting
display apparatus of FIG. 1.

DETAILED DESCRIPTION

[0028] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
[0029] It will be understood that although the terms “first”,
“second”, etc., may be used herein to describe various com-
ponents, these components should not be limited by these
terms. These components are only used to distinguish one
component from another.
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[P IrT]

[0030] As used herein, the singular forms “a,” “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise.

[0031] It will be further understood that the terms “com-
prises” and/or “comprising” used herein specify the presence
of stated features or components, but do not preclude the
presence or addition of one or more other features or compo-
nents.

[0032] It will be understood that when a layer, region, or
component is referred to as being “formed on,” another layer,
region, or component, it can be directly or indirectly formed
on the other layer, region, or component. That is, for example,
intervening layers, regions, or components may be present.
Further, it will be understood that when a layer is referred to
as being “under” another layer, it can be directly under, and
one or more intervening layers may also be present. In addi-
tion, it will also be understood that when a layer is referred to
as being “between” two layers, it can be the only layer
between the two layers, or one or more intervening layers may
also be present.

[0033] Sizes or dimensions of elements, e.g., layers or
regions, in the drawings may be exaggerated for convenience
of explanation. In other words, since sizes and thicknesses of
components in the drawings are arbitrarily illustrated for
convenience of explanation, the following exemplary
embodiments are not limited thereto.

[0034] Inthe following examples, the x-axis, the y-axis and
the z-axis are not limited to three axes of a rectangular coor-
dinate system, and may be interpreted in a broader sense. For
example, the x-axis, the y-axis, and the z-axis may be perpen-
dicular to one another, or may represent different directions
that are not perpendicular to one another.

[0035] When a certain embodiment may be implemented
differently, a specific process order may be performed differ-
ently from the described order. For example, two consecu-
tively described processes may be performed substantially at
the same time or performed in an order opposite to the
described order.

[0036] Reference will now be made in detail to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer 1o like elements throughout. The description of like
elements will not be repeated. As used herein, the term “and/
or” includes any and all combinations of one or more of the
associated listed items. Expressions such as “at least one of,”
when preceding a list of elements, modify the entire list of
elements and do not modify the individual elements of the list.
[0037] FIG. 1 illustrates a schematic plan view of an
organic light-emitting display apparatus 10 according to an
embodiment. FIG. 2 illustrates a schematic cross-sectional
view of the organic light-emitting display apparatus 10 cut
along the line XA-XB of FIG. 1. Referring to FIGS. 1 and 2,
the organic light-emitting display apparatus 10 according to
an embodiment may include a substrate 101 on which a
display area DA and a non-display area are defined, a display
device OD formed in the display area DA on the substrate
101, and an thin film encapsulating layer TFE covering the
display device OD.

[0038] The substrate 101 may include various materials.
For example, the substrate 101 may be formed of glass, metal,
or other organic materials.

[0039] Inanembodiment, the substrate 101 may be formed
of a flexible material. The substrate 101 formed of a flexible
material refers to a flexible substrate that may be easily bent,
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folded, or rolled. The substrate 101 formed of a flexible
material may be formed using thin glass, metal, or plastic. For
example, when plastic is used, the substrate 101 may be
formed of polyimide (PI).

[0040] The substrate 101 may be partitioned into a periph-
eral area PA and a central area CA. For example, the periph-
eral area PA may be an area adjacent to edges of the substrate
101 and the central area CA may be an area inside the periph-
eral area PA. The central area CA may include at least the
display area DA.

[0041] At least one display device OD may be disposed in
the display area DA, and an image may be displayed. The
display device OD may vary, and may be, for example, an
organic light-emitting device (OLED).

[0042] The non-display area may be formed around the
display area DA. For example, the non-display arca may
surround the display area DA. In an embodiment, the non-
display area may be adjacent to a plurality of sides of the
display area DA. In an embodiment, the non-display area may
be adjacent to one side of the display area DA. In an embodi-
ment, only the display area DA may be provided in the central
area CA. The non-display area may be formed only in the
peripheral area PA.

[0043] A barrier layer 102 may be formed on the substrate
101, and a buffer layer 103 may be formed on the barrier layer
102.

[0044] Thebarrier layer 102 may block impurities, such as
moisture or oxygen, which may penetrate through the sub-
strate 101. The barrier layer 102 may be formed of various
inorganic materials including, for example, oxide, nitride, or
oxynitride. For example, the barrier layer 102 may include
silicon nitride (SiN,), silicon oxide (SiO,), or silicon oxyni-
tride (SiO,N,). The barrier layer 102 may be formed on the
display area DA and extend so that the barrier layer 102 may
also be disposed on the peripheral area PA. In an embodiment,
the barrier layer 102 may be omitted.

[0045] The buffer layer 103 may provide a planarized sur-
face on the substrate 101 and may be a primary layer for
blocking impurities or moisture that may penetrate through
the substrate 101. Inan embodiment, the buffer layer 103 may
be omitted.

[0046] A thin film transistor (TFT) may be formed in the
display area DA on the buffer layer 103. The TFT formed on
the display area DA may function as a portion of a circuit for
driving the display device OD.

[0047] Hereinafter, an example in which the TFT is a top
gate type formed by sequentially stacking an active layer 105,
a gate electrode GE, a source electrode 106, and a drain
electrode 107 is described. In an embodiment, various types
of TFTs, such as a bottom gate type TFT, may be applied.

[0048] The active layer 105 may be formed on the buffer
layer 103. The active layer 105 may include a semiconductor
material, for example, amorphous silicon or polycrystalline
silicon. In an embodiment, the active layer 105 may include
various materials. In an embodiment, theactive layer 105 may
include an organic semiconductor material.

[0049] Inan embodiment, the active layer 105 may include
an oxide semiconductor material. For example, the active
layer 105 may include an oxide of a material selected from
metal elements of groups 12, 13, and 14. For example, the
active layer 105 may include an oxide of zinc (Zn), indium
(In), gallium (Ga), tin (Sn), cadmium (Cd), germanium (Ge),
or a combination thereof.
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[0050] A gate insulating layer 111 may be formed on the
active layer 105. The gate insulating layer 111 may be a single
layer formed of an inorganic material, for example, SiO,
and/or SiN_, or be formed of multiple layers of the inorganic
material. The gate insulating layer 111 may insulate the active
layer 105 and the gate electrode GE from each other. The gate
insulating layer 111 may be formed not only in the display
area DA, but may also extend to the peripheral area PA.
[0051] The gate electrode GE may be formed on the gate
insulating layer 111. The gate electrode GE may be connected
to a gate line (not shown) that applies on/off signals to the
TFT.

[0052] The gate electrode GE may be formed of a low
resistance metal material. For example, the gate electrode GE
may be formed as a single layer formed of a conductive
material, for example, molybdenum (Mo), aluminum (Al0,
copper (Cu), or titanium (T1), or be formed of multiple layers
of the conductive material.

[0053] Aninterlayerinsulating layer 112 may be formed on
the gate electrode GE. The interlayer insulating layer 112
may insulate the source and drain electrodes 106 and 107
from the gate electrode GE. The interlayer insulating layer
112 may be formed not only in the display area DA, but may
also extend to a portion of the peripheral area PA. The gate
insulating layer 111 and the interlayer insulating layer 112
may be formed as a display area inorganic layer 110 on the
buffer layer 103 in the peripheral area PA.

[0054] The interlayer insulating layer 112 may be formed
as asingle layer formed of an inorganic material, for example,
a metal oxide or a metal nitride, or be formed of multiple
layers of the inorganic material. For example, the inorganic
material may be SiO,, SiN,, SiON,, aluminum oxide
(ALO,), titanium oxide (TiO,), tantalum oxide (Ta,0,),
hafnium oxide (HfO,), or zinc oxide (ZnQO,).

[0055] The source and drain electrodes 106 and 107 may be
formed on the interlayer insulating layer 112. Fach of the
source and drain electrodes 106 and 107 may be formed as a
single layer of a material with excellent conductivity, or be
formed of multiple layers of the material. The source and
drain electrodes 106 and 107 may contact the active layer 105.
[0056] A first circuit unit PCU1 may be formed in the
non-display area. The first circuit unit PCU1 may transmit an
electric signal for driving the display device OD to the display
device OD or convert the electric signal.

[0057] The first circuit unit PCU1 may have various forms.
According to an embodiment, the first circuit unit PCU1 may
include a circuit active layer CA, a circuit gate electrode CG,
a circuit source electrode CS, and a circuit drain electrode
CD. The circuit active layer CA, the circuit gate electrode CG,
the circuit source electrode CS, and the circuit drain electrode
CD may be simultaneously formed using the same material as
the active layer 105, the gate electrode GE, and the source and
drain electrodes 106 and 107 of the TFT described above,
respectively.

[0058] According to an embodiment, a second circuit unit
PCU2 may be disposed on the interlayer insulating layer 112.
The second circuit unit PCU2 may transmit an electric signal
for driving the display device OD to the display device OD or
convert the electric signal.

[0059] A passivation layer 108 may cover the TFT and the
first circuit unit PCU1. The passivation layer 108 may cover
a stair-step structure resulting from the formation of the TFT
and planarize an upper surface of the source electrode 106 and
the interlayer insulating layer 112, and may prevent faults
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from being generated in the display device OD, such as the
OLED, for example, due to protrusions and depressions in a
lower portion.

[0060] The passivation layer 108 may be formed as a single
layer formed of an organic material or be formed of multiple
layers of the organic material. The organic material may
include polymer derivatives having commercial polymers
such as polymethylmethacrylate (PMMA) or polystyrene
(PS), and a phenol group, an acryl-based polymer, an imide-
based polymer, an arylene ether-based polymer, an amide-
based polymer, a fluorine-based polymer, a p-xylene-based
polymer, a vinylalcohol-based polymer, or a combination
thereof. In an embodiment, the passivation layer 108 may be
formed as a composite structure including an inorganic insu-
lating layer and an organic insulating layer.

[0061] The display device OD may be formed on the pas-
sivation layer 108. The display device OD may be electrically
connected to the TFT, and may include a first electrode FE, a
second electrode SE, and an intermediate layer IM provided
between the first and second electrodes FE and SE.

[0062] Thefirst electrode FE may be electrically connected
to any one of the source and drain electrodes 106 and 107. The
first electrode FE may have various forms. For example, the
first electrode FE may be patterned in an island shape.
[0063] The first electrode FE may be formed of various
materials. For example, the first electrode FE may include one
or more of transparent conductive oxides, for example,
indium tin oxide (ITO), indium zinc oxide (IZ0), zinc oxide
(Zn0O), indium oxide (In,0;), indium gallium oxide (IGO), or
aluminum zinc oxide (AZO). In an embodiment, the first
electrode FE may include a metal having a high reflectivity,
such as silver (Ag).

[0064] The intermediate layer IM may include an organic
emission layer that may be formed of a low molecular mate-
rial or a polymer material. In addition to the organic emission
layer, according to an embodiment, the intermediate layer IM
may further include one or more of a hole injection layer, a
hole transport layer, an electron transport layer, or an electron
injection layer.

[0065] The organic emission layer may be independently
formed in OLEDs. The OLEDs may respectively emit red,
green, and blue light. In an embodiment, a common organic
emission layer may be formed over all the OLEDs. For
example, a plurality of organic emission layers that emit red,
green, and blue light may be vertically stacked or combined to
emit white light. Color combinations for emitting white light
is not limited to the description above. A color converting
layer or a color filter that converts white light into light of a
predetermined color may be additionally provided.

[0066] The second electrode SE may be formed of various
conductive materials. For example, the second electrode SE
may include lithium (Li), calcium (Ca), lithium fluoride
(LiF), Al, magnesium (Mg), or Ag. The second electrode SE
may be formed as a single layer or multiple layers using one
or more the materials described above or an alloy thereof.
[0067] A pixel defining layer PDL may be formed on the
passivation layer 108. The pixel defining layer PDL may be
formed such that a predetermined region of the first electrode
FE is not covered. The intermediate layer IM may be formed
on the region of the first electrode FE which is not covered by
the pixel defining layer PDL, and the second electrode SE
may be formed on the intermediate layer IM.

[0068] The pixel defining layer PDL may be formed of at
least one organic insulating material selected from PI, polya-
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mide (PA), acrylic resin, benzocyclobutene (BCB), and phe-
nolic resin using a method such as spin coating.

[0069] A function layer 160 and a protection layer 170 may
be formed on the second electrode SE.

[0070] The function layer 160 may include a capping layer
161 and a cover layer 162. The capping layer 161 may protect
the second electrode SE, which is the uppermost layer of the
display device OD formed in the display area DA, a refractive
index of visible light generated in the display device OD may
be controlled, and light efficiency may be improved.

[0071] The cover layer 162 may be formed on the capping
layer 161, and the capping layer 161 and the display device
OD may be protected. The cover layer 162 may control the
refractive index of the visible light generated in the display
device OD, and the light efficiency of the organic light-emit-
ting display apparatus 10 may be improved. The cover layer
162 may include, for example, LiF.

[0072] The capping layer 161 may have a larger area than
the display device OD, and may cover the display device OD.
According to an embodiment, the cover layer 162 may be
smaller than the capping layer 161.

[0073] The protection layer 170 may be formed on the
function layer 160, for example, using an inorganic material
such as oxide or nitride. According to an embodiment, the
protection layer 170 may include an aluminum oxide, for
example, Al,O,.

[0074] The thin film encapsulating layer TFE may include
an encapsulating inorganic layer 120 and an encapsulating
organic layer 140, external oxygen or moisture may be
blocked, and the display device OD may be protected.
[0075] The encapsulating inorganic layer 120 may cover
the display area DA on the substrate 101, extend to an outer
region of the substrate 101, and be formed on the display area
inorganic layer 110.

[0076] The encapsulating inorganic layer 120 may be
formed using various materials such as oxide, nitride, or
oxynitride, and may block external oxygen or moisture. For
example, the encapsulating inorganic layer 120 may include
SiN,, Si0,, or SiO,N,.

[0077] The encapsulating inorganic layer 120 may include
a plurality of inorganic layers. For example, FIG. 2 illustrates
that the encapsulating inorganic layer 120 may include a first
inorganic layer 121 and a second inorganic layer 122. In an
embodiment, the encapsulating inorganic layer 120 may
include three or more inorganic layers.

[0078] The encapsulating organic layer 140 may cover at
least the display area DA on the substrate 101. The encapsu-
lating organic layer 140 may have a smaller area than the
encapsulating inorganic layer 120. When used together with
the encapsulating inorganic layer 120, the encapsulating
organic layer 140 may have an improved encapsulating prop-
erty, may relieve stress applied to the encapsulating inorganic
layer 120, and may conveniently form a planarized layer.
[0079] Theencapsulating organic layer 140 may be formed
using various inorganic materials. For example, the encapsu-
lating organic layer 140 may include an epoxy resin, an
acrylic resin, or a PI resin.

[0080] The encapsulating organic layer 140 may include a
plurality of organic layers. FIG. 2 illustrates that the encap-
sulating organic layer 140 may include a first organic layer
141 and a second organic layer 142. The encapsulating
organic layer 140 may include three or more organic layers.
[0081] The first and second organic layers 141 and 142 may
respectively be disposed between the protection layer 170 and
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the first inorganic layer 121 and between the first inorganic
layer 121 and the second inorganic layer 122. For example,
the first organic layer 141 may be disposed between the
protection layer 170 and the first inorganic layer 121, and the
second organic layer 142 may be disposed between the first
inorganic layer 121 and the second inorganic layer 122. The
encapsulating organic layer 140 may have a smaller area than
the encapsulating inorganic layer 120, the first and second
inorganic layers 121 and 122 and the protection layer 170
may contact each other at an outer region of the encapsulating
organic layer 140, external impurities may be prevented from
penetrating through a side surface of the organic light-emit-
ting display apparatus 10, and the adhesion strength of the
thin film encapsulating layer TFE may be improved.

[0082] A plurality ofholes may be formed in one or more of
the first organic layer 141 or the second organic layer 142, and
the adhesion strength of the encapsulating layer TFE may be
improved. For example, as illustrated in FIG. 2, the first
inorganic layer 121 and the second inorganic layer 122 may
respectively be disposed under and above the second organic
layer 142. A plurality of first holes H1 formed in the second
organic layer 142 may be filled with the second inorganic
layer 122 disposed on the second organic layer 142, and a
contact area between the first and second inorganic layers 121
and 122 may be increased.

[0083] Theadhesion strength of the thin film encapsulating
layer TFE may be improved. The organic light-emitting dis-
play apparatus 10 may be flexible, and the thin film encapsu-
lating layer TFE may be prevented from being damaged or
being peeled off, for example, when the organic light-emit-
ting display apparatus 10 is bent. Since it is not necessary to
increase the contact area between the first and second inor-
ganic layers 121 and 122 at the outer region of the encapsu-
lating organic layer 140 to improve the adhesion strength of
the thin film encapsulating layer TFE, dead spaces may not be
increased in the organic light-emitting display apparatus 10.
[0084] The plurality of first holes H1 may be located at the
periphery of the non-display area that is formed outside the
display area DA and surround the display area DA. For
example, the plurality of first holes H1 may be identical in
shape and arranged in a pattern such that the first holes H1 are
spaced apart from each other at predetermined intervals, and
the adhesion strength of the thin film encapsulating layer TFE
may not be concentrated at a single side of the outer region of
the display area DA, but uniformly increased in the entire
outer region of the display area DA. The plurality of first holes
H1 may be formed in the non-display area, and the adhesion
strength of the encapsulating layer TFE may be improved.
Simultaneously, the image quality of the organic light-emit-
ting display apparatus 10 may be prevented from being dete-
riorated, for example, due to the moiré phenomenon caused
by the pattern formed by the plurality of first holes H1.
[0085] A blocking unit 150 may be additionally formed in
the peripheral area PA. For example, the blocking unit 150
may be formed on the display area inorganic layer 110 and
disposed closer to an edge of the substrate 101, compared to
at least the encapsulating organic layer 140, and little to no
organic material for forming the encapsulating organic layer
140 may overflow toward the edge of the substrate 101 when
the encapsulating organic layer 140 is formed.

[0086] Theblocking unit 150 may be disposed between the
display area inorganic layer 110 and the encapsulating inor-
ganic layer 120. According to an embodiment, the blocking
unit 150 may be formed on an upper portion of the display
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area inorganic layer 110, for example, on the interlayer insu-
lating layer 112. The blocking unit 150 may include, for
example, a first blocking unit 151, a second blocking unit 152,
and a third blocking unit 153.

[0087] Thefirst to third blocking units 151 to 153 may have
different heights. For example, respective heights of the first
to third blocking units 151 to 153 may be greater toward the
outer region of the substrate 101, and materials for forming
the first and second organic layers 141 and 142 may be pre-
vented from overflowing when the first and second organic
layers 141 and 142 are formed.

[0088] In an embodiment, all of the first to third blocking
units 151 to 153 may not be included. For example, only the
first blocking unit 151 or only the first and second blocking
units 151 and 152 may be formed.

[0089] The blocking unit 150 may be formed of various
materials. According to an embodiment, the first blocking
unit 151 may be formed using the same material as the pas-
sivation layer 108 or the pixel defining layer PDL. According
to an embodiment, a first layer 152a and a second layer 1525
of the second blocking unit 152 may be formed using the
same material as the passivation layer 108 and the pixel
defining layer PDL.

[0090] According to an embodiment, a first layer 153q, a
second layer 1535, and a third layer 153¢ of the third blocking
unit 153 may respectively be formed using the same material
as one or more of the passivation layer 108 or the pixel
defining layer PDL. According to an embodiment, a conduc-
tive unit MUP may be disposed at a lower portion of the third
blocking unit 153, for example, under the first layer 153a.
[0091] At an outer region of the blocking unit 150, the
encapsulating inorganic layer 120 may contact the display
area inorganic layer 110. The encapsulating inorganic layer
120 may extend beyond an edge of the display area inorganic
layer 110, may contact an upper surface of the substrate 101
and a side of the display area inorganic layer 110, and an edge
of the encapsulating inorganic layer 120 may be prevented
from being delaminated, which may cause the encapsulating
inorganic layer 120 to have a weak encapsulating property
and be removed.

[0092] FIG. 3 illustrates a schematic cross-sectional view
of a modified example of the organic light-emitting display
apparatus 10 of FIG. 1. Like FIG. 2, FIG. 3 illustrates a
schematic cross-sectional view of the organic light-emitting
display apparatus 10 cut along the line XA-XB of FIG. 1.
Referring to FIGS. 1 and 3, the organic light-emitting display
apparatus 10 may include the substrate 101 on which the
display area DA and the non-display area are defined, the
display device OD formed in the display area DA on the
substrate 101, and the thin film encapsulating layer TFE cov-
ering the display device OD.

[0093] The barrier layer 102 and the buffer layer 103 may
be formed on the substrate 101.

[0094] The TFT may be formed in the display area DA on
the buffer layer 103. The TFT may include the active layer
105, the gate electrode GE, and the source and drain elec-
trodes 106 and 107. The gate insulating layer 111 and the
interlayer insulating layer 112 may be formed not only in the
display area DA but also extend to a portion of the peripheral
area PA. For example, the gate insulating layer 111 and the
interlayer insulating layer 112 may be formed as the display
area inorganic layer 110 in the peripheral area PA.

[0095] The first circuit unit PCU1 may be formed in the
non-display area. According to an embodiment, the first cir-
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cuit unit PCU1 may include the circuit active layer CA, the
circuit gate electrode CG, the circuit source electrode CS, and
the circuit drain electrode CD. The second circuit unit PCU2
may be disposed on the interlayer insulating layer 112.
[0096] The display device OD may be formed on the pas-
sivation layer 108. The display device OD may be an OLED
that may be electrically connected to the TFT and may
include the first electrode FE, the second electrode SE, and
the intermediate layer IM provided between the first and
second electrodes FE and SE. For example, the pixel defining
layer PDL may be formed on the passivation layer 108, and a
predetermined region of the first electrode FE may be not
covered. Then, the intermediate layer IM may be formed on
the region of the first electrode FE which is not covered by the
pixel defining layer PDL, and the second electrode SE may be
formed on the intermediate layer IM.

[0097] The function layer 160 and the protection layer 170
may be additionally formed on the second electrode SE. The
function layer 160 may include the capping layer 161 and the
cover layer 162. The protection layer 170 may be formed
using an inorganic material such as oxide or nitride.

[0098] The thin film encapsulating layer TFE may include
the encapsulating inorganic layer 120 and the encapsulating
organic layer 140, external oxygen or moisture may be
blocked, and the display device OD may be protected.
[0099] The encapsulating inorganic layer 120 may include
a plurality of inorganic layers. For example, FIG. 3 illustrates
that the encapsulating inorganic layer 120 may include the
first inorganic layer 121 and the second inorganic layer 122.
In an embodiment, the encapsulating inorganic layer 120 may
include three or more inorganic layers.

[0100] The encapsulating organic layer 140 may have a
smaller area than the encapsulating inorganic layer 120 and
include a plurality of organic layers. FIG. 3 illustrates that the
encapsulating organic layer 140 may include the first organic
layer 141 and the second organic layer 142. In an embodi-
ment, the encapsulating organic layer 140 may include three
or more organic layers.

[0101] Thefirst and second organic layers 141 and 142 may
respectively be disposed between the protection layer 170 and
the first inorganic layer 121 and between the first inorganic
layer 121 and the second inorganic layer 122. A plurality of
holes may be formed in one or more of the first organic layer
141 or the second organic layer 142, and the adhesion strength
of encapsulating inorganic layer 120 may be improved.

[0102] For example, as illustrated in FIG. 3, a plurality of
second holes H2 may be formed in the first organic layer 141
and filled with the first inorganic layer 121, a contact area
between the first inorganic layer 121 and the protection layer
170 may be increased, and the adhesion strength of the thin
film encapsulating layer TFE may be improved.

[0103] The plurality of second holes H2 may be formed in
various shapes, located at the periphery of the non-display
area that is formed outside the display area DA, and surround
the display area DA. The plurality of second holes H2 may be
identical in shape and arranged in a pattern such that the
second holes H2 are spaced apart from each other at prede-
termined intervals.

[0104] The blocking unit 150 may be additionally formed
in the peripheral area PA, and little to no organic material for
forming the encapsulating organic layer 140 may overflow
toward the edge of the substrate 101 when the encapsulating
organic layer 140 is formed.
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[0105] The blocking unit 150 may be formed of various
materials. According to an embodiment, the first blocking
unit 151 may be formed using the same material as the pas-
sivation layer 108 or the pixel defining layer PDL. According
to an embodiment, the first and second layers 152a and 1525
of the second blocking unit 152 may be formed using the
same material as the passivation layer 108 and the pixel
defining layer PDL.

[0106] According to an embodiment, the first layer 153a,
the second layer 1535, and the third layer 153¢ of the third
blocking unit 153 may respectively be formed using the same
material as one or more of the passivation layer 108 or the
pixel defining layer PDL. According to an embodiment, the
conductive unit MUP may be disposed at a lower portion of
the third blocking unit 153, for example, under the first layer
153a.

[0107] FIG. 4 illustrates a schematic cross-sectional view
of another modified example of the organic light-emitting
display apparatus 10 of FIG. 1. Like FIG. 2, FIG. 4 illustrates
aschematic cross-sectional view of the organic light-emitting
display apparatus 10 cut along the line XA-XB of FIG. 1.
Referring to FIGS. 1 and 4, the organic light-emitting display
apparatus 10 may include the substrate 101 on which the
display area DA and the non-display area are defined, the
display device OD formed in the display area DA on the
substrate 101, and the thin film encapsulating layer TFE cov-
ering the display device OD.

[0108] The barrier layer 102 and the buffer layer 103 may
be formed on the substrate 101.

[0109] The TFT may be formed in the display area DA on
the buffer layer 103. The TFT may include the active layer
105, the gate electrode GE, and the source and drain elec-
trodes 106 and 107. The gate insulating layer 111 and the
interlayer insulating layer 112, which are included in the
display area inorganic layer 110, may be formed not only in
the display area DA but also extend to a portion of the periph-
eral area PA.

[0110] The first circuit unit PCU1 may be formed in the
non-display area. According to an embodiment, the first cir-
cuit unit PCU1 may include the circuit active layer CA, the
circuit gate electrode CG, the circuit source electrode CS, and
the circuit drain electrode CD. The second circuit unit PCU2
may be disposed on the interlayer insulating layer 112.
[0111] The display device OD may be formed on the pas-
sivation layer 108. The display device OD may be an OLED
that may be electrically connected to the TFT and may
include the first electrode FE, the second electrode SE, and
the intermediate layer IM provided between the first and
second electrodes FE and SE. For example, the pixel defining
layer PDL may be formed on the passivation layer 108, and a
predetermined region of the first electrode FE may not be
covered. Then, the intermediate layer IM may be formed on
the region of the first electrode FE which is not covered by the
pixel defining layer PDL, and the second electrode SE may be
formed on the intermediate layer IM.

[0112] The function layer 160 and the protection layer 170
may be additionally formed on the second electrode SE. The
function layer 160 may include the capping layer 161 and the
cover layer 162. The protection layer 170 may be formed
using an inorganic material such as oxide or nitride.

[0113] The thin film encapsulating layer TFE may include
the encapsulating inorganic layer 120 and the encapsulating
organic layer 140, external oxygen or moisture may be
blocked, and the display device OD may be protected.
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[0114] The encapsulating inorganic layer 120 may include
aplurality of inorganic layers. For example, FIG. 4 illustrates
that the encapsulating inorganic layer 120 may include the
first inorganic layer 121 and the second inorganic layer 122.
In an embodiment, the encapsulating inorganic layer 120 may
include three or more inorganic layers.

[0115] The encapsulating organic layer 140 may have a
smaller area than the encapsulating inorganic layer 120 and
include a plurality of organic layers. FIG. 4 illustrates that the
encapsulating organic layer 140 may include the first organic
layer 141 and the second organic layer 142. In an embodi-
ment, the encapsulating organic layer 140 may include three
or more organic layers.

[0116] Thefirst and second organic layers 141 and 142 may
respectively be disposed between the protection layer 170 and
the first inorganic layer 121 and between the first inorganic
layer 121 and the second inorganic layer 122. A plurality of
holes may be formed in one or more of the first organic layer
141 or the second organic layer 142, and the adhesion strength
of encapsulating inorganic layer 120 may be improved.
[0117] Forexample, as illustrated in FIG. 4, the plurality of
first holes H1 may be formed in the second organic layer 142
and the plurality of second holes H2 may be formed in the first
organic layer 141. The plurality of first holes H1 may be filled
with the second inorganic layer 122, and a contact area
between the first and second inorganic layers 121 and 122
may be increased. The plurality of second holes H2 may be
filled with the first inorganic layer 121, a contact area between
the first inorganic layer 121 and the protection layer 170 may
be increased, and the adhesion strength of the thin film encap-
sulating layer TFE may be improved.

[0118] The plurality of first holes H1 and the plurality of
second holes H2 may be located at the periphery of the non-
display area that is formed outside the display area DA and
surround the display area DA. The plurality of first and sec-
ond holes H1 and 112 may be formed at overlapping locations
or different locations.

[0119] The blocking unit 150 may be additionally formed
in the peripheral area PA, and little to no organic material for
forming the encapsulating organic layer 140 may overflow
toward the edge of the substrate 101 when the encapsulating
organic layer 140 is formed. For example, the blocking unit
150 may include the first to third blocking units 151 to 153.
[0120] The blocking unit 150 may be formed of various
materials. According to an embodiment, the first blocking
unit 151 may be formed using the same material as the pas-
sivation layer 108 or the pixel defining layer PDL. According
to an embodiment, the first and second layers 152a and 1525
of the second blocking unit 152 may be formed using the
same material as the passivation layer 108 and the pixel
defining layer PDL.

[0121] According to an embodiment, the first layer 153a,
the second layer 1535, and the third layer 153¢ of the third
blocking unit 153 may respectively be formed using the same
material as one or more of the passivation layer 108 or the
pixel defining layer PDL. According to an embodiment, the
conductive unit MUP may be disposed at a lower portion of
the third blocking unit 153, for example, under the first layer
153a.

[0122] At an outer region of the blocking unit 150, the
encapsulating inorganic layer 120 may contact the display
area inorganic layer 110. An edge of the encapsulating inor-
ganic layer 120 may extend beyond an edge of the display
area inorganic layer 110, may contact an upper surface of the
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substrate 101 and a side of the display area inorganic layer
110, and may be prevented from being peeled off and causing
the encapsulating inorganic layer 120 to have a weak encap-
sulating property and be removed.

[0123] As described above, an organic light-emitting dis-
play apparatus according to the one or more of the above
exemplary embodiments may include a thin film encapsulat-
ing layer with improved adhesion strength.

[0124] By way of summation and review, an organic light-
emitting display apparatus is a self-emissive display appara-
tus, in which holes injected from the hole injection electrodes
and electrons injected from the electron injection electrodes
may combine in the organic emission layer and generate
excitons, and light may be generated as the excitons drop
from an excited state to a ground state.

[0125] Since an organic light-emitting display apparatus is
self-emissive, a separate light source is unnecessary, and an
organic light-emitting display apparatus may be driven at a
low voltage and be configured to be lightweight and thin. An
organic light-emitting display apparatus may have excellent
features such as a wide viewing angle, high contrast ratio, and
quick response time.

[0126] One or more exemplary embodiments provide an
organic light-emitting display apparatus that may include a
thin film encapsulating layer with improved adhesion
strength.

[0127] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of skill in the art as of the filing of the
present application, features, characteristics, and/or elements
described in connection with a particular embodiment may be
used singly or in combination with features, characteristics,
and/or elements described in connection with other embodi-
ments unless otherwise specifically indicated. Accordingly, it
will be understood by those of skill in the art that various
changes in form and details may be made without departing
from the spirit and scope of the present invention as set forth
in the following claims.

What is claimed is:

1. An organic light-emitting display apparatus, compris-
ing:

a substrate including display area and a non-display area;

a display device in the display area on the substrate; and

a thin film encapsulating layer that covers the display

device and includes an encapsulating inorganic layer
and an encapsulating organic layer, the encapsulating
inorganic layer including a plurality of inorganic layers
and the encapsulating organic layer including a plurality
of organic layers,

at least one organic layer among the plurality of organic

layers including a plurality of holes, and

the plurality of holes being filled with an inorganic layer on

the at least one organic layer.

2. The apparatus as claimed in claim 1, wherein the plural-
ity ofholes is in the non-display area.

3. The apparatus as claimed in claim 1, wherein the plural-
ity ofholes surrounds the display area.

4. The apparatus as claimed in claim 1, wherein the holes
are identical in shape and arranged in a pattern such that the
plurality of holes are spaced apart from each other at prede-
termined intervals.
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5. The apparatus as claimed in claim 1, wherein:

the thin film encapsulating layer includes a first organic
layer, a first inorganic layer, a second organic layer, and
a second inorganic layer that are sequentially stacked,
and

the first and second inorganic layers contact each other at
an outer region of the first and second organic layers.

6. The apparatus as claimed in claim 5, wherein:

the plurality of holes is in the second organic layer, and

the plurality of holes is filled with the second inorganic
layer such that the second inorganic layer contacts the
first inorganic layer.

7. The apparatus as claimed in claim 6, wherein:

a protection layer including an inorganic material is
between the display device and the first organic layer,
and

a plurality of second holes is in the first organic layer and
filled with the first inorganic layer such that the first
inorganic layer contacts the protection layer.

8. The apparatus as claimed in claim 5, wherein:

a protection layer including an inorganic material is
between the display device and the first organic layer,
and

a plurality of second holes is in the first organic layer and
filled with the first inorganic layer such that the first
inorganic layer contacts the protection layer.

9. The apparatus as claimed in claim 1, further comprising

a thin film transistor that is electrically connected to the
display device and includes an active layer, a gate electrode,
a source electrode, and a drain electrode, wherein:

a gate insulating layer is between the active layer and the
gate electrode,

an interlayer insulating layer is between the gate electrode,
the source electrode, and the drain electrode, and

the gate insulating layer and the interlayer insulating layer
extend to the non-display area and form a display area
inorganic layer on the substrate.

10. The apparatus as claimed in claim 9, wherein the encap-
sulating inorganic layer covers the display area, is on the
display area inorganic layer, and extends to an outer region of
the substrate.

11. The apparatus as claimed in claim 10, further compris-
ing a blocking unit between the display area inorganic layer
and the encapsulating inorganic layer, in the display area.

12. The apparatus as claimed in claim 11, wherein the
blocking unit includes a plurality of blocking units.

13. The apparatus as claimed in claim 12, wherein respec-
tive heights of the plurality of blocking units are different and
are greater toward the outer region of the substrate.

14. The apparatus as claimed in claim 11, further compris-
ing a passivation layer that covers the thin film transistor and
a pixel defining layer on the passivation layer,

wherein the blocking unit includes a same material as one
or more of the passivation layer or the pixel defining
layer.

15. The apparatus as claimed in claim 10, wherein the
encapsulating inorganic layer extends beyond an edge of the
display area inorganic layer and contacts a side of the display
area inorganic layer and an upper surface of the substrate.

16. The apparatus as claimed in claim 1, wherein the dis-
play device is an organic light-emitting device including a
first electrode, a second electrode, and an intermediate layer
between the first and second electrodes.

17. The apparatus as claimed in claim 1, wherein at least
one of the plurality of organic layers is between the plurality
of inorganic layers.
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