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7) ABSTRACT

A thin film transistor is disposed on a substrate. A via
insulating layer having a via hole covers the thin film
transistor. A pixel electrode is disposed on the via insulating
layer and electrically connected to the thin film transistor
through the via hole. A first protection layer surrounds the
pixel electrode. A pixel-defining layer covers an edge region
of the pixel electrode and at least a portion of the first
protection layer. The pixel-defining layer includes an open-
ing through which an upper surface of the pixel electrode is
exposed. An opposite electrode faces the pixel electrode. An
intermediate layer is disposed between the pixel electrode
and the opposite electrode.
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FIG. 8B
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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C.
§119 to Korean Patent Application No. 10-2016-0005324,
filed on Jan. 15, 2016 and No. 10-2016-0069395, filed on
Jun. 3, 2016 in the Korean Intellectual Property Office, the
disclosures of which are incorporated by reference herein in
their entirety.

TECHNICAL FIELD

[0002] The present invention relates to an organic light-
emitting display apparatus and a method of manufacturing
the same.

DISCUSSION OF RELATED ART

[0003] Organic light-emitting display apparatuses include
an organic light-emitting diode (OLED) that includes a hole
injection electrode, an electron injection electrode, and an
organic emission layer between the hole injection electrode
and the electron injection electrode. In addition, organic
light-emitting display apparatuses are self-emissive. In the
organic emission layer, holes injected through the hole
injection electrode and electrons injected through the elec-
tron injection electrode combine with each other to generate
excitons that fall from an excited state to a ground state to
generate light.

[0004] The organic light-emitting display apparatuses do
not need a light source and thus can be driven with a low
voltage and manufactured to be lightweight and thin. In
addition, since the organic light-emitting display appara-
tuses have favorable characteristics such as wide viewing
angles, high contrast, and fast response, fields to which the
organic light-emitting display apparatuses are applied have
been recently expanded from personal portable devices to
TVs.

SUMMARY

[0005] According to an exemplary embodiment of the
present invention, an organic light-emitting display appara-
tus is provided as follows. A thin film transistor is disposed
on a substrate. A via insulating layer having a via hole covers
the thin film transistor. A pixel electrode is disposed on the
via insulating layer and electrically connected to the thin
film transistor through the via hole. A first protection layer
surrounds the pixel electrode. A pixel-defining layer covers
an edge region of the pixel electrode and at least a portion
of the first protection layer. The pixel-defining layer includes
an opening through which an upper surface of the pixel
electrode is exposed. An opposite electrode faces the pixel
electrode. An intermediate layer is disposed between the
pixel electrode and the opposite electrode.

[0006] According to an exemplary embodiment of the
present invention, a method of manufacturing an organic
light-emitting display apparatus is provided as follows. A
thin film transistor is formed on a substrate. A via insulating
layer having a via hole is formed to cover the thin film
transistor. A conductive material layer is formed on the via
insulating layer, the conductive material layer being con-
nected to the thin film transistor through the via hole of the
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via insulating layer. A first photosensitive pattern layer is
formed on the conductive material layer. The first photo-
sensitive pattern layer includes a first region and a second
region that surrounds the first region. The conductive mate-
rial layer is patterned by using the first photosensitive
pattern layer to form a pixel electrode. A first protection
layer is formed to surround the pixel electrode. A pixel-
defining layer is formed by removing the first region of the
first photosensitive pattern layer, the pixel-defining layer
exposing an upper surface of the pixel electrode and cov-
ering an edge region of the pixel electrode. An intermediate
layer is formed on the pixel electrode. An opposite electrode
is formed on the intermediate layer.

[0007] According to an exemplary embodiment of the
present invention, an organic light-emitting display appara-
tus is provided as follows. A thin film transistor is disposed
on a substrate. A via insulating layer having a via hole covers
the thin film transistor. A pixel electrode is disposed on the
via insulating layer and electrically connected to the thin
film transistor through the via hole. An emission layer is
disposed on an upper surface of the pixel electrode. A
pixel-defining layer is disposed on the upper surface of the
pixel electrode, surrounding the emission layer. An opposite
electrode is disposed on the emission layer and the pixel-
defining layer. A recessed region is defined by a bottom
surface of the pixel electrode, an edge of the pixel electrode
and the via insulating layer. The opposite electrode is spaced
apart from the pixel electrode by the recessed region.

BRIEF DESCRIPTION OF DRAWINGS

[0008] These and other features of the present invention
will become more apparent by describing in detail exem-
plary embodiments thereof with reference to the accompa-
nying drawings of which:

[0009] FIG. 1 is a schematic plan view of an organic
light-emitting display apparatus according to an exemplary
embodiment of the present invention;

[0010] FIG. 2 is a cross-sectional view taken along line
1la-1la of FIG. 1 according to an exemplary embodiment of
the present invention;

[0011] FIG. 3 is a schematic plan view of an arrangement
of a pixel electrode, a first protection layer, and a pixel-
defining layer of FIG. 2;

[0012] FIGS. 4-7 are schematic cross-sectional views
taken along line Ila-Ila of FIG. 1 according to exemplary
embodiments of the present invention;

[0013] FIGS. 8A-8H and 9 are cross-sectional views for
describing a method of manufacturing the organic light-
emitting display apparatus of FIG. 2; and

[0014] FIGS. 10A-10D are cross-sectional views for
describing a method of manufacturing the organic light-
emitting display apparatus of FIG. 4.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0015] Exemplary embodiments of the present invention
will be described below in detail with reference to the
accompanying drawings. However, the present invention
may be embodied in different forms and should not be
construed as limited to the embodiments set forth herein. In
the drawings, the thickness of layers and regions may be
exaggerated for clarity. It will also be understood that when
an element is referred to as being “on” another element or
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substrate, it may be directly on the other element or sub-
strate, or intervening layers may also be present. It will also
be understood that when an element is referred to as being
“coupled to” or “connected to” another element, it may be
directly coupled to or connected to the other element, or
intervening elements may also be present. Like reference
numerals may refer to the like elements throughout the
specification and drawings.

[0016] FIG. 1 is a schematic plan view of an organic
light-emitting display apparatus 10 according to an exem-
plary embodiment of the present invention.

[0017] Referring to FIG. 1, the organic light-emitting
display apparatus 10 includes a display area DA and a
non-display area NA that is adjacent to the display area DA.
The display area DA includes a plurality of pixel areas PA,
and a pixel that emits light is formed on each pixel area PA.
An image is provided via lights that are emitted by the
plurality of pixels included in the display area DA.

[0018] The non-display area NDA may surround the dis-
play area DA, and may include a driving unit, such as a scan
driving unit (not shown) and a data driving unit (not shown)
for transmitting a predetermined signal to the plurality of
pixels included in the display area DA.

[0019] Although the non-display area NDA surrounds the
display area DA in FIG. 1, the present invention is not
limited thereto. For example, the non-display region NDA
may be disposed on one side of the display area DA to
reduce a region on which no images area displayed, namely,
a dead region.

[0020] FIG. 2 is a cross-sectional view taken along line
Ha-Ea of FIG. 1, and FIG. 3 is a schematic plan view of an
arrangement of a pixel electrode 171, a first protection layer
160, and a pixel-defining layer 140 of FIG. 2.

[0021] Referring to FIG. 2, the organic light-emitting
display apparatus 10 according to an exemplary embodiment
includes a substrate 100, a thin film transistor TFT on the
substrate 100, a via insulating layer 109 covering the thin
film transistor TFT, the pixel electrode 171 disposed on the
via insulating layer 109 and electrically connected to the thin
film transistor TFT, the first protection layer 160 disposed
along an edge of the pixel electrode 171, the pixel-defining
layer 140 covering at least one region of the first protection
layer 160 and an edge region of the pixel electrode 171 and
including an opening 1714 via which the center of the pixel
electrode 171 is exposed, an opposite electrode 173 facing
the pixel electrode 171, and an intermediate layer 172
between the pixel electrode 171 and the opposite electrode
173.

[0022] The substrate 100 may be a glass substrate. The
present invention is not limited thereto. For example, the
substrate 100 may be a plastic substrate including polyeth-
vlene terephthalate (PET), polyethylene naphthalate (PEN),
polyimide, or the like. According to an exemplary embodi-
ment, the substrate 100 may include a flexible substrate 100.
The flexible substrate 100 is referred to as a substrate that is
bent, folded, or rolled. The flexible substrate 100 may be
formed of ultra-thin glass, metal, or plastic.

[0023] A buffer layer 101 may be further formed on the
substrate 100 to secure the smoothness of the substrate 100
and to prevent penetration of impurity elements from the
substrate 100. The buffer layer 101 may include multiple
layers or a single layer including silicon nitride and/or
silicon oxide. The thin film transistor TFT may be disposed
on the display area DA of the buffer layer 101. A barrier

Jul. 20, 2017

layer (not shown) may be further between the substrate 100
and the buffer layer 101, and the buffer layer 101 may be
omitted as necessary.

[0024] The thin film transistor TFT may function as a
portion of a driving circuit unit for driving an organic
light-emitting diode OLED. The driving circuit unit may
further include a capacitor and a wiring except for the thin
film transistor TFT. The capacitor may be provided in plural.
The wiring may be provided in plural.

[0025] The thin film transistor TFT may include an active
layer 121 disposed on the buffer layer 101, a gate electrode
122 disposed on at least a portion of the active layer 121, a
source electrode 123 to which a data signal is applied, and
a drain electrode 125 electrically connected to the pixel
electrode 171. A gate insulating layer 103 is between the
active layer 121 and the gate electrode 122, and an interlayer
insulating layer 105 is between the gate electrode 122 and
the source and drain electrodes 123 and 125.

[0026] The active layer 121 includes a semiconductor
material, and may include, for example, amorphous silicon
or polycrystalline silicon. However, the present invention is
not limited thereto. For example, the active layer 121 may
include an organic semiconductor material or an oxide
semiconductor material.

[0027] The gate electrode 122 may be connected to a gate
line (not shown) that applies an ON/OFF signal to the thin
film transistor TEFT. The gate electrode 122 may be formed
of a low-resistance metal material such as aluminum (Al),
platinum (Pt), palladium (Pd), silver (Ag), magnesium (Mg),
gold (Au), nickel (Ni), neodymium (Nd), iridium (Ir), chro-
mium (Cr), lithium (Li), calcium (Ca), molybdenum (Mo),
titanium (Ti), tungsten (W), or copper (Cu). The gate elec-
trode 122 may be formed in a single- or multi-layered
structure.

[0028] Each of the source and drain electrodes 123 and
125 may be a single layer or multiple layers formed of a
conductive material. The source and drain electrodes 123
and 125 may be connected to a source region and a drain
region of the active layer 121, respectively. The source
electrode 123 and the drain electrode 125 may each be
formed of aluminum (Al), platinum (Pt), palladium (Pd),
silver (Ag), magnesium (Mg), gold (Au), nickel (Ni), neo-
dymium (Nd), iridium (Ir), chromium (Cr), calcium (Ca),
molybdenum (Mo), titanium (Ti), tungsten (W), or copper
(Cu). The source electrode 123 and the drain electrode 125
may be formed in a single-layered or multi-layered structure.
[0029] The thin film transistor TFT according to an exem-
plary embodiment is of a top gate type in which the gate
electrode 122 is disposed on the active layer 121, but the
present invention is not limited thereto. For example, the
thin film transistor TFT may be of a bottom gate type in
which the gate electrode 122 is disposed below the active
layer 121.

[0030] Each of the gate insulating layer 103 and the
interlayer insulating layer 105 may be a single layer or
multiple layers formed of an inorganic material. For
example, each of the gate insulating layer 103 and the
interlayer insulating layer 105 may include silicon oxide
(58i0,), silicon nitride (SiNx), silicon oxynitride (SiON),
aluminum oxide (Al,0,), titanium oxide (TiO,), tantalum
oxide (Ta,Os), hathium oxide (HfO,), or zirconium oxide
(ZrO,).

[0031] The buffer layer 101, the gate insulating layer 103,
and the interlayer insulating layer 105 may be formed not
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only in the display area DA but also in a portion of the
non-display area NDA. According to an exemplary embodi-
ment, the buffer layer 101, the gate insulating layer 103, and
the interlayer insulating layer 105 may be disposed on a
region of the substrate 100 except for an outermost edge
region thereof.

[0032] The via insulating layer 109 may cover the thin
film transistor TFT, and may mitigate a step difference
caused by the thin film transistor TFT and have a planarized
upper surface. The via insulating layer 109 may be a single
layer or multiple layers formed of an organic material.
However, the present invention is not limited thereto. For
example, the via insulating layer 109 may be a stack of
inorganic insulating layers and organic insulating layers.

[0033] The pixel electrode 171 electrically connected to
the thin film transistor TFT through via holes VIA formed in
the via insulating layer 109 may be disposed on the via
insulating layer 109. The pixel electrode 171 according to an
exemplary embodiment is electrically connected to the drain
electrode 125, but the present invention is not limited
thereto. For example, the pixel electrode 171 may be elec-
trically connected to the source electrode 123.

[0034] The pixel electrode 171 may be formed of a
material having a high work function. In bottom-emission
type displays displaying an image in a direction of the
substrate 100, the pixel electrode 171 may include a trans-
parent conductive oxide such as indium tin oxide (ITO),
indium zinc oxide (1Z0O), zinc oxide (ZnQO), indium oxide
(In,O,), indium gallium oxide (IGO), and aluminum zinc
oxide (AZO).

[0035] According to an exemplary embodiment, in top-
emission type displays displaying an image in a direction of
the opposite electrode 173, the pixel electrode 171 may
include a transparent conductive oxide such as I1TO, 1720,
Zn0, In203, IGO, and AZO and may further include a metal
reflection layer such as silver (Ag), magnesium (Mg), alu-
minum (Al), platinum (Pt), palladium (Pd), gold (Au), nickel
(Ni), neodymium (Nd), iridium (Ir), and chromium (Cr).
[0036] The pixel-defining layer 140 may cover the at least
one region of the first protection layer 160 and the edge
region of the pixel electrode 171, and may include the
opening 171/ via which the center of the pixel electrode 171
is exposed. The pixel-defining layer 140 covers the edge
region of the pixel electrode 171 to insulate the pixel
electrode 171 from the opposite electrode 173. The pixel-
defining layer 140 may be disposed on the edge region of the
pixel electrode 171, surrounding the pixel electrode 171.
The pixel-defining layer 140 may a donut shape or a
rectangular frame shape as viewed from the above. The
pixel-defining layer 140 may include a photosensitive
organic material, for example, polyimide (PI). Since the
organic light-emitting display apparatus 10 according to an
exemplary embodiment of the present invention includes the
pixel electrode 171 and the pixel-defining layer 140 formed
using a single photomask, the center of the pixel-defining
layer 140 may coincide with the center of the opening 171/
of the pixel electrode 171.

[0037] The pixel-defining layer 140 may include a first
surface 140q directed toward the opening 171/ and a second
surface 1405 located opposite to the first surface 140a and
covering the edge region of the pixel electrode 171. The first
surface 140a and the second surface 14056 of the pixel-
defining layer 140 may be inclined. The first surface 140a
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may be referred to as an inner lateral surface, and the second
surface 14056 may be referred to as an outer lateral surface.
[0038] The first surface 140a may extend from a region
where an upper surface of the pixel electrode 171 contacts
the opening 171/ in a direction away from the substrate 100,
and the second surface 140b may extend from the first
surface 140q in a direction toward the substrate 100. The
direction away from the substrate 100 and the direction
toward the substrate 100 do not mean the direction exactly
perpendicular to the upper surface of the substrate 100, and
means directions inclined at a predetermined angle with
respect to the upper surface of the substrate 100.

[0039] The first protection layer 160 may surround the
pixel electrode 171. For example, the first protection layer
160 may surround the edge of the pixel electrode 171 and
shield the edge of the pixel electrode 171 together with the
pixel-defining layer 140. The first protection layer 160 may
be a single layer or multiple layers formed of an inorganic
insulating material. For example, the first protection layer
160 may include silicon oxide (SiO,), silicon nitride (SiNx),
silicon oxynitride (SiON), aluminum oxide (Al,O,), tita-
nium oxide (Ti0,), tantalum oxide (Ta,Os), hafnium oxide
(HfO,), or zirconium oxide (ZrO,). According to an exem-
plary embodiment, the first protection layer 160 may be a
single layer or multiple layers including an organic insulat-
ing material. For example, the first protection layer 160 may
include polyimide (PI) and siloxane.

[0040] A thickness d2 of the first protection layer 160 may
be substantially the same as a thickness d1 of the pixel
electrode 171. Since the thickness d2 of the first protection
layer 160 is equal to the thickness d1 of the pixel electrode
171, the first protection layer 160 may shield the edge of the
pixel electrode 171 to prevent exposure of the edge of the
pixel electrode 171, and the first protection layer 160
together with the edge region of the pixel electrode 171 may
be sufficiently covered by the pixel-defining layer 140.
[0041] In an exemplary embodiment, a recessed region
RR is disposed between a bottom surface of the pixel-
defining layer 140 and an upper surface of the via insulating
layer 109. For example, the recessed region RR is defined by
a bottom surface of the pixel-defining layer 140, an edge of
the pixel electrode 171 and the upper surface of the via
insulating layer 109. The opposite electrode 173 may be
spaced apart from the pixel electrode 171 by the recessed
region RR. The formation of the recessed region RR will be
described later with reference to FIGS. 8D and 100. In FIG.
8D, the recessed region RR may be formed by over-etching.
In FIG. 100, the recessed region RR may be formed by a
reflowing process to form a protrusion 1401.

[0042] Referring to FIG. 3, the first protection layer 160
may be disposed around the pixel electrode 171 and thus
may contact the edge of the pixel electrode 171. The first
protection layer 160 may be disposed in a closed loop shape
surrounding the edge of the pixel electrode 171. The closed
loop shape may include an inner surface and an outer
surface. In this case, the inner surface of the first protection
layer 160 may contact the edge of the pixel electrode 171.
[0043] The pixel-defining layer 140 may cover at least one
region of the first protection layer 160. According to an
exemplary embodiment, the pixel-defining layer 140 may
completely cover the upper surface of the first protection
layer 160. In this case, the first protection layer 160 may be
between the second surface 1405 of the pixel-defining layer
140 and the via insulating layer 109.
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[0044] The first protection layer 160 may have a shape of
a closed loop comprising an inner lateral surface and an
outer lateral surface.

[0045] According to a comparative embodiment, the
pixel-defining layer 140 may expose the edge region of the
pixel electrode 171 due to a manufacturing process devia-
tion. In this case, an organic light-emitting display apparatus
according to a comparative embodiment may have defective
pixels due to an exposed portion of the pixel electrode 171.
[0046] However, in the organic light-emitting display
apparatus 10 according to an exemplary embodiment of the
present invention, since the first protection layer 160 is
disposed around the edge of the pixel electrode 171, even
when the pixel-defining layer 140 does not cover the edge
region of the pixel electrode 171, the first protection layer
160 may shield the edge of the pixel electrode 171.

[0047] The intermediate layer 172 may be disposed on a
region of the pixel electrode 171 that is not covered by the
pixel-defining layer 140.

[0048] The intermediate layer 172 may include a low
molecular organic material or a high molecular organic
material. At least one of a hole injection layer (HIL), a hole
transport layer (HTL), an electron transport layer (ETL), and
an electron injection layer (EIL), in addition to the interme-
diate layer 172, may be further disposed between the pixel
electrode 171 and the opposite electrode 173. According to
an exemplary embodiment, various functional layers other
than the aforementioned layers may be further disposed
between the pixel electrode 171 and the opposite electrode
173.

[0049] The intermediate layer 172 may be disposed in
each organic light-emitting diode OLED, and the organic
light-emitting diode OLED may emit red, green, or blue
light according to the type of organic emission layer 1725
included in the organic light-emitting diode OLED. How-
ever, the present invention is not limited thereto. For
example, a plurality of intermediate layers 172 may be
disposed on a single organic light-emitting diode OLED. For
example, intermediate layers 172 respectively emitting red,
green, and blue lights may be stacked vertically or combined
to emit white light. In this case, the organic light-emitting
display apparatus 10 may further include a color-converting
layer or a color filter that converts the white light into light
of a predetermined color. The red, green, and blue colors are
exemplary, and thus a color combination for emitting white
light is not limited thereto.

[0050] The opposite electrode 173 may be disposed on the
intermediate layer 172 and may be formed of various
conductive materials. For example, the opposite electrode
173 may include a single layer or multiple layers including
lithium (Li), calcium (Ca), lithium fluoride (LiF), aluminum
(Al), magnesium (Mg), or silver (Ag). In bottom-emission
type displays, the opposite electrode 173 may be a reflective
electrode. In top-emission type displays, the opposite elec-
trode 173 may be a transparent or semitransparent electrode.
[0051] According to an exemplary embodiment, a thin-
film encapsulation layer 150 may be disposed on the oppo-
site electrode 173 in order to encapsulate the organic light-
emitting diode OLED, the thin-film encapsulation layer 150
including at least one organic layer 151 and at least one
inorganic layer 152. The thin-film encapsulation layer 150
encapsulates the organic light-emitting device OLED to
prevent the organic light-emitting diode OLED from being
exposed to external air or a foreign material. Since the
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thin-film encapsulation layer 150 is thin, the thin-film encap-
sulation layer 150 may be used as an encapsulating means of
flexible displays that are bendable or foldable.

[0052] According to an exemplary embodiment, the inor-
ganic layer 152 may include oxide, nitride, or oxynitride,
such as silicon nitride (SiNx), silicon oxide (8i0,) or silicon
oxynitride (SiOxNy). The inorganic layer 152 may serve to
block or reduce permeation of foreign materials, such as
moisture or oxygen, to the organic light-emitting diode
OLED, and may extend from the display area DA to the
non-display area NDA.

[0053] In the non-display area NDA, at least one portion
of the inorganic layer 152 may directly contact the interlayer
insulating layer 105. The inorganic layer 152 may extend to
an outermost edge region of the substrate 100 which devi-
ates respective ends of the gate insulating layer 103 and the
interlayer insulating layer 105, and the inorganic layer 152
may include a region that directly contacts the upper surface
of the substrate 100.

[0054] For example, an edge region of the inorganic layer
152 contacts the upper surface of the substrate 100, and thus
detachment of the inorganic layer 152 from the interlayer
insulating layer 105 is reduced or prevented. As such, the
encapsulation characteristics of the thin-film encapsulation
layer 150 may be increased.

[0055] The organic layer 151 of the thin-film encapsula-
tion layer 150 may be disposed between the opposite elec-
trode 173 and the inorganic layer 152, and may block or
reduce permeation of foreign materials, such as moisture or
oxygen, into the organic light-emitting diode OLED. The
organic layer 151 may be used together with the inorganic
layer 152 to increase a level of protection from foreign
materials, and may planarize an unsmooth surface. Accord-
ing to an exemplary embodiment, the organic layer 151 may
include any of various organic materials, such as epoxy-
based resin, acryl-based resin, and polyimide-based resin.
[0056] According to an exemplary embodiment, a func-
tional layer (not shown) and a protection layer (not shown)
may be further disposed between the opposite electrode 173
and the thin-film encapsulation layer 150. The functional
layer may include a capping layer (not shown) and/or an LiF
layer (not shown) for increasing luminescent efficiency by
controlling the refractive index of visible light emitted from
the organic light-emitting diode OLED. The protection layer
may include an inorganic material, such as aluminum oxide.
[0057] According to an exemplary embodiment, the
organic light-emitting display apparatus 10 may further
include a line 180, a second protection layer 165, and a line
insulating layer 145.

[0058] The line 180, formed of the same material as the
material used to form the pixel electrode 171, may be
disposed at the same level as the pixel electrode 171, on the
via insulating layer 109. The line 180 may be spaced apart
from the pixel electrode 171. The line 180 may be a data line
or an initializing voltage line. The line 180 may be electri-
cally connected to a line on a different layer from the line
180 and thus may serve as an auxiliary wire.

[0059] The second protection layer 165, formed of the
same material as the material used to form the first protec-
tion layer 160, may be disposed along an edge of the line
180. The second protection layer 165 shields the edge of the
line 180 to prevent the edge of the line 180 from being
exposed. The second protection layer 165 may be disposed
on both edges of the line 180.
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[0060] The line insulating layer 145 may completely cover
the line 180, including at least one region of the second
protection layer 165. The line insulating layer 145 may be
formed of the same material as the material used to form the
pixel-defining layer 140, at the same level as the pixel-
defining layer 140, and may be spaced apart from the
pixel-defining layer 140. According to an exemplary
embodiment, the line insulating layer 145 may completely
cover an upper surface of the second protection layer 165.
Due to the line insulating layer 145 completely covering the
line 180 including the second protection layer 165, defective
pixels that may be generated due to exposure of an edge
region of the line 180 may be reduced.

[0061] Organic light-emitting display apparatuses accord-
ing to exemplary embodiments of the present invention will
now be described with reference to FIGS. 4-7.

[0062] FIGS. 4-7 are schematic cross-sectional views of
organic light-emitting display apparatuses 20, 30,40, and 50
according to exemplary embodiments of the present inven-
tion. In the description below with reference to FIGS. 4-7,
like reference numerals or characters are assigned to com-
ponents the same as or corresponding to those of the organic
light-emitting display apparatus 10 of FIG. 2, and descrip-
tions of the same or corresponding components will not be
repeated herein.

[0063] Referring to FIG. 4, the organic light-emitting
display apparatus 20 according to an exemplary embodiment
of the present invention may include a thin film transistor
TFT on the substrate 100, a pixel electrode 171 electrically
connected to the thin film transistor TFT, a pixel-defining
layer 140 formed on an edge region of the pixel electrode
171, an opposite electrode 173 disposed opposite to the pixel
electrode 171, and an intermediate layer 172 formed
between the pixel electrode 171 and the opposite electrode
173.

[0064] The intermediate layer 172 may be formed between
the pixel electrode 171 and the opposite electrode 173 and
may include an emission layer 172b.

[0065] According to an exemplary embodiment, the inter-
mediate layer 172 may include the emission layer 1725 and
may further include a common layer 172a which include an
HIL, an HTL, a hole blocking layer (Buffer), an ETL, or an
EIL. The present invention is not limited thereto. For
example, the intermediate layer 172 may include a common
layer 172a executing various functions, in addition to the
emission layer 172b.

[0066] According to an exemplary embodiment, an HIL
and an HTL, serving as the common layer 172a, may be
formed on an upper surface of the pixel electrode 171, and
the emission layer 1725 may be formed on an upper surface
of the HTL.

[0067] Aholeblocking layer (Buffer) as the common layer
1724 may be formed on an upper surface of the emission
layer 172b, and an ETL and an EIL as the common layer
172a may be formed on an upper surface of the hole
blocking layer (Buffer).

[0068] According to an exemplary embodiment, an HIL,
an HTL, a hole blocking layer (Buffer), an ETL, and an EIL,
which constitute the common layer 1724, may have thick-
nesses of about 500 A, about 700 A, about 200 A, about 400
A, and about 10 A, respectively.
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[0069] According to an exemplary embodiment, the com-
mon layer 172a including an HIL, an HTL, a hole blocking
layer (Buffer), an ETL, and an EIL. may have a thickness of
about 1810 A.

[0070] The HIL may be formed of a phthalocyanine com-
pound such as copper phthalocyanine, TCTA, m-MTDATA,
and m-MTDAPB which is a star-bust type amine.

[0071] The HTL may be formed of N,N'-bis(3-methylphe-
nyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine (TPD),
N,N'-di(naphthalene-1-y1)-N,N'-diphenyl benzidine

(0-NPD), and the like.

[0072] The EIL may be formed of a material such as LiF,
NaCl, CsF, Li20, BaO, or Lig.

[0073] The ETL may be formed of Alg3.

[0074] The emission layer 1725 may include a host mate-
rial and a dopant material. Examples of the host material of
the emission layer 17256 may include tris(8-hydroxy-quino-
linato)aluminum (Alq3), 9,10-di(naphth-2-yl)anthracene
(AND), 3-tert-butyl-9,10-di(naphth-2-yl)anthracene
(TBADN), 4,4'-bis(2, 2-diphenyl-ethene-1-y1)-4,4'-dimeth-
ylphenyl (DPVBI), 4.4'-bis(2,2-diphenyl-ethene-1-y1)-4,4'-
dimethylphenyl (p-DMDPVBI), tert(9,9-diarylfluorene)s
(TDAF), 2-(9,9"-spirobifluorene-2-y1)-9,9'-spirobifluorene
(BSDF), 2,7-bis(9,9'-spirobifluorene-2-y1)-9,9"-spirobifluc-
rene (TSDF), bis(9,9-diarylfluorene)s (BDAF), 4,4'-bis(2,2-
diphenyl-ethene-1-yl)-4,4'-di-(tert-butyl)phenyl (p-TD-
PVBIi), 1,3-bis(carbazol-9-yl)benzene (mCP), 1,3,5-tris
(carbazol-9-yl)benzene (1CP), 4,4'4"-tris(carbazol-9-yl)
triphenylamine  (TcTa), 4,4'-bis(carbazol-9-yl)biphenyl
(CBP), 4,4'-bis(9-carbazolyl)-2,2'-dimethyl-biphenyl
(CBDP), 4.4'-bis(carbazol-9-y1)-9, 9-dimethyl-fluorene
(DMFL-CBP), 4,4'-bis(carbazol-9-y1)-9,9-bis(9-phenyl-9H-
carbazol)fluorene (FL-4CBP), 4,4'-bis(carbazol-9-y1)-9,9-
di-tolyl-fluorene (DPFL-CBP), 9,9-bis(9-phenyl-9H-carba-
zol)fluorene (FL-2CBP), and the like.

[0075] Examples of the dopant material of the emission
layer 1726 may include 4,4'-bis[4-(di-p-tolylamino)styryl]
biphenyl (DPAVBI), 9,10-di(naph-2-tyl)anthracene (ADN),
3-tert-butyl-9,10-di(naph-2-tyl)anthracene (TBADN), and
the like.

[0076] The emission layer 1724 may include a red emis-
sion layer, a green emission layer, and a blue emission layer
in regions corresponding to red, green, and blue sub-pixel
regions, respectively, and the red, green, and blue emission
layers may have different thicknesses.

[0077] The red emission layer of the emission layer 1725
includes a host material including carbazole biphenyl (CBP)
or mCP(1,3-Bis(N-carbazolyl)benzene) and may be formed
of a phosphorescent material including a dopant including at
least one selected from PIQIr(acac)(bis(1-phenylisoquino-
line)acetylacetonate iridium), PQIr(acac)(bis(1-phenylqui-
noline)acetylacetonate iridium), PQIr(tris(1-phenylquino-
line)iridium) and PtOEP(octaethylporphyrin platinum) or
may be formed of a fluorescent material including PBD:Eu
(DBM)3(Phen) or Perylene, but the present invention is not
limited thereto.

[0078] The green emission layer of the emission layer
1725 includes a host material including CBP or mCP and
may be formed of a phosphorescent material including a
dopant material including Ir(ppy)3(fac tris 2-phenylpyri-
dine)iridium) or may be formed of a fluorescent material
including Alq3(tris(8-hydroxyquinolino)aluminum), but the
present invention is not limited thereto.
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[0079] The blue emission layer of the emission layer 1725
includes a host material including CBP or mCP, and may be
formed of a phosphorescent material including a dopant
material including (4,6-F2ppy)2Irpic or may be formed of a
fluorescent material including at least one of spiro-DPVB,
spiro-6P, distill benzene (DSB), distyrylarylene (DSA),
PFO-based polymer, and PPV-based polymer, but the pres-
ent invention is not limited thereto.

[0080] According to an exemplary embodiment, the emis-
sion layer 1725 may have a thickness of 200 A or 400 A.
[0081] According to an exemplary embodiment, the green
emission layer and the blue emission layer may each have a
thickness of 200 A, and the red emission layer may have a
thickness of 400 A which is greater than the thickness of
each of the green emission layer and the blue emission layer.
[0082] The organic light-emitting display apparatus 20
according to an exemplary embodiment may further include
a pixel-defining layer 140 formed on an edge region of the
pixel electrode 171. The pixel-defining layer 140 may define
a pixel region and a non-pixel region.

[0083] The organic light-emitting display apparatus 20
according to an exemplary embodiment may form the pixel
electrode 171 and the pixel-defining layer 140 using a single
mask process in which a halftone mask may be used, for
example.

[0084] According to an exemplary embodiment, the pixel-
defining layer 140 may include a photosensitive organic
layer of which shape changes in a thermal reflow process. In
a thermal reflow process, the pixel-defining layer 140 is
heated to melt and flow to peripheral portions thereof. Thus,
when the pixel-defining layer 140 contains a large amount of
solvent, the pixel-defining layer 140 is increased in flowabil-
ity when being heated, and thus thermal reflow occurs.
[0085] According to an exemplary embodiment, the pixel-
defining layer 140 may include an olefin-based organic
layer, an acryl-based organic layer, or an imide-based
organic layer. The degree of thermal reflow that occurs may
be controlled by increasing or decreasing the content of
solvent.

[0086] Accordingly, the pixel-defining layer 140 is not
formed via an existing typical photolithography, but the
pixel-defining layer 140 is formed together with the pixel
electrode 171 using a thermal reflow process.

[0087] For example, this formation of the pixel-defining
layer 140 and the pixel electrode 171 corresponds to a
method of simultaneously patterning the pixel-defining layer
140 and the pixel electrode 171. Thus, the pixel electrode
171 and the pixel-defining layer 140 may be formed using
one mask use. For example, the pixel electrode 171 and the
pixel-defining layer 140 may be formed using a same mask.
[0088] According to an exemplary embodiment, the pixel
electrode 171 and the pixel-defining layer 140 may be
formed using a halftone mask.

[0089] The pixel-defining layer 140 may be formed on the
edge region of the pixel electrode 171.

[0090] According to an exemplary embodiment, the pixel-
defining layer 140 may include a protrusion 1401 formed by
a portion of the pixel-defining layer 140 protruding toward
the outside of the edge of the pixel electrode 171.

[0091] As the pixel-defining layer 140 is not formed only
on the pixel electrode 171 but the protrusion 1401 of the
pixel-defining layer 140 is formed outside the pixel elec-
trode 171, the via insulating layer 109 formed below the
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pixel electrode 171 may be spaced apart from the protrusion
1401 and thus form an empty space may be formed ther-
ebetween.

[0092] For example, a cavity 190 may be formed between
the via insulating layer 109 and the protrusion 1401 due to
the formation of the protrusion 1401 outside the pixel
electrode 171.

[0093] According to an exemplary embodiment, a thick-
ness of the space formed between the via insulating layer
109 and the protrusion 1401, for example, a thickness of
each of the pixel electrode 171 and the cavity 190, may be
about 1140 A.

[0094] Accordingly, when the intermediate layer 172 is
formed between the two pixel-defining layers 140 formed on
both ends of the pixel electrode 171 and the opposite
electrode 173 is formed on the intermediate layer 172 using
a deposition process, the cavity 190 may prevent the oppo-
site electrode 173 from being short-circuited with the pixel
electrode 171.

[0095] In the organic light-emitting display apparatus 20
according to an exemplary embodiment, the common layer
172a included in the intermediate layer 172 may be formed
to cover the protrusion 1401. In an exemplary embodiment,
the common layer 172a may be formed on the entire surface
of the substrate, covering the protrusion 1401.

[0096] For example, the common layer 172¢ may be
formed thicker than the cavity 190, and the common layer
172a may cover not only the protrusion 1401 but also the
cavity 190. At this time, a portion of the common layer 172a
may form a first protection layer 160 that surrounds the edge
of the pixel electrode 171. In an exemplary embodiment,
after the first protection layer 160 is formed separately from
the common layer 1724, the first protection layer 160 may
be covered by the common layer 172a. However, a case
where a portion of the common layer 172a forms the first
protection layer 160 will now be described for convenience
of explanation. The first protection layer 160 may contact
the pixel electrode 171, and, as illustrated in FIG. 4, the
cavity 190 may be formed and thus the first protection layer
160 need not contact the pixel electrode 171.

[0097] According to an exemplary embodiment, the cavity
190 may have a thickness of about 1140 A, and the common
layer 172a may have a thickness of about 1810 A, which is
greater than the thickness of the cavity 190.

[0098] According to an exemplary embodiment, the com-
mon layer 172a covers the cavity 190 and thus may pla-
narize the protrusion 1401 and the cavity 190 located outside
the pixel electrode 171.

[0099] Accordingly, the opposite electrode 173 formed on
an upper surface of the intermediate layer 172 is not affected
by the protrusion 1401 and the cavity 190 and a step
coverage of the opposite electrode 173 is increased by the
intermediate layer 172.

[0100] For example, since the intermediate layer 172
outside the pixel electrode 171 is formed to cover and
planarize both the protrusion 1401 and the cavity 190, the
opposite electrode 173 may be prevented from being short-
circuited by the protrusion 1401 and the cavity 190.
[0101] Referring to FIG. 5, an organic light-emitting dis-
play apparatus 30 according to an exemplary embodiment
may form the pixel electrode 171 and the pixel-defining
layer 140 by using a halftone mask according to a single
mask process.
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[0102] During this process, the protrusion 1401 may be
formed by a portion of the pixel-defining layer 140 protrud-
ing toward the outside of the edge of the pixel electrode 171.
[0103] The via insulating layer 109 formed below the
pixel electrode 171, and the protrusion 1401 are spaced apart
from each other and thus an empty space may be formed
therebetween. For example, a cavity 190 located below the
protrusion 1401 may be formed around the pixel electrode
171.

[0104] When the opposite electrode 173 is stacked on the
protrusion 1401 and the cavity 190 in this state, the opposite
electrode 173 may be short-circuited by the protrusion 1401
and the cavity 190, and thus the protrusion 1401 and the
cavity 190 need to be covered and planarized.

[0105] In the organic light-emitting display apparatus 30
according to an exemplary embodiment, the emission layer
172b and the common layer 172a, which constitute the
intermediate layer 172, may be formed to cover the protru-
sion 1401 and the cavity 190.

[0106] According to an exemplary embodiment, the com-
mon layer 172a may be formed on the entire surface of the
substrate 100, the common layer 172q including at least one
of an HIL, an HTL, a hole blocking layer (Buffer), an ETL,
and an EIL.

[0107] Moreover, the emission layer 1725 may extend to
the outside of the pixel-defining layer 140. For example,
referring to FIG. 3, the emission layer 1726 may cover the
entire portion of the protrusion 1401 of the pixel-defining
layer 140.

[0108] According to an exemplary embodiment, the emis-
sion layer 1725 may extend to cover the entire portion of the
protrusion 1401 of the pixel-defining layer 140 and to cover
the cavity 190 formed between the protrusion 1401 and the
via insulating layer 109.

[0109] In this case, since the intermediate layer 172 cov-
ering the protrusion 1401 and the cavity 190 includes not
only the common layer 172a but also the emission layer
172b, the thickness of the intermediate layer 172 covering
the protrusion 1401 and the cavity 190 may increase. In
addition, the first protection layer 160 may include a portion
of the common layer 172a and a portion of the emission
layer 172b.

[0110] According to an exemplary embodiment, the com-
mon layer 172a may have a thickness of about 1810 A, and
the emission layer 1725 may have a thickness of about 200
A or 400 A.

[0111] Accordingly, as the thickness of the intermediate
layer 172 covering the protrusion 1401 and the cavity 190
increases, the intermediate layer 172 may more securely
cover the cavity 190, and a short-circuit of the opposite
electrode 173 formed on the intermediate layer 172 may be
prevented.

[0112] According to an exemplary embodiment, only one
among the red emission layer, the blue emission layer, and
the green emission layer included in the emission layer 1725
may extend to cover the entire portion of the protrusion 1401
of the pixel-defining layer 140 and to cover the cavity 190
formed between the protrusion 1401 and the via insulating
layer 109.

[0113] According to an exemplary embodiment, when the
red emission layer of the emission layer 172b extends to the
cavity 190, the emission layer 1725 and the common layer
172a may have thicknesses of about 400 A and about 1810
A, respectively, and thus the intermediate layer 172 covering
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the cavity 190 may have a thickness of about 2210 A, which
is a sum of the thicknesses of about 400 A and about 1810
A

[0114] According to an exemplary embodiment, when the
green or blue emission layer of the emission layer 1726
extends to the cavity 190, the emission layer 1726 and the
common layer 172a may have thicknesses of about 200 A
and about 1810 A, respectively, and thus the intermediate
layer 172 covering the cavity 190 may have a thickness of
about 2010 A, which is a sum of the thicknesses of about 200
A and about 1810 A.

[0115] Accordingly, when the emission layer 1725 and the
common layer 172a extend to cover the cavity 190 via
deposition, the thickness of the intermediate layer 172 is
about 2010 A or about 2210 A, which is much greater than
about 1140 A, which is the thickness of the cavity 190, and
thus the intermediate layer 172 covers the entire portion of
the cavity 190 to thereby preventing short-circuit of the
opposite electrode 173 with the pixel electrode 171.
[0116] According to an exemplary embodiment, at least
two among the red emission layer, the blue emission layer,
and the green emission layer included in the emission layer
1725 may extend to cover the entire portion of the protrusion
1401 of the pixel-defining layer 140 and to cover the cavity
190 formed between the protrusion 1401 and the via insu-
lating layer 109.

[0117] According to an exemplary embodiment, at least
two of the emission layers 1725 extending to cover the
cavity 190 from adjacent pixels may overlap with each other
in the cavity 190.

[0118] In this case, as a thickness of the intermediate layer
172 covering the cavity 190 increases, the intermediate layer
172 may more securely cover the cavity 190, and thus
short-circuit of the opposite electrode 173 with the pixel
electrode 171 may be prevented.

[0119] Referring to FIG. 6, an organic light-emitting dis-
play apparatus 40 according to an exemplary embodiment
may form a pixel electrode 171 and a pixel-defining layer
140 by using a halftone mask according to a single mask
process.

[0120] The pixel electrode 171 may be formed on an upper
surface of the via insulating layer 109, and may be con-
nected to the drain electrode 125 through a via hole.
[0121] The pixel-defining layer 140 may be formed via
wet etching or dry etching. In wet etching, etching is
performed using a solution. In dry etching, etching is
performed using an ionized gas or the like.

[0122] When the pixel-defining layer 140 is formed via
dry etching, the via insulating layer 109 below the pixel-
defining layer 140 may be also etched.

[0123] According to an exemplary embodiment, the via
insulating layer 109 may be formed of at least one selected
from the group consisting of polyacrylate resin, epoxy resin,
phenolic resin, polyamide resin, polyimide resin, unsatu-
rated polyester resin, poly phenylenether resin, poly phe-
nylenesulfide resin, and benzocyclobutene (BCB).

[0124] The pixel-defining layer 140 according to an exem-
plary embodiment may include a photosensitive organic
layer, namely, an olefin-based organic layer, an acryl-based
organic layer, or an imide-based organic laver.

[0125] Accordingly, while the photosensitive organic
layer that forms the pixel-defining layer 140 is dry-etched,
the via insulating layer 109 below the pixel-defining layer
140 may be also etched.
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[0126] Referring to FIG. 6, a region of the via insulating
layer 109 other than a region on which the pixel-defining
layer 140 and the pixel electrode 171 are formed may be
removed.

[0127] For example, a step difference occurs in a portion
of the via insulating layer 109 corresponding to an outside
region around the pixel-defining layer 140 so as to be
adjacent to the region of the via insulating layer 109 on
which the protrusion 1401 of the pixel-defining layer 140 is
formed, and thus a via step 110 may be formed.

[0128] In the organic light-emitting display apparatus 40
according to an exemplary embodiment, the protrusion 1401
may be formed by a portion of the pixel-defining layer 140
protruding toward the outside of the edge of the pixel
electrode 171.

[0129] Because the protrusion 1401 is spaced apart from
the via step 110 by a predetermined distance, the cavity 190
may be formed around the pixel electrode 171.

[0130] The intermediate layer 172 may be formed on the
upper surfaces of the pixel electrode 171 and the pixel-
defining layer 140.

[0131] According to an exemplary embodiment, the com-
mon layer 1724 included in the intermediate layer 172 may
be formed to cover the entire surface of the pixel-defining
layer 140 and to cover both the protrusion 1401 and the via
step 110.

[0132] At this time. the common layer 172¢ may be
formed to be thicker than the cavity 190 between the
protrusion 1401 and the via step 110, and thus the common
layer 172a may be formed to cover the cavity 190 and thus
may planarize the protrusion 1401, the cavity 190, and the
via step 110.

[0133] Consequently, as the opposite electrode 173 is
formed over the protrusion 1401, the cavity 190, and the via
step 110 planarized by the common layer 172a, short-circuit
of the opposite electrode 173 may be prevented.

[0134] According to an exemplary embodiment, the via
step 110 and the protrusion 1401 may be formed such that
an angle at which the via step 110 is inclined with respect to
the ground is less than an angle at which the via step 110 is
inclined with respect to the ground.

[0135] According to an exemplary embodiment, a tapered
angle of the via step 110 formed below the cavity 190 may
be a tapered angle of the protrusion 1401 formed over the
cavity 190. For example, an upper end of the via step 110
may be vertically at least aligned with a lower end of the
protrusion 1401, or may be formed more inside than the
lower end of the protrusion 1401.

[0136] Accordingly, when the common layer 172a is
formed, the common layer 172¢ may cover the protrusion
1401 and may easily cover both the cavity 190 and the via
step 110 formed below the protrusion 1401.

[0137] Referring to FIG. 7, an organic light-emitting dis-
play apparatus 50 according to an exemplary embodiment
may form a pixel electrode 171 and a pixel-defining layer
140 by using a halftone mask according to a single mask
process.

[0138] According to an exemplary embodiment, the pixel-
defining layer 140 may be formed via dry etching, and, at
this time, the via insulating layer 109 below the pixel-
defining layer 140 may also be etched.

[0139] According to an exemplary embodiment, the via
insulating layer 109 may be formed of at least one selected
from the group consisting of polyacrylate resin, epoxy resin,
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phenolic resin, polyamide resin, polyimide resin, unsatu-
rated polyester resin, poly phenylenether resin, poly phe-
nylenesulfide resin, and benzocyclobutene (BCB), and the
pixel-defining layer 140 may include a photosensitive
organic layer, namely, an olefin-based organic layer, an
acryl-based organic layer, or an imide-based organic layer.
[0140] Accordingly, when dry etching is performed to
form the pixel-defining layer 140, a region of the via
insulating layer 109 other than a region on which the
pixel-defining layer 140 and the pixel electrode 171 are
formed may be removed.

[0141] For example, referring to FIG. 7, a step difference
may occur in a portion of the via insulating layer 109
corresponding to an outside region around the pixel-defining
layer 140 that is adjacent to the region of the via insulating
layer 109 on which the protrusion 1401 of the pixel-defining
layer 140 is formed, and thus a via step 110 may be formed.
[0142] In the organic light-emitting display apparatus 50
according to an exemplary embodiment, the protrusion 1401
may be formed by a portion of the pixel-defining layer 140
protruding toward the outside of the edge of the pixel
electrode 171. Because the protrusion 1401 is spaced apart
from the via step 110 by a predetermined distance, the cavity
190 may be formed around the pixel electrode 171.

[0143] The intermediate layer 172 may be formed on the
upper surfaces of the pixel electrode 171 and the pixel-
defining layer 140.

[0144] According to an exemplary embodiment, the com-
mon layer 172q included in the intermediate layer 172 may
be formed to cover the entire surface of the pixel-defining
layer 140 and to cover both the protrusion 1401 and the via
step 110.

[0145] At this time, in the organic light-emitting display
apparatus 50 according to an exemplary embodiment, the
emission layer 1725, included in the intermediate layer 172,
together with the common layer 172a may extend such as to
cover the entire surface of the pixel-defining layer 140.
[0146] Forexample, the emission layer 1725 together with
the common layer 172a may extend to the via step 110 in
order to cover the entire surface of the pixel-defining layer
140 and to cover the protrusion 1401 and the cavity 190.
[0147] According to an exemplary embodiment, the com-
mon layer 172a may have a thickness of about 1810 A, and
the emission layer 1725 may have a thickness of about 200
A or 400 A Accordingly, as the intermediate layer 172
covering the protrusion 1401 and the cavity 190 becomes
thicker, the intermediate layer 172 may more securely cover
the cavity 190, and a short-circuit of the opposite electrode
173 formed on the intermediate layer 172 may be prevented.

[0148] According to an exemplary embodiment, only one
among the red emission layer, the blue emission layer, and
the green emission layer included in the emission layer 1726
may extend to the via step 110 in order to cover the entire
portion of the protrusion 1401 of the pixel-defining layer
140 and to cover the protrusion 1401 and the cavity 190.

[0149] According to an exemplary embodiment, when the
red emission layer of the emission layer 1725 extends to the
cavity 190 and the via step 110, the emission layer 1725 and
the common layer 172a may have thicknesses of about 400
A and about 1810 A, respectively, and thus the intermediate
layer 172 covering the cavity 190 may have a thickness of
about 2210 A, which is a sum of the thicknesses of about 400
A and about 1810 A.
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[0150] According to an exemplary embodiment, when the
green or blue emission layer of the emission layer 1725
extends to the cavity 190 and the via step 110, the emission
layer 1726 and the common layer 172¢ may have thick-
nesses of about 200 A and about 1810 A, respectively, and
thus the intermediate layer 172 covering the cavity 190 may
have a thickness of about 2010 A, which is a sum of the
thicknesses of about 200 A and about 1810 A.

[0151] Accordingly, when the emission layer 1725 and the
common layer 172a extend to cover the protrusion 1401, the
cavity 190, and the via step 110 using a deposition process,
the thickness of the intermediate layer 172 covering the
protrusion 1401 and the cavity 190 is about 2010 A or about
2210 A, which is greater than about 1140 A, which is the
thickness of the cavity 190, and thus the intermediate layer
172 covers the entire portion of the cavity 190 to prevent
short-circuit of the opposite electrode 173.

[0152] According to an exemplary embodiment, at least
two among the red emission layer, the blue emission layer,
and the green emission layer included in the emission layer
172b may extend to the via step 110 to cover the entire
portion of the protrusion 1401 of the pixel-defining layer
140 and to cover the protrusion 1401 and the cavity 190.
[0153] According to an exemplary embodiment, at least
two emission layers 1725 extending to cover the cavity 190
and the via step 110 from adjacent pixels may overlap with
each other in the cavity 190.

[0154] Inthis case, the intermediate layer 172 covering the
cavity 190 may become thicker, and the intermediate layer
172 may securely cover the cavity 190, and thus short-circuit
of the opposite electrode 173 may be prevented.

[0155] A method of manufacturing an organic light-emit-
ting display apparatus according to an exemplary embodi-
ment of the present invention will now be described with
reference to FIGS. 8A-9.

[0156] FIGS. 8A-9 are cross-sectional views for describ-
ing a method of manufacturing the organic light-emitting
display apparatus 10 of FIG. 2.

[0157] Referring to FIG. 8A, the thin film transistor TFT
may be formed on the substrate 100 including the display
area DA of FIG. 1, on which an image is displayed, and the
non-display area NDA of FIG. 1 around the display area DA.
[0158] For example, a buffer layer 101 may be formed on
the substrate 100, and then a semiconductor material layer
may be patterned on the buffer layer 101 to thereby form the
active layer 121. Thereafter, the gate insulating layer 103
may be formed on the active layer 121, and then a conduc-
tive material may be patterned on the gate insulating layer
103 to thereby form the gate electrode 122. The gate
electrode 122 may overlap at least a portion of the active
layer 121.

[0159] After the gate electrode 122 is formed, an interlayer
insulating layer 105 may be formed to cover the gate
electrode 122, and the interlayer insulating layer 105 and the
gate insulating layer 103 may be simultaneously etched to
thereby form at least two contact holes C1 and C2 through
which the active layer 121 is exposed.

[0160] According to an exemplary embodiment, the active
layer 121 may include poly crystalline silicon, and the
regions of the active layer 121 exposed via the contact holes
C1 and C2 may be the source region and the drain region of
the active layer 121. The source region and the drain region
may be doped polycrystalline silicon regions, for example,
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conductor regions. According to an exemplary embodiment,
doping may be performed after the gate electrode 122 is
formed.

[0161] The buffer layer 101, the gate insulating layer 103,
and the interlayer insulating layer 105 may extend from the
display region DA to the non-display region NDA, and may
be removed such that an edge region of the substrate 100
located in the non-display region NDA is exposed. The
removal of the buffer layer 101, the gate insulating layer
103, and the interlayer insulating layer 105 to expose a
portion of the substrate 100 located in the non-display region
NDA may be performed simultaneously with the process of
forming the contact holes C1 and C2.

[0162] After the contact holes C1 and C2 are formed, a
conductive material may be deposited on the interlayer
insulating layer 105 and then patterned to thereby form the
source electrode 123 and the drain electrode 125 that are
respectively connected to the source region and the drain
region of the active layer 121.

[0163] Referring to FIG. 8B, a first insulating material
may be deposited on the substrate 100 to cover the thin film
transistor TFT and then may be patterned to thereby form the
via insulating layer 109 disposed within the display area DA.
The via insulating layer 109 may be a single layer or
multiple layers formed of an organic material, and may
include a via hole VIA.

[0164] Referring to FIG. 8C, a conductive material layer
171" and a second insulating material layer 140™ may be
formed on the via insulating layer 109. The conductive
material layer 171' may include a transparent conductive
oxide. For example, the transparent conductive oxide may
include indium tin oxide (ITO), indium zinc oxide (IZ0),
zinc oxide (Zn0O), indium oxide (In,0;), indium gallium
oxide (IGO), or aluminum zinc oxide (AZO). The present
invention is not limited thereto. For example, the conductive
material layer 171' may include a metal reflective layer, such
as silver (Ag), magnesium (Mg), aluminum (Al), platinum
(Pt), palladium (Pd), gold (Au), nickel (Ni), neodymium
(Nd), iridium (Ir), or chrome (Cr). The second insulating
material layer 140' may include a photosensitive organic
material, such as polyimide.

[0165] Light may be radiated to the second insulating
material layer 140" by using a photomask M. The photo-
mask M may be a halftone mask or a slit mask. According
to an exemplary embodiment, when the photomask M is a
halftone mask, the halftone mask M may include a light-
transmissive portion M3, a light-reflective portion M2, and
a semi-light-transmissive portion M1. The light-transmis-
sive portion M3 may correspond to a region from which the
conductive material layer 171' is to be completely removed,
the light-reflective portion M2 may correspond to a region
where the second insulating material layer 140™ finally
remains, and the semi-light-transmissive portion M1 may
correspond to a region in which the second insulating
material layer 140™ partially remains and then is removed
using an ashing process. According to an exemplary
embodiment, when the photomask M is a slit mask, the slit
mask M may include a slit portion M1 including at least one
slit bar that blocks light, a light-transmissive portion M3 that
transmits light, and a light-reflective portion M2 that blocks
light.

[0166] Referring to FIG. 8D, after the second insulating
material layer 140™ irradiated with light via the light-
transmissive portion M3 is completely removed and the



US 2017/0207416 Al

second insulating material layer 140" irradiated with light via
the semi-light-transmissive portion M3 is partially removed,
a first photosensitive pattern layer 140" including a first
region Al and a second region A2 surrounding the first
region Al may be formed. A thickness d3 of the first region
Al may be less than a thickness d4 of the second region A2,
and the second region A2 may substantially correspond to
the edge region of the pixel electrode 171. Using the same
process as described above, a third photosensitive pattern
layer 145" spaced apart from the first photosensitive pattern
layer 140" may also be formed.

[0167] Thereafter, by using the first photosensitive pattern
layer 140" and the third photosensitive pattern layer 145" as
a mask, the conductive material layer 171' may be etched,
and thus the pixel electrode 171 and the line 180 may be
formed. At this time, an exposed region of the conductive
material layer 171' through the third photosensitive pattern
layer 145' and the first photosensitive pattern layer 140" is
etched so that a width W2 of the pixel electrode 171 is less
than a width W1 of the first photosensitive pattern layer
140". In this case, the exposed region of the conductive
material layer 171' may be completely removed and after the
exposed region of the conductive material layer 171' is
removed, the conductive material layer 171' may be further
etched, i.e. over-etched so that an edge of the pixel electrode
171 may be more inside than an edge of the first photosen-
sitive pattern layer 140". For example, the edge of the pixel
electrode 171 may be disposed under the first photosensitive
pattern layer 140". Similarly, a width W4 of the line 180 is
less than a width W3 of the third photosensitive pattern layer
145, and an edge of the line 180 may be more inside than
an edge of the third photosensitive pattern layer 145'. For
example, the edge of the line 180 may be disposed under the
third photosensitive pattern layer 145'".

[0168] After the conductive material layer 171' is etched
as described above, a first space SP-1 may be defined by the
pixel electrode 171, the first photosensitive pattern layer
140" and the via insulating layer 109. A second space may
be defined by the line 180, the third photosensitive pattern
layer 145' and the via insulating layer 109. The first space
SP-1 and the second space SP-2 may be referred to as an
over-etched portions.

[0169] Referring to FIG. 8E, a protecting material layer
160' may be formed to cover the first photosensitive pattern
layer 140" and the via insulating layer 109. According to an
exemplary embodiment, the protecting material layer 160’
may include an inorganic insulating material, for example,
silicon nitride (SiNx) or silicon oxynitride (SiON). Accord-
ing to an exemplary embodiment, the protecting material
layer 160" may include an organic insulating material, for
example, polyimide or siloxane. Due to a capillary phenom-
enon, the protecting material layer 160' may be formed on
upper surfaces of the first photosensitive pattern layer 140",
the third photosensitive pattern layer 145'. The via insulating
layer 109 may also be formed within the over-etched por-
tions of the pixel electrode 171 and the line 180.

[0170] Referring to FIG. 8F, an exposed portion of the
protecting material layer 160", except for portions of the
protecting material layer 160' formed within the over-etched
portions of the pixel electrode 171 and the line 180 and
located below the first photosensitive pattern layer 140" and
the third photosensitive pattern layer 145', may be etched to
thereby form the first protection layer 160 and the second
protection layer 165. At this time, the exposed portion of the
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protecting material layer 160' may be removed via a dry
etching process in which the protecting material layer 160’
may be anisotropically etched. Because the anisotropic
etching has etch directivity, the first protection layer 160 and
the second protection layer 165 disposed below the first
photosensitive pattern layer 140" and the third photosensi-
tive pattern layer 145' need not be etched.

[0171] The first protection layer 160 may be arranged
along the edge of the pixel electrode 171, and may be
between the edge of the pixel electrode 171 and the edge of
the first photosensitive pattern layer 140". The second pro-
tection layer 165 may be arranged along the edge of the line
180, and may be between the edge of the line 180 and the
edge of the third photosensitive pattern layer 145'.

[0172] Referring to FIG. 8G, a portion of the first photo-
sensitive pattern layer 140" may be removed using an ashing
process. For example, a height of the first photosensitive
pattern layer 140" may be lowered in the ashing process,
and, at this time, a height of the third photosensitive pattern
layer 145' may also be lowered. The first region Al of the
first photosensitive pattern layer 140", remaining after the
light radiation using the semi-light-transmissive portion M1
of FIG. 3C, may be completely removed via the ashing
process. Accordingly, a second photosensitive pattern layer
140" exposing a center region of the pixel electrode 171 may
be formed. The second photosensitive pattern layer 140" may
cover the upper surfaces of at least one region of the first
protection layer 160 and an edge region of the pixel elec-
trode 171.

[0173] Referring to FIG. 8H, the second photosensitive
pattern layer 140" having undergone the ashing process may
be heated and thus reflowed to thereby forming the pixel-
defining layer 140 covering the edge region of the pixel
electrode 171. The second photosensitive pattern layer 140"
may flow down due to thermal reflow and thus may com-
pletely cover the upper surface of the first protection layer
160, and the second photosensitive pattern layer 140'
together with the first protection layer 160 may shield the
edge region of the pixel electrode 171. When the edge of the
pixel electrode 171 is exposed, it may short-circuit with the
opposite electrode 173 of FIG. 4 that is formed via a
subsequent process. To prevent this problem, the pixel-
defining layer 140 may cover the edge region of the pixel
electrode 171 according to a reflow process. For example, in
the method of manufacturing the organic light-emitting
display apparatus 10 according to an exemplary embodiment
of the present invention, since the first protection layer 160
is disposed along the edge of the pixel electrode 171, even
when the pixel-defining layer 140 fails to cover the edge of
the pixel electrode 171 due to a process deviation, the first
protection layer 160 may shield the edge of the pixel
electrode 171. Thus, the number of defective pixels gener-
ated in a subsequent process may be minimized.

[0174] According to the same process as described above,
the third photosensitive pattern layer 145" may be heated and
thus reflowed, thereby forming the line insulating layer 145
covering the edge of the line 180. The line insulating layer
145 may also protect the edge of the line 180 to thereby
prevent exposure of the edge of the line 180 even when the
line insulating layer 145 fails to completely cover the edge
of the line 180.

[0175] Referring to FIGS. 1 and 9, the intermediate layer
172 may be formed on a region of the pixel electrode 171 not
covered by the pixel-defining layer 140, and then the oppo-
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site electrode 173 may be formed on the intermediate layer
172, thereby forming the organic light-emitting diode
OLED. The opposite electrode 173 may be formed in only
the display region DA and need not be formed in the
non-display region NDA. Although not shown in FIG. 9, the
thin-film encapsulation layer 150 of FIG. 2 including at least
one inorganic layer 152 of FIG. 2 and at least one organic
layer 151 of FIG. 2 may be formed on the opposite electrode
173.

[0176] As described above, in the method of manufactur-
ing the organic light-emitting display apparatus 10 accord-
ing to an exemplary embodiment, the pixel electrode 171
and the pixel-defining layer 140 may be formed using a
single mask. Thus, the organic light-emitting display appa-
ratus 10 may be manufactured at low cost according to a
simple process. Moreover, in the method of manufacturing
the organic light-emitting display apparatus 10 according to
an exemplary embodiment, the first protection layer 160
disposed along the edge of the pixel electrode 171 may be
included, and thus may completely shield the edge of the
pixel electrode 171 in spite of a process deviation, thereby
preventing generation of many defective pixels.

[0177] A method of manufacturing an organic light-emit-
ting display apparatus according to an exemplary embodi-
ment of the present invention will now be described with
reference to FIGS. 10A-10D.

[0178] FIGS. 10A-10D are cross-sectional views for
describing a method of manufacturing the organic light-
emitting display apparatus 20 of FIG. 4. When FIGS.
10A-10D are described, because the processes previous to
the process of forming the first photosensitive pattern layer
140" including the first region A1 and the second region A2
surrounding the first region A are the same as those of the
manufacturing method of FIG. 8, descriptions thereof will
not be repeated herein.

[0179] Referring to FIG. 10A, the first region Al of the
first photosensitive pattern layer 140" remains on the pixel
electrode 171, and the second region A2, which is to turn
into the pixel-defining layer 140, remains on the edge of the
pixel electrode 171. In an exemplary embodiment, the
second region A2 of the first photosensitive pattern layer
140" may be thicker than the first region Al of the first
photosensitive pattern layer 140".

[0180] Next, the first region Al is removed so that a
portion of the pixel electrode 171 is exposed. The second
region A2 may be partially removed to remain on the edge
region of the pixel electrode 171. The remaining second
region A2 may be referred to as the pixel-defining layer 140.

[0181] At this time, a dry etching process or a wet etching
process may be used. In a wet etching process, the etching
is performed using a solution. In a dry etching, the etching
is performed using an ionized gas or the like.

[0182] Whether to use a dry etching process or a wet
etching process to remove the first region Al may affect the
via insulating layer 109 located below the pixel electrode
171.

[0183] In the method of manufacturing the organic light-
emitting display apparatus 20 according to an exemplary
embodiment, as the first region A1, which is a photosensitive
organic layer, is removed via wet etching, the via insulating
layer 109 below the first region Al need not be affected,
maintaining an upper surface of the via insulating layer 109
flat.
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[0184] Referring to FIG. 10B, the first region A1 remain-
ing on the pixel electrode 171 is completely removed to form
the pixel-defining layer 140. Accordingly, the pixel electrode
171 that is to contact the intermediate layer 172 is exposed.
[0185] Thus, the pixel electrode 171 and the pixel-defining
layer 140 are formed using one mask process. For example,
pixel electrode 171 and the pixel-defining layer 140 may be
formed using a single mask.

[0186] However, because the edge of the pixel electrode
171 is not yet completely covered by the pixel-defining layer
140 but is partially exposed, when electrodes are stacked in
this state, the opposite electrode 173 may directly contact an
exposed portion of the pixel electrode 171 and thus may
short-circuit with the pixel electrode 171 or light leakage
may occur.

[0187] Accordingly, the edge of the pixel electrode 171
needs to be completely covered.

[0188] Accordingly, the pixel-defining layer 140 of FIG.
10B may be heated to flow down so that the pixel-defining
layer 140 of FIG. 100 is formed. Then, referring to FIG.
10C, the pixel-defining layer 140 may be formed to cover
the entire edge of the pixel electrode 171 using the heat
treatment as described with reference to FIG. 10B.

[0189] The pixel-defining layer 140 may include a protru-
sion 1401 formed in the heat treatment. In the heat treatment,
the pixel-defining layer 140 of FIG. 10B may flow to the
outside of the edge of the pixel electrode 171 to form the
protrusion 1401. Thus, a portion of the pixel-defining layer
140 may protrude toward the outside of the pixel electrode
171, and thus the pixel-defining layer 140 may include the
protrusion 1401.

[0190] Accordingly, an empty space may be generated
between the protrusion 1401 and the via insulating layer
109, which is below the protrusion 1401, and the cavity 190
may be formed outside the pixel electrode 171 between the
protrusion 1401 and the via insulating layer 109. The empty
space may be referred to as the cavity 190.

[0191] When the opposite electrode 173 is stacked on the
protrusion 1401 and the cavity 190 in this state, the opposite
electrode 173 may be short-circuited by the protrusion 1401
and the cavity 190, and thus the protrusion 1401 and the
cavity 190 need to be covered and planarized.

[0192] Accordingly, referring to FIG. 100, the intermedi-
ate layer 172 may be formed on the upper surface of the
pixel electrode 171 to cover the protrusion 1401 and the
cavity 190.

[0193] According to an exemplary embodiment, the
organic light-emitting display apparatus 20 may include the
intermediate layer 172 having a common layer 1724 and an
emission layer 1725. The common layer 172« included in
the intermediate layer 172 may be formed to cover the
protrusion 1401 and the cavity 190. At this time, part of the
common layer 172a may form the first protection layer 160
that surrounds the edge of the pixel electrode 171. For
example, the part of the common layer 172a which is in
contact with the cavity may be referred to as the first
protection layer 160.

[0194] For example, when the intermediate layer 172 is
formed, the emission layer 1724 including an organic mate-
rial that generates light may be formed only between two
pixel-defining layers 140 formed on the edge region of the
pixel electrode 171, and the common layer 172a may be
formed to cover the protrusion 1401 and the cavity 190. In
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an exemplary embodiment, the common layer 172a may be
formed on the entire surface of the substrate 100.

[0195] Accordingly, the common layer 172a covers
entirely the protrusion 1401 of the pixel-defining layer 140
and also covers the cavity 190 as well as the protrusion 1401,
and thus the region outside the pixel electrode 171 may be
planarized before the opposite electrode 173 is formed.
[0196] Thus, in the organic light-emitting display appara-
tus 20 according to an exemplary embodiment, step cover-
age of the opposite electrode 173 increases, and a short-
circuit of the opposite electrode 173 in the cavity 190 may
be prevented.

[0197] Referring to FIG. 10D, the opposite electrode 173
may be formed on the upper surface of the intermediate layer
172, which covers and planarizes the protrusion 1401 of the
pixel-defining layer 140 and the cavity 190.

[0198] In the method of manufacturing the organic light-
emitting display apparatus 20 according to an exemplary
embodiment, since the pixel electrode 171 and the pixel-
defining layer 140 are formed according to one mask pro-
cess. For example, the pixel electrode 171 and the pixel-
defining layer 140 are formed using a same mask under the
one mask process. The protrusion 1401 of the pixel-defining
layer 140 and the cavity 190 formed due to thermal flow
according to simultaneous formation of the pixel electrode
171 and the pixel-defining layer 140 may prevent short-
circuit between the pixel electrode 171 and the opposite
electrode 173.

[0199] Organic light-emitting display apparatuses accord-
ing to exemplary embodiments of the present invention
include a first protection layer disposed along the edge of a
pixel electrode, and thus may completely shield the edge of
the pixel electrode in spite of a process deviation, thereby
preventing generation of many defective pixels. Moreover,
in methods of manufacturing the organic light-emitting
display devices according to exemplary embodiments of the
present invention, the pixel electrode and a pixel-defining
layer are formed using a single mask. Thus, the organic
light-emitting display apparatuses may be manufactured at
low cost according to a simple process.

[0200] While the present invention has been shown and
described with reference to exemplary embodiments thereof,
it will be apparent to those of ordinary skill in the art that
various changes in form and detail may be made therein
without departing from the spirit and scope of the present
invention as defined by the following claims.

What is claimed is:

1. An organic light-emitting display apparatus compris-

ing:

a substrate;

a thin film transistor disposed on the substrate;

a via insulating layer covering the thin film transistor and
comprising a via hole;

a pixel electrode disposed on the via insulating layer and
electrically connected to the thin film transistor through
the via hole;

a first protection layer surrounding the pixel electrode;

a pixel-defining layer covering an edge region of the pixel
electrode and at least a portion of the first protection
layer and to comprise an opening through which an
upper surface of the pixel electrode is exposed;

an opposite electrode facing the pixel electrode; and

an intermediate layer disposed between the pixel elec-
trode and the opposite electrode.
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2. The organic light-emitting display apparatus of claim 1,
wherein the first protection layer is in contact with an edge
of the pixel electrode.
3. The organic light-emitting display apparatus of claim 1,
wherein the first protection layer is separated from an
edge of the pixel electrode, and
wherein the organic light-emitting display apparatus fur-
ther comprises:
a cavity disposed between the first protection layer and
the edge of the pixel electrode.
4. The organic light-emitting display apparatus of claim 1,
wherein a center of the pixel electrode coincides with a
center of the opening.
5. The organic light-emitting display apparatus of claim 1,
wherein the intermediate layer comprises:
an emission layer; and
a common layer covering the pixel-defining layer and
the first protection layer.
6. The organic light-emitting display apparatus of claim 5,
wherein the emission layer comprises:
a red emission layer;
a green emission layer; and
a blue emission layer, and
wherein at least one emission layer among the red emis-
sion layer, the green emission layer, and the blue
emission layer covers the pixel-defining layer and the
first protection layer.
7. The organic light-emitting display apparatus of claim 1,
wherein the intermediate layer comprises:
an emission layer; and
a common layer covering the pixel-defining layer, and
wherein the first protection layer is part of the common
layer.
8. The organic light-emitting display apparatus of claim 7,
wherein the emission layer comprises a red emission
layer, a green emission layer, and a blue emission layer,
and
wherein at least one of the red emission layer, the green
emission layer, and the blue emission layer covers the
pixel-defining layer, and
wherein the first protection layer is part of the at least one
of the red emission layer, the green emission layer and
the blue emission layer.

9. The organic light-emitting display apparatus of claim 1,
wherein the first protection layer comprises an inorganic
insulating material or an organic insulating material.
10. The organic light-emitting display apparatus of claim

15
wherein the first protection layer has a shape of a closed
loop comprising an inner lateral surface and an outer
lateral surface.
11. A method of manufacturing an organic light-emitting
display apparatus, the method comprising:
forming a thin film transistor on a substrate;
forming a via insulating layer covering the thin film
transistor and comprising a via hole;
forming a conductive material layer on the via insulating
layer, the conductive material layer being connected to
the thin film transistor through the via hole of the via
insulating layer;
forming a first photosensitive pattern layer comprising a
first region and a second region that surrounds the first
region, on the conductive material layer;
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patterning the conductive material layer by using the first
photosensitive pattern layer to form a pixel electrode;
forming a first protection layer surrounding the pixel
electrode;
forming a pixel-defining layer by removing the first
region of the first photosensitive pattern layer, the
pixel-defining layer exposing an upper surface of the
pixel electrode and covering an edge region of the pixel
electrode;
forming an intermediate layer on the pixel electrode; and
forming an opposite electrode on the intermediate layer.
12. The method of claim 11,
wherein the forming of the first protection layer com-
prises:
forming a protecting material layer to cover the first
photosensitive pattern layer and the via insulating
layer; and
etching the protecting material layer to form the first
protection layer surrounding the pixel electrode, and
wherein the protecting material layer is anisotropically
etched in the etching of the protecting material layer.
13. The method of ¢laim 11,
wherein the forming of the intermediate layer comprises:
forming a common layer on an entire upper surface of the
substrate.
14. The method of claim 13,
wherein the forming of the first protection layer and the
forming of the common layer are performed using a
same mask.
15. The method of claim 13,
wherein the intermediate layer comprises an emission
layer,
wherein the emission layer comprises a red emission
layer, a green emission layer, and a blue emission layer,
and
wherein the forming of the intermediate layer further
comprises:
extending the emission layer to a region outside the
pixel-defining layer such that at least one of the red
emission layer, the green emission layer, and the blue
emission layer covers the pixel-defining layer.
16. The method of claim 11, further comprising;
reflowing the pixel-defining layer.
17. The method of claim 11,
wherein the first protection layer is in contact with the
pixel electrode.
18. The method of claim 16,
wherein the reflowing of the pixel-defining layer com-
prises:
forming a protrusion protruded from the pixel-defining
layer, and

13
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wherein the forming of the intermediate layer comprises:

forming a common layer to cover the protrusion of the
pixel-defining layer to form a cavity, wherein the
cavity is an empty space defined by the common
layer, the protrusion of the pixel-defining layer and
the via insulating layer.

19. The method of claim 11,

wherein a thickness of the first region of the first photo-
sensitive pattern layer is less than a thickness of the
second region of the first photosensitive pattern layer.

20. The method of claim 11,

wherein, in the patterning of the conductive material
layer, a width of the pixel electrode is less than a width
of the first photosensitive pattern layer.

21. An organic light-emitting display apparatus compris-

ing:

a substrate;

a thin film transistor disposed on the substrate;

a via insulating layer covering the thin film transistor and
comprising a via hole;

a pixel electrode disposed on the via insulating layer and
electrically connected to the thin film transistor through
the via hole;

an emission layer disposed on an upper surface of the
pixel electrode;

a pixel-defining layer disposed on the upper surface of the
pixel electrode and surrounding the emission layer;
an opposite electrode disposed on the emission layer and

the pixel-defining layer; and
a recessed region defined by a bottom surface of the pixel
electrode, an edge of the pixel electrode and the via
insulating layer,
wherein the opposite electrode is spaced apart from the
pixel electrode by the recessed region.
22. The organic light-emitting display apparatus of claim
21,

wherein the recessed region is a cavity.

23. The organic light-emitting display apparatus of claim
21, further comprising:

a first protection layer disposed in the recessed region,

wherein the first protection layer is in contact with the
bottom surface of the pixel-defining layer and the edge
of the pixel electrode.

24. The organic light-emitting display apparatus of claim

23,

wherein the opposite electrode is in contact with the first
protection layer.

25. The organic light-emitting display apparatus of claim

22, further comprising;

a common layer interposed between the opposite elec-
trode and the emission layer on the pixel electrode,
wherein the common layer covers the pixel-defining layer

and the recess region to form the cavity.
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