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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2016-0026421, filed on Mar. 4,
2016, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1. Field

[0003] One or more embodiments relate to an organic
light-emitting display apparatus and a method of manufac-
turing the same.

[0004] 2. Description of the Related Art

[0005] Organic light-emitting display apparatuses are self-
emitting type display apparatuses that include an organic
light-emitting device (OLED) including a hole injection
electrode, an electron injection electrode, and an organic
emission layer between the hole injection electrode and
electron injection electrode, wherein excitons, which are
generated by holes injected from the hole injection electrode
and electrons injected from the electron injection electrode
being united in the organic emission layer, emit light by
falling from an excited state to a ground state.

[0006] Organic light-emitting display apparatuses are self-
emitting type display apparatuses requiring no additional
light sources, and thus, they may be driven by a low voltage,
and may be formed to be thin and lightweight. Also, organic
light-emitting display apparatuses have excellent character-
istics, such as wide viewing angles, high contrast, and rapid
response rates, all of which have drawn attention as next
generation display apparatuses.

SUMMARY

[0007] One or more embodiments include an organic
light-emitting display apparatus realizing high quality dis-
play at low expense, and a method of manufacturing the
samie.

[0008] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments.

[0009] According to one or more embodiments, an organic
light-emitting display apparatus includes: a substrate on
which a display area is defined, wherein the display area is
configured to display an image; a thin film transistor
arranged on the display area of the substrate; a via-insulating
layer covering the thin film transistor; a pixel electrode
arranged on the via-insulating layer and electrically con-
nected to the thin film transistor; a pixel-defining layer
including an opening exposing a central portion of the pixel
electrode, and covering an edge of the pixel electrode; a
counter electrode facing the pixel electrode; an organic
emission layer arranged between the pixel electrode and the
counter electrode; a wire arranged on the via-insulating layer
to be spaced apart from the pixel electrode and including a
spacer area and a non-spacer area; and a spacer arranged on
the spacer area.
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[0010] The spacer area may have a greater width than the
non-spacer area.

[0011] The spacer may be arranged on a same layer as the
pixel-defining layer.

[0012] Aheight of the spacer may be greater than a height
of the pixel-defining layer.

[0013] The spacer may include a same material as the
pixel-defining layer.

[0014] The spacer may completely cover the spacer area,
and an end of the spacer area may be arranged between the
via-insulating layer and the spacer.

[0015] The wire may include a contact hole, and the
contact hole may be spaced apart from the spacer area.
[0016] The organic light-emitting display apparatus may
further include a wire-protection layer completely covering
the non-spacer area of the wire and patterned to correspond
to the non-spacer area.

[0017] Aheight of the spacer may be greater than a height
of the wire-protection layer, and the spacer may be con-
nected to the wire-protection layer and may include a same
material as the wire-protection layer.

[0018] The pixel-defining layer may include a first incli-
nation portion extending from an area where an upper
surface of the pixel electrode contacts the opening, and a
second inclination portion extending from the first inclina-
tion portion to an area of an upper surface of the via-
insulating layer in a different inclination direction from the
first inclination portion.

[0019] A first angle between the pixel electrode and the
first inclination portion may be greater than a second angle
between the via-insulating layer and the second inclination
portion.

[0020] The organic light-emitting display apparatus may
further include a thin film encapsulation layer arranged on
the counter electrode and including at least one inorganic
layer and at least one organic layer.

[0021] The pixel-defining layer may include a photo-
sensitive organic material.

[0022] According to one or more embodiments, a method
of manufacturing an organic light-emitting display appara-
tus includes: providing a substrate on which a display area
is defined, wherein the display area is configured to display
an image; forming a thin film transistor on the display area
of the substrate; forming a via-insulating layer covering the
thin film transistor; forming a conductive material on the
via-insulating layer; forming a second insulating material on
the conductive material; exposing the conductive material
by irradiating light onto the second insulating material and
removing a portion of the second insulating material; form-
ing a pixel electrode and a wire that is spaced apart from the
pixel electrode by etching an exposed portion of the con-
ductive material; forming a pixel-defining layer covering an
edge area of the pixel electrode, and a spacer covering the
wire, by reflowing the second insulating material; forming
an organic emission layer on the pixel electrode; and form-
ing a counter electrode on the organic emission layer.
[0023] The wire may include a spacer area on which the
spacer is formed, and a non-spacer area, and the spacer area
may have a greater width than the non-spacer area.

[0024] A height of the spacer may be greater than a height
of the pixel-defining layer.

[0025] The wire may include a contact hole, and the
contact hole may be spaced apart from the spacer area.
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[0026] The method may further include forming a wire-
protection layer completely covering the non-spacer area of
the wire and patterned to correspond to the non-spacer area.
[0027] The method may further include irradiating light
onto the second insulating material, wherein the irradiating
light onto the second insulating material includes irradiating
light onto the second insulating material by using a half-tone
mask including a transmissive portion, a semi-transmissive
portion, and a light shielding portion.

[0028] The method may further include, after forming the
counter electrode, forming a thin film encapsulation layer
including at least one inorganic layer and at least one organic
layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accom-
panying drawings in which:

[0030] FIG. 1A is a schematic plan view of an organic
light-emitting display apparatus according to an embodi-
ment;

[0031] FIGS. 1B and 1C are cross-sectional views sche-
matically showing a structure of an organic light-emitting
display apparatus according to an embodiment;

[0032] FIG. 2 is an enlarged plan view of a portion of a
display area of an organic light-emitting display apparatus
according to an embodiment;

[0033] FIG. 3Ais a cross-sectional view taken along a line
I-I of FIG. 2;

[0034] FIG. 3B is a cross-sectional view taken along a line
II-IT of FIG. 2;

[0035] FIGS. 4A, 4B, and 4C are schematic plan views of
shapes of a wire which may be implemented in an organic
light-emitting display apparatus, according to embodiments;
[0036] FIGS. 5A, 5B, 5C, 5D, 5E, 5F, 5G, and 5H are
cross-sectional views for sequentially describing a method
of manufacturing the organic light-emitting display appara-
tus of FIG. 3A; and

[0037] FIG. 6 shows focused ion beam (FIB) images of
sections of a pixel-defining layer and a spacer which are
manufactured according to an embodiment.

DETAILED DESCRIPTION

[0038] The present embodiments may have different
forms and should not be construed as being limited to the
descriptions set forth herein. Accordingly, the embodiments
are merely described below, by referring to the figures, to
explain aspects of the present description. 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.

[0039] It will be understood that although the terms “first,”
“second,” etc. may be used herein to describe various
components, these components should not be limited by
these terms. These components are only used to distinguish
one component from another.

[0040] 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.
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[0041] It will be further understood that the terms “com-
prises” and/or “comprising” used herein specify the pres-
ence of stated features or components, but do not preclude
the presence or addition of one or more other features or
components.

[0042] Sizes of elements in the drawings may be exag-
gerated 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 embodiments are not limited thereto.

[0043] When a certain embodiment may be implemented
differently, a specific process order may be performed dif-
ferently from the described order. For example, two con-
secutively described processes may be performed substan-
tially at the same time or performed in an order opposite to
the described order.

[0044] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompany-
ing drawings, wherein like reference numerals refer to like
elements throughout, and repeated descriptions will not be
made.

[0045] FIG. 1A is a schematic plan view of organic
light-emitting display apparatuses 100 and 200 according to
embodiments. FIGS. 1B and 1C are cross-sectional views
schematically showing structures of the organic light-emit-
ting display apparatuses 100 and 200.

[0046] Referring to FIGS. 1A through 1C, the organic
light-emitting display apparatuses 100 and 200 may include
a substrate 110 and a display part 10 on the substrate 110,
wherein the substrate 110 is divided into a display area DA
on which an image is displayed, and a peripheral area PA
around the display area DA. An integrated circuit chip 15
may be mounted on the peripheral area PA of the substrate
110.

[0047] The display part 10 may include a thin film tran-
sistor (TFT), an organic light-emitting device (OLED), a
capacitor Cst, etc.

[0048] The display part 10 may further include signal
lines, such as gate lines for transmitting gate signals and data
lines for transmitting data signals. The display part 10 may
display an image when a pixel is formed via electrical
connection of the thin film transistor TFT, the organic
light-emitting display device OLED, etc., wherein the thin
film transistor TFT and the organic light-emitting display
device OLED are connected to the gate lines and the data
lines. A plurality of the pixelx may be provided, and the
plurality of pixels may be arranged in various shapes. For
example, the pixels may have a stripe arrangemert, a pentile
arrangement, etc.

[0049] Referring to FIG. 1B, the organic light-emitting
display apparatus 100 may further include a thin film
encapsulation layer 150. The thin film encapsulation layer
150 may prevent external materials, such as water or oxy-
gen, from penetrating through the display part 10, and may
be formed to surround an upper surface and/or side surfaces
of the display part 10.

[0050] In some embodiments, the thin film encapsulation
layer 150 may include an inorganic layer and/or an organic
layer. The thin film encapsulation layer 150 may be formed
by alternately stacking a plurality of inorganic layers and a
plurality of organic layers. An uppermost layer of the thin
film encapsulation layer 150, which is exposed to the
outside, may be formed by using an inorganic layer, in order
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to prevent water vapor permeation through the organic
light-emitting display device OLED.

[0051] The inorganic layer may be a single layer or a stack
including metal oxide or metal nitride. In detail, the inor-
ganic layer may include at least one of SiNx, Al,O;, SiO,,
and TiOs.

[0052] The organic layer may be formed by using a
polymer, and may be a single layer or a stack including at
least one of polyethyleneterephthalate, polyimide, polycar-
bonate, epoxy, polyethylene, and polyacrylate.

[0053] In other embodiments, the thin film encapsulation
layer 150 may have a layer structure including low melting
glass, such as SnO.

[0054] Referring to FIG. 10, the organic light-emitting
display apparatus 200 may further include a sealing sub-
strate 250. The sealing substrate 250 may prevent external
oxygen and water from penetrating through the display part
10. The sealing substrate 250 may include various materials,
such as transparent glass, ceramic, transparent plastic, metal,
or the like. In some cases, a polarization film or a color filter
may further be provided on the sealing substrate 250.
[0055] Edges of the substrate 110 and the sealing substrate
250 are coupled to each other via a sealing member 270. The
sealing member 270 is arranged to surround the display part
10. The sealing member 270 seals an internal space 25
between the substrate 110 and the sealing substrate 250. The
sealing member 270 may prevent oxygen or water from
being introduced into the display part 10 and bond the
substrate 110 and the sealing substrate 250 to improve the
device rigidity.

[0056] A moisture absorbent, an internal filler, etc. may be
provided in the internal space 25. The internal filler may
protect the display part 10 from shocks which may be
applied to the display part 10 from the outside.

[0057] The organic light-emitting display apparatuses 100
and 200 according to the present embodiments include at
least one spacer in the display part 10. In the case of the
organic light-emitting display apparatus 100 of FIG. 1B, the
spacer may be provided to prevent mask scratches during a
mask process. In the case of the organic light-emitting
display apparatus 200 of FIG. 10, the spacer may be used not
only to prevent mask scratches during the process, but also
to maintain a distance between the substrate 110 and the
sealing substrate 250 and increase the device rigidity.
[0058] Hereinafter, the embodiments will be described in
detail by referring to FIGS. 2 through 3B.

[0059] FIG. 2 is an enlarged plan view of a portion of the
display area DA of the organic light-emitting display appa-
ratus 100, FIG. 3A is a cross-sectional view taken along a
line I-I of FIG. 2, and FIG. 3B is a cross-sectional view taken
along a line II-1T of FIG. 2.

[0060] Referring to FIG. 2, the organic light-emitting
display apparatus 100 includes a plurality of sub-pixels
including the organic light-emitting device OLED. The
plurality of sub-pixels may include a first sub-pixel Sub_R,
a second sub-pixel Sub_G, and a third sub-pixel Sub_B.

[0061] The first sub-pixel Sub_R may emit light of a red
color, the second sub-pixel Sub_G may emit light of a green
color, and the third sub-pixel Sub_B may emit light of a blue
color. However, the first through third sub-pixels Sub_R,
Sub_G, and Sub_B are not limited thereto. The first sub-
pixel Sub_R, the second sub-pixel Sub_G, and the third
sub-pixel Sub_B may emit light of different colors. For
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example, at least one of the first sub-pixel Sub_R, the second
sub-pixel Sub_G, and the third sub-pixel Sub_B may emit
light of a white color, etc.

[0062] The first sub-pixel Sub_R, the second sub-pixel
Sub_G, and the third sub-pixel Sub_B may have different
sizes, and the second sub-pixel Sub_G may have a lesser
area than the first sub-pixel Sub_R or the third sub-pixel
Sub_B. However, it is not limited thereto, and the first
sub-pixel Sub_R, the second sub-pixel Sub_G, and the third
sub-pixel Sub_B may have the same or substantially the
same sizes. The first sub-pixel Sub_R, the second sub-pixel
Sub_@G, and the third sub-pixel Sub_B may have polygonal,
circular, or oval shapes. The first sub-pixel Sub_R, the
second sub-pixel Sub_G, and the third sub-pixel Sub_B may
have different shapes from one another.

[0063] One of each of the first sub-pixel Sub_R, the
second sub-pixel Sub_G, and the third sub-pixel Sub_B may
be included to form a pixel, or they may be included in
different numeral proportions to form a pixel.

[0064] The first sub-pixel Sub_R, the second sub-pixel
Sub_G, and the third sub-pixel Sub_B may be arranged to
have a stripe shape in which the first sub-pixel Sub_R, the
second sub-pixel Sub_G, and the third sub-pixel Sub_B are
arranged in series. Alternatively, the first sub-pixel Sub_R,
the second sub-pixel Sub_G, and the third sub-pixel Sub_B
may be arranged to have a diamond structure or a pentile
structure in which the first sub-pixel Sub_R and the third
sub-pixel Sub_B are alternately arranged at vertexes of a
virtual quadrangle which has the second sub-pixel Sub_G as
the center. In addition, the first sub-pixel Sub_R, the second
sub-pixel Sub_G, and the third sub-pixel Sub_B may be
arranged to have a zig-zag shape, which is one example of
various possible shapes.

[0065] A wire 170 including a spacer area 170s is arranged
among the plurality of sub-pixels. The wire 170 may
include, but is not limited to, various wires, such as a data
line, a scan line, a power supply line, an initialization power
line, etc. The wire 170 may include a contact hole 170¢, and
the wire 170 may exchange electrical signals with other
wires or other devices arranged on different layers, via the
contact hole 170c.

[0066] The wire 170 may include the spacer area 170s and
a non-spacer area 170n. The spacer area 170s is an area in
which a spacer 180 is arranged, and the spacer area 170s
may include a width Ws that is greater than a width W, of
the non-spacer area 170z in which the spacer 180 is not
arranged. Also, the spacer area 170s may have the width Ws
that is greater than a width Wp of a pixel-defining layer 140.
In this specification, the width of the wire 170 denotes a
planar vertical length of a main movement path of an
electron, in which the electron moves along the wire 170.

[0067] The width Ws of the spacer area 170s may be
variable, and may vary according to a shape of the spacer
area 170s.

[0068] The wire 170 may be patterned like a second
insulating material 140™ to be described later, and the
non-spacer area 170 of the wire 170 may be covered by a
wire-protection layer 181, and the spacer area 170s of the
wire 170 may be covered by the spacer 180. The spacer 180
may have a greater height than the wire-protection layer 181.
This may be because the spacer area 170s includes the width
Ws which is greater than the width W, of the non-spacer
area 170n. More detailed aspects will be described later.
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[0069] The spacer area 170s may not include the contact
hole 170c. When the contact hole 170c¢ is artanged in the
spacer area 170s, the spacer 180 may not be formed to be
higher than the wire-protection layer 181. Accordingly, the
spacer area 170s and the contact hole 170¢ may be arranged
to be spaced apart from each other.

[0070] The spacer area 170s may be arranged for each
pixel including a set of sub-pixels, or for one from every two
or three pixels. Alternatively, a plurality of spacer areas 170s
may be included in one pixel.

[0071] Referring to FIG. 3A, the organic light-emitting
display apparatus 100 according to an embodiment includes
the substrate 110, the thin film transistor TFT, a via-insu-
lating layer 119, the organic light-emitting device OLED,
the pixel-defining layer 140, the wire 170 including the
spacer area 170s, and the spacer 180. The organic light-
emitting display apparatus 100 may further include the thin
film encapsulation layer 150.

[0072] The substrate 110 may include various materials,
such as glass, metal, or plastic. According to an embodi-
ment, the substrate 110 may include a flexible substrate.
Here, the flexible substrate refers to a substrate which is
easily bent, curved, folded, or rolled. The flexible substrate
may include ultra-thin glass, metal, or plastic. For example,
when plastic is used, the substrate 110 may include poly-
imide (PI), but is not limited thereto.

[0073] The substrate 110 may be divided into the display
area DA and the peripheral area PA. In detail, the display
area DA may be arranged at a central portion of the substrate
110 and may display an image. A plurality of pixels may be
arranged on the display area DA, and the plurality of pixels
may include sets of sub-pixels. Each of the sub-pixels
includes the organic light-emitting device OLED for realiz-
ing an image.

[0074] The peripheral area PA may be arranged around the
display area DA and may be adjacent to an edge of the
substrate 110. When the organic light-emitting display appa-
ratus 100 is sealed by the thin film encapsulation layer 150,
a dam portion, a groove, etc. may be arranged on the
peripheral area PA to suppress the flow of an organic
material, and an integrated circuit chip may be arranged on
the peripheral PA to drive the pixels.

[0075] Abuffer layer 111 may be arranged on the substrate
110 to prevent penetration of impure elements and planarize
a surface of the substrate 110. The thin film transistor TFT
may be arranged on the display area DA of the buffer layer
111. A barrier layer (not shown) may further be arranged
between the substrate 110 and the buffer layer 111, and the
buffer layer 111 may be omitted as necessary.

[0076] The thin film transistor TFT may function as part of
a driving circuit portion for driving the organic light-emit-
ting device OLED. The driving circuit portion may further
include a capacitor, a wire, etc. in addition to the thin film
transistor TFT.

[0077] The thin film transistor TFT may include an active
layer 121 arranged on the buffer layer 111, a gate electrode
122 arranged 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 124 electrically connected to a pixel
electrode 131. A gate insulating layer 113 may be arranged
between the active layer 121 and the gate electrode 122, and
an interlayer insulating layer 115 may be arranged between
the gate electrode 122, and the source electrode 123 and the
drain electrode 124.
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[0078] The active layer 121 may include a semiconductor
material. For example, the active layer 121 may include
amorphous silicon or polycrystalline silicon. However, the
present inventive concept is not limited thereto. The active
layer 121 according to another embodiment may include an
organic semiconductor material or an oxide semiconductor
material.

[0079] The gate electrode 122 may be connected to a gate
wire (not shown) applying an on/off signal to the thin film
transistor TFT, and may include a low resistance metal
material. For example, the gate electrode 122 may be a
single layer or multiple layers including a conductive mate-
rial, such as Mo, Al, Cu, and/or Ti.

[0080] The source electrode 123 and the drain electrode
124 may be a single layer or multiple layers including a
conductive material having high conductivity, and may be
connected to a source area and a drain area of the active layer
121, respectively.

[0081] The thin film transistor TFT according to an
embodiment may be a top gate type in which the gate
electrode 122 is arranged on the active layer 121. However,
the present inventive concept is not limited thereto. Accord-
ing to another embodiment, the thin film transistor TFT may
be a bottom gate type in which the gate electrode 122 is
arranged below the active layer 121.

[0082] The gate insulating layer 113 and the interlayer
insulating layer 115 may be a single layer or multiple layers
including an inorganic material. For example, the gate
insulating layer 113 and the interlayer insulating layer 115
may include Si0O,, SiN_, SiON, Al,0,, TiO,, Ta,0Os, HfO,,
and/or ZrO,.

[0083] The buffer layer 111, the gate insulating layer 113,
and the interlayer insulating layer 115 may extend to a
portion of the peripheral area PA beyond the display area
DA. According to an embodiment, the buffer layer 111, the
gate insulting layer 113, and the interlayer insulating layer
115 may be arranged on areas of the substrate 110, except an
outermost edge area.

[0084] The via-insulating layer 119 may cover the thin
film transistor TFT, and remove a step difference due to the
thin film transistor TFT, etc. and planarize an upper surface
of the thin film transistor TFT. The via-insulating layer 119
may be a single layer or multiple layers including an organic
material. However, the present inventive concept is not
limited thereto, and the via-insulating layer 119 according to
another embodiment may be a combined stack of an inor-
ganic insulating layer and an organic insulating layer.
[0085] The organic light-emitting device OLED may be
arranged on the via-insulating layer 119. The organic light-
emitting device OLED may include the pixel electrode 131
and a counter electrode 133 facing the pixel electrode 131.
An organic emission layer 132 may be provided between the
pixel electrode 131 and the counter electrode 133.

[0086] The pixel electrode 131 may be arranged on the
via-insulating layer 119 and may be electrically connected to
the thin film transistor TFT via a via-hole VIA included in
the via-insulating layer 119. The pixel electrode 131 accord-
ing to an embodiment is electrically connected to the drain
electrode 124. However, the present inventive concept is not
limited thereto, and the pixel electrode 131 according to
another embodiment may be electrically connected to the
source electrode 123.

[0087] The pixel electrode 131 may be formed by using a
material having a high work function. In the case of a bottom



US 2017/0256597 A1l

emission type in which an image is displayed toward a
bottom portion of the substrate 110, the pixel electrode 131
may include at least one transparent conductive oxide
selected from the group consisting of indium tin oxide
(ITO), indium zinc oxide (1Z0), zinc oxide (ZnO), indium
oxide (In,0;), indium gallium oxide (IGO), and aluminum
zinc oxide (AZO).

[0088] According to another embodiment, in the case of a
top emission type in which an image is displayed toward the
counter electrode 133, the pixel electrode 131 may further
include a metal reflective layer including Ag, Mg, Al, Pt, Pd,
Au, Ni, Nd, Ir, Cr, or the like, in addition to the transparent
conductive oxide.

[0089] The pixel-defining layer 140 may be arranged at an
edge of the pixel electrode 131, and the organic emission
layer 132 may be arranged on a middle portion of the pixel
electrode 131. That is, the organic emission layer 132 may
be arranged on an area of the pixel electrode 131, the area
not being covered by the pixel-defining layer 140.

[0090] The organic emission layer 132 may include a low
molecular weight organic material or a high molecular
weight organic material, and at least one of a hole injection
layer, a hole transport layer, an electron transport layer, and
an electron injection layer may further be arranged between
the pixel electrode 131 and the counter electrode 133, in
addition to the organic emission layer 132. According to an
embodiment, various other function layers may further be
arranged between the pixel electrode 131 and the counter
electrode 133, in addition to the layers described above.

[0091] The organic emission layer 132 may be arranged in
each organic light-emitting device OLED. In this case,
according to a type of the organic emission layer 132
included in the organic light-emitting device OLED, the
organic light-emitting device OLED may emit light of a red,
green, or blue color. However, the present inventive concept
is not limited thereto, and a plurality of organic emission
layers 132 may be included in one organic light-emitting
device OLED. For example, the plurality of organic emis-
sion layers 132 emitting light of red, green, and blue colors
may be vertically stacked or combined to emit light of a
white color. In this case, a color conversion layer or a color
filter may further be provided to convert the emitted light of
the white color into a predetermined color. The red, green,
and blue colors are examples, and the combination of colors
for emitting the light of the white color is not limited thereto.

[0092] The counter electrode 133 may be arranged on the
organic emission layer 132, and the counter electrode 133
may include various conductive materials. For example, the
counter electrode 133 may include transparent conductive
metal oxide, such as ITO, IZO, ZnO, In,0;, IGO. AZO, etc.
According to another embodiment, the counter electrode
133 may include a thin film including at least one selected
from Li, Ca, LiF/Ca, LiF/Al, Al, Ag, Mg, and Yb. The
counter electrode 133 may be formed as a single layer or
multiple layers. In the case of the bottom emission type, the
counter electrode 133 may be a reflection electrode, and in
the case of the top emission type, the counter electrode 133
may be a transparent or a semi-transparent electrode.

[0093] The counter electrode 133 may be formed such that
a common voltage is applied to all pixels. The counter
electrode 133 may extend from an upper surface of the
organic emission layer 132 to upper surfaces of the pixel-
defining layer 140 and the spacer 180.
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[0094] The pixel-defining layer 140 may include an open-
ing 131/ covering the edge of the pixel electrode 131 and
exposing the middle portion of the pixel electrode 131. The
pixel-defining layer 140 may include a first inclination
portion 140a extending from an area P1 at which an upper
surface of the pixel electrode 131 contacts the opening 1312,
and a second inclination portion 1405 extending from the
first inclination portion 140a to an area P2 of an upper
surface of the via-insulating layer 119, in an inclination
direction that is different from the inclination direction of the
first inclination portion 140a.

[0095] The first inclination portion 140a may extend from
the area P1 at which the upper surface of the pixel electrode
131 contacts the opening 131/ toward a direction in which
the first inclination portion 140 is distanced from the
substrate 110. The second inclination portion 1405 may
extend from the first inclination portion 140« in a direction
toward the substrate 110. Here, the direction in which the
first inclination portion 140q is distanced from the substrate
110 and the direction in which the second inclination portion
1405 is toward the substrate 110 do not denote directions
perpendicular to a principal plane of the substrate 110, but
instead, may denote directions inclined with respect to the
principal plane of the substrate 110 at a predetermined angle.
[0096] The pixel-defining layer 140 may be formed to
surround the pixel electrode 131 to expose the upper surface
of the pixel electrode 131 and may planarly have a doughnut
shape or a polygonal frame shape. The pixel-defining layer
140 may be a photo-sensitive organic layer, and may
include, for example, polyimide.

[0097] The pixel electrode 131 may be arranged at most
areas between the pixel-defining layer 140 and the via-
insulating layer 119, and an area at which the pixel-defining
layer 140 and the via-insulting layer 119 directly contact
each other may be very small compared to the areas at which
the pixel-electrode 131 is arranged. That is, an end 131a of
the pixel electrode 131 and the area P2 of the upper surface
of the via-insulating layer 119 may be adjacent to each other.
[0098] The edge of the pixel electrode 131 may extend not
only between the via-insulating layer 119 and the first
inclination portion 140a of the pixel-defining layer 140, but
also between the via-insulating layer 119 and at least a
portion of the second inclination portion 1405 of the pixel-
defining layer 140. That is, the end 131a of the pixel
electrode 131 may be between the via-insulating layer 119
and the second inclination portion 140b. A distance d1
between the area P1 of the upper surface of the pixel
electrode 131 and the end 131a of the pixel electrode 131,
which is covered by the pixel-defining layer 140, may be
greater than a distance d2 between the area P2 of the upper
surface of the via-insulating layer 119 and the end 131a of
the pixel electrode 131.

[0099] According to an embodiment, a first angle 61
between the pixel electrode 131 and the first inclination
portion 140a may be greater than a second angle 62 between
the via-insulating layer 119 and the second inclination
portion 1405. The first angle 61 may be less than about 55
degrees, the second angle 62 may be less than about 40
degrees, and a difference between the first angle 61 and the
second angle 62 may be equal to or greater than about 5
degrees.

[0100] The first inclination portion 140a and the second
inclination portion 1405 may have different inclinations,
depending on areas thereof. The first angle 61 includes
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inclination angles of the pixel-defining layer 140 at the area
P1 of the upper surface of the pixel electrode 131. The
second angle 62 includes inclination angles of the pixel-
defining layer 140 at the area P2 of the upper surface of the
via-insulating layer 119.

[0101] Herewith, the first angle 61 and the second angle
02 may be defined by excluding an area of the pixel-defining
layer 140, at which the pixel-defining layer 140 extends
substantially in parallel to the via-insulating layer 119 and/or
the pixel electrode 131 along the upper surface of the
via-insulating layer 119 and/or the upper surface of the pixel
electrode 131. Being substantially parallel may denote that
the angle between the first inclination portion 140a of the
pixel-defining layer 140 and the pixel electrode 131 or the
angle between the second inclination portion 14056 of the
pixel-defining layer 140 and the via-insulating layer 119 is
less than about 5 degrees.

[0102] The wire 170 may be arranged on the same layer as
the pixel electrode 131 to be spaced apart from the pixel
electrode 131. The wire 170 may be arranged on the via-
insulating layer 119. The wire 170 may include various
wires, such as a data line, a scan line, a power supply line,
an initialization voltage line, an auxiliary wire electrically
connected to a wire on a different layer, etc., and is not
limited thereto. The wire 170 may include the same material
as the pixel electrode 131.

[0103] The wire 170 may include the spacer area 170s
(refer to F1G. 2), and the spacer 180 is arranged on the spacer
area 170s. The spacer 180 may be patterned to correspond
to the spacer area 170s and may completely cover the spacer
area 170s.

[0104] The spacer 180 has a shape protruding in a direc-
tion in which the spacer 180 is distanced from the substrate
110. The spacer 180 may support a mask during a mask
process in a process of manufacturing the organic light-
emitting display apparatus 100. Also, when the organic
light-emitting device OLED is sealed by the encapsulation
substrate 250 (refer to FIG. 10), the spacer 180 may support
the mask and/or maintain a distance between the substrate
110 and the encapsulation substrate 250. The spacer 180
may completely cover the spacer area 170s of the wire 170
to protect the spacer area 170s. An end 170a of the wire 170
is between the via-insulating layer 119 and the spacer 180.
That is, the spacer 180 may cover an upper portion and a side
surface of the wire 170 so that the counter electrode 133
which may be formed on the spacer 180 and the wire 170 are
not shorted.

[0105] A height hs of the spacer 180 may be greater than
a height hp of the pixel-defining layer 140. The spacer 180
may be formed to be spaced apart from the pixel-defining
layer 140. However, the spacer 180 is not limited thereto.
For example, while a top of the spacer 180 and a top of the
pixel-defining layer 140 are spaced apart from each other, a
bottom of the spacer 180 and a bottom of the pixel-defining
layer 140 maybe be connected to each other.

[0106] The spacer 180 may include the same material as
the pixel-defining layer 140. The spacer 180 may be a
photosensitive organic layer, and may include, for example,
polyimide. The spacer 180 may be formed on the same layer
as the pixel-defining layer 140.

[0107] Referring to FIG. 3B, the wire-protection layer 181
may be arranged on the non-spacer area 170% of the wire 170
to be patterned to correspond to the wire 170 and completely
cover the non-spacer area 170z. That is, the wire-protection
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layer 181 may cover the upper portion and the side surface
of the wire 170 so that the counter electrode 133 which may
be formed on the wire-protection layer 181 and the wire 170
are not shorted.

[0108] The spacer 180 and the wire-protection layer 181
are connected to each other, and the height hs of the spacer
180 may be greater than a height hn' of the wire-protection
layer 181.

[0109] The counter electrode 133 may be arranged on the
spacer 180 and the wire-protection layer 181, and the thin
film encapsulation layer 150 may be arranged on the counter
electrode 133 to seal the organic light-emitting device
OLED.

[0110] The thin film encapsulation layer 150 may include
at least one organic layer 151 and at least one inorganic layer
152. The thin film encapsulation layer 150 may seal the
organic light-emitting device OLED so that the organic
light-emitting device OLED is not exposed to air or external
materials. Also, the thin film encapsulation layer 150 has a
very small thickness, and thus, may be used as a sealing
portion of a flexible display apparatus that is capable of
being bent or folded.

[0111] According to an embodiment, the inorganic layer
152 may include oxide, nitride, or oxynitride, such as SiN_,
S8i0,, or SiO,N,. The inorganic layer 152 may prevent or
reduce the penetration of foreign materials, such as water or
oxygen, into the organic light-emitting device OLED, and
may extend from the display area DA to the peripheral area
PA.

[0112] According to an embodiment, a function layer (not
shown) and a protection layer (not shown) may further be
arranged between the counter electrode 133 and the thin film
encapsulation layer 150. The function layer may include a
capping layer (not shown) and/or an LiF layer (not shown)
for improving the light efficiency by controlling a refractive
index of visible light emitted from the organic light-emitting
device OLED, and the protection layer may include an
inorganic material, such as aluminum oxide.

[0113] FIGS. 4A through 4C are schematic plan views of
shapes of wires 171, 172, and 173 which may be imple-
mented in the organic light-emitting display apparatus 100.
[0114] Spacer areas 171s, 172s, and 173s of the wires 171,
172, and 173 may have various shapes. As illustrated in FIG.
4B, the spacer area 172s may have curved edges. Alterna-
tively, the spacer areas 171s, 172s, and 173s may have
amorphous shapes. The spacer areas 171s, 172s, and 173s
may have various shapes depending on the spatial arrange-
ment with respect to peripheral pixels.

[0115] The wires 171, 172, and 173 may include the
spacer areas 171s, 172s, and 173s, and non-spacer areas
171, 172n, and 173n. The spacer areas 171s, 172s, and 173s
may have widths Ws that are greater than widths Wo of the
non-spacer areas 171x, 172n, and 173x. The widths Ws of
the spacer areas 171s, 172s, and 173s may be variable.
[0116] The wires 171, 172, and 173 may include contact
holes 171k, 172k, and 173k, which may be spaced apart
from the spacer areas 171s, 172s, and 173s. Widths Wh of
the wires 171, 172, and 173 in which the contact holes 1715,
172k, and 1737 are arranged may be greater than the widths
Wo of the non-spacer areas 171r, 172, and 173x. However,
it is not limited thereto. The widths Wh of the wires 171,
172, and 173 in which the contact holes 171/, 172k, and
173h are arranged may be substantially the same as the
widths Wo of the non-spacer areas 171x, 172n, and 1737 In
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some embodiments, the widths Wh of the wires 171, 172,
and 173 in which the contact holes 171/, 1724, and 173/ are
arranged may be less than a maximum width Ws_max of the
spacer areas 171s, 172s, and 173s.

[0117] FIGS. 5A through 5H are cross-sectional views for
sequentially describing a method of manufacturing the
organic light-emitting display apparatus 100 of FIG. 3A.
[0118] Referring to FIG. 5A, the thin film transistor TFT
may be formed on the substrate 110 including the display
area DA (FIG. 1A) on which an image is displayed.
[0119] In detail, the buffer layer 111 may be formed on the
substrate 110, and then, a semiconductor material may be
patterned on the buffer layer 111 to form the active layer 121.
After the active layer 121 is formed, the gate insulating layer
113 may be formed on the active layer 121. Thereafter, a
conductive material may be patterned on the gate insulating
layer 113 to form the gate electrode 122. The gate electrode
122 may planarly overlap at least a portion of the active
layer 121.

[0120] After the gate electrode 122 is formed, the inter-
layer insulating layer 115 may be formed to cover the gate
electrode 122, and at least two contact holes C1 and C2
exposing the active layer 121 may be formed by simulta-
neously etching the interlayer insulating layer 115 and the
gate insulating layer 113.

[0121] According to an embodiment, the active layer 121
may include polycrystalline silicon, and areas of the active
layer 121, which are exposed via the contact holes C1 and
C2, may be the source area and the drain area of the active
layer 121. The source area and the drain area may be doped
polycrystalline silicon areas, that is, conductor areas.
According to an embodiment, doping may be performed
after the gate electrode 122 is formed.

[0122] The buffer layer 111, the gate insulating layer 113,
and the interlayer insulating layer 115 may extend from the
display area DA to the peripheral area PA, and the buffer
layer 111, the gate insulating layer 113, and the interlayer
insulating layer 115 may be removed such that an edge of the
substrate 110, which is in the peripheral area PA, is exposed.
The removal of the buffer layer 111, the gate insulting layer
113, and the interlayer insulating layer 115 for exposing the
substrate 110 in the peripheral area PA may be simultane-
ously performed with the formation of the contact holes C1
and C2.

[0123] After the contact holes C1 and C2 are formed, a
conductive material may be formed and patterned on the
interlayer insulating layer 115 to form the source electrode
123 and the drain electrode 124 respectively connected to
the source area and the drain area of the active layer 121.
[0124] Referring to FIG. 5B, after a first insulating mate-
rial 119' covering the thin film transistor TFT is formed on
the substrate 110, the first insulating material 119' may be
patterned to form the via-insulating layer 119. The via-
insulating layer 119 may be a single layer or multiple layers
including an organic material, and may include a via-hole
VIA.

[0125] Referring to FIG. 5C, a conductive material 131'
and a second insulating material 140" may be formed on the
via-insulating layer 119. The conductive material 131' may
be at least one transparent conductive oxide selected from
the group consisting of ITO, IZO, ZnO, In,0;, 1GO, and
AZ0. The conductive material 131' may further include a
metal reflective layer, such as Ag, Mg, Al, Pt, Pd, Au, Ni, Nd,
Ir, and Cr, in addition to the transparent conductive oxide.
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The second insulating material 140™ may include a photo-
sensitive organic material, such as polyimide.

[0126] Light may be irradiated onto the second insulating
material 140" by using a half-tone mask M, and the half-
tone mask M may include a transmissive portion Md,
light-shielding portions Mb and Mc, and a semi-transmis-
sive portion Ma.

[0127] The transmissive portion Md, the light-shielding
portions Mb and Mc, and the semi-transmissive portion Ma
may respectively correspond to an area from which the
conductive material 131" is to be completely removed, an
area on which the second insulating material 140™ is to
finally remain, and an area at which a portion of the second
insulating material 140" is to remain and to be removed by
ashing.

[0128] Referring to FIG. 5D, the second insulating mate-
rial 140" may be completely removed by irradiating light
thereon via the transmissive portion Md, and then, the
second insulating material 140" may be partially removed
by irradiating light thereon via the semi-transmissive portion
Ma. Thereafter, the conductive material 131' exposed by
completely removing the second insulating material 140"
may be etched to form the pixel electrode 131 and the wire
170.

[0129] Via the process described above, the pixel elec-
trode 131, the wire 170, and the second insulating material
140" arranged and patterned on the pixel electrode 131 and
the wire 170 may remain.

[0130] Referring to FIG. SE, the patterned second insu-
lating material 140™ may be partially removed via ashing.
That is, the patterned second insulting material 140™ may
have a reduced height due 1o ashing. The second insulating
material 140m partially remaining by being irradiated with
light via the semi-transmissive portion Ma may be com-
pletely removed via ashing so as to expose a central portion
of the pixel electrode 131. FIG. 5E illustrates the second
insulating material 140™ after ashing, wherein the end 131a
of the pixel electrode 131 and the end 170q of the wire 170
may not be covered by the second insulating material 140™.

[0131] Referring to FIG. 5F, heat may be applied to the
second insulating material 140" after ashing, in order to
reflow the second insulating material 140™ to form the
pixel-defining layer 140 which covers an edge of the pixel
electrode 131. That is, the second insulating material 140"
may leak through due to the thermal reflow to cover the end
131a of the pixel electrode 131. When the end 131a of the
pixel electrode 131 is exposed, the pixel electrode 131 may
be shorted with respect to the counter electrode 133 (FIG.
3G) formed by a sequential process. To prevent the pixel
electrode 131 from being shorted with respect to the counter
electrode 133, the reflow process may be performed so that
the pixel-defining layer 1430 may cover the end 131a of the
pixel electrode 131.

[0132] The second insulating material 140" remaining on
the wire 170 after ashing may also leak through due to the
reflow, and thus, the spacer 180 and the wire-protection layer
181 (refer to FIG. 3B) completely covering the wire 170
may be formed. That is, the second insulating material 140"
may leak through due to the thermal reflow to cover the end
170q of the wire 170. When the end 170q of the wire 170 is
exposed, the wire 170 may be shorted with respect to the
counter electrode 133 (FIG. 5G) formed by a sequential
process. To prevent the wire 170 from being shorted with
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respect to the counter electrode 133, the reflow process may
be performed so that the spacer 180 may cover the end 170a
of the wire 170.

[0133] According to a volume per unit length of the
second insulating material 140" after ashing, a degree at
which the second insulating material 140" leaks through may
vary. That is, according to a shape of the patterned second
insulating material 140", the reflow degree may vary, and
thus, a height difference between the spacer 180 and the
pixel-defining layer 140 may be generated.

[0134] According to a shape of the wire 170, a volume per
unit length of the spacer 180 may be greater than a volume
per unit length of the pixel-defining layer 140. Accordingly,
the height hs of the spacer 180 may be greater than the height
hp of'the pixel-defining layer 140. Likewise, the height hs of
the spacer 180 may be greater than the height hn of the
wire-protection layer 181 (refer to FIG. 3B).

[0135] That is, according to the method of manufacturing
the organic light-emitting display apparatus 100 according
to an embodiment, the pixel electrode 131, the wire 170, the
pixel defining layer 140, and the spacer 180 may be formed
by using one mask. Thus, the manufacturing costs may be
reduced and the process may become less complex.

[0136] Referring to FIG. 5@, after the organic emission
layer 132 is formed on an area of the pixel electrode 131,
which is not covered by the pixel-defining layer 140, the
counter electrode 133 may be formed on the organic emis-
sion layer 132 to form the organic light-emitting device
OLED. The counter electrode 133 may extend to an upper
portion of the spacer 180.

[0137] The counter electrode 133 may be formed by a
sputtering process, a vapor deposition process, a chemical
vapor deposition (CVD) process, a pulse laser deposition
process, a printing process, an atomic layer deposition
(ALD) process, or the like. In some embodiments, the
counter electrode 133 may be formed such that a common
voltage is applied to all pixels.

[0138] Referring to FIG. 5H, the thin film encapsulation
layer 150 including at least one inorganic layer 152 and at
least one organic layer 151 may be formed on the counter
electrode 133.

[0139] The inorganic layer 152 may include at least one
material selected from AlOx, SiNx, SiOx, SiON, [TO, AZO,
7Zn0, and ZrO. The inorganic layer 152 may be deposited via
various deposition methods, such as CVD, ALD, sputtering,
etc.

[0140] The organic layer 151 may include any one of
epoxy, acrylate, silicon, and polyacrylate. The organic layer
151 may be coated or deposited via flash evaporation, inkjet
printing, slot die coating, or the like.

[0141] FIG. 6 shows focused ion beam (FIB) images (a)
and (b) of sections of the pixel-defining layer 140 and the
spacer 180 manufactured according to an embodiment.

[0142] The pixel-defining layer 140 may be patterned to
have a volume per unit length that is less than a volume per
unit length of the spacer 180, and the pixel-defining layer
140 and the spacer 180 may be formed by simultaneously
performing reflow on the pixel-defining layer 140 and the
spacer 180. It is shown that a height of the spacer 180 is
greater than a height of the pixel-defining layer 140. A height
difference between the spacer 180 and the pixel-defining
layer 140 may be controlled according to a shape, a size, etc.
of the pattern.
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[0143] As described above, according to the one or more
of the above embodiments, according to the organic light-
emitting display apparatuses 100 and 200 and the method of
manufacturing the organic light-emitting display appara-
tuses 100 and 200, the number of masks may be reduced,
and thus, the manufacturing costs may be reduced and the
process may become less complex.

[0144] It should be understood that embodiments
described herein should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or
aspects in other embodiments.

[0145] While one or more embodiments have been
described with reference to the figures, it will be understood
by those of ordinary skill in the art that various changes in
form and details may be made therein without departing
from the spirit and scope as defined by the following claims.

What is claimed is:

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

a substrate on which a display area is defined, wherein the

display area is configured to display an image;

a thin film transistor arranged on the display area of the
substrate;

a via-insulating layer covering the thin film transistor;

a pixel electrode arranged on the via-insulating layer and
electrically connected to the thin film transistor;

a pixel-defining layer comprising an opening exposing a
central portion of the pixel electrode, and covering an
edge of the pixel electrode;

a counter electrode facing the pixel electrode;

an organic emission layer arranged between the pixel
electrode and the counter electrode;

a wire arranged on the via-insulating layer to be spaced
apart from the pixel electrode and comprising a spacer
area and a non-spacer area; and

a spacer arranged on the spacer area.

2. The organic light-emitting display apparatus of claim 1,
wherein the spacer area has a greater width than the non-
spacer area.

3. The organic light-emitting display apparatus of claim 1,
wherein the spacer is arranged on a same layer as the
pixel-defining layer.

4. The organic light-emitting display apparatus of claim 1,
wherein a height of the spacer is greater than a height of the
pixel-defining layer.

5. The organic light-emitting display apparatus of claim 1,
wherein the spacer comprises a same material as the pixel-
defining layer.

6. The organic light-emitting display apparatus of claim 1,
wherein the spacer completely covers the spacer area, and an
end of the spacer area is arranged between the via-insulating
layer and the spacer.

7. The organic light-emitting display apparatus of claim 1,
wherein the wire comprises a contact hole, and the contact
hole is spaced apart from the spacer area.

8. The organic light-emitting display apparatus of claim 1,
further comprising a wire-protection layer completely cov-
ering the non-spacer area of the wire and patterned to
correspond to the non-spacer area.

9. The organic light-emitting display apparatus of claim 8,
wherein a height of the spacer is greater than a height of the
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wire-protection layer, and the spacer is connected to the
wire-protection layer and comptises a same material as the
wire-protection layer.
10. The organic light-emitting display apparatus of claim
1, wherein the pixel-defining layer comprises a first incli-
nation portion extending from an area where an upper
surface of the pixel electrode contacts the opening, and a
second inclination portion extending from the first inclina-
tion portion to an area of an upper surface of the via-
insulating layer in a different inclination direction from the
first inclination portion.
11. The organic light-emitting display apparatus of claim
7, wherein a first angle between the pixel electrode and the
first inclination portion is greater than a second angle
between the via-insulating layer and the second inclination
portion.
12. The organic light-emitting display apparatus of claim
1, further comprising a thin film encapsulation layer
arranged on the counter electrode and comprising at least
one inorganic layer and at least one organic layer.
13. The organic light-emitting display apparatus of claim
1, wherein the pixel-defining layer comprises a photo-
sensitive organic material.
14. A method of manufacturing an organic light-emitting
display apparatus, the method comprising:
providing a substrate on which a display area is defined,
wherein the display area is configured to display an
image;
forming a thin film transistor on the display area of the
substrate;
forming a via-insulating layer covering the thin film
transistor;
forming a conductive material on the via-insulating layer;
forming a second insulating material on the conductive
material;
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exposing the conductive material by irradiating light onto
the second insulating material and removing a portion
of the second insulating material;

forming a pixel electrode and a wire that is spaced apart

from the pixel electrode by etching an exposed portion
of the conductive material;

forming a pixel-defining layer covering an edge area of

the pixel electrode, and a spacer covering the wire, by
reflowing the second insulating material;

forming an organic emission layer on the pixel electrode;

and

forming a counter electrode on the organic emission layer.

15. The method of claim 14, wherein the wire comprises
a spacer area on which the spacer is formed, and a non-
spacer area, and the spacer area has a greater width than the
non-spacer area.

16. The method of claim 14, wherein a height of the
spacer is greater than a height of the pixel-defining layer.

17. The method of claim 14, wherein the wire comprise a
contact hole, and the contact hole is spaced apart from the
spacer area.

18. The method of claim 14, further comprising:

forming a wire-protection layer completely covering the

non-spacer area of the wire and patterned to correspond
to the non-spacer area.

19. The method of claim 14, further comprising:

irradiating light onto the second insulating material,

wherein the irradiating light onto the second insulating
material comprises irradiating light onto the second
insulating material by using a half-tone mask compris-
ing a transmissive portion, a semi-transmissive portion,
and a light shielding portion.

20. The method of claim 14, further comprising, after
forming the counter electrode, forming a thin film encapsu-
lation layer comprising at least one inorganic layer and at
least one organic layer.

* ok % k&
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