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(57) ABSTRACT

An organic light-emitting diode (OLED) display is disclosed.
In one aspect, the OLED display comprises a display sub-
strate, an encapsulation substrate, and at least one spacer. The
display substrate includes a non-pixel area, wherein a plural-
ity of via holes is formed in the non-pixel area. The encapsu-
lation substrate is formed over the display substrate. The
spacer is formed between the display substrate and the encap-
sulation substrate so as to maintain a gap therebetween,
wherein the spacer at least partially covers at least one of a
plurality of via holes.
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ORGANIC LIGHT-EMITTING DIODE (OLED)
DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2014-0004709, filed on
Jan. 14, 2014, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to an
organic light-emitting diode (OLED) display.

[0004] 2. Description of the Related Technology

[0005] An organic light-emitting diode (OLED) display is a
self-emissive display device provided with an OLED includ-
ing a hole injection electrode, an electron injection electrode,
and an organic emission layer formed therebetween. In the
OLED display, light is generated as excitons due to the com-
bination of holes injected from the hole injection electrode
and electrons injected form the electron injection electrode.
[0006] The OLED display does not require an additional
light source, and thus can be made thin and light and driven
with low voltage. Furthermore, the OLED display has a wide
viewing angle, high contrast, and high response speed. Due to
such high-grade characteristics, the OLED display has
received attention as a next-generation display apparatus.
[0007] In general, the OLED display includes a plurality of
pixels that emit different colors to display an image.

[0008] A pixel represents the smallest unit of an image
displayed on a display device. A gate line for driving each
pixel, a data line, a power line, and an insulating layer such as
a pixel defining layer for defining an area or the shape of each
pixel can be formed between adjacent pixels.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0009] One inventive aspect is an organic light-emitting
display apparatus that includes a display substrate including a
plurality of pixel areas divided by a non-pixel area, an encap-
sulation substrate formed opposite to the display substrate,
and a spacer formed on the non-pixel area of the display
substrate, and formed between the display substrate and the
encapsulation substrate to maintain a gap between the display
substrate and the encapsulation substrate, wherein the spacer
covers at least one of a plurality of via holes in the non-pixel
area.

[0010] The spacer can cover two adjacent via holes among
the plurality of via holes.

[0011] Thespacer can cover three adjacent via holes among
the plurality of via holes.

[0012] At least one surface of the spacer can contact with an
interface of the pixel area.

[0013] From a top view of the spacer, the spacer can have
one of shapes of a polygon, a circle, and an ellipse.

[0014] At least one of the plurality of via holes can be
connected to a transistor for diving the plurality of pixel areas.
[0015] Each of the plurality of pixel areas can include a
pixel electrode, an intermediate layer including an organic
emission layer, and an opposite electrode, wherein a part of
the plurality of via holes are formed in the pixel electrode.
[0016] A part of the plurality of via holes can be formed in
a wiring formed between the plurality of pixel areas.
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[0017] The wiring can be a supply line of initializing power
for initializing the plurality of pixel areas.

[0018] The plurality of pixel areas can include a first pixel,
a second pixel spaced apart from the first pixel and having a
center positioned on a first vertex of a virtual quadrangle
having a center positioned on a center of the first pixel, and a
third pixel spaced apart from the second pixel and having a
center positioned on a second vertex adjacent to the first
vertex of the virtual quadrangle.

[0019] The second pixel can be provided in plurality, and
the plurality of second pixels can be spaced apart from each
other having the first pixel therebetween.

[0020] The third pixel can be provided in plurality, and the
plurality of third pixels can be spaced apart from each other
having the first pixel therebetween.

[0021] The second pixel and the third pixel can be provided
in plurality, and the plurality of second pixels and the plurality
of third pixels can be alternately formed on a virtual line so as
to surround the first pixel.

[0022] The second pixel and the third pixel can behave
larger areas than that of the first pixel.

[0023] The first to third pixels can emit light of different
colors.
[0024] The first to third pixels can emit green light, blue

light, and red light respectively.

[0025] Another aspect is an organic light-emitting diode
(OLED) display, comprising a display substrate, an encapsu-
lation substrate, and a plurality of spacers. The display sub-
strate includes a plurality of pixel areas and a non-pixel area,
wherein the non-pixel area surrounds and separates the pixel
area and wherein a plurality of via holes is formed in the
non-pixel area. The encapsulation substrate faces the display
substrate. The plurality of spacers are formed on the non-pixel
area between the display substrate and the encapsulation sub-
strate so as to maintain a gap between the display substrate
and the encapsulation substrate, wherein each of the spacers
at least partially covers at least one of the via holes.

[0026] In the above OLED display, the spacers at least
partially cover two adjacent ones of the via holes.

[0027] In the above OLED display, the spacers at least
partially cover three adjacent ones of the via holes.

[0028] Intheabove OLED display, at least one edge of each
spacer contacts an edge of the pixel area.

[0029] Intheabove OLED display, from a top view of each
spacer, the spacer has one of the following shapes: a polygon,
acircle, or an ellipse.

[0030] In the above OLED display, at least one of the via
holes is electrically connected to a transistor configured to
drive the pixel areas.

[0031] In the above OLED display, each of the pixel areas
comprises a pixel electrode, an intermediate layer including
an organic emission layer, and an opposite electrode, and
wherein a portion of at least one of the via holes is formed in
the pixel electrode.

[0032] Inthe above OLED display, a portion of at least one
ofthe viaholes is formed in a wiring formed between the pixel
areas. In the above OLED display, the wiring is a supply line
configured to supply power for initializing the pixel areas.
[0033] Inthe above OLED display, the pixel areas comprise
a first pixel, at least one second pixel, and at least one third
pixel. In the above OLED display, the at least one second
pixel is spaced apart from the first pixel and has a center
positioned on a first vertex of a virtual quadrangle, wherein
the virtual quadrangle has a center positioned on a center of
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the first pixel. In the above OLED display, the at least one
third pixel is spaced apart from the second pixel and has a
center positioned on a second vertex adjacent to the first
vertex.

[0034] In the above OLED display, the at least one second
pixel comprises a plurality of the second pixels, and the
second pixels are spaced apart from one another having the
first pixel therebetween.

[0035] In the above OLED display, the at least one third
pixel comprises a plurality of the third pixels, and the third
pixels are spaced apart from one another having the first pixel
therebetween.

[0036] In the above OLED display, the at least one second
pixel comprises a plurality of the second pixels and the at least
one third pixel comprises a plurality of the third pixels, and
wherein the second pixels and the third pixels are alternately
formed on a virtual line so as to substantially surround the first
pixel.

[0037] Inthe above OLED display, each of the second and
third pixels has a larger area than that of the first pixel.
[0038] In the above OLED display, the first to third pixels
are configured to emit light of different colors.

[0039] In the above OLED display, the first to third pixels
are configured to emit green light, blue light, and red light,
respectively.

[0040] In the above OLED display, each of the spacers
substantially completely covers the via hole.

[0041] Another aspect is an organic light-emitting diode
(OLED) display, comprising a display substrate, an encapsu-
lation substrate, and at least one spacer. The display substrate
includes a non-pixel area, wherein a plurality of via holes are
formed in the non-pixel area. The encapsulation substrate is
formed over the display substrate. The at least one spacer is
formed between the display substrate and the encapsulation
substrate so as to maintain a gap therebetween, wherein the
spacer at least partially covers at least one of the via holes.
[0042] Inthe above OLED display, the spacer substantially
covers two or three adjacent ones of the via holes.

[0043] Inthe above OLED display, from a top view of each
spacer, the spacer has one of the following shapes: a polygon,
a circle, or an ellipse.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting diode (OLED) display according to an
embodiment.

[0045] FIG. 2 isa partial planar view of the OLED display.
[0046] FIG. 3 is a partial cross-sectional view of the OLED
display taken along the line I-I' of FIG. 2.

[0047] FIG. 4 is a partial planar view of an OLED display
according to another embodiment.

[0048] FIG. 5 is a partial planar view of an OLED display
according to another embodiment.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0049] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like ele-
ments throughout. In this regard, the present embodiments
can 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
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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.

[0050] Embodiments of the described technology can be
variously modified and can include various examples. How-
ever, particular embodiments are exemplarily illustrated in
the drawings and will be described in detail. Effects and
features of the embodiments of the described technology, and
implementation methods thereof will be clarified through
following embodiments described with reference to the
accompanying drawings. However, the described technology
is not limited to the embodiments described below, but can be
implemented in various forms.

[0051] Hereinafter, embodiments of the described technol-
ogy will be described in detail with reference to the accom-
panying drawings. Like reference numerals refer to like ele-
ments throughout, and overlapped descriptions are omitted.
[0052] Itwill be understood that although the terms “first”,
“second”, etc. can be used herein to describe various compo-
nents, these components should not be limited by these terms.
These components are only used to distinguish one compo-
nent from another.

[0053] 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.

[0054] It will be further understood that the terms “com-
prises” and/or “comprising” used herein specify the presence
of stated features or components, but do not preclude the
presence or addition of one or more other features or compo-
nents.

[0055] It will be understood that when a layer, region, or
component is referred to as being “formed on,” another layer,
region, or component, it can be directly or indirectly formed
on the other layer, region, or component. That is, for example,
intervening layers, regions, or components can be present.
[0056] Sizes of elements in the drawings can be exagger-
ated for convenience of explanation. In other words, since
sizes and thicknesses of components in the drawings are
arbitrarily illustrated for convenience of explanation, the fol-
lowing embodiments are not limited thereto. In this disclo-
sure, the term “substantially” means completely, almost com-
pletely or to any significant degree.

[0057] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting diode (OLED) display 1 according to
an embodiment

[0058] Referring to FIG. 1, the OLED display apparatus 1
includes an organic light-emitting unit 22 formed on a display
substrate 21 and an encapsulation substrate 23 for encapsu-
lating the organic light-emitting unit 22: The OLED display 1
also includes a spacer 41 formed between the display sub-
strate 21 and the encapsulation substrate 23 so as to maintain
a gap therebetween.

[0059] The display substrate 21 and the organic light-emit-
ting unit 22 can include a plurality of non-pixel areas NPA and
a plurality of pixel areas PA separated by the non-pixel areas
NPA.

[0060] The non-pixel area NPA, in which light is not irra-
diated, can be a non-emission area. Therefore, in some
embodiments, the non-pixel area NPA is not provided with a
light-emitting structure for emitting light. In some embodi-
ments, the non-emission area can include at least a part of the
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light-emitting structure and can be blocked from emitting
light by a light shielding structure.

[0061] The pixel area PA, in which light can be irradiated,
can include a light-emitting structure. For example, each
pixel area PA caninclude an OLED. The pixel areas PA can be
formed in a matrix form.

[0062] The organic light-emitting unit 22 can include a
plurality of OLEDs for emitting one of red, green, blue, and
white light. This will be described later.

[0063] The encapsulation substrate 23 can be formed of a
transparent material so that an image of the organic light-
emitting unit 22 is displayed and so that oxygen and moisture
can be prevented from infiltrating into the organic light-emit-
ting unit 22.

[0064] Edge portions of the display substrate 21 and the
encapsulation substrate 23 can be combined with each other
by a sealing member 24. Accordingly, an inner space 25
between the display substrate 21 and the encapsulation sub-
strate 23 can be sealed. A moisture absorbent or a filler can be
formed in the inner space 25.

[0065] The spacer 41 can be formed in the non-pixel area
NPA between the display substrate 21 and the encapsulation
substrate 23. The spacer 41 can be provided so as to prevent
display characteristics from being degraded due to external
impact.

[0066] FIG.2 is a partial planar view of the OLED display
1of FIG. 1.

[0067] Referring to FIG. 2, the pixel areas of the OLED
display 1 include a plurality of first pixels 100, a plurality of
second pixels 200, and a plurality of third pixels 300.

[0068] T first pixel 100 can have a smaller area than each of
the adjacent second and third pixels 200 and 300. The first
pixel 100 can have a polygonal shape, more specifically, a
quadrilateral shape. In some embodiments, the polygonal
shape or the quadrilateral shape includes a rounded polygon
or quadrangle. That is, the first pixel 100 can have the shape
of a rounded quadrangle.

[0069] The first pixels 100 can have substantially the same
quadrilateral shape. The first pixels 100 can be spaced apart
from one another to be formed on a first virtual line VL1. The
first pixel 100 can emit green light, and can include an organic
emission layer for emitting the green light.

[0070] Thesecond pixel 200 can be formed on a first vertex
P1 of a virtual quadrangle VS of which the center is that of the
first pixel 100. The third pixel 300 can be formed on a second
vertex P2 of the virtual quadrangle VS. The virtual quad-
rangle VS can be a square.

[0071] The second pixel 200 can be spaced apart from the
first pixel 100 and can have the center positioned on the first
vertex P1. The second pixel 200 can have a larger area than
that of the adjacent first pixel 100. The second pixel 200 can
have a polygonal shape, more specifically, a quadrilateral
shape. The second pixels 200 can have substantially the same
quadrilateral shape. The second pixels 200 can be spaced
apart from one another having the first pixel 100 therebe-
tween. The second pixel 200 can emit blue light, and can
include an organic emission layer for emitting the blue light.
[0072] Thethirdpixel 300 can be spaced apart from the first
pixel 100 and the second pixel 200 and has the center posi-
tioned on the second vertex P2 adjacent to the first vertex P1.
The third pixel 300 can have a larger area than that of the
adjacent first pixel 100 and substantially the same area as that
of the second pixel 200. The third pixel 300 can have a
polygonal shape, more specifically, a quadrilateral shape. The
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third pixels 300 can have substantially the same quadrilateral
shape. The third pixels 300 can be spaced apart from one
another having the first pixel 100 therebetween. The third
pixel 300 can emit red light, and can include an organic
emission layer for emitting the red light.

[0073] The third pixels 300 and the second pixels 200 can
be alternately formed on a second virtualline VL.2. Therefore,
the second pixels 200 and the third pixels 300 can substan-
tially surround the first pixel 100.

[0074] The above-mentioned pixels 100, 200, and 300 can
be formed such that gaps among the first to third pixels 100,
200, and 300 have a first length [1, a second length [.2, ora
third length L3. A gap between adjacent first pixels 100 can
have a fourth length [.4 greater than the first length 1, the
second length 1.2, or the third length L3. [WE RECOM-
MEND ADDING THE TEXT “L4” TO FIG. 2.]

[0075] Therefore, when a deposition process is performed
using a metal mask to form an organic green light-emitting
layer, an organic blue light-emitting layer, and an organic red
light-emitting layer included in the first to third pixels 100 to
300, the reliability of deposition can be improved.

[0076] Furthermore, because the second pixels 200 and the
third pixels 300 substantially surround the first pixel 100, an
aperture ratio of each of the first to third pixels 100 to 300 can
be improved. This improvement can reduce the manufactur-
ing cost and the manufacturing time of the OLED display and
can also improve the quality of an image displayed on the
OLED display.

[0077] Insome embodiments, according to a pixel arrange-
ment of the present disclosure, gaps among pixels of the same
color are wide so that the reliability of deposition is improved.
The gaps among different color pixels constituting subpixels
are narrow so that the aperture ratio can be improved.
[0078] As described above, according to the pixel arrange-
ment of the OLED display of a first embodiment, the first to
third pixels 100 to 300 do not merely have polygonal shapes,
but the pixels can be formed such that the center of the first
pixel 100 is positioned on the center of the virtual quadrangle
VS, the center of the second pixel 200 is positioned on the first
vertex P1, and the center of the third pixel 3001s positioned on
the second vertex P2. The pixel arrangement can improve the
apertureratio of each of the first to third pixels 100 to 300 with
improvement in the reliability of deposition of organic emis-
sion layers during the deposition process using the metal
mask.

[0079] In the pixel arrangement of the OLED display 1
according to an embodiment, the first to third pixels 100 to
300 emit green, blue, and red light, respectively. However, in
a pixel arrangement of the OLED display according to
another embodiment of the present disclosure, the first to
third pixels 100 to 300 can emit light of colors that are dif-
ferent from those illustrated in the drawings. For example, at
least one of the second pixel 200 and the third pixel 300 can
emit white light.

[0080] Furthermore, the shapes of the first to third pixels
100 to 300 are not limited by the drawings. For example, the
first to third pixels 100 to 300 can have various shapes such as
a circular shape, an elliptic shape, and a polygonal shape. In
some embodiments, the first pixel 100 can have a quadrilat-
eral shape, and the second and third pixels 200 and 300 can
have an octagonal shape.

[0081] Each of the plurality of pixel areas can include a
pixel electrode 221, intermediate layers 221B and 221R (see
FIG. 3) including organic emission layers, and an opposite
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electrode 222. The pixel electrode 221 can include first and
second via holes 208a and 2085 electrically connected to
driving devices for driving the pixel areas. The first and sec-
ond via holes 2084 and 2085 can be formed at an edge of the
pixel electrode 221. The first and second via holes 208a and
208b can be formed on a non-emission area.

[0082] A wiring 225 can be formed between the pixel areas
on the display substrate 21. The wiring 225 can be a data line,
a scan line or a power supply line, but is not limited thereto.
The wiring 225 can include a third via hole 208¢. The wiring
225 can send and receive electric signals to and from another
device through the third via hole 208c¢.

[0083] The wiring 225 can be formed on the same layer as
the pixel electrode 221. Insome embodiments, the wiring 225
can be a supply line of initializing power for initializing the
first to third pixels 100 to 300.

[0084] The second via hole 2085 of the wiring 225 can be
formed adjacent to the second via hole 208a or third via hole
208¢ of the pixel electrode 221.

[0085] The via holes 208a to 208¢ formed on the display
substrate 21 can electrically connect elements, and can be
formed of metal. Therefore, the via holes can reflect light
incident from the outside. The reflection can degrade visibil-
ity of the OLED display 1.

[0086] In the present embodiments, the spacer 41 can pre-
vent display characteristics from being degraded due to exter-
nal impact, and can be regularly formed on the non-emission
areas. The spacer 41 can be formed so as to at least partially or
substantially cover at least one of the first to third via holes
208a 10 208¢ so as to absorb light incident to and reflected
from the first to third via holes 208a to 208¢. Therefore, the
intensity of reflected external light can be reduced.

[0087] Referring to FIG. 2, the spacer 41 can at least par-
tially cover the three via holes 2084 to 208¢ that are adjacent
to one another. From a top view of the spacer 41, the spacer 41
is shaped like a triangle having the first to third via holes 208a
to 208¢ as vertices thereof. However, the spacer 41 is not
limited thereto, and can have various shapes such as a polygo-
nal shape, a circular shape, and an elliptic shape.

[0088] FIG. 3 is a partial cross-sectional view of the OLED
display 1 taken along the line I-I' of FIG. 2[WE RECOM-
MEND ADDING LINES I-I' TO FIG. 3.]

[0089] Referring to FIG. 3, the OLED display 1 according
to the present disclosure can include the display substrate 21,
the encapsulation substrate 23, a buffer layer 211, a first thin
film transistor TFT1, a second thin film transistor TFT2, the
OLED, a pixel defining layer 219, and the spacer 41.

[0090] The display substrate 21 can include the non-pixel
area NPA and the pixel areas PA. The display substrate 21 can
be formed of transparent glass including SiO,. The display
substrate 21 is not limited thereto, and can be formed of
another material such as a ceramic material, a transparent
plastic material, or a metal material.

[0091] The encapsulation substrate 23 can be formed sub-
stantially opposite to the display substrate 21, and can encap-
sulate the OLED between the display substrate 21 and the
encapsulation substrate 23 against environmental contami-
nants (e.g., oxygen and water).

[0092] Thebufferlayer 211 can prevent impurity ions from
diffusing into an upper surface of the display surface 21,
prevent moisture or air from infiltrating into the upper sur-
face, and planarize the upper surface. In some embodiments,
the buffer layer 211 is formed of an inorganic material (e.g.,
silicon oxide, silicon nitride, silicon oxynitride, aluminum
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oxide, aluminum nitride, titanium oxide or titanium nitride),
an organic material (e.g., polyimide, polyester or acryl), or a
laminate thereof. In some embodiments, the buffer layer 211
is not an essential element. The buffer layer 211 can be
formed by various deposition methods such as plasma
enhanced chemical vapor deposition (PECVD), atmospheric
pressure CVD (APCVD), and low pressure CVD (LPCVD).
[0093] The first thin film transistor TET1 can include an
active layer 2124, a gate electrode 214a, a source electrode
2164, and a drain electrode 217a. A gate insulating layer 213
can be formed between the gate electrode 214a and the active
layer 212a.

[0094] The active layer 212a can be formed on the buffer
layer 211. An inorganic semiconductor (e.g., amorphous sili-
con or poly silicon) or an organic semiconductor can be used
to form the active layer 212a. In some embodiments, the
active layer 212a is formed of an oxide semiconductor. For
example, the oxide semiconductor can include an oxide of
metal elements such as zinc (Zn), indium (In), gallium (Ga),
tin (Sn), cadmium (Cd), germanium (Ge), hafnium (Hf) or a
combination thereof.

[0095] The gate insulating layer 213 can substantially
cover the active layer 212a. The gate electrode 2144 can be
formed on the gate insulating layer 213.

[0096] Aninterlayer insulating layer 215 can be formed on
the gate insulating layer 213 so as to so as to substantially
cover the gate electrode 214a. The source electrode 2164 and
the drain electrode 217a can be formed on the interlayer
insulating layer 215 so as to electrically connect to the active
layer 212a through a contact hole.

[0097] The second thin film transistor TFT2 can include an
active layer 2124, a gate electrode 2145, a source electrode
2164, and a drain electrode 2175. The gate insulating layer
213 can be formed between the gate electrode 2145 and the
active layer 212b.

[0098] The active layer 2125 can be formed on the buffer
layer 211. An inorganic semiconductor such as amorphous
silicon or poly silicon or an organic semiconductor can be
used to form the active layer 2125, In some embodiments, the
active layer 2125 can be formed of an oxide semiconductor.
For example, the oxide semiconductor can include an oxide
of metal elements such as zinc (Zn), indium (In), gallium
(Ga), tin (Sn), cadmium (Cd), germanium (Ge), hafnium (Hf)
or a combination thereof.

[0099] The gate insulating layer 213 can substantially
cover the active layer 212b. The gate electrode 214b can be
formed on the gate insulating layer 213.

[0100] Theinterlayer insulating layer 215 canbe formed on
the gate insulating layer 213 so as to substantially cover the
gate electrode 214b. The source electrode 2165 and the drain
electrode 2175 can be formed on the interlayer insulating
layer 215 s0 as to electrically connect to the active layer 2125
through a contact hole.

[0101] The first thin film transistor TFT1 can be a driving
transistor electrically connected to the pixel areas so as to
drive the pixel areas. The second thin film transistor TFT2 can
be an initializing transistor electrically connected to the wir-
ing 225 so as to initialize the pixel areas. However, the first
and second thin film transistors TFT1 AND TFT2 are not
limited thereto. The first and second thin film transistors
TFT1 and TFT?2 can be various transistors so as to drive the
OLED display 1.

[0102] The first and second thin film transistors TFT1 and
TFT2 are not limited to the above-mentioned structures, and
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can have other various structures. For example, the first and
second thin film transistors TFT1 and TFT2 can have a top
gate structure as described above, or can have a bottom gate
structure in which the gate electrodes 214a and 2145 are
formed under the active layers 212a and 2125.

[0103] In addition to the first and second thin film transis-
tors TFT1 and TFT2, a pixel circuit (not illustrated) including
an additional transistor and a capacitor can be formed.
[0104] A planarizing layer 218 can be formed on the inter-
layer insulating layer 215 so as to at least partially cover the
first and second thin film transistors TFT1 and TFT2. The
planarizing layer 218 can remove a step and planarize a
surface in order to improve light emission efficiency of the
OLED formed on the polarizing layer 218.

[0105] The planarizing layer 218 can be formed of an inor-
ganic material and/or an organic material. For example, the
planarizing layer 218 can be formed of photoresist, acryl-
based polymer, polyimide-based polymer, polyamide-based
polymer, siloxane-based polymer, polymer including a pho-
tosensitive acryl carboxyl group, novolak resin, alkali-
soluble resin, silicon oxide, silicon nitride, silicon oxynitride,
silicon oxycarbide, silicon carbonitride, aluminum, magne-
sium, zinc, hafhium, zirconium, titanium, tantalum, alumi-
num oxide, titanium oxide, tantalum oxide, magnesium
oxide, zinc oxide, hafnium oxide, zirconium oxide, titanium
oxide, but is not limited thereto.

[0106] The OLED can be formed on the planarizing layer
218, and can include the pixel electrode 221, the intermediate
layers 221R and 221B, and the opposite electrode 222. The
pixel defining layer 219 can be formed on the planarizing
layer 218 and the pixel electrode 221, and can define the pixel
area PA and the non-pixel area NPA.

[0107] The intermediate layers 221B and 221R can be
formed of a low molecular organic material or a polymeric
organic material. When using the low molecular organic
material, the intermediate layers 221B and 221R can be
include an organic emission layer and can further include 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). The present embodiment is not limited
thereto, and thus, the intermediate layers 221B and 221R can
be provided with other various function layers in addition to
the organic emission layer. These low molecular organic
materials can be formed by vapor deposition. In some
embodiments, the emission layers can be formed indepen-
dently for each of a red pixel (R), a green pixel (G), and a blue
pixel (B). The hole injection laver, the hole transport layer, the
electron transport layer, and the electron injection layer can
be common layers that can be applied to red, green, and blues
pixels in common.

[0108] When the intermediate layers 221B and 221R are
formed of the polymeric organic material, the intermediate
layers 221B and 221R can include only the hole transport
layer in a direction of the pixel electrode 221 with respect to
the organic emission layer. The hole transport layer can be
formed using an inkjet printing method or a spin-coating
method.

[0109] Referring to the drawings, the second pixel 200 and
the third pixel 300 can include the intermediate layers 221B
and 221R that emit light of different colors. In some embodi-
ments, the second pixel 200 can be a blue pixel; and the third
pixel 300 can be a red pixel.

[0110] The pixel electrode 221 can be formed on the pla-
narizing layer 218, and can be electrically connected to the
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drain electrode 217a through the first via hole 208a that
penetrates the planarizing layer 218.

[0111] The pixel electrode 221 can serve as an anode elec-
trode, and the opposite electrode 222 can serve as a cathode
electrode, or vice versa.

[0112] When the pixel electrode 221 serves as the anode
electrode, the pixel electrode 221 can be formed of ITO, 170,
Zn0, or In,0; having a high work function. When the OLED
display 1 is a top emission-type in which an image is formed
away from the display substrate 21 towards the opposite
electrode 222, the pixel electrode 221 can further include a
reflective layer formed of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir,
Cr, Li, Yb, Ca, or a combination thereof. The pixel electrode
221 can have a single-layer or multi-layer structure formed of
the above-mentioned metal and/or alloy. In some embodi-
ments, the pixel electrode 221 includes a structure formed of
ITO/Ag/TTO as a reflective electrode.

[0113] When the opposite electrode serves as the cathode
electrode, the opposite electrode 222 can be formed of metal
suchas Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, or Ca. When
the OLED display 1 is a top emission-type apparatus, the
opposite electrode 222 can transmit light. In some embodi-
ments, the opposite electrode 222 is formed of transparent
conductive metal oxide such as 1TO, IZ0, ZTO, ZnO, or
In,O,.

[0114] In another embodiment, the opposite layer 222 is
formed as a thin film formed of at least one of Li, Ca, LiF/Ca,
LiF/Al Al, Ag, Mg, and Yb. For example, the opposite elec-
trode 222 can include a single layer or multilayer formed of
Mg:Ag, Ag:Yb and/or Ag. Unlike the pixel electrode 221, the
opposite electrode 222 can be formed such that a common
voltage is applied to all pixels.

[0115] The pixel defining layer 219 has a plurality of open-
ings that expose the pixel electrode 221 so as to define the
pixel area PA and the non-pixel area NPA. The pixel electrode
221, the intermediate layers 221B and 221R, and the opposite
electrode 222 can be sequentially stacked in the opening of
the pixel defining layer 219 so that the intermediate layers
221B and 221R can emit light. That is, a portion in which the
pixel defining layer 219 is formed can substantially be the
non-pixel area NPA, and the opening of the pixel defining
layer 219 can substantially be the pixel area PA.

[0116] The wiring 225 can be formed between the second
pixel 200 and the third pixel 300. The wiring 225 can include
the third via hole 208¢ electrically connected to the second
thin film transistor TFT2. The wiring 225 can be electrically
connected to the source electrode 2165 or the drain electrode
2175. Although the third via hole 208¢ is connected to the
source electrode 2165 in the drawings, this connection is
merely an example and can be modified. Furthermore, the
third via hole 208¢ can be electrically connected to another
wiring connected to the second thin film transistor TFT2.
[0117] The spacer 41 can be formed on the pixel defining
layer 219 and at least partially cover the second and third via
holes 2085 and 208¢ adjacent thereto. The spacer 41 can
protrude from the pixel defining layer 219 toward the encap-
sulation substrate 23.

[0118] When the spacer 41 at least partially covers the
second and third via holes 2085 and 208¢ adjacent thereto,
external light reflection by the second and third via holes 2085
and 208c¢ can be reduced.

[0119] In some embodiments, the pixel defining layer 219
and the spacer 41 are formed as one piece by a photolitho-
graphic process or a photo-etching process using a photosen-
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sitive material. That is, the pixel defining layer 219 and the
spacer 41 can be substantially simultaneously formed by
adjusting exposure through an exposure process using a half-
tone mask.

[0120] In some embodiments, the half-tone mask can
include a transmittance area, a semi-transmittance area, and a
non-transmittance area. The opening of the pixel defining
layer 219 can be formed corresponding to the transmittance
area of the half-tone mask. The pixel defining layer 219 canbe
formed corresponding to the semi-transmittance area. The
spacer 41 can be formed corresponding to the non-transmit-
tance area. In this case, the spacer 41 is formed of the same
material as that of the pixel defining layer 219.

[0121] In some embodiments, in the half-tone mask for
manufacturing the OLED display 1, the transmittance area is
adjacent to the non-transmittance area so that a reflow phe-
nomenon of an organic layer can be reduced in comparison to
when the transmittance area is adjacent to the semi-transmit-
tance area. Therefore, impurities can be prevented from infil-
trating into the pixel areas while the spacer 41 is formed.
[0122] However, the present disclosure is not limited
thereto. Therefore, the pixel defining layer 219 and the spacer
41 can be formed sequentially or separately, and can be indi-
vidual structures formed of different materials.

[0123] FIGS. 4 and 5 are partial planar views of OLED
displays 2 and 3 according to other embodiments. In FIGS. 4
and 5, the same reference numerals as those of FIG. 2 refer to
the same members. Therefore, overlapping descriptions for
the same members are omitted below.

[0124] Referringto FIGS.4 and 5, the OLED displays 2 and
3 are different from the OLED display 1 of FIG. 2 in that
spacers 42, 42' and 43 are different from the spacer 4.
[0125] The spacers 42 and 42' of FIG. 4 at least partially
cover at least one of the first to third via holes 2084 to 208c.
The spacers 42 and 42" are hereinafter referred to “first spacer
42” and “second spacer 42”.

[0126] The first spacer 42 can be formed to at least partially
cover two adjacent via holes among the first to third via holes
208a to 208¢. Insome embodiments, the first spacer 42 covers
the second via hole 2085 and the third via hole 208c.

[0127] The second spacer 42' can be formed to at least
partially cover one of the first to third via holes 208a to 208c.
In some embodiments, the first to third via holes 208a to 208¢
are atleast partially covered by the first and second spacers 42
and 42'. Therefore, mechanical strength of the OLED display
2 can be improved, and the external light reflection due to the
first to third via holes 208a to 208¢ can also be reduced.
[0128] The spacer 43 of FIG. 5 at least partially covers at
least one of the first to third via holes 208a to 208¢ formed in
the non-pixel areas. The spacer 43 can be formed to at least
partially cover three adjacent via holes. At least one edge of
the spacer 43 contacts an edge of the pixel area PA.

[0129] Insome embodiments, the spacer 43 is formed to at
least partially cover the first to third via holes 208a to 208c.
The first via hole 2084 can be formed in the pixel electrode
221 of the first pixel 100 so as to electrically connect the first
pixel 100 to a device that drives the first pixel 100. The second
via hole 2084 can be formed in the pixel electrode 221 of the
second pixel 200 or the third pixel 300 so as to electrically
connect the second pixel 200 or the third pixel 300 to a device
that drives the second pixel 200 or the third pixel 300. The
third via hole 208¢ can be formed in the wiring 225 so as to
electrically connect the wiring 225 to a lower wiring or a
lower device.
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[0130] Insomeembodiments, the spacer 43 can include an
edge that contacts and edge of an adjacent pixel area PA. The
spacer 43 caninclude an edge that contacts an edge of the first
pixel 100 and an edge of the second pixel 200. The spacer 43
can include an edge that contacts an edge of the first pixel 100
and an edge of the third pixel 300. In this case, an inclined
surface of the spacer 43 is integrally formed with an inclined
surface of the pixel defining layer 219. That is, the spacer 443
does not form a step with the pixel defining layer 219. There-
fore, a reflow phenomenon due to curing can be reduced
during a process of forming the spacer 43 and the pixel
defining layer 219.

[0131] As described above, the OLED displays 1 to 3
according to the present disclosure can have the pixel
arrangement for improving the aperture ratio. The OLED
displays 1 to 3 can have the spacers 41, 42, 42' and 43 that are
robust against external impact and can reduce the external
light reflection. Thus, the reliability of the OLED displays 1 to
3 can be improved.

[0132] Itshould be understood that the exemplary embodi-
ments described therein 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.

[0133] While one or more embodiments of the described
invention have been described with reference to the figures, it
will be understood by those of ordinary skill in the art that
various changes in form and details can 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 diode (OLED) display, com-
prising:

a display substrate including a plurality of pixel areas and

a non-pixel area, wherein the non-pixel area surrounds
and separates the pixel area and wherein a plurality of
via holes is formed in the non-pixel area;

an encapsulation substrate facing the display substrate; and

aplurality of spacers formed on the non-pixel area between

the display substrate and the encapsulation substrate so
as to maintain a gap between the display substrate and
the encapsulation substrate,

wherein each of the spacers at least partially covers at least

one of the via holes.

2. The OLED display of claim 1, wherein the spacers at
least partially cover two adjacent ones of the via holes.

3. The OLED display of claim 1, wherein the spacers at
least partially cover three adjacent ones of the via holes.

4. The OLED display of claim 1, wherein at least one edge
of each spacer contacts an edge of the pixel area.

5. The OLED display of claim 1, wherein, from a top view
of each spacer, the spacer has one of the following shapes: a
polygon, a circle, or an ellipse.

6. The OLED display of claim 1, wherein at least one of the
via holes is electrically connected to a transistor configured to
drive the pixel areas.

7. The OLED display of claim 1, wherein each of the pixel
areas comprises a pixel electrode, an intermediate layer
including an organic emission layer, and an opposite elec-
trode, and wherein a portion of at least one of the via holes is
formed in the pixel electrode.
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8. The OLED display of claim 1, wherein a portion of at
least one of the via holes is formed in a wiring formed
between the pixel areas.

9. The OLED display of claim 8, wherein the wiring is a
supply line configured to supply power for initializing the
pixel areas.

10. The OLED display of claim 1, wherein the pixel areas
comprise:

a first pixel;

at least one second pixel spaced apart from the first pixel

and having a center positioned on a first vertex of a
virtual quadrangle, wherein the virtual quadrangle has a
center positioned on a center of the first pixel; and

at least one third pixel spaced apart from the second pixel

and having a center positioned on a second vertex adja-
cent to the first vertex.

11. The OLED display of claim 10, wherein the at least one
second pixel comprises a plurality of the second pixels, and
the second pixels are spaced apart from one another having
the first pixel therebetween.

12. The OLED display of claim 10, wherein the at least one
third pixel comprises a plurality of the third pixels, and the
third pixels are spaced apart from one another having the first
pixel therebetween.

13. The OLED display of claim 10, wherein the at least one
second pixel comprises a plurality of the second pixels and
the at least one third pixel comprises a plurality of the third
pixels, and wherein the second pixels and the third pixels are
alternately formed on a virtual line so as to substantially
surround the first pixel.
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14. The OLED display of claim 10, wherein each of the
second and third pixels has a larger area than that of the first
pixel.

15.The OLED display of claim 10, wherein the first to third
pixels are configured to emit light of different colors.

16. The OLED display of claim 10, wherein the first to third
pixels are configured to emit green light, blue light, and red
light, respectively.

17. The OLED display of claim 1, wherein each of the
spacers substantially completely covers the via hole.

18. An organic light-emitting diode (OLED) display, com-
prising:

a display substrate including a non-pixel area, wherein a

plurality of via holes are formed in the non-pixel area;
an encapsulation substrate formed over the display sub-
strate; and

at least one spacer formed between the display substrate

and the encapsulation substrate so as to maintain a gap
therebetween,

wherein the spacer at least partially covers at least one of

the via holes.

19. The OLED display of claim 18, wherein the spacer
substantially covers two or three adjacent ones of the via
holes.

20. The OLED display of claim 18, wherein, from a top
view of each spacer, the spacer has one of the following
shapes: a polygon, a circle, or an ellipse.
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