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(57) ABSTRACT

An organic light-emitting display device includes a display
substrate comprising a plurality of pixel regions at least par-
tially defined by a plurality of non-pixel regions; a sealing
substrate facing the display substrate; and a spacer on one of
the non-pixel regions of the display substrate between the
display substrate and the sealing substrate to maintain a space
between the display substrate and the sealing substrate. The
plurality of pixel regions include a first pixel; a second pixel
spaced apart from the first pixel and having a center corre-
sponding to a first corner of a virtual rectangle having a center
corresponding to a center of the first pixel; and a third pixel
spaced apart from the second pixel and having a center cor-
responding to a second corner adjacent to the first corner of
the virtual rectangle. The spacer is adjacent to the second
pixel.
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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0025741, filed on
Mar. 11, 2013 in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] Aspects of embodiments of the present invention
relate to an organic light-emitting display device.

[0004] 2. Description of the Related Art

[0005] Organic light-emitting display devices are self-
emissive display devices including an organic light-emitting
diode (OLED) that includes a hole injection electrode, an
electron injection electrode, and an organic emission layer
formed therebetween. The organic light-emitting display
devices emit light when excitons generated due to a combi-
nation of holes injected from the hole injection electrode and
electrons injected from the electron injection electrode are
dropped from an excited state to a ground state.

[0006] Self-emission display devices do not need an addi-
tional light source. Organic light-emitting display devices
may be driven with alow voltage, and may belightweight and
formed with thin film technology. In addition, organic light-
emitting display devices have high-quality characteristics
such as a wide viewing angle, high contrast, and rapid
response speed and thus are regarded as next-generation dis-
play devices.

[0007] In general, an organic light-emitting display device
includes a plurality of pixels for emitting light of different
colors to display an image. Here, a pixel refers to a minimum
unit for displaying an image. A gate line, a data line, a power
line such as a driving power line, an insulating layer such as a
pixel defining layer for defining an area or a shape of each
pixel, etc., may be located between adjacent pixels.

[0008] Inatypical organic light-emitting display device, an
organic emission layer for forming pixels is formed by using
a deposition process using a mask such as a fine metal mask
(FMM). If the pixels are formed to have a small gap therebe-
tween inorder to ensure a good aperture ratio of the pixels, the
reliability of deposition may be reduced. Otherwise, if the
pixels are formed to have a large gap therebetween in order to
improve the reliability of deposition, an aperture ratio of the
pixels may be reduced.

[0009] In addition, organic light-emitting display devices
are being developed as portable devices. As such, organic
light-emitting display devices should be capable of reducing
or preventing a reduction in display characteristics due to an
external impact.

SUMMARY

[0010] Example embodiments provide an organic light-
emitting display device having an excellent aperture ratio of
pixels and having a high strength against an external impact.
[0011] According to an embodiment of the invention, there
is provided an organic light-emitting display device including
a display substrate including a plurality of pixel regions at
least partially defined by a plurality of non-pixel regions; a
sealing substrate facing the display substrate; and a spacer on
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one of the non-pixel regions of the display substrate between
the display substrate and the sealing substrate to maintain a
space between the display substrate and the sealing substrate,
wherein the plurality of pixel regions include a first pixel; a
second pixel spaced apart from the first pixel and having a
center corresponding to a first corner of a virtual rectangle
having a center corresponding to a center of the first pixel; and
a third pixel spaced apart from the second pixel and having a
center corresponding to a second corner adjacent to the first
corner of the virtual rectangle, and wherein the spacer is
adjacent to the second pixel.

[0012] The second pixel may have a polygonal shape, and
the spacer may be along at least one side of the second pixel.
[0013] The spacer may surround the second pixel.

[0014] The second pixel may have a substantially rectan-
gular shape, and the spacer may be along two sides of the
second pixel in a “V” shape.

[0015] The spacer may be spaced apart from the first and
third pixels.
[0016] The organic light-emitting display device may fur-

ther include a pixel defining layer on the non-pixel region of
the display substrate and having a plurality of openings for
exposing the plurality of pixel regions.

[0017] The spacer may protrude from the pixel defining
layer toward the sealing substrate.

[0018] The spacer may be a same material as the pixel
defining layer.
[0019] The spacer and the pixel defining layer may be

simultaneously formed by using a halftone process.

[0020] The second pixel may emit blue light.
[0021] The virtual rectangle may be a square.
[0022] The second pixel may include a plurality of second

pixels, and the plurality of second pixels may be spaced apart
from each other with respect to the first pixel.

[0023] The third pixel may include a plurality of third pix-
els, and the plurality of third pixels may be spaced apart from
each other with respect to the first pixel.

[0024] The second and third pixels may include a plurality
of second pixels and a plurality of third pixels, and the plu-
rality of second pixels and the plurality of third pixels may be
alternately arranged around the virtual line to surround the
first pixel.

[0025] The second and third pixels may have larger areas
than the first pixel.

[0026] Thefirst pixel may emit green light, the second pixel
may emit blue light, and the third pixel may emit red light.
[0027] According to another embodiment of the invention,
there is provided an organic light-emitting display device
including a display substrate including a plurality of pixel
regions at least partially defined by a plurality of non-pixel
regions; a sealing substrate facing the display substrate; and a
spacer on one of the non-pixel regions of the display substrate
between the display substrate and the sealing substrate to
maintain a space between the display substrate and the seal-
ing substrate, wherein the plurality of pixel regions include a
first pixel; a second pixel spaced apart from the first pixel and
having a center corresponding to a first corner of a virtual
rectangle having a center corresponding to a center of the first
pixel; and a third pixel spaced apart from the second pixel and
having a center corresponding to a second corner adjacent to
the first corner of the virtual rectangle, and wherein a distance
by which the spacer is spaced apart from the first pixel is
greater than the distance by which the spacer is spaced apart
from the second pixel.
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[0028] Thefirst pixel may emit green light, the second pixel
may emit blue light, and the third pixel may emit red light.
[0029] The first pixel may have a smaller area than the
second and third pixels.

[0030] Atleast one of the first, second, and third pixels may
have a substantially rectangular shape having rounded cor-
ners.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The above and other features and aspects of the
invention will become more apparent by describing in detail
example embodiments thereof with reference to the attached
drawings in which:

[0032] FIG. 11is a cross-sectional view of an organic light-
emitting display device according to an embodiment of the
present invention;

[0033] FIG. 2 is a partial plan view of the organic light-
emitting display device illustrated in FIG. 1;

[0034] FIG. 3 is a cross-sectional view of the organic light-
emitting display device illustrated in FIG. 2 and cut along a
line I-I";

[0035] FIG. 4 is a partial plan view of an organic light-
emitting display device according to another embodiment of
the present invention;

[0036] FIG. 5 is a partial plan view of an organic light-
emitting display device according to another embodiment of
the present invention; and

[0037] FIG. 6 is a partial plan view of an organic light-
emitting display device according to another embodiment of
the present invention.

DETAILED DESCRIPTION

[0038] Hereinafter, example embodiments of the present
invention will be described in detail with reference to the
attached drawings. In the drawings, like reference numerals
denote like elements, and the sizes of elements may be exag-
gerated for clarity of explanation.

[0039] The present invention may, however, be embodied
in many different forms and should not be construed as being
limited to the embodiments set forth herein. For example, it
will be understood that when an element is referred to as
being “on” another element, it can be directly on the other
element, or an intervening element (or elements) may also be
present.

[0040] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to
limit the present invention. 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. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. It will be
understood that, although the terms first, second, third, etc.,
may be used herein to describe various elements, compo-
nents, regions, layers, and/or sections, these elements, com-
ponents, regions, layers, and/or sections should not be limited
by these terms. These terms are only used to distinguish one
element, component, region, layer, or section from another
element, component, region, layer, or section.
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[0041] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
Further, the use of “may” when describing embodiments of
the present invention refers to “one or more embodiments of
the present invention.”” In a similar fashion, the use of example
language, such as “for example,” “such as,” and “e.g.”” when
describing embodiments of the present invention refers to
“one or more embodiments of the present invention” for each
of the corresponding items listed. In addition, the use of
alternate language, such as “or,” when describing embodi-
ments of the present invention refers to “one or more embodi-
ments of the present invention” for each corresponding item
listed, while “and/or” refers to “one or more embodiments of
the present invention” for every combination of one or more
of the corresponding items listed.

[0042] FIG. 1 is a cross-sectional view of an organic light-
emitting display device 1 according to an embodiment of the
present invention; FIG. 2 is a partial plan view of the organic
light-emitting display device 1 illustrated in FIG. 1.

[0043] Referring to FIGS. 1 and 2, the organic light-emit-
ting display device 1 includes an organic emission unit 22
formed on a display substrate 21, and a sealing substrate 23
for sealing the organic emission unit 22. The organic light-
emitting display device 1 also includes spacers 41 formed
between the display substrate 21 and the sealing substrate 23
to maintain a space therebetween.

[0044] The organic emission unit 22 is formed on the dis-
play substrate 21, and the display substrate 21 and the organic
emission unit 22 include a plurality of non-pixel regions NPA
and a plurality of pixel regions PA defined or partially defined
by the non-pixel regions NPA.

[0045] The non-pixel regions NPA may be regions where
light is not recognized, and may be non-emission regions.
Accordingly, the non-pixel regions NPA may not include
emission structures for emitting light. In some embodiments,
the non-emission regions may be regions where emission
structures are at least partially formed but light emission is
blocked by light blocking structures.

[0046] The pixel regions PA may be regions where light is
recognizable, and may include emission structures. For
example, each of the pixel regions PA may include an organic
light-emitting diode (OLED) for organic light emission. The
plurality of pixel regions PA may be aligned (or arranged) in
the form of a matrix.

[0047] The organic emission unit 22 may include a plural-
ity of OLEDs each emitting one of red light, green light, blue
light, or white light. A detailed description thereof will be
provided below.

[0048] The sealing substrate 23 may be formed as a trans-
parent member to allow an image from the organic emission
unit 22 to be displayed, and may reduce or prevent penetration
of oxygen and moisture into the organic emission unit 22.

[0049] Edges of the display substrate 21 and the sealing
substrate 23 are bonded by a sealant 24. As such, an inner
space 25 between the display substrate 21 and the sealing
substrate 23 is sealed. An absorbent or a filler may be dis-
posed in the inner space 25.

[0050] The spacers 41 may be formed on the non-pixel
regions NPA between the display substrate 21 and the sealing
substrate 23 to maintain a space therebetween. The spacers 41
may be formed to reduce or prevent a reduction in display
characteristics due to an external impact.



US 2014/0252321 Al

[0051] Referring to FIG. 2, the plurality of pixel regions PA
of the organic light-emitting display device 1 include a plu-
rality of first pixels 100, a plurality of second pixels 200, and
a plurality of third pixels 300.

[0052] Each of the first pixels 100 may have a smaller area
than adjacent second and third pixels 200 and 300, and may
have a polygonal shape, for example, a rectangular (or sub-
stantially rectangular) shape. In this specification, a polygo-
nal shape and a rectangular shape include a shape having
rounded corners. That is, the first pixels 100 may have a
rectangular shape having rounded corners. The plurality of
first pixels 100 may have the same rectangular shape. The first
pixels 100 are spaced apart from each other and are aligned in
a first virtual line VL1. The first pixels 100 may emit green
light and may include an organic emission layer for emitting
green light.

[0053] The second pixels 200 are located to have centers at
first corners P1 of a virtual rectangle VS having a center
corresponding to the center of the first pixel 100, and the third
pixels 300 are located to have centers at second corners P2 of
the virtual rectangle VS. The virtual rectangle VS may be a
square.

[0054] The second pixels 200 are spaced apart from the first
pixels 100 and have centers corresponding to the first corners
P1 of the virtual rectangle VS. Each of the second pixels 200
may have a larger area than adjacent first pixels 100, and may
have a polygonal shape, for example, arectangular shape. The
plurality of second pixels 200 may have the same rectangular
shape. The second pixels 200 are spaced apart from each other
with respect to the first pixels 100. The second pixels 200 may
emit blue light and may include an organic emission layer for
emitting blue light.

[0055] The third pixels 300 are spaced apart from the first
pixels 100 and the second pixels 200 and have centers corre-
sponding to the second corners P2 adjacent to the first corners
P1 of the virtual rectangle VS. Each of the third pixels 300
may have a larger area than adjacent first pixels 100. In
addition, each of the third pixels 300 may have the same area
as each of the second pixels 200, and may have a polygonal
shape, for example, a rectangular shape. The plurality of third
pixels 300 may have the same rectangular shape. The third
pixels 300 are spaced apart from each other with respect to the
first pixels 100. The third pixels 300 may emit red light and
may include an organic emission layer for emitting red light.
[0056] The second and third pixels 200 and 300 are alter-
nately aligned on a second virtual line VL2, and thus the
second pixels 200 having centers corresponding to the first
corners P1 and the third pixels 300 having centers corre-
sponding to the second corners P2 surround the first pixels
100.

[0057] The above-described pixel alignment may form
gaps having a first length L1 between second and third pixels
200 and 300, and a second length 1.2 between the first and
second pixels 100 and 200, and between the first and third
pixels 100 and 300, and may form a gap having a third length
L3 greater than the first length L1 or the second length [.2
between adjacent first pixels 100.

[0058] Accordingly, in a deposition process using a fine
metal mask (FMM) and for forming each of the organic
emission layer for emitting green light, the organic emission
layer for emitting blue light, and the organic emission layer
for emitting red light, which are respectively included in the
first, second, and third pixels 100,200, and 300, the reliability
of deposition may be improved.
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[0059] 1In addition, since the second and third pixels 200
and 300 are aligned to surround the first pixels 100, an apet-
ture ratio of each of the first, second, and third pixels 100, 200,
and 300 may be improved. As such, a manufacturing time and
a manufacturing cost of the organic light-emitting display
device 1 may be reduced and the quality of an image dis-
played by the organic light-emitting display device 1 may be
improved.

[0060] Inother words, the pixel alignment according to the
example embodiments may have a structure in which a large
gap is formed between pixels for emitting light of the same
color to improve the reliability of deposition, and a small gap
is formed between different sub pixels, i.e., red, green, and
blue pixels, to improve an aperture ratio.

[0061] As described above, in the pixel alignment of the
organic light-emitting display device 1 according to the above
embodiment of the present invention, the first, second, and
third pixels 100, 200, and 300 not only have polygonal shapes
but also are aligned to locate the center of the first pixel 100 at
the center of the virtual rectangle VS, to locate the centers of
the second pixels 200 at the first corners P1, and to locate the
centers of the third pixels 300 at the second corners P2, in
order to improve the quality of deposition of an organic emis-
sion layer in a deposition process using an FMM and to
improve an aperture ratio of each of the first, second, and third
pixels 100, 200, and 300, in consideration of the deposition
process representing unique manufacturing characteristics of
the organic light-emitting display device 1.

[0062] Meanwhile, although the first, second, and third pix-
els 100,200, and 300 respectively emit green light, blue light,
and red light in FIG. 2, according to another embodiment of
the present invention, the pixel alignment of the organic light-
emitting display device 1 is not limited thereto, and the first,
second, and third pixels 100, 200, and 300 may emit light of
colors different from those illustrated in FIG. 2. For example,
the second pixels 200 and/or the third pixels 300 may emit
white light.

[0063] Inaddition, the shapes of the first, second, and third
pixels 100, 200, and 300 are not limited to those illustrated in
FIG. 2. For example, the first, second, and third pixels 100,
200, and 300 may have various shapes such as circular, oval,
and polygonal shapes. In some embodiments, the first pixels
100 may have a rectangular shape, and the second and third
pixels 200 and 300 may have a polygonal shape.

[0064] The spacers 41 are formed to be spaced apart from
the first and third pixels 100 and 300 and to be adjacent to the
second pixels 200 (e.g., to define or partially define the sec-
ond pixels 200). This means that the spacers 41 influence the
first and third pixels 100 and 300 less than the second pixels
200.

[0065] For detailed description, referring to FIG. 1, the
spacers 41 are formed between the display substrate 21 and
the sealing substrate 23 to maintain a space therebetween, and
may be bent in a vertical direction or a diagonally vertical
direction due to an external impact. In this case, if the spacers
41 partially contact adjacent pixel regions PA of the display
substrate 21 or areas of the sealing substrate 23 facing the
display substrate 21. some components of the spacers 41 or
materials coated on the spacers 41 may remain on the pixel
regions PA of the display substrate 21 or the corresponding
areas of the sealing substrate 23. The remaining components
or coated materials of the spacers 41 may be foreign sub-
stances that restrict or distort emission of the pixel regions
PA.
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[0066] Referring to FIG. 2, the spacers 41 are formed on the
non-pixel regions NPA adjacent to the second pixels 200
rather than the first and third pixels 100 and 300. In compari-
son to the second pixels 200, the first and third pixels 100 and
300 may have a low possibility that a foreign substance
remains due to the spacers 41. Accordingly, at least the first
and third pixels 100 and 300 may have a low possibility of
emission restriction or distortion due to the spacers 41.

[0067] The spacers 41 may be located on the non-pixel
regions NPA and may be formed along at least one side of the
second pixels 200. The spacers 41 may be formed along two
sides of the second pixels 200 in a “’V” shape, such as in FIG.
2.

[0068] Insomeembodiments, the second pixels 200 may be
blue pixels for emitting blue light. In some display devices,
from among the pixel regions PA, red and/or green pixels are
more vulnerable to emission restriction (or reduction) in com-
parison to blue pixels. That is, although a foreign substance
exists on a certain area of the pixel regions PA, brightness
reduction due to the foreign substance may be more serious in
red and/or green pixels rather than blue pixels. In this sense,
if the second pixels 200 are blue pixels and the first and third
pixels 100 and 300 respectively are green and red pixels, since
the first and third pixels 100 and 300 have a relatively low
possibility of emission restriction or distortion due to the
spacers 41, deterioration of image quality according to over-
all brightness reduction may be reduced or minimized.

[0069] FIG. 3 is a cross-sectional view of the organic light-
emitting display device 1 illustrated in FIG. 2 and cut along a
line I-I'.

[0070] Referring to FIG. 3, the organic light-emitting dis-
play device 1 includes the display substrate 21, the sealing
substrate 23, a buffer layer 211, thin film transistors TR,
OLEDs, a pixel defining layer 219, and the spacers 41.

[0071] The display substrate 21 includes the plurality of
non-pixel regions NPA and the plurality of pixel regions PA,
some of which are defined by or partially defined by the
non-pixel regions NPA. The display substrate 21 may be
formed of a transparent glass material having Si0, as a main
component. The display substrate 21 is not limited thereto
and may be formed of various materials such as ceramic,
transparent plastic, or metal.

[0072] The sealing substrate 23 may face the display sub-
strate 21 and may seal the OLEDs between the display sub-
strate 21 and the sealing substrate 23 from external air.

[0073] The buffer layer 211 may reduce or prevent diffu-
sion of impurity ions on the display substrate 21, may reduce
or prevent penetration of moisture or external air, and may
planarize a surface. In some embodiments, the buffer layer
211 may be formed of an inorganic material such as silicon
oxide, silicon nitride, silicon oxynitride, aluminum oxide,
aluminum nitride, titanjum oxide, or titanium nitride, an
organic material such as polyimide, polyester, or acryl, or a
stacked structure thereof. The buffer layer 211 is not an essen-
tial element and may not be included in other embodiments.
The buffer layer 211 may be formed by using various depo-
sition methods such as plasma enhanced chemical vapor
deposition (PECVD), atmospheric pressure chemical vapor
deposition (APCVD), and low pressure chemical vapor depo-
sition (LPCVD).

[0074] The thin film transistor TR includes an active layer
212, a gate electrode 214, a source electrode 216, and a drain
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electrode 217. A gate insulating layer 213 for insulation
between the gate electrode 214 and the active layer 212 is
formed therebetween.

[0075] The active layer 212 may be formed on the buffer
layer 211. The active layer 212 may be formed of an inorganic
semiconductor such as amorphous silicon or poly silicon, or
an organic semiconductor. In some embodiments, the active
layer 212 may be formed of an oxide semiconductor. For
example, the oxide semiconductor may include an oxide of a
Group 12, 13, or 14 metallic element such as zinc (Zn),
indium (In), gallium (Ga), tin (Sn), cadmium (Cd), germa-
nium (Ge), or germanium (Ge), or a combination thereof.
[0076] The gate insulating layer 213 may be formed on the
buffer layer 211 to cover the active layer 212, and the gate
electrode 214 is formed on the gate insulating layer 213.
[0077] The interlayer insulating layer 215 is formed on the
gate insulating layer 213 to cover the gate electrode 214, and
the source and drain electrodes 216 and 217 are formed on the
interlayer insulating layer 215 to contact the active layer 212
through contact holes.

[0078] The thin film transistor TR is not limited to the
above-described structure and may have various structures.
For example, although a top gate structure is described above,
the thin film transistor TR may have a bottom gate structure in
which the gate electrode 214 is formed under the active layer
212.

[0079] A pixel circuit including the thin film transistor TR
and a capacitor may be formed. A planarization layer 218 for
covering the pixel circuit including the thin film transistor TR
may be formed on the interlayer insulating layer 215. The
planarization layer 218 may remove steps (or other surface
irregularities) and planarize a surface in order to increase the
emission efficiency of the OLED.

[0080] The planarization layer 218 may include an inor-
ganic material and/or an organic material. For example, the
planarization layer 218 may be formed of a photoresist, an
acryl-based polymer, a polyimide-based polymer, a polya-
mide-based polymer, a siloxane-based polymer, a polymer
including a photosensitive acrylic carboxyl group, a novolac
resin, an alkali soluble resin, silicon oxide, silicon nitride,
silicon oxynitride, silicon oxycarbide, silicon carbonitride,
aluminum, magnesium, zinc, hafnium, zirconium, titanium,
tantalum, aluminum oxide, titanium oxide, tantalum oxide,
magnesium oxide, zinc oxide, hafnium oxide, zirconium
oxide, or titanium oxide.

[0081] The OLED is formed on the planarization layer 218
and includes a first electrode 221, an organic emission layer
220R or 220B, and a second electrode 222. The pixel defining
layer 219 is formed on the planarization layer 218 and the first
electrode 221, and defines the pixel regions PA and the non-
pixel regions NPA.

[0082] The organic emission layer 220R or 220B may be
formed of a low-molecular or high-molecular organic mate-
rial. If the organic emission layer 220R or 220B is formed of
a low-molecular organic material, one or a stacked structure
of a hole injection layer (HIL), a hole transport layer (HTL),
an emission layer (EML), an electron transport layer (ETL),
and an electron injection layer (EIL) may be used. The low-
molecular organic material may be formed by using a vacuum
deposition method. In this case, the EML may be indepen-
dently formed in each of red, green, and blue pixels, and the
HIL, the HTL, the ETL, and the EIL. may be formed as a
common layer commonly applied to red, green, and blue
pixels.



US 2014/0252321 Al

[0083] Meanwhile, if the organic emission layer 220R or
220B is formed of a high-molecular organic material, only an
HTL may be formed in a direction toward the first electrode
221 from an EML. The HTL may be formed on the first
electrode 221 by using poly-(2.4)-ethylene-dihydroxy
thiophene (PEDOT) or polyaniline (PANI), and inkjet print-
ing or spin coating. In this case, a poly-phenylenevinylene
(PPV)-based high-molecular organic material or a polyfluo-
rene-based high-molecular organic material may be used, and
a color pattern may be formed by using a typical method such
as inkjet printing, spin coating, or thermal transfer printing
using a laser.

[0084] The HIL may be formed of, for example, a phthalo-
cyanine compound such as copper phthalocyanine, or a star-
burst-type amine such as 4,4'4"-tri(N-carbazolyl)tripheny-
lamine (TCTA), 4,4' 4"-tris(3-methylphenylamino)
triphenylamine ~ (m-MTDATA), or  1,3,5-tris[4-(3-
methylphenylphenylamino)phenyl|benzene (m-MTDAPB).
[0085] The HTL may be formed of, for example, N,N'-bis
(3-methylphenyl)-N.N'-diphenyl-[ 1,1-biphenyl]-4,4'di-
amine (TPD) or N,N.'-di(naphthalene-1-y1)-N,N'-diphenyl
benzidine (a-NPD).

[0086] The EIL may be formed of, for example, LiF, NaCl,
CsF, Li,0, BaQ, or Liq.

[0087] The ETL may be formed of, for example, Algs.
[0088] The EML may include a host material and a dopant
material.

[0089] Examples of the host material may include tris(8-

hydroxy-quinolinato)aluminum (Alqgs), 9,10-di(naphth-2-yI)
anthracene (AND), 3-tert-butyl-9,10-di(naphth-2-yl)an-
thracene (TBADN), 4,4-bis(2,2-diphenylvinyl)-1,1'-bipheny
(DPVBIi),  4,4'-Bis[2,2-di(4-methylphenyl)-ethen-1-yl]bi-
phenyl (p-DMDPVBI) (tert(9,9-diarylfluorene)s (TDAF),
2-(9,9"-spirobifluorene-2-y1)-9,9"-spirobifluorene  (BSDF),
2,7-bis(9,9'-spirobifluorene-2-y1)-9,9"-spirobifluorene
(TSDF), bis(9,9-diarylfluorene)s (BDAF), 4,4'-bis(2,2-
diphenyl-ethene-1-y1)-4,4'-di-(tert-butyl)phenyl (p-TD-
PVBi), 1,3-bis(carbazol-9-yl)benzene (mCP), 1,3,5-tris(car-
bazol-9-yl)benzene  (1CP),  4,4',4"-tris(carbazol-9-yl)
triphenylamine  (TcTa), 4,4 -bis(carbazol-9-y1)biphenyl
(CBP), 4,4'-bis(9-carbazolyl)-2,2'-dimethyl-biphenyl
(CBDP), 4,4'-bis(carbazol-9-y1)-9,9-dimethyl-fluorene
(DMFL-CBP), 4,4'-bis(carbazol-9-y1)-9,9-bis(9-phenyl-9H-
carbazol)fluorene (FL-4CBP), 4,4'-bis(carbazol-9-y1)-9,9-
di-tolyl-fluorene (DPFL-CBP), and 9,9-bis(9-phenyl-9H-
carbazol)fluorene (FL-2CBP).

[0090] Examples of the dopant material may include 4,4'-
bis[4-(di-p-tolylamino)styryl]biphenyl (DPAVBI), 9,10-di
(naph-2-tyl)anthracene (ADN). and 3-tert-butyl-9,10-di
(naph-2-tyl)anthracene (TBADN).

[0091] InFIG. 3, the second pixels 200 and the third pixels
300 may respectively include the organic emission layer
200B and the organic emission layer 200R for emitting light
of different colors. In some embodiments, the second pixels
200 are blue pixels and the third pixels 300 are red pixels.
[0092] The first electrode 221 may be formed on the pla-
narization layer 218 and may be electrically connected to the
drain electrode 217 of the thin film transistor TR through a
through hole 208 that penetrates through the planarization
layer 218.

[0093] Thefirstelectrode 221 may function as an anode and
the second electrode 222 may function as a cathode. How-
ever, the polarities of the first and second electrodes 221 and
222 are not limited thereto and may be switched.
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[0094] If the first electrode 221 functions as an anode, the
first electrode 221 may include indium tin oxide (ITO),
indium zinc oxide (1Z0), zinc oxide (ZnO), or indium oxide
(In,O,) having a high work function. If the organic light-
emitting display device 1 is a top emission type for displaying
an image in a direction opposite to the display substrate 21,
the first electrode 221 may further include a reflective layer
including metal such as silver (Ag), magnesium (Mg), alu-
minum (Al), platinum (Pt), palladium (Pd), gold (Au), nickel
(Ni), neodymium (Nd), iridium (Ir), chromium (Cr), lithium
(L1), ytterbium (Yb), or calcium (Ca), or an alloy thereof. In
addition, the first electrode 221 may be formed as a mono-
layer or a multilayer including the above-mentioned metal or
alloy. In some embodiments, the first electrode 221 may
include an ITO/Ag/ITO structure as a reflective electrode.
[0095] If the second electrode 222 functions as a cathode
electrode, the second electrode 222 may be formed of metal
such as Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, or Ca. If the
organic light-emitting display device 1 is a top emission type,
the second electrode 222 should transmit light. In some
embodiments, the second electrode 222 may include trans-
parent conductive metal oxide such as ITO, IZO, zinc tin
oxide (ZTO), ZnO, or In,0,.

[0096] According to another embodiment, the second elec-
trode 222 may be formed as a thin film including at least one
selected from the group consisting of L1, Ca, LiF/Ca, LiF/Al,
Al, Ag, Mg, and Yb. For example, the second electrode 222
may be formed as a monolayer or a multilayer including
Mg:Ag, Ag:YD, and/or Ag. Unlike the first electrode 221, the
second electrode 222 may be formed to apply a common
voltage to all pixels.

[0097] The pixel defining layer 219 defines the pixel
regions PA of the OLEDs and the non-pixel regions NPA by
using a plurality of openings for exposing the first electrodes
221. In the opening of the pixel defining layer 219, the first
electrode 221, the organic emission layer 220B or 220R, and
the second electrode 222 may be sequentially stacked and the
organic emission layer 220B or 220R may emit light. That is,
aregion where the pixel defining layer 219 is formed substan-
tially corresponds to the non-pixel regions NPA, and the
openings of the pixel defining layer 219 substantially corre-
spond to the pixel regions PA.

[0098] The spacers 41 are formed on the pixel defining
layer 219. The spacers 41 may protrude from the pixel defin-
ing layer 219 toward the sealing substrate 23.

[0099] In some embodiments, the pixel defining layer 219
and the spacers 41 may be integrally formed by using a
photosensitive material and a photographic process or a pho-
tographic etching process. That is, the pixel defining layer
219 and the spacers 41 may be simultaneously formed by
using a halftone mask and an exposure process for adjusting
the amount of exposure.

[0100] In some embodiments, the halftone mask may
include transmissive regions, a semi-transmissive region, and
non-transmissive regions. The openings of the pixel defining
layer 219 may be formed to correspond to the transmissive
regions of the halftone mask, the pixel defining layer 219 may
be formed to correspond to the semi-transmissive region, and
the spacers 41 may be formed to correspond to the non-
transmissive regions. In this case, the spacers 41 may be
formed as the same material as the pixel defining layer 219.
[0101] In some embodiments, in the halftone mask for
manufacturing the organic light-emitting display device 1,
the transmissive regions and the non-transmissive regions
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may be formed to be adjacent to each other and thus a reflow
phenomenon of an organic layer may be reduced in compari-
son to a case when the transmissive regions and the semi-
transmissive region are adjacent to each other. As such, pen-
etration of a foreign substance in the organic layer into the
pixel regions PA during formation of the spacers 41 may be
suppressed.

[0102] However, the present invention is not limited
thereto. The pixel defining layer 219 and the spacers 41 may
be sequentially or separately formed by using different mate-
rials.

[0103] As described above in relation to FIG. 2, the spacers
41 are spaced apart from the third pixels 300 with respect to
the pixel defining layer 219, and are formed adjacent to the
second pixels 200.

[0104] FIGS. 4 through 6 are partial plan views of organic
light-emitting display devices 2, 3, and 4 according to other
embodiments of the present invention, respectively. In FIGS.
2 and 4 through 6, like reference numerals denote like ele-
ments and repeated descriptions thereof are not provided here
to achieve brevity of explanation.

[0105] Referring to FIGS. 4 through 6, the organic light-
emitting display devices 2, 3, and 4 respectively include spac-
ers 42, 43, and 44 different from the spacers 41 of the organic
light-emitting display device 1 illustrated in FIG. 2.

[0106] The spacers 42 illustrated in FIG. 4 are formed on
non-pixel regions adjacent to the second pixels 200, and more
particularly, along any one side of the second pixels 200. The
spacers 43 illustrated in FIG. 5 are formed on non-pixel
regions adjacent to the second pixels 200, and more particu-
larly, formed to surround the second pixels 200. The spacers
44 illustrated in FIG. 6 are formed on non-pixel regions
adjacent to the second pixel 200, and more particularly, along
three sides the second pixels 200 as a “T_" shape.

[0107] As described above, the organic light-emitting dis-
play devices 1, 2, 3, and 4 according to the example embodi-
ments have a pixel alignment capable of increasing an aper-
ture ratio and include the spacers 41, 42, 43, and 44 having a
high strength against an external impact and capable of reduc-
ing or preventing display defects, and thus may have a high
reliability.

[0108] As described above, an organic light-emitting dis-
play device according to an embodiment of the present inven-
tion employs a pixel alignment capable of improving an aper-
ture ratio. In addition, the organic light-emitting display
device employs spacers capable of protecting internal
OLEDs from an external impact and of reducing or prevent-
ing display defects.

[0109] Accordingly, the organic light-emitting display
device may improve an aperture ratio, may have a high
strength against an external impact, and may suppress bright-
ness reduction.

[0110] While the example embodiments have been particu-
larly shown and described with reference to exemplary
embodiments thereof, it will be understood by those of ordi-
nary skill in the art that various changes in form and details
may be made therein without departing from the spirit and
scope of the present invention as defined by the following
claims and their equivalents.

1. An organic light-emitting display device comprising:

a display substrate comprising a plurality of pixel regions
at least partially defined by a plurality of non-pixel
regions;

a sealing substrate facing the display substrate; and
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a spacer on one of the non-pixel regions of the display
substrate between the display substrate and the sealing
substrate to maintain a space between the display sub-
strate and the sealing substrate,

wherein the plurality of pixel regions comprise:

a first pixel,

a second pixel spaced apart from the first pixel and
having a center corresponding to a first corner of a
virtual rectangle having a center corresponding to a
center of the first pixel; and

a third pixel spaced apart from the second pixel and
having a center corresponding to a second corner
adjacent to the first corner of the virtual rectangle, and

wherein at least a portion of the spacer is between the first
pixel and the second pixel and closer to the second pixel
than to the first pixel.

2. The organic light-emitting display device of claim 1,

wherein the second pixel has a polygonal shape, and

wherein the spacer is along at least one side of the second
pixel.

3. The organic light-emitting display device of claim 1,

wherein the spacer surrounds the second pixel.

4. The organic light-emitting display device of claim 1,

wherein the second pixel has a substantially rectangular
shape, and

wherein the spacer is along two sides of the second pixel in
a “V” shape.

5. The organic light-emitting display device of claim 1,
wherein the spacer is spaced apart from the first and third
pixels.

6. The organic light-emitting display device of claim 1,
further comprising a pixel defining layer on the non-pixel
regions of the display substrate and having a plurality of
openings for exposing the plurality of pixel regions.

7. The organic light-emitting display device of claim 6,
wherein the spacer protrudes from the pixel defining layer
toward the sealing substrate.

8. The organic light-emitting display device of claim 6,
wherein the spacer is a same material as the pixel defining
layer.

9. The organic light-emitting display device of claim 6,
wherein the spacer and the pixel defining layer are simulta-
neously formed by using a halftone process.

10. The organic light-emitting display device of claim 1,
wherein the second pixel emits blue light.

11. The organic light-emitting display device of claim 1,
wherein the virtual rectangle is a square.

12. The organic light-emitting display device of claim 1,

wherein the second pixel comprises a plurality of second
pixels, and

wherein the plurality of second pixels are spaced apart
from each other with respect to the first pixel.

13. The organic light-emitting display device of claim 1,

wherein the third pixel comprises a plurality of third pixels,
and

wherein the plurality of third pixels are spaced apart from
each other with respect to the first pixel.

14. The organic light-emitting display device of claim 1,

wherein the second and third pixels comprise a plurality of
second pixels and a plurality of third pixels, and
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wherein the plurality of second pixels and the plurality of
third pixels are alternately arranged around the virtual
rectangle to surround the first pixel.

15. The organic light-emitting display device of claim 1,
wherein the second and third pixels have larger areas than the
first pixel.

16. The organic light-emitting display device of claim 1,
wherein the first pixel emits green light, the second pixel
emits blue light, and the third pixel emits red light.

17. An organic light-emitting display device comprising:
a display substrate comprising a plurality of pixel regions

at least partially defined by a plurality of non-pixel
regions;

a sealing substrate facing and maintaining a fixed distance
from the display substrate; and

a spacer on one of the non-pixel regions of the display
substrate between the display substrate and the sealing
substrate to maintain the fixed distance between the
display substrate and the sealing substrate,
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wherein the plurality of pixel regions comprise:

a first pixel;

a second pixel spaced apart from the first pixel and
having a center corresponding to a first corner of a
virtual rectangle having a center corresponding to a
center of the first pixel; and

a third pixel spaced apart from the second pixel and
having a center corresponding to a second corner
adjacent to the first corner of the virtual rectangle, and

wherein a distance by which the spacer is spaced apart from
the first pixel is greater than the distance by which the
spacer is spaced apart from the second pixel.

18. The organic light-emitting display device of claim 17,
wherein the first pixel emits green light, the second pixel
emits blue light, and the third pixel emits red light.

19. The organic light-emitting display device of claim 17,
wherein the first pixel has a smaller area than the second and
third pixels.

20. The organic light-emitting display device of claim 17,
wherein at least one of the first, second, and third pixels has a
substantially rectangular shape having rounded corners.
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