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7) ABSTRACT

An organic light-emitting display device includes a substrate,
a plurality of pixel electrodes arranged in a matrix on the
substrate, and an organic common layer covering the pixel
electrodes. The pixel electrodes include a plurality of first
pixel electrodes, a plurality of second pixel electrodes, and a
plurality of third pixel electrodes. An n-th pixel column
includes the second pixel electrodes; and the third pixel elec-
trodes arranged alternately, an (n+1)-th pixel column which is
adjacent to the n-th pixel column includes the first pixel
electrodes, and an (n+2)-th pixel column which is adjacent to
the (n+1)-th pixel column includes the second pixel elec-
trodes and the third pixel electrodes arranged alternately,
wherein n is a natural number. One of the second and third
pixel electrodes is disposed in the n-th pixel column in a row
and the other one of the second and third pixel electrodes is
disposed in the (n+2)th pixel column in the same row.
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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING THE SAME

CLAIM OF PRIORITY

[0001] This application is a continuation of U.S. patent
application Ser. No. 13/476,681, filed on 21 May 2012, which
claims priority to and the benefit of Korean Patent Applica-
tion No. 10-2011-0057028 filed in the Korean Intellectual
Property Office on the 13 Jun. 2011, the entire contents of all
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light-
emitting display device and a method of manufacturing the
same, and more particularly, to an organic light-emitting dis-
play device including an organic common layer and a method
of manufacturing the organic light-emitting display device.
[0004] 2. Description of the Related Art

[0005] The rapid development of the information technol-
ogy (IT)industry is dramatically increasing the use of display
devices. Recently, there have been demands, for display
devices that are lightweight and thin, consume low power and
provide high resolution. To meet these demands, liquid crys-
tal displays or organic light-emitting displays using organic
light-emitting characteristics are being developed.

[0006] In particular, organic light-emitting displays have a
wider viewing angle and operate at higher speed than liquid
crystal displays, and rapid technological developments are
being made to meet the market demands for flexible display
devices.

SUMMARY OF THE INVENTION

[0007] Aspects of the present invention provide an
improved organic light-emitting display device.

[0008] Aspects of the present invention also provide an
improved organic light-emitting display device which can be
manufactured by a reduced number of deposition, processes
using fine metal masks.

[0009] Aspects of the present invention further provide an
organic light-emitting display device which has a reduced
defect rate caused by intrusion of an organic layer in a pixel
into another pixel.

[0010] Aspects of the present invention are, however, not
restricted to the one set forth herein. The above and other
aspects of the present invention will become more apparent to
one of ordinary skill in the art to which the present invention
pertains by referencing the detailed description of the present
invention given below.

[0011] According to an aspect of the present invention,
there is provided an organic light-emitting display device
constructed with a substrate, a plurality of pixel electrodes
arranged in a matrix on the substrate, and an organic common
layer covering the pixel electrodes. The pixel electrodes
include a plurality of first pixel electrodes, a plurality of
second pixel electrodes, and a plurality of third pixel elec-
trodes. An n-th pixel, column includes the second pixel elec-
trodes and the third pixel electrodes arranged alternately, an
(n+1)-th pixel column which is adjacent to the n-th pixel
column includes the first pixel electrodes, and an (n+2)-th
pixel column which is adjacent to the (n+1)-th pixel column
includes the second pixel electrodes and the third pixel elec-
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trodes arranged alternately, wherein n is a natural number.
One of the second and third pixel electrodes is disposed in the
n-th pixel column in a row and the other one of the second and
third pixel electrodes is disposed in the (n+2)-th pixel column
in the same row.

[0012] According to another aspect of the present inven-
tion, there is provided a method of manufacturing an organic
light-emitting display device. The method includes preparing
a substrate, forming a pixel defined layer, which includes a
plurality of apertures arranged in a matrix, on the substrate,
placing first through third pixel electrodes in the apertures on
the substrate, forming a first organic layer on each of the first
pixel electrodes, forming a second organic layer on each of
the second pixel electrodes, forming an organic common
layer on the first organic layer, the second organic layer and
each of the third pixel electrodes as a common layer, and
forming a common electrode on the organic common layer.
Ann-th pixel column includes the second pixel electrodes and
the third pixel electrodes arranged alternately, an (n+1)-th
pixel column which is adjacent to the n-th pixel column
includes the first pixel electrodes, and an (n+2)-th pixel col-
umn which is adjacent to the (n+1)-th pixel column includes
the second pixel electrodes and the third pixel electrodes
arranged alternately, wherein n is a natural number. One of the
second and third pixel electrodes is disposed in the n-th pixel
column in a row and the other one of the second and third
pixel electrodes is disposed in the (n+2)-th pixel column in
the same row.

[0013] The above and other features and advantages of the
present invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
attached drawings in which.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] A more complete appreciation of the invention, and
many of the attendant advantages thereof will be readily
apparent as the same becomes better understood by reference
to the following detailed description when considered in con-
Junction with the accompanying drawings, in which like ref-
erence symbols indicate the same or similar components,
wherein:

[0015] FIG. 1 is a layout view of an organic light-emitting
display device constructed as an exemplary embodiment
according to the principles of the present invention;

[0016] FIG. 2is a cross-sectional view of the organic light-
emitting display device of FIG. 1 taken along line II-IT' of
FIG. 1;

[0017] FIG. 3 is an enlarged cross-sectional view of a pixel
driving portion of FIG. 1 constructed as the exemplary
embodiment according to the principles of the present inven-
tion:

[0018] FIG. 4is a cross-sectional view of the organic light-
emitting display device of FIG. 1 taken along line TV-IV of
FIG. 1;

[0019] FIG.51isabottom perspective view of a portion of an
organic common layer of FIG. 1 constructed as the exemplary
embodiment according to the principles of the present inven-
tion;

[0020] FIG. 6isa layout view of the organic light-emitting
display device of FIG. 1 constructed as the exemplary
embodiment according to the principles of the present inven-
tion;
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[0021] FIG. 7 is a layout view of an organic light-emitting
display device constructed as another exemplary embodi-
ment according to the principles of the present invention;
[0022] FIG. 8 is a cross-sectional view of the organic light-
emitting display device of FIG. 7 taken along line VIII-VIII'
of F1G. 7,

[0023] FIG.9is a layout view of an organic light-emitting
display device constructed as another exemplary embodi-
ment according to the principles of the present invention;
[0024] FIG. 10 is a cross-sectional view of the organic
light-emitting display device of FIG. 9 taken along line X-X'
of FIG. 9:

[0025] FIG.11is alayout view of an organic light-emitting
display device constructed as another exemplary embodi-
ment according to the principles of the present invention;
[0026] FIGS. 12A, 13A, 14A, 15A and 16A are layout
views sequentially illustrating processes in a method of
manufacturing an organic light-emitting display device as an
exemplary embodiment according to the principles of the
present invention;

[0027] FIG. 12B is a cross-sectional view of the organic
light-emitting display device of FIG. 12A taken along line
XIIb-XIIb' of FIG. 124A;

[0028] FIG. 13B is a cross-sectional view of the organic
light-emitting display device of FIG. 13A taken along line
XIIIb-XIIIb' of FIG. 13A;

[0029] FIG. 14B is a cross-sectional view of the organic
Sight-emitting display device of FIG. 14A taken along line
XIVD-XIVDb' of FIG. 14A;

[0030] FIG. 15B is a cross-sectional view of the organic
light-emitting display device of FIG. 15A taken along line
XVb-XVb' of FIG. 15A; and

[0031] FIG. 16B is a cross-sectional view of the organic
light-emitting display device of FIG. 16A taken along line
XVIb-XVIb' of FIG. 16A.

DETAILED DESCRIPTION OF THE INVENTION

[0032] An organic light-emitting display includes a plural-
ity of organic layers, each containing amaterial that emits red,
green or blue light. Bach of the organic layers is formed by a
deposition process using a separate fine metal mask. There-
fore, anumber of complicated deposition processes using fine
metal masks are required.

[0033] In an organic light-emitting display, if an organic
layer being deposited in a target pixel using a fine metal mask
intrudes into a neighboring pixel, when the neighboring pixel
emits light, the organic layer may also emitlight, thus causing
pixel defects.

[0034] The present invention will now be described more
fully hereinafter with reference to the accompanying draw-
ings, in which preferred embodiments of the invention are
shown. This invention may, however, be embodied in differ-
ent forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will filly convey the scope of the invention to those
skilled in the art. The same reference numbers indicate the
same components throughout the specification. In the
attached figures, the thickness of layers and regions is exag-
gerated for clarity.

[0035] It will also be understood that when a layer is
referred to as being “on” another layer or substrate, it can be
directly on the other layer or substrate, or intervening layers
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may also be present. In contrast, when an element is referred
to as being “directly on” another element, there are no inter-
vening elements present.

[0036] Hereinafter, exemplary embodiments of the present
invention will be described with reference to the attached
drawings.

[0037] FIG. 1is a layout view of an organic light-emitting
display device 500 constructed as an exemplary embodiment
according to the principles of the present invention.

[0038] FIG. 2 is a cross-sectional view taken along line
1I-IT" of FIG. 1. FIG. 3 is an enlarged cross-sectional view of
a pixel driving portion 110 constructed as the exemplary
embodiment of FIG. 1. FIG. 4 is a cross-sectional view taken
along line IV-IV of FIG. 1.

[0039] Referring to FIGS. 1 through 4, the organic light-
emitting display device 500 constructed as the current exem-
plary embodiment according to the principles of the present
invention includes a first substrate 100, a pixel defined layer
90, a plurality of pixel electrodes including first through third
pixel electrodes 121 through 123, first through third organic
layers 131, 132 and 140, a common electrode 150, and a
second substrate 160 disposed above the common electrode
150.

[0040] The first substrate 100 includes a first insulating
substrate 102 and a driving element layer 104 disposed on the
first insulating substrate 102.

[0041] The first insulating substrate 102 may be a transpar-
ent insulating substrate made of glass, quartz, ceramic, or
plastic. The first insulating substrate 102 may be a flat plate-
shaped substrate or a flexible substrate which can be easily
bent by an external force.

[0042] The driving element layer 104 is disposed on the
first insulating substrate 102 and includes a plurality of pixel
driving portions 110 for driving the organic light-emitting
display device 500 and various wirings such as data lines. The
driving element layer 104 may be formed as a single layer or
a multilayer.

[0043] Each of the pixel driving portions 110 may be con-
nected to any one of the first through third pixel electrodes
121 through 123 by a first through hole 120 and may control
current supplied to the connected one of the first through third
pixel electrodes 121 through 123.

[0044] More specifically, referring to FIG. 3, each of the
pixel driving portions 110 may include a buffer layer 117, a
semiconductor layer (111 through 113), a gate insulating film
118, an interlayer insulating film 119, a driving gate electrode
114, a driving source electrode 115, and a driving drain elec-
trode not shown).

[0045] The buffer layer 117 prevents penetration of impu-
rity elements into the first substrate 100 and planarizes the
surface of the first substrate 100. The buffer layer 117 may be
made of various materials that can perform these functions.
For example, the buffer layer 117 may be any one of a SiN_
layer, a Si0, layer, and a SiO, N, layer. The buffer layer 117 is
not essential and can be omitted depending on the type of the
first substrate 100 and processing conditions.

[0046] Thedriving semiconductor layer 111 through 113 is
formed on the buffer layer 117. The driving semiconductor
layer may be made of an amorphous silicon film or a poly-
crystalline silicon film. However, the polycrystalline silicon
film is preferred. In addition, the driving semiconductor layer
includes a channel region 111 which is undoped with impu-
rities and a source region 112 and a drain region 113 which are
formed on both sides of the channel region 111 and are
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p+-doped. Here, an ion material used to dope the source and
drain regions 112 and 113 is P-type impurities such as boron
(B). For example, B,H,, may be used. The impurities may
vary according to the type of a thin-film transistor (TFT).
[0047] The gate insulating film 118 is formed of SiN, or
Si0, on the driving semiconductor layer (111 through 113). A
gate wiring including the driving gate electrode 114 is formed
on the gate insulating film 118. The gate wiring further
includes a gate line (not shown) and other wirings. The driv-
ing gate electrode 114 may overlap at least part (in particular,
the channel region 111) of the driving semiconductor layer
(111 through 113).

[0048] Theinterlayer insulating film 119 covering the driv-
ing gate electrode 114 is formed on the gate insulating film
118. Through holes penetrate both the gate insulating film
118 and the interlayer insulating film 119 to expose the source
region 112 and the drain region 113 of the driving semicon-
ductor layer. Like the gate insulating film 118, the interlayer
insulating film 119 may be made of SiN, or SiO,.

[0049] A data wiring including the driving source electrode
115 and the driving drain electrode 116 is formed on the
interlayer insulating film 119. The data wiring further
includes a data line (not shown), a common power supply line
(not shown), and other wirings. The driving source electrode
115 and the driving drain electrode 116 may be connected to
the source region 112 and the drain region 113 of the driving
semiconductor layer by the through holes, respectively.
[0050] The pixel defined layer 90 is formed on the driving
element layer 104. The pixel defined layer 90 may include a
plurality of apertures 90a arranged in a matrix. A pixel region
is defined in each of the apertures. That is, the pixel defined
layer 90 defines a plurality of pixel regions, and the pixel
regions are separated from each other by the pixel defined
layer 90.

[0051] The pixel regions may include first through third
pixel regions 10 through 30 which emit light of different
colors. In the current exemplary embodiment, the first pixel
regions 10 are regions which emit green light, the second
pixel regions 20 are regions which emit red light, and the third
pixel regions 30 are regions which emit blue light. In each of
the apertures, any one of the first through third pixel elec-
trodes 121 through 123, which will be described later, may be
placed. For example, the first pixel electrode 121 may be
disposed in an aperture that defines each of the first pixel
regions 10, the second pixel electrode 122 may be disposed in
an aperture that defines each of the second pixel regions 122,
and the third pixel electrode 123 may be disposed in an
aperture that defines each of the third pixel regions 30.
[0052] Each of the first, pixel regions 10 may include the
first organic layer 131 formed on the first pixel electrode 121
and the third organic layer 140 formed on the first organic
layer 131, in addition to the first pixel electrode 121.

[0053] Each of the second pixel regions 20 may include the
second organic layer 132 formed on the second pixel elec-
trode 122 and the third organic layer 140 formed on the
second organic layer 132, in addition to the second pixel
electrode 122.

[0054] Each of the third pixel regions 30 may include the
third organic layer 140 formed on the third pixel electrode
123, in addition to the third pixel electrode 123.

[0055] The first through third pixel electrodes 121 through
123 may be situated on the first substrate 100 and may be
connected to the driving drain electrode 116 of each of the
pixel driving portions 110 by the first through hole 120. The
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first through third pixel electrodes 121 through 123 may be
made of a reflective conductive material, a transparent con-
ductive material, or a semi-transparent conductive material.
[0056] Examples of the reflective conductive material
include Li, Ca, LiF/Ca, LiF/Al, Al, Ag, Mg, and An.
Examples of the transparent conductive material include
indium tin oxide (ITO), indium zinc oxide (1Z0), ZnO, and
indium oxide (In,O;).

[0057] The semi-transparent conductive material may be a
co-deposition material containing one or more of Mg and Ag
or may be one or more of Mg, Ag, Ca, Li, and Al.

[0058] The first organic layer 131 is disposed on the first
pixel electrode 121, the second organic layer 132 is disposed
on the second pixel electrode 122, and the third organic layer
140 is disposed on the first organic layer 131, the second
organic layer 132, the third pixel electrode 123, and the pixel
defined layer 90 as a common layer.

[0059] Since the third organic layer 140 is an organic com-
mon layer disposed on the first organic layer 131, the second
organic layer 132, the third pixel electrode 123 and the pixel
defined layer 90, no fine metal mask is required to deposit the
third organic layer 140. Accordingly, the number of fine metal
masks can be reduced.

[0060] Ineach ofthe first through third organic layers 131,
132 and 140, holes and electrons generated by the common
electrode 150 and one of the first through third pixel elec-
trodes 121 through 123 combine together to form excitons. As
an energy level of the excitons transits from an excited state to
a ground state, each of the first through third organic layers
131, 132 and 140 emits light of a color corresponding to the
changed energy level.

[0061] insome embodiments according to the principles of
the present invention, the first organic layer 131 may contain
amaterial that can emitred light, the second organic layer 132
may contain a material that can emit green light, and the third
organic layer 140 may contain a material that can emit blue
light. In some other embodiments of the present invention, the
first organic layer 131 may contain a material that can emit
green light, the second organic layer 132 may contain a mate-
rial that can emit red light, and the third organic layer 140 may
contain a material that can emit blue light.

[0062] A highest occupied molecular orbital (HOMO)
value of the third organic layer 140 may be higher than those
ofthe first organiclayer 131 and the second organic layer 132.
Thus, holes of the first organic layer 131 or the second organic
layer 132 are not transported to the third organic layer 140.
Accordingly, the combination of holes and electrons may not
occur in regions of the third organic layer 140 which are
included in the first and second pixel regions 10 and 20. As a
result, regions of the third organic layer 140 which overlap the
first pixel electrodes 121 or the second pixel electrode 122
may not emit light.

[0063] Although not shown in the drawings, in some
embodiments of the present invention, a hole transport layer
may be interposed between the first organic layer 131 and the
first pixel electrode 121, between the second organic layer
132 and the second pixel electrode 122, and between the third
organic layer 140 and the third pixel electrode 123. In addi-
tion, a hole injection layer may further be interposed between
the hole transport layer and each of the first through third
pixel electrodes 121 through 123.

[0064] Although not shown in the drawings, in some
embodiments of the present invention, a hole stop layer
maybe interposed between each of the first through third
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organic layers 131, 132 and 140 and the common electrode
150. The hole stop layer between the first organic layer 131
and the common electrode 150 or between the second organic
layer 132 and the common electrode 150 can be omitted when
the third organic layer 140 has a higher HOMO value than the
first organic layer 131 or the second organic layer 132.

[0065] The common electrode 150 is formed on the third
organic layer 140, and a potential applied to the common
electrode 150 may form a potential difference between the
common electrode 150 and one of the first through third pixel
electrodes 121 through 123.

[0066] Thecommon electrode 150 may be made ofa reflec-
tiveconductive material, a transparent conductive material, or
a semi-transparent conductive material.

[0067] Examples of the reflective conductive material
include Li, Ca, LiF/Ca, LiF/AL AL Ag, Mg, and Au.
Examples of the transparent conductive material include ITO,
170, 700, and In,0;.

[0068] The semi-transparent conductive material may be a
co-deposition material containing one or more of Mg and Ag
or may be one or more of Mg, Ag, Ca, Li, and Al.

[0069] The second substrate 160 is disposed on the com-
mon electrode 150 to face the first substrate 100 and seals the
first organic layer 131, the second organic layer 132 and the
third organic layer 140 between the first substrate 100 and the
second substrate 160 from external air. Accordingly, the
present invention may further include a sealing member (not
shown) which bonds and seals the first substrate 100 and the
second substrate 160 together. The sealing member (not
shown) may be made of one or more materials selected from
the group consisting of acrylic resin, methacrylic resin, poly-
isoprene, vinyl resin, epoxy resin, urethane resin, and cellu-
lose resin.

[0070] The arrangement of a plurality of pixel regions of
the organic light-emitting display device 500 as the current
exemplary embodiment according to the principles of the
present invention will now be described with reference to
FIG. 1.

[0071] Referring to FIG. 1, a plurality of pixel regions may
be arranged in first through fourth pixel columns L1 through
L4 which are parallel to each other along a column direction.

[0072] The first pixel column L1 and the fourth pixel col-
umn L4 may include the first pixel legions 10 arranged suc-
cessively. That is, in the first pixel column LI and the fourth
pixel column L4, each of the first pixel regions 10 may neigh-
bor different first pixel regions 10 respectively on both sides
thereof in the column direction. The second pixel column L2
may include the second pixel regions 20 and the third pixel
regions 30 arranged alternately. The third pixel column L3
may include the second pixel regions 20 and the third pixel
regions 30 arranged alternately in an order opposite to the
order in which they are arranged in the second, pixel column
L2.

[0073] In arow direction, each of the first pixel regions 10
may neighbor one of the second, pixel regions 20 on a side
thereof and may neighbor one of the third pixel regions 30 on
the other side thereof. Each of the second pixel regions 20
may neighbor the first pixel regions 10 respectively on both
sides thereof in the row direction and may neighbor the third
pixel regions 30 respectively on both sides thereof in the
column direction. Each of the third pixel regions 30 may
neighbor the first pixel regions 10 respectively on both sides

Jan. 21,2016

thereof in the row direction and may neighbor the second
pixel regions 20 respectively on both sides thereof in the
column direction.

[0074] In summary, the second pixel column 1.2, the first
pixel column L1, the third pixel column L3 and the fourth
pixel column 1.4 may be sequentially arranged in this order
along the row direction, and the arrangement of a plurality of
pixels may be a repetition of the arrangement of the second
pixel column L2, the first pixel column L1, the third pixel
column [.3 and the fourth pixel column .4 in this order in the
row direction.

[0075] FIG. 5 is a bottom perspective view of a portion of
the organic common layer (i.e., the third organic layer 140)
according to the exemplary embodiment of FIG. 1.

[0076] Referring to FIGS. 1 through 5, the third organic
layer 140 includes first through fifth protruding patterns
191-1 through 191-5, each corresponding to the third pixel
electrode 123. The first through fifth protruding patterns
191-1 through 191-5, each corresponding to the third pixel
electrode 123, protrude further than regions 193, each corre-
sponding to the first pixel electrode 121, and regions 192,
each corresponding to the second pixel electrode 122. Spe-
cifically, each of the first pixel regions 10 includes the first
organic layer 131 in addition to the third organic layer 140,
and each of the second pixel regions 20 includes the second
organic layer 132 in addition to the third organic layer 140,
On the other hand, each of the third pixel regions 30 does not
include another organic layer in addition to the third organic
layer 140. Thus, the first through fifth protruding patterns
191-1 through 191-5 of the third organic layer 140 in each of
the third pixel, regions 30 may protrude further toward the
first substrate 100 than the regions 193, each corresponding to
the first pixel electrode 121, by a thickness of the first organic
layer 131, and may protrude further toward the first substrate
100 than the regions 192, each corresponding to the second
pixel electrode 192, by a thickness of the second organic layer
332.

[0077] Each of the first through fifth protruding patterns
191-1 through 191-5 is disposed on the third pixel electrode
123. Each of the first through fifth protruding patterns 191-1
through 191-5 and the third organic layer 140 which is dis-
posed on each of the first through fifth protruding patterns
191-1 through 191-5 may be made to emit light by a potential
applied to the third pixel electrode 123 and a potential applied
to the common electrode 150.

[0078] The first protruding pattern 191-1 may be located at
an equal distance from each of the neighboring second
through fifth protruding patterns 191-2 through 191-5. In
addition, the second protruding pattern 191-2, the first pro-
truding pattern 191-1 and the fourth protruding pattern 191-4
may be located in a straight line, and the third protruding
pattern 191-3, the first protruding pattern 191-1 and the fifth
protruding pattern 191-5 may be located in another straight
line.

[0079] With reference to FIG. 6, a detailed description will
hereinafter be givers of the reason why the probability that the
first or second organic layer 131 or 132 being deposited will
intrude into each of the third pixel regions 30 in the organic
light-emitting display device 500 constructed as the current
exemplary embodiment is reduced.

[0080] FIG. 6isa layout view of the organic light-emitting
display device 500 of FIG. 1 constructed as the exemplary
embodiment according to the principles of the present inven-
tion.
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[0081] The resolution of a display device denotes the num-
ber of main pixels, each being a minimum unit that can
display a desired color. Therefore, the area occupied by one
main pixel is limited in order to obtain the same resolution in
the same area.

[0082] Referring to FIG. 6, in the organic light-emitting
display device 500, the first pixel regions 10 are placed in all
main pixels P, respectively, and one of the second pixel
regions 20 or one of the third pixel regions 30 is placed in one
main pixel P. Therefore, only two pixels are included in one
main pixel P. The color of light emitted from each of the first
pixel regions 10 included in all main pixels P is a color to
which human vision is sensitive at high resolution. When the
color of one main pixel P is corrected by that of the second
pixel region 20 or the third pixel region 30 included in a
neighboring main pixel P, even if only two pixels are included
in one main pixel P, a desired color can be expressed. There-
fore, the same resolution can be obtained in the same area by
using a smaller number of pixels, compared with a conven-
tional display device in which three red, green and blue pixels
are included in one main pixel.

[0083] In order to prevent a non-emitting region of a dis-
play device from, being seen, a ratio of the total area of pixels
in one main pixel P to the area of the main pixel P may be
maintained at a predetermined value or higher. In the conven-
tional display device in which three red, green and blue pixels
are included in one main pixel, two sections are required
between the pixels. However, in the organic light-emitting
display device 500 constructed as the current exemplary
embodiment, since only two pixels are included in one main
pixel P, there is only one section between the pixels. There-
fore, even whenthe ratio of the total area of pixels in one main
pixel P to the area of the main pixel P is maintained at the
predetermined, value or higher, the distance between the pix-
els in the row direction may be greater than that in the con-
ventional display device. Therefore, since the distance
between each of the third pixel regions 30 and one of the first
pixel regions 10 which neighbors the third pixel region 30 in
the row direction is increased compared with that in the
conventional display device, when the first organic layer 131
is deposited in each of the first pixel regions 10 using a fine
metal mask, the probability that the first organic layer 131 will
intrude into each of the third pixel regions 30 is reduced,
thereby reducing a pixel defect rate.

[0084] Even when the ratio of the total area of pixels in one
main pixel P to the area of the main pixel P is maintained at the
predetermined value, a distance D§ between, a second pixel
region 20 and a first pixel region 10 in a main pixel P may be
greater than the distance between pixels in a main pixel of the
conventional display device, and a length D6 of the second
pixel region 20 in the column direction may be shorter than a
length D5 of the first pixel region 10 in the column direction.
Likewise, a distance Di between a third pixel region 30 and a
first, pixel region 10 in a main pixel P may be greater than the
distance between pixels in a main pixel of the conventional
display device, and the length D of the third pixel region 30 in
the column direction may be shorter than the length D5 of the
first pixel region 10 in the column direction. Accordingly, a
distance D3 between each of the third pixel regions 30 and
one of the second pixel regions 20 which neighbors the third
pixel region 30 in the column direction is greater than that in
the conventional display device. Thus, when the second
organic layer 132 is deposited in each of the second pixel
regions 20 using a fine metal mask, the probability that the

Jan. 21,2016

second organic layer 132 will intrude into each of the third
pixel regions 30 is reduced, thereby reducing the pixel defect
rate.

[0085] Insome embodiment according to the principles of
the present invention, a distance D3 between each of the
second pixel regions 20 and one of the third pixel regions 30
which neighbors the second pixel region 20 is smaller than a
distance D1 between each of the third pixel regions 30 and
one of the first pixel regions 10 which neighbors the third
pixel region 30 in a column direction.

[0086] FIG. 7 is a layout view of an organic light-emitting
display device 510 constructed as another exemplary embodi-
ment according to the principles of the present invention.
FIG. 8 is a cross-sectional view taken along line VIII-VIII' of
FIG. 7.

[0087] Referring to FIGS. 7 and 8, the organic light-emit-
ting display device 510 constructed as the current exemplary
embodiment may include a plurality of spacers 50 in addition
to elements included in the organic light-emitting display
device 500 constructed as the previous exemplary embodi-
ment.

[0088] The spacers 50 separate a first substrate 100 from a
second substrate 160. In some embodiments of the present
invention, the spacers 50 may be interposed between a plu-
rality of pixels in a column direction, that is, between first
pixel regions 10 in the column direction, and between second
pixel regions 20 and third pixel regions 30 in the column
direction.

[0089] The spacers 50 are formed on a pixel defined layer
90, and the pixel defined layer 90 and the spacers 50 may be
integrally formed of a photosensitive material by a photo-
graphic process or a photolithographic process. That is, the
pixel defined layer 90 and the spacers 50 may be formed
together by adjusting the amount of exposure using a halftone
exposure process. However, the present invention is not lim-
ited thereto. The pixel defined layer 90 and the spacers 50 can
also be sequentially or separately formed and can be indepen-
dent structures made of different materials.

[0090] The organic light-emitting display device 510 con-
structed as the current exemplary embodiment includes the
spacers 50 respectively on both sides of each of the third pixel
regions 30 in the column direction. In this case, a higher
barrier may be formed between each of the third pixel regions
30 and one of the second pixel regions 20 which is adjacent to
the third pixel region 30 in the column direction than when
only the pixel defined layer 90 but no spacer 50 exists between
them. Therefore, when a second organic layer 132 is depos-
ited, the probability that the second organic layer 132 will
intrude into the region of each of the third pixel regions 30 is
reduced, thereby reducing the pixel defect rate.

[0091] FIG. 9 is a layout view of an organic light-emitting
display device 520 constructed as another exemplary embodi-
ment according to the principles of the present invention.
FIG. 10 is a cross-sectional view taken along line X-X' of
FIG. 9.

[0092] Referring to FIGS. 9 and 10, the organic light-emit-
ting display device 520 constructed as the current exemplary
embodiment may include spacers 50 arranged in a row direc-
tion of a plurality of pixels, in addition to elements included
in the organic light-emitting display device 510 according to
the previous exemplary embodiment of FIG. 7.

[0093] The organic light-emitting display device 520 con-
structed as the current exemplary embodiment includes the
spacers 50 respectively on both skies of each of third pixel
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regions 30 not only in a column direction but also in a row
direction. In this case, a higher barrier may be formed
between each of the third pixel regions 30 and one of first
pixel regions 10 which is adjacent to the third pixel region 30
in the row direction than when only a pixel defined layer 90
but no spacer 50 exists between them. Therefore, when a first
organic layer 131 is deposited, the probability that the first
organic layer 131 will intrude into the region of each of the
third pixel regions 30 is reduced, thereby reducing the pixel
defect rate.

[0094] FIG.11is alayout view of an organic light-emitting
display device 530 constructed as another exemplary embodi-
ment according to the principles of the present invention.
[0095] The organic light-emitting display device 530 con-
structed as the current exemplary embodiment of the present
invention includes a first pixel column L1 and second and
third pixel columns 1.2 and L3 which are disposed respec-
tively on both sides of the first pixel column L1 in a row
direction. The first pixel column L1 and the fourth pixel
column [.4 may include the first pixel regions 10 arranged
successively. The second pixel column L2 and the third pixel
column [.3 may include the second pixel regions 20 and the
third pixel regions 30 arranged alternately, and in the same
order. In addition, spacers 50 may be interposed between
third pixel regions 30 and second pixel regions 20 and may
further be interposed between the third pixel regions 30 and
first pixel regions 10.

[0096] As in the organic light-emitting display devices 500
through 520 in the previous exemplary embodiments, in the
organic light-emitting display device 530 according to the
current exemplary embodiment, the distance between each of
the third pixel regions 30 and one of the second pixel regions
20 which neighbors the third pixel region 30 in a column
direction and the distance between each of the third pixel
regions 30 and one of the first pixel regions 10 which neigh-
bors the third pixel region 30 in the row direction are greater
than those in a conventional display device. Accordingly,
when an organic layer is deposited in each of the first pixel
regions 10 or each of the second pixel regions 20, the prob-
ability that the organic layer will intrude into each of the third
pixel regions 30 is reduced, thereby reducing the pixel defect
rate.

[0097] In addition, the organic light-emitting display
device 530 constructed as the current exemplary embodiment
includes the spacers 50 in the row and column directions of a
plurality of pixels. Inthis case, a higher barrier may be formed
between the pixels than when only a pixel defined layer 90 but
no spacer 50 exists between them. Therefore, when an
organic layer is deposited In each of the first pixel regions 10
or each of the second pixel regions 20, the probability that the
organic layer will Intrude into each of the third pixel regions
30 is reduced, thereby reducing the pixel defect rate.

[0098] More details of the organic light-emitting display
devices according to the above-described embodiments and
other various embodiments will be described, together with a
method of manufacturing an organic light-emitting display
device as exemplary embodiments according to the principles
of the present invention.

[0099] FIGS. 12A, 13A, 14A, 15A and 16A are layout
views sequentially illustrating processes in a method of
manufacturing an organic light-emitting display device as an
exemplary embodiment according to the principles of the
present invention. FIGS. 12B, 13B, 14B, 15B and 16B are
cross-sectional views respectively taken along line XIIb-
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XIIb' of FIG. 12A, line XIITb-XIIIb' of FIG. 13 A, line XIVb-
XIVD' of FIG. 14A, line XVb-XVb' of FIG. 15A, and line
XVIb-XVIb' of FIG. 16A. An exemplary method of manu-
facturing an organic light-emitting display device is illus-
trated in these drawings.

[0100] Referring to FIGS. 12A and 12B, a first substrate
100 is prepared. The preparing of the first substrate 100 may
include forming a plurality of pixel driving portions 110,
which are included in a driving element layer 104, on a first
insulating substrate 102.

[0101] Referring to FIGS. 13A and 13B, a pixel defined
layer 90 including a plurality of apertures 90a arranged in a
matrix is formed on the first substrate 100. In some other
embodiments of the present invention, a process of forming
spacers on the pixel defined layer 90 may further be per-
formed.

[0102] Referring to FIGS. 14A and 14B, first through third
pixel electrodes 121 through 123 are formed in the apertures
90a of the pixel defined layer 90. Each of the first pixel
electrodes 121 may neighbor one of the second pixel elec-
trodes 122 on a side thereof in a row direction and may
neighbor one of the third pixel electrodes 123 on the other
side thereof in the row direction. In addition, each of the first
pixel electrodes 121 may neighbor different first pixel elec-
trodes 121 respectively on both sides thereof in a column
direction. Each of the second pixel electrodes 122 may neigh-
bor the first pixel electrodes 121 respectively on both sides
thereof in the row direction, and may neighbor the third, pixel
electrodes 123 respectively on both sides thereof in the col-
umn direction. Each of the third pixel electrodes 123 may
neighbor the first pixel electrodes 121 respectively on both
sides thereof in the row direction and may neighbor the sec-
ond pixel electrodes 122 respectively on both sides thereof in
the column direction.

[0103] Referring to FIGS. 15A and 15B, a first organic
layer 131 and a second organic layer 132 are formed by
deposition processes. The first organic layer 131 and the
second organic layer 132 may be deposited using separate
fine metal masks. The first organic layer 131 and the second
organic layer 132 may be sequentially formed in this order or
in the reverse order.

[0104] Referring to FIGS. 16A and 16B, a third organic
layer 140 is formed on the first organic layer 131 and the
second organic layer 132 as a common layer. The third
organic layer 140 may be deposited, as an organic common
layer, onthe whole surface of the first substrate 100 having the
first and second organic layers 131 and 132 without using a
fine metal mask.

[0105] Then, a common electrode 150 is formed on the
third organic layer 133 as a common layer.

[0106] Finally, a second substrate 160 is placed on the
common electrode 150. The second substrate 160 may be
placed on the common electrode 150 to face the first substrate
100. The placing of the second substrate 160 may include
sealing and bonding the first substrate 100 and the second
substrate 160 together using a sealing member (not shown),
thereby preventing external air from getting into the first
organic layer 131, the second organic layer 132, and the third
organic layer 140.

[0107] Inconcluding the detailed description, those skilled
in the art will appreciate that many variations and modifica-
tions can be made to the preferred embodiments without
substantially departing from the principles of the present
invention. Therefore, the disclosed preferred embodiments of
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the invention are used in a generic and descriptive sense only
and not for purposes of limitation.

What is claimed is:

1. An organic light-emitting display device, comprising;

a substrate;

a plurality of pixel electrodes arranged in a matrix on the
substrate, wherein the pixel electrodes comprise a plu-
rality of first pixel electrodes, a plurality of second pixel
electrodes, and a plurality of third pixel electrodes;

a first organic layer disposed on the first pixel electrode;

a second organic layer disposed on the second electrode;
and

an organic common layer disposed on the first organic
layer, the second organic layer and the third pixel elec-
trodes; wherein

along an n-th pixel column, the first pixel electrodes and the
second pixel electrodes are arranged alternately, and

along an (n+1)-th pixel column which is adjacent to the
n-th pixel column, the third pixel electrodes is arranged
repeatedly, wherein n is a natural number,

in regions of the organic common layer which overlaps the
first pixel, electrodes, the first organic layer emits green
light and the organic common layer does not emit light,

in regions of the organic common layer which overlaps the
second pixel electrodes, the second organic layer emits
red light and the organic common layer does not emit
light, in regions of the organic common layer which
overlaps the third pixel electrodes, the common organic
layer emits blue light.
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2. The display device of claim 1, wherein a distance
between each of the second pixel electrodes and one of the
third pixel electrodes which, neighbors the second pixel elec-
trode is larger than a distance between each of the third pixel
electrodes and one of the first pixel electrodes which neigh-
bors the third pixel electrode in a row direction.

3. The display device of claim L further comprising spacers
formed on regions of the substrate between the second pixel
electrodes and the third pixel electrodes.

4. The display device of claim 1, further comprising spac-
ers formed on regions of the substrate between the second
pixel electrodes and the first pixel electrodes.

5. The display device of claim 1, further comprising

first spacers formed on the regions of the substrate between

the second pixel electrodes and the third pixel elec-
trodes,

second spacers formed on the regions of the substrate

between the second pixel electrodes and the first pixel
electrodes, and

third spacers formed on the regions of the substrate

between the third pixel electrodes and the first pixel
electrodes.

6. The display device of claim 1, further comprising a pixel
defined layer disposed on the substrate and comprising a
plurality of apertures arranged in a matrix,

wherein the pixel electrodes are formed in the apertures on

the substrate.
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