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An organic light-emitting diode (OLED) display is disclosed.
In one aspect, the OLED display includes a substrate having
a plurality of pixel areas, which serves as a light-emitting
area, and a non-pixel area, which serves as a non-light-emit-
ting area. The OLED display also includes a plurality of first
electrodes formed over the substrate in areas respectively
corresponding to the pixel areas and a plurality of organic
light-emitting layers formed over the first electrodes. The
OLED display further includes a pixel defining layer formed
in the non-pixel area of the substrate to cover a boundary
surface of the organic light-emitting layers and to define the
pixel areas, and a second electrode formed over the organic
light-emitting layers and the pixel defining layer.
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ORGANIC LIGHT-EMITTING DIODE (OLED)
DISPLAY AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This U.S. non-provisional patent application claims
priority under 35 U.S.C. §119 of Korean Patent Application
No. 10-2013-0061828, filed on May 30, 2013, the contents of
which are hereby incorporated by reference.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to an
organic light-emitting diode (OLED) display and a method of
manufacturing the OLED display device.

[0004] 2. Description of the Related Technology

[0005] Generally, organic light-emitting diode (OLED)
displays have exceptional brightness and a wide viewing
angle. Since OLED displays do not need to include a separate
light source, they are also typically thin and light weight.
Additionally, OLED displays typically have other character-
istics such as fast response speeds, low power consumption,
high brightness, etc.

[0006] OLED displays generally include an OLED that
includes an anode electrode, an organic light-emitting layer,
and a cathode electrode. Holes and electrons are injected into
the organic light-emitting layer through the anode and cath-
ode electrodes and are recombined in the organic light-emit-
ting layer to generate excitons. The excitons emit energy as
light, which is discharged when an exciton returns to a ground
state.

[0007] Ingeneral, a number of anode electrodes are formed
on a substrate and an organic insulating layer is formed on the
substrate to cover the anode electrodes. The organic insulat-
ing layer is patterned to have a number of openings, and thus
a pixel defining layer is formed. Portions of the anode elec-
trodes are exposed through the openings of the pixel defining
layer. The areas defined by the openings correspond to pixel
areas.

[0008] Organic light-emitting layers are formed on the
anode electrodes in the pixel areas. The organic light-emitting
layers can be formed by a printing method, e.g., an inkjet
printing method, a nozzle printing method, etc. A cathode
electrode is formed to cover the organic light-emitting layers
and the pixel defining layer.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0009] One inventive aspect is an organic light-emitting
diode (OLED) display (hereinafter to be interchangeably
used with an OLED display device) having a reduced thick-
ness and a uniform brightness.

[0010] Another aspect is a method of manufacturing an
OLED display.
[0011] Another aspect is an OLED display device includ-

ing a substrate that includes a plurality of pixel areas serving
as alight-emitting area and a non-pixel area disposed between
the pixel areas and serving as a non-light-emitting area, a
plurality of first electrodes disposed on the substrate in areas
respectively corresponding to the pixel areas, a plurality of
organic light-emitting layers disposed on the first electrodes,
a pixel defining layer defining the pixel areas and disposed in
the non-pixel area to cover a boundary surface of the organic
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light-emitting layers, and a second electrode disposed on the
organic light-emitting layers and the pixel defining layer.
[0012] Each of the first electrodes and each of the organic
light-emitting layers have an area greater than the area of the
corresponding pixel area, and the pixel defining layer exposes
a substantially flat area of the organic light-emitting layers.
[0013] The pixel defining layer includes a metal-fluoride
ionic compound and the metal-fluoride ionic compound
includes one of LiF, BaF2, and CsF. The pixel defining layer
has a thickness of about 10 nanometers to about 100 nanom-
eters.

[0014] Another aspect is a manufacturing method of the
OLED display device including preparing a substrate that
includes a plurality of pixel areas serving as a light-emitting
area and a non-pixel area disposed between the pixel areas
and serving as a non-light-emitting area, forming a plurality
of first electrodes on the substrate in areas respectively cor-
responding to the pixel areas, forming a plurality of organic
light-emitting layers on the first electrodes, forming a pixel
defining layer on the non-pixel area of the substrate to cover
aboundary surface of the organic light-emitting layers and to
define the pixel areas, and forming a second electrode on the
organic light-emitting layers and the pixel defining layer.
[0015] Each of the first electrodes and each of the organic
light-emitting layers have an area greater than the area of the
corresponding pixel area, and the pixel defining layer exposes
a substantially flat area of the organic light-emitting layers.
[0016] The pixel defining layer includes a metal-fluoride
ionic compound, and the metal-fluoride ionic compound
includes one of LiF, BaF2, and CsF. The pixel defining layer
has a thickness of about 10 nanometers to about 100 nanom-
eters.

[0017] Another aspect is an OLED display device includ-
ing a substrate that includes a plurality of pixel areas serving
as alight-emitting area and a non-pixel area disposed between
the pixel areas and serving as a non-light-emitting area, a
plurality of first electrodes disposed on the substrate in areas
respectively corresponding to the pixel areas, each of the first
electrodes having an area greater than the area of the corre-
sponding pixel area, an organic light-emitting layer disposed
on the substrate to cover the first electrodes, a pixel defining
layer disposed on the organic light-emitting layer in the non-
pixel area to cover a boundary surface of the organic light-
emitting layer having a predetermined inclination angle and
to expose a substantially flat area of the organic light-emitting
layer in the pixel area, a second electrode disposed on the
organic light-emitting layer and the pixel defining layer, and
a plurality of color filters disposed on the second electrode.
The color filters are repeatedly arranged in three consecutive
pixel areas among four adjacent pixel areas in the pixel areas.
[0018] Another aspect is a manufacturing method of the
OLED display device including preparing a substrate that
includes a plurality of pixel areas serving as a light-emitting
area and a non-pixel area disposed between the pixel areas
and serving as a non-light-emitting area, forming a plurality
of first electrodes on the substrate in areas respectively cor-
responding to the pixel areas, each of the first electrodes
having an area greater than the area of the corresponding pixel
area, forming an organic light-emitting layer on the substrate
to cover the first electrodes, forming a pixel defining layer on
organic light-emitting layer in the non-pixel area to cover a
boundary surface of the organic light-emitting layer having a
predetermined inclination angle and to expose a substantially
flat area of the organic light-emitting layer in the pixel areas,
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forming a second electrode on the organic light-emitting layer
and the pixel defining layer, forming a thin film sealing layer
on the second electrode, and forming a plurality of color
filters on the thin film sealing layer. The color filters are
repeatedly arranged in three consecutive pixel areas among
four adjacent pixel areas in the pixel areas.

[0019] Another aspect is an OLED display device includ-
ing a substrate that includes a plurality of pixel areas serving
as alight-emitting area and a non-pixel area disposed between
the pixel areas and serving as a non-light-emitting area, a
plurality of first electrodes disposed on the substrate in areas
respectively corresponding to the pixel areas, each of the first
electrodes having an area greater than the area of the corre-
sponding pixel area, a pixel defining layer disposed on the
substrate to cover a boundary surface of the first electrodes
and including openings to expose a predetermined portion of
the first electrodes, a plurality of organic light-emitting layers
disposed on the predetermined portion of the first electrodes
exposed by the openings, a second pixel defining layer dis-
posed to cover a portion of a side surface of the first pixel
defining layer adjacent to the organic light-emitting layers
and a portion of the organic light-emitting layers adjacent to
the side surface of the first pixel defining layer, and a second
electrode disposed on the first pixel defining layer, the second
pixel defining layer, and the organic light-emitting layers. The
portion of the organic light-emitting layers adjacent to the
side surface of the first pixel defining layer has a greater
thickness than the other areas of the organic light-emitting
layers, the first and second pixel defining layers are disposed
in the non-pixel area, and the second pixel defining layer
exposes a substantially flat area of the organic light-emitting
layer.

[0020] According to some embodiments, the OLED dis-
play device may have a reduced thickness and a substantially
uniform brightness.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The above described and other advantages of the
disclosed technology will become readily apparent with ref-
erence to the following detailed description when considered
in conjunction with the accompanying drawings.

[0022] FIG. 1 is a plan view schematically showing an
OLED display device according to a first exemplary embodi-
ment.

[0023] FIG.2isacross-sectional view taken along aline I-I'
of FIG. 1.
[0024] FIG. 3 is a cross-sectional view showing a thin film

transistor connected to the OLED device shown in FIG. 2.
[0025] FIGS. 4A to 4C are cross-sectional views showing a
manufacturing method of the OLED display device accord-
ing to the first exemplary embodiment.

[0026] FIG. 5 is a cross-sectional view showing an OLED
display device according to a second exemplary embodiment.
[0027] FIGS. 6A to 6F are cross-sectional views showing a
manufacturing method of the OLED display device accord-
ing to the second exemplary embodiment.

[0028] FIG. 7 is a cross-sectional view showing an OLED
display device according to a third exemplary embodiment.
[0029] FIGS. 8A to 8D are cross-sectional views showing a
manufacturing method of the OLED device according to the
third exemplary embodiment.
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DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0030] It will be understood that when an element or layer
is referred to as being “on”, “connected to” or “coupled to”
another element or layer, it can be directly on, connected to or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Throughout the speci-
fication, “connected” and “coupled” respectively include
“electrically connected” and “electrically coupled.” Like ref-
erence numerals refer to like elements throughout. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items.

[0031] It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another element, component, region, layer or section. Thus, a
first element, component, region, layer or section discussed
below could be termed a second element, component, region,
layer or section without departing from the teachings of the
described technology.

[0032] Spatially relative terms, such as “beneath”,
“below”, “lower”, “above”, “upper” and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the spa-
tially relative terms are intended to encompass different ori-
entations of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device
in the figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein should be interpreted accordingly.
[0033] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the disclosure. 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 “includes’ and/or
“including”, when used in this specification, specify the pres-
ence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

[0034] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which described technology belongs. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0035] Hereinafter, the described technology will be
explained in detail with reference to the accompanying draw-
ings.
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[0036] FIG. 1 is a plan view schematically showing an
organic light-emitting diode (OLED) display device accord-
ing to a first exemplary embodiment.

[0037] Referring to FIG. 1, an OLED display device 100
according to the first exemplary embodiment includes a dis-
play panel DP. The display panel DP includes a display area
DA which displays an image thereon and a non-display area
NDA surrounding the display area DA which does not display
images.

[0038] The display area DA of the display panel DP
includes a plurality of pixel areas PA corresponding to a
light-emitting area and a non-pixel area NPA disposed
between the pixel areas PA corresponding to a non-light-
emitting area. The pixel areas PA generate light to display an
image and are arranged in a substantially matrix configura-
tion.

[0039] The pixel areas PA are defined by a pixel defining
layer (refer to FIGS. 2 and 3). OLEDs (refer to FIGS. 2 and 3)
are disposed in the pixel areas PA. Each of the OLEDs
receives a corresponding driving voltage to display an image
and generate light.

[0040] Hereinafter, across-sectional structure of the OLED
display device 100 will be described in detail.

[0041] FIG.2isacross-sectional view taken along aline I-I'
of FIG. 1. FIG. 3 is a cross-sectional view showing a thin film
transistor connected to the OLED shown in FIG. 2.

[0042] FIG. 2 shows a cross-sectional view of three arbi-
trary pixel areas adjacent to each other; other pixel areas PA
have the same structure as the pixels illustrated in FIG. 2. In
addition, FIG. 3 shows a cross-sectional view of a thin film
transistor TFT connected to one arbitrary OLED, however,
the other OLEDs are connected to corresponding thin film
transistors TFT having the same structure as the thin film
transistors TFT shown in FIG. 3.

[0043] Referring to FIGS. 2 and 3, the display panel DP
includes a substrate 110, a plurality of OLEDs disposed on
the substrate 110, and a pixel defining layer PDL which
defines the OLEDs in the display area DA.

[0044] In the display area DA, the substrate 110 includes
the pixel areas PA corresponding to the light-emitting area
and the non-pixel area NPA corresponding to the non-light-
emitting area.

[0045] A plurality of first electrodes E1 are disposed on the
substrate 110. The first electrodes E1 are disposed in areas
respectively corresponding to the pixel areas PA. Each of the
first electrodes E1 has a size greater than that of the corre-
sponding pixel area PA. Each of the first electrodes E1 may
serve as a pixel electrode or an anode electrode.

[0046] The first electrodes E1 are formed as transparent
electrodes or reflective type electrodes. When the first elec-
trode E1 is a transparent electrode, the first electrode E1 may
include indium tin oxide (ITO), indium zinc oxide (IZ0), zinc
oxide (ZnQ), etc. When the first electrode El is a reflective
type electrode, the first electrode E1 may include a transpar-
ent layer formed of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, or
alloys thereof and a transparent conductive layer formed of
ITO, 170, 7nO, etc.

[0047] Organic light-emitting layers OEL are disposed on
the first electrodes E1. Each of the organic light-emitting
layers OEL has a size greater than that of the corresponding
pixel area PA. The organic light-emitting layers OEL, may
include an organic material that generates red, green, or blue
light, but is not limited thereto. That is, the organic light-
emitting layers OEL may generate white light.

Dec. 4, 2014

[0048] Each of the organic light-emitting layers OEL may
be formed of a low-molecular organic material or a high-
molecular organic material. Although not shown in figures,
each of the organic light-emitting layers OEL may have a
multi-layered structure including a hole injection layer, a hole
transport layer, an emission layer, an electron transport layer,
and an electron injection layer. For instance, the hole injection
layer may be disposed on the first electrode E1, and the hole
transport layer, the emission layer, the electron transport
layer, and the electron injection layer may be sequentially
stacked on the hole injection layer.

[0049] The organic light-emitting layers OEL may be
formed by a printing process. A fluid organic material may be
printed and dried by the printing process to form the organic
light-emitting layers OEL. When the organic light-emitting
layers OEL are formed by printing the fluid organic material,
a boundary surface of each of the organic light-emitting lay-
ers OEL has a predetermined inclination angle.

[0050] The pixel defining layer PDL is disposed in the
non-pixel area NPA on the substrate 110 to cover the bound-
ary surface having the predetermined inclination angle of the
organic light-emitting layers OEL. In addition, the pixel
defining layer PDL is disposed in the non-pixel area NPA on
the substrate 110 to expose a substantially flat area (herein-
after to be interchangeably referred to as a “flat area”) of the
organic light-emitting layers OEL. Thus, the pixel arcas PA
are defined by the pixel defining layer PDL. The pixel defin-
ing layer PDL has an insulating property.

[0051] The pixel defining layer PDL may include a metal-
fluoride ionic compound. In detail, the pixel defining layer
PDL may be formed of a metal-fluoride ionic compound such
as LiF, BaF2, or CsF. When the metal-fluoride ionic com-
pound has a predetermined thickness, the metal-fluoride ionic
compound has an insulating property. For instance, when the
pixel defining layer PDL has a thickness of at least about 10
nanometers, the pixel defining layer PDL has an insulating
property. In the present exemplary embodiment, the pixel
defining layer PDL has a thickness of about 10 nanometers to
about 100 nanometers. However, according to some embodi-
ments, the thickness of the pixel defining layer PDL may be
less than about 10 nanometers or may be greater than about
100 nanometers.

[0052] A second electrode E2 is disposed on the pixel
defining layer PDL and the organic light-emitting layers
OEL. The second electrode E2 may serve as a common elec-
trode or a cathode electrode.

[0053] The second electrode E2 may be formed as a trans-
parent electrode or a reflective type electrode. When the sec-
ond electrode E2 is a transparent electrode, the second elec-
trode E2 may include a layer formed by depositing one of L1,
Ca, LiF/Ca, LiF/Al, Al, Mg, or compounds thereof on the
organic light-emitting layer and a sub-electrode formed on
the layer with a transparent conductive material, such as ITO,
1720, 7n0, etc. When the second electrode E2 is a reflective
type electrode, the second electrode E2 may be formed of Ag,
Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, LiF/Ca, LiF/Al or
compounds thereof.

[0054] In the case that the OLED display device 100 is a
front surface light emission type, the first electrode E1 serves
as a reflective type electrode and the second electrode E2
serves as a transparent electrode. In the case that the OLED
display device 100 is a rear surface light emission type, the
first electrode E1 serves as a transparent electrode and the
second electrode E2 serves as a reflective type electrode.
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[0055] The organic light-emitting device OLED is formed
by the first electrode El, the organic light-emitting layer
OEL, and the second electrode E2 in the pixel area PA. That
is, the organic light-emitting device OLED is disposed in the
pixel area PA and includes the first electrode E1, the organic
light-emitting layer OEL, and the second electrode E2 in each
pixel area PA.

[0056] The first electrodes E1 may be positive electrodes
which inject holes and the second electrode E2 may be a
negative electrode which injects electrons, but the first and
second electrodes E1 and E2 are not limited thereto. That is,
the first electrodes E1 may be negative electrodes whichinject
the electrons and the second electrode E2 may be the positive
electrode which injects the holes.

[0057] The substrate 110 includes a base substrate 111, a
first insulating layer 112, a second insulating layer 113, a
protection layer 114, and thin film transistors TFT. Each thin
film transistor TFT is connected to and drives a corresponding
OLED.

[0058] The base substrate 111 may be a transparent insu-
lating substrate which may be formed of glass, quartz,
ceramic, etc., or a transparent flexible substrate which may be
formed of plastic. In addition, the base substrate 111 may be
a metal substrate formed of stainless steel.

[0059] Each of the thin film transistors TFTs has substan-
tially the same structure. Thus, hereinafter, the structure of
one thin film transistor TFT will be described in detail.
[0060] A semiconductor layer SM of the thin film transistor
TFT is disposed on the base substrate 111. The semiconduc-
tor layer SM may be formed of an inorganic semiconductor
material, e.g., an amorphous silicon, polysilicon, etc., or an
organic semiconductor material. In addition, the semiconduc-
tor layer SM may be formed of an oxide semiconductor
material. Although not shown in FIG. 3, the semiconductor
layer SM may include a source area, a drain area, and a
channel area between the source area and the drain area.
[0061] The first insulating layer 112 is formed to cover the
semiconductor layer SM. The first insulating layer 112 may
serve as a gate insulating layer.

[0062] A gateelectrode GE ofthe thin film transistor TFT is
formed on the first insulating layer 112 to overlap the semi-
conductor layer SM. In detail, the gate electrode GE substan-
tially overlaps the channel area of the semiconductor layer
SM. The gate electrode GE is connected to a gate line (not
shown), which applies an on/off signal to the thin film tran-
sistor TFT.

[0063] The second insulating layer 113 is formed to cover
the gate electrode GE. The second insulating layer 113 may
serve as an inter-insulating layer.

[0064] A source electrode SE and a drain electrode DE of
the thin film transistor TFT are formed on the second insulat-
ing layer 113 and are spaced apart from each other. The source
electrode SE is connected to the semiconductor layer SM
through a first contact hole H1 formed to penetrate through
the first and second insulating layers 112 and 113. In detail,
the source electrode SE is connected to the source area of the
semiconductor layer SM. The drain electrode DE is con-
nected to the semiconductor layer SM through a second con-
tact hole H2 formed to penetrate through the first and second
insulating layers 112 and 113. In detail, the drain electrode
DE is connected to the drain area of the semiconductor layer
SM.

[0065] The protection layer 114 is disposed to cover the
source electrode SE and the drain electrode DE of the thin
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film transistor TFT. The first electrodes E1 of OLEDs are
disposed on the protection layer 114. The first electrodes El
are connected to the drain electrodes DE of the thin film
transistors TFT through contact holes H3 formed to penetrate
through the protection layer 114.

[0066] A driving voltage is applied to the first electrodes E1
by the thin film transistors TFT to allow the organic light-
emitting layers OEL of the OLEDs to emit light. A voltage,
which has a polarity opposite to that of the driving voltage, is
applied to the second electrode E2. Then, holes and electrons
injected into the organic light-emitting layers OEL are recom-
bined with each other to generate excitons. When the excitons
return from an excited state to a ground state, the excitons
emit energy as light, and thus the OLEDs generate light.
Therefore, the OLEDs generate red, green, and blue light
according to the current flowing to the OLEDs in order to
display a desired image.

[0067] In a typical method of manufacturing an OLED
display device, the first electrodes E1 are disposed on the
substrate 110, and an organic insulating layer is disposed on
the substrate 110 to cover the first electrodes E1. In addition,
the organic insulating layer typically has a thickness equal to
or greater than about 1 pm, and the organic insulating layer is
patterned to have a plurality of openings, thereby forming the
pixel defining layer. A predetermined portion of the first elec-
trodes E1 is exposed by the openings of the pixel defining
layer. The portions exposed through the openings are used as
the pixel areas. The organic light-emitting layers are formed
on the first electrodes E1 in the pixel areas.

[0068] The pixel defining layer formed of the organic insu-
lating layer may have a thickness equal to or greater than
about 1 pm. In order to form the organic light-emitting layer,
a fluid organic material is provided to the openings of the
pixel defining layer. The organic material is cured and the
organic light-emitting layers are formed. In this case, the
amount of the organic material which contacts the side sur-
face of the pixel defining layer increases due to the surface
tension of the organic material. That is, the thickness of the
organic light-emitting layer adjacent to the side surfaces of
the pixel defining layer becomes thicker than the rest of the
organic light-emitting layer (refer to FIG. 7). Thus, the thick-
ness of the organic light-emitting layer may not be even in the
pixel area and the brightness of the pixel area may not be
uniform.

[0069] In the present exemplary embodiment, the pixel
defining layer PDL of the OLED display device 100 has a
thickness of about 10 nanometers to about 100 nanometers.
That is, the pixel defining layer PDL in the present exemplary
embodiment has a thickness less than that of a pixel defining
layer formed of an organic insulating layer as formed by the
typical method. Thus, the overall thickness of the OLED
display device 100 may be reduced.

[0070] In addition, in the present exemplary embodiment,
the pixel defining layer PDL is formed in the non-pixel area
NPA on the substrate 110 to cover the boundary surface of the
organic light-emitting layers OEL having an inclination angle
and to expose the substantially flat area of the organic light-
emitting layers OEL. Therefore, the organic light-emitting
layers OEL have a substantially uniform thickness in the pixel
area PA resulting in a substantially uniform brightness in the
pixel areas PA.

[0071] As aresult, the OLED display device 100 according
to the first exemplary embodiment may reduce the overall
thickness thereof and have a substantially uniform brightness.
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[0072] FIGS. 4A to 4C are cross-sectional views showing a
manufacturing method of the OLED display device accord-
ing to the first exemplary embodiment.

[0073] For convenience of description, FIGS. 4A to 4C
show a manufacturing method for the three arbitrary pixel
areas adjacent to each other of FIG. 2.

[0074] Referring to FIG. 4A, the substrate 110 including
the pixel areas PA and the non-pixel area NPA is prepared,
and the first electrodes E1 are formed on the substrate 110.
The first electrodes El are disposed in areas respectively
corresponding to the pixel areas PA.

[0075] The organic light-emitting layers OEL are formed
on the first electrodes E1 by a printing process (not shown).
Each of the first electrodes E1 and each of the organic light-
emitting layers OEL have an area greater than that of the
corresponding pixel area PA.

[0076] Referring to FIG. 4B, a mask M, which has opening
areas OPA corresponding to the non-pixel area NPA, is dis-
posed over the substrate 110. The metal-fluoride ionic com-
pound is provided to the substrate 110 through the opening
areas OPA of the mask M. As described earlier, the metal-
fluoride ionic compound may include one of LiF, BaF2, and
CsF. The pixel defining layer PDL is formed by the metal-
fluoride ionic compound.

[0077] The pixel defining layer PDL is formed in the non-
pixel area NPA on the substrate 110 to cover the boundary
surface of the organic light-emitting layers OEL having the
predetermined inclination angle and to expose the substan-
tially flat area of the organic light-emitting layers OEL. The
pixel defining layer PDL has an insulating property and a
thickness of about 10 nanometers to about 100 nanometers.
However, according to some embodiments, the thickness of
the pixel defining layer PDL may be less than about 10
nanometer or greater than about 100 nanometers.

[0078] Referring to FIG. 4C, the second electrode E2 is
formed on the pixel defining layer PDL and the organic light-
emitting layers OEL.

[0079] Since the pixel defining layer PDL according to the
present exemplary embodiment has a thickness less than that
of the pixel defining layer formed by the typical method, the
thickness of the OLED display device 100 may be reduced.
[0080] When the pixel defining layer formed of the organic
insulating layer is formed first and then the organic light-
emitting layer is formed, as in the typical method, the thick-
ness of the organic light-emitting layer may be non-uniform
in the pixel area. However, in the manufacturing method of
the OLED display device 100 according to the first exemplary
embodiment, the organic light-emitting layers OEL are
formed before the pixel defining layer PDL is formed.
[0081] The boundary surface of the organic light-emitting
layers OEL, which is formed by a printing process, may have
a predetermined inclination angle. Since the organic light-
emitting layers OEL are formed first and the pixel defining
layer PDL is formed after the organic light-emitting layers
OEL, the pixel defining layer PDL may be formed in the
non-pixel area NPA on the substrate 110 to cover the bound-
ary surface of the organic light-emitting layers OEL. There-
fore, the organic light-emitting layers OEL may have a sub-
stantially uniform thickness in the pixel area PA, and the
brightness in the pixel area PA may be uniform.

[0082] As aresult, the OLED display device 100 manufac-
tured according to the present exemplary embodiment may
reduce the thickness thereof and have a substantially uniform
brightness.
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[0083] FIG. 5 is a cross-sectional view showing an OLED
display device according to a second exemplary embodiment.
[0084] The OLED display device 200 according to the sec-
ond exemplary embodiment has substantially the same struc-
ture in plan view as that of the OLED display device 100
shown in FIG. 1. Thus, FIG. 5 shows only a cross-sectional
view taken along a line I-I' of FIG. 1.

[0085] The OLED display device 200 according to the
present exemplary embodiment has substantially the same
structure as that of the OLED display device 100 shown in
FIG. 1 except for the structure of the organic light-emitting
layer OEL, the pixel defining layer PDL, and a color filter CF.
Thus, the same reference numerals denote the same elements
in FIG. 1, and descriptions will be focused on the differences
from the OLED display device 100 of FIG. 1.

[0086] Referring to FIG. 5, first electrodes E1 are disposed
on a substrate 110. The first electrodes El are disposed in
areas respectively corresponding to pixel areas. Fach of the
first electrodes E1 has an area greater than that of the corre-
sponding pixel area PA of the pixel areas PA.

[0087] An organic light-emitting layer OEL is disposed on
the substrate 110 to cover the first electrodes E1. A boundary
surface of the organic light-emitting layer OEL has a prede-
termined inclination angle. The organic light-emitting layer
OEL may emit white light. As shown in FIG. 5, the organic
light-emitting layer OEL has a substantially flat area except
for at the boundary surface having the predetermined incli-
nation angle.

[0088] A pixel defining layer PDL is disposed on the sub-
strate 110 to cover the boundary surface of the organic light-
emitting layer OEL having the predetermined inclination
angle. Additionally, the pixel defining layer PDL is formed to
expose the substantially flat area of the organic light-emitting
layer OEL in the pixel areas PA and to cover the organic
light-emitting layer OEL in the non-pixel area NPA. Thus, the
pixel areas PA are defined by the pixel defining layer PDL.
[0089] The pixel defining layer PDL may include a metal-
fluoride ionic compound, e.g., LiF, BaF2, CsF, etc. The pixel
defining layer PDL may have a thickness equal to or greater
than about 10 nanometers and has an insulating property. For
instance, the pixel defining layer PDL may have a thickness of
about 10 nanometers to about 100 nanometers. However,
according to some embodiments, the thickness of the pixel
defining layer PDL may be less than about 10 nanometers or
greater than about 100 nanometers.

[0090] A second electrode E2 is formed on the pixel defin-
ing layer PDL and the organic light-emitting layer OEL.
[0091] The organic light-emitting devices OLED are
formed by the first electrode E1, the organic light-emitting
layer OEL, and the second electrode E2 in the pixel area PA.
That is, the organic light-emitting devices OLED are dis-
posed in the pixel area PA and include the first electrode E1,
the organic light-emitting layer OFL, and the second elec-
trode E2 in each pixel area PA. The organic light-emitting
devices OLED are white organic light-emitting devices
OLED and emit white light.

[0092] A thin film sealing layer 120 is disposed on the
second electrode E2. Although not shown in figures, the thin
film sealing layer 120 may include an inorganic layer or an
organic layer. The thin film sealing layer 120 protects the
organic light-emitting devices OLED.

[0093] A plurality of color filters CF are formed on the thin
film sealing layer 120. As shown in F1G. 5, the color filters CF
are repeatedly disposed in three consecutive pixel areas PA of



US 2014/0353612 Al

four adjacent pixel areas PA. The color filter CF is not dis-
posedin the remaining pixel area PA among the four adjacent
pixel areas PA.

[0094] Thecolor filters CF are included in respective pixels
in order to display one of red, green, and blue colors. In the
present exemplary embodiment, the color filters may be
arranged in the pixel areas PA in the order of red, green, and
blue from the left side pixel area.

[0095] A driving voltage is applied to the first electrodes E1
to allow the organic light-emitting layer OEL to emit light,
and a voltage having a polarity opposite to that of the driving
voltage is applied to the second electrode E2.

[0096] Thepixel defining layer PDL has an insulating prop-
erty. The organic light-emitting layer OEL does not contact
the second electrode E2 in the non-pixel area NPA defined by
the pixel defining layer PDL. That is, the voltage applied to
the second electrode E2 is not provided to the organic light-
emitting layer OFL in the non-pixel area NPA. Thus, the
organic light-emitting layer OEL does not generate light in
the non-pixel area NPA. As a result, the organic light-emitting
layer OEL generates white light in the pixel area PA dueto the
voltages applied to the first and second electrodes E1 and E2.
[0097] For instance, the organic light-emitting display
device 200 according to the present exemplary embodiment
may be a front surface light emission type OLED display
device. In this case, white light generated from the organic
light-emitting layer OEL is reflected by the first electrodes E1
and travels in an upward direction after passing through the
second electrode E2.

[0098] The white light generated from the organic light-
emitting devices OLED is filtered according to the color
filters CF to display a predetermined color. That is, red light
RL, green light GL, and blue light BL may be emitted through
the color filters assigned to the pixel areas PA.

[0099] The light generated in the pixel area PA where no
color filter CF is disposed, remains white. Thus, the OLED
display device 200 according to the present exemplary
embodiment may generate red, green, blue, and white light.

[0100] In the present exemplary embodiment, the OLED
display device 200 is a front surface light emission type, but
is not limited thereto. That is, the OLED display device 200
may be a rear surface light emission type. When the OLED
display device 200 is a rear surface light emission type, the
color filters CF are disposed under the first electrodes E1. The
color filters CF are repeatedly disposed for three consecutive
pixel areas PA of four adjacent pixel areas PA. A color filter is
not disposed in the remaining pixel area PA among the four
adjacent pixel areas PA. White light generated from the
organic light-emitting layer OEL is reflected by the second
electrode E2 and travels in a lower direction after passing
through the first electrodes El.

[0101] As previously described, in a typical OLED display
device, the pixel defining layer is formed of an organic insu-
lating layer and has a thickness of about 1 um. However, the
pixel defining layer PDL of the OLED display device 200
according to the present exemplary embodiment has a thick-
ness of about 10 nanometers to about 100 nanometers. Thus,
the thickness of the OLED display device 200 may be
reduced. However, according to some embodiments, the
thickness of the pixel defining layer PDL may be less than
about 10 nanometers or greater than about 100 nanometers.

[0102] In the present exemplary embodiment, the pixel
defining layer PDL is formed in the non-pixel area NPA to
cover the boundary surface of the organic light-emitting layer
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OEL having the predetermined inclination angle to expose
the substantially flat area of the organic light-emitting layer
OEL in the pixel area PA. Thus, the organic light-emitting
devices OLED include organic light-emitting layers OEL
having a substantially uniform thickness in the pixel area PA,
resulting in a substantially uniform brightness in the pixel
area PA.

[0103] As aresult, the OLED display device 200 according
to the present exemplary embodiment may have a reduced
thickness and a substantially uniform brightness.

[0104] FIGS. 6A to 6F are cross-sectional views showing a
manufacturing method of the organic light-emitting display
device according to the present exemplary embodiment.

[0105] For convenience of description, FIGS. 6A to 6E
show a manufacturing method of the four arbitrary pixel areas
PA adjacent to each other in FIG. 5.

[0106] Referring to FIG. 6A, the substrate 110 including
the pixel areas PA and the non-pixel area NPA is prepared,
and the first electrodes E1 are formed on the substrate 110.
The first electrodes El are disposed to correspond to respec-
tive pixel areas PA, and each of the first electrodes E1 has an
area greater than that of the corresponding pixel area PA.

[0107] Referring to FIG. 6B, the organic light-emitting
layer OEL is formed on the substrate 110 to cover the first
electrodes E1 by a printing process (not shown). The organic
light-emitting layer OEL generates white light. As described
earlier, the boundary surface of the organic light-emitting
layer OEL has a predetermined inclination angle.

[0108] Referring to FIG. 6C, a mask M, which has opening
areas OPA corresponding to the non-pixel area NPA, is dis-
posed on the substrate 110. A metal-fluoride ionic compound
is provided to the substrate 110 through the opening areas
OPA of the mask M. As described above, the metal-fluoride
ionic compound may include a metal-fluoride ionic com-
pound, e.g., LiF, BaF2, CsF, etc. The pixel defining layer PDL
is formed by using the metal-fluoride ionic compound. The
pixel defining layer PDL has an insulating property and a
thickness of about 10 nanometers to about 100 nanometers.
However, according to some embodiments the pixel defining
layer PDL may have a thickness of less than about 10 nanom-
eters or greater than about 100 nanometers.

[0109] The pixel defining layer PDL is formed on the sub-
strate 110 to cover the boundary surface of the organic light-
emitting layer OEL having the predetermined inclination
angle. In addition, the pixel defining layer PDL exposes the
substantially flat area of the organic light-emitting layer OEL
in the pixel areas PA and covers the organic light-emitting
layer OEL in the non-pixel area NPA.

[0110] Referring to FIG. 6D, the second electrode E2 is
formed on the pixel defining layer PDL and the organic light-
emitting layer OEL.

[0111] Referring to FIG. 6E, the thin film sealing layer 120
is formed on the second electrode E2. Color filters CF are
formed on the thin film sealing layer 120.

[0112] The color filters CF are repeatedly disposed in three
consecutive pixel areas PA of four adjacent pixel areas PA. A
color filter CF is not disposed in the remaining pixel area PA
among the four adjacent pixel areas PA. The color filters CF
are included in respective pixels in order to display one of red,
green, and blue colors.

[0113] Since the pixel defining layer PDL according to the
present embodiment has a thickness smaller than that of the
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typical pixel defining layer formed of the organic insulating
layer, the thickness of the OLED display device 200 may be
reduced.

[0114] In the present exemplary embodiment, the pixel
defining layer PDL is formed on the organic light-emitting
layer OEL in the non-pixel area NPA to cover the boundary
surface of the organic light-emitting layer OEL having the
predetermined inclination angle and to expose the substan-
tially flat area of the organic light-emitting layer OEL in the
pixel areas PA. Thus, the organic light-emitting layers OEL of
the organic light-emitting devices OLED have a substantially
uniform thickness in the pixel areas PA, and the brightness in
the pixel areas PA becomes substantially uniform.

[0115] As aresult, the OLED display device 200 according
to the second exemplary embodiment may have a reduced
thickness and a substantially uniform brightness.

[0116] FIG. 7 is a cross-sectional view showing an OLED
display device according to a third exemplary embodiment.
[0117] The OLED display device 300 according to the third
exemplary embodiment has substantially the same structure
in plan view as that of the OLED display device 100 shown in
FIG. 1. Thus, FIG. 7 shows a cross-sectional view taken along
line I-I' of FIG. 1.

[0118] The OLED display device 300 according to the
present exemplary embodiment has the same structure as that
of the OLED display device 100 shown in FIG. 1 except for
the structure of the organic light-emitting layer OEL and the
pixel defining layer PDL. Thus, the same reference numerals
denote the same elements in FIG. 1, and descriptions will be
focused on the differences from the OLED display device 100
of FIG. 1.

[0119] Referring to FIG. 7, first electrodes E1 are disposed
on a substrate 110. The first electrodes E1 are disposed in
areas corresponding to the respective pixel areas PA. Each of
the first electrodes E1 has an area greater than that of the
corresponding pixel area PA.

[0120] A pixel defining layer PDL of the OLED display
device 300 includes a first pixel defining layer PDL1 and a
second pixel defining layer PDL2. That is, the pixel areas PA
are defined by the first and second pixel defining layers PDL1
and PDL2.

[0121] The first pixel defining layer PDLI is disposed on
the substrate 110 to cover a boundary surface of the first
electrodes E1. The first pixel defining layer PDL1 includes a
plurality of openings OP corresponding to the pixel areas PA.
Each of the openings OP has an area greater than that of the
corresponding pixel area PA. Each of the openings OP of the
first pixel defining layer PDL1 exposes a predetermined por-
tion of a corresponding first electrode E1. The first pixel
defining layer PDL1 includes an organic insulating layer and
has a thickness equal to or greater than about 1 pm. However,
according to some embodiments, the thickness of the first
pixel defining layer PDL1 may be less than about 1 um.
[0122] Organic light-emitting layers OEL are disposed on
the first electrodes E1 in the openings OP of the first pixel
defining layer PDL1. The organic light-emitting layers OEL
may include an organic material that generates light of red,
green, and blue colors.

[0123] A fluid organic material is provided in the openings
OP of the first pixel defining layer PDL1 to form the organic
light-emitting layers OEL. The organic material is cured to
form the organic light-emitting layers OEL. In this case, a
certain amount of the organic material which contacts the side
surfaces of the first pixel defining layer PDL1, has an
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increased thickness due to the surface tension of the fluid
organic material. That is, a thickness of the organic light-
emitting layer OEL adjacent to the side surfaces of the first
pixel defining layer PDL 1 becomes thicker than the rest of the
organic light-emitting layer OEL as shown in FIG. 7.

[0124] The second pixel defining layer PDL2 is disposed to
cover a portion of the side surfaces of the first pixel defining
layer PDL1 adjacent to the organic light-emitting layers OEL
and a portion of the organic light-emitting layers OEL adja-
cent to the side surfaces of the first pixel defining layer PDL1.
The portion of the organic light-emitting layers OEL adjacent
to the side surface of the first pixel defining layer PDL1 is
defined as an area having a thickness greater than that of the
rest of the organic light-emitting layers OEL. Thus, a sub-
stantially flat area of the organic light-emitting layers OEL is
exposed by the second pixel defining layer PDL2. In addition,
a boundary surface between the pixel areas PA and the non-
pixel area NPA is formed by the second pixel defining layer
PDL2.

[0125] The second pixel defining layer PDL2 may include
a metal-fluoride ionic compound, e.g., LiF, BaF2, CsF, etc.
The second pixel defining layer PDL2 may have a thickness
equal to or greater than about 10 nanometers and has an
insulating property. For instance, the second pixel defining
layer PDL2 has a thickness of about 10 nanometers to about
100 nanometers. However, according to some embodiments,
the thickness of the second pixel defining layer PDL2 may be
less than about 10 nanometers or greater than about 100
nanometers.

[0126] A second electrode E2 is disposed on the first and
second pixel defining layers PDL.1 and PDL2 and the organic
light-emitting layer OEL.

[0127] Adriving voltageis applied to the first electrodes E1
by the thin film transistors TFT to allow the organic light-
emitting layer OEL to emit light, and a voltage having a
polarity opposite to that of the driving voltage is applied to the
second electrode E2.

[0128] The second pixel defining layer PDL2 has an insu-
lating property. The portion of the organic light-emitting lay-
ers OEL adjacent to the side surface of the first pixel defining
layer PDL1 does not contact the second electrode E2 because
of the second pixel defining layer PDL2. That is, the voltage
applied to the second electrode E2 is not applied to the portion
of the organic light-emitting layers OEL adjacent to the side
surface of the first pixel defining layer PDLI1. Thus, light is
not generated from the portion of the organic light-emitting
layers OEL adjacent to the side surface of the pixel defining
layer PDLI.

[0129] The substantially flat area of the organic light-emit-
ting layers OEL may be exposed by using the second pixel
defining layer PDL2 having a thickness smaller than that of
the first pixel defining layer PDL1. Thus, the organic light-
emitting layers OEL of the organic light-emitting devices
OLED have a substantially uniform thickness in the pixel
areas PA. Since light is generated from the organic light-
emitting layers OEL having a substantially uniform thick-
ness, the brightness in the pixel areas PA becomes substan-
tially uniform.

[0130] As aresult, the organic light-emitting display device
300 according to the present exemplary embodiment may
have a substantially uniform brightness.

[0131] FIGS. 8A to 8D are cross-sectional views showing a
manufacturing method of the organic light-emitting device
according to the third exemplary embodiment.
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[0132] For convenience of description, FIGS. 8A to 8D
show a manufacturing method of the three arbitrary pixel
areas PA adjacent to each other shown in FIG. 7.

[0133] Referring to FIG. 8A, the substrate 110 including
the pixel areas PA and the non-pixel area NPA is prepared,
and the first electrodes E1 are formed on the substrate 110.
The firstelectrodes E1 are disposed in areas corresponding to
the respective pixel areas PA. Each of the first electrodes E1
has an area greater than that of the corresponding pixel area
PA.

[0134] The first pixel defining layer PDL1 is formed on the
substrate 110 to cover the boundary surface of the first elec-
trodes E1. The first pixel defining layer PDL1 includes open-
ings OP formed in areas respectively corresponding to the
pixel areas PA. Each of the openings OP has an area greater
than that of the corresponding pixel area PA. Each of the
openings OP of the first pixel defining layer PDL1 exposes a
predetermined portion of corresponding first electrode E1.

[0135] Although not shown in figures, an organic insulating
layer is formed on the substrate 110 to cover the first elec-
trodes E1. The organic insulating layer has a thickness equal
to or greater than about 1 p.m. The organic insulating layer is
patterned to have the openings OP, thereby forming the first
pixel defining layer PDL 1. Thus, the first pixel defining layer
PDL1 is formed of the organic insulating layer and has a
thickness equal to or greater than about 1 um. However,
according to some embodiments, the thickness of the first
pixel defining layer PDL1 may be less than about 1 um.

[0136] Referring to FIG. 8B, the organic light-emitting lay-
ers OEL are formed on the first electrodes E1 in the openings
OP of the first pixel defining layer PDL1.

[0137] Although not shown in figures, a fluid organic mate-
rial is provided in the openings OP of the first pixel defining
layer PDLI to form the organic light-emitting layers OEL,
and the organic material is cured to form the organic light-
emitting layers OEL. As described above, the thickness of the
organic light emitting-layers OEL adjacent to the side surface
of the first pixel defining layer PDLI is greater than the
thickness of the rest of the organic light-emitting layers OEL.

[0138] Referring to FIG. 8C, a mask M having opening
areas OPA corresponding to the portion of the side surface of
the first pixel defining layer PDL1 adjacent to the organic
light-emitting layers OEL and the portion of the organic
light-emitting layers OEL adjacent to the side surface of the
first pixel defining layer PDL1 is disposed on the substrate
110 to correspond to the non-pixel area NPA. A metal-fluo-
ride ionic compound is provided to the substrate 110 through
the opening areas OPA of the mask M. The metal-fluoride
ionic compound may include a metal-fluoride ionic com-
pound, e.g., LiF, BaF2, CsF, etc. The second pixel defining
layer PDL2 may be formed by using the metal fluoride com-
pound.

[0139] The second pixel defining layer PDL2 is formed to
cover the portion of the side surface of the first pixel defining
layer PDL1 adjacent to the organic light-emitting layers OEL
and the portion of the organic light-emitting layers OEL
adjacent to the side surface of the first pixel defining layer
PDL1. The second pixel defining layer PDL2 has an insulat-
ing property and a thickness of about 10 nanometers to about
100 nanometers. However, according to some embodiments,
the thickness of the second pixel defining layer PDIL.2 may be
less than about 10 nanometer or greater than about 100
nanometers.
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[0140] The substantially flat area of the organic light-emit-
ting layers OEL is exposed by the second pixel defining layer
PDL2. In addition, the boundary surface between the pixel
areas PA and the non-pixel area NPA is formed by the second
pixel defining layer PDL2.

[0141] Referring to FIG. 8D, the second electrode E2 is
formed on the first and second pixel defining layers PDL1 and
PDL2 and the organic light-emitting layer OEL.

[0142] The substantially flat area of the organic light-emit-
ting layers is exposed by using the second pixel defining layer
PDL2 having a thickness smaller than that of the first pixel
defining layer PDL1. Thus, the organic light-emitting layers
OEL of the organic light-emitting devices OLED have a
substantially uniform thickness in the pixel areas PA. Since
light is generated from the organic light-emitting layers OEL
having a substantially uniform thickness, the brightness in the
pixel areas PA becomes substantially uniform.

[0143] As aresult, the OLED display device 300 manufac-
tured according to the third exemplary embodiment may have
substantially uniform brightness.

[0144] Although exemplary embodiments of the disclosed
technology have been described, it is understood that the
described technology should not be limited to these exem-
plary embodiments but various changes and modifications
can be made by one ordinary skilled in the art within the spirit
and scope of the described technology as defined by the
accompanying claimed.

What is claimed is:

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

a substrate comprising a plurality of pixel areas and a
plurality of non-pixel areas formed between the pixel
areas; a plurality of first electrodes formed over the
substrate in areas respectively corresponding to the pixel
areas;

a plurality of organic light-emitting layers formed over the
first electrodes;

apixel defining layer defining the pixel areas and formed in
the non-pixel area and covering a boundary surface of
the organic light-emitting layers; and

a second electrode formed over the organic light-emitting
layers and the pixel defining layer.

2. The OLED display of claim 1, wherein each of the first
electrodes and each of the organic light-emitting layers have
an area greater than the area of the corresponding pixel area,
and wherein the pixel defining layer exposes a substantially
flat area of the organic light-emitting layers.

3. The OLED display of claim 1, wherein the pixel defining
layer is formed at least partially of a metal-fluoride ionic
compound.

4. The OLED display of claim 3, wherein the metal-fluo-
ride ionic compound comprises at least one of LiF, BaF2, or
CsF.

5. The OLED display of claim 1, wherein the pixel defining
layer has a thickness of about 10 nanometers to about 100
nanometers.

6. The OLED display of claim 1, wherein the boundary
surface comprises edge portions of the organic light-emitting
layers formed in opposing ends thereof.

7. The OLED display of claim 1, wherein the boundary
surface forms an acute angle with respect to the first elec-
trodes.

8. A method of manufacturing an organic light-emitting
diode (OLED) display, comprising;
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preparing a substrate comprising a plurality of pixel areas
and a non-pixel area formed between the pixel areas;

forming a plurality of first electrodes over the substrate in
areas respectively corresponding to the pixel areas;

forming a plurality of organic light-emitting layers over the
first electrodes;

forming a pixel defining layer on the non-pixel area to
cover a boundary surface of the organic light-emitting
layers and to define the pixel areas; and

forming a second electrode over the organic light-emitting
layers and the pixel defining layer.

9. The method of claim 8, wherein each of the first elec-
trodes and each of the organic light-emitting layers have an
area greater than the area of the corresponding pixel area, and
wherein the pixel defining layer exposes a substantially flat
area of the organic light-emitting layers.

10. The method of claim 8, wherein the pixel defining layer
is formed at least partially of a metal-fluoride ionic com-
pound, and wherein the metal-fluoride ionic compound com-
prises at least one of LiF, BaF2, or CsF.

11. The method of claim 8, wherein the pixel defining layer
has a thickness in the range of about 10 nanometers to about
100 nanometers.

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

a substrate comprising a plurality of pixel areas and a

non-pixel area formed between the pixel areas;

a plurality of first electrodes formed over the substrate in
areas respectively corresponding to the pixel areas, each
of the first electrodes having an area greater than the area
of the corresponding pixel area;

an organic light-emitting layer formed over the substrate to
cover the first electrodes;

a pixel defining layer formed over the organic light-emit-
ting layer in the non-pixel area and covering a boundary
surface of the organic light-emitting layer having a pre-
determined inclination angle, wherein the pixel defining
layer exposes a substantially flat area of the organic
light-emitting layer in the pixel area;

a second electrode formed over the organic light-emitting
layer and the pixel defining layer; and

aplurality of color filters formed over the second electrode,
wherein the color filters are repeatedly arranged in three
consecutive pixel areas among four adjacent pixel areas.

13. The OLED display of claim 12, wherein the organic
light-emitting layer is configured to generate white light, and
wherein the color filters comprise red, green, and blue color
filters.

14. The OLED display of claim 12, wherein the pixel
defining layer is formed at least partially of a metal-fluoride
ionic compound, and wherein the metal-fluoride ionic com-
pound comprises at least one of LiF, BaF2, or CsF.

15. The OLED display of claim 12, wherein the pixel
defining layer has a thickness in the range of about 10 nanom-
eters to about 100 nanometers.

16. The OLED display of claim 12, further comprising a
thin film sealing layer formed between the second electrode
and the color filters.

17. A method of manufacturing an organic light-emitting
diode (OLED) display, comprising:

preparing a substrate that includes a plurality of pixel areas
and a non-pixel area formed between the pixel areas;

forming a plurality of first electrodes over the substrate in
areas respectively corresponding to the pixel areas, each
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of the first electrodes having an area greater than the area
of the corresponding pixel area;

forming an organic light-emitting layer over the substrate
to cover the first electrodes;

forming a pixel defining layer over the organic light-emit-
ting layer in the non-pixel area to cover a boundary
surface of the organic light-emitting layer having a pre-
determined inclination angle and to expose a substan-
tially flat area of the organic light-emitting layer in the
pixel areas;

forming a second electrode over the organic light-emitting
layer and the pixel defining layer;

forming a thin film sealing layer over the second electrode;
and

forming a plurality of color filters over the thin film sealing
layer, wherein the color filters are repeatedly arranged in
three consecutive pixel areas among four adjacent pixel
areas in the pixel areas.

18. The method of claim 17, wherein the organic light-
emitting layer is configured to generate-white light, and
wherein the color filters comprise red, green, and blue color
filters.

19. The method of claim 17, wherein the pixel defining
layer is formed at least partially of a metal-fluoride ionic
compound, and wherein the metal-fluoride ionic compound
comprises at least one of LiF, BaF2, or CsF.

20. The method of claim 17, wherein the pixel defining
layer has a thickness in the range of about 10 nanometers to
about 100 nanometers.

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

a substrate that includes a plurality of pixel areas and a

non-pixel area formed between the pixel areas;

a plurality of first electrodes formed over the substrate in
areas respectively corresponding to the pixel areas, each
of the first electrodes having an area greater than the area
of the corresponding pixel area;

a first pixel defining layer formed over the substrate and
covering a boundary surface of the first electrodes,
wherein the first pixel defining layer includes openings
to expose a predetermined portion of the first electrodes;

a plurality of organic light-emitting layers formed over the
first electrodes exposed by the openings;

a second pixel defining layer covering a portion of a side
surface of the first pixel defining layer adjacent to the
organic light-emitting layers and a portion of the organic
light-emitting layers adjacent to the side surface of the
first pixel defining layer; and

a second electrode formed over the first pixel defining
layer, the second pixel defining layer, and the organic
light-emitting layers,

wherein the portion of the organic light-emitting layers
adjacent to the side surface of the first pixel defining
layer has a greater thickness than the other areas of the
organic light-emitting layers, wherein the first and sec-
ond pixel defining layers are formed in the non-pixel
area, and wherein the second pixel defining layer
exposes a substantially flat area of the organic light-
emitting layer.

22. The OLED display of claim 21, wherein the second
pixel defining layer is formed at least partially of a metal-
fluoride ionic compound, and wherein the metal-fluoride
ionic compound comprises at least one of LiF, BaF2, or CsF.
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23. The OLED display of claim 21, wherein the second
pixel defining layer has a thickness in the range of about 10
nanometers to about 100 nanometers.
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