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ORGANIC LIGHT-EMITTING DIODE (OLED)
DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. non-provisional patent application claims prior-
ity 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

1. Field

The described technology generally relates to an organic
light-emitting diode (OLED) display and a method of manu-
facturing the OLED display device.

2. Description of the Related Technology

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 characteristics such as
fast response speeds, low power consumption, high bright-
ness, etc.

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 cathode
electrodes and are recombined in the organic light-emitting
layer to generate excitons. The excitons emit energy as light,
which is discharged when an exciton returns to a ground state.

In general, 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.

Organic light-emitting layers are formed on the anode elec-
trodes 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

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

Another aspect is a method of manufacturing an OLED
display.

Another aspect is an OLED display device including 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, a plural-
ity of first electrodes disposed on the substrate in areas respec-
tively 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
light-emitting layers, and a second electrode disposed on the
organic light-emitting layers and the pixel defining layer.
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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.

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 nanometers.

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 elec-
trodes on the substrate in areas respectively corresponding 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 ofthe substrate to cover a boundary 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.

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.

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 nanometers.

Another aspect is an OLED display device including 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, a plural-
ity of first electrodes disposed on the substrate in areas respec-
tively corresponding to the pixel areas, each of the first elec-
trodes having an area greater than the area of the
corresponding pixel area, an organic light-emitting layer dis-
posed 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.

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 elec-
trodes 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 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 predeter-
mined inclination angle and to expose a substantially flat area
of the organic light-emitting layer in the pixel areas, 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.
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Another aspect is an OLED display device including 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, a plural-
ity of first electrodes disposed on the substrate in areas respec-
tively corresponding to the pixel areas, each of'the first elec-
trodes having an area greater than the area of the
corresponding pixel area, a pixel defining layer disposed on
the substrate to cover a boundary surface of the first elec-
trodes 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 defin-
ing layer disposed 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 adja-
cent 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 adja-
cent 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.

According to some embodiments, the OLED display
device may have a reduced thickness and a substantially
uniform brightness.

BRIEF DESCRIPTION OF THE DRAWINGS

The above described and other advantages of the disclosed
technology will become readily apparent with reference to
the following detailed description when considered in con-
Junction with the accompanying drawings.

FIG. 1 is a plan view schematically showing an OLED
display device according to a first exemplary embodiment.

FIG. 2 is a cross-sectional view taken along a line I-I' of
FIG. 1.

FIG. 3 is a cross-sectional view showing a thin film tran-
sistor connected to the OLED device shown in FIG. 2.

FIGS. 4A to 4C are cross-sectional views showing a manu-
facturing method of the OLED display device according to
the first exemplary embodiment.

FIG. 5 is a cross-sectional view showing an OLED display
device according to a second exemplary embodiment.

FIGS. 6A to 6E are cross-sectional views showing a manu-
facturing method of the OLED display device according to
the second exemplary embodiment.

FIG. 7 is a cross-sectional view showing an OLED display
device according to a third exemplary embodiment.

FIGS. 8A to 8D are cross-sectional views showing a manu-
facturing method of the OLED device according to the third
exemplary embodiment.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

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-
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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.

It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements, com-
ponents, regions, layers and/or sections, these elements, com-
ponents, regions, layers and/or sections should not be limited
by these terms. These terms are only used to distinguish one
element, component, region, layer or section from another
element, component, region, layer or section. 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.

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 spatially relative
terms are intended to encompass different orientations 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.

The terminology used herein is for the purpose of describ-
ing 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 “includ-
ing”, when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof.

Unless otherwise defined, all terms (including technical
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.

Hereinafter, the described technology will be explained in
detail with referernce to the accompanying drawings.

FIG. 1 is a plan view schematically showing an organic
light-emitting diode (OLED) display device according to a
first exemplary embodiment.

Referring to FIG. 1, an OLED display device 100 accord-
ing to the first exemplary embodiment includes a display
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.

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
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pixel areas PA generate light to display an image and are
arranged in a substantially matrix configuration.

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 gen-
erate light.

Hereinafter, a cross-sectional structure of the OLED dis-
play device 100 will be described in detail.

FIG. 2 is a cross-sectional view taken along a line 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.

FIG. 2 shows a cross-sectional view of three arbitrary 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
OLED:s are connected to corresponding thin film transistors
TFT having the same structure as the thin film transistors TFT
shown in FIG. 3.

Referring to FIGS. 2 and 3, the display panel DP includes
a substrate 110, a plurality of OLEDs disposed on the sub-
strate 110, and a pixel defining layer PDL which defines the
OLED:s in the display area DA.

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.

A plurality of first electrodes E1 are disposed on the sub-
strate 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.

The firstelectrodes E1 are formed as transparent electrodes
or reflective type electrodes. When the first electrode E1 is a
transparent electrode, the first electrode E1 may include
indium tin oxide (ITO), indium zinc oxide (IZO), zinc oxide
(Zn0), etc. When the first electrode E1 is a reflective type
electrode, the first electrode E1 may include a transparent
layer formed of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, or alloys
thereof and a transparent conductive layer formed of I1TO,
170, ZnO, etc.

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.

Each of the organic light-emitting layers OEL may be
formed of a low-molecular organic material or a high-mo-
lecular organic material. Although not shown in figures, each
of the organic light-emitting layers OFL may have a multi-
layered structure including a hole injection layer, a hole trans-
port 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.

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-emit-
ting layers OEL. When the organic light-emitting layers OEL
are formed by printing the fluid organic material, a boundary
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surface of each of the organic light-emitting layers OEL has a
predetermined inclination angle.

The pixel defining layer PDL is disposed in the non-pixel
area NPA on the substrate 110 to cover the boundary 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 (hereinafter to
be interchangeably referred to as a “flat area™) of the organic
light-emitting layers OEL. Thus, the pixel areas PA are
defined by the pixel defining layer PDL. The pixel defining
layer PDL has an insulating property.

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 compound has a
predetermined thickness, the metal-fluoride ionic compound
has an insulating property. For instance, when the pixel defin-
ing 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 nanom-
eters. However, according to some embodiments, the thick-
ness of the pixel defining layer PDL may be less than about 10
nanometers or may be greater than about 100 nanometers.

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 electrode or a
cathode electrode.

The second electrode E2 may be formed as a transparent
electrode or a reflective type electrode. When the second
electrode E2 is a transparent electrode, the second electrode
E2 may include a layer formed by depositing one of Li, 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, 170,
Zn0, 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.

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.

The organic light-emitting device OLED is 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 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.

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 which inject the
electrons and the second electrode E2 may be the positive
electrode which injects the holes.

The substrate 110 includes a base substrate 111, a first
insulating layer 112, a second insulating layer 113, a protec-
tion layer 114, and thin film transistors TFT. Each thin film
transistor TFT is connected to and drives a corresponding
OLED.
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The base substrate 111 may be a transparent insulating
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.

Each of the thin film transistors TFTs has substantially the
same structure. Thus, hereinafter, the structure of one thin
film transistor TFT will be described in detail.

A semiconductor layer SM of the thin film transistor TFT
is disposed on the base substrate 111. The semiconductor
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.

The first insulating layer 112 is formed to cover the semi-
conductor layer SM. The first insulating layer 112 may serve
as a gate insulating layer.

A gate electrode GE of the 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.

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.

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

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

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 OLED:s 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 recombined
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.

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 sub-
strate 110 to cover the first electrodes E1. In addition, the
organic insulating layer typically has a thickness equal to or
greater than about 1 um, and the organic insulating layer is
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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.

The pixel defining layer formed of the organic insulating
layer may have a thickness equal to or greater than about 1
um. 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 surface 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 defin-
ing layer becomes thicker than the rest of the organic light-
emitting layer (refer to FIG. 7). Thus, the thickness 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.

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 embodi-
ment 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.

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.

As a result, the OLED display device 100 according to the
firstexemplary embodiment may reduce the overall thickness
thereof and have a substantially uniform brightness.

FIGS. 4A to 4C are cross-sectional views showing a manu-
facturing method of the OLED display device according to
the first exemplary embodiment.

For convenience of description, FIGS. 4A to 4C show a
manufacturing method for the three arbitrary pixel areas adja-
cent to each other of FIG. 2.

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 elec-
trodes E1 are disposed in areas respectively corresponding to
the pixel areas PA.

The organic light-emitting layers OFL 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 OFL have an area greater than that of the correspond-
ing pixel area PA.

Referring to FIG. 4B, a mask M, which has opening areas
OPA corresponding to the non-pixel area NPA, is disposed
over the substrate 110. The metal-fluoride ionic compound 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.

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 predeter-
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mined inclination angle and to expose the substantially 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.

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

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 thick-
ness of the OLED display device 100 may be reduced.

When the pixel defining layer formed of the organic insu-
lating layer is formed first and then the organic light-emitting
layer is formed, as in the typical method, the thickness 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 embodi-
ment, the organic light-emitting layers OEL are formed
before the pixel defining layer PDL is formed.

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.

As a result, the OLED display device 100 manufactured
according to the present exemplary embodiment may reduce
the thickness thereof and have a substantially uniform bright-
ness.

FIG. 5 is a cross-sectional view showing an OLED display
device according to a second exemplary embodiment.

The OLED display device 200 according to the second
exemplary embodiment has substantially the same structure
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.

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.

Referring to FIG. 5, first electrodes E1 are disposed on a
substrate 110. The first electrodes E1 are disposed in areas
respectively corresponding to pixel areas. Each of the first
electrodes E1 has an area greater than that of the correspond-
ing pixel area PA of the pixel areas PA.

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.

A pixel defining layer PDL is disposed on the substrate 110
to cover the boundary surface of the organic light-emitting
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layer OEL having the predetermined inclination angle. Addi-
tionally, 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.

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 ofabout 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.

A second electrode E2 is formed on the pixel defining layer
PDL and the organic light-emitting layer OEL.

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 disposed in the
pixel area PA and include the first electrode E1, the organic
light-emitting layer OEL, and the second electrode E2 in each
pixel area PA. The organic light-emitting devices OLED are
white organic light-emitting devices OLED and emit white
light.

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.

A plurality of color filters CF are formed on the thin film
sealing layer 120. As shown in FIG. 5, the color filters CF are
repeatedly disposed in three consecutive pixel areas PA of
four adjacent pixel areas PA. The color filter CF is not dis-
posed 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. 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.

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.

The pixel defining layer PDL has an insulating property.
The organic light-emitting laver 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 aresult, 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.

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 elec-
trode E2.

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
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light GL, and blue light BL, may be emitted through the color
filters assigned to the pixel areas PA.

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.

In the present exemplary embodiment, the OLED display
device 200 is a front surface light emission type, but is not
limited thereto. That s, 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 E1.

Aspreviously described, in a typical OLED display device,
the pixel defining layer is formed of an organic insulating
layer and has a thickness of about 1 pm. However, the pixel
defining layer PDL of the OLED display device 200 accord-
ing to the present exemplary embodiment has a thickness 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.

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 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.

As a result, the OLED display device 200 according to the
present exemplary embodiment may have a reduced thick-
ness and a substantially uniform brightness.

FIGS. 6A to 6E are cross-sectional views showing a manu-
facturing method of the organic light-emitting display device
according to the present exemplary embodiment.

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.

Referring to FIG. 6 A, 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 elec-
trodes E1 are disposed to correspond to respective pixel areas
PA, and each ofthe first electrodes E1 has an area greater than
that of the corresponding pixel area PA.

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.

Referring to FIG. 6C, a mask M, which has opening areas
OPA corresponding to the non-pixel area NPA, is disposed on
the substrate 110. A metal-fluoride ionic compound is pro-
vided 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 compound,
e.g., LiF, BaF2, CsF, etc. The pixel defining layer PDL is
formed by using the metal-fluoride ionic compound. The
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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.

The pixel defining layer PDL is formed on the substrate
110 to cover the boundary surface of the organic light-emit-
ting layer OEL having the predetermined inclination angle. In
addition, the pixel defining layer PDL exposes the substan-
tially 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.

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

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.

The color filters CF are repeatedly disposed in three con-
secutive 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.

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

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 substantially 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.

As a result, the OLED display device 200 according to the
second exemplary embodiment may have areduced thickness
and a substantially uniform brightness.

FIG. 7 is a cross-sectional view showing an OLED display
device according to a third exemplary embodiment.

The OLED display device 300 according to the third exem-
plary 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.

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.

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 corre-
sponding pixel area PA.

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 firstand second pixel defining layers PDL1 and
PDL2.



US 9,099,408 B2

13

The first pixel defining layer PDL1 is disposed on the
substrate 110 to cover a boundary surface of the first elec-
trodes El. 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.

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.

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 sur-
faces of the first pixel defining layer PDL1, has an increased
thickness due to the surface tension of the fluid organic mate-
rial. That is, a thickness of the organic light-emitting layer
OEL adjacent to the side surfaces of the first pixel defining
layer PDL1 becomes thicker than the rest of the organic
light-emitting layer OEL as shown in FIG. 7.

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 adjacent 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.

The second pixel defining layer PDL2 may include a metal-
fluoride ionic compound, e.g., LiF, BaF2, CsF, etc. The sec-
ond pixel defining layer PDL.2 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 nanom-
eters. However, according to some embodiments, the thick-
ness of the second pixel defining layer PDL.2 may be less than
about 10 nanometers or greater than about 100 nanometers.

A second electrode E2 is disposed on the first and second
pixel defining layers PDL1 and PDL2 and the organic light-
emitting layer OEL.

A driving voltage is 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.

The second pixel defining layer PDL2 has an insulating
property. The portion of the organic light-emitting layers
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 PDL1. Thus, light is
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not generated from the portion of the organic light-emitting
layers OEL adjacent to the side surface of the pixel defining
layer PDLI.

The substantially flat area of the organic light-emitting
layers OEL may be exposed by using the second pixel defin-
ing layer PDL.2 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.

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

FIGS. 8Ato 8D are cross-sectional views showing a manu-
facturing method of the organic light-emitting device accord-
ing to the third exemplary embodiment.

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 F1G. 7.

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 first elec-
trodes E1 are disposed in areas corresponding to the respec-
tive pixel areas PA. Each of'the first electrodes E1 has an area
greater than that of the corresponding pixel area PA.

The first pixel defining layer PDL1 is formed on the sub-
strate 110 to cover the boundary surface of the first electrodes
E1.The first pixel defining layer PDL1 includes openings 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.

Although not shown in figures, an organic insulating layer
is formed on the substrate 110 to cover the first electrodes 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 pum.

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

Although not shown in figures, 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, 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 PDL1 is greater than the thickness of
the rest of the organic light-emitting layers OEL.

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-emit-
ting 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 cor-
respond to the non-pixel area NPA. A metal-fluoride ionic
compound is provided to the substrate 110 through the open-
ing areas OPA of the mask M. The metal-fluoride ionic com-
pound may include a metal-fluoride ionic compound, e.g.,
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LiF, BaF2, CsF, etc. The second pixel defining layer PDL2
may be formed by using the metal fluoride compound.

The second pixel defining layer PDIL2 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 insulating property
and a thickness of about 10 nanometers to about 100 nanom-
eters. However, according to some embodiments, the thick-
ness of the second pixel defining layer PDL.2 may be less than
about 10 nanometer or greater than about 100 nanometers.

The substantially flat area of the organic light-emitting
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.

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.

The substantially flat area of the organic light-emitting
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.

As a result, the OLED display device 300 manufactured
according to the third exemplary embodiment may have sub-
stantially uniform brightness.

Although exemplary embodiments of the disclosed tech-
nology 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.
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What is claimed is:

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

a substrate comprising a plurality of pixel areas and a
non-pixel area defined between the pixel areas adjacent
to each other;

a plurality of first electrodes disposed on the substrate
respectively corresponding to the pixel areas;

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

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

a second electrode disposed on 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.
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