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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2018-0028268, filed
on Mar. 9, 2018 in the Korean Intellectual Property Office,
the disclosure of which is incorporated herein in its entirety
by reference.

BACKGROUND

1. Field

[0002] Aspects of embodiments of the present disclosure
relate to an organic light-emitting display device and a
method of manufacturing the same.

2. Description of the Related Art

[0003] An organic light-emitting display device includes
organic light-emitting elements, each including a hole injec-
tion electrode, an electron injection electrode, and an
organic emissive layer interposed therebetween. The organic
light-emitting display device is a self-emissive display
device in which excitons are generated when holes injected
from the hole injection electrode and electrons injected from
the electron injection electrode are combined in the organic
emissive layer, and light is generated as excitons fall from an
excited state to a ground state.

[0004] Using a fine metal mask (FMM) to deposit the
organic emissive layer on a substrate has drawbacks, such as
relatively high manufacturing costs and high alignment
demands, and as such, alternative deposition techniques
have been researched.

SUMMARY

[0005] Embodiments of the present disclosure include an
organic light-emitting display device and a method of manu-
facturing the same that overcome some of the drawbacks of
a fine metal mask and prevent or substantially reduce
leakage current. However, the aspects and features of the
present disclosure described herein are exemplary and do
not limit the scope of the present disclosure. Additional
aspects and features of the present disclosure will be set
forth, in part, in the following description and, in part, will
be apparent from the description or may be learned by
practice of the described embodiments.

[0006] According to an embodiment, an organic light-
emitting display device includes: a substrate; a pixel elec-
trode on the substrate; a pixel defining layer having a first
opening exposing a center portion of the pixel electrode; a
barrier layer on the pixel defining layer, the barrier layer
having a second opening that is larger than the first opening
and having an undercut structure; an intermediate layer
including a first common layer, a first emissive layer, and a
second common layer sequentially arranged on the pixel
electrode, the pixel defining layer, and the barrier layer; and
a first opposite electrode covering the intermediate layer.
[0007] Portions of the first opposite electrode on the pixel
electrode, the pixel defining layer, and the barrier layer may
be connected to each other.
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[0008] Portions of the second common layer on the pixel
electrode, the pixel defining layer, and the barrier layer may
be connected to each other.

[0009] Portions of the first emissive layer on the pixel
electrode, the pixel defining layer, and the barrier layer may
be connected to each other.

[0010] Portions of the first common layer may be discon-
nected from each other at a boundary between the pixel
defining layer and the barrier layer.

[0011] A thickness of the barrier layer may be greater than
a thickness of the intermediate layer.

[0012] A thickness of the barrier layer may be greater than
a thickness of the first common layer.

[0013] The barrier layer may include a first barrier layer
and a second barrier layer on the first barrier layer, and the
second barrier layer may have an undercut structure.
[0014] The first opposite electrode may completely cover
the intermediate layer.

[0015] The organic light-emitting display device may fur-
ther include a common electrode on the first opposite
electrode.

[0016] According to another embodiment, an organic
light-emitting display device includes: a substrate; a pixel
electrode on the substrate; a pixel defining layer having a
first opening exposing a center portion of the pixel electrode,
the first opening having an undercut structure; an interme-
diate layer including a first common layer, a first emissive
layer, and a second common layer sequentially arranged on
the pixel electrode and the pixel defining layer; and a first
opposite electrode covering the intermediate layer.

[0017] Portions of the first opposite electrode on the pixel
electrode and the pixel defining layer may be connected to
each other.

[0018] Portions of the first common layer may be discon-
nected from each other at a boundary between the pixel
defining layer and the pixel electrode.

[0019] A thickness of the pixel defining layer may be
greater than a thickness of the first common layer.

[0020] According to another embodiment, a method of
manufacturing an organic light-emitting display device
includes: forming a plurality of pixel electrodes on a sub-
strate; forming a pixel defining layer having a plurality of
first openings respectively exposing a center portion of the
plurality of pixel electrodes; forming a barrier layer on the
pixel defining layer and between the plurality of pixel
electrodes, the barrier layer having a plurality of second
openings that are larger than corresponding ones of the first
openings and have an undercut structure; forming a first
lift-off layer and a first photoresist covering the plurality of
pixel electrodes, the pixel defining layer, and the barrier
layer; patterning the first lift-off layer and the first photore-
sist to form a third opening therein at a position correspond-
ing to a first pixel electrode from among the plurality of
pixel electrodes; forming a first intermediate layer including
a first common layer, a first emissive layer, and a second
common layer in the third opening; forming a first opposite
electrode covering the first intermediate layer; and removing
the first lift-off layer and the first photoresist.

[0021] A thickness of the pixel defining layer may be
greater than a thickness of the first common layer.

[0022] The first lift-off layer may include fluorine.
[0023] Inthe removing of the first lift-off layer and the first
photoresist, the first lift-off layer may be removed by using
a solvent comprising fluorine.
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[0024] The method may further include: forming a second
lift-off layer and a second photoresist after the removing of
the first lift-off layer and the first photoresist; forming a
fourth opening in the second lift-off layer and the second
photoresist at a position corresponding to a second pixel
electrode from among the pixel electrodes and at a position
different from the position of the first pixel electrode;
forming a second intermediate layer including a first com-
mon layer, a second emissive layer, and a second common
layer in the fourth opening; forming a second opposite
electrode covering the second intermediate layer; and
removing the second lift-off layer and the second photore-
sist.

[0025] According to another embodiment, a method of
manufacturing an organic light-emitting display device
includes: forming a plurality of pixel electrodes on a sub-
strate; forming a pixel defining layer having a plurality of
first openings respectively exposing a center portion of the
pixel electrodes and having an undercut structure; forming a
first lift-off layer and a first photoresist covering the pixel
electrodes and the pixel defining layer; forming a third
opening in the first lift-off layer and the first photoresist at
a position corresponding to a first pixel electrode from
among the plurality of pixel electrodes; forming a first
intermediate layer including a first common layer, a first
emissive layer, and a second common layer in the third
opening; forming a first opposite electrode covering the first
intermediate layer; and removing the first lift-off layer and
the first photoresist.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] These and/or other aspects and features of the
present disclosure will become apparent and more readily
appreciated from the following description of example
embodiments, taken in conjunction with the accompanying
drawings, in which:

[0027] FIG. 1 is a schematic cross-sectional view of a
portion of an organic light-emitting display device according
to an embodiment of the present disclosure;

[0028] FIG. 2 is a schematic plan view of some elements
of the organic light-emitting display device shown in FIG. 1;
[0029] FIG. 3 is a schematic cross-sectional view taken
along the line HI-III of FIG. 2;

[0030] FIGS. 4A-4F are schematic cross-sectional views
of a first unit process for manufacturing the organic light-
emitting display device shown in FIG. 1 according to an
embodiment of the present disclosure;

[0031] FIGS. SA-5F are schematic cross-sectional views
of a second unit process for manufacturing the organic
light-emitting display device shown in FIG. 1 according to
an embodiment of the present disclosure;

[0032] FIGS. 6A-6F are schematic cross-sectional views
of a third unit process for manufacturing the organic light-
emitting display device according to an embodiment of the
present disclosure;

[0033] FIG. 7 is a schematic cross-sectional view of a
portion of the organic light-emitting display device includ-
ing a common electrode formed after the third unit process;
[0034] FIGS. 8A and 8B are schematic cross-sectional
views of a process for manufacturing an organic light-
emitting display device according to a comparative example;
[0035] FIG. 9 is an enlarged cross-sectional view of the
portion IX of FIG. 8B;
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[0036] FIG. 10 is a schematic cross-sectional view of a
portion of an organic light-emitting display device according
to an embodiment of the present disclosure;

[0037] FIG. 11 is a schematic cross-sectional view of a
portion of an organic light-emitting display device according
to an embodiment of the present disclosure; and

[0038] FIG. 12 is a schematic cross-sectional view of a
portion of an organic light-emitting display device according
to an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0039] Reference will now be made in detail to example
embodiments which are illustrated in the accompanying
drawings. Like reference numerals refer to like elements
throughout. In this regard, the presented example embodi-
ments may have different forms and should not be construed
as being limited to the descriptions set forth herein. Accord-
ingly, example embodiments are merely described below, by
referring to the figures, to explain aspects and features of the
present description. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. Expressions, such as “at least one
of”, when preceding a list of elements, modify the entire list
of elements and do not modify the individual elements of the
list. Further, the use of “may” when describing embodiments
of the present invention relates to “one or more embodi-
ments of the present invention.” Also, the term “exemplary”
is intended to refer to an example or illustration. As used
herein, the terms “use,” “using,” and “used” may be con-
sidered synonymous with the terms “utilize,” “utilizing,”
and “utilized,” respectively.

[0040] As the disclosure allows for various changes and
numerous embodiments, example embodiments will be
illustrated in the drawings and described in detail in the
written description. Aspects, features, and a method of
achieving the same will be specified with reference to the
example embodiments described below in detail together
with the attached drawings. However, the present disclosure
may have different forms and should not be construed as
being limited to the descriptions and example embodiments
set forth herein.

[0041] Itwill be understood that although the terms “first,”
“second,” etc. may be used herein to describe various
components, these components should not be limited by
these terms. These terms are only used to distinguish one
component from another. Singular expressions. unless
defined otherwise in the context, include plural expressions.
In the embodiments below, it will be further understood that
the terms “comprise,” “include,” and/or “have” used herein
specify the presence of stated features or components but do
not preclude the presence or addition of one or more other
features or components.

[0042] It will be understood that when a component, such
as a layer, a film, a region, or a plate, is referred to as being
“on” another component, the component may be “directly
on” the other component or intervening components may
also be present.

[0043] Also, for convenience of explanation, sizes of
components in the drawings may be exaggerated for con-
venience of explanation. Because sizes and thicknesses of
components in the drawings may be arbitrarily illustrated for
convenience of explanation, the following embodiments are
not limited thereto.
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[0044] When an embodiment is implementable in another
manner, a process order may be implemented differently
from how it is described. For example, two processes that
are consecutively described may be performed concurrently
or substantially simultaneously performed or may be per-
formed in an opposite order to the described order.

[0045] FIG. 1 is a schematic cross-sectional view of a
pixel of an organic light-emitting display device 1 according
to an embodiment of the present disclosure.

[0046] Referring to FIG. 1, the organic light-emitting
display device 1 includes a first pixel electrode 101 arranged
on a substrate 100, a pixel defining layer 110 having a first
opening OP1 exposing a center portion of the first pixel
electrode 101, a barrier layer 120 arranged on the pixel
defining layer 110 and having a second opening OP2 that is
larger than the first opening OP1 and has an undercut
structure, a first intermediate layer 130-1 arranged on the
first pixel electrode 101, the pixel defining layer 110, and the
barrier layer 120, a first opposite electrode 141 covering the
first intermediate layer 130-1, and a common electrode 150
arranged on (e.g., in direct contact with) the first opposite
electrode 141.

[0047] The substrate 100 may be formed of various suit-
able materials. For example, the substrate 100 may be
formed of glass, metal, plastic, or the like. Plastics having
excellent heat resistance and durability, such as polyimide,
polyethylene naphthalate, polyethylene terephthalate, pol-
varylate, polycarbonate, polyetherimide or polyethersul-
fone, may be used to form the substrate 100.

[0048] The first pixel electrode 101 may be a hole injec-
tion electrode and may be formed of a material having a high
work function. The first pixel electrode 101 may include a
transparent conductive oxide material or component. For
example, the first pixel electrode 101 may include at least
one selected from the group including an indium tin oxide,
an indium zinc oxide, a zinc oxide, an indium oxide, an
indium gallium oxide, and an aluminum zinc oxide. The first
pixel electrode 101 may be a single layer or a plurality of
layers and may further include a metal, such as silver (Ag),
aluminum (Al), magnesium (Mg), lithium (L1), and calcium
(Ca), and/or an alloy of these metals. The first pixel elec-
trode 101 is arranged in the form of an island.

[0049] The pixel defining layer 110 has the first opening
OP1, which exposes a center portion of the first pixel
electrode 101, and covers an edge of the first pixel electrode
101.

[0050] When low-voltage power is applied through the
common electrode 150 and the first opposite electrode 141,
which will be further described later, an electrical field may
be concentrated at an end portion of the first pixel electrode
101 and an electric short may occur during driving. The
pixel defining layer 110 may cover the edge of the first pixel
electrode 101 to prevent or substantially reduce a concen-
tration of an electric field at the edge of the first pixel
electrode 101.

[0051] The pixel defining layer 110 may be formed of an
organic insulating layer including at least one of an acrylic
polymer, an imide polymer, an aryl ether polymer, an amide
polymer, a fluorine polymer, a phenol polymer, a p-xylene
polymer, and a vinyl alcohol polymer.

[0052] The barrier layer 120 having the second opening
OP2, which is larger than the first opening OP1 in the pixel
defining layer 110, is arranged on the pixel defining layer
110.

Sep. 12,2019

[0053] In the illustrated embodiment, the barrier layer 120
includes a first barrier layer 121 and a second barrier layer
122 having an undercut structure. The undercut structure
refers to a structure in which an edge of a top surface of the
second barrier layer 122 protrudes from an edge of a bottom
surface thereof with respect to an imaginary reference line
perpendicular to the substrate 100.

[0054] The first barrier layer 121 and the second barrier
layer 122 may be formed of an inorganic insulating film or
an organic insulating film. In the illustrated embodiment, a
total thickness D1 of the barrier layer 120 including the first
barrier layer 121 and the second barrier layer 122 is greater
than a total thickness D130-1 of the first intermediate layer
130-1.

[0055] The first intermediate layer 130-1 is arranged on
the first pixel electrode 101, the pixel defining layer 110, and
the barrier layer 120. The first intermediate layer 130-1 may
include a first common layer 131, a first emissive layer 132,
and a second common layer 135.

[0056] Although the first common layer 131 is illustrated
as being a single layer in FIG. 1, the present disclosure is not
limited thereto. The first common layer 131 may include a
hole injection layer and/or a hole transport layer and may
further include other suitable functional layers, such as a
hole injection layer, a hole transport layer, and/or the like.
The first common layer 131 is arranged in an island shape.

[0057] In the illustrated embodiment, the first common
layer 131 is disconnected at (e.g., is disconnected from
itself) a boundary between the barrier layer 120 and the pixel
defining layer 110 (e.g., a portion of the first common layer
131 on the barrier layer 120 and a portion of the first
common layer 131 on the pixel defining layer 110 are
disconnected or separated from each other). An end portion
(e.g., a disconnected portion) of the first common layer 131
and the first opposite electrode 141 contact each other on the
second barrier layer 122. When the first common layer 131
is disconnected at the boundary between the barrier layer
120 and the pixel defining layer 110, electrons injected into
the first common layer 131 by the first opposite electrode
141 along a contact surface between the first opposite
electrode 141 and the first common layer 131 on the second
barrier layer 122 do not flow to the first pixel electrode 101
through the pixel defining layer 110. Accordingly, leakage
current of an organic light-emitting element may be pre-
vented or substantially reduced.

[0058] The first emissive layer 132 is arranged on the first
common layer 131. The first emissive layer 132 may include
a low molecular weight material and/or a polymer material.
The first emissive layer 132 may include various suitable
organic materials, such as copper phthalocyanine (CuPc),
N,N'-di(naphthalene-1-y1)-N,N'-diphenyl-benzidine (NPB),
tris-8-hydroxyquinoline aluminum (Alq3), and/or the like.
The first emissive layer 132 may include other organic
materials, such as poly-phenylene vinylene (PPV) or poly-
fluorene. The first emissive layer 132 is arranged in an island
shape.

[0059] In the illustrated embodiment, the first emissive
layer 132 is disconnected at the boundary between the
barrier layer 120 and the pixel defining layer 110 (e.g., a
portion of the first emissive layer 132 on the barrier layer
120 is disconnected from a portion of the first emissive layer
132 on the pixel defining layer 110). Because the first
emissive layer 132 is disconnected from itself, the effect of
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the disconnection of the first common layer 131 described
above is increased (e.g., doubled).

[0060] The second common layer 135 is arranged on the
first emissive layer 132. Although the second common layer
135 is illustrated as being a single layer in FIG. 1, the present
disclosure is not limited thereto. The second common layer
135 may include an electron transport layer and/or an
electron injection layer and may further include suitable
functional layers other than the electron injection layer or
the electron transport layer. The second common layer 135
is arranged in an island shape.

[0061] In the illustrated embodiment, the second common
layer 135 is disconnected at the boundary between the
barrier layer 120 and the pixel defining layer 110 (e.g., a
portion of the second common layer 135 on the barrier layer
120 is disconnected from a portion of the second common
layer 135 on the pixel defining layer 110). Because the
second common layer 135 is disconnected from itself, the
effect of the disconnection of the first common layer 131
described above is increased (e.g., doubled).

[0062] The first opposite electrode 141 is arranged on the
second common layer 135 in an island shape.

[0063] The first opposite electrode 141 may be a semi-
transmissive electrode or a transmissive electrode and may
be formed of a metal in the form of a thin film. The first
opposite electrode 141 may have a thickness in a range of
several nanometers to several tens of nanometers to transmit
light. For example, the first opposite electrode 141 may
include Ag, Al, Mg, Li, Ca, Cu, lithium fluoride/calcium
(LiF/Ca), lithium fluoride/aluminum (LiF/Al), and/or a com-
pound thereof (e.g., MgAg or CaAg). The first opposite
electrode 141 may further include a transparent conductive
material, such as ITO, IZO, ZnO, In,O;, IGO, and/or AZO.
[0064] In the illustrated embodiment, the first opposite
electrode 141 is connected at (e.g., is connected to itself at
or is continuous across) the boundary between the barrier
layer 120 and the pixel defining layer 110 (e.g., the first
opposite electrode 141 is not disconnected from itself at the
boundary between the barrier layer 120 and the pixel defin-
ing layer 110). In addition, the first opposite electrode 141 is
arranged to completely cover the first intermediate layer
130-1, which is arranged on the first pixel electrode 101, the
pixel defining layer 110, and the barrier layer 120.

[0065] The common electrode 150 is arranged on the first
opposite electrode 141. The common electrode 150 is not
arranged in the form of an island in each pixel like the first
opposite electrode 141 but has a single-body form com-
monly (e.g., continuously) arranged over a plurality of
pixels (e.g., a single, continuous common electrode 150 may
be formed over all of the pixels).

[0066] The common electrode 150 is configured to trans-
fer a low voltage from a power supply wiring to the first
pixel electrode 101 through the first opposite electrode 141,
which is in direct contact with the common electrode 150.
When a driving voltage is transmitted from a driving thin
film transistor connected to the first pixel electrode 101 and
reaches a threshold voltage, excitons are generated in the
first emissive layer 132 and emit light as they fall from an
excited state to a ground state.

[0067] Ideally, current does not flow through the organic
light-emitting element before the driving voltage reaches the
threshold voltage. However, in a conventional organic light-
emitting display device, electrons may flow from the first
opposite electrode 141 to the first common layer 131 at an
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area where the first opposite electrode 141 and the first
common layer 131 are in direct contact with each other, and
these electrons may flow to the first pixel electrode 101 and
generate a leakage current. However, according to embodi-
ments of the present disclosure, the first common layer 131
is disconnected at the boundary between the barrier layer
120 and the pixel defining layer 110, and thus, electrons
from the first opposite electrode 141 do not flow to the first
common layer 131. Accordingly, leakage current may be
prevented or substantially reduced.

[0068] Hereinafter, a method of manufacturing the organic
light-emitting display device 1 shown in FIG. 1 will be
described with reference to FIGS. 2-7.

[0069] FIG. 2 is a schematic plan view of some elements
of the organic light-emitting display device 1. FIG. 3 is a
schematic cross-sectional view taken along the line III-III of
FIG. 2. FIGS. 4A-4F are schematic cross-sectional views of
a first unit process for manufacturing the organic light-
emitting display device 1 according to an embodiment of the
present disclosure. FIGS. 5A-5F are schematic cross-sec-
tional views of a second unit process for manufacturing the
organic light-emitting display device 1 according to an
embodiment of the present disclosure. FIGS. 6A-6F are
schematic cross-sectional views of a third unit process for
manufacturing the organic light-emitting display device 1
according to an embodiment of the present disclosure. FIG.
7 is a schematic cross-sectional view of a pixel of the organic
light-emitting display panel including a common electrode
formed after the third unit process.

[0070] Referring to FIGS. 2 and 3, the first pixel electrode
101, a second pixel electrode 102, and a third pixel electrode
103 are formed on the substrate 100.

[0071] A buffer layer may be further formed on the sub-
strate 100 (e.g., may be formed on the substrate 100 below
the first through third pixel electrodes 101, 102, and 103) to
provide a relatively smooth surface and to block penetration
of impurities into the display device. For example, the buffer
layer may be formed of silicon nitride, silicon oxide, and/or
the like, as a single layer or a plurality of layers.

[0072] The first through third pixel electrodes 101, 102,
and 103 are hole injection electrodes as described above and
may be formed of a material having a high work function.

[0073] First through third thin film transistors may be
arranged between the substrate 100 and the first through
third pixel electrodes 101, 102, and 103 and are respectively
electrically connected to the first through third pixel elec-
trodes 101, 102, and 103.

[0074] The pixel defining layer 110 is formed to cover
edges of the first through third pixel electrodes 101, 102 and
103 and to have first openings OP1 that expose center
portions of the first through third pixel electrodes 101, 102
and 103. While the first openings OP1 illustrated in FIG. 3
have the same size, this is an example, and the sizes of the
first openings OP1 may vary by pixel.

[0075] The barrier layer 120 including the first barrier
layer 121 and the second barrier layer 122 is arranged on the
pixel defining layer 110. The second barrier layer 122 has
second openings OP2 that are larger than the corresponding
first openings OP1 in the pixel defining layer 110. For
example, a width W120 of the barrier layer 120 between two
adjacent second openings OP2 is smaller than a width W110
of the pixel defining layer 110 between two adjacent first
openings OP1.
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[0076] The second barrier layer 122 is formed to have an
undercut structure (e.g., an undercut-shaped structure). The
first barrier layer 121 and the second barrier layer 122 may
be formed of an inorganic insulating film or an organic
insulating film, and the second openings OP2 in the second
barrier layer 122 may be formed to have the undercut
structure by controlling materials and etching conditions of
the second barrier layer 122. The undercut structure affects
deposition conditions of first through third intermediate
layers 130-1, 130-2, and 130-3 and first through third
opposite electrodes 141, 142, and 143 formed later.

[0077] Referring to FIG. 4A, a first lift-off layer 161 and
a first photoresist 171 are sequentially formed on the struc-
ture shown in FIG. 3.

[0078] The first lifi-off layer 161 includes a fluoropolymer.
The fluoropolymer included in the first lift-off layer 161 may
be formed of a polymer having a fluorine content in a range
of about 20 wt % to about 60 wt %. For example, the
fluoropolymer included in the first lifi-off layer 161 may
include at least one selected from the group consisting of
polytetrafluoroethylene, polychlorotrifluoroethylene, poly-
dichlorodifluoroethylene, a copolymer of chlorotrifluoroeth-
ylene and dichlorodifluoroethylene, a copolymer of tetra-
fluoroethylene and perfluoroalkylvinylether, a copolymer of
chlorotrifluoroethylene and perfluoroalkylvinylether, a
copolymer of tetrafluoroethylene and perfluoroalkylvinyle-
ther, a copolymer of perfluoroalkyl vinyl ether and perfluo-
roalkyl vinyl ether, a copolymer of tetrafluoroethylene and
perfluoroalkyl vinyl ether, or a copolymer of chlorotrifluo-
roethylene and perfluoroalkyl vinyl ether. The first lift-off
layer 161 may be formed by using a coating method, a
printing method, a deposition method, or the like.

[0079] The first photoresist 171 is formed on the first
lift-off layer 161. The first photoresist 171 is exposed (e.g.,
developed) through a light transmitting portion M11 of a
first photomask M1 at a position corresponding to the first
pixel electrode 101. The first photomask M1 includes the
light transmitting portion M11 and a light blocking portion
Mi12.

[0080] Referring to FIG. 4B, the first photoresist 171 is
developed. The first photoresist 171 may be either a positive
type or a negative type. Hereinafter, a positive type photo-
resist will be described as an example. A first portion 171-1
of the photoresist 170 corresponding to the first pixel
electrode 101 and the light transmitting portion M11 of the
first photomask M1 is removed from the first photoresist 171
during the exposure (e.g., during the development) and the
remaining portion (e.g., a second portion 171-2 of the
photoresist 170) remains.

[0081] Referring to FIG. 4C, the first lift-off layer 161 is
etched according to a pattern of the first portion 171-1 of the
first photoresist 171 shown in FIG. 4B by using the photo-
resist 171 as an etching mask.

[0082] The first lifi-off layer 161 includes a fluoropolymer,
and thus, a solvent capable of etching the fluoropolymer is
used as an etching solution. A first solvent may include
hydrofluoroether. Hydrofluoroether is an electrochemically
stable material due to its low interaction with other materials
and is environmentally stable due to its low global warming
potential and low toxicity.

[0083] A portion of the first lift-off layer 161 at a position
corresponding to the first portion 171-1, that is, a portion of
the first lifi-off layer 161 formed on the first pixel electrode
101, is etched by the etching process. When the first lift-off
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layer 161 is etched, the first solvent including fluorine forms
a first undercut profile UC1 under the first portion 171-1 of
the first photoresist 171 (e.g., under an interface of the first
portion 171-1 of the first photoresist 171 and the first lift-off
layer 161).

[0084] Referring to FIG. 4D, the first intermediate layer
130-1 including the first common layer 131, the first emis-
sive layer 132, and the second common layer 135 is formed
on the structure shown in FIG. 4C.

[0085] The first common layer 131, the first emissive layer
132, and the second common layer 135 are each formed by
vacuum deposition. The first common layer 131, the first
emissive layer 132, and the second common layer 135 are
sequentially formed by controlling an angle of incidence of
deposition of a deposition material discharged from a depo-
sition source toward the substrate 100.

[0086] The first common layer 131, the first emissive layer
132, and the second common layer 135 are sequentially
stacked on the first pixel electrode 101, the pixel defining
layer 110, and the barrier layer 120. The first common layer
131, the first emissive layer 132, and the second common
layer 135 are also stacked on the first photoresist 171.
[0087] Because the first lift-off layer 161 and the first
photoresist 171, which together form the undercut structure
UC1, function as a mask, the first common layer 131, the
first emissive layer 132, and the second common layer 135
are not uniformly deposited but are deposited with a gradu-
ally decreasing thickness towards end portions thereof on
the second barrier layer 122.

[0088] In the illustrated embodiment, the first common
layer 131, the first emissive layer 132, and the second
common layer 135 are disconnected from themselves at a
boundary between the barrier layer 120 and the pixel defin-
ing layer 110.

[0089] Referring to FIG. 4E, the first opposite electrode
141 is formed by vacuum deposition on the structure shown
in FIG. 4D.

[0090] The first opposite electrode 141 is deposited to
completely cover the first intermediate layer 130-1, which
includes the first common layer 131, the first emissive layer
132, and the second common layer 135, by adjusting an
angle of incidence of deposition at which a deposition
material discharged from a deposition source is incident
toward the substrate 100. For example, the first opposite
electrode 141 is formed to have a greater area than the first
intermediate layer 130-1. As described above, because the
first opposite electrode 141 completely covers the first
intermediate layer 130-1, damage to the first intermediate
layer 130-1, including the first emissive layer 132, due to the
first solvent used in a lift-off operation, which will be further
described later, may be prevented or substantially reduced.
[0091] Referring to FIG. 4F, the lift-off operation is per-
formed to the structure of FIG. 4D.

[0092] The first lift-off layer 161 includes a fluoropolymer,
and thus, the first lift-off layer 161 is removed by using a
second solvent including fluorine. Because the lift-off opera-
tion is performed after forming the first intermediate layer
130-1, which includes the first emissive layer 132, a material
having low reactivity with the first intermediate layer 130-1
may be used as the second solvent. The second solvent may
include hydrofluoroether, similar to the first solvent.

[0093] After the lift-off operation, the first intermediate
layer 130-1 and the first opposite electrode 141 are left as
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patterns on the first pixel electrode 101, the pixel defining
layer 110, and the barrier layer 120.

[0094] After performing the above-described first unit
process, a second unit process including forming a second
emissive layer 133 that emits light having a different color
from the first emissive layer 132 is performed in an area
where the second pixel electrode 102 is located. Like
reference numerals may represent like structures, and the
below description of the second unit process will primarily
focus on differences from the above-described first unit
process.

[0095] Referring to FIG. 5A, a second lift-off layer 162
and a second photoresist 172 are sequentially formed on the
structure shown in FIG. 4F.

[0096] The second lift-off layer 162 includes a fluoropo-
lymer and may be formed of a same or a substantially similar
material as the first lift-off layer 161 described above.
[0097] The second photoresist 172 is formed on the sec-
ond lift-off layer 162, and a portion of the second photoresist
172 at a position corresponding to the second pixel electrode
102 is exposed through a light-transmitting portion M21 of
a second photomask M2, which includes the light-transmit-
ting portion M21 and a light-blocking portion M22.

[0098] Referring to FIG. 5B, the second photoresist 172 is
developed. After the second photoresist 172 is developed, a
first portion 172-1 corresponding to the second pixel elec-
trode 102 is removed from the second pixel electrode 102,
and the remaining portion (e.g., a second portion 172-2)
remains.

[0099] Referring to FIG. 5C, the second lift-off layer 162
is etched by using a pattern of the first portion 172-1 of the
second photoresist 172 of FIG. 5B as an etching mask.
[0100] The second lift-off layer 162 may be etched by
using the first solvent including fluorine. The second lift-off
layer 162 formed at a position corresponding to the first
portion 172-1, that is, a portion of the second lift-off layer
162 formed on the second pixel electrode 102 is etched by
an etching process. When the second lift-off layer 162 is
etched, the first solvent including fluorine forms a second
undercut profile UC2 under the first portion 172-1 of the
second photoresist 172 (e.g., under an interface of the first
portion 172-1 of the second photoresist 172 and the second
lift-off layer 162).

[0101] Referring to FIG. 5D, the second intermediate layer
130-2, which includes the first common layer 131, the
second emissive layer 133, and the second common layer
135, 1s formed on the structure shown in FIG. 5C.

[0102] The first common layer 131, the second emissive
layer 133, and the second common layer 135 are each
formed by vacuum deposition. The first common layer 131,
the second emissive layer 133, and the second common layer
135 are sequentially formed by controlling an angle of
incidence of deposition of a deposition material discharged
from a deposition source toward the substrate 100.

[0103] The first common layer 131, the second emissive
layer 133, and the second common layer 135 are sequen-
tially stacked on the second pixel electrode 102, the pixel
defining layer 110, and the barrier layer 120. The first
common layer 131, the second emissive layer 133, and the
second common layer 135 are also stacked on the second
photoresist 172.

[0104] Because the second lift-off layer 162 and the sec-
ond photoresist 172, which together form the second under-
cut structure UC2, function as a mask, the first common
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layer 131, the second emissive layer 133, and the second
common layer 135 are not uniformly deposited but are
deposited with a gradually decreasing thickness towards end
portions thereof on the second barrier layer 122.

[0105] In the illustrated embodiment, the first common
layer 131, the second emissive layer 133, and the second
common layer 135 are formed to be disconnected from
themselves at the boundary between the barrier layer 120
and the pixel defining layer 110.

[0106] Referring to FIG. 5E, the second opposite electrode
142 is formed by vacuum deposition on the structure shown
in FIG. 5D.

[0107] The second opposite electrode 142 is deposited to
completely cover the second intermediate layer 130-2,
which includes the first common layer 131, the second
emissive layer 133, and the second common layer 135, by
adjusting an angle of deposition and incidence at which a
deposition material discharged from a deposition source is
incident toward the substrate 100. For example, the second
opposite electrode 142 is formed to have a larger area than
the second intermediate layer 130-2. As described above,
because the second opposite electrode 142 completely cov-
ers the second intermediate layer 130-2, damage to the
second intermediate layer 130-2, which includes the second
emissive layer 133, due to the first solvent used in a lift-off
operation, which will be further described later, may be
prevented or substantially reduced.

[0108] Referring to FIG. 5F, the lift-off operation is per-
formed on the structure shown in FIG. 5D.

[0109] The second lift-off layer 162 is removed by using
the second solvent including fluorine.

[0110] After the lift-off operation, the second intermediate
layer 130-2 and the second opposite electrode 142 are left as
patterns on the second pixel electrode 102, the pixel defining
layer 110, and the barrier layer 120, together with the
patterns of the first intermediate layer 130-1 and the first
opposite electrode 141 formed in the first unit process.
[0111]  After performing the second unit process described
above, a third unit process of forming a third emissive layer
134 that emits light having a different color from the first
emissive layer 132 and the second emissive layer 133 is
performed in an area where the third pixel electrode 103 is
located. Like reference numerals may represent like struc-
tures, and the description of the third unit process will
primarily focus on differences from the above-described first
unit process.

[0112] Referring to FIG. 6A, a third lift-off layer 163 and
a third photoresist 173 are sequentially formed on the
structure shown in FIG. 5F.

[0113] The third lift-off layer 163 includes a fluoropoly-
mer and may be formed of a same or a substantially similar
material as the first lift-off layer 161 described above.
[0114] The third photoresist 173 is formed on the third
lift-off layer 163, and a portion of the third photoresist 173
at a position corresponding to the third pixel electrode 103
is exposed through a light-transmitting portion M31 of a
third photomask M3, which includes the light-transmitting
portion M31 and a light-blocking portion M32.

[0115] Referring to FIG. 6B, the third photoresist 173 is
developed. After the third photoresist 173 is developed, a
first portion 173-1 corresponding to third pixel electrode 103
is removed from the third photoresist 173, and the remaining
portion (e.g., a second portion 173-2) remains.
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[0116] Referring to FIG. 6C, the third lift-off layer 163 is
etched by using a pattern of the first portion 173-1 of the
third photoresist 173 shown in FIG. 6B as an etching mask.
[0117] The third lift-off layer 163 may be etched by using
the first solvent including fluorine. The third lift-off layer
163 formed at a position corresponding to the first portion
173-1, that is, a portion of the third lift-off layer 163 formed
on the third pixel electrode 103, is etched by an etching
process. When the third lift-off layer 163 is etched, the first
solvent including fluorine forms a third undercut profile
UC3 under the first portion 173-1 of the third photoresist 173
(e.g., under an interface of the first portion 173-1 of the third
photoresist 173 and the third lift-off layer 163).

[0118] Referring to FIG. 6D, the third intermediate layer
130-3, which includes the first common layer 131, the third
emissive layer 134, and the second common layer 135, is
formed on the structure shown in FIG. 6C.

[0119] The first common layer 131, the third emissive
layer 134, and the second common layer 135 are each
formed by vacuum deposition. The first common layer 131,
the third emissive layer 134, and the second common layer
135 are sequentially formed by controlling an angle of
incidence of deposition of a deposition material discharged
from a deposition source toward the substrate 100.

[0120] The first common layer 131, the third emissive
layer 134, and the second common layer 135 are sequen-
tially stacked on the third pixel electrode 103, the pixel
defining layer 110, and the barrier layer 120. The first
common layer 131, the third emissive layer 134, and the
second common layer 135 are also stacked on the third
photoresist 173.

[0121] Because the third lift-off layer 163 and the third
photoresist 173, which together form the third undercut
structure UC3, function as a mask, the first common layer
131, the third emissive layer 134, and the second common
layer 135 are not uniformly deposited but are deposited with
a gradually decreasing thickness towards end portions
thereof on the second barrier layer 122.

[0122] The first common layer 131, the third emissive
layer 134, and the second common layer 135 are formed to
be disconnected from themselves at the boundary between
the barrier layer 120 and the pixel defining layer 110.
[0123] Referring to FIG. 6E, a third opposite electrode 143
is formed by vacuum deposition on the structure shown in
FIG. 6D.

[0124] The third opposite electrode 143 is deposited to
completely cover the third intermediate layer 130-3, which
includes the first common layer 131, the third emissive layer
134, and the second common layer 135, by adjusting an
angle of deposition and incidence at which a deposition
material discharged from a deposition source is incident
toward the substrate 100. For example, the third opposite
electrode 144 is formed to have a larger area than the third
intermediate layer 130-3. As described above, because the
third opposite electrode 143 completely covers the third
intermediate layer 130-3, damage to the third intermediate
layer 130-3, which includes the third emissive layer 134, due
to the first solvent used in a lift-off operation, which will be
further described later, may be prevented or substantially
reduced.

[0125] Referring to FIG. 6F, the lift-off operation is per-
formed on the structure shown in FIG. 6D.

[0126] The third lift-off layer 163 is removed by using the
second solvent including fluorine.
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[0127] After the lift-off operation, the third intermediate
layer 130-3 and the third opposite electrode 143 are left as
patterns on the third pixel electrode 103, the pixel defining
layer 110, and the barrier layer 120, together with the
patterns of the first intermediate layer 130-1 and the first
opposite electrode 141 formed in the first unit process and
the patterns of the second intermediate layer 130-2 and the
second opposite electrode 142 formed in the second unit
process.

[0128] Referring to FIG. 7, a common electrode 150 is
formed on the structure shown in FIG. 6F. The common
electrode 150 is integrally (e.g., continuously) formed to
cover all of the first through third opposite electrodes 141,
142, and 143.

[0129] The first emissive layer 132 emits light having a
first color, the second emissive layer 133 emits light having
a second color, and the third emissive layer 134 emits light
having a third color. For example, the first color may be red,
the second color may be green, and the third color may be
blue. A full-color organic light-emitting display device may
be manufactured by the above-described first through third
unit processes.

[0130] An encapsulation member encapsulating the
organic light-emitting element may be further included on
the common electrode 150. The encapsulation member may
be formed of a glass substrate, a metal foil, a thin film
encapsulation layer in which an inorganic layer and an
organic layer are mixed or stacked, or the like.

[0131] Inthe illustrated embodiment, instead of depositing
the patterns of the first intermediate layer 130-1 and the first
opposite electrode 141, the second intermediate layer 130-2
and the second opposite electrode 142, and the third inter-
mediate layer 130-3 and the third opposite electrode 143 by
using a fine metal mask as in conventional examples, these
patterns are formed by using the above-described lift-off
operations. Thus, misalignment between the substrate 100
and the fine metal mask may be avoided because a fine metal
mask is not needed. Thus, the manufacturing costs may be
reduced.

[0132] In addition, in the illustrated embodiment, the first
common layer 131 is disconnected at the boundary between
the barrier layer 120 and the pixel defining layer 110 in each
pixel, and thus, flow of electrons from the first opposite
electrode 141 to the first common layer 131 outside of the
pixel area is prevented or substantially reduced. Thereby,
leakage current may be prevented or substantially reduced.
[0133] Hereinafter, an organic light-emitting display
device 5 according to a comparative example which does not
include the barrier layer having the undercut structure as in
the above-described embodiments of the present disclosure
will be described with reference to FIGS. 8A, 8B, and 9.

[0134] FIGS. 8A and 8B are schematic cross-sectional
views illustrating a process of manufacturing the organic
light-emitting display device 5 according to the comparative
example, and FIG. 9 is an enlarged cross-sectional view of
the portion IX of FIG. 8B.

[0135] FIG. 8A illustrates a first unit process of the com-
parative example in which a first lift-off layer 161 and a first
photoresist 171, which together form a first undercut struc-
ture, are used as a mask to deposit a first intermediate layer
130-1, which includes a first common layer 131, a first
emissive layer 132, and a second common layer 135, on a
first pixel electrode 101 and a pixel defining layer 110.



US 2019/0280063 A1

[0136] The organic light-emitting display device 5 accord-
ing to the comparative example does not include the barrier
layer 120 (see, e.g., FIG. 1) unlike the above-described
embodiments of the present disclosure.

[0137] Because the first lift-off layer 161 and the first
photoresist 171 function as a mask, the first common layer
131, the first emissive layer 132, and the second common
layer 135 are not uniformly deposited on edges of a depo-
sition area; they are instead deposited with a gradually
decreasing thickness on the pixel defining layer 110 towards
the edges of the deposition area.

[0138] FIG. 8B illustrates the first opposite electrode 141
that is formed on the structure shown in FIG. 8A through
vacuum deposition. The first opposite electrode 141 is
deposited to completely cover the first intermediate layer
130-1 by controlling an angle of deposition and incidence of
a deposition material discharged from a deposition source
toward the substrate 100.

[0139] When formed under the same or substantially simi-
lar deposition conditions as the first intermediate layer 130-1
and the first opposite electrode 141 of the above-described
embodiments of the present disclosure, the first opposite
electrode 141 of the comparative example is on the pixel
defining layer 110 and contacts an edge 131-L of the first
common layer 131 (see, e.g., FIG. 9), an edge 132-L of the
first emissive layer 132, and an edge 135-L of the second
common layer 135. Electrons from the first opposite elec-
trode 141 flow to the first common layer 131, the first
emissive layer 132, and the second common layer 135
through these contact areas and, particularly, to the first pixel
electrode 101 along the first common layer 131. Accord-
ingly, leakage current may be generated.

[0140] Ideally, current does not flow in the organic light-
emitting device before a driving voltage reaches a threshold
voltage. However, in the comparative example, electrons
from the first opposite electrode 141 flow to the first com-
mon layer 131 in a region where the first opposite electrode
141 and the first common layer 131 are in direct contact with
each other, and these electrons may flow to the first pixel
electrode 101 to generate leakage current.

[0141] According to embodiments of the present disclo-
sure, the barrier layer 120 arranged on the pixel defining
layer 110 has the undercut structure, and thus, the first
common layer 131 is disconnected at the boundary between
the barrier layer 120 and the pixel defining layer 110. Thus,
electrons from the first opposite electrode 141 do not flow to
the first common layer 131 outside of the pixel area.
Accordingly, leakage current may be prevented or substan-
tially reduced.

[0142] Hereinafter, other embodiments of the present dis-
closure will be described with reference to FIGS. 10-12. The
description of the following embodiments of the present
disclosure will primarily focus on differences from the
embodiments of the present disclosure described above.
[0143] FIG. 10 is a schematic cross-sectional view of a
portion of an organic light-emitting display device 2 accord-
ing to an embodiment of the present disclosure.

[0144] Referring to FIG. 10, the organic light-emitting
display device 2 includes a first pixel electrode 101 arranged
on a substrate 100, a pixel defining layer 110 having a first
opening OP1 exposing a center portion of the first pixel
electrode 101, a barrier layer 120 arranged on the pixel
defining layer 110 and having a second opening OP2 that is
larger than the first opening OP1 and having an undercut

Sep. 12,2019

structure, a first intermediate layer 130-1 arranged on the
first pixel electrode 101, the pixel defining layer 110, and the
barrier layer 120, a first opposite electrode 141 covering the
first intermediate layer 130-1, and a common electrode 150
arranged on the first opposite electrode 141. The barrier
layer 120 includes a first barrier layer 121 and a second
barrier layer 122 having an undercut structure.

[0145] Atotal thickness D2 of the barrier layer 120 of this
embodiment is less than a total thickness D1 of the barrier
layer 120 described above in reference to FIG. 1. The total
thickness D2 of the barrier layer 120 is greater than a
thickness D130-1 of the first intermediate layer 130-1.

[0146] When the first intermediate layer 130-1 and the first
opposite electrode 141 are deposited under the same or
substantially similar conditions as in the embodiment illus-
trated in FIG. 1, the first common layer 131 and the first
emissive layer 132 are disconnected at the boundary
between the barrier layer 120 and the pixel defining layer
110, and the second common layer 135 and the first opposite
electrode 141 are connected at the boundary between the
barrier layer 120 and the pixel defining layer 110.

[0147] Similar to the embodiment shown in FIG. 1, the
first common layer 131 of the embodiment illustrated in
FIG. 10 is disconnected at the boundary between the barrier
layer 120 and the pixel defining layer 110, and thus, elec-
trons from the first opposite electrode 141 do not flow to the
first common layer 131 outside the pixel area. Accordingly,
leakage current may be prevented or substantially reduced.

[0148] FIG. 11 is a schematic cross-sectional view of a
portion of an organic light-emitting display device 3 accord-
ing to an embodiment of the present disclosure.

[0149] Referring to FIG. 11, the organic light-emitting
display device 3 includes a first pixel electrode 101 arranged
on a substrate 100, a pixel defining layer 110 having a first
opening OP1 exposing a center portion of the first pixel
electrode 101, a barrier layer 120 arranged on the pixel
defining layer 110 and having a second opening OP2 that is
larger than the first opening OP1 and having an undercut
structure, a first intermediate layer 130-1 arranged on the
first pixel electrode 101, the pixel defining layer 110, and the
barrier layer 120, a first opposite electrode 141 covering the
first intermediate layer 130-1, and a common electrode 150
arranged on the first opposite electrode 141. The barrier
layer 120 in this embodiment has a single-layer undercut
structure.

[0150] A total thickness D3 of the barrier layer 120 in the
embodiment illustrated in FIG. 11 is less than a total
thickness D1 of the barrier layer 120 of the embodiment
illustrated in FIG. 1. In addition, the total thickness D3 of the
barrier layer 120 illustrated in FIG. 11 is less than a thickness
D130-1 of the first intermediate layer 130-1. However, the
total thickness D3 of the barrier layer 120 illustrated in FIG.
11 is greater than a thickness D131 of the first common layer
131.

[0151] When the first intermediate layer 130-1 and the first
opposite electrode 141 are deposited under the same or
substantially similar conditions as in the embodiment illus-
trated in FIG. 1, the first common layer 131 is disconnected
at the boundary between the barrier layer 120 and the pixel
defining layer 110 and the first emissive layer 132, the
second common layer 135, and the first opposite electrode
141 are connected at the boundary between the barrier layer
120 and the pixel defining layer 110.
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[0152] However, because the first common layer 131 is
disconnected at the boundary between the barrier layer 120
and the pixel defining layer 110 in the embodiment illus-
trated in FIG. 11, similar to the embodiment illustrated in
FIG. 1, electrons do not flow from the first opposite elec-
trode 141 to the first common layer 131 outside the pixel
area. Accordingly, leakage current may be prevented or
substantially reduced.

[0153] FIG. 12 is a schematic cross-sectional view of an
organic light-emitting display device 4 according to an
embodiment of the present disclosure.

[0154] Referring to FIG. 12, the organic light-emitting
display device 4 includes a first pixel electrode 101 arranged
on a substrate 100, a pixel defining layer 110 having a first
opening OP1 exposing a center portion of the first pixel
electrode 101, a first intermediate layer 130-1 arranged on
the first pixel electrode 101 and the pixel defining layer 110,
a first opposite electrode 141 covering the first intermediate
layer 130-1, and a common electrode 150 arranged on the
first opposite electrode 141.

[0155] Different from the above-described embodiments
of the present disclosure, no barrier layer is included in the
embodiment shown in FIG. 12 and the pixel defining layer
110 having an undercut structure is included.

[0156] A thickness D110 of the pixel defining layer 110 in
the embodiment illustrated in FIG. 12 is less than the total
thickness D1 of the barrier layer 120 of the embodiment
illustrated in FIG. 1. In addition, the thickness D110 of the
pixel defining layer 110 in the embodiment illustrated in
FIG. 12 is less than a thickness D130-1 of the first inter-
mediate layer 130-1. However, the thickness D110 of the
pixel defining layer 110 in the embodiment illustrated in
FIG. 12 is greater than the thickness D131 of the first
intermediate layer 130-1.

[0157] When the first intermediate layer 130-1 and the first
opposite electrode 141 are deposited under the same or
substantially similar conditions as in the embodiment illus-
trated in FIG. 1, the first common layer 131 and the first
emissive layer 132 are disconnected at the boundary
between the barrier layer 120 and the pixel defining layer
110 and the second common layer 135 and the first opposite
electrode 141 are connected at the boundary between the
barrier layer 120 and the pixel defining layer 110.

[0158] Because the first common layer 131 is discon-
nected at the boundary between the barrier layer 120 and the
pixel defining layer 110, similar to the embodiment illus-
trated in FIG. 1, electrons do not flow from the first opposite
electrode 141 to the first common layer 131 outside the pixel
area. Accordingly, leakage current may be prevented or
substantially reduced.

[0159] According to embodiments of the present disclo-
sure, an intermediate layer including an emissive layer is
formed by using a lift-off operation instead of depositing the
same by using a fine metal mask, and thus, misalignment of
the fine metal mask may be avoided and manufacturing costs
may be reduced. In addition, by forming a barrier layer
having an undercut structure on a pixel defining layer or by
forming a pixel defining layer having an undercut structure,
a hole injection layer at a boundary between the barrier layer
and the pixel defining layer may be disconnected from itself,
thereby preventing or substantially reducing leakage current.
[0160] According to embodiments of the present disclo-
sure, an intermediate layer including an emissive layer is
formed by using a lift-off operation instead of by depositing
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the same by using a fine metal mask, and thus, misalignment
of the fine metal mask may be avoided and manufacturing
costs may be reduced.

[0161] In addition, according to embodiments of the pres-
ent disclosure, by forming a barrier layer having an undercut
structure on a pixel defining layer or by forming a pixel
defining layer having an undercut structure, a hole injection
layer at a boundary between the barrier layer and the pixel
defining layer may be disconnected from itself, thereby
preventing or substantially reducing leakage current.
[0162] It should be understood that the example embodi-
ments of the present disclosure described herein should be
considered in a descriptive sense and not for purposes of
limitation. Descriptions of features and/or aspects within
each embodiment should typically be considered as avail-
able for other similar features or aspects in other embodi-
ments.

[0163] While embodiments of the present disclosure have
been described with reference to the figures, it will be
understood by those of ordinary skill in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the present disclosure
as defined by the following claims and their equivalents.

What is claimed is:

1. An organic light-emitting display device comprising:

a substrate;

a pixel electrode on the substrate;

a pixel defining layer having a first opening exposing a
center portion of the pixel electrode;

a barrier layer on the pixel defining layer, the barrier layer
having a second opening that is larger than the first
opening and having an undercut structure;

an intermediate layer comprising a first common layer, a
first emissive layer, and a second common layer
sequentially arranged on the pixel electrode, the pixel
defining layer, and the barrier layer; and

a first opposite electrode covering the intermediate layer.

2. The organic light-emitting display device of claim 1,
wherein portions of the first opposite electrode on the pixel
electrode, the pixel defining layer, and the barrier layer are
connected to each other.

3. The organic light-emitting display device of claim 2,
wherein portions of the second common layer on the pixel
electrode, the pixel defining layer, and the barrier layer are
connected to each other.

4. The organic light-emitting display device of claim 2,
wherein portions of the first emissive layer on the pixel
electrode, the pixel defining layer, and the barrier layer are
connected to each other.

5. The organic light-emitting display device of claim 1,
wherein portions of the first common layer are disconnected
from each other at a boundary between the pixel defining
layer and the barrier layer.

6. The organic light-emitting display device of claim 1,
wherein a thickness of the barrier layer is greater than a
thickness of the intermediate layer.

7. The organic light-emitting display device of claim 1,
wherein a thickness of the barrier layer is greater than a
thickness of the first common layer.

8. The organic light-emitting display device of claim 1,
wherein the barrier layer comprises a first barrier layer and
a second barrier layer on the first barrier layer, and

wherein the second barrier layer has an undercut structure.
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9. The organic light-emitting display device of claim 1,
wherein the first opposite electrode completely covers the
intermediate layer.

10. The organic light-emitting display device of claim 1,
further comprising a common electrode on the first opposite
electrode.

11. An organic light-emitting display device comprising:

a substrate;

a pixel electrode on the substrate;

a pixel defining layer having a first opening exposing a
center portion of the pixel electrode, the first opening
having an undercut structure;

an intermediate layer comprising a first common layer, a
first emissive layer, and a second common layer
sequentially arranged on the pixel electrode and the
pixel defining layer; and

a first opposite electrode covering the intermediate layer.

12. The organic light-emitting display device of claim 11,
wherein portions of the first opposite electrode on the pixel
electrode and the pixel defining layer are connected to each
other.

13. The organic light-emitting display device of claim 11,
wherein portions of the first common layer are disconnected
from each other at a boundary between the pixel defining
layer and the pixel electrode.

14. The organic light-emitting display device of claim 11,
wherein a thickness of the pixel defining layer is greater than
a thickness of the first common layer.

15. A method of manufacturing an organic light-emitting
display device, the method comprising:

forming a plurality of pixel electrodes on a substrate;

forming a pixel defining layer having a plurality of first
openings respectively exposing a center portion of the
plurality of pixel electrodes;

forming a barrier layer on the pixel defining layer and
between the plurality of pixel electrodes, the barrier
layer having a plurality of second openings that are
larger than corresponding ones of the first openings and
have an undercut structure;

forming a first lift-off layer and a first photoresist covering
the plurality of pixel electrodes, the pixel defining
layer, and the barrier layer;

patterning the first lift-off layer and the first photoresist to
form a third opening therein at a position corresponding
to a first pixel electrode from among the plurality of
pixel electrodes;

forming a first intermediate layer comprising a first com-
mon layer, a first emissive layer, and a second common
layer in the third opening;
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forming a first opposite electrode covering the first inter-

mediate layer; and

removing the first lift-off layer and the first photoresist.

16. The method of claim 15, wherein a thickness of the
pixel defining layer is greater than a thickness of the first
common layer.

17. The method of claim 15, wherein the first lift-off layer
comprises fluorine.

18. The method of claim 17, wherein, in the removing of
the first lift-off layer and the first photoresist, the first lift-off
layer is removed by using a solvent comprising fluorine.

19. The method of claim 15, further comprising:

forming a second lift-off layer and a second photoresist

after the removing of the first lift-off layer and the first
photoresist;

forming a fourth opening in the second lift-off layer and

the second photoresist at a position corresponding to a
second pixel electrode from among the pixel electrodes
and at a position different from the position of the first
pixel electrode;

forming a second intermediate layer comprising a first

common layer, a second emissive layer, and a second
common layer in the fourth opening;

forming a second opposite electrode covering the second

intermediate layer; and

removing the second lift-off layer and the second photo-

resist.
20. A method of manufacturing an organic light-emitting
display device, the method comprising:
forming a plurality of pixel electrodes on a substrate;
forming a pixel defining layer having a plurality of first
openings respectively exposing a center portion of the
pixel electrodes and having an undercut structure;

forming a first lift-off layer and a first photoresist covering
the pixel electrodes and the pixel defining layer;

forming a third opening in the first lift-off layer and the
first photoresist at a position corresponding to a first
pixel electrode from among the plurality of pixel elec-
trodes;

forming a first intermediate layer comprising a first com-

mon layer, a first emissive layer, and a second common
layer in the third opening;

forming a first opposite electrode covering the first inter-

mediate layer; and

removing the first lift-off layer and the first photoresist.
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