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

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a Continuation of U.S. patent
application Ser. No. 15/611,818, filed Jun. 2, 2017, which
claims priority to and the benefit of Korean Patent Appli-
cation No. 10-2016-0069388, filed on Jun. 3, 2016, each of
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND

Field

[0002] Exemplary embodiments relate to an organic light-
emitting display apparatus and a method of manufacturing
the organic light-emitting display apparatus.

Discussion of the Background

[0003] An organic light-emitting display apparatus is a
self-emissive display apparatus having an organic light-
emitting device including a hole injection electrode and an
electron injection electrode, and an emission layer arranged
therebetween, in which a hole injected from the hole injec-
tion electrode and an electron injected from the electron
injection electrode are combined in the emission layer to
thereby generate an exciton which emits light when the
exciton transitions from an excited state to a ground state.

[0004] In order to deposit the emission layer over a
substrate, a fine metal mask (FMM) technique has generally
been used. However, due to its disadvantages such as
increased manufacturing costs, there is a demand for an
alternative deposition technique.

[0005] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the inventive concepts, and, therefore, it
may contain information that does not form the prior art that
is already known in this country to a person of ordinary skill
in the art.

SUMMARY

[0006] Recently, a technique of forming, through a photo
patterning process, an intermediate layer of an organic
light-emitting device, the intermediate layer including an
emission layer, has been studied.

[0007] When the organic light-emitting device is manu-
factured through the photo patterning process, a thickness of
a protective layer covering the intermediate layer decreases
in a side area of a pixel, and a stripper penetrates between
the protective layer and the intermediate layer, so that the
intermediate layer including the emission layer is damaged.

[0008] In order to solve many problems including the
aforementioned problem, exemplary embodiments provide
an organic light-emitting display apparatus and a method of
manufacturing the organic light-emitting display apparatus
in which the occurrence of a defective pixel is decreased by
preventing damage to an intermediate layer including an
emission layer.
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[0009] Additional aspects will be set forth in the detailed
description which follows, and, in part, will be apparent
from the disclosure, or may be learned by practice of the
inventive concepts.

[0010] According to exemplary embodiments, an organic
light-emitting display apparatus includes a substrate; a pixel
electrode on the substrate; a pixel-defining layer including
an opening exposing at least a portion of the pixel electrode;
an intermediate layer including a center area on the pixel
electrode and a side area extending from the center area and
arranged on the pixel-defining layer, the intermediate layer
including one or more common layers and an emission
layer; a protective layer covering top surfaces of the center
area and the side area of the intermediate layer and exposing
at least a portion of the pixel-defining layer; and an opposite
electrode spaced apart from the intermediate layer by the
protective layer and arranged on the protective layer and
portions of the pixel-defining layer, the portions being
exposed by the protective layer.

[0011] A minimum value of a distance between the inter-
mediate layer and the opposite electrode that are spaced part
gom each other may be between about 50 A and about 1000

[0012] The protective layer may include an area that
directly contacts the pixel-defining layer.

[0013] Thicknesses of the one or more common layers and
the emission layer included in the side area of the interme-
diate layer may decrease in a direction away from the center
area throughout the side area.

[0014] A difference between a thickness of the emission
layer at the center area and a minimum thickness of the
emission layer may be greater than a difference between a
thickness of a portion of the protective layer, the portion
covering the center area of the intermediate layer, and a
minimum thickness of another portion of the protective
layer, the other portion covering the side area of the inter-
mediate layer.

[0015] The pixel electrode may be a reflective electrode,
and the opposite electrode may be a transflective electrode
or a transmissive electrode.

[0016] The protective layer and the opposite electrode
may include the same conductive material.

[0017] The conductive material may include Al, Mg, Li,
Ca, Cu, LiF/Ca, LiF/Al, MgAg, CaAg, or a compound
thereof.

[0018] The pixel electrode may be a transflective electrode
or a transmissive electrode, and the opposite electrode may
be a reflective electrode.

[0019] The protective layer and the opposite electrode
may include the same conductive material.

[0020] The conductive material may include Ag, Al, Mg,
L4, Ca, Cu, LiF/Ca, LiF/Al, MgAg, CaAg, or a compound
thereof.

[0021] The pixel electrode may include a first pixel elec-
trode, a second pixel electrode, and a third pixel electrode
that are spaced apart from each other on the substrate, and
the intermediate layer may include a first intermediate layer
arranged on the first pixel electrode and emitting light with
a first color; a second intermediate layer arranged on the
second pixel electrode and emitting with a second color; and
a third intermediate layer arranged on the third pixel elec-
trode and emitting with a third color, wherein the first
intermediate layer, the second intermediate layer, and the
third intermediate layer are spaced apart from each other.
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[0022] The protective layer may include a first protective
layer covering the first intermediate layer; a second protec-
tive layer covering the second intermediate layer; and a third
protective layer covering the third intermediate layer,
wherein the first protective layer, the second protective
layer, and the third protective layer are spaced apart from
each other.

[0023] According to one or more exemplary embodi-
ments, a method of manufacturing an organic light-emitting
display apparatus includes forming a pixel electrode on a
substrate; forming a pixel-defining layer including an open-
ing exposing at least a portion of the pixel electrode;
forming, on the pixel electrode and the pixel-defining layer,
an intermediate layer including one or more common layers
and an emission layer; forming, on the intermediate layer, a
protective layer exposing at least a portion of the pixel-
defining layer; and forming, on the protective layer and the
pixel-defining layer exposed by the protective layer, an
opposite electrode that is spaced apart from the intermediate
layer by the protective layer.

[0024] In the forming of the protective layer, the protec-
tive layer may be formed so that a minimum value of a
distance between the intermediate layer and the opposite
electrode that are spaced part from each other may be
between about 50 A and about 1000 A.

[0025] The forming of the intermediate layer and the
forming of the protective layer may include forming a lift off
layer on the pixel-defining layer; forming a photoresist layer
on the lift off layer; patterning the photoresist layer; expos-
ing portions of the pixel electrode and the pixel-defining
layer by etching the lift off layer by using the photoresist
layer as an etching mask; forming the intermediate layer by
depositing a material of the intermediate layer on the por-
tions of the pixel electrode and the pixel-defining layer that
are exposed by the lift off layer; forming, on the intermediate
layer, the protective layer by depositing a material of the
protective layer by using the lift off layer and the photoresist
layer as a mask; and removing the lift off layer and the
photoresist layer.

[0026] The forming of the intermediate layer may include
allowing the material of the intermediate layer to be incident
on the exposed portions of the pixel electrode and the
pixel-defining layer by at least a first degree; and the
depositing of the material of the protective layer may
include allowing the material of the protective layer to be
incident on the intermediate layer by at least a second degree
less than the first degree, wherein the first degree is a
minimum value of an angle between a direction parallel to
the substrate and a direction in which the material of the
intermediate layer is incident, and the second degree is a
minimum value of an angle between the direction parallel to
the substrate and a direction in which the material of the
protective layer is incident.

[0027] The first degree may be greater than the second
degree by about 5 degrees.

[0028] The forming of the pixel electrode may include
forming a first pixel electrode, a second pixel electrode, and
a third pixel electrode that are spaced apart from each other
on the substrate; and the forming of the intermediate layer
and the forming of the protective layer may include depos-
iting a first intermediate layer on the first pixel electrode, the
first intermediate layer emitting light with a first color;
depositing a first protective layer on the first intermediate
layer; depositing a second intermediate layer on the second
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pixel electrode, the second intermediate layer emitting light
with a second color; depositing a second protective layer on
the second intermediate layer; depositing a third intermedi-
ate layer on the third pixel electrode, the third intermediate
layer emitting light with a third color; and depositing a third
protective layer on the third intermediate layer, the first
intermediate layer, the second intermediate layer, and the
third intermediate layer being spaced apart from each other,
and the first protective layer, the second protective layer, and
the third protective layer being spaced apart from each other.
[0029] The foregoing general description and the follow-
ing detailed description are exemplary and explanatory and
are intended to provide further explanation of the claimed
subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The accompanying drawings, which are included
to provide a further understanding of the inventive concepts,
and are incorporated in and constitute a part of this speci-
fication, illustrate exemplary embodiments of the inventive
concepts, and, together with the description, serve to explain
principles of the inventive concepts.

[0031] FIG. 1 is a cross-sectional view of an organic
light-emitting display apparatus according to an exemplary
embodiment;

[0032] FIGS. 2 and 3 are cross-sectional views of a
magnified portion A of the organic light-emitting display
apparatus of FIG. 1,

[0033] FIGS. 4A through 4G are cross-sectional views
sequentially showing a method of manufacturing the organic
light-emitting display apparatus of FIG. 1;

[0034] FIG. 5 is a cross-sectional view of an organic
light-emitting display apparatus according to another exem-
plary embodiment;

[0035] FIG. 6 is a cross-sectional view of an organic
light-emitting display apparatus according to another exem-
plary embodiment; and

[0036] FIGS. 7A through 7C are cross-sectional views
sequentially showing a method of manufacturing the organic
light-emitting display apparatus of FIG. 6.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0037] In the following description, for the purposes of
explanation, numerous specific details are set forth in order
to provide a thorough understanding of various exemplary
embodiments. It is apparent, however, that various exem-
plary embodiments may be practiced without these specific
details or with one or more equivalent arrangements. In
other instances, well-known structures and devices are
shown in block diagram form in order to avoid unnecessarily
obscuring various exemplary embodiments.

[0038] In the accompanying figures, the size and relative
sizes of layers, films, panels, regions, etc., may be exagger-
ated for clarity and descriptive purposes. Also, like reference
numerals denote like elements.

[0039] When an element or layer is referred to as being
“on,” “cover,” “connected to,” or “coupled to” another
element or layer, it may be directly on, connected to, or
coupled to the other element or layer or intervening elements
or layers may be present. When, however, an element or
layer is referred to as being “directly on,” “directly con-
nected to,” or “directly coupled to” another element or layer,
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there are no intervening elements or layers present. For the
purposes of this disclosure, “at least one of X, Y, and Z” and
“at least one selected from the group consisting of X, Y, and
7” may be construed as X only, Y only, Z only, or any
combination of two or more of X, Y, and Z, such as, for
instance, XYZ, XYY, YZ, and ZZ. Like numbers 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.

[0040] Although the terms first, second, etc. may be used
herein to describe various elements, components, regions,
layers, and/or sections, these elements, components, regions,
layers, and/or sections should not be limited by these terms.
These terms are used to distinguish one element, component,
region, layer, and/or section from another element, compo-
nent, region, layer, and/or section. Thus, a first element,
component, region, layer, and/or section discussed below
could be termed a second element, component, region, layer,
and/or section without departing from the teachings of the
present disclosure.

[0041] Spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper,” and the like, may be
used herein for descriptive purposes, and, thereby, to
describe one element or feature’s relationship to another
element(s) or feature(s) as illustrated in the drawings. Spa-
tially relative terms are intended to encompass different
orientations of an apparatus in use, operation, and/or manu-
facture in addition to the orientation depicted in the draw-
ings. For example, if the apparatus in the drawings 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. Furthermore, the apparatus may be otherwise ori-
ented (e.g.. rotated 90 degrees or at other orientations), and,
as such, the spatially relative descriptors used herein inter-
preted accordingly.

[0042] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting. 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. Moreover, the terms
“comprises,” “comprising,” “includes,” and/or “including,”
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0043] Various exemplary embodiments are described
herein with reference to sectional illustrations that are sche-
matic illustrations of idealized exemplary embodiments and/
or intermediate structures. As such, variations from the
shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, exemplary embodiments disclosed herein
should not be construed as limited to the particular illus-
trated shapes of regions, but are to include deviations in
shapes that result from, for instance, manufacturing. For
example, an implanted region illustrated as a rectangle will,
typically, have rounded or curved features and/or a gradient
of implant concentration at its edges rather than a binary
change from implanted to non-implanted region. Likewise,
a buried region formed by implantation may result in some

2 <
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implantation in the region between the buried region and the
surface through which the implantation takes place. Thus,
the regions illustrated in the drawings are schematic in
nature and their shapes are not intended to illustrate the
actual shape of a region of a device and are not intended to
be limiting.

[0044] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure is a part. Terms, such as those
defined in commonly used dictionaries, should be inter-
preted 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.

[0045] FIG. 1 is a cross-sectional view of an organic
light-emitting display apparatus according to an exemplary
embodiment. FIGS. 2 and 3 are cross-sectional views of a
magnified portion A of the organic light-emitting display
apparatus.

[0046] Referring to FIGS. 1 through 3, the organic light-
emitting display apparatus according to the present exem-
plary embodiment may include a substrate 10; a pixel
electrode 20 on the substrate 10; a pixel-defining layer 30
including an opening 30H exposing at least a portion of the
pixel electrode 20; an intermediate layer 40 including a
center area 40C on the pixel electrode 20 and side areas 40E
extending from the center area 40C and arranged on the
pixel-defining layer 30, the intermediate layer 40 including
one or more common layers 401 and 403 (also referred to as
the first and second common layers 401 and 403) and an
emission layer 402; a protective layer 50 covering top
surfaces of the center area 40C and the side areas 40E of the
intermediate layer 40 and exposing at least a portion of the
pixel-defining layer 30; and an opposite electrode 60 on the
protective layer 50 and portions of the pixel-defining layer
30, the portions being exposed by the protective layer 50,
and the opposite electrode 60 being spaced apart from the
intermediate layer 40 by the protective layer 50.

[0047] The substrate 10 may include various materials.
For example, the substrate 10 may include various materials
such as a glass material, a metal material, a plastic material,
or the like.

[0048] A buffer layer (not shown) including inorganic
materials such as silicon oxide, silicon nitride and/or silicon
oxynitride may be above the substrate 10. The buffer layer
may improve planarization of a top surface of the substrate
10, or may prevent or minimize penetration of impurities
from the substrate 10 into an active layer (not shown) of a
thin film transistor (TFT) (not shown). If required, the buffer
layer may be omitted.

[0049] The TFT is arranged above the substrate 10 so as
to control emission of each pixel. The TFT may include the
active layer including a semiconductor material such as
amorphous silicon, polysilicon, an oxide semiconductor, an
organic semiconductor material, or the like, a gate electrode
(not shown) insulated from the active layer, and source and
drain electrodes (not shown) that are electrically connected
to the active layer.

[0050] A via insulating layer (not shown) covering the
TFT may be arranged above the TFT. The via insulating
layer may have a flat top surface allowing the pixel electrode
20 to be formed flat thereon. The via insulating layer may
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include an organic material such as acryl, benzocyclobutene
(BCB), polyimide, hexamethyldisiloxane (HMDSO), or the
like.

[0051] The pixel electrode 20 electrically connected to the
TFT is above the via insulating layer. The pixel electrode 20
has an island form that is separated in each pixel. The pixel
electrode 20 may be formed as a reflective electrode. The
pixel electrode 20 may include a reflective layer including
silver (Ag), magnesium (Mg), aluminum (Al), platinum (Pt),
palladium (Pd), gold (Au), nickel (Ni), neodymium (Nd),
iridium (Ir), chromium (Cr), or a compound thereof, and a
transparent conductive layer disposed above and/or below
the reflective layer. The transparent conductive layer may
include at least one of indium zinc oxide (ITO), indium zinc
oxide (IZO), zinc oxide (ZnO), indium oxide (In,0;),
indium gallium oxide (IGO), and aluminum zinc oxide
(AZO).

[0052] The pixel-defining layer 30 having the opening
30H exposing at least a portion of the pixel electrode 20 is
on the pixel electrode 20. The pixel-defining layer 30 may
include, but is not limited to, an organic material such as
polyimide (PI), hexamethyldisiloxane (HMDSO), or the
like. The pixel-defining layer 30 may be formed as a single
layer or a multi-stack layer.

[0053] The intermediate layer 40 including the one or
more common layers 401 and 403 and the emission layer
402 is on the pixel electrode 20 exposed by the pixel-
defining layer 30. The intermediate layer 40 includes the
center area 40C and the side areas 40E. In this regard, each
of the side areas 40E indicates an area of the intermediate
layer 40 in which a height of the intermediate layer 40
decreases in a direction away from the center area 40C. The
center area 40C indicates an area that is not the side areas
40F of the intermediate layer 40. Side areas of each layer
included in the intermediate layer 40 may be defined by
using a similar method. The side areas 40E of the interme-
diate layer 40 may be on the pixel-defining layer 30 and thus
may contact the pixel-defining layer 30. The center area 40C
of the intermediate layer 40 may cover the pixel electrode 20
and portions of the pixel-defining layer 30.

[0054] The emission layer 402 may include a small-
molecule or polymer material. When the emission layer 402
includes the small-molecule material, the intermediate layer
40 may have a structure in which a hole injection layer
(HIL), a hole transport layer (HTL), an emission layer, an
electron transport layer (ETL), an electron injection layer
(FIL), and the like are singularly or multiply stacked.
Referring to FIG. 2, the first common layer 401, the emis-
sion layer 402, and the second common layer 403 are
sequentially stacked from the bottom. In this regard, the first
common layer 401 may be the HIL and/or the HTL, and the
second common layer 403 may be the ETL and/or the EIL.
The emission layer 402 may include various organic mate-
rials including copper phthalocyanine (CuPc), NN-Di
(naphthalene-1-y1)-N,N'-diphenyl-benzidine (NPB), tris-8-
hydroxyquinoline aluminum)(Alg3), and the like.

[0055] When the emission layer 402 includes the polymer
material, the intermediate layer 40 may have a structure
including the first common layer 401 generally including the
HTL, and the emission layer 402. In this regard, the HTL
may include poly-(2,4)-ethylene-dihydroxy thiophene (PE-
DOT), and the emission layer 402 may include poly-phe-
nylene vinylene (PPV)-based polymer materials, polyfluo-
rene-based polymer materials, and the like.
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[0056] The protective layer 50 that covers the top surfaces
of the center area 40C and the side areas 40E is on the
intermediate layer 40. The protective layer 50 exposes at
least a portion of the pixel-defining layer 30. The protective
layer 50 has an island form that is separated in each pixel.
[0057] FIG. 2 particularly illustrates a structure of the side
area 40E of the intermediate layer 40. Referring to FIG. 2,
the first common layer 401 between the pixel electrode 20
and the emission layer 402 and the second common layer
403 between the emission layer 402 and the protective layer
50 are each a single layer, but the present disclosure is not
limited thereto. The first common layer 401 may be the HIL
and/or the HTL, and the second common layer 403 may be
the ETL and/or the EIL.

[0058] According to the present exemplary embodiment,
thicknesses of the first and second common layers 401 and
403 and the emission layer 402 included in the side area 40E
of the intermediate layer 40 may decrease in a direction
away from the center area 40C throughout the side area 40E.
In this regard, a distance between a point of a lower surface
(LS) of each layer and another point at a position contacting
the upper surface (US) of each layer and perpendicular to the
LS, is defined as a thickness at the point.

[0059] Referring to FIG. 2, thicknesses at two points 401 A
and 401B on a surface 401LS or 30US between the pixel-
defining layer 30 and the first common layer 401 are
indicated by using reference numerals 401%, and 401%,. A
light that is drawn from the point 401A in a manner
perpendicular to the surface 401LS meets the point 402A on
a surface 401US. In this regard, a distance 401/, between
the point 401A and the point 402A is the thickness at the
point 401A. Similarly, a distance 401/, between the point
401B and the point 402B is the thickness at the point 401B.
[0060] In the same manner, thicknesses 402/, and 4024,
respectively at two points of the emission layer 402, thick-
nesses 4034, and 403%, respectively at two points of the
second common layer 403, and thicknesses 504, and 504,
respectively at two points of the protective layer 50 are
shown in FIG. 2.

[0061] In this regard, thicknesses of the first common
layer 401, the emission layer 402, and the second common
layer 403 decrease in a direction from the center area 40C
throughout the side area 40E. That is, the thickness 4014, is
greater than the thickness 401k, the thickness 402k, is
greater than the thickness 402/, and the thickness 403/, is
greater than the thickness 403%,. On the other hand, a
thickness of the protective layer 50 may not decrease in a
direction away from the center area 40C of the intermediate
layer 40.

[0062] According to the present exemplary embodiment,
the protective layer 50 with a substantially uniform thick-
ness may cover the side areas 40F of the intermediate layer
40. Referring to FIG. 2, thicknesses of the protective layer
50 at all points on a surface between the protective layer 50
and the side area 40E of the intermediate layer 40 may be
substantially uniform. That is, a value of a thickness 5042
and a value of a thickness 5021 may be substantially equal
to each other.

[0063] According to the present exemplary embodiment,
the thickness of the protective layer 50 may decrease in the
direction from the center area 40C throughout the side area
40E. As will be described later, the intermediate layer 40 and
the protective layer 50 are formed through deposition pro-
cesses performed in a same way, so that, as the thickness of
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the intermediate layer 40 decreases in the side area 40F, the
thickness of the protective layer 50 covering the side area
40F may decrease in a direction away from the center area
40C. However, in this case, a percentage of the decrease of
the thickness of the protective layer 50 may be less than a
percentage of the decrease of the thickness of the interme-
diate layer 40. In this regard, a percentage of the decrease of
a thickness indicates a percentage by which a thickness of
each layer decreases in a direction away from the center area
40C.

[0064] According to the present exemplary embodiment, a
minimum thickness of the protective layer 50 may be equal
to or greater than 50 A.

[0065] The present disclosure provides the organic light-
emitting display apparatus and a method of manufacturing
the organic light-emitting display apparatus in which the
occurrence of a defective pixel is decreased because, when
the minimum thickness of the protective layer 50 is equal to
or greater than a predetermined value, damage to the inter-
mediate layer 40 including the emission layer 402 is pre-
vented.

[0066] Referring back to FIG. 2, a point where a lower
surface 60LS of the opposite electrode 60 or an upper
surface 50US of the protective layer 50 contacts an upper
surface 30US of the pixel-defining layer 30 is marked as A,
a point where a lower surface SOLS of the protective layer
50 or an upper surface 403US of the second common layer
403 contacts the upper surface 30US of the pixel-defining
layer 30 is marked as B, a point where a lower surface
403LS of the second common layer 403 or an upper surface
402US of the emission layer 402 contacts the upper surface
30US of the pixel-defining layer 30 is marked as C, and a
point where a lower surface 402LS of the emission layer 402
or an upper surface 401US of the first common layer 401
contacts the upper surface 30US of the pixel-defining layer
30 is marked as D. At the points A, B, C, and D, respectively,
surfaces contacting the upper surface 30US are respectively
parallel to the surfaces indicated by reference numerals 50 A,
403B, 4028, and 401D.

[0067] According to the present exemplary embodiment,
since the protective layer 50 has the substantially uniform
thickness, the surface S0A and the surface 403B are sub-
stantially parallel to each other. On the other hand, the
thicknesses of the second common layer 403, the emission
layer 402, and the first common layer 401 decrease in a
direction away from the center area 40C, so that an angle
between the surfaces 403B and 4028, and an angle between
the surfaces 4028 and 401D, are each greater than an angle
between the surfaces S0A and 403B.

[0068] According to the present exemplary embodiment, a
difference between a thickness of the emission layer 402 at
the center area 40C and a minimum thickness of the emis-
sion layer 402 may be greater than a difference between a
thickness of a portion of the protective layer 50 covering the
center area 40C of the intermediate layer 40 and a minimum
thickness of another portion of the protective layer 50
covering the side area 40F of the intermediate layer 40.
[0069] Referring to FIG. 3, a thickness of a center area
402C of the emission layer 402 is marked as h,y,,., a
minimum thickness of the emission layer 402 is marked as
Nugs e @ thickness of a portion of the protective layer 50
covering the center area 40C of the intermediate layer 40 is
marked as hs,, and a minimum thickness of a portion of the
protective layer 50 covering the side area 40E of the
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intermediate layer 40 is marked as hs, ,,;,. Due to deposition
processes to be described below, a thickness of the emission
layer 402 decreases in a side area 402F of the emission layer
402 in a direction away from the center area 402C, and thus,
a thickness of the emission layer 402 generally has the
minimum thickness h,g, ., at a point where the emission
layer 402 contacts the pixel-defining layer 30.

[0070] On the other hand, the thickness of the protective
layer 50 on the center area 40C and the side area 40E is
substantially uniform such that a difference between the
thicknesses h.,. and h,, .. is close to 0 or is as small as
several % of the thickness hs,.. However, the thickness of
the emission layer 402 decreases at the side area 402E such
that a difference between the thicknesses h,,, and h,,, ., 15
as large as several to several tens of % of the thickness h,,_..
[0071] According to an exemplary embodiment, a ratio
(hao2c 0403 i’ Bao mi) OF @ difference between the thickness
of the center area 402C of the emission layer 402 and the
minimum thickness of the emission layer 402 to the mini-
mum thickness of the emission layer 402 is greater than a
ratio (hs, by, .0y, ) of a difference between the thick-
ness of the portion of the protective layer 50 covering the
center area 40C of the intermediate layer 40 and the mini-
mum thickness of the portion of the protective layer 50
covering the side area 40F of the intermediate layer 40 to the
minimum thickness of the portion of the protective layer 50
covering the side area 40E of the intermediate layer 40.
[0072] The opposite electrode 60 is on the protective layer
50, and also on portions of the pixel-defining layer 30 that
are exposed by the protective layer 50. The opposite elec-
trode 60 is spaced apart from the intermediate layer 40 by
the protective layer 50. That is, the opposite electrode 60
does not physically contact the intermediate layer 40. Unlike
the pixel electrode 20, the opposite electrode 60 may be
formed as one body extending over all pixels and thus may
correspond to the pixel electrodes 20.

[0073] The opposite electrode 60 may be a transflective
electrode or a transmissive electrode, and may be formed as
a thin metal film of several to several tens of nanometers so
as to transmit light. For example, the opposite electrode 60
may include Ag, Al, Mg, Li, Ca, Cu, LiF/Ca, LiF/Al, MgAg,
CaAg, or a compound thereof. The opposite electrode 60
may include a transparent conductive material such as ITO,
170, ZnO, 1n,0;, IGO, AZO, or the like.

[0074] When the pixel electrode 20 is formed as the
reflective electrode, and the opposite electrode 60 is formed
as the transflective electrode or the transmissive electrode as
described above, it is possible to embody a top-emission
type organic light-emitting display apparatus in which light
from the emission layer 402 passes through the opposite
electrode 60 and is then discharged to the outside of the
organic light-emitting display apparatus.

[0075] According to an exemplary embodiment, the pro-
tective layer 50 may include a conductive material as that of
the opposite electrode 60. The conductive material may
include Al, Mg, Li, Ca, Cu, LiF/Ca, LiF/Al, MgAg, CaAg,
or a compound thereof. In this regard, the protective layer 50
may be formed as a thin metal film of several to several tens
of nanometers so as to transmit light. The protective layer 50
may include a transparent conductive material such as ITO,
170, 7n0, In,0;, 1GO, AZO, or the like. The protective
layer 50 and the opposite electrode 60 may have different
materials, provided that both the protective layer 50 and the
opposite electrode 60 include the conductive material.
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[0076] Referring back to FIG. 3, the intermediate layer 40
and the opposite electrode 60 are spaced apart from each
other by the protective layer 50. In this regard, when there
are points P1 on a surface S1 between the intermediate layer
40 and the protective layer 50, and points P2 on a surface S2
between the protective layer 50 and the opposite electrode
60, there is a minimum value from among distances respec-
tively between points P1 and the points P2. Referring to FIG.
3, four distances d,,,,. d1, d2, and d3 are illustrated, and
among them, d, . indicates the minimum value from among

> Mmin

the distances between the points P1 and the points P2. In this

regard, d,,, is equal to the minimum thickness of the
protective layer 50, hy, . .
[0077] That is, there is the minimum value d,,, from

among distances between the intermediate layer 40 and the
opposite electrode 60, and according to an exemplary
embodiment, the minimum value d,,;, may be between about
50 A and about 1000 A.

[0078] On the other hand, if the minimum value d,,,, from
among the distances between the intermediate layer 40 and
the opposite electrode 60 is less than 50 A, in a lift off
process to be described below, a solvent functioning as a
stripper for removing a lift off layer may penetrate into the
intermediate layer 40 including the emission layer 402, and
more particularly, the solvent may penetrate into the side
area 40E of the intermediate layer 40. That is, the present
disclosure may provide the organic light-emitting display
apparatus and a method of manufacturing the organic light-
emitting display apparatus in which the occurrence of a
defective pixel is decreased because, when the thickness of
the protective layer 50 is equal to or greater than a prede-
termined value, damage to the intermediate layer 40 includ-
ing the emission layer 402 is prevented.

[0079] However, when the thickness of the protective
layer 50 is too large, light generated in the emission layer
402 cannot pass through the protective layer 50, and a
deposition time is increased, which means that a manufac-
turing time of the organic light-emitting display apparatus is
increased such that productivity deteriorates. When the
protective layer 50 is formed as the thin metal film, if the
thickness of the protective layer 50 is greater than 300 A,
light may not pass through the protective layer 50. When the
protective layer 50 includes the transparent conductive
material such as ITO, 1ZO, ZnO, In,0;, 1GO, AZO, or the
like, if the thickness of the protective layer 50 is greater than
about 1000 A, the protective layer 50 absorbs a large amount
of light, and thus, the light may not pass through the
protective layer 50.

[0080] According to an exemplary embodiment, the pro-
tective layer 50 may include an area that directly contacts the
pixel-defining layer 30. Since the protective layer 50
includes the area that directly contacts the pixel-defining
layer 30, the opposite electrode 60 and the intermediate layer
40 may be spaced apart from each other. The present
disclosure may provide the organic light-emitting display
apparatus and a method of manufacturing the organic light-
emitting display apparatus in which the occurrence of a
defective pixel is decreased because, when a width w of the
area of the protective layer 50 contacting the pixel-defining
layer 30 is greater than a predetermined value, damage to the
intermediate layer 40 including the emission layer 402 is
prevented. Since the minimum thickness of the protective
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layer 50 is equal to or greater than about 50 A, the width w
of the contact area is also equal to or greater than about 50
A

[0081] Hereinafter, with reference to FIGS. 4A through
4G, the method of manufacturing the organic light-emitting
display apparatus of FIG. 1 is described.

[0082] Referring to FIGS. 4A through 4G, the method of
manufacturing the organic light-emitting display apparatus,
according to an exemplary embodiment, includes forming
the pixel electrode 20 on the substrate 10; forming the
pixel-defining layer 30 including the opening 30H exposing
at least a portion of the pixel electrode 20; forming the
intermediate layer 40, which includes the one or more
common layers 401 and 403 and the emission layer 402, on
the pixel electrode 20 and the pixel-defining layer 30;
forming, on the intermediate layer 40, the protective layer 50
exposing at least a portion of the pixel-defining layer 30; and
forming the opposite electrode 60 on the protective layer 50
and portions of the pixel-defining layer 30, the portions
being exposed by the protective layer 50, and the opposite
electrode 60 being spaced apart from the intermediate layer
40 by the protective layer 50.

[0083] Referring to FIG. 4A, the pixel electrode 20 is
formed on the substrate 10. The pixel electrode 20 has an
island form that is separated in each pixel. The pixel
electrode 20 may be formed as a reflective electrode. The
pixel electrode 20 may include a reflective layer including
Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, or a compound
thereof, and a transparent conductive layer disposed above
and/or below the reflective layer. The transparent conductive
layer may include at least one of 1TO, 1Z0, ZnO, In,0;,
1GO, and AZO.

[0084] Although not illustrated in FIG. 4A, before forming
the pixel electrode 20, the method may include forming a
buffer layer (not shown) on the substrate 10 and forming, on
the buffer layer, a thin-film transistor (not shown) electri-
cally connected to the pixel electrode 20.

[0085] Referring to FIG. 4B, the pixel-defining layer 30 is
formed on the pixel electrode 20. The pixel-defining layer 30
may cover edges of the pixel electrode 20 having the island
form, and may include the opening 30H exposing at least a
portion of the pixel electrode 20. That is, the pixel-defining
layer 30 is formed so as to surround the edges of the pixel
electrode 20, and the opening 30H of the pixel-defining layer
30 may define a pixel by exposing a center portion of the
pixel electrode 20.

[0086] Referring to FIG. 4C, a lift off layer LOL is formed
over the substrate 10 on which the pixel electrode 20 is
formed. The intermediate layer 40 including the emission
layer 402 is formed after the pixel-defining layer 30 is
formed, and the lift off layer LOL has low chemical reac-
tivity with the intermediate layer 40. For example, the lift off
layer LOL may include a fluoropolymer having low chemi-
cal reactivity with a material included in the intermediate
layer 40.

[0087] The fluoropolymer included in the lift off layer
LOL may be formed of a polymer having a fluorine level of
20-60 wt %. For example, the fluoropolymer included in the
lift off layer LOL may include at least one of a copolymer
of vpolytetrafluoroethylene, polychlorotrifluoroethylene,
polydichlorodifluoroethylene, chlorotrifluoroethylene, and
dichlorodifluoroethylene, a copolymer of tetrafluoroethyl-
ene and perfluoroalkylvinylether, a copolymer of chlorotri-
fluoroethylene and perfluoroalkylvinylether, a copolymer of
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tetrafluoroethylene and perfluoroalkylvinylether, and a
copolymer of chlorotrifluoroethylene and perfluoroalkylvi-
nylether.

[0088] The lift off layer LOL may be formed over the
substrate 10 by using one of a coating method, a printing
method, a deposition method, or the like. When the lift off
layer LOL is formed by using the coating method and the
printing method, a process of performing a curing treatment
and/or a polymerizing treatment and then forming a photo-
resist layer PR may be performed, if required.

[0089] A thickness of the lift off layer LOL may be
between about 0.2 um and about 5 um. If the thickness of the
lift off layer LOL is too large, a time taken to melt the lift
off layer LOL so as to pattern the lift off layer LOL is
increased, and thus a manufacturing time may be increased.
If the thickness of the lift off layer LOL is too small, it is
difficult to perform a lift off process.

[0090] Afterward, the photoresist layer PR is formed on
the lift off layer LOL. A photoresist is coated entirely over
the lift off layer LOL, and then a portion of the photoresist
overlapping the pixel electrode 20 is exposed by using a
photo-mask (not shown) and is developed. In this regard, the
photoresist may be a positive-type photoresist or a negative-
type photoresist. FIG. 4C illustrates the positive-type pho-
toresist. Through the procedure, the portion of the photore-
sist overlapping the pixel electrode 20 is removed, so that
the photoresist layer PR is formed.

[0091] Referring to FIG. 4D, the lift off layer LOL is
etched by using the patterned photoresist layer PR as an
etching mask. When the lift off layer LOL includes the
fluoropolymer, a solvent capable of etching the fluoropoly-
mer is used as an etching solution. For example, a first
solvent (not shown) including fluorine may be used as the
etching solution. The first solvent may include a hydrofiuo-
roether. The hydrofluoroether has low reactivity with
another material and thus is electrochemically stable, and
also, the hydrofluoroether has a low global warming factor
and low toxicity, and thus is environmentally stable.
[0092] Through the etching process, a material of the lift
off layer LOL, which is under the area of the photoresist that
was developed and thus removed, is removed so that por-
tions of the pixel electrode 20 and the pixel-defining layer 30
are exposed. When the lift off layer LOL is etched, the first
solvent forms an undercut profile UC in the lift off layer
LOL.

[0093] The undercut profile UC may enable an exact
deposition pattern with respect to the intermediate layer 40
including the emission layer 402, and may clearly remove
the remaining lift off layer LOL on the substrate 10 in a lift
off process to be described below. Referring to FIG. 4D,
since the lift off layer LOL has been undercut, edges of the
photoresist layer PR project further toward the pixel elec-
trode 20 than edges of the lift off layer LOL.

[0094] Referring to FIG. 4E, the intermediate layer 40
including the first common layer 401, the emission layer
402, and the second common layer 403 is formed on the
pixel electrode 20. The first common layer 401 may be the
HTL and/or the HIL, and the second common layer 403 may
be the EIL and/or the ETL, but the present disclosure is not
limited thereto, and the first common layer 401 and the
second common layer 403 may each further include another
functional layer. In addition, at least one of the first common
layer 401 and the second common layer 403 may not be
formed.
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[0095] The intermediate layer 40 may be formed through
a deposition process, and during the deposition process, the
lift off layer LOL and the photoresist layer PR may function
as a mask. In this regard, since a direction in which a
deposition material from a deposition source may not be
perpendicular to the substrate 10, the intermediate layer 40
may be formed overlapping the edges of the photoresist
layer PR that project further toward the pixel electrode 20
than the edges of the lift off layer LOL. Through the
deposition process with respect to the intermediate layer 40,
a material layer 40X forming the intermediate layer 40 may
be formed on the photoresist layer PR.

[0096] When the intermediate layer 40 is formed on the
pixel electrode 20, an angle (a deposition angle of the
intermediate layer 40) between a direction in which a
deposition material included in the intermediate layer 40 is
incident and a direction parallel to the substrate 10 is
changed as an intermediate layer deposition source 40' is
moved or the substrate 10 is rotated. In this regard, a first
angle 01 is defined as a minimum deposition angle of the
intermediate layer 40. The deposition angle of the interme-
diate layer 40 means an angle equal to or less than 90
degrees, the angle from among angles between directions in
which the deposition material is incident and the direction
parallel to the substrate 10. That is, the deposition material
included in the intermediate layer 40 is incident onto the
substrate 10 with at least the first angle 01.

[0097] As described above, the edges of the photoresist
layer PR may project further toward the pixel electrode 20
than the edges of the lift off layer LOL. The projecting
photoresist layer PR functions as a mask, and thus, a
thickness of the intermediate layer 40 decreases at a side
area of the intermediate layer 40.

[0098] The forming of the intermediate layer 40 may
include forming the first common layer 401, forming the
emission layer 402, and forming the second common layer
403. The first common layer 401, the emission layer 402,
and the second common layer 403 may be formed while a
deposition angle is adjusted to have at least the first angle 01,
and thicknesses of the first common layer 401, the emission
layer 402, and the second common layer 403 may decrease
at their side areas. The side area of the intermediate layer 40
may correspond to an undercut area of the lift off layer LOL.
[0099] Referring to FIG. 4F, the protective layer 50 is
formed on the intermediate layer 40. As for the intermediate
layer 40, the protective layer 50 may also be formed through
a deposition process. The protective layer 50 may com-
pletely cover the intermediate layer 40, and a material layer
50X forming the protective layer 50 may be formed above
the photoresist layer PR.

[0100] Since the protective layer 50 is formed by using the
lift off layer LOL and the photoresist layer PR as a mask, the
protective layer 50 cannot be formed in an area of the lift off
layer LOL. That is, the protective layer 50 may be formed
only on a portion of the pixel-defining layer 30. That is, the
protective layer 50 may be formed to expose another portion
of the pixel-defining layer 30.

[0101] When the protective layer 50 is formed on the
intermediate layer 40, an angle (a deposition angle of the
protective layer 50) between a direction in which a deposi-
tion material included in the protective layer 50 is incident
and a direction parallel to the substrate 10 changes as the
protective layer deposition source 50' is moved or the
substrate 10 is rotated. In this regard, a second angle 62 is
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defined as a minimum value of the deposition incident angle
of the protective layer 50. The deposition incident angle of
the protective layer 50 means an angle equal to or less than
90 degrees, the angle from among angles between directions
in which the deposition material is incident and the direction
parallel to the substrate 10. That is, the deposition material
included in the protective layer 50 is incident onto the
substrate 10 with at least the second angle 62.

[0102] In this regard, the second angle 62 may be smaller
than the first angle 01, and for example, the first angle 01
may be greater than the second angle 62 by about 5 degrees.
When the second angle 02 is smaller than the first angle 01
as described above, the protective layer 50 may be more
deeply deposited toward the lift off layer LOL as compared
with the intermediate layer 40. Therefore, the thickness of
the intermediate layer 40 decreases in a direction away from
the center area 40C throughout the side area 40E, but the
thickness of the protective layer 50 does not decrease in a
direction away from the center area 40C, and even if the
thickness of the protective layer 50 decreases, a rate of
decrease in the thickness of the protective layer 50 may be
lower than a rate of decrease in the thickness of the inter-
mediate layer 40.

[0103] Referring to FIG. 4G, according to an exemplary
embodiment, the protective layer 50 may be formed in such
a manner that the minimum value d,,;, of the distance
between the intermediate layer 40 and the opposite electrode
60 that are spaced part from each other may be between

about 50 A and about 1000 A.

[0104] Unlike in the aforementioned description, if the
minimum value d,,,,, of the distance between the intermedi-
ate layer 40 and the opposite electrode 60 that are spaced
part from each other is less than 50 A, in a lift off process
to be described below, the solvent functioning as the stripper
for removing the lift off layer may penetrate into the
intermediate layer 40 including the emission layer 402, more
particularly, the solvent may penetrate into the side area 40E
of the intermediate layer 40. That is, the present disclosure
may provide the organic light-emitting display apparatus
and a method of manufacturing the organic light-emitting
display apparatus in which the occurrence of a defective
pixel is decreased because, when the thickness of the pro-
tective layer 50 is equal to or greater than a predetermined
value, damage to the intermediate layer 40 including the
emission layer 402 is prevented.

[0105] Referring to FIG. 4G, the lift off layer LOL and the
photoresist layer PR are removed by using the stripper. For
example, when the lift off layer LOL includes the fluoropo-
lymer, a second solvent (not shown) including fluorine may
be used as the stripper. In this regard, since the lift off
process is performed after the intermediate layer 40 and the
protective layer 50 are formed, it is preferable that a material
having low chemical reactivity with the intermediate layer
40 is used as the second solvent. As for the first solvent, the
second solvent may include a hydrofluoroether.

[0106] When the lift off layer LOL is removed, the pho-
toresist layer PR, the material layer 40X forming the inter-
mediate layer 40, and the material layer 50X forming the
protective layer 50 are also removed. Through the photo-
patterning procedure of FIGS. 4A through 4G, the interme-
diate layer 40 and the protective layer 50 are formed on
portions of the pixel electrode 20 and the pixel-defining
layer 30.
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[0107] According to an exemplary embodiment, the pro-
cedure of forming patterns of the intermediate layer 40 and
the protective layer 50 is not performed through a deposition
process using a metal mask (not shown) including an
opening but is performed through the lift off process, so that
a problem of misalignment between the substrate 10 and the
metal mask may be prevented, and since the metal mask is
not required, manufacturing costs may be reduced.

[0108] Referring back to FIG. 1, the opposite electrode 60
that is spaced apart from the intermediate layer 40 by the
protective layer 50 is formed on the protective layer 50 and
the pixel-defining layer 30 exposed by the protective layer
50.

[0109] The opposite electrode 60 may be a transflective
electrode or a transmissive electrode, and may be formed as
a thin metal film of several to several tens of nanometers so
as to transmit light. For example, the opposite electrode 60
may include Ag, Al, Mg, Li, Ca, Cu, LiF/Ca, LiF/Al, MgAg,
CaAg, or a compound thereof. The opposite electrode 60
may include a transparent conductive material such as ITO,
170, ZnO, In,0;, IGO, AZO, or the like.

[0110] According to an exemplary embodiment, the pro-
tective layer 50 may include a same conductive material as
that of the opposite electrode 60. The conductive material
may include Al, Mg, Li, Ca, Cu, LiF/Ca, LiF/Al, MgAg,
CaAg, or a compound thereof. In this regard, the protective
layer 50 may be formed as a thin metal film of several to
several tens of nanometers so as to transmit light. The
protective layer 50 may include a transparent conductive
material such as ITO, IZ0, ZnO, In,0,, 1GO, AZO, or the
like. The protective layer 50 and the opposite electrode 60
may have different materials, provided that the protective
layer 50 and the opposite electrode 60 include the conduc-
tive material.

[0111] When the pixel electrode 20 is formed as the
reflective electrode, and the opposite electrode 60 is formed
as the transflective electrode or the transmissive electrode as
described above, it is possible to embody the top-emission
type organic light-emitting display apparatus in which light
from the emission layer 402 passes through the opposite
electrode 60 and is then discharged to the outside of the
organic light-emitting display apparatus.

[0112] FIG. 5 is a cross-sectional view of an organic
light-emitting display apparatus according to another exem-
plary embodiment. FIG. 5 illustrates a bottom-emission type
organic light-emitting display apparatus in which light emit-
ted from the emission layer (not shown) passes through the
pixel electrode 20 and is discharged to the outside of the
organic light-emitting display apparatus. Referring to FIG.
5, aportion (Li) of light emitted from the emission layer (not
shown) in the intermediate layer 40 is reflected from the
protective layer 50 or the opposite electrode 60 and then
discharged to the outside of the organic light-emitting dis-
play apparatus, and another portion (L.2) of the light passes
through the pixel electrode 20 without being reflected and is
then discharged to the outside of the organic light-emitting
display apparatus. In this regard, the pixel electrode 20 may
be a transflective electrode or a transmissive electrode, and
the opposite electrode 60 may be a reflective electrode.
[0113] According to an exemplary embodiment, the pro-
tective layer 50 may include a same conductive material as
the opposite electrode 60. The conductive material may
include Ag, Al, Mg, Li, Ca, Cu, LiF/Ca, LiF/Al, MgAg,
CaAg, or a compound thereof. In this case, the protective
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layer 50 may include a metal material having several tens to
several hundreds of nanometers in thickness to reflect light.
In this regard, the protective layer 50 and the opposite
electrode 60 may include different materials, provided that
the protective layer 50 and the opposite electrode 60 include
the conductive material.

[0114] In addition, a dual-emission type organic light-
emitting display apparatus in which light emitted from the
emission layer (not shown) in the intermediate layer 40
passes through both the pixel electrode 20 and the opposite
electrode 60 and is then discharged to the outside of the
organic light-emitting display apparatus may also be embod-
ied.

[0115] FIG. 6 is a cross-sectional view of an organic
light-emitting display apparatus according to another exem-
plary embodiment.

[0116] According to an exemplary embodiment, the pixel
electrode 20 may include a first pixel electrode 21, a second
pixel electrode 22, and a third pixel electrode 23 that are
spaced apart from each other on the substrate 10. The
intermediate layer 40 may include a first intermediate layer
41, a second intermediate layer 42, and a third intermediate
layer 43 that are placed on the first pixel electrode 21, the
second pixel electrode 22, and the third pixel electrode 23,
respectively. The first, second, and third intermediate layers
41, 42, and 43 are spaced apart from each other.

[0117] The first intermediate layer 41 emits light with a
first color, the second intermediate layer 42 emits light with
a second color, and the third intermediate layer 43 emits
light with a third color. For example, the first color may be
red, the second color may be green, and the third color may
be blue, but the present disclosure is not limited thereto and
any three colors that make a white color when combined
may be used. The first intermediate layer 41, the second
intermediate layer 42, or the third intermediate layer 43 may
include a multi-layered emission layer, to thereby emit white
light.

[0118] According to an exemplary embodiment, the pro-
tective layer 50 may include a first protective layer 51
covering the first intermediate layer 41, a second protective
layer 52 covering the second intermediate layer 42, and a
third protective layer 53 covering the third intermediate
layer 43. The first protective layer 51, the second protective
layer 52, and the third protective layer 53 are spaced apart
from each other. In this regard, the opposite electrode 60 that
covers all of the first, second, and third protective layers 51,
52, and 53 may be formed as one body.

[0119] FIGS. 7A through 7C are cross-sectional views
sequentially showing a method of manufacturing the organic
light-emitting display apparatus of FIG. 6. FIGS. 7A through
7C illustrate procedures for depositing the first, second, and
third intermediate layers 41, 42, and 43, and the first, second,
and third protective layers 51, 52, and 53.

[0120] According to an exemplary embodiment, a process
of forming the pixel electrode 20 on the substrate 10
includes forming the first pixel electrode 21, the second
pixel electrode 22, and the third pixel electrode 23 that are
spaced apart from each other on the substrate 10, and a
process of depositing the intermediate layer 40 and the
protective layer 50 includes depositing the first intermediate
layer 41 emitting light with a first color, depositing the first
protective layer 51 covering the first intermediate layer 41,
depositing the second intermediate layer 42 emitting light
with a second color, depositing the second protective layer
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52 covering the second intermediate layer 42, depositing the
third intermediate layer 43 emitting light with a third color,
and depositing the third protective layer 53 covering the
third intermediate layer 43, wherein the first, second, and
third intermediate layers 41, 42, and 43 are spaced apart
from each other, and the first, second, and third protective
layers 51, 52, and 53 are spaced apart from each other.
[0121] FIG. 7A s a cross-sectional view illustrating a first
process step of forming the first intermediate layer 41 and
the first protective layer 51.

[0122] The pixel electrode 20 is formed on the substrate
10. The pixel electrode 20 may include the first, second, and
third pixel electrodes 21, 22, and 23 that are spaced apart
from each other. Although not illustrated in FIG. 7A, the
first, second, and third pixel electrodes 21, 22, and 23 may
be electrically connected to first., second, and third thin-film
transistors (not shown), respectively, that are arranged
between the substrate 10 and the first, second, and third pixel
electrodes 21, 22, and 23. Then, the pixel-defining layer 30
that exposes at least a portion of each of the first, second, and
third pixel electrodes 21, 22, and 23 is formed on the
substrate 10 on which the first, second, and third pixel
electrodes 21, 22, and 23 are formed.

[0123] After the pixel-defining layer 30 is formed, a first
lift off layer LOL1 is formed over the substrate 10. The first
lift off layer LOL1 has low chemical reactivity with the first
intermediate layer 41 to be formed after a first lift off process
to be described below. For example, the first lift off layer
LOL1 may include the fluoropolymer.

[0124] The first lift off layer LOL1 may be formed by
using a coating method, a printing method, a deposition
method, or the like. When the first lift off layer LOL1 is
formed by using the coating method and the printing
method, a process of performing a curing treatment and/or
a polymerizing treatment and then forming a first photoresist
layer PR1 may be performed, if required.

[0125] A thickness of the first lift off layer LOL1 may be
between about 0.2 um and about 5 pm. If the thickness of the
first lift off layer LOL1 is too large, a time taken in melting
the first lift off layer LOL1 so as to perform a patterning
operation is increased, and thus, a manufacturing time may
be increased. If the thickness of the first lift off layer LOL1
is too small, it is difficult to perform a lift off process.
[0126] Afterward, the first photoresist layer PR1 is formed
on the first lift off layer LOLI.

[0127] After a photoresist is coated entirely over the first
lift off layer LOL1, a photoresist of a portion of the first lift
off layer LOL1 overlapping the first pixel electrode 21 is
exposed by using a first photo-mask (not shown) and is
developed. In this regard, the photoresist may be a positive-
type photoresist or a negative-type photoresist. Through this
process, the portion of the photoresist overlapping the first
pixel electrode 21 is removed.

[0128] Afterward, the first lift off layer LOL1 is etched by
using the patterned first photoresist layer PR1 as an etching
mask. When the first lift off layer LOL1 includes the
fluoropolymer, a solvent capable of etching the fluoropoly-
mer is used as an etching solution. For example, a 1-1
solvent (not shown) including fluorine may be used as the
etching solution. The 1-1 solvent may include a hydrofluo-
roether. Through the etching process, the first lift off layer
LOL1 formed on the first pixel electrode 21 is etched.
[0129] Through the etching process, a material of the first
lift off layer LOLI1, which is under the portion of the
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photoresist that has been developed and thus removed, is
removed so that portions of the first pixel electrode 21 and
the pixel-defining layer 30 are exposed. When the first lift off
layer LOL1 is etched, the 1-1 solvent including fluorine
forms a first undercut profile UC1 in the first lift off layer
LOLL1.

[0130] The first undercut profile UC1 may enable an exact
deposition pattern with respect to the first intermediate layer
41, and may clearly remove the remaining first lift off layer
LOL1 on the substrate 10 in a first lift off process to be
described below. Since the first lift off layer LOL1 has been
undercut, edges of the first photoresist layer PR1 project
further toward the first pixel electrode 21 than edges of the
first 1ift off layer LOLL.

[0131] Then, the first intermediate layer 41 is formed on
the first pixel electrode 21. Afterward, the first protective
layer 51 is formed on the first intermediate layer 41 so as to
expose a portion of the pixel-defining layer 30.

[0132] The first intermediate layer 41 includes at least one
common layer and a first emission layer. For example, the
first intermediate layer 41 may include a 1-1 common layer
411, a first emission layer 412, and a 1-2 common layer 413.
The 1-1 common layer 411 may be a HIL and/or HTL, and
the 1-2 common layer 413 may be an ETL and/or EIL.
[0133] According to an exemplary embodiment, thick-
nesses of the 1-1 common layer 411, the 1-2 common layer
413, and the first emission layer 412 included in a side area
(not shown) of the first intermediate layer 41 may decrease
in a direction away from a center area (not shown) through-
out the side area.

[0134] The first intermediate layer 41 and the first protec-
tive layer 51 may be formed through a deposition process.
During the deposition process, the first lift off layer LOL1
and the first photoresist layer PR1 may function as a mask.
In this regard, since a direction in which a deposition
material from a deposition source is incident may not be
perpendicular to the substrate 10, the first intermediate layer
41 and the first protective layer 51 may be formed so as to
overlap edges of the first photoresist layer PR1, the edges
projecting further toward the first pixel electrode 21 than
edges of the first 1ift off layer LOL1. Through the deposition
process with respect to the first intermediate layer 41 and the
first protective layer 51, a material layer 41X forming the
first intermediate layer 41 and a material layer 51X forming
the first protective layer 51 are formed on the first photore-
sist layer PR1.

[0135] When the first intermediate layer 41 is formed on
the first pixel electrode 21, an angle (a deposition incident
angle of the first intermediate layer 41) between a direction
in which a deposition material included in the first interme-
diate layer 41 is incident and a direction parallel to the
substrate 10 changes as an intermediate layer deposition
source (not shown) is moved or the substrate 10 is rotated.
In this regard, a first angle 81 is defined as a minimum value
of deposition incident angle of the first intermediate layer
41. Here, the deposition incident angle of the first interme-
diate layer 41 means an angle equal to or less than 90
degrees, the angle from among angles between directions in
which the deposition material is incident and the direction
parallel to the substrate 10. That is, the deposition material
included in the first intermediate layer 41 is incident onto the
substrate 10 by at least the first angle 61.

[0136] As described above, the edges of the first photo-
resist layer PR1 may project further toward the first pixel
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electrode 21 than the edges of the first photoresist layer PR1.
The projecting first photoresist layer PR1 functions as a
mask, and thus, a thickness of the first intermediate layer 41
decreases at a side area of the first intermediate layer 41.

[0137] The forming of the first intermediate layer 41 may
include forming the 1-1 common layer 411, forming the first
emission layer 412, and forming the 1-2 common layer 413.
The 1-1 common layer 411, the first emission layer 412, and
the 1-2 common layer 413 may be formed while a deposition
angle is adjusted to have at least the first angle 01, and
thicknesses of the first common layer 401, the emission layer
402, and the second common layer 403 may decrease at their
side areas. The side area of the first intermediate layer 41
may correspond to an undercut area of the first lift off layer
LOLL

[0138] Referring to FIG. 7A, the first protective layer 51
is formed on the first intermediate layer 41. As for the first
intermediate layer 41, the first protective layer 51 may also
be formed through a deposition process. The first protective
layer 51 may completely cover the first intermediate layer
41, and the material layer 51X forming the first protective
layer 51 may be formed above the first photoresist layer
PR1.

[0139] Since the first protective layer 51 is formed by
using the first lift off layer LOL1 and the first photoresist
layer PR1 as a mask, the first protective layer 51 cannot be
formed in an area of the first lift off layer LOL1. That is, the
first protective layer 51 may be formed only on a portion of
the pixel-defining layer 30. That is, the first protective layer
51 may be formed to expose another portion of the pixel-
defining layer 30.

[0140] When the first protective layer 51 is formed on the
first intermediate layer 41, an angle (a deposition incident
angle of the first protective layer 51) between a direction in
which a deposition material included in the first protective
layer 51 is incident and a direction parallel to the substrate
10 changes as a protective layer deposition source (not
shown) is moved or the substrate 10 is rotated. In this regard,
a second angle 62 is defined as a minimum value of the
deposition incident angle of the first protective layer 51. The
deposition incident angle of the first protective layer 51
means an angle equal to or less than 90 degrees, the angle
from among angles between directions in which the depo-
sition material is incident and the direction parallel to the
substrate 10. That is, the deposition material included in the
first protective layer 51 is incident onto the substrate 10 by
at least the second angle 62.

[0141] In this regard, the second angle 62 may be smaller
than the first angle 61, and for example, the first angle 61
may be greater than the second angle 02 by about 5 degrees.
When the second angle 62 is smaller than the first angle 61
as described above, the first protective layer 51 may be more
deeply deposited toward the first lift off’ layer LOL1 as
compared with the first intermediate layer 41. Therefore, the
thickness of the side area 40F of the first intermediate layer
41 decreases in a direction away from the center area 40C
throughout the side area 40E, but the thickness of the first
protective layer 51 does not decrease in a direction away
from the center area 40C, and even if the thickness of the
first protective layer 51 does decrease, a rate of the decrease
of the thickness of the first protective layer 51 may be lower
than a rate of the decrease of the thickness of first interme-
diate layer 41.
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[0142] According to an exemplary embodiment, the first
protective layer 51 may be formed in such a manner that a
minimum value d,,,, of a distance between the first inter-
mediate layer 41 and the opposite electrode 60 that are
spaced part from each other may be between about 50 A and
about 1000 A.

[0143] Afterward, the first lift off process is performed.
When the first lift off layer LOL1 includes a fluoropolymer,
a 2-1 solvent including fluorine may be used in a lift off
process. Since the lift off process is performed after the first
intermediate layer 41 and the first protective layer 51 are
formed, it is preferable that the 2-1 solvent has low reactivity
with the first intermediate layer 41. The 2-1 solvent may
include a hydrofluoroether as the 1-1 solvent does.

[0144] When the first lift off layer LOL1 is removed, the
first photoresist layer PR1, the material layer 41X forming
the first intermediate layer 41, and the material layer 51X
forming the first protective layer 51 that are formed on the
first lift off layer LOL1 are also removed. Through the
aforementioned photo-patterning process, i.e., the first pro-
cess step, the first intermediate layer 41 and the first pro-
tective layer 51 are formed on portions of the first pixel
electrode 21 and the pixel-defining layer 30.

[0145] After the first process step is performed, a second
process step of forming the second intermediate layer 42 on
the second pixel electrode 22 is performed, the second
intermediate layer 42 emitting light with a color different
from the first intermediate layer 41. Hereinafter, with ref-
erence to FIG. 7B, the second process step is described.
[0146] Referring to FIG. 7B, a second lift off layer LOL2
is formed over the substrate 10 on which the first, second,
and third pixel electrodes 21, 22, and 23 are formed. The
second lift off layer LOL2 has low chemical reactivity with
the second intermediate layer 42 to be formed at a later time.
For example, the second lift off layer LOL2 may include a
fluoropolymer. Unlike the first process step, the second lift
off layer LOL2 may include not only a fluoropolymer but
may also include an absorbent. The absorbent captures
oxygen and moisture that pass through the second lift off
layer LOL2 to thereby prevent deterioration of the first
intermediate layer 41 formed in the first process step.
[0147] The absorbent may include a compound such as
calcium oxide, barium oxide, aluminum oxide, magnesium
oxide, etc., in which a metal is combined with oxygen and
which may form a metal hydroxide by reacting with water.
In addition, the absorbent may include at least one material
from among a metal halogen compound, a metallic inorganic
acid salt, an organic acid salt, a porous inorganic compound,
or a combination thereof. The absorbent may include an
acryl-based organic material, a methacryl-based organic
material, a polyisoprene-based organic material, a vinyl-
based organic material, an epoxy-based organic material, a
urethane-based organic material, a cellulose-based organic
material, or the like. The absorbent may include a titanium-
based inorganic material, a silicon oxide-based inorganic
material, a zirconium-based inorganic material, an alumina-
based inorganic material, or the like. The absorbent may
include a sealant made of epoxy silane, vinylsilane, amin-
osilane, or methacrylate silane.

[0148] The second lift off layer LOL2 may be formed by
using a coating method, a printing method, a deposition
method, or the like. When the second lift off layer LOL2 is
formed by using the coating method and the printing
method, a process of performing a curing treatment and/or
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a polymerizing treatment and then forming a second pho-
toresist layer PR2 may be performed, if required.

[0149] A thickness of the second lift off layer LOL2 may
be between about 0.2 um and about 5 um. If the thickness of
the second lift off layer LOL2 is too large, a time taken to
melt the second lift off layer LOL2 when performing a
patterning operation increases, and thus, a manufacturing
time may increase. If the thickness of the second lift off layer
LOL2 is too small, it is difficult to perform a lift off process.

[0150] Afterward, the second photoresist layer PR2 is
formed on the second lift off layer LOL2. After a photoresist
is coated entirely over the second lift off layer LOL2, a
portion of the photoresist overlapping the second pixel
electrode 22 is exposed by using a second photo-mask (not
shown) and is developed. In this regard, the photoresist may
be a positive-type photoresist or a negative-type photoresist.
Through this process, the portion of the photoresist over-
lapping the second pixel electrode 22 is removed.

[0151] Afterward, the second lift off layer LOL2 is etched
by using the patterned second photoresist layer PR2 as an
etching mask. When the second lift off layer LOL2 includes
the fluoropolymer, a solvent capable of etching the fluo-
ropolymer is used as an etching solution. The etching
solution may include a 1-2 solvent (not shown) including
fluorine. The 1-2 solvent may include a hydrofluoroether, as
in the first process step. However, the 1-2 solvent may
include a material different from that of the first unit process.

[0152] Through the etching process, the second lift off
layer LOL2 formed on the second pixel electrode 22 is
etched. Thus, a material of the second lift off layer LOL2
under the area from which the portion of the photoresist was
removed by developing is removed, so that portions of the
second pixel electrode 22 and the pixel-defining layer 30 are
exposed. When the second lift off layer LOL2 is etched, the
1-2 solvent including fluorine forms a second undercut
profile UC2 in the second lift off layer LOL2.

[0153] The second undercut profile UC2 may enable an
exact deposition pattern with respect to the second interme-
diate layer 42 in a deposition process to be described below,
and may allow the remaining second lift off layer LOL2 on
the substrate 10 to be clearly removed in a second lift off
process to be described below. Since the second lift off layer
LOL2 has been undercut, edges of the second photoresist
layer PR2 project further toward the second pixel electrode
22 than edges of the second lift off layer LOL2.

[0154] Then, the second intermediate layer 42 is formed
on the second pixel electrode 22. Afierward, the second
protective layer 52 is formed on the second intermediate
layer 42 so as to expose a portion of the pixel-defining layer
30.

[0155] The second intermediate layer 42 includes at least
one common layer and a second emission layer. For
example, the second intermediate layer 42 may include a 2-1
common layer 421, a second emission layer 422, and a 2-2
common layer 423. The 2-1 common layer 421 may be an
HIL and/or HTL, and the 2-2 common layer 423 may be an
ETL and/or EIL.

[0156] According to an exemplary embodiment, thick-
nesses of the 2-1 common layer 421, the 2-2 common layer
423, and the second emission layer 422 included in a side
area (not shown) of the second intermediate layer 42 may
each decrease in a direction away from a center area (not
shown).
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[0157] The second intermediate layer 42 and the second
protective layer 52 may be formed through a deposition
process. During the deposition process, the second lift off
layer LOL2 and the second photoresist layer PR2 may
function as a mask. In this regard, since a direction in which
a deposition material from a deposition source is incident
may not be perpendicular to the substrate 10, the second
intermediate layer 42 and the second protective layer 52 may
be formed so as to overlap edges of the second photoresist
layer PR2, the edges projecting further toward the second
pixel electrode 22 than edges of the second lift off layer
LOL2. Through the deposition process with respect to the
second intermediate layer 42 and the second protective layer
52, a material layer 42X forming the second intermediate
layer 42 and a material layer 52X forming the second
protective layer 52 are formed on the second photoresist
layer PR2.

[0158] The second intermediate layer 42 and the second
protective layer 52 are deposited in a manner similar to the
process of depositing the first intermediate layer 41 and the
first protective layer 51 during the first process step. That is,
the second protective layer 52 is incident on the substrate 10
by a deposition angle smaller than a deposition angle of the
second intermediate layer 42. Therefore, a thickness of the
second intermediate layer 42 decreases in a direction away
from a center area (not shown) throughout a side area (not
shown), whereas a thickness of the second protective layer
52 does not decrease in a direction away from the center
area, or even if the thickness of the second protective layer
52 does decrease, a rate of the decrease of the thickness of
the second protective layer 52 may be lower than a rate of
the decrease of the thickness of the second intermediate
layer 42.

[0159] According to an exemplary embodiment, the sec-
ond protective layer 52 may be formed in such a manner that
a minimum value d,,,, of a distance between the second
intermediate layer 42 and the opposite electrode 60 that are
spaced part from each other may be between about 50 A and
about 1000 A.

[0160] Afterward, the second lift off process is performed.
When the second lift off layer LOL2 includes a fluoropo-
lymer, a 2-2 solvent including fluorine may be used in a lift
off process. Since the lift off process is performed after the
second intermediate layer 42 and the second protective layer
52 are formed, it is preferable that the 2-2 solvent has low
reactivity with the second intermediate layer 42. The 2-2
solvent may include a hydrofluoroether as the 1-2 solvent
does.

[0161] When the second lift off layer LOL2 is removed,
the second photoresist layer PR2, the material layer 42X
forming the second intermediate layer 42, and the material
layer 52X forming the second protective layer 52 that are
formed on the second photoresist layer PR2 are also
removed. Through the aforementioned photo-patterning pro-
cess, 1.¢., the second process step, the second intermediate
layer 42 and the second protective layer 52 are formed on
portions of the second pixel electrode 22 and the pixel-
defining layer 30.

[0162] After the second process step 1s performed, a third
process step of forming the third intermediate layer 43 and
the third protective layer 53 on the third pixel electrode 23
is performed. Hereinafter, with reference to FIG. 7C, the
third process step is described.
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[0163] Referring to FIG. 7C, a third lift off layer LOL3 is
formed over the substrate 10 on which the first, second, and
third pixel electrodes 21, 22, and 23 are formed. The third
lift off layer LOL3 has low chemical reactivity with the third
intermediate layer 43 to be formed after a third lift off
process to be described below. For example, the third lift off
layer LOL3 may include a fluoropolymer. Similar to the
second process step, the third lift off layer LOL3 may
include not only a fluoropolymer but may also include an
absorbent. The absorbent captures oxygen and moisture that
pass through the third lift off layer LOL3, thereby preventing
deterioration of the first intermediate layer 41 formed in the
first process step and the second intermediate layer 42
formed in the second process step. Types of the absorbent
are described above.

[0164] The third lift off layer LOL3 may be formed by
using a coating method, a printing method, a deposition
method, or the like. When the third lift off layer LOL3 is
formed by using the coating method and the printing
method, a process of performing a curing treatment and/or
a polymerizing treatment and then forming a third photore-
sist layer PR3 may be performed, if required.

[0165] A thickness of the third lift off layer LOL3 may be
between about 0.2 um and about 5 pm. If the thickness of the
third lift off layer LOL3 is too large, a time taken in melting
the third lift off layer LOL3 so as to perform a patterning
operation is increased, and thus, a manufacturing time may
be increased. If the thickness of the third lift off layer LOL3
is too small, it is difficult to perform a lift off process.

[0166] Afterward, the third photoresist layer PR3 is
formed on the third lift off layer LOL3. After a photoresist
is coated entirely over the third lift off layer LOL3, a portion
of the photoresist overlapping the third pixel electrode 23 is
exposed by using a third photo-mask (not shown) and is
developed. In this regard, the photoresist may be a positive-
type photoresist or a negative-type photoresist. Through this
process, the portion of the photoresist overlapping the third
pixel electrode 23 is removed.

[0167] Afterward, the third lift off layer LOL3 is etched by
using the patterned third photoresist layer PR3 as an etching
mask. When the third lift off layer LOL3 includes the
fluoropolymer, a solvent capable of etching the fluoropoly-
mer is used as an etching solution. The etching solution may
include a 1-3 solvent (not shown) including fluorine. The 1-3
solvent may include a hydrofluoroether, as in the first
process step. However, the 1-3 solvent may include a
material different from that of the first process step.

[0168] Through the etching process, the third lift off layer
LOL3 formed on the third pixel electrode 23 is etched. Thus,
amaterial of the third lift off layer LOL3 under the area from
which the portion of the photoresist was removed by devel-
oping is removed, so that portions of the third pixel electrode
23 and the pixel-defining layer 30 are exposed. When the
third lift off layer LOL3 is etched, the 1-3 solvent including
fluorine forms a third undercut profile UC3 in the third lift
off layer LOL3.

[0169] The third undercut profile UC3 may enable an
exact deposition pattern with respect to the third intermedi-
ate layer 43 in a deposition process to be described below,
and may allow the remaining third lift off layer LOL3 on the
substrate 10 to be clearly removed in a third lift off process
to be described below. Since the third lift off layer LOL3 has
been undercut, edges of the third photoresist layer PR3
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project further toward the third pixel electrode 23 than edges
of the third lift off layer LOL3.

[0170] The third intermediate layer 43 includes at least
one common layer and a third emission layer. For example,
the third intermediate layer 43 may include a 3-1 common
layer 431, a third emission layer 432, and a 3-2 common
layer 433. The 3-1 common layer 431 may be an HIL and/or
HTL, and the 3-2 common layer 433 may be an ETL and/or
EIL.

[0171] According to an exemplary embodiment, thick-
nesses of the 3-1 common layer 431, the 3-2 common layer
433, and the third emission layer 432 included in a side area
(not shown) of the third intermediate layer 43 may each
decrease in a direction away from a center area (not shown)
throughout the side area.

[0172] Then, the third intermediate layer 43 is formed on
the third pixel electrode 23. Afterward, the third protective
layer 53 is formed on the third intermediate layer 43 so as
to expose a portion of the pixel-defining layer 30.

[0173] The third intermediate layer 43 and the third pro-
tective layer 53 may be formed through a deposition process.
During the deposition process, the third lift off layer LOL3
and the third photoresist layer PR3 may function as a mask.
In this regard, since a direction in which a deposition
material from a deposition source is incident may not be
perpendicular to the substrate 10, the third intermediate layer
43 and the third protective layer 53 may be formed so as to
overlap edges of the third photoresist layer PR3, the edges
projecting further toward the third pixel electrode 23 than
edges of the third lift off layer LOL3. Through the deposition
process with respect to the third intermediate layer 43 and
the third protective layer 53, a material layer 43X forming
the third intermediate layer 43 and a material layer 53X
forming the third protective layer 53 are formed on the third
photoresist layer PR3.

[0174] The third intermediate layer 43 and the third pro-
tective layer 53 are deposited in a manner similar to the
process of depositing the first intermediate layer 41 and the
first protective layer 51 during the first process step. That is,
the third protective layer 53 is incident on the substrate 10
by a deposition angle smaller than a deposition angle of the
third intermediate layer 43. Therefore, a thickness of the
third intermediate layer 43 decreases in a direction away
from a center area (not shown), whereas a thickness of the
third protective layer 53 does not decrease in a direction
away from the center area, or even if the thickness of the
third protective layer 53 decreases, a rate of the decrease of
the thickness of the third protective layer 53 may be lower
than a rate of the decrease of the thickness of the third
intermediate layer 43.

[0175] According to an exemplary embodiment, the third
protective layer 53 may be formed in such a manner that a
minimum value d,,,, of a distance between the third inter-
mediate layer 43 and the opposite electrode 60 that are
spaced part from each other may be between about 50 A and
about 1000 A.

[0176] Afterward, the third lift off process is performed.
When the third lift off layer LOL3 includes a fluoropolymer,
a 2-3 solvent including fluorine may be used in a lift off
process. Since the lift off process is performed after the third
intermediate layer 43 is formed, it is preferable that the 2-3
solvent has low reactivity with the third intermediate layer
43. The 2-3 solvent may include a hydrofluoroether as the
1-3 solvent does.
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[0177] When the third lift off layer LOL3 is removed, the
third photoresist layer PR3, the material layer 43X forming
the third intermediate layer 43, and the material layer 53X
forming the third protective layer 53 that are formed on the
third photoresist layer PR3 are also removed. Through the
aforementioned photo-patterning process, i.e., the third pro-
cess step, the third intermediate layer 43 and the third
protective layer 53 are formed on portions of the third pixel
electrode 23 and the pixel-defining layer 30.

[0178] The first intermediate layer 41 emits light with a
first color, the second intermediate layer 42 emits light with
a second color, and the third intermediate layer 43 emits
light with a third color. For example, the first color may be
red, the second color may be green, and the third color may
be blue, but the present disclosure is not limited thereto and
any three colors that make a white color when combined
may do. The first intermediate layer 41, the second inter-
mediate layer 42, or the third intermediate layer 43 may emit
white light.

[0179] Referring back to FIG. 6, after the first, second, and
third protective layers 51, 52, and 53 are deposited, the
opposite electrode 60 is formed thereon. Unlike the first,
second, and third protective layers 51, 52, and 53, the
opposite electrode 60 may be formed as one body.

[0180] According to the manufacturing methods of FIGS.
7A through 7C, the first, second, and third protective layers
51, 52, and 53 are sequentially deposited on the first. second,
and third intermediate layers 41, 42, and 43 during the
respective process steps, thereby preventing the first, sec-
ond, and third intermediate layers 41, 42, and 43 from being
damaged in the respective subsequent lift off processes.
Also, after the first, second, and third process steps, the first,
second, and third protective layers 51, 52, and 53 electrically
contact the opposite electrode 60 that may be commonly
formed in a plurality of pixels, thereby preventing a voltage
drop of the opposite electrode 60.

[0181] The present disclosure may provide the organic
light-emitting display apparatus and the method of manu-
facturing the organic light-emitting display apparatus in
which the occurrence of a defective pixel is decreased
because damage to the intermediate layer 40 including the
emission layer 402 is prevented.

[0182] Although notillustrated in drawings, the aforemen-
tioned organic light-emitting display apparatuses may each
further include an encapsulation member that encapsulates
the emission layer. The encapsulation member may include
a glass substrate, a metal foil, a thin-film encapsulation layer
including both an inorganic layer and an organic layer, or the
like.

[0183] The one or more exemplary embodiments may
provide the organic light-emitting display apparatus and the
method of manufacturing the organic light-emitting display
apparatus in which the occurrence of a defective pixel is
decreased by preventing damage to an intermediate layer
including an emission layer. However, the scope of the
present disclosure is not limited by the aforementioned
features.

[0184] Although certain exemplary embodiments and
implementations have been described herein, other embodi-
ments and modifications will be apparent from this descrip-
tion. Accordingly, the inventive concepts are not limited to
such exemplary embodiments, but rather to the broader
scope of the presented claims and various obvious modifi-
cations and equivalent arrangements.



US 2020/0152719 Al

What is claimed is:

1. An organic light-emitting display apparatus, compris-

ing:

a substrate;

a pixel electrode disposed on the substrate, wherein the
pixel electrode further comprises a center portion and a
periphery portion that surrounds the center portion;

a pixel-defining layer, wherein the pixel-defining layer
covers the periphery portion and exposes at least the
center portion;

an intermediate layer, wherein the intermediate layer
further comprises a center area on the pixel electrode
and a side area extending from the center area and
arranged on the pixel-defining layer, the intermediate
layer further comprising a common layer and an emis-
sion layer;

a protective layer, wherein the protective layer is arranged
on the intermediate layer and contacts with the pixel-
defining layer, the protective layer not contacting with
an adjacent protective layer; and

an opposite electrode, wherein the opposite electrode is
arranged on the protective layer and does not contact
with the intermediate layer, the opposite electrode
contacting with the pixel-defining layer.

2. The organic light-emitting display apparatus of claim 1,
wherein a minimum value of a distance between the inter-
mediate layer and the opposite electrode that are spaced
apart from each other is between about 50 A and about 1000
A

3. The organic light-emitting display apparatus of claim 1,
wherein a thickness of the common layer and the emission
layer within the side area of the intermediate layer decreases
in a direction away from the center area throughout the side
area.

4. The organic light-emitting display apparatus of claim 3,
wherein a difference between a thickness of the emission
layer at the center area and a minimum thickness of the
emission layer is greater than a difference between a thick-
ness of a portion of the protective layer, wherein the portion
covers the center area of the intermediate layer, and a
minimum thickness of another portion of the protective
layer, wherein the other portion covers the side area of the
intermediate layer.

5. The organic light-emitting display apparatus of claim 1,
wherein the pixel electrode is a reflective electrode, and the
opposite electrode is a transflective electrode or a transmis-
sive electrode.

6. The organic light-emitting display apparatus of claim 5,
wherein the protective layer and the opposite electrode
comprise a conductive material.

7. The organic light-emitting display apparatus of claim 6,
wherein the conductive material further comprises Al, Mg,
Li, Ca, Cu, LiF/Ca, LiF/Al, MgAg, CaAg, or a compound
thereof.

8. The organic light-emitting display apparatus of claim 1,
wherein the pixel electrode is a transflective electrode or a
transmissive electrode, and the opposite electrode is a reflec-
tive electrode.

9. The organic light-emitting display apparatus of claim 8,
wherein the protective layer and the opposite electrode
further comprise a conductive material.
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10. The organic light-emitting display apparatus of claim
9, wherein the conductive material further comprises Ag, Al,
Mg, Li, Ca, Cu, LiF/Ca, LiF/Al, MgAg, CaAg, or a com-
pound thereof.

11. The organic light-emitting display apparatus of claim
1, wherein

the pixel electrode further comprises a first pixel elec-
trode, a second pixel electrode, and a third pixel
electrode, wherein the first pixel electrode, the second
pixel electrode, and the third pixel electrode are spaced
apart from each other on the substrate, and

wherein the intermediate layer further comprises:

a first intermediate layer arranged on the first pixel
electrode and configured to emit light with a first
color;

a second intermediate layer arranged on the second
pixel electrode and configured to emit light with a
second color; and

a third intermediate layer arranged on the third pixel
electrode and configured to emit light with a third
color,

wherein the first intermediate layer, the second inter-
mediate layer, and the third intermediate layer are
spaced apart from each other.

12. The organic light-emitting display apparatus of claim
11, wherein the protective layer further comprises:

a first protective layer wherein the first protective layer

covers the first intermediate layer;

a second protective layer wherein the second protective
layer covers the second intermediate layer; and

a third protective layer wherein the third protective layer
covers the third intermediate layer,

wherein the first protective layer, the second protective
layer, and the third protective layer are spaced apart
from each other.

13. An organic light-emitting display apparatus, compris-

ing:

a substrate;

a pixel electrode disposed on the substrate, wherein the
pixel electrode comprises a center portion and a periph-
ery portion that surrounds the center portion;

a pixel-defining layer, wherein the pixel-defining layer
covers the periphery portion and exposes at least the
center portion;

an intermediate layer, wherein the intermediate layer
comprises a center area on the pixel electrode and a side
area extending from the center area and arranged on the
pixel-defining layer, the intermediate layer comprising
a common layer and an emission layer;

a protective layer disposed on the intermediate layer; and

an opposite electrode disposed on the protective layer,

wherein a difference between a thickness of the interme-
diate layer in the center area and a thickness of the

intermediate layer in the side area is greater than a

difference between a thickness of the protective layer

on the center area and a thickness of the protective layer
on the side area.

14. The organic light-emitting display apparatus of claim
13, wherein a difference between a thickness of the emission
layer in the center area and a thickness of the emission layer
in the side area is greater than a difference between a
thickness of the protective layer on the center area and a
thickness of the protective layer on the side area.
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15. The organic light-emitting display apparatus of claim
13, wherein a difference between a thickness of the common
layer in the center area and a thickness of the common layer
in the side area is greater than a difference between a
thickness of the protective layer on the center area and a
thickness of the protective layer on the side area.

16. The organic light-emitting display apparatus of claim
13, wherein a thickness of the intermediate layer in the side
area decreases away from the center area.

17. The organic light-emitting display apparatus of claim
13, wherein a thickness of the emission layer in the side area
decreases away from the center area.

18. The organic light-emitting display apparatus of claim
13, wherein a thickness of the common layer in the side area
decreases away from the center area.

19. The organic light-emitting display apparatus of claim
13, wherein the protective layer directly conducts with the
intermediate layer, the pixel-defining layer, and the opposite
electrode.

20. An organic light-emitting display apparatus, compris-
ing:

a substrate;

a pixel electrode disposed on the substrate, wherein the

pixel electrode comprises a center portion and a periph-
ery portion that surrounds the center portion;
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a pixel-defining layer, wherein the pixel-defining layer
covers the periphery portion and exposes at least the
center portion;

an intermediate layer, wherein the intermediate layer
comprises a center area on the pixel electrode and a side
area extending from the center area and arranged on the
pixel-defining layer, the intermediate layer comprising
a common layer and an emission layer;

a protective layer disposed on the intermediate layer; and

an opposite electrode disposed on the protective layer,

wherein a thickness of the emission layer in the side area
decreases away from the center area, and

wherein a difference between a thickness of the emission
layer in the center area and a minimum thickness of the
emission layer is greater than a difference between a
thickness of the protective layer on the center area and
aminimum thickness of the protective layer on the side
area.

21. The organic light-emitting display apparatus of claim
20, wherein a thickness of the protective layer on the side
area does not decease away from the center area.

22. The organic light-emitting display apparatus of claim
20, wherein the protective layer directly conducts with the
intermediate layer, the pixel-defining layer, and the opposite
electrode.
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