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7) ABSTRACT

A method of manufacturing an organic light-emitting dis-
play apparatus including: forming a lift-off layer including a
fluoropolymer, a barrier layer having a higher fluorine
content than the lift-off layer, and a photoresist on a substrate
including a first electrode; removing a portion corresponding
to the first electrode by patterning the photoresist, and
leaving the remaining portion; exposing the first electrode
by etching the lift-off layer and the barrier layer on the first
electrode; forming an organic functional layer on the first
electrode and on the remaining photoresist; removing the
barrier layer. the photoresist, and the organic functional
layer on the remaining lift-off layer; and forming a second
electrode on the organic functional layer on the first elec-
trode.
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FIG. 1

FORM, ON SUBSTRATE INCLUDING FIRST ELECTRODE,

FIRST LIFT-OFF LAYER INCLUDING FLUOROPOLYMER | 1

FORM, ON FIRST LIFT-OFF LAYER, FIRST BARRIER
LAYER HAVING HIGHER FLUORINE CONTENT L — 32
THAN FIRST LIFT-OFF LAYER

FORM FIRST PHOTORESIST ON FIRST BARRIER LAYER,
REMOVE FIRST PORTION CORRESPONDING TO FIRST | 33
ELECTRODE BY PATTERNING FIRST PHOTORESIST,

AND LEAVE SECOND PORTION QUTSIDE FIRST PORTION

EXPOSE FIRST ELECTRODE BY ETCHING FIRST LIFT-OFF

LAYER AND FIRST BARRIER LAYER OF FIRST PORTION | 54

FORM, ON FIRST ELECTRODE AND ON FIRST
PHOTORESIST OF SECOND PORTION, FIRST ORGANIC ~ |—S5
FUNCTIONAL LAYER INCLUDING FIRST EMISSION LAYER

REMOVE REMAINING PORTIONS OF FIRST LIFT-OFF
LAYER, FIRST BARRIER LAYER, FIRST PHOTORESIST,
AND FIRST ORGANIC FUNCTIONAL LAYER
CORRESPONDING TO SECOND PORTION

— 56
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FIG. 2

FIG. 3
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FIG. 4A
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FIG. 5B
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FIG. 5D
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FIG. 6E
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FIG. 7D
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FIG. 9B
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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the ben-
efit of Korean Patent Application No. 10-2017-0030312,
filed on Mar. 10, 2017, 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 same.

Discussion of the Background

[0003] An organic light-emitting display apparatus is a
self-emissive display apparatus, which includes a hole injec-
tion electrode, an electron injection electrode, and an
organic emission layer between the hole injection electrode
and the electron injection electrode, and in which holes
injected from the hole injection electrode and electrons
injected from the electron injection electrode recombine in
the organic emission layer and are annihilated, thereby
emitting light. The organic light-emitting display apparatus
is considered as a next-generation display apparatus due to
its high-quality characteristics, such as low power consump-
tion, high brightness, and a fast response speed.

[0004] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the inventive concept, 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

[0005] Exemplary embodiments include an organic light-
emitting display apparatus and a method of manufacturing
the same, whereby resolution may increase and a failure rate
may decrease.

[0006] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments.

[0007] According to one or more exemplary embodi-
ments, a method of manufacturing an organic light-emitting
display apparatus includes: forming a first electrode on a
substrate; forming a first lift-off layer including a fluoropo-
lymer on the first electrode; forming a first barrier layer on
the first lift-off layer, the first barrier layer having a higher
fluorine content than the first lift-off layer; forming a first
photoresist on the first barrier layer, the first photoresist
having a first portion overlapping the first electrode and a
second portion outside the first portion; removing the first
portion of the first photoresist by patterning the first photo-
resist, such that the second portion of the first photoresist is
remained on the first barrier layer; exposing the first elec-
trode by etching the first lift-off layer and the first barrier
layer disposed on the first portion of the first photoresist;
forming a first organic functional layer including a first
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emission layer on the first electrode and the second portion
of the first photoresist; removing remaining portions of the
first lift-off layer, the first barrier layer, the first photoresist,
and the first organic functional layer disposed on the second
portion of the first photoresist; and forming a second elec-
trode on the first organic functional layer.

[0008] The first lift-off layer may contain about 20 wt %
to about 60 wt % of fluorine.

[0009] The first barrier layer may contain about 40 wt %
to about 76 wt % of fluorine.

[0010] The first organic functional layer may further
include at least one of a hole injection layer, a hole transport
layer, an electron transport layer, and an electron injection
layer.

[0011] The first organic functional layer may be formed by
a deposition process.

[0012] A patterning process for removing a portion of the
first photoresist may include a photolithography process.
[0013] The first electrode may be exposed by etching the
first lift-off layer and the first barrier layer of the first portion
with a first solvent including fluorine.

[0014] A first undercut profile may be formed in the first
barrier layer under the first photoresist, and a second under-
cut profile may be formed in the first lift-off layer under the
first barrier layer.

[0015] A shape of the first undercut profile and a shape of
the second undercut profile may be different from each other.
[0016] The remaining portions of the first lift-off layer, the
first barrier layer, the first photoresist, and the first organic
functional layer disposed on the second portion may be
removed by using a second solvent including fluorine.
[0017] The method may further include forming a pixel-
defining layer surrounding edges of the first electrode.
[0018] The method may further include forming a first
auxiliary cathode during a process of forming the first
organic functional layer, before the forming of the second
electrode.

[0019] According to one or more exemplary embodi-
ments, a method of manufacturing an organic light-emitting
display apparatus includes forming a plurality of primary
electrodes on a substrate, performing a first unit process and
a second unit process, and forming a secondary electrode
after the first and second unit processes. The first unit
process includes: (al) forming a first lift-off layer including
a fluoropolymer on a first primary electrode of the primary
electrodes; (bl) forming a first barrier layer on the first
lift-off layer, the first barrier layer having a higher fluorine
content than the first lift-off’ layer; (c1) forming a first
photoresist on the first barrier layer and removing a first
portion of the first photoresist overlapping the first primary
electrode by patterning the first photoresist, such that a
second portion of the first photoresist outside the first
portion is remained on the first barrier layer; (d1) exposing
the first primary electrode by etching the first lift-off layer
and the first barrier layer disposed on the first portion of the
first photoresist; (e1) forming a first organic functional layer
including a first emission layer on the first primary electrode
and the second portion of the first photoresist; and (f1)
removing remaining portions of the first lift-off layer, the
first barrier layer, the first photoresist, and the first organic
functional layer disposed on the second portion of the first
photoresist. The second unit process includes: (a2) forming
a second lift-off layer including a fluoropolymer on a second
primary electrode of the primary electrodes; (b2) forming a
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second barrier layer on the second lift-off layer, the second
barrier layer having a higher fluorine content than the second
lift-off layer; (c2) forming a second photoresist on the
second barrier layer and removing a third portion of the
second photoresist overlapping the second primary electrode
by patterning the second photoresist, such that a fourth
portion of the second photoresist outside the third portion is
remained on the second barrier layer; (d2) exposing the
second primary electrode by etching the second lift-off layer
and the second barrier layer disposed on the third portion of
the second photoresist; (e2) forming a second organic func-
tional layer including a second emission layer on the second
primary electrode and the fourth portion of the second
photoresist; and (f2) removing remaining portions of the
second lift-off layer, the second barrier layer, the second
photoresist, and the second organic functional layer dis-
posed on the fourth portion of the second photoresist.
[0020] Light emitted from the first emission layer and light
emitted from the second emission layer may have different
colors from each other.

[0021] The step d1 and step d2 may include wet etching
using a first solvent including fluorine.

[0022] A second solvent including fluorine may be used in
the step f1 and step £2.

[0023] The secondary electrode may be integrally formed
on the first and second organic functional layers as a
common electrode.

[0024] The method may further include forming auxiliary
cathodes during the step el and the step e2 before the
forming of the second electrode.

[0025] The method may further include forming pixel-
defining layers surrounding edges of the first primary elec-
trode and the second primary electrode.

[0026] According to one or more exemplary embodi-
ments, an organic light-emitting display apparatus is manu-
factured by the method described above.

[0027] 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

[0028] The accompanying drawings, which are included
to provide a further understanding of the inventive concept,
and are incorporated in and constitute a part of this speci-
fication, illustrate exemplary embodiments of the inventive
concept, and, together with the description, serve to explain
principles of the inventive concept.

[0029] FIG.11is a flowchart of a manufacturing method of
an organic light-emitting display apparatus according to an
exemplary embodiment.

[0030] FIG. 2 is a schematic cross-sectional view of an
organic light-emitting display apparatus manufactured by a
manufacturing method according to a first exemplary
embodiment.

[0031] FIG. 3 is a schematic cross-sectional view of a
plurality of anodes formed on a substrate by the manufac-
turing method according to the first exemplary embodiment.
[0032] FIG. 4A, FIG. 4B, FIG. 4C, FIG. 4D, and FIG. 4E
are schematic cross-sectional views of a first unit process of
the manufacturing method according to the first exemplary
embodiment.
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[0033] FIG. 5A, FIG. 5B, FIG. 5C, FIG. 5D, and FIG. 5E
are schematic cross-sectional views of a second unit process
of the manufacturing method according to the first exem-
plary embodiment.

[0034] FIG. 6A, FIG. 6B, FIG. 6C, FIG. 6D, and FIG. 6E
are schematic cross-sectional views of a third unit process of
the manufacturing method according to the first exemplary
embodiment.

[0035] FIG. 7A, FIG. 7B, FIG. 7C, FIG. 7D, and F1G. 7E
are schematic cross-sectional views of a first unit process of
a manufacturing method according to a comparative
embodiment.

[0036] FIG. 8A, FIG. 8B, FIG. 8C, FIG. 8D, and FIG. 8E
are schematic cross-sectional views of a second unit process
of the manufacturing method according to the comparative
embodiment.

[0037] FIG. 9A, FIG. 9B, FIG. 9C, FIG. 9D, and FIG. 9E
are schematic cross-sectional views of a third unit process of
the manufacturing method according to the comparative
embodiment.

[0038] FIG. 10 is a cross-sectional view of an example of
first and second undercut profiles.

[0039] FIG. 11 is a schematic cross-sectional view of an
organic light-emitting display apparatus manufactured by a
manufacturing method according to a second exemplary
embodiment.

[0040] FIG. 12 is a schematic cross-sectional view of an
organic light-emitting display apparatus manufactured by a
manufacturing method according to a third exemplary
embodiment.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0041] 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.

[0042] 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.

[0043] When an element or layer is referred to as being
“on,” “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 connected to,” or
“directly coupled to” another element or layer, 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 Z”” 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 7ZZ. 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.

[0044] Although the terms first, second, etc. may be used
herein to describe various elements, components, regions,
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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.

[0045] 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.

[0046] 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.

[0047] 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. 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.

[0048] 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. The numbering of the exem-
plary embodiments as first, second, and third, etc. is merely
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for convenience and not a limitation on the number or type
of embodiments that may be constructed according to the
principles of the invention.

[0049] FIG. 1 is a schematic flowchart of a manufacturing
method of an organic light-emitting display apparatus,
according to an exemplary embodiment.

[0050] Referring to FIG. 1, a method of manufacturing an
organic light-emitting display apparatus, according to the
present exemplary embodiment, includes: an operation (S1)
of forming, on a substrate including a first electrode, a first
lift-off layer including a fluoropolymer; an operation (S2) of
forming, on the first lift-off layer, a first barrier layer having
a higher fluorine content than the first lift-off layer; an
operation (S3) of forming a first photoresist on the first
barrier layer, removing a first portion corresponding to the
first electrode by patterning the first photoresist, and leaving
a second portion outside the first portion; an operation (S4)
of exposing the first electrode by etching the first lift-off
layer and the first barrier layer of the first portion; an
operation (S5) of forming, on the first electrode and on the
first photoresist of the second portion, a first organic func-
tional layer including a first emission layer; an operation
(S6) of removing remaining portions of the first lift-off layer,
the first barrier layer, the first photoresist, and the first
organic functional layer corresponding to the second por-
tion; and an operation (S7) of forming a second electrode on
the first organic functional layer.

[0051] A method of manufacturing an organic light-emit-
ting display apparatus, according to a first exemplary
embodiment, and an organic light-emitting display appara-
tus 1 manufactured by the manufacturing method will be
described in detail with reference to FIGS. 2 to 6E.

[0052] FIG. 2 is a schematic cross-sectional view of the
organic light-emitting display apparatus 1 manufactured by
the manufacturing method according to the first exemplary
embodiment. FIG. 3 is a schematic cross-sectional view of
a plurality of anodes, for example, first, second, and third
anodes 101, 102, and 103, formed on a substrate 100 by the
manufacturing method according to the first exemplary
embodiment. FIGS. 4A to 4E are schematic cross-sectional
views of a first unit process of the manufacturing method
according to the first exemplary embodiment. FIGS. 5A to
5E are schematic cross-sectional views of a second unit
process of the manufacturing method according to the first
exemplary embodiment. FIGS. 6A to 6E are schematic
cross-sectional views of a third unit process of the manu-
facturing method according to the first exemplary embodi-
ment.

[0053] Referring to FIG. 2, the organic light-emitting
display apparatus 1 manufactured by the manufacturing
method according to the first exemplary embodiment
includes a plurality of anodes including first, second, and
third anodes 101, 102, and 103 on the substrate 100. First,
second, and third organic functional layers 141, 142, and
143, each including an emission layer, are disposed on the
first to third anodes 101 to 103, respectively. First, second,
and third auxiliary cathodes 181, 182, and 183 are disposed
on the first to third organic functional layers 141 to 143,
respectively.

[0054] More particularly, a plurality of anodes including
the first anode 101, the second anode 102, and the third
anode 103 are formed on the substrate 100, as shown in FIG.
3. The substrate 100 may include various materials. For
example, the substrate 100 may include glass or plastic. The
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plastic may include a material having excellent heat resis-
tance properties and durability, such as polyimide, polyeth-
ylene naphthalate, polyethylene terephthalate, polyarylate,
polycarbonate, polyetherimide, or polyethersulfone.

[0055] Although not illustrated in FIG. 3, a buffer layer
(not shown) that provides a flat surface may be formed on
the substrate 100, which may prevent impurities from infil-
trating into the substrate 100. The buffer layer (not shown)
may be a single layer or a plurality of layers including
silicon nitride and/or silicon oxide.

[0056] The first to third anodes 101, 102, and 103 are hole
injection electrodes and may include a material having a
high work function. The first to third anodes 101 to 103 may
each include at least one selected of indium tin oxide,
indium zinc oxide, zinc oxide, indium oxide, indium gallium
oxide, and aluminum zinc oxide. Also, each of the first to
third anodes 101 to 103 may be a single layer or a plurality
of layers including metal, such as silver (Ag), aluminum,
magnesium, lithium, calcium, etc., and/or an alloy thereof

[0057] Although not illustrated in FIG. 3, the first to third
anodes 101 to 103 may be electrically connected to first to
third thin film transistors (not shown), respectively. The first
to third thin film transistors (not shown) may be disposed
between the substrate 100 and the first to third anodes 101
to 103.

[0058] Referring to FIG. 4A, a first lift-off layer 121
including a fluoropolymer, a first barrier layer 151, and a
first photoresist 131 are sequentially formed on the substrate
100 formed with the first to third anodes 101 to 103.

[0059] The fluoropolymer in the first lift-off layer 121 may
include a polymer containing about 20 wt % to about 60 wt
% of fluorine. For example, the fluoropolymer in the first
lift-off layer 121 may include at least one of polytetraftuo-
roethylene, polychlorotrifluoroethylene, polydichlorodifluo-
roethylene, a copolymer of chlorotrifluoroethylene and
dichlorodifluoroethylene, a copolymer of tetrafluoroethyl-
ene and perfluoroalkylvinylether, a copolymer of chlorotri-
fluoroethylene and perfluoroalkylvinylether, a copolymer of
tetrafluoroethylene and perfluoroalkylvinylether, and a
copolymer of chlorotrifluoroethylene and perfluoroalkylvi-
nylether.

[0060] The first lift-off layer 121 may be formed on the
substrate 100 by using an application method, a printing
method, a deposition method, or the like. When the first
lift-off layer 121 is formed by an application method or a
printing method, the first barrier layer 151 and the first
photoresist 131 may be formed after performing a hardening
process and a polymerization process, if necessary.

[0061] A thickness of the first lift-off layer 121 may be
about 0.2 pm to about 5 pm. When the first lift-off layer 121
is too thick, melting the first lift-off layer 121 for patterning
may take longer, which may increase manufacturing process
time. When the first lift-off layer 121 is too thin, it is difficult
to lift off the first lift-off layer 121.

[0062] The first barrier layer 151 is formed on the first
lift-off layer 121. Propylene glycol methyl ether acetate
(PGMEA) may be used as a solvent of the first photoresist
131, which may diffuse into the first lift-off layer 121 and
accelerate degradation of a first organic functional layer 141,
which will be described in more detail later. In the present
exemplary embodiment, the first barrier layer 151 has a
higher fluorine content than the first lift-off layer 121, such
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that impurities of the first photoresist 131, which will be
described later, may be prevented from diffusing into the
first lift-off layer 121.

[0063] The first barrier layer 151 may contain about 40 wt
% to about 76 wt % of fluorine.

[0064] The first photoresist 131 is formed on the first
barrier layer 151. A portion of the first photoresist 131,
which is disposed at a location corresponding to the first
anode 101, is exposed to light via a region M1l of a first
photomask M1 that transmits light L. Then, the exposed first
photoresist 131 is developed.

[0065] Referring to FIG. 4B, the first photoresist 131 has
a patterned shape. A first portion 131-1 of the first photo-
resist 131, which is disposed at a location corresponding to
the first anode 101, is removed by exposure and develop-
ment, and a second portion 131-2, which is the rest of the
first photoresist 131, remains on the first barrier layer 151.

[0066] Referring to FIG. 4C, the first barrier layer 151 and
the first lift-off layer 121 are etched by using a pattern of the
first photoresist 131 of FIG. 4B as an etching mask. Because
each of the first barrier layer 151 and the first lift-off layer
121 includes a fluoropolymer, a solvent capable of etching
the fluoropolymer may be used as an etchant.

[0067] A first solvent including fluorine may be used as
the etchant. The first solvent may include hydrofluoroether.
The hydrofluoroether has low reactivity with another mate-
rial, and is thus electrochemically stable. Also, the hydro-
fluoroether has a low global warming potential and low
toxicity, and is thus environmentally stable.

[0068] By the etching process, portions of the first barrier
layer 151 and the first lift-off layer 121 that are disposed in
a location corresponding to the first portion 131-1 (or
overlapping the first anode 101) are etched.

[0069] When the first barrier layer 151 and the first lift-off
layer 121 are etched, the first solvent including fluorine
forms a 1-1 undercut profile UC1-1 in the first barrier layer
151, which is under a boundary surface of the first portion
131-1 of the first photoresist 131, and forms a 1-2 undercut
profile UC1-2 in the first lift-off layer 121, which is under a
boundary surface of the first barrier layer 151.

[0070] Shapes of the 1-1 undercut profile UC1-1 and the
1-2 undercut profile UC1-2 shown in FIG. 4C are not limited
thereto, and may be varied according to a difference in the
dissolution rates of the first barrier layer 151 and the first
lift-off layer 121 by the first solvent.

[0071] In FIG. 4C, the 1-2 undercut profile UC1-2 is
formed wider than the 1-1 undercut profile UC1-1 with
respect to an etched surface of the first photoresist 131,
because the dissolution rate of the first lift-off layer 121 is
higher than the dissolution rate of the first barrier layer 151.
However, as illustrated in FIG. 10, which will be described
later, the 1-1 undercut profile UC1-1 may be formed wider
than the 1-2 undercut profile UC1-2 with respect to an
etched surface of the first photoresist 131, because the
dissolution rate of the first barrier layer 151 is higher than
the dissolution rate of the first lift-off layer 121.

[0072] The first undercut profiles UC1-1 and UC1-2 may
allow a sophisticated deposition pattern on the first organic
functional layer 141 that is to be formed during a deposition
process, and allow thorough removal of the first lift-off layer
121 that remains on the substrate 100 during a first lift-off
process.
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[0073] Referring to FIG. 4D, the first organic functional
layer 141 including a first emission layer (not shown) and
the first auxiliary cathode 181 are sequentially formed on the
structure of FIG. 4C.

[0074] The first organic functional layer 141 may further
include at least one functional layer from among a hole
injection layer, a hole transport layer, an electron transport
layer, and an electron injection layer.

[0075] The first organic functional layer 141 may be
formed by vacuum deposition. In the deposition process, the
first barrier layer 151, the first lift-off layer 121, and the first
photoresist 131 serve as a deposition mask. One portion of
the first organic functional layer 141 is formed in a location
corresponding to the first portion 131-1 (or overlapping the
first anode 101), and the other portion of the first organic
functional layer 141 is formed on the second portion 131-2
of the first photoresist 131.

[0076] Similarly, the first auxiliary cathode 181 may be
formed by vacuum deposition. In the deposition process, the
first barrier layer 151, the first lift-off layer 121, and the first
photoresist 131 serve as a deposition mask. One portion of
the first auxiliary cathode 181 is formed to cover an upper
surface of the first organic functional layer 141. In addition,
the other portion of the first auxiliary cathode 181 is formed
on the first organic functional layer 141 over the second
portion 131-2, which is the rest of the first photoresist 131
excluding the first portion 131-1.

[0077] The first auxiliary cathode 181 may include the
same material as a cathode 180 serving as a common
electrode, which will be described later. In some exemplary
embodiments, the first auxiliary cathode 181 may include a
material different from that of the cathode 180. The first
auxiliary cathode 181 may serve as a barrier that protects the
first organic functional layer 141 from a solvent used in a
lift-off process, which will be described later.

[0078] Referring to FIG. 4E, a lift-off process is performed
on the structure of FIG. 4D.

[0079] Because each of the first barrier layer 151 and the
first 1ift-off layer 121 includes a fluoropolymer, a second
solvent including fluorine is used in the lift-off process. The
lift-off process is performed after the first organic functional
layer 141 is formed, and accordingly, a material having low
reactivity with the first organic functional layer 141 may be
used as the second solvent. As the first solvent includes
hydrofluoroether, the second solvent may include, for
example, hydrofluoroether.

[0080] By lifting off the first lift-off layer 121 formed
under the second portion 131-2 (refer to FIG. 4D) of the first
photoresist 131, portions of the first organic functional layer
141 and the first auxiliary cathode 181 formed on the second
portion 131-2 (refer to FIG. 4D) of the first photoresist 131
are removed, and portions of the first organic functional
layer 141 and the first auxiliary cathode 181 formed on the
first anode 101 remain as a pattern.

[0081] After the first unit process is performed, the second
unit process for forming the second organic functional layer
142 (refer to FIG. 5D) emitting light of a different color from
that in the first organic functional layer 141 is performed in
a region where the second anode 102 is disposed. Herein-
after, the second unit process will be described with refer-
ence to FIGS. 5A to SE.
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[0082] Referring to FIG. 5A, a second lift-off layer 122
including a fluoropolymer, a second barrier layer 152, and a
second photoresist 132 are sequentially formed on the
structure of FIG. 4E.

[0083] The fluoropolymer in the second lift-off layer 122
may include a polymer containing about 20 wt % to about
60 wt % of fluorine. The second lift-off layer 122 may
include the same or different material from that of the first
lift-off layer 121. The second lift-off layer 122 may be
formed by using an application method, a printing method,
a deposition method, or the like.

[0084] The second barrier layer 152 has a higher fluorine
content than the second lift-off layer 122, such that impu-
rities of the second photoresist 132, which will be described
later, may be prevented from diffusing into the second
lift-off layer 122. PGMEA, which may be used as a solvent
of the second photoresist 132, may diffuse into the second
lift-off layer 122 and accelerate degradation of the second
organic functional layer 142.

[0085] The second barrier layer 152 may contain about 40
wt % to about 76 wt % of fluorine.

[0086] The second photoresist 132 is formed on the sec-
ond barrier layer 152. A portion of the second photoresist
132 that is disposed at a location corresponding to the
second anode 102 is exposed to light via a region M2l of a
second photomask M2 that transmits light L. Then, the
exposed second photoresist 132 is developed.

[0087] Referring to FIG. 5B, the second photoresist 132
has a patterned shape. A first portion 132-1 of the second
photoresist 132, which is disposed at a location correspond-
ing to the second anode 102, is removed by exposure and
development, and a second portion 132-2, which is the rest
of the second photoresist 132, remains on the second barrier
layer 152.

[0088] Referring to FIG. 5C, the second barrier layer 152
and the second lift-off layer 122 are etched by using a pattern
of the second photoresist 132 of FIG. 5B as an etching mask.
Because each of the second barrier layer 152 and the second
lift-off layer 122 includes a fluoropolymer, a solvent capable
of etching the fluoropolymer may be used as an etchant.
[0089] A first solvent including fluorine may be used as
the etchant. The first solvent may include, for example,
hydrofluoroether. The hydrofluoroether has low reactivity
with another material, and is thus electrochemically stable.
Also, the hydrofluoroether has a low global warming poten-
tial and low toxicity, and is thus environmentally stable.
[0090] By the etching process, portions of the second
barrier layer 152 and the second lift-off layer 122, which are
formed in a location corresponding to the first portion 132-1
(or overlapping the second anode 102) are etched.

[0091] When the second barrier layer 152 and the second
lift-off layer 122 are etched, the first solvent including
fluorine forms a 2-1 undercut profile UC2-1 in the second
barrier layer 152, which is under a boundary surface of the
first portion 132-1 of the second photoresist 132, and forms
a 2-2 undercut profile UC2-2 in the second lift-off layer 122,
which is under a boundary surface of the second barrier layer
152.

[0092] Referring to FIG. 5D, the second organic func-
tional layer 142 including a second emission layer (not
shown) and the second auxiliary cathode 182 are sequen-
tially formed on the structure of FIG. 5C.

[0093] The second organic functional layer 142 may fur-
ther include at least one functional layer among a hole
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injection layer, a hole transport layer, an electron transport
layer, and an electron injection layer.

[0094] The second organic functional layer 142 may be
formed by vacuum deposition. In the deposition process, the
second barrier layer 152, the second lift-off layer 122, and
the second photoresist 132 serve as a deposition mask. One
portion of the second organic functional layer 142 is formed
in a location corresponding to the first portion 132-1 (or
overlapping the second anode 102), and the other portion of
the second organic functional layer 142 is formed on the
second portion 132-2 of the second photoresist 132.
[0095] Similarly, the second auxiliary cathode 182 may be
formed by vacuum deposition. In the deposition process, the
second barrier layer 152, the second lift-off layer 122, and
the second photoresist 132 serve as a deposition mask. One
portion of the second auxiliary cathode 182 is formed to
cover an upper surface of the second organic functional layer
142. In addition, the other portion of the second auxiliary
cathode 182 is formed on the second organic functional layer
142 over the second portion 132-2, which is the rest of the
second photoresist 132 minus the first portion 132-1.
[0096] Referring to FIG. 5E, a lift-off process is performed
on the structure of FIG. 5D.

[0097] Because each of the second barrier layer 152 and
the second lift-off layer 122 includes a fluoropolymer, a
second solvent including fluorine may be used in the lift-off
process. The lift-off process is performed after the second
organic functional layer 142 is formed, and accordingly, a
material having low reactivity with the second organic
functional layer 142 may be used as the second solvent. As
the first solvent includes hydrofluoroether, the second sol-
vent may include, for example, hydrofluoroether.

[0098] By lifting off the second lift-off layer 122 formed
under the second portion 132-2 (refer to FIG. 5D) of the
second photoresist 132, portions of the second organic
functional layer 142 and the second auxiliary cathode 182
that are formed on the second portion 132-2 (refer to FIG.
5D) of the second photoresist 132 are removed, and portions
of the second organic functional layer 142 and the second
auxiliary cathode 182 that are formed on the second anode
102 remain on the second anode 102 as a pattern.

[0099] After the second unit process is performed, the
third unit process for forming the third organic functional
layer 143 emitting light of a color different from that emitted
in the first organic functional layer 141 and the second
organic functional layer 142 is performed in a region where
the third anode 103 is located. Hereinafter, the third unit
process will be described with reference to FIGS. 6A to 6E.
[0100] Referring to FIG. 6A, a third lift-off layer 123
including a fluoropolymer, a third barrier layer 153, and a
third photoresist 133 are sequentially formed on the struc-
ture of FIG. 5E.

[0101] The fluoropolymer in the third lift-off layer 123
may include a polymer containing about 20 wt % to about
60 wt % of fluorine. The third lift-off layer 123 may include
the same or different material from that of the second lift-off
layer 122. The third lift-off layer 123 may be formed by
using an application method, a printing method, a deposition
method, or the like.

[0102] The third barrier layer 153 has a higher fluorine
content than the third lift-off layer 123, such that impurities
of the third photoresist 133, which will be described later,
may be prevented from diffusing into the third lift-off layer
123.

Sep. 13,2018

[0103] The third barrier layer 153 may contain about 40 wt
% to about 76 wt % of fluorine.

[0104] The third photoresist 133 is formed on the third
barrier layer 153. A portion of the third photoresist 133
disposed at a location corresponding to the third anode 103
is exposed to light via a region M31 of a third photomask M3
that transmits light L. Then, the exposed third photoresist
133 is developed.

[0105] Referring to FIG. 6B, the third photoresist 133 has
a patterned shape. A first portion 133-1 of the third photo-
resist 133, which is disposed at a location corresponding to
the third anode 103, is removed by exposure and develop-
ment, and a second portion 133-2, which is the rest of the
third photoresist 133, remains on the third barrier layer 153.
[0106] Referring to FIG. 6C, the third barrier layer 153
and the third lift-off layer 123 are etched by using a pattern
of the third photoresist 133 of FIG. 6B as an etching mask.
Because each of the third barrier layer 153 and the third
lift-off layer 123 includes a fluoropolymer, a solvent capable
of etching the fluoropolymer may be used as an etchant.
[0107] A first solvent including fluorine may be used as
the etchant. The first solvent may include, for example,
hydrofluoroether. The hydrofluoroether has low reactivity
with another material, and is thus electrochemically stable.
Also, the hydrofluoroether has a low global warming poten-
tial and low toxicity, and is thus environmentally stable.
[0108] By the etching process, portions of the third barrier
layer 153 and the third lift-off layer 123, which are formed
in a location corresponding to the first portion 133-1 (or
overlapping the third anode 103) are etched.

[0109] When the third barrier layer 153 and the third
lift-off layer 123 are etched, the first solvent including
fluorine forms a 3-1 undercut profile UC3-1 in the third
barrier layer 153, which is under a boundary surface of the
first portion 133-1 of the third photoresist 133, and forms a
3-2 undercut profile UC3-2 in the third lift-off layer 123,
which is under a boundary surface of the third barrier layer
153,

[0110] Referring to FIG. 6D, the third organic functional
layer 143 including a third emission layer (not shown) and
the third auxiliary cathode 183 are sequentially formed on
the structure of FIG. 6C.

[0111] The third organic functional layer 143 may further
include at least one functional layer among a hole injection
layer, a hole transport layer, an electron transport layer, and
an electron injection layer.

[0112] The third organic functional layer 143 may be
formed by vacuum deposition. In the deposition process, the
third barrier layer 153, the third lift-off layer 123, and the
third photoresist 133 serve as a deposition mask. One
portion of the third organic functional layer 143 is formed in
a location corresponding to the first portion 133-1 (or
overlapping the third anode 103), and the other portion of
the third organic functional layer 143 is formed on the
second portion 133-2 of the third photoresist 133.

[0113] Similarly, the third auxiliary cathode 183 may be
formed by vacuum deposition. In the deposition process, the
third barrier layer 153, the third lift-off layer 123, and the
third photoresist 133 serve as a deposition mask. One
portion of the third auxiliary cathode 183 is formed to cover
an upper surface of the third organic functional layer 143. In
addition, the other portion of the third auxiliary cathode 183
is formed on the third organic functional layer 143 over the
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second portion 133-2, which is the rest of the third photo-
resist 133 minus the first portion 133-1.

[0114] Referring to FIG. 6E, a lift-off process is performed
on the structure of FIG. 6D. Because each of'the third barrier
layer 153 and the third lift-off layer 123 includes a fluo-
ropolymer, a second solvent including fluorine may be used
in the lift-off process. The lift-off process is performed after
the third organic functional layer 143 is formed, and accord-
ingly, a material having low reactivity with the third organic
functional layer 143 may be used as the second solvent. As
the first solvent includes hydrofluoroether, the second sol-
vent may include, for example, hydrofluoroether.

[0115] By lifting off the third lift-off layer 123 formed
under the second portion 133-2 (refer to FIG. 6D) of the
third photoresist 133, portions of the third organic functional
layer 143 and the third auxiliary cathode 183 that are formed
on the second portion 133-2 (refer to FIG. 6D) of the third
photoresist 133 are removed, and portions of the third
organic functional layer 143 and the third auxiliary cathode
183 that are formed on the third anode 103 remain on the
third anode 103 as a pattern.

[0116] In the present exemplary embodiment, the first to
third anodes 101 to 103 are hole injection electrodes, and the
first to third auxiliary cathodes 181 to 183 are electron
injection electrodes. However, the present invention is not
limited thereto, and an electron injection electrode may be
formed in a region where the first to third anodes 101 to 103
are disposed, and a hole injection electrode may be formed
in a region where the first to third auxiliary cathodes 181 to
183 are disposed.

[0117] The first to third organic functional layers 141 to
143 may emit light of different colors from one another.
Light emitted from the first to third organic functional layers
141 to 143 may be mixed to form white light. For example,
the first to third organic functional layers 141 to 143 may
emit red light, green light, and blue light, respectively. The
first to third organic functional layers 141 to 143 may be
elements of sub-pixels constituting a unit pixel of the
organic light-emitting display apparatus 1.

[0118] The organic light-emitting display apparatus 1 of
FIG. 2 may correspond to one unit pixel. Also, the present
exemplary embodiment may be applied to an organic light-
emitting display apparatus including the unit pixel of FIG. 2
as a plurality of unit pixels. That is, a plurality of first
organic functional layers 141 emitting a first color of light
may be simultaneously formed as a first group via the first
unit process. A plurality of second organic functional layers
142 emitting a second color of light may be simultaneously
formed as a second group via the second unit process. A
plurality of third organic functional layers 143 emitting a
third color of light may be simultaneously formed as a third
group via the third unit process. Accordingly, through the
first to third unit processes, full color may be implemented.

[0119] Hereinafier, the present exemplary embodiment
will be described in comparison with a method of manufac-
turing an organic light-emitting display apparatus, according
to a comparative embodiment of FIGS. 7A to 9E.

[0120] FIGS. 7A to 7E are schematic cross-sectional
views of a first unit process of a manufacturing method
according to a comparative enbodiment. FIGS. 8A to 8E are
schematic cross-sectional views of a second unit process of
the manufacturing method according to the comparative
embodiment. FIGS. 9A to 9E are schematic cross-sectional
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views of a third unit process of the manufacturing method
according to the comparative embodiment.

[0121] Referring to FIG. 7A, the first lift-off layer 121
including a fluoropolymer is formed on the substrate 100, on
which the first to third anodes 101 to 103 are formed thereon.
The first photoresist 131 is then formed on the first lift-off
layer 121.

[0122] Referring to FIG. 7B, the first photoresist 131 has
a patterned shape. The first portion 131-1 of the first
photoresist 131, which is disposed at a location correspond-
ing to the first anode 101, is removed by exposure and
development, and the second portion 131-2 of the first
photoresist 131, which is a region outside the first portion
131-1, remains on the first lift-off layer 121.

[0123] Referring to FIG. 7C, by using a pattern of the first
photoresist 131 of FIG. 7B as an etching mask, the first
lift-off layer 121 is etched by using a first solvent including
fluorine. By the etching process, a portion of the first lift-off
layer 121, which is formed in a location corresponding to the
first portion 131-1 (or overlapping the first anode 101) is
etched. A first undercut profile UC1 is formed in the first
lift-off layer 121 under a boundary surface of the first portion
131-1 of the first photoresist 131.

[0124] Referring to FIG. 7D, the first organic functional
layer 141 and the first auxiliary cathode 181 are sequentially
formed on the structure of FI1G. 7C.

[0125] Referring to FIG. 7TE. a first lift-off process is
performed to entirely remove the remaining first lift-off
layer 121, and as a result, portions of the first organic
functional layer 141 and the first auxiliary cathode 181
remain on the first anode 101 as a pattern.

[0126] After the first unit process is completed, the second
unit process is performed on a region where the second
anode 102 is located.

[0127] Referring to FIG. 8A, the second lift-off layer 122
and the second photoresist 132 are sequentially formed on
the structure of FIG. 7E.

[0128] Referring to FIG. 8B, the second photoresist 132 is
patterned by exposure and development, such that the first
portion 132-1 of the second photoresist 132, which is
disposed at a location corresponding to the second anode
102, may be removed, and the second portion 132-2 of the
second photoresist 132, which is a region outside the first
portion 132-1, may remain on the second lift-off layer 122.
[0129] The second lift-off layer 122 includes a fluoropo-
lymer. Although the fluoropolymer has low reactivity with
another material, and is thus electrochemically stable, how-
ever, PGMEA (P) included in the second photoresist 132
may diffuse into the second lift-off layer 122 and accelerate
degradation of the first organic functional layer 141.
[0130] Referring to FIG. 8C, by using a pattern of the
second photoresist 132 of FIG. 8B as an etching mask, the
second lift-off layer 122 is etched by using the first solvent
including fluorine. By the etching process, a portion of the
second lift-off layer 122, which is formed in a location
corresponding to the first portion 132-1 (or overlapping the
second anode 102) is etched. A second undercut profile UC2
is formed in the second lift-off layer 122 under a boundary
surface of the first portion 132-1 of the second photoresist
132.

[0131] Referring to FIG. 8D, the second organic func-
tional layer 142 and the second auxiliary cathode 182 are
sequentially formed on the structure of FIG. 8C.
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[0132] Referring to FIG. 8E, a second lift-off process is
performed to entirely remove the remaining second lift-off
layer 122. Accordingly, portions of the first organic func-
tional layer 141 and the first auxiliary cathode 181 remain on
the first anode 101, and portions of the second organic
functional layer 142 and the second auxiliary cathode 182
remain on the second anode 102, as patterns.

[0133] After the second unit process is completed, the
third unit process is performed on a region where the third
anode 103 is located.

[0134] Referring to FIG. 9A, the third lift-off layer 123
and the third photoresist 133 are sequentially formed on the
structure of FIG. 8E.

[0135] Referring to FIG. 9B, the third photoresist 133 is
patterned by exposure and development, such that the first
portion 133-1 of the third photoresist 133, which is disposed
at a location corresponding to the third anode 103, may be
removed, and the second portion 133-2 of the third photo-
resist 133, which is a region outside the first portion 133-1,
may remain on the third lift-off layer 123.

[0136] The third lift-off layer 123 includes a fluoropoly-
mer. Although the fluoropolymer has low reactivity with
another material, and is thus electrochemically stable,
PGMEA (P) included in the third photoresist 133 may
diffuse into the third lift-off layer 123 and accelerate deg-
radation of the first organic functional layer 141 and the
second organic functional layer 142.

[0137] Referring to FIG. 9C, by using a pattern of the third
photoresist 133 of FIG. 9B as an etching mask, the third
lift-off layer 123 is etched by using the first solvent including
fluorine. By the etching process, a portion of the third lift-off
layer 123, which is formed in a location corresponding to the
first portion 133-1 (or overlapping the third anode 103) is
etched. A third undercut profile UC3 is formed in the third
lift-off layer 123 under a boundary surface of the first portion
133-1 of the third photoresist 133.

[0138] Referring to FIG. 9D, the third organic functional
layer 143 and the third auxiliary cathode 183 are sequen-
tially formed on the structure of FIG. 9C.

[0139] Referring to FIG. 9E, a third lift-off process is
performed to entirely remove the remaining third lift-off
layer 123. Accordingly, portions of the first organic func-
tional layer 141 and the first auxiliary cathode 181 are
formed on the first anode 101, portions of the second organic
functional layer 142 and the second auxiliary cathode 182
are formed on the second anode 102, and portions of the
third organic functional layer 143 and the third auxiliary
cathode 183 are formed on the third anode 103, as patterns.
[0140] FIG. 11 is a schematic cross-sectional view of an
organic light-emitting display apparatus 2 according to a
second exemplary embodiment.

[0141] The organic light-emitting display apparatus 2 of
FIG. 11 may be manufactured in a manner similar to that of
the method of manufacturing the organic light-emitting
display apparatus 1 of FIG. 2 illustrated with FIGS. 3 to 6E
described above. Hereinafter, brief descriptions will be
provided mainly focusing on differences with the method of
manufacturing the organic light-emitting display apparatus 1
of FIG. 2 described above.

[0142] Referring to FIG. 11, a plurality of anodes includ-
ing the first to third anodes 101 to 103 are formed on the
substrate 100, and a pixel-defining layer 110 surrounding
edges of the first to third anodes 101 to 103 are formed. The
pixel-defining layer 110 defines an emission region, and
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prevents short circuits of the first to third anodes 101 to 103
and the first to third auxiliary cathodes 181 to 183.

[0143] In the present exemplary embodiment, the first to
third anodes 101 to 103 and the pixel-defining layer 110 are
formed, and then, first to third unit processes illustrated with
reference to FIGS. 3 to 6E are performed.

[0144] Through the first to third unit processes, the first to
third organic functional layers 141 to 143 and the first to
third auxiliary cathodes 181 to 183 are formed on the first to
third anodes 101 to 103.

[0145] FIG. 12 is a schematic cross-sectional view of an
organic light-emitting display apparatus 3 according to a
third exemplary embodiment.

[0146] The organic light-emitting display apparatus 3 of
FIG. 12 may be manufactured in a manner similar to that of
the method of manufacturing the organic light-emitting
display apparatus 1 of FIG. 2 illustrated with reference to
FIGS. 3 to 6E described above. Hereinafter, brief descrip-
tions will be provided mainly focusing on differences with
the method of manufacturing the organic light-emitting
display apparatus 1 of FIG. 2 described above.

[0147] Referring to FIG. 12, a plurality of anodes includ-
ing the first to third anodes 101 to 103 are formed on the
substrate 100, and the pixel-defining layer 110 surrounding
edges of the first to third anodes 101 to 103 are formed. The
pixel-defining layer 110 defines an emission region, and
prevents short circuits of the first to third anodes 101 to 103
and the first to third auxiliary cathodes 181 to 183.

[0148] In the present exemplary embodiment, the first to
third anodes 101 to 103 and the pixel-defining layer 110 are
formed, and then, first to third unit processes illustrated with
reference to FIGS. 3 to 6F are performed.

[0149] Through the first to third unit processes, the first to
third organic functional layers 141 to 143 and the first to
third auxiliary cathodes 181 to 183 are formed on the first to
third anodes 101 to 103.

[0150] After the third unit process is performed, the cath-
ode 180 is integrally formed on the first to third auxiliary
cathodes 181 to 183 as a common electrode.

[0151] When the first to third organic functional layers
141 to 143 are deposited in the respective unit processes, the
first to third auxiliary cathodes 181 to 183 are continuously
deposited on the first to third organic functional layers 141
to 143. In this manner, damage to the first to third organic
functional layers 141 to 143 may be prevented during a
succeeding lift-off process. In addition, since the first to third
auxiliary cathodes 181 to 183 electrically contact the cath-
ode 180 commonly formed over a plurality of pixels after the
first to third unit processes, the first to third auxiliary
cathodes 181 to 183 may prevent a voltage drop in the
cathode 180.

[0152] Although not illustrated in the drawings, the
organic light-emitting display apparatuses described herein
may further include an encapsulation member for encapsu-
lating an organic emission layer. The encapsulation member
may include a glass substrate, metal foil, a thin film encap-
sulation layer including an inorganic layer and an organic
layer stacked on each other, etc.

[0153] According to one or more embodiments, since an
emission layer is formed without using a fine metal mask
(FMM), a high-resolution display panel may be formed.
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[0154] Also, a failure rate may be decreased by preventing
degradation of an organic emission layer by forming a
barrier layer between a lift-off layer including a fluoropo-
lymer and photoresist.

[0155] 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 concept is not limited to
such embodiments, but rather to the broader scope of the
presented claims and various obvious modifications and
equivalent arrangements.

What is claimed is:

1. A method of manufacturing an organic light-emitting
display apparatus, the method comprising:

forming a first electrode on a substrate;

forming a first lift-off layer comprising a fluoropolymer

on the first electrode;

forming a first barrier layer on the first lift-off layer, the

first barrier layer having a higher fluorine content than
the first lift-off layer;

forming a first photoresist on the first barrier layer, the

first photoresist having a first portion overlapping the
first electrode and a second portion outside the first
portion;

removing the first portion of the first photoresist by

patterning the first photoresist, such that the second
portion of the first photoresist is remained on the first
barrier layer;

exposing the first electrode by etching the first lift-off

layer and the first barrier layer disposed on the first
portion of the first photoresist;

forming a first organic functional layer comprising a first

emission layer on the first electrode and the second
portion of the first photoresist;

removing remaining portions of the first lift-off layer, the

first barrier layer, the first photoresist, and the first
organic functional layer disposed on the second portion
of the first photoresist; and

forming a second electrode on the first organic functional

layer.

2. The method of claim 1, wherein the first lift-off layer
comprises about 20 wt % to about 60 wt % of fluorine.

3. The method of claim 1, wherein the first barrier layer
comprises about 40 wt % to about 76 wt % of fluorine.

4. The method of claim 1, wherein the first organic
functional layer further comprises at least one of a hole
injection layer, a hole transport layer, an electron transport
layer, and an electron injection layer.

5. The method of claim 1, wherein forming the first
organic functional layer comprises a deposition process.

6. The method of claim 1, wherein removing the first
portion of the first photoresist comprises a photolithography
process.

7. The method of claim 1, wherein exposing the first
electrode comprises etching the first lift-off layer and the
first barrier layer disposed on the first portion with a first
solvent comprising fluorine.

8. The method of claim 7, wherein the first solvent forms:

a first undercut profile in the first barrier layer under the

first photoresist; and

a second undercut profile in the first lift-off layer under the

first barrier layer.
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9. The method of claim 8, wherein a shape of the first
undercut profile and a shape of the second undercut profile
are different from each other.

10. The method of claim 1, wherein the remaining por-
tions of the first lift-off layer, the first barrier layer, the first
photoresist, and the first organic functional layer disposed on
the second portion are removed by using a second solvent
comprising fluorine.

11. The method of claim 1, further comprising forming a
pixel-defining layer surrounding edges of the first electrode.

12. The method of claim 1, further comprising, forming a
first auxiliary cathode during a process of forming the first
organic functional layer, before forming the second elec-
trode.

13. A method of manufacturing an organic light-emitting
display apparatus, the method comprising:

forming a plurality of primary electrodes on a substrate;

performing a first unit process comprising:

(al) forming a first lift-off layer comprising a fluoropo-
lymer on a first primary electrode of the primary
electrodes;

(bl) forming a first barrier layer on the first lift-off
layer, the first barrier layer having a higher fluorine
content than the first lift-off layer;

(c1) forming a first photoresist on the first barrier layer
and removing a first portion of the first photoresist
overlapping the first primary electrode by patterning
the first photoresist, such that a second portion of the
first photoresist outside the first portion is remained
on the first barrier layer;

(d1) exposing the first primary electrode by etching the
first lift-off layer and the first barrier layer disposed
on the first portion of the first photoresist;

(e1) forming a first organic functional layer comprising
a first emission layer on the first primary electrode
and the second portion of the first photoresist; and

(f1) removing remaining portions of the first lift-off
layer, the first barrier layer, the first photoresist, and
the first organic functional layer disposed on the
second portion of the first photoresist;

performing a second unit process after the first unit

process, the second unit process comprising:

(a2) forming a second lift-off layer comprising a fluo-
ropolymer on a second primary electrode of the
primary electrodes;

(b2) forming a second barrier layer on the second
lift-off layer, the second barrier layer having a higher
fluorine content than the second lift-off layer;

(c2) forming a second photoresist on the second barrier
layer and removing a third portion of the second
photoresist overlapping the second primary electrode
by patterning the second photoresist, such that a
fourth portion of the second photoresist outside the
third portion is remained on the second barrier layer;

(d2) exposing the second primary electrode by etching
the second lift-off layer and the second barrier layer
disposed on the third portion of the second photo-
resist;

(e2) forming a second organic functional layer com-
prising a second emission layer on the second pri-
mary electrode and the fourth portion of the second
photoresist; and

(f2) removing remaining portions of the second lift-off
layer, the second barrier layer, the second photore-
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sist, and the second organic functional layer disposed

on the fourth portion of the second photoresist; and

forming a secondary electrode after the first and second
unit processes.

14. The method of claim 13, wherein light emitted from
the first emission layer and light emitted from the second
emission layer have different colors from each other.

15. The method of claim 13, wherein the step d1 and the
step d2 comprise wet etching using a first solvent compris-
ing fluorine.

16. The method of claim 13, wherein a second solvent
comprising fluorine is used in the step fl and the step 2.

17. The method of claim 13, wherein the secondary
electrode is integrally formed on the first and second organic
functional layers as a common electrode.

18. The method of claim 17, further comprising forming
auxiliary cathodes during the step el and the step €2, before
forming the secondary electrode.

19. The method of claim 13, further comprising forming
pixel-defining layers surrounding edges of the first primary
electrode and the second primary electrode.

20. An organic light-emitting display apparatus manufac-
tured by the method of claim 13.

® % % % %
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