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(7) ABSTRACT

An organic light-emitting display apparatus including: a
substrate; a plurality of first electrodes spaced apart from
each other on the substrate; a plurality of organic functional
layers respectively covering an upper surface and side
surfaces of the plurality of first electrodes, each of the
plurality of organic functional layers including an emission
layer; a first bank disposed between the plurality of organic
functional layers and not directly contacting the plurality of
first electrodes; and a second electrode disposed on the
plurality of organic functional layers.
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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. 10-2016-0097029,
filed on Jul. 29, 2016, 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 (“OLED”) appa-
ratus includes a hole injection electrode, an electron injec-
tion electrode, and an organic emission layer between the
hole injection electrode and the electron injection electrode.
The OLED is a self-emissive display apparatus, in which
holes injected from the hole injection electrode and electrons
injected from the electron injection electrode recombine in
the organic emission layer and extinguish to emit light. The
organic light-emitting display apparatus is considered to be
a next-generation display apparatus as a result of various
inherent and desirable high quality characteristics, such as
low power consumption, high brightness, and a fast
response.

[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 provide an organic light-
emitting display apparatus and a method of manufacturing
the organic light-emitting display apparatus, capable of
decreasing defects and reducing manufacturing cost.
[0006] 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
concept.

[0007] An exemplary embodiment discloses an organic
light-emitting display apparatus includes: a substrate; a
plurality of first electrodes spaced apart from each other on
the substrate; a plurality of organic functional layers respec-
tively covering an upper surface and side surfaces of the
plurality of first electrodes, each of the plurality of organic
functional layers including an emission layer; a first bank
between the plurality of organic functional layers and not
directly contacting the plurality of first electrodes; and a
second electrode on the plurality of organic functional
layers.

[0008] The first bank may include a fluoropolymer.
[0009] The first bank may further include a photosensitive
material.
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[0010] Each of the plurality of organic functional layers
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.

[0011] The second electrode may be disposed on the
plurality of organic functional layers as one body.

[0012] The organic light-emitting display apparatus may
further include auxiliary electrodes between the plurality of
organic functional layers and the second electrode, wherein
the auxiliary electrodes may be separated and respectively
arranged on the plurality of organic functional layers.
[0013] Thicknesses of at least two organic functional
layers from among the plurality of organic functional layers
may be different from each other.

[0014] The organic light-emitting display apparatus may
further include a second bank on the first bank.

[0015] The first bank may include a fluoropolymer, and
the second bank may include a photosensitive material.
[0016] The second bank may be between the plurality of
organic functional layers and without directly contact the
plurality of first electrodes.

[0017] An exemplary embodiment also discloses a method
of manufacturing an organic light-emitting display appara-
tus includes: forming, on a substrate, a plurality of first
electrodes spaced apart from each other; forming a first
lift-off layer on the plurality of first electrodes; removing a
first portion of the first lift-off layer at an area corresponding
to a first group of the plurality of first electrodes, so that a
second portion of the first lift-off layer remains; forming a
first organic functional layer covering an upper surface and
side surfaces of a first electrode corresponding to the first
group and including an emission layer; removing the second
portion by using a first solvent; forming a second lift-off
layer on the first organic functional layer and a first electrode
on which the first organic functional layer is not formed,
removing a third portion of the second lift-off layer at an
area corresponding to a second group of the plurality of first
electrodes, so that a fourth portion of the second lift-off layer
remains; forming a second organic functional layer covering
an upper surface and side surfaces of a first electrode
corresponding to the second group and including an emis-
sion layer; removing the fourth portion by using a second
solvent; forming a first bank between the first organic
functional layer and the second organic functional layer; and
forming a second electrode on the first organic functional
layer, the second organic functional layer, and the first bank.
[0018] Each of the first and second lift-off’ layers may
include a fluoropolymer.

[0019] Each of the first and second lift-off' layers may
further include a photosensitive material.

[0020] The method may further include forming a first
photoresist on the first lift-off layer, and forming a second
photoresist on the second lift-off layer.

[0021] Each of the first solvent and the second solvent
may include fluorine.

[0022] The first bank may include a fluoropolymer.
[0023] The method may further include applying heat to
the first bank after the forming of the first bank.

[0024] The first bank may further include a photosensitive
material.
[0025] A second bank including a photosensitive material

may be further formed on the first bank.
[0026] Auxiliary electrodes, which are separated and
respectively arranged on the first organic functional layer
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and the second organic functional layer, may be further
formed before the second electrode is formed.

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

[0030] FIG. 2 is a schematic cross-sectional view of a
plurality of anodes formed on a substrate of the organic
light-emitting display apparatus according to an exemplary
embodiment.

[0031] FIG. 3A, FIG. 3B, FIG. 3C, FIG. 3D, FIG. 3E, and
FIG. 3F are schematic cross-sectional views of a first unit
process of the organic light-emitting display apparatus
according to an exemplary embodiment.

[0032] FIG. 4A, FIG. 4B, FIG. 4C, FIG. 4D, and FIG. 4E
are schematic cross-sectional views of a second unit process
of the organic light-emitting display apparatus according to
an exemplary embodiment.

[0033] FIG. 5A, FIG. 5B, FIG. 5C, FIG. 5D, and FIG. 5E
are schematic cross-sectional views of a third unit process of
the organic light-emitting display apparatus according to an
exemplary embodiment.

[0034] FIG. 6A, FIG. 6B, FIG. 6C, and FIG. 6D are
schematic cross-sectional views of a bank formation process
of the organic light-emitting display apparatus according to
an exemplary embodiment.

[0035] FIG. 7A, FIG. 7B, FIG. 7C, FIG. 7D, and FIG. 7E
are schematic cross-sectional views of manufacturing pro-
cesses of an organic light-emitting display apparatus accord-
ing to a comparative example.

[0036] FIG. 8 illustrates, for comparison, sizes of emission
areas of the organic light-emitting display apparatus accord-
ing to the exemplary embodiment and the organic light-
emitting display apparatus according to the comparative
example.

[0037] FIG. 9 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to
another exemplary embodiment.

[0038] FIG. 10 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to
another exemplary embodiment.

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

DETAILED DESCRIPTION OF THE
ILLUSTRATED EXEMPLARY EMBODIMENTS

[0040] 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

Feb. 1,2018

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.

[0041] 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.

[0042] 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 7 may be
construed as X only, Y only, Z only, or any combination of
two or more of X, Y, and 7, 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.

[0043] 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.

[0044] 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.

[0045] The terminology used herein is for the purpose of
describing particular exemplary 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, components, 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.

LI
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[0046] 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.

[0047] 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.

[0048] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting display apparatus 1 according to an
exemplary embodiment.

[0049] Referring to FIG. 1, in the organic light-emitting
display apparatus 1 according to the present exemplary
embodiment, a plurality of anodes including a first anode
101, a second anode 102, and a third anode 103 are spaced
apart from one another on a substrate 100. First to third
organic functional layers 151, 152, and 153 including emis-
sion layers are respectively arranged on the first to third
anodes 101, 102, and 103, and the first to third organic
functional layers 151, 152, and 153 cover an upper surface
and side surfaces of the first to third anodes 101, 102, and
103, respectively. A first bank 125 that does not directly
contact the first to third anodes 101, 102, and 103 is between
the first to third organic functional layers 151, 152, and 153.
A second bank 135 is on the first bank 125. A second
electrode 180, as a common electrode, is disposed on the
first to third organic functional layers 151, 152, and 153 and
the second bank 135.

[0050] A method of manufacturing an organic light-emit-
ting display apparatus according to the present exemplary
embodiment and the organic light-emitting display appara-
tus 1 manufactured by the method will be described with
reference to FIGS. 2 to 6D.

[0051] FIG. 2 is a schematic cross-sectional view of a
plurality of anodes formed on a substrate of the organic
light-emitting display apparatus 1 according to an exemplary
embodiment. FIGS. 3A to 3F are schematic cross-sectional
views of a first unit process of the organic light-emitting
display apparatus according to the present exemplary
embodiment. FIGS. 4A to 4E are schematic cross-sectional
views of a second unit process of the organic light-emitting
display apparatus according to the present exemplary
embodiment. FIGS. 5A to 5E are schematic cross-sectional
views of a third unit process of the organic light-emitting
display apparatus according to the present exemplary
embodiment. FIGS. 6A to 6D are schematic cross-sectional
views of a bank formation process of the organic light-
emitting display apparatus according to the present exem-
plary embodiment.
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[0052] Referring to FIG. 2, a plurality of anodes including
the first anode 101, the second anode 102, and the third
anode 103 are formed on the substrate 100.

[0053] The substrate 100 may include various materials.
For example, the substrate 100 may include glass or plastic.
The plastic may include a material having excellent heat
resistance and durability, such as polyimide, polyethylene
naphthalate, polyethylene terephthalate, polyarylate, poly-
carbonate, polyetherimide, or polyethersulfone.

[0054] Although not illustrated in FIG. 2, a buffer layer
(not shown) for forming a flat surface on the substrate 100
and preventing impure elements from infiltrating into the
substrate 100 may further be formed. The buffer layer (not
shown) may be a single layer or a plurality of layers
including silicon nitride and/or silicon oxide.

[0055] 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, 102, and
103 may each include at least one selected from the group
including indium tin oxide, indium zinc oxide, zinc oxide,
indium oxide, indium gallium oxide, and aluminum zinc
oxide.

[0056] Although not illustrated in FIG. 2, the first to third
anodes 101, 102, and 103 may respectively be electrically
connected to first to third thin film transistors (not shown)
that are arranged between the substrate 100 and the first to
third anodes 101, 102, and 103.

[0057] Referring to FIG. 3A, a first lift-off' layer 121
including a fluoropolymer is formed on the substrate 100 on
which the first to third anodes 101, 102, and 103 are formed.
[0058] The fluoropolymer included 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
included in the first lift-off layer 121 may include at least one
of polytetrafluoroethylene, polychlorotrifluoroethylene,
polydichlorodifluoroethylene, a copolymer of chlorotriftuo-
roethylene and dichlorodifluoroethylene, a copolymer of
tetrafluoroethylene and perfluoroalkylvinylether, a copoly-
mer of chlorotrifluoroethylene and perfluoroalkylvinylether,
a copolymer of tetrafluoroethylene and perfluoroalkylviny-
lether, and a copolymer of chlorotrifluoroethylene and pet-
fluoroalkylvinylether.

[0059] 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 the application method or the
printing method, a process of forming a photoresist may be
performed after performing a hardening process and a
polymerization process, if necessary.

[0060] A thickness of the first lift-off layer 121 may be
about 0.2 pm to about 5 um. If the first lift-off layer 121 is
too thick, a time taken to melt the first lift-off layer 121 for
patterning increases, and thus, time taken for a manufactur-
ing process may increase. If the first lift-off layer 121 is too
thin, it may be difficult to lift off the first lift-off layer 121.
[0061] The first lift-off layer 121 may further include a
moisture absorbent. The moisture absorbent may include
various materials. The moisture absorbent is a compound,
such as calcium oxide, barium oxide, aluminum oxide,
magnesium oxide, etc., in which metal atoms are connected
via oxygen, and may include a material that reacts with
water to form a metal hydroxide. Also, the moisture absor-
bent may include one selected from the group including a
metal halide, an inorganic acid salt of metal, an organic acid
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salt, a porous inorganic compound, and a combination
thereof. The moisture 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 moisture absorbent may include a titania-based
inorganic material, a silicon oxide-based inorganic material,
a zirconia-based inorganic material, an alumina-based inor-
ganic material, or the like. The moisture absorbent may
include a sealant made of epoxy silane, vinyl silane, amin-
osilane, or methacrylate silane. The moisture absorbent may
capture moisture generated during the first unit process and
prevent degradation of the first organic functional layer 151
formed during the first unit process.

[0062] Referring to FIG. 3B, first photoresist 131 is
formed on the first lift-off layer 121. The first photoresist 131
may be exposed and developed by using a first photomask
(not shown). The first photoresist 131 may be a positive-type
photoresist or a negative-type photoresist. In the present
exemplary embodiment, the positive-type photoresist will be
described as an example.

[0063] Referring to FIG. 3C, the first photoresist 131 has
a patterned shape. A first portion 131-1 that is a location
corresponding to the first anode 101 is removed from the
exposed and developed first photoresist 131, and a second
portion 131-2 that is an area outside the first portion 131-1
remains.

[0064] Referring to FI1G. 3D, the first lift-off layer 121 is
etched by using a pattern of the first photoresist 131 of FIG.
3C as an etching mask.

[0065] Because the first lift-off layer 121 includes the
fluoropolymer, a solvent capable of etching the fluoropoly-
mer is used as an etchant.

[0066] A first solvent (not shown) including fluorine may
be used as the etchant. The first solvent may include
hydrofluoroether. The hydrofluoroether has low reactivity
with another material, and thus is electrochemically stable.
Also, the hydrofluoroether has a low global warming factor
and low toxicity, and thus is environmentally stable.
[0067] A portion of the first lift-off layer 121 formed in a
location corresponding to the first portion 131-1, that is, on
the first anode 101, is etched by an etching process. The first
lift-off layer 121 is etched such that a first undercut profile
UC1 is formed under a boundary surface with the first
portion 131-1 of the first photoresist 131, and so that the first
lift-off layer 121 is spaced apart from a side surface of the
first anode 101 by a predetermined distance d1. The first
undercut profile UC1 allows an elaborate deposition pattern
of the first organic functional layer 151 to be formed during
a deposition process that will be described later, and allows
the first organic functional layer 151 to cover an end of the
first anode 101.

[0068] Referring to FIG. 3E, the first organic functional
layer 151 is formed on a structure of FIG. 3D.

[0069] The first organic functional layer 151 includes a
first organic emission layer. Also, the first organic functional
layer 151 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.
[0070] In a deposition process, the first organic functional
layer 151 may be formed by vacuum deposition. In the
deposition process, the first lift-off layer 121 and the first
photoresist 131 serve as a deposition mask. A portion of the
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first organic functional layer 151 is formed so as to cover an
upper surface and side surfaces of the first anode 101. In
addition, another portion of the first organic functional layer
151 is formed on the second portion 131-2, which is the
remaining portion of the first photoresist 131 excluding the
first portion 131-1.

[0071] Referring to FIG. 3F, a lift-off process is performed
on a structure of FIG. 3E.

[0072] Because the first lift-off layer 121 includes the
fluoropolymer, a second solvent including fluorine is used in
the lift-off process. The lift-off process is performed afier the
first organic functional layer 151 is formed, and accordingly,
a material having low reactivity with the first organic
functional layer 151 may be used as the second solvent. As
in the first solvent, the second solvent may include hydro-
fluoroether.

[0073] By lifting off the first lift-off layer 121 formed
under the second portion 131-2 of the first photoresist 131,
the first organic functional layer 151 formed on the second
portion 131-2 of the first photoresist 131 is removed, and the
first organic functional layer 151 formed on the upper
surface and the side surfaces of the first anode 101 remains
as a pattern.

[0074] According to the present exemplary embodiment, a
pattern of the first organic functional layer 151 is formed by
a first lift-off process instead of by deposition using a metal
mask (not shown), and accordingly, misalignment of the
substrate 100 with the metal mask (not shown) may be
prevented.

[0075] After the first unit process is performed, the second
unit process is performed in which the second organic
functional layer 152 (refer to FIG. 4E) emitting color
different from that of the first organic functional layer 151 is
formed in an area where the second anode 102 is located.
Hereinafter, the second unit process will be described with
reference to FIGS. 4A to 4E.

[0076] Referring to FIG. 4A, a second lift-off layer 122
including a fluoropolymer is formed on the substrate 100 on
which the first to third anodes 101, 102, and 103 and the first
organic functional layer 151 are formed. The second lift-off
layer 122 may be formed by using an application method, a
printing method, a deposition method, or the like. The
second lift-off layer 122 may include the same material as
that of the first lift-off layer 121.

[0077] Second photoresist 132 is formed on the second
lift-off layer 122. The second photoresist 132 may be
exposed and developed by using a second photomask (not
shown). The second photoresist 132 may be a positive-type
photoresist or a negative-type photoresist. In the present
exemplary embodiment, the positive-type photoresist will be
described as an example.

[0078] Referring to FIG. 4B, the second photoresist 132
has a patterned shape. A first portion 132-1 that is a location
corresponding to the second anode 102 is removed from the
exposed and developed second photoresist 132, and a sec-
ond portion 132-2 that is an area outside the first portion
132-1 remains.

[0079] Referring to FIG. 4C, the second lift-off layer 122
is etched by using a pattern of the second photoresist 132 of
FIG. 4B as an etching mask.

[0080] Because the second lift-off layer 122 includes the
fluoropolymer, a solvent capable of etching the fluoropoly-
mer is used as an etchant.
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[0081] A first solvent (not shown) including fluorine may
be used as the etchant. As in the first unit process, the first
solvent may include hydrofluoroether. The hydrofluoroether
has low reactivity with another material, and thus is elec-
trochemically stable. Also, the hydrofluoroether has a low
global warming factor and low toxicity, and thus is envi-
ronmentally stable. In some exemplary embodiments, the
first solvent may include a material different from that used
in the first unit process.

[0082] A portion of the second lift-off layer 122 formed in
alocation corresponding to the first portion 132-1, that is, on
the second anode 102, is etched by an etching process. The
second lift-off layer 122 is etched such that a second
undercut profile UC2 is formed under a boundary surface
with the first portion 132-1 of the second photoresist 132,
and so that the second life-off layer 122 is spaced apart from
a side surface of the second anode 102 by a predetermined
distance d2. The second undercut profile UC2 allows an
elaborate deposition pattern of the second organic functional
layer 152 to be formed during a deposition process that will
be described later.

[0083] Referring to FIG. 4D, the second organic func-
tional layer 152 is formed on a structure of FIG. 4C.
[0084] The second organic functional layer 152 includes a
second organic emission layer. Also, the second organic
functional layer 152 may further include at least one func-
tional layer from among a hole injection layer, a hole
transport layer, an electron transport layer, and an electron
injection layer.

[0085] In a deposition process, the second organic func-
tional layer 152 may be formed by vacuum deposition. In the
deposition process, the second lift-off layer 122 and the
second photoresist 132 serve as a deposition mask. A portion
of the second organic functional layer 152 is formed so as to
cover an upper surface and side surfaces of the second anode
102. In addition, another portion of the second organic
functional layer 152 is formed on the second portion 132-2,
which is the remaining portion of the second photoresist 132
excluding the first portion 132-1.

[0086] Referring to FIG. 4E, a lift-off process is performed
on a structure of FIG. 4D.

[0087] Because the second lift-off layer 122 includes the
fluoropolymer, a second solvent including fluorine is used in
the lift-off process. The lift-off process is performed after the
second organic functional layer 152 is formed, and accord-
ingly, a material having low reactivity with the second
organic functional layer 152 may be used as the second
solvent. As in the first solvent, the second solvent may
include hydrofluoroether.

[0088] By lifting off the second lift-off layer 122 formed
under the second portion 132-2 of the second photoresist
132, the second organic functional layer 152 formed on the
second portion 132-2 of the second photoresist 132 is
removed, and the second organic functional layer 152
formed on the upper surface and the side surfaces of the
second anode 102 remains as a pattern.

[0089] After the second unit process is performed, the
third unit process is performed in which the third organic
functional layer 153 (refer to FIG. 5E) emitting color
different from those of the first organic functional layer 151
and the second organic functional layer 152 is formed in an
area where the third anode 103 is located. Hereinafter, the
third unit process will be described with reference to FIGS.
5Ato 5E.
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[0090] Referring to FIG. 5A, a third lift-off layer 123
including a fluoropolymer is formed on the substrate 100 on
which the first to third anodes 101, 102, and 103 and the first
and second organic functional layers 151 and 152 are
formed. The third lift-off layer 123 may be formed by using
an application method, a printing method, a deposition
method, or the like. The third lift-off layer 123 may include
the same material as that of the first and/or second lift-off
layers 121 and 122.

[0091] Third photoresist 133 is formed on the third lift-off
layer 123. The third photoresist 133 may be exposed and
developed by using a third photomask (not shown). The
third photoresist 133 may be a positive-type photoresist or a
negative-type photoresist. In the present exemplary embodi-
ment, the positive-type photoresist will be described as an
example.

[0092] Referring to FIG. 5B, the third photoresist 133 has
a patterned shape. A first portion 133-1 that is a location
corresponding to the third anode 103 is removed from the
exposed and developed third photoresist 133, and a second
portion 133-2 that is an area outside the first portion 133-1
remains.

[0093] Referring to FIG. 5C, the third lift-off layer 123 is
etched by using a pattern of the third photoresist 133 of FIG.
5B as an etching mask.

[0094] Because the third lift-off’ layer 123 includes the
fluoropolymer, a solvent capable of etching the fluoropoly-
mer is used as an etchant.

[0095] A first solvent (not shown) including fluorine may
be used as the etchant. As in the first and second unit
processes, the first solvent may include hydrofluoroether.
The hydrofluoroether has low reactivity with another mate-
rial, and thus is electrochemically stable. Also, the hydro-
fluoroether has a low global warming factor and low toxic-
ity, and thus is environmentally stable. In some exemplary
embodiments, the first solvent may include a material dif-
ferent from that used in the first and second unit processes.

[0096] A portion of the third lift-off layer 123 formed in a
location corresponding to the first portion 133-1, that is, on
the third anode 103, is etched by an etching process. The
third lift-off layer 123 is etched such that a third undercut
profile UC3 is formed under a boundary surface with the first
portion 133-1 of the third photoresist 133, and so that the
third lift-off layer 123 is spaced apart from a side surface of
the third anode 103 by a predetermined distance d3. The
third undercut profile UC3 allows an elaborate deposition
pattern of the third organic functional layer 153 to be formed
during a deposition process that will be described later.

[0097] Referring to FIG. 5D, the third organic functional
layer 153 is formed on a structure of FIG. 5C.

[0098] The third organic functional layer 153 includes a
third organic emission layer. Also, the third organic func-
tional layer 153 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.

[0099] Ina deposition process, the third organic functional
layer 153 may be formed by vacuum deposition. In the
deposition process, the third lift-off layer 123 and the third
photoresist 133 serve as a deposition mask. A portion of the
third organic functional layer 153 is formed so as to cover
an upper surface and side surfaces of the third anode 103. In
addition, another portion of the third organic functional layer
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153 is formed on the second portion 133-2, which is the
remaining portion of the third photoresist 133 excluding the
first portion 133-1.

[0100] Referring to FIG. SE, a lift-off process is performed
on a structure of FIG. 5D.

[0101] Because the third lift-off layer 123 includes the
fluoropolymer, a second solvent including fluorine is used in
the lift-off process. The lift-off process is performed after the
third organic functional layer 153 is formed, and accord-
ingly, a material having low reactivity with the third organic
functional layer 153 may be used as the second solvent. As
in the first solvent, the second solvent may include hydro-
fluoroether.

[0102] By lifting off the third lift-off layer 123 formed
under the second portion 133-2 of the third photoresist 133,
the third organic functional layer 153 formed on the second
portion 133-2 of the third photoresist 133 is removed, and
the third organic functional layer 153 formed on the upper
surface and the side surfaces of the third anode 103 remains
as a pattern.

[0103] The first to third organic functional layers 151, 152,
and 153 may respectively emit different colors of light. Light
emitted from the first to third organic functional layers 151,
152, and 153 may be mixed to form white light. For
example, the first to third organic functional layers 151, 152,
and 153 may respectively emit red light, green light, and
blue light. For example, the first to third organic functional
layers 151, 152, and 153 may be configurations of sub-pixels
constituting a unit pixel of the organic light-emitting display
apparatus 1.

[0104] Also, the organic light-emitting display apparatus 1
of FIG. 1 may represent one unit pixel. Also, the present
exemplary embodiment may be applied to an organic light-
emitting display apparatus including the unit pixel of FIG. 1
as a plurality. That is, a plurality of first organic functional
layers 151 each emitting first light may be simultaneously
formed by the first unit process, a plurality of second organic
functional layers 152 each emitting second light may be
simultaneously formed by the second unit process, and a
plurality of third organic functional layers 153 each emitting
third light may be simultaneously formed by the third unit
process. Through the first to third unit processes, full color
may be implemented.

[0105]  After the first to third organic functional layers 151,
152, and 153 are formed by the first to third unit processes,
a bank serving as a pixel-defining layer is formed. Herein-
after, the bank formation process of the organic light-
emitting display apparatus 1 according to the present exem-
plary embodiment will be described with reference to FIGS.
6A to 6D.

[0106] Referring to FIG. 6A, a fourth lift-off layer 124
including a fluoropolymer is formed on the substrate 100 on
which the first to third organic functional layers 151, 152,
and 153 covering the upper surface and the side surfaces of
the first to third anodes 101, 102, and 103, respectively, are
formed. The fourth lift-off layer 124 may be formed by using
an application method, a printing method, a deposition
method, or the like. The fourth lift-off layer 124 may include
the same material as that of the first to third lift-off layers
121, 122, and 123.

[0107] Fourth photoresist 134 is formed on the fourth
lift-off layer 124. The fourth photoresist 134 may be exposed
and developed by using a fourth photomask (not shown).
The fourth photoresist 134 may be a positive-type photore-
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sist or a negative-type photoresist. In the present exemplary
embodiment, the positive-type photoresist will be described
as an example.

[0108] Referring to FIG. 6B, the fourth photoresist 134
has a patterned shape. First portions 134-1 that are locations
respectively corresponding to the first to third organic func-
tional layers 151, 152, and 153 are simultaneously removed
from the exposed and developed fourth photoresist 134, and
a second portion 134-2 that is an area outside the first
portions 134-1 remains.

[0109] Referring to FIG. 6C, the fourth lift-off layer 124 is
etched by using a pattern of the fourth photoresist 134 of
FIG. 6B as an etching mask.

[0110] Because the fourth lift-off layer 124 includes the
fluoropolymer, a solvent capable of etching the fluoropoly-
mer is used as an etchant.

[0111] A first solvent (not shown) including fluorine may
be used as the etchant. As in the first to third unit processes,
the first solvent may include hydrofluoroether. In some
exemplary embodiments, the first solvent may include a
material different from that used in the first to third unit
processes.

[0112] Portions of the fourth lift-off layer 124 formed in
locations corresponding to the first portions 134-1, that is, on
the first to third organic functional layers 151, 152 and 153,
are etched by an etching process. The fourth lift-off layer
124 is etched to form fourth undercut profiles UC4 under a
boundary surface with the first portions 134-1 of the fourth
photoresist 134, and so that the fourth lift-off layer 124 is not
spaced apart from side surfaces of the first to third organic
functional layers 151, 152, and 153.

[0113] Referring to FIG. 6D, after the fourth lift-off layer
124 has been patterned as a result of the process of FIG. 6C,
a process of applying heat to the fourth lift-off layer 124 and
the fourth photoresist 134 is performed.

[0114] When heat of about 70° C. or greater is applied in
order to restructure the fourth lift-off layer 124 including
fluorine, the fourth lift-off layer 124 is melted down, and a
shape of the fourth lift-off layer 124 is changed to cover
respective side surfaces of the first to third organic func-
tional layers 151, 152, and 153. The fourth lift-off layer 124
having a changed shape forms the first bank 125, and the
fourth photoresist 134 having a changed shape forms the
second bank 135.

[0115] Referring to FIG. 1 again, a cathode 180 is formed
on a structure of FIG. 6D. The cathode 180 may be integrally
formed on the first to third organic functional layers 151,
152, and 153 and the second bank 135 as a common
electrode.

[0116] The first to third anodes 101, 102, and 103 have
sharp ends, and accordingly, when a current is applied after
the cathode 180 is formed, an electric field may be focused
to the ends, and thus, a short circuit may arise during driving.
However, in the present exemplary embodiment, the first to
third organic functional layers 151, 152, and 153 cover ends
of the first to third anodes 101, 102, and 103, and the first
bank 125 covers the ends of the first to third anodes 101,
102, and 103 again, thereby alleviating the phenomenon in
which an electric field is focused to the ends.

[0117] Also, ends of the first to third organic functional
layers 151, 152, and 153 may each be covered and protected
by the first bank 125 and the second bank 135, and thus,
degradation of the first to third organic functional layers 151,
152, and 153 may be alleviated.
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[0118] According to the present exemplary embodiment,
an aperture ratio of a display apparatus may be increased
because the first and second banks 125 and 135 correspond-
ing to a pixel-defining layer are formed after the first to third
organic functional layers 151, 152, and 153 are formed.
[0119] FIGS. 7A to 7E are schematic cross-sectional views
of manufacturing processes of an organic light-emitting
display apparatus 2 according to a comparative example.
[0120] Referring to FIG. 7A, a pixel-defining layer 110 is
formed so as to cover ends of the first to third anodes 101,
102, and 103 which are separated from one another on the
substrate 100. In the comparative example, the pixel-defin-
ing layer 110 serves as the first and second banks 125 and
135 of the previous exemplary embodiment. That is, by
covering the ends of the first to third anodes 101, 102, and
103, an electric field may be prevented from being focused
to the ends.

[0121] Referring to FIG. 7B, the first lift-off layer 121 and
the first photoresist 131 are formed on a structure of FIG. 7A
in this stated order. Portions of the first lift-off layer 121 and
the first photoresist 131 which correspond to the first anode
101 are removed.

[0122] Referring to FIG. 7C, the first organic functional
layer 151 is formed on a structure of FIG. 7B. Referring to
FIG. 7D, a lift-off process is performed to complete a first
unit process that allows the first organic functional layer 151
to remain on the first anode 101. Although descriptions of
second and third unit processes of the comparative example
are omitted, the second unit process that allows a second
organic functional layer to remain on the second anode 102
and the third unit process that allows a third organic func-
tional layer to remain on the third anode 103 are performed.
[0123] FIG. 7E is a schematic cross-sectional view of the
organic light-emitting display apparatus 2 according to the
comparative example, in which the first to third unit pro-
cesses have been completed.

[0124] Referring to FIG. 7E, in the organic light-emitting
display apparatus 2 according to the comparative example,
the ends of the first to third anodes 101, 102, and 103 are
covered by the pixel-defining layer 110, and the cathode
180, which is a common electrode, is on the pixel-defining
layer 110.

[0125] Referring to FIG. 8, in the organic light-emitting
display apparatus 2 according to the comparative example,
an end of the first anode 101 is covered by the pixel-defining
layer 110, and then, the first organic functional layer 151 is
formed. Accordingly, an emission area EA2 is defined as an
area not covered by the first anode 101 and the pixel-
defining layer 110.

[0126] However, in the organic light-emitting display
apparatus 1 according to the present exemplary embodi-
ment, an end of the first anode 101 is covered by the first
organic functional layer 151, and is not covered by the first
bank 125. Accordingly, an emission area EA1 is increased
relative to the emission area EA2 of the comparative
example. That is, according to the present exemplary
embodiment, an aperture ratio of a display apparatus may be
increased.

[0127] FIG. 9 is a schematic cross-sectional view of an
organic light-emitting display apparatus 3 according to
another exemplary embodiment.

[0128] The organic light-emitting display apparatus 3 of
FIG. 9 further includes first to third auxiliary cathodes 181,
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182, and 183 in addition to configurations of the organic
light-emitting display apparatus 1.

[0129] The first to third auxiliary cathodes 181, 182, and
183 are located between the first to third organic functional
layers 151, 152, and 153 and the cathode 180, and may be
respectively formed on the first organic functional layer 151
of FIG. 3E, the second organic functional layer 152 of FIG.
4D, and the third organic functional layer 153 of FIG. 5D.
[0130] The first to third auxiliary cathodes 181, 182, and
183 may include a material having low resistance relative to
that of the cathode 180, and thus, total resistance of the first
to third auxiliary cathodes 181, 182, and 183 and the cathode
180 may decrease, thereby decreasing a voltage drop due to
the total resistance of the cathodes.

[0131] In the present exemplary embodiment, the first to
third anodes 101, 102, and 103 are described as hole
injection electrodes, and the first to third auxiliary cathodes
181, 182, and 183 and the cathode 180 are described as
electron injection electrodes. However, this is an example,
and an electron injection electrode may be formed in an area
where the first to third anodes 101, 102, and 103 are located,
and a hole injection electrode may be formed in an area
where the first to third auxiliary cathodes 181, 182, and 183
and the cathode 180 are located.

[0132] FIG. 10 is a schematic cross-sectional view of an
organic light-emitting display apparatus 4 according to
another exemplary embodiment.

[0133] The organic light-emitting display apparatus 4 of
FIG. 10 differs from the organic light-emitting display
apparatus 1 in that a thickness h1 of a first organic functional
layer, a thickness h2 of a second organic functional layer,
and a thickness h3 of a third organic functional layer are
different from one another. That is, an optical resonance
structure is employed in which an optical length of each
wavelength emitted from an emission layer of each of the
first to third organic functional layers 151, 152, and 153
changes. The optical resonance structure may be employed
to increase light efficiency of the organic light-emitting
display apparatus 4.

[0134] FIG. 11 is a schematic cross-sectional view of an
organic light-emitting display apparatus 5 according to
another exemplary embodiment.

[0135] The organic light-emitting display apparatus 5 of
FIG. 11 differs from the organic light-emitting display
apparatus 1 in that the second bank 135 of FIG. 1 is omitted.
That is, in the organic light-emitting display apparatus 5
according to the present exemplary embodiment, only the
first bank 125 serves as a pixel-defining layer. To this end,
the first bank 125 may further include a photosensitive
material in addition to a fluoropolymer. Processes are per-
formed without formation of the second bank 135, and thus
may be simplified.

[0136] Although not illustrated in the above-described
drawings, the above organic light-emitting display appara-
tuses may further include an encapsulation member encap-
sulating an organic emission layer. The encapsulation mem-
ber may be a glass substrate, metal foil, a thin film
encapsulation layer including an inorganic layer and an
organic layer mixed with each other, etc.

[0137] As described above, according to one or more
exemplary embodiments, an emission layer is formed with-
out using a fine metal mask (“FMM?”), and accordingly,
manufacturing processes may be simplified, and misalign-
ment of patterns may be prevented.
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[0138] Also, according to one or more exemplary embodi-
ments, a bank corresponding to a pixel-defining layer is
formed after an anode is patterned, and thus, an aperture
ratio of a display apparatus may decrease.

[0139] Also, according to one or more exemplary embodi-
ments, an end of an anode is covered by an organic func-
tional layer, and thus, a phenomenon in which an electric
field 1s focused to the end of the anode may be alleviated.
[0140] Also, according to one or more exemplary embodi-
ments, an end of an organic functional layer is covered by a
bank, and thus, degradation of the organic functional layer
may be alleviated.

[0141] It should be understood that exemplary embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions
of features or aspects within each exemplary embodiment
should typically be considered as available for other similar
features or aspects in other exemplary embodiments.
[0142] Although exemplary embodiments and implemen-
tations have been described herein, other exemplary
embodiments and modifications will be apparent from this
description. Accordingly, the inventive concept is not lim-
ited to such exemplary embodiments, but rather to the
broader scope of the presented claims and various obvious
modifications and equivalent arrangements.

What is claimed is:

1. An organic light-emitting display apparatus compris-
ing:

a substrate;

aplurality of first electrodes spaced apart from each other
on the substrate;

a plurality of organic functional layers respectively cov-
ering an upper surface and side surfaces of the plurality
of first electrodes, each of the plurality of organic
functional layers comprising an emission layer;

a first bank disposed between the plurality of organic
functional layers and not directly contacting the plu-
rality of first electrodes; and

a second electrode disposed on the plurality of organic
functional layers.

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

wherein the first bank comprises a fluoropolymer.

3. The organic light-emitting display apparatus of claim 2,
wherein the first bank further comprises a photosensitive
material.

4. The organic light-emitting display apparatus of claim 1,
wherein each of the plurality of organic functional layers
further comprises at least one functional layer from among
a hole injection layer, a hole transport layer, an electron
transport layer, and an electron injection layer.

5. The organic light-emitting display apparatus of claim 1,
wherein the second electrode is disposed on the plurality of
organic functional layers as one body.

6. The organic light-emitting display apparatus of claim 5,
further comprising auxiliary electrodes between the plurality
of organic functional layers and the second electrode,

wherein the auxiliary electrodes are separated and respec-
tively arranged on the plurality of organic functional
layers.

7. The organic light-emitting display apparatus of claim 1,
wherein thicknesses of at least two organic functional layers
from among the plurality of organic functional layers are
different from each other.
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8. The organic light-emitting display apparatus of claim 1,
further comprising a second bank disposed on the first bank.

9. The organic light-emitting display apparatus of claim 8,
wherein:

the first bank comprises a fluoropolymer; and

the second bank comprises a photosensitive material.

10. The organic light-emitting display apparatus of claim
8, wherein the second bank is disposed between the plurality
of organic functional layers and does not directly contact the
plurality of first electrodes.

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

forming, on a substrate, a plurality of first electrodes

spaced apart from each other;

forming a first lift-off layer on the plurality of first

electrodes;

removing a first portion of the first lift-off layer at an area

corresponding to a first group of the plurality of first
electrodes, so that a second portion of the first lift-off
layer remains;

forming a first organic functional layer covering an upper

surface and side surfaces of a first electrode corre-
sponding to the first group and comprising an emission
layer;

removing the second portion by using a first solvent;

forming a second lift-off layer on the first organic func-

tional layer and a first electrode on which the first
organic functional layer is not formed,

removing a third portion of the second lift-off layer at an

area corresponding to a second group of the plurality of
first electrodes, so that a fourth portion of the second
lift-off layer remains;

forming a second organic functional layer covering an

upper surface and side surfaces of a first electrode
corresponding to the second group and comprising an
emission layer;
removing the fourth portion by using a second solvent;
forming a first bank between the first organic functional
layer and the second organic functional layer; and

forming a second electrode on the first organic functional
layer, the second organic functional layer, and the first
bank.

12. The method of claim 11, wherein each of the first and
second lift-off layers comprises a fluoropolymer.

13. The method of claim 12, wherein each of the first and
second lift-off layers further comprises a photosensitive
material.

14. The method of claim 11, further comprising;

forming a first photoresist on the first lift-off layer; and

forming a second photoresist on the second lift-off layer.

15. The method of claim 11, wherein each of the first
solvent and the second solvent comprises fluorine.

16. The method of claim 11, wherein the first bank
comprises a fluoropolymer.

17. The method of claim 11, further comprising applying
heat to the first bank after the forming of the first bank.

18. The method of claim 16, wherein the first bank further
comprises a photosensitive material.

19. The method of claim 16, wherein a second bank
comprising a photosensitive material is further formed on
the first bank.

20. The method of claim 11, wherein auxiliary electrodes,
which are separated and respectively arranged on the first
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organic functional layer and the second organic functional
layer, are further formed before the second electrode is
formed.
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