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tional layer including a first emission layer; a first oppos-
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of the first organic functional layer; a second electrode
disposed separate from the first electrode; a second or-
ganic functional layer disposed on the second electrode,
the second organic functional layer including a second
emission layer; and a second opposing electrode cover-
ing a top surface and side surfaces of the second organic
functional layer, wherein a lateral thickness of the first
opposing electrode covering the side surfaces of the first
organic functional layer is greater than a lateral thickness
of the second opposing electrode covering the side sur-
faces of the second organic functional layer.
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Description
BACKGROUND
FIELD

[0001] Embodiments of the present invention relate to
an organic light-emitting display (OLED) apparatus and
a method of manufacturing the same.

DISCUSSION OF THE BACKGROUND

[0002] An organic light-emitting display (OLED) appa-
ratus is a self-emitting display apparatus that includes a
hole injection electrode, an electron injection electrode,
and an organic emission layer between the hole injection
electrode and the electron injection electrode, and emits
lightwhen holes injected from the hole injection electrode
and electrons injected from the electron injection elec-
trode recombine in the organic emission layer. The OLED
apparatus has advantages such as low power consump-
tion, high luminance, and fast response rates, and thus
has received attention as a next-generation display ap-
paratus.

[0003] The above information disclosed in this Back-
ground section is only for enhancement of understanding
of the background of the inventive concepts. Therefore,
it may contain information that does not form the prior art
that was already known to a person of ordinary skill in
the art or was publically available prior to an effective
filing date of subject matter disclosed herein.

SUMMARY

[0004] Embodiments of the present invention provide
an organic light-emitting display (OLED) apparatus that
may increase a resolution and reduce defects and man-
ufacturing costs, and a method of manufacturing the
OLED apparatus.

[0005] Additional features of the invention will be set
forth in the description which follows, and in part will be
apparent from the description, or may be learned by prac-
tice of the invention.

[0006] An embodiment of the present invention dis-
closes an organic light-emitting display (OLED) appara-
tus including: a first electrode; a first organic functional
layerdisposed on thefirstelectrode, the first organic func-
tional layer including a first emission layer; a first oppos-
ing electrode covering a top surface and side surfaces
of the first organic functional layer; a second electrode
disposed separate from the first electrode; a second or-
ganic functional layer disposed on the second electrode,
the second organic functional layer including a second
emission layer; and a second opposing electrode cover-
ing a top surface and side surfaces of the second organic
functional layer, wherein a lateral thickness of the first
opposing electrode covering the side surfaces of the first
organic functional layer may be greater than a lateral
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thickness of the second opposing electrode covering the
side surfaces of the second organic functional layer.
[0007] A first color of light emitted from the first emis-
sion layer may be different from a second color of light
emitted from the second emission layer.

[0008] Each ofthe first organic functional layer and the
second organic functional layer may include at least one
layer selected from the group consisting of a hole injec-
tion layer, a hole transport layer, an electron injection
layer, and an electron transport layer.

[0009] A thickness of a portion of the first opposing
electrode covering the top surface of the first organic
functional layer may be as same as a thickness of a por-
tion of the second opposing electrode covering the top
surface of the second organic functional layer.

[0010] The OLED apparatus may further include a pix-
el-defining layer including an insulating layer, the pixel-
defining layer covering an edge of the first electrode and
an edge of the second electrode.

[0011] An edge of the first organic functional layer and
an edge of the second organic functional layer may be
disposed on an inclined surface of the pixel-defining lay-
er.

[0012] The OLED apparatus may further include a
common electrode that is commonly and integrally dis-
posed on the first opposing electrode and the second
opposing electrode.

[0013] The common electrode may cover side surfac-
es of the first opposing electrode and side surfaces of
the second opposing electrode.

[0014] The OLED apparatus may further include: a
third electrode disposed separate from the first electrode
and the second electrode; a third organic functional layer
disposed on the third electrode, the third organic func-
tional layer including a third emission layer; and a third
opposing electrode covering a top surface and side sur-
faces of the third organic functional layer, wherein the
lateral thickness of the second opposing electrode cov-
ering the side surfaces of the second organic functional
layer is greater than a lateral thickness of the third op-
posing electrode covering the side surfaces of the third
organic functional layer.

[0015] A first color of light emitted from the first emis-
sion layer, a second color of light emitted from the second
emission layer, and a third color of light emitted from the
third emission layer may be different from one another.
[0016] An embodiment of the present invention also
discloses an organic light-emitting display (OLED) appa-
ratus including: a first electrode; a first organic functional
layer disposed on thefirst electrode, the first organic func-
tional layer including a first emission layer; a first oppos-
ing electrode covering a top surface and side surfaces
of the first organic functional layer; a second electrode
disposed separate from the first electrode; a second or-
ganic functional layer disposed on the second electrode,
the second organic functional layer including a second
emission layer; and a second opposing electrode cover-
ing a top surface and side surfaces of the second organic
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functional layer, wherein an area of the first opposing
electrode in plan view may be greater than an area of
the second opposing electrode in plan view.

[0017] The first opposing electrode may include a first
conductive layer covering the top surface of the first or-
ganic functional layer, a second conductive layer sur-
rounding the side surfaces of the first organic functional
layer, a fourth conductive layer surrounding side surfaces
of the second conductive layer, and a sixth conductive
layer surrounding side surfaces of the fourth conductive
layer, and wherein the second opposing electrode may
include a third conductive layer covering the top surface
of the second organic functional layer, the fourth conduc-
tive layer surrounding the side surfaces of the second
organic functional layer, and the sixth conductive layer
surrounding the side surfaces of the fourth conductive
layer.

[0018] An embodiment of the present invention also
discloses a method of manufacturing an organic light-
emitting display (OLED) apparatus, including: disposing
a first electrode and a second electrode separate from
each other on a substrate; sequentially disposing a first
organic functional layer and a first conductive layer over
the first electrode; patterning the first organic functional
layerand the first conductive layer such that side surfaces
of the first organic functional layer and side surfaces of
the first conductive layer are exposed; disposing a sec-
ond conductive layer; patterning the second conductive
layer such that the second conductive layer covers the
side surfaces of the first organic functional layer and the
side surfaces of the first conductive layer; sequentially
disposing a second organic functional layer and a third
conductive layer over the first conductive layer, the sec-
ond conductive layer, and the second electrode; pattern-
ing the second organic functional layer and the third con-
ductive layer such that side surfaces of the second or-
ganic functional layer and side surfaces of the third con-
ductive layer are exposed; disposing a fourth conductive
layer; and patterning the fourth conductive layer such
that the fourth conductive layer covers the side surfaces
of the second organic functional layer, side surfaces of
the second conductive layer, and the side surfaces of the
third conductive layer.

[0019] The patterning the second conductive layer and
the patterning the fourth conductive layer may include a
dry etching method.

[0020] The patterning of the first organic functional lay-
er and the first conductive layer may include: disposing
a first photoresist on the first conductive layer; removing
a second portion of the first photoresist such that a first
portion of the first photoresist is formed at a location cor-
responding to the first electrode; removing the first or-
ganic functional layer and the first conductive layer at a
location corresponding to the second portion; and remov-
ing the first portion of the first photoresist.

[0021] Removing the first organic functional layer and
the first conductive layer may include a dry etching meth-
od.
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[0022] The dry etching method may include: a first
process of dry-etching the first conductive layer; and a
second process of dry-etching the first organic functional
layer.

[0023] The sequentially disposing the first organic
functional layer and the first conductive layer, the dispos-
ing the second conductive layer, the sequentially dispos-
ing the second organic functional layer and the third con-
ductive layer, and the disposing the fourth conductive
layer may include a deposition process.

[0024] The disposing the firstelectrode and the second
electrode may include: disposing an insulating layer to
cover an edge of the first electrode and an edge of the
second electrode.

[0025] The method of manufacturing the OLED appa-
ratus may further include: disposing a common electrode
on the first conductive layer, the second conductive layer,
the third conductive layer, and the fourth conductive
layer , wherein the common electrode may be commonly
and integrally formed.

[0026] The firstorganic functionallayerandthe second
organic functional layer respectively may include a first
emission layer and a second emission layer which emit
light of different colors.

[0027] The method may further include: disposing, on
the substrate, a third electrode separate from the first
electrode and the second electrode; sequentially dispos-
ing a third organic functional layer and a fifth conductive
layer on the first conductive layer, the second conductive
layer, the third conductive layer, the fourth conductive
layer, and the third electrode; patterning the third organic
functional layer and the fifth conductive layer such that
side surfaces of the third organic functional layer and
side surfaces of the fifth conductive layer are exposed;
disposing a sixth conductive layer; and patterning the
sixth conductive layer such that the sixth conductive layer
covers the side surfaces of the third organic functional
layer, side surfaces of the fourth conductive layer, and
the side surfaces of the fifth conductive layer.

[0028] It is to be understood that both the foregoing
general description and the following detailed description
are provided by way of example and are intended to pro-
vide further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention, and to-
gether with the description serve to explain the principles
of the invention.

FIG. 1 is a schematic plan view of an organic light-
emitting display (OLED) apparatus according to a
first embodiment.

FIG. 2 is a plan view illustrating a portion of a display
area of the OLED apparatus as illustrated in FIG. 1.
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FIG. 3 is a cross-sectional view of the OLED appa-
ratus according to the first embodiment, taken along
a line llI-11l of FIG. 2.

FIG. 4 is a schematic cross-sectional view for ex-
plaining an operation of forming a plurality of anodes
on a substrate of the OLED apparatus according to
the first embodiment.

FIG. 5 is a schematic cross-sectional view for ex-
plaining an operation of forming a pixel-defining layer
in the OLED apparatus according to the first embod-
iment.

FIGS. 6A, 6B, 6C, 6D, 6E, 6F, and 6G are schematic
cross-sectional views for explaining a first unit proc-
ess of forming the OLED apparatus according to the
first embodiment.

FIGS.7A,7B, 7C, 7D, 7E, 7F, and 7G are schematic
cross-sectional views for explaining a second unit
process of forming the OLED apparatus according
to the first embodiment.

FIGS. 8A, 8B, 8C, 8D, 8E, 8F, and 8G are schematic
cross-sectional views for explaining a third unit proc-
ess of forming the OLED apparatus according to the
first embodiment.

FIGS. 9A, 9B, 9C, 9D, and9E are schematic cross-
sectional views for explaining a first unit process of
forming an organic light-emitting display (OLED) ap-
paratus according to a comparative example.
FIGS. 10A, 10B, 10C, 10D, and 10E are schematic
cross-sectional views for explaining a second unit
process of forming the OLED apparatus according
to the comparative example.

FIGS. 11A, 11B, 11C, 11D, and11E are schematic
cross-sectional views for explaining a third unit proc-
ess of forming the OLED apparatus according to the
comparative example.

FIG. 12 is a schematic cross-sectional view of an
organic light-emitting display (OLED) apparatus ac-
cording to a second embodiment.

DETAILED DESCRIPTION

[0030] In the following description, for the purposes of
explanation, numerous specific details are set forth in
order to provide a thorough understanding of various em-
bodiments. It is apparent, however, that various embod-
iments may be practiced without these specific details or
with one or more equivalent arrangements. In other in-
stances, well-known structures and devices are shown
in block diagram form in order to avoid unnecessarily
obscuring various embodiments.

[0031] Unless otherwise specified, the illustrated em-
bodiments are to be understood as providing example
features of varying detail. Therefore, unless otherwise
specified, the features, components, modules, layers,
films, panels, regions, and/or aspects of the various il-
lustrations may be otherwise combined, separated, in-
terchanged, and/or rearranged without departing from
the disclosed invention. Further, in the accompanying
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figures, the size and relative sizes of layers, films, panels,
regions, etc., may be exaggerated for clarity and descrip-
tive purposes. When an embodiment may be implement-
ed differently, a specific process order may be performed
differently from the described order. For example, two
consecutively described processes may be performed
substantially at the same time or performed in an order
opposite to the described order. Also, like reference nu-
merals denote like elements.

[0032] When anelementor layerisreferred 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 lay-
ers may be present. When, however, an element or layer
is referred to as being "directly on," "directly connected
to," or "directly coupled to" another elementor layer, there
are no intervening elements or layers present. Further,
the x-axis, the y-axis, and the z-axis are not limited to
three axes of a rectangular coordinate system, and may
be interpreted in a broader sense. For example, the x-
axis, the y-axis, and the z-axis may be perpendicular to
one another, or may represent different directions that
are not perpendicular to one another. 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 ZZ. As used herein, the
term "and/or" includes any and all combinations of one
or more of the associated listed items.

[0033] Although the terms "first," "second," etc. may
be used herein to describe various elements, compo-
nents, 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 dis-
tinguish one element, component, region, layer, and/or
section from another element, component, region, layer,
and/or section. Thus, a firstelement, component, region,
layer, and/or section discussed below could be termed
a second element, component, region, layer, and/or sec-
tion without departing from the teachings of the present
disclosure.

[0034] Spatially relative terms, such as "beneath," "be-
low," "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 ele-
ment(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
manufacture in addition to the orientation depicted in the
drawings. For example, if the apparatus in the drawings
is turned over, elements described as "below" or "be-
neath" other elements or features would then be oriented
"above" the other elements or features. Thus, the 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 here-
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in interpreted accordingly.

[0035] 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," "in-
cludes," and/or "including," when used in this specifica-
tion, 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.

[0036] Variousembodimentsare described hereinwith
reference to sectional illustrations that are schematic il-
lustrations ofidealized 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,
embodiments disclosed herein should not be construed
as limited to the particular illustrated shapes of regions,
but are to include deviations in shapes that result from,
for instance, manufacturing. For example, an implanted
region illustrated as a rectangle will, typically, have
rounded or curved features and/or a gradient of implant
concentration at its edges rather than a binary change
from implanted to non-implanted region. Likewise, a bur-
ied region formed by implantation may result in some
implantation in the region between the buried region and
the surface through which the implantation takes place.
Thus, the regions illustrated in the drawings are sche-
matic in nature and their shapes are not intended to il-
lustrate the actual shape of a region of a device and are
not intended to be limiting.

[0037] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this disclosure is a part. Terms,
such as those defined in commonly used dictionaries,
should be interpreted as having a meaning that is con-
sistent 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
[0038] FIG. 1 is a schematic plan view of an organic
light-emitting display (OLED) apparatus 1 according to a
first embodiment. FIG. 2 is a plan view illustrating a por-
tion of a display area DA of the OLED apparatus as illus-
trated in FIG. 1. FIG. 3 is a cross-sectional view of the
OLED apparatus 1 of FIG. 1, taken along a line IlI-1ll of
FIG. 2.

[0039] Referring to FIG. 1, the OLED apparatus 1 in-
cludes a substrate 100. The substrate 100 includes a
display area DA and a peripheral area PA outside the
display area DA.

[0040] Inthe display area DA of the substrate 100, pix-
els P including organic light-emitting devices (OLED)
may be arranged. The peripheral area PA of the substrate
100 is an area where an image is not implemented and
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various wires for transmitting electrical signals to the dis-
play area DA are located in the peripheral area PA.
[0041] Referringto FIGS. 2 and 3, the display area DA
includes pixels P1, P2, and P3 emitting light of different
colors. Hereinafter, for convenience, the pixels P1, P2,
and P3 emitting light of different colors are referred to as
a first pixel P1, a second pixel P2, and a third pixel P3.
[0042] According to an embodiment, the first pixel P1
emits red light, the second pixel P2 emits green light, and
the third pixel P3 emits blue light. In the present embod-
iment, three pixels, that is, the first, second, and third
pixels P1, P2, and P3, are arranged in the display area
DA. However, the embodiments are not limited thereto.
In an embodiment, the display area DA may further in-
clude a fourth pixel (not shown) emitting white light in
addition to the first, second, and third pixels P1, P2, and
P3.

[0043] Afirstanode (or afirst electrode) 101, a second
anode (or a second electrode) 102, and a third anode (or
a third electrode) 103 are respectively disposed in the
first, second, and third pixels P1, P2, and P3 on the sub-
strate 100 and are spaced apart from each other.
[0044] A pixel-defining layer 110 covers end portions
of the first, second, and third anodes 101, 102, and 103.
[0045] A first organic functional layer 141 including a
first emission layer, a second organic functional layer 142
including a second emission layer, and a third organic
functional layer 143 including a third emission layer are
respectively disposed on the first, second, and third an-
odes 101, 102, and 103. A first auxiliary cathode (or a
first opposing electrode) 150, a second auxiliary cathode
160 (or a second opposing electrode), and a third auxil-
iary cathode 170 (or a third opposing electrode) are re-
spectively disposed on the first, second, and third organic
functional layers 141, 142, and 143.

[0046] The first auxiliary cathode 150 includes a first
conductive layer 181 disposed on the first organic func-
tional layer 141, a second conductive layer 182 covering
side surfaces of the first organic functional layer 141, a
fourth conductive layer 184 covering side surfaces of the
second conductive layer 182, and a sixth conductive lay-
er 186 covering side surfaces of the fourth conductive
layer 184. Thus, an area S(150) of the first auxiliary cath-
ode 150 is greater than an area S(101) of the first anode
101 in the plan view.

[0047] The second auxiliary cathode 160 includes a
third conductive layer 183 disposed on the second or-
ganic functional layer 142, the fourth conductive layer
184 covering side surfaces of the second organic func-
tional layer 142, and the sixth conductive layer 186 cov-
ering side surfaces of the fourth conductive layer 184.
Thus, an area S(160) of the second auxiliary cathode
160 is greater than an area S(102) of the second anode
102 in the plan view.

[0048] The third auxiliary cathode 170 includes a fifth
conductive layer 185 disposed on the third organic func-
tional layer 143, and the sixth conductive layer 186 cov-
ering side surfaces of the third organic functional layer
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143. Thus, an area S(170) ofthe third auxiliary cathode
170 is greater than an area S(103) of the third anode 103
in the plan view.

[0049] First, second, third, fourth, fifth, and sixth con-
ductive layers 181, 182, 183, 184, 185, and 186 may
include metallic materials.

[0050] A sum of a lateral thickness T2 of the second
conductive layer 182, a lateral thickness T4 of the fourth
conductive layer 184, and a lateral thickness T6 of the
sixth conductive layer 186 is a lateral thickness L1 of the
first auxiliary cathode 150. A sum of the lateral thickness
T4 of the fourth conductive layer 184 and the lateral thick-
ness T6 of the sixth conductive layer 186 is a lateral thick-
ness L2 of the second auxiliary cathode 160. The lateral
thickness T6 of the sixth conductive layer 186 is equal
to a lateral thickness L3 of the third auxiliary cathode 170.
That is, the lateral thickness L1 of a portion of the first
auxiliary cathode 150 disposed on a side surface of the
firstorganic functionallayer 141 is greater than the lateral
thickness L2 of a portion of the second auxiliary cathode
160 disposed on a side surface of the second organic
functional layer 142. The lateral thickness L2 of a portion
of the second auxiliary cathode 160 disposed on the side
surface of the second organic functional layer 142 is
greater than the lateral thickness L3 of a portion of the
third auxiliary cathode 170 disposed on a side surface of
the third organic functional layer 143.

[0051] With reference to FIGS. 4, 5, 6A, 6B, 6C, 6D,
6E, 6F, 6G, 7A, 7B, 7C, 7D, 7E, 7F, 7G, 8A, 8B, 8C, 8D,
8E, 8F, and 8G, a method of manufacturing the OLED
apparatus 1 according to the present exemplary embod-
iment and the OLED apparatus 1 manufactured by the
above method are described in more detail.

[0052] FIG. 4 is a schematic cross-sectional view for
explaining an operation of forming the first, second, and
third anodes 101, 102, and 103 on the substrate 100 of
the OLED apparatus 1 according to the first embodiment.
FIG. 5 is a schematic cross-sectional view for explaining
an operation of forming a pixel-defining layer 110 in the
OLED apparatus 1 according to the first embodiment.
FIGS. 6A to 6G are schematic cross-sectional views for
explaining a first unit process of the OLED apparatus 1
according to the first embodiment. FIGS. 7A to 7G are
schematic cross-sectional views for explaining a second
unit process of the OLED apparatus 1 according to the
first embodiment. FIGS. 8A to 8G are schematic cross-
sectional views for explaining a third unit process of the
OLED apparatus 1 according to the first embodiment.
[0053] Referringto FIG. 4, the firstanode 101, the sec-
ond anode 102, and the third anode 103 are formed on
the substrate 100.

[0054] The substrate 100 may include various materi-
als. For example, the substrate 100 may include glass
or plastic. Examples of the plastic may include materials
having excellent heat resistance and excellent durability
such as polyimide, polyethylene naphthalate, polyethyl-
ene terephthalate, polyarylate, polycarbonate, polyeth-
erimide, and polyethersulfone.
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[0055] Additionally, a buffer layer for planarizing a top
surface of the substrate 100 and preventing or reducing
penetration of impurities may be further formed over the
substrate 100. For example, the buffer layer may be a
layer or layers including silicon nitride, silicon oxide,
and/or the like.

[0056] The first, second, and third anodes 101, 102,
and 103 may be hole injection electrodes and include
materials having a high work function. The first, second,
and third anodes 101, 102, and 103 may each include a
transparent conductive oxide component. For example,
the first, second, and third anodes 101, 102, and 103
may include at least one of indium tin oxide, indium zinc
oxide, zinc oxide, indium oxide, indium gallium oxide, and
aluminum zinc oxide. Also, the first, second, and third
anodes 101, 102, and 103 may each be a layer or layers
including a metal such as silver (Ag), aluminum (Al), mag-
nesium (Mg), lithium (Li), or calcium (Ca) and/or an alloy.
[0057] The first, second, and third anodes 101, 102,
and 103 electrically contact first, second, and third thin-
film transistors, respectively, wherein the first, second,
and third thin-film transistors are disposed between the
substrate 100 and the first, second, and third anodes
101, 102, and 103, respectively.

[0058] Referring to FIG. 5, the pixel-defining layer 110
surrounding edges of the first anode 101, the second
anode 102, and the third anode 103 is formed on the
substrate 100.

[0059] Since edges of the first, second, and third an-
odes 101, 102, and 103 are sharp, when a current is
applied after the first, second, and third auxiliary cath-
odes 150, 160, and 170 are formed, an electric field may
be concentrated in the edges of the first, second, and
third anodes 101, 102 and 103, and thus an electrical
short circuit may occur during operation. However, in the
present embodiment, the end portions of the first, sec-
ond, and third anodes 101, 102, and 103 are covered by
the pixel-defining layer 110, and thus an electric field may
be prevented or reduced from concentrating in the end
portions of the first, second, and third anodes 101, 102,
and 103.

[0060] The pixel-defining layer 110 may be an organic
insulating layer including, for example, a general-pur-
pose polymer such as poly(methyl methacrylate) (PM-
MA) or polystyrene (PS), a polymer derivative having a
phenol group, an acryl-based polymer, an imide-based
polymer, an aryl ether-based polymer, an amide-based
polymer, a fluorine-based polymer, a p-xylene-based
polymer, a vinyl alcohol-based polymer, or a combination
thereof.

[0061] Referringto FIG. 6A, the first organic functional
layer 141 and the first conductive layer 181 are sequen-
tially deposited on the substrate 100 on which the first,
second, and third anodes 101, 102, and 103 are formed.
[0062] The first organic functional layer 141 includes
a first emission layer. Also, the first organic functional
layer 141 may further include at least one functional layer
including a hole injection layer, a hole transport layer, an



11 EP 3 373 356 A1 12

electron transport layer, and an electron injection layer.
[0063] The first organic functional layer 141 may be
formed by a vacuum deposition method. During a depo-
sition process, the first organic functional layer 141 is
formed on top surfaces of the first, second, and third an-
odes 101, 102, and 103 and on the pixel-defining layer
110.

[0064] The first conductive layer 181 may be formed
on the first organic functional layer 141 by a vacuum dep-
osition method. The first conductive layer 181 may in-
clude Ag, Mg, Al, platinum (Pt), palladium (Pd), gold (Au),
nickel (Ni), neodymium (Nd), iridium (Ir), chromium (Cr),
Li, Ca, or an alloy thereof. The first conductive layer 181
may also include a transparent conductive material.
[0065] Referring to FIG. 6B, a first photoresist 131 is
disposed on the first conductive layer 181. The first pho-
toresist 131 is exposed to light using a first photomask
M1 including an area M11 through which light L passes
and an area M12 where light L is blocked.

[0066] Referring to FIG. 6C, the first photoresist 131
is developed. The first photoresist 131 may be either a
positive type or a negative type. In the present embodi-
ment, the first photoresist 131 is a positive type. A first
portion 131-1 of the developed first photoresist 131,
which corresponds to the first anode 101, is formed as a
pattern, and the rest of the first photoresist 131 is re-
moved.

[0067] Referring to FIG. 6D, the first portion 131-1 of
the first photoresist 131 of FIG. 6C is used as an etch
mask, and the first organic functional layer 141 and the
first conductive layer 181 are etched and patterned.
[0068] The first organic functional layer 141 and the
first conductive layer 181 may be etched by a dry etching
process. The dry etching process may be respectively
performed on the first organic functional layer 141 and
the first conductive layer 181. For example, the first con-
ductive layer 181 may be dry-etched by using a gas in-
cluding fluorine F or chlorine Cl, and then the first organic
functional layer 141 may be dry-etched by using oxygen
gas.

[0069] Referring to FIG. 6E, the first portion 131-1 (see
FIG. 6D) ofthe first photoresist 131 is removed. The first
portion 131-1 of the first photoresist 131 may be removed
by a dry process such as ashing or stripping.

[0070] As the first portion 131-1 of the first photoresist
131 is removed, the first organic functional layer 141 and
the first conductive layer 181 are formed as patterns over
the first anode 101.

[0071] Referringto FIG. 6F, the second conductive lay-
er 182 is deposited on the structure illustrated in FIG. 6E.
[0072] The second conductive layer 182 may include
the same material as or a different material from the
above-described first conductive layer 181. The second
conductive layer 182 covers a top surface 181-T ofthe
first conductive layer 181 as well as side surfaces 141-
S of the first organic functional layer 141 and side sur-
faces 181-S of the first conductive layer 181.

[0073] Referring to FIG. 6G, the second conductive
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layer 182 is patterned such that portions of the second
conductive layer 182, which cover the side surfaces 141-
S ofthe first organic functional layer 141 and the side
surfaces 181-S of the first conductive layer 181, is formed
at a location corresponding to the first anode 101, and
the rest of the second conductive layer 182 is removed.
[0074] The second conductive layer 182 may be pat-
terned by a dry etching method. The second conductive
layer 182 may be dry-etched by using a gas including F
or Cl. By performing the dry etching method which does
not use a solvent, damage to the first organic functional
layer 141 due to the solvent may be prevented or re-
duced, and by performing anisotropic etching, the second
conductive layer 182 may only be disposed along the
side surfaces 181-S of the first conductive layer 181, with-
out increasing a thickness of the first conductive layer
181 from the top surface 181-T thereof.

[0075] Also, the top surface 141-T of the first organic
functional layer 141 is covered by the first conductive
layer 181, and the side surfaces 141-S thereof are sur-
rounded by the second conductive layer 182, thereby
preventing or reducing deterioration of the first organic
functional layer 141 which may be caused by a subse-
quent process.

[0076] Afterthe firstunit process is performed, the sec-
ond unit process for forming the second organic function-
al layer 142 is performed at a location where the second
anode 102 is disposed, the second organic functional
layer 142 emitting light of a different color from the first
organicfunctional layer 141. Hereinafter, the second unit
process is described with reference to FIGS. 7A, 7B, 7C,
7D, 7E, 7F, and 7G.

[0077] Referring to FIG. 7A, the second organic func-
tional layer 142 and the third conductive layer 183 are
sequentially deposited on the structure illustrated in FIG.
6G.

[0078] The second organic functional layer 142 may
include a second emission layer that emits light of a dif-
ferent color from the first emission layer. Also, the second
organic functional layer 142 may further include at least
one functional layer including a hole injection layer, a
hole transport layer, an electron transport layer, and an
electron injection layer. The second organic functional
layer 142 may be formed by a vacuum deposition meth-
od.

[0079] The third conductive layer 183 may be formed
on the second organic functional layer 142 by a vacuum
deposition method. The third conductive layer 183 may
include the same material as or a different material from
the first conductive layer 181. The third conductive layer
183 may also include the same material as or a different
material from the second conductive layer 182.

[0080] Referring to FIG. 7B, a second photoresist 132
is disposed on the third conductive layer 183. The second
photoresist 132 is exposed to light using a second pho-
tomask M2 including an area M21 through which light L
passes and an area M22 where light L is blocked.
[0081] Referring to FIG. 7C, the second photoresist
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132 is developed. The second photoresist 132 may be
either a positive type or a negative type. In the present
embodiment, the second photoresist 132 is a positive
type. A first portion 132-1 of the developed second pho-
toresist 132 is formed as a pattern and corresponds to
the second anode 102. The rest of the second photoresist
132 is removed.

[0082] Referring to FIG. 7D, the second organic func-
tional layer 142 and the third conductive layer 183 are
etched and patterned by using the first portion 132-1 of
the second photoresist 132 of FIG. 7C as an etch mask.
[0083] The second organic functional layer 142 and
the third conductive layer 183 may be etched by a dry
etching process. The dry etching process may be respec-
tively performed on the second organic functional layer
142 and the third conductive layer 183. For example, the
third conductive layer 183 may be dry-etched by using a
gas including F or ClI, and then the second organic func-
tional layer 142 may be dry-etched by using oxygen gas.
[0084] Referring to FIG. 7E, the first portion 132-1 (see
FIG. 7D) of the second photoresist 132 is removed. The
first portion 132-1 of the second photoresist 132 may be
removed by a dry process such as ashing or stripping.
[0085] As the first portion 132-1 of the second photore-
sist 132 is removed, the second organic functional layer
142 and the third conductive layer 183 are formed as
patterns over the second anode 102.

[0086] ReferringtoFIG.7F, the fourth conductive layer
184 is deposited on the structure illustrated in FIG. 7E.
[0087] The fourth conductive layer 184 may include
the same material as or a different material from the
above-described third conductive layer 183. The fourth
conductive layer 184 covers a top surface 183-T of the
third conductive layer 183 over the second anode 102
as well as side surfaces 142-S of the second organic
functional layer 142 and side surfaces 183-S of the third
conductive layer 183.

[0088] The fourth conductive layer 184 covers the top
surface 181-T of the first conductive layer 181 over the
firstanode 101 as well as the side surfaces 182-S of the
second conductive layer 182.

[0089] ReferringtoFIG. 7G, the fourth conductive layer
184 is patterned such that portions of the fourth conduc-
tive layer 184, which cover the side surfaces 182-S of
the second conductive layer 182, are formed at a location
corresponding to the first anode 101, portions of the
fourth conductive layer 184, which cover the side surfac-
es 142-S of the second organic functional layer 142 and
the side surfaces 183-S of the third conductive layer 183,
are formed at a location corresponding to the second
anode 102, and the rest of the fourth conductive layer
184 is removed.

[0090] The fourth conductive layer 184 is patterned by
a dry etching method. The fourth conductive layer 184
may be dry-etched by using a gas including F or CI. By
performing the dry etching method which does not use
a solvent, damage to the second organic functional layer
142 due to the solvent may be prevented or reduced, and
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by performing anisotropic etching, the fourth conductive
layer 184 may only be disposed along the side surfaces
182-S of the second conductive layer 182 and the side
surfaces 183-S of the third conductive layer 183, without
increasing respective thicknesses of the first conductive
layer 181 and the third conductive layer 183 from the top
surfaces 181-T and 183-T thereof.

[0091] Also, a top surface of the second organic func-
tional layer 142 is covered by the third conductive layer
183, and the side surfaces 142-S of the second organic
functional layer 142 are surrounded by the fourth con-
ductive layer 184, thereby preventing or reducing dete-
rioration of the second organic functional layer 142 which
may be caused by a subsequent process.

[0092] After the above-described second unit process
is performed, a third unit process of forming the third or-
ganic functional layer 143 is performed at a location
where the third anode 103 is disposed, wherein the third
organic functional layer 143 emits light of a different color
from the first organic functional layer 141 and the second
organic functional layer 142. The third unit process is
described with reference to FIGS. 8A to 8G.

[0093] ReferringtoFIG. 8A, the third organic functional
layer 143 and the fifth conductive layer 185 are sequen-
tially deposited on the structure illustrated in FIG. 7G.
[0094] The third organic functional layer 143 may in-
clude a third emission layer that emits light of a different
color from the first emission layer (not shown) and the
second emission layer. The third organic functional layer
143 may further include at least one functional layer in-
cluding a hole injection layer, a hole transport layer, an
electron transport layer, and an electron injection layer.
The third organic functional layer 143 may be formed by
a vacuum deposition method.

[0095] The fifth conductive layer 185 may be formed
on the third organic functional layer 143 by a vacuum
deposition method. The fifth conductive layer 185 may
include the same material as or a different material from
the third conductive layer 183. Also, the fifth conductive
layer 185 may include the same material as or a different
material from the fourth conductive layer 184.

[0096] Referring to FIG. 8B, a third photoresist 133 is
disposed on the fifth conductive layer 185. The third pho-
toresist 133 is exposed to light using a third photomask
M3 including an area M31 through which light L passes
and an area M32 where light L is blocked.

[0097] Referring to FIG. 8C, the third photoresist 133
is developed. The third photoresist 133 may be of either
a positive type or a negative type. In the present embod-
iment, the third photoresist 133 is of a positive type. A
first portion 133-1 of the developed third photoresist 133
is formed as a pattern at a location corresponding to the
third anode 103, and the rest thereof is removed.
[0098] ReferringtoFIG. 8D, the third organic functional
layer 143 and the fifth conductive layer 185 are etched
and then patterned using the first portion 133-1 of the
third photoresist 133 of FIG. 8C as an etch mask.
[0099] The third organic functional layer 143 and the
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fifth conductive layer 185 may be etched by a dry etching
process. The dry etching process may be respectively
performed on the third organic functional layer 143 and
the fifth conductive layer 185. For example, after the fifth
conductive layer 185 is dry-etched by using a gas includ-
ing F or ClI, the third organic functional layer 143 may be
dry-etched by using oxygen gas.

[0100] Referring to FIG. 8E, the first portion 133-1 (see
FIG. 8D) of the third photoresist 133 is removed. The first
portion 133-1 of the third photoresist 133 may be re-
moved by dry process such as ashing or stripping.
[0101] As the first portion 133-1 of the third photoresist
133 is removed, the third organic functional layer 143
and the fifth conductive layer 185 are formed as patterns
over the third anode 103.

[0102] Referring to FIG. 8F, the sixth conductive layer
186 is deposited on the structure illustrated in FIG. 8E.
[0103] The sixth conductive layer 186 may include the
same material as or a different material from the above-
described fifth conductive layer 185.

[0104] The sixth conductive layer 186 covers atop sur-
face 185-T of the fifth conductive layer 185 as well as
side surfaces 143-S of the third organic functional layer
143 and side surfaces 185-S of the fifth conductive layer
185 over the third anode 103. The sixth conductive layer
186 covers the top surface 181-T of the first conductive
layer 181 as well as the side surfaces 184-S of the fourth
conductive layer 184 over the firstanode 101. In addition,
the sixth conductive layer 186 covers the top surface 183-
T of the third conductive layer 183 as well as the side
surfaces 184-S of the fourth conductive layer 184 over
the second anode 102.

[0105] Referring to FIG. 8G, the sixth conductive layer
186 is patterned such that portions of the sixth conductive
layer 186, which cover the side surfaces 184-S of the
fourth conductive layer 184, are formed at a location cor-
responding to the first anode 101, portions of the sixth
conductive layer 186, which cover the side surfaces 184-
S of the fourth conductive layer 184, are formed at a
location corresponding to the second anode 102, por-
tions of the sixth conductive layer 186, which cover the
side surfaces 143-S of the third organic functional layer
143 and the side surfaces 185-S of the fifth conductive
layer 185, are formed at a location corresponding to the
third anode 103, and the rest of the sixth conductive layer
186 is removed.

[0106] The sixth conductive layer 186 is patterned by
a dry etching method. The sixth conductive layer 186
may be dry-etched by using a gas including F or CI. By
performing the dry etching method which does not use
a solvent, damage to of the third organic functional layer
143 due to the solvent may be prevented or reduced, and
by performing anisotropic etching, the sixth conductive
layer 186 may only disposed along the side surfaces 184-
S of the fourth conductive layer 184 and the side surfaces
185-S of the fifth conductive layer 185, without increasing
respective thicknesses of the first, third, and fifth conduc-
tive layers 181, 183, and 185 from the top surfaces 181-
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T, 183-T, and 185-T thereof.

[0107] According to the first, second, and third unit
processes, in the first auxiliary cathode 150 (see FIG. 3),
the second conductive layer 182, the fourth conductive
layer 184, and the sixth conductive layer 186 are formed
adjacent to outer portions or edges of the first conductive
layer 181. In the second auxiliary cathode 160 (see FIG.
3), the fourth conductive layer 184 and the sixth conduc-
tive layer 186 are formed adjacent to outer portions or
edges of the third conductive layer 183, and in the third
auxiliary cathode 170 (see FIG. 3), the sixth conductive
layer 186 is formed on outer portions or edges of the fifth
conductive layer 185. Thus, an area of the first auxiliary
cathode 150 in plan view is greater than an area of the
second auxiliary cathode 160 in plan view, and the area
of the second auxiliary cathode 160in plan view is greater
than an area of the third auxiliary cathode 170 in plan
view.

[0108] The top surface of the third organic functional
layer 143 is covered by the fifth conductive layer 185,
and the side surfaces 143-S of the third organic functional
layer 143 are surrounded by the sixth conductive layer
186, thereby preventing or reducing deterioration of the
third organic functional layer 143 that may be caused by
a subsequent process.

[0109] FIG. 12 is a schematic cross-sectional view of
an organic light-emitting display (OLED) apparatus 2 ac-
cording to a second embodiment.

[0110] ReferringtoFIG. 12, unlike the OLED apparatus
1 of FIG. 1, the OLED apparatus 2 further includes a
cathode 180. The cathode 180 is integrally formed as a
common electrode on the top surfaces and the side sur-
faces of the first, second, and third auxiliary cathodes
150, 160, and 170.

[0111] The cathode 180 may include the same material
as or a different material from the first, second, and third
auxiliary cathodes 150, 160, and 170. As described
above, thefirst, second, and third auxiliary cathodes 150,
160, and 170 surround the side surfaces of the first, sec-
ond, and third organic functional layers 141, 142, and
143 and function as barriers preventing or reducing pen-
etration of external oxygen and moisture into the first,
second, and third organic functional layers 141, 142, and
143, during the first, second, and third unit processes.
The cathode 180, which is a common electrode, is de-
posited again on the first, second, and third organic func-
tional layers 141, 142, and 143 so as to protect the first,
second, and third organic functional layers 141, 142, and
143 and decrease a voltage drop resulting from cathode
resistance.

[0112] In the present embodiment, the first, second,
and third anodes 101, 102, and 103 are described as
hole injection electrodes, and the first, second, and third
auxiliary cathodes 150, 160, and 170 are described as
electron injection electrodes. However, these descrip-
tions are merely examples, and the embodiments are not
limited thereto. Electron injection electrodes may be
formed respectively at locations where the first, second,
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and third anodes 101, 102, and 103 are disposed, and
hole injection electrodes may be formed respectively at
locations where the first, second, and third auxiliary cath-
odes 150, 160, and 170 and the cathode 180 are dis-
posed.

[0113] During a process of depositing an organic func-
tional layer using a metal mask in which an opening is
formed, it is difficult to apply the metal mask to an ultra-
high-definition display panel because it is difficult to pre-
cisely process the metal mask due to a thickness and
alignment tolerance thereof, and also it is difficult to in-
crease the size of the metal mask due to deflection
caused by a weight of the metal mask. However, accord-
ing to the present embodiment, patterns of the first, sec-
ond, and third organic functional layers 141, 142, and
143 are formed by a dry process and a photolithography
process, notby a deposition process using a metal mask,
and thus problems that may be caused by using a metal
mask may be solved.

[0114] Inthe presentembodiment,an organicfunction-
al layer and an auxiliary cathode are formed by a photo-
lithography process and a dry process instead of a proc-
ess ofusing an expensive fluorine-based resin or solvent,
and thus manufacturing costs may be reduced by reduc-
ing costs of an expensive fluorine-based resin coating.

[0115] Hereinafter, a method of manufacturing an or-
ganic light-emitting display (OLED) apparatus according
to a comparative example is described with reference to
FIGS. 9A to 9E.

[0116] FIGS. 9A, 9B, 9C, 9D, and 9E are schematic
cross-sectional views for explaining a first unit process
of forming an OLED apparatus according to a compara-
tive example. FIGS. 10A, 10B, 10C, 10D, and to 10E are
schematic cross-sectional views for explaining a second
unit process of forming the OLED apparatus according
to the comparative example. FIGS. 11A, 11B, 11C, 11D,
and to 11E are schematic cross-sectional views for ex-
plaining a third unit process of forming the OLED appa-
ratus according to the comparative example.

[0117] Referring to FIG. 9A, a first lift-off layer 121 in-
cluding a fluoropolymer is formed over the substrate 100
on which the first, second, and third anodes 101, 102,
and 103 and the pixel-defining layer 110 covering end
portions or edges of the first, second, and third anodes
101, 102, and 103 are formed. Then, the first photoresist
131 is formed on the first lift-off layer 121.

[0118] Referring to FIG. 9B, the first photoresist 131 is
patterned. The first photoresist 131 is exposed and de-
veloped and then the first portion 131-1 corresponding
to the firstanode 101 is removed therefrom, and a second
portion 131-2 other than the first portion 131-1 is formed.
[0119] Referring to FIG. 9C, the first lift-off layer 121
is etched by using a pattern of the first photoresist 131
of FIG. 9B as an etch mask and using a first solvent in-
cluding fluorine (F). During the etching process, a portion
of the first lift-off layer 121 disposed on the first anode
101 at a location corresponding to the first portion 131-1
is etched. The first lift-off layer 121 is etched to form a
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first undercut profile UC1 under a surface of a boundary
of the first portion 131-1 of the first photoresist 131.
[0120] Referringto FIG. 9D, the first organic functional
layer 141 and the first conductive layer 181 are sequen-
tially formed over the structure illustrated in FIG. 9C.
[0121] Referring to FIG. 9E, a first lift-off process is
performed to entirely remove all remaining portions of
the firstlift-off layer 121, and accordingly, the first organic
functional layer 141 and the first conductive layer 181
are formed as patterns over the first anode 101. In this
case, the side surfaces 141-S of the first organic func-
tional layer 141 and the side surfaces 181-S of the first
conductive layer 181 are exposed.

[0122] Afterthefirstunit processis completed, the sec-
ond unit process is performed.

[0123] ReferringtoFIG. 10A, a second lift-off layer 122
and the second photoresist 132 are sequentially formed
over the structure illustrated in FIG. 9E.

[0124] The second lift-off layer 122 includes a fluor-
opolymer. The fluoropolymer is electrochemically stable
due to its low interaction with other materials, but when
the second lift-off layer 122 contacts the side surfaces
141-S of the first organic functional layer 141, the first
organic functional layer 141 may be deteriorated.
[0125] Referring to FIG. 10B, the second photoresist
132 is exposed and developed. The second photoresist
132 is patterned such that the first portion 132-1 corre-
sponding to the second anode 102 is removed and a
second portion 132-2 other than the first portion 132-1 is
formed.

[0126] Referring to FIG. 10C, the second lift-off layer
122is etched by using a pattern of the second photoresist
132 of FIG. 10B as an etch mask and using the first sol-
vent including fluorine (F). During the etching process, a
portion of the second lift-off layer 122 disposed on the
second anode 102 at a location corresponding to the first
portion 132-1 is etched. The second lift-off layer 122 is
etched to form a second undercut profile UC2 under a
surface of a boundary of the first portion 132-1 of the
second photoresist 132.

[0127] During a wet etching process using the first sol-
vent, the first solvent is absorbed by the second lift-off
layer 122, and thus delivered to the first organic functional
layer 141 through the side surfaces 141-S of the first
organic functional layer 141.

[0128] Referringto FIG. 10D, the second organic func-
tional layer 142 and the third conductive layer 183 are
sequentially formed over the structure illustrated in FIG.
10C.

[0129] Referring to FIG. 10E, the second lift-off proc-
ess is performed to entirely remove all remaining portions
of the second lift-off layer 122, and accordingly the first
organic functional layer 141 and the first conductive layer
181 are formed as patterns over the first anode 101, and
the second organic functional layer 142 and the third con-
ductive layer 183 are formed as patterns over the second
anode 102.

[0130] In this case, the side surfaces 141-S of the first
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organic functional layer 141 and the side surfaces 181-
S of the first conductive layer 181 are exposed. In addi-
tion, the side surfaces 142-S of the second organic func-
tional layer 142 and the side surface 183-S of the third
conductive layer 183 are exposed.

[0131] After the second unit process is completed, the
third unit process is performed.

[0132] Referring to FIG. 11A, a third lift-off layer 123
and a third photoresist 133 are sequentially formed over
the structure illustrated in FIG. 10E.

[0133] The third lift-off layer 123 includes a fluoropol-
ymer. The fluoropolymer is electrochemically stable due
to its low interaction with other materials, but when the
third lift-off layer 123 contacts the side surfaces 141-S of
the firstorganic functional layer 141 and the side surfaces
142-S of the second organic functional layer 142, the first
organic functional layer 141 and the second organic func-
tional layer 142 may be deteriorated.

[0134] Referring to FIG. 11B, the third photoresist 133
is exposed and developed. The third photoresist 133 is
patterned such that the first portion 133-1 corresponding
to the third anode 103 is removed therefrom and a second
portion 133-2 other than the first portion 133-1 is formed.
[0135] Referring to FIG. 11C, the third lift-off layer 123
is etched by using a pattern of the third photoresist 133
of FIG. 11B as an etch mask and using the first solvent
including fluorine (F). The third lift-off layer 123 is etched
to form a third undercut profile UC3 under a surface of a
boundary of the first portion 133-1 of the third photoresist
133. During the wet etching process using the first sol-
vent, the first solvent may be absorbed by the third lift-
off layer 123, and thus may be delivered to the first or-
ganic functional layer 141 and the second organic func-
tional layer 142 through the side surfaces 141-S of the
first organic functional layer 141 and the side surfaces
142-S of the second organic functional layer 142.
[0136] Referring to FIG. 11D, the third organic func-
tional layer 143 and the fifth conductive layer 185 are
sequentially formed over the structure illustrated in FIG.
11C.

[0137] Referring to FIG. 11E, the third lift-off process
is performed to entirely remove all remaining portions of
the third lift-offlayer 123, and accordingly, the first organic
functional layer 141 and the first conductive layer 181
over the first anode 101, the second organic functional
layer 142 and the third conductive layer 183 over the
second anode 102, and the third organic functional layer
143 and thefifth conductive layer 185 over the third anode
103 are formed as patterns.

[0138] In this case, the side surfaces 141-S of the first
organic functional layer 141 and the side surfaces 181-
S of the first conductive layer 181 are exposed. In addi-
tion, the side surfaces 142-S of the second organic func-
tional layer 142 and the side surfaces 183-S of the third
conductive layer 183 are exposed. Moreover, the side
surfaces 143-S of the third organic functional layer 143
and the side surfaces 185-S of the fifth conductive layer
185 are exposed.
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[0139] Thatis, according to the method of manufactur-
ing the OLED apparatus according to the comparative
example of FIGS. 9A-11E, the side surfaces 141-S, 142-
S, and 143-S of the first, second, and third organic func-
tional layers 141, 142, and 143 are exposed during the
first, second, and third unit processes such that the first,
second, and third organic functional layers 141, 142, and
143 may be damaged due to a lift-off layer and a solvent,
and as the first, second, and third lift-off processes are
repeated, manufacturing costs may increase due to an
increase in the use of expensive fluorine-based resin.
[0140] Although not illustrated in the drawings, the
above-described OLED apparatuses may further include
an encapsulation member that encapsulates an organic
emission layer. The encapsulation member may include
a glass substrate, a metal foil, and a thin-film encapsu-
lation layer in which an inorganic layer and an organic
layer are combined.

[0141] According to the above embodiments, since an
emission layer is formed without using a fine metal mask
(FMM), a high-resolution display panel may be formed.
[0142] Also, according to an embodiment, dry etching
is performed instead of lift-off processing in which fluo-
rine-based resin and a fluorine-based solvent are used,
and thus damage to an organic functional layer due to
the fluorine-based resin and the fluorine-based solvent
may decrease such that a yield may be improved.
[0143] In addition, according to an embodiment, man-
ufacturing costs may be reduced without using expensive
fluorine-based resin.

[0144] It should be understood that embodiments de-
scribed herein should be considered in a descriptive
sense only and not for purposes of limitation. Descrip-
tions of features or aspects within each embodiment
should typically be considered as available for other sim-
ilar features or aspects in other embodiments.

[0145] While one or more embodiments have been de-
scribed with reference to the figures, it will be understood
by those of ordinary skill in the art that various changes
in form and details may be made therein without depart-
ing from the scope of the invention as defined by the
following claims.

Claims

1. Anorganic light-emitting display (OLED) apparatus,
comprising:

a first electrode;

a first organic functional layer disposed on the
first electrode, the first organic functional layer
comprising a first emission layer;

a first opposing electrode covering a top surface
and side surfaces of the first organic functional
layer;

a second electrode disposed separate from the
first electrode;
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a second organic functional layer disposed on
the second electrode, the second organic func-
tional layer comprising a second emission layer;
and

a second opposing electrode covering a top sur-
face and side surfaces of the second organic
functional layer,

wherein a lateral thickness of the first opposing
electrode covering the side surfaces of the first
organic functional layer is greater than a lateral
thickness of the second opposing electrode cov-
ering the side surfaces of the second organic
functional layer.

An OLED apparatus according to claim 1, wherein
a first color of light emitted from the first emission
layer is different from a second color of light emitted
from the second emission layer.

An OLED apparatus according to claim 1 or 2, where-
in each of the first organic functional layer and the
second organic functional layer comprises at least
one layer selected from the group consisting of a
hole injection layer, a hole transport layer, an elec-
tron injection layer, and an electron transport layer.

An OLED apparatus according to claim 1, 2 or 3,
wherein a thickness of a portion of the first opposing
electrode covering the top surface of the first organic
functional layer is as same as a thickness of a portion
of the second opposing electrode covering the top
surface of the second organic functional layer.

An OLED apparatus according to any preceding
claim, further comprising a pixel-defining layer com-
prising an insulating layer, the pixel-defining layer
covering an edge of the first electrode and an edge
of the second electrode.

An OLED apparatus according to claim 5, wherein
an edge of the first organic functional layer and an
edge of the second organic functional layer are dis-
posed on an inclined surface of the pixel-defining
layer.

An OLED apparatus according to any preceding
claim, further comprising a common electrode that
is commonly and integrally disposed on the first op-
posing electrode and the second opposing elec-
trode.

An OLED apparatus according to claim 7, wherein
the common electrode covers side surfaces of the
first opposing electrode and side surfaces of the sec-
ond opposing electrode.

An OLED apparatus according to any preceding
claim, further comprising:
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a third electrode disposed separate from the first
electrode and the second electrode;

a third organic functional layer disposed on the
third electrode, the third organic functional layer
comprising a third emission layer; and

athird opposing electrode covering a top surface
and side surfaces of the third organic functional
layer,

wherein the lateral thickness of the second op-
posing electrode covering the side surfaces of
the second organic functional layer is greater
than a lateral thickness of the third opposing
electrode covering the side surfaces of the third
organic functional layer.

10. An OLED apparatus according to claim 9, wherein

1.

a first color of light emitted from the first emission
layer, a second color of light emitted from the second
emission layer, and a third color of light emitted from
the third emission layer are different from one anoth-
er.

An organic light-emitting display (OLED) apparatus,
comprising:

a first electrode;

a first organic functional layer disposed on the
first electrode, the first organic functional layer
comprising a first emission layer;

a first opposing electrode covering a top surface
and side surfaces of the first organic functional
layer;

a second electrode disposed separate from the
first electrode;

a second organic functional layer disposed on
the second electrode, the second organic func-
tional layer comprising a second emission layer;
and

a second opposing electrode covering a top sur-
face and side surfaces of the second organic
functional layer,

wherein an area of the first opposing electrode
inplan view is greater than an area of the second
opposing electrode in plan view.

12. An OLED apparatus according to claim 11, wherein

the first opposing electrode comprises a first con-
ductive layer covering the top surface of the first or-
ganic functional layer, a second conductive layer sur-
rounding the side surfaces of the first organic func-
tional layer, a fourth conductive layer surrounding
side surfaces of the second conductive layer, and a
sixth conductive layer surrounding side surfaces of
the fourth conductive layer, and

wherein the second opposing electrode comprises
a third conductive layer covering the top surface of
the second organic functional layer, the fourth con-
ductive layer surrounding the side surfaces of the



13.

14.

15.

16.

23

second organic functional layer, and the sixth con-
ductive layer surrounding the side surfaces of the
fourth conductive layer.

A method of manufacturing an organic light-emitting
display (OLED) apparatus, the method comprising:

disposing a first electrode and a second elec-
trode separate from each other on a substrate;
sequentially disposing a first organic functional
layer and a first conductive layer over the first
electrode;

patterning the first organic functional layer and
the first conductive layer such that side surfaces
of the first organic functional layer and side sur-
faces of the first conductive layer are exposed;
disposing a second conductive layer;
patterning the second conductive layer such that
the second conductive layer covers the side sur-
faces of the first organic functional layer and the
side surfaces of the first conductive layer;
sequentially disposing a second organic func-
tional layer and a third conductive layer over the
first conductive layer, the second conductive
layer, and the second electrode;

patterning the second organic functional layer
and the third conductive layer such that side sur-
faces of the second organic functional layer and
side surfaces of the third conductive layer are
exposed;

disposing a fourth conductive layer; and
patterning the fourth conductive layer such that
the fourth conductive layer covers the side sur-
faces of the second organic functional layer, side
surfaces of the second conductive layer, and the
side surfaces of the third conductive layer.

A method according to claim 13, wherein the pat-
terning the second conductive layer and the pattern-
ing the fourth conductive layer comprise a dry etch-
ing method.

A method of claim 13 or 14, wherein the patterning
of the first organic functional layer and the first con-
ductive layer comprises:

disposing a first photoresist on the first conduc-
tive layer;

removing a second portion of the first photoresist
such that a first portion of the first photoresist is
formed at a location corresponding to the first
electrode;

removing the first organic functional layer and
the first conductive layer at a location corre-
sponding to the second portion; and

removing the first portion of the first photoresist.

A method according to claim 15, wherein removing
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17.

18.

19.

20.

21.

22,

24

the first organic functional layer and the first conduc-
tive layer comprises a dry etching method.

A method according to claim 16, wherein the dry
etching method comprises:

a first process of dry-etching the first conductive
layer; and

a second process of dry-etching the first organic
functional layer.

A method according to one of claims 13to 17, where-
in the sequentially disposing the first organic func-
tional layer and the first conductive layer, the dispos-
ing the second conductive layer, the sequentially dis-
posing the second organic functional layer and the
third conductive layer, and the disposing the fourth
conductive layer comprise a deposition process.

A method according to one of claims 13 to 18, where-
in, the disposing the first electrode and the second
electrode comprises:

disposing an insulating layer to cover an edge
of the first electrode and an edge of the second
electrode.

A method according to one of claims 13 to 19, further
comprising: disposing a common electrode on the
first conductive layer, the second conductive layer,
the third conductive layer, and the fourth conductive
layer , wherein the common electrode is commonly
and integrally formed.

A method according to one of claims 13 to 20, where-
in the first organic functional layer and the second
organic functional layer respectively comprise a first
emission layer and a second emission layer which
emit light of different colors.

A method according to one of claims 13 to 21, where-
in the method further comprises:

disposing, on the substrate, a third electrode
separate from the first electrode and the second
electrode;

sequentially disposing a third organic functional
layer and afifth conductive layer on the first con-
ductive layer, the second conductive layer, the
third conductive layer, the fourth conductive lay-
er, and the third electrode;

patterning the third organic functional layer and
the fifth conductive layer such that side surfaces
of the third organic functional layer and side sur-
faces of the fifth conductive layer are exposed;
disposing a sixth conductive layer; and
patterning the sixth conductive layer such that
the sixth conductive layer covers the side sur-
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faces of the third organic functional layer, side
surfaces of the fourth conductive layer, and the
side surfaces of the fifth conductive layer.
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