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

RELATED APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0099972, filed on Aug. 4, 2014, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] One or more embodiments relate to an organic light-
emitting display apparatus and a method of manufacturing
the same.

[0004] 2. Description of the Related Technology

[0005] Display apparatuses can display various types of
images and content and are used in many applications for
different purposes. Recently, organic light-emitting display
apparatuses have drawn much attention.

[0006] An organic light-emitting display apparatus has a
self-emitting characteristic and does not need an additional
light source, unlike a liquid crystal display apparatus. Thus,
the organic light-emitting display apparatus may be manufac-
tured to have a reduced thickness and weight. Also, the
organic light-emitting display apparatus has low power con-
sumption, high brightness, and high response rate.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0007] One or more embodiments include an organic light-
emitting display apparatus and a method of manufacturing
the same.

[0008] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may belearned by practice ofthe presented
embodiments.

[0009] According to one or more embodiments, an organic
light-emitting display apparatus includes: a substrate; a thin
film transistor formed on the substrate and including an active
layer, a gate electrode, a source electrode, and a drain elec-
trode; a pixel electrode connected to at least one of the source
electrode or the drain electrode; a pixel-defining layer having
a first opening exposing at least a portion of the pixel elec-
trode and a second opening adjacent to the first opening; an
intermediate layer formed on the pixel electrode, including an
organic emission layer, and having a first hole corresponding
to the second opening; an opposite electrode formed on the
intermediate layer; and a first auxiliary electrode and a second
auxiliary electrode formed below the pixel-defining layer,
whereby at least portions of the first auxiliary electrode and
the second auxiliary electrode are exposed through the sec-
ond opening, wherein an end of the first auxiliary electrode
and an end of the second auxiliary electrode are spaced apart
from each other, and wherein the opposite electrode contacts
the end of the first auxiliary electrode and the end of the
second auxiliary electrode, the end of the first auxiliary elec-
trode and the end of the second auxiliary electrode being
exposed through the first hole.

[0010] The first auxiliary electrode and the second auxil-
iary electrode may be formed on the same layer as the pixel
electrode.
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[0011] The first auxiliary electrode and the second auxil-
iary electrode may include a same material as the pixel elec-
trode.

[0012] A size of the second opening may be larger than a
size of the first hole.

[0013] An end portion of the intermediate layer adjacent to
the first hole may cover an etching surface of the second
opening.

[0014] The first auxiliary electrode and the second auxil-
iary electrode may include a same material.

[0015] A cross-sectional area of the first auxiliary electrode
and a cross-sectional area of the second auxiliary electrode
may be substantially equal to each other.

[0016] Light emitted from the organic emission layer may
be released toward the opposite electrode.

[0017] The organic light-emitting display apparatus may
further include an insulating layer formed below the first
auxiliary electrode and the second auxiliary electrode. A por-
tion of the opposite electrode may contact an upper surface of
the insulating layer exposed between an end of the first aux-
iliary electrode and an end of the second auxiliary electrode.

[0018] According to one or more embodiments, a method
of manufacturing an organic light-emitting display apparatus
includes: preparing a substrate on which a thin film transistor
is formed, the thin film transistor including an active layer, a
gate electrode, and a source electrode and a drain electrode
respectively connected to a source region and a drain region
of the active layer; forming a pixel electrode connected to at
least one of the source electrode or the drain electrode; form-
ing an auxiliary wiring layer including a first auxiliary elec-
trode, a second auxiliary electrode, and a connection wiring
interposed between the first auxiliary electrode and the sec-
ond auxiliary electrode and having a higher resistance than
the first and second auxiliary electrodes; forming a pixel-
defining layer having a first opening exposing at least a por-
tion of the pixel electrode, and a second opening correspond-
ing to the connection wiring of the auxiliary wiring layer;
forming on the pixel-defining layer an intermediate layer
including an organic emission layer; forming a firsthole in the
intermediate layer and removing the connection wiring by
supplying currents to the auxiliary wiring layer; and forming
an opposite electrode to contact an end of the first auxiliary
electrode and an end of the second auxiliary electrode, the end
of the first auxiliary electrode and the end of the second
auxiliary electrode being exposed through the first hole of the
intermediate layer.

[0019] A cross-sectional area of the connection wiring may
be smaller than a cross-sectional area of the first auxiliary
electrode and a cross-sectional area of the second auxiliary
electrode.

[0020] The cross-sectional area of the first auxiliary elec-
trode and the cross-sectional area of the second auxiliary
electrode may be substantially equal to each other.

[0021] Forming of the auxiliary wiring layer may include
reducing a thickness of the connection wiring to be smaller
than a thickness of the first auxiliary electrode and a thickness
of the second auxiliary electrode by using a half-tone mask
having a half-transmittance region at a location correspond-
ing to the connection wiring.

[0022] A width of the connection wiring may be smaller
than a width of the first auxiliary electrode and a width of the
second auxiliary electrode.
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[0023] The connection wiring may include a material hav-
ing a higher resistance than the first auxiliary electrode and
the second auxiliary electrode.

[0024] Forming of the auxiliary wiring layer and forming
of the pixel electrode may be simultaneously performed in
same process.

[0025] Thefirstopening may expose at least a portionof the
pixel electrode, and the second opening may expose the con-
nection wiring, an end of the first auxiliary electrode adjacent
to the connection wiring, and an end of the second auxiliary
electrode adjacent to the connection wiring.

[0026] A size of the first hole may be smaller than a size of
the second opening.

[0027] An end portion of the intermediate layer adjacent to
the first hole may cover an etching surface of the second
opening.

[0028] Theendofthe first auxiliary electrode and the end of
the second auxiliary electrode may be spaced apart from each
other, and an upper surface of an insulating layer placed
below the first and second auxiliary electrodes may be
exposed between the ends of the first auxiliary electrode and
the second auxiliary electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings in which:

[0030] FIG. 1 is a plan view of pixels and auxiliary elec-
trodes of an organic light-emitting display apparatus accord-
ing to an embodiment;

[0031] FIG. 2 is a cross-sectional view of an organic light-
emitting display apparatus, taken along line II-II of FIG. 1;
[0032] FIG.3isaplanview of a contact area CA of FIG. 2;
[0033] FIG. 4A is a cross-sectional view for describing a
process of forming an auxiliary wiring layer and a process of
forming a pixel electrode;

[0034] FIG. 4B is a plan view of a contact area CA of FIG.
4A,;
[0035] FIG. 5A is a cross-sectional view for describing a

process of forming a pixel-defining layer;

[0036] FIG.5B is a plan view of a contact area CA of FIG.
5A;
[0037] FIG. 6A is a cross-sectional view for describing a

process of forming an intermediate layer;

[0038] FIG. 6B is a plan view of a contact area CA of FIG.
6A;
[0039] FIG. 7A is a cross-sectional view for describing a

process of forming a first hole and removing a connection
wiring;

[0040] FIG. 7B is a plan view of a contact area CA of FIG.
TA,
[0041] FIG. 8A is a cross-sectional view for describing a

process of forming an opposite electrode; and

[0042] FIG. 8B is a plan view of a contact area CA of FIG.
8A.
DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS
[0043] Reference will now be made in detail to embodi-

ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals generally refer to
like elements throughout. In this regard, the presented

Feb. 4,2016

embodiments may have different forms and should not be
construed as being limited to the descriptions set forth herein.
Accordingly, the embodiments are merely described below,
by referring to the figures, to explain aspects of the present
description.

[0044] It will be understood that although the terms “first,”
“second,” and the like may be used herein to describe various
components, these components should not be limited by these
terms. These components are only used to distinguish one
component from another.

[0045] 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.

[0046] It will be further understood that the terms “com-
prises” and/or “comprising” used herein specify the presence
of stated features or components, but do not preclude the
presence or addition of one or more other features or compo-
nents.

[0047] It will be understood that when a layer, region, or
component is referred to as being “formed on,” another layer,
region, or component, it can be directly or indirectly formed
on the other layer, region, or component. That is, for example,
intervening layers, regions, or components may be present.
[0048] Sizes of elements in the drawings may be exagger-
ated for convenience of explanation. In other words, since
sizes and thicknesses of components in the drawings are
arbitrarily illustrated for convenience of explanation, the fol-
lowing embodiments are not limited thereto.

[0049] When a certain embodiment may be implemented
differently, a specific process order may be performed differ-
ently from the described order. For example, two consecu-
tively described processes may be performed substantially at
the same time or performed in an order opposite to the
described order.

[0050] FIG. 1 is a plan view of pixels and auxiliary elec-
trodes of an organic light-emitting display apparatus accord-
ing to an embodiment. FIG. 2 is a cross-sectional view of the
organic light-emitting display apparatus, taken along line
1I-IT of FIG. 1. FIG. 3 is a plan view of a contact area CA of
FIG. 2.

[0051] Referring to FIGS. 1 and 2, the organic light-emit-
ting display apparatus may include a plurality of pixels P1,
P2, and P3, a first auxiliary electrode 61 and a second auxil-
iary electrode 62 extended between the plurality of pixels P1,
P2, and P3, and a contact portion CNT contacting an opposite
electrode 43 and the first and second auxiliary electrodes 61
and 62. The opposite electrode 43 may be formed throughout
a display region of the organic light-emitting display appara-
tus. The display region refers to a region in which an image is
displayed. The display region may refer to all regions of the
organic light-emitting display apparatus, except boundary
regions of the organic light-emitting display apparatus, in
which a controller, or the like, are placed.

[0052] According to a direction in which an image is real-
ized, the organic light-emitting display apparatus may be
divided into a top emission type. in which the image is real-
ized toward an opposite direction of the substrate 10, that is,
from the substrate 10 toward the opposite electrode 43, and a
bottom emission type in which the image is realized toward
the substrate 10. The top emission type has a higher aperture
ratio than the bottom emission type. However, in order to
realize the image in the top emission type, the opposite elec-
trode 43 must be formed by using a transparent electrode,
such as, for example, ITO, and such a transparent electrode
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usually has high resistance so that IR drop may occur.
According to another embodiment, the opposite electrode 43
may be formed by using a metal having low resistance, such
as, for example, Ag and Mg. In order to raise a transmittance
rate, the opposite electrode 43 must be formed very thin.
Thus, the IR drop may also occur. The IR drop becomes a
more serious problem as a size of the opposite electrode 43 is
increased according to an enlargement of organic light-emit-
ting display apparatuses.

[0053] Inorderto realize a top emission type having a large
size with decreased resistance of the opposite electrode 43,
the organic light-emitting display apparatus includes the first
auxiliary electrode 61 and the second auxiliary electrode 62
formed such that an end of the first auxiliary electrode 61 and
an end of the second auxiliary electrode 62 are spaced apart
from each other, and the contact portion CNT in which the
opposite electrode 43 contacts an end of the first auxiliary
electrode 61 and an end of the second auxiliary electrode 62.
[0054] Referring to FIG. 2, the organic light-emitting dis-
play apparatus includes a pixel area PA in which light is
emitted, and the contact area CA interposed between neigh-
boring pixels.

[0055] The substrate 10 may include various materials
including, for example, glass materials, metal materials, or
plastic materials such as polyethylen terephthalate (PET),
polyethylen naphthalate (PEN), and polyimide.

[0056] Abufferlayer11 may be formed on the substrate 10.
The buffer layer 11 planarizes the substrate 10 and prevents
penetration of impure elements.

[0057] An active layer 21 may be formed of a semiconduc-
tor including amorphous silicon or crystalline silicon, for
example. The active layer 21 includes a channel region 21c,
and a source region 21s and a drain region 214 which are
arranged at both sides of the channel region 21¢, with the
channel region 21¢ as the center. The source region 21s and
the drain region 21d are doped with ion impurities. The active
layer 21 is not limited to amorphous silicon or crystalline
silicon and may include an oxide semiconductor, for
example.

[0058] A gate electrode 22 is formed on the active layer 21
at a location corresponding to the channel region 21c¢ of the
active layer 21 with a first insulating layer 13, which is a gate
insulating layer, between the active layer 21 and the gate
electrode 22

[0059] A sourceelectrode 23s and a drain electrode 23d are
formed on the gate electrode 22 with a second insulating layer
15, which is an interlayer insulating layer, between the gate
electrode 22 and the source and the drain electrodes 23s and
23d. The source electrode 23s and the drain electrode 234
respectively contact the source region 21s and the drain
region 21d of the active layer 21. A third insulating layer 17,
which is a planarization layer, is formed on the second insu-
lating layer 15 to cover the source electrode 23s and the drain
electrode 234.

[0060] A capacitor 30 may include a lower electrode 31 and
an upper electrode 32. Although FIG. 1 illustrates a case in
which the lower electrode 31 of the capacitor 30 is formed on
the same layer as the active layer 21, and the upper electrode
32 of the capacitor 30 is formed on the same layer as the gate
electrode 22, embodiments are not limited thereto.

[0061] A pixel electrode 41 is formed on the third insulating
layer 17 and contacts the drain electrode 23d. The pixel elec-
trode 41 is a reflective electrode and may include a reflective
layer formed of, for example, Ag, Mg, Al, Pt, Pd, Au, Ni, Nd,
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Ir, Cr, or a compound thereof, and a layer which is formed on
the reflective layer by using, for example, ITO, 170, ZnO, or
In,O0;.

[0062] Since the first auxiliary electrode 61 and the second
auxiliary electrode 62 are formed in the same process, the first
auxiliary electrode 61 and the second auxiliary electrode 62
may be formed on the same layer by using the same material.
The first and second auxiliary electrodes 61 and 62 may be
formed on the same layer as the pixel electrode 41. The first
and second auxiliary electrodes 61 and 62 may be formed of
the same material as the pixel electrode 41.

[0063] As illustrated in FIG. 3, an end of the first auxiliary
electrode 61 and an end of the second auxiliary electrode 62
are arranged apart from each other. To reduce a resistance gap
of the first auxiliary electrode 61 and the second auxiliary
electrode 62, the first auxiliary electrode 61 and the second
auxiliary electrode 62 may be formed to have substantially
the same cross-sectional area.

[0064] A pixel-defining layer 50 includes a first opening C1
defining the pixel area PA and a second opening C2 formed in
the contact area CA. An upper surface of the pixel electrode
41 is exposed through the first opening C1, and an end of the
first auxiliary electrode 61 and an end of the second auxiliary
electrode 62 may be exposed through the second opening C2.
[0065] An intermediate layer 42 is formed on the pixel
electrode 41 exposed through the first opening C1 and on the
pixel-defining layer 50. The intermediate layer 42 includes an
organic emission layer, and the organic emission layer may be
a low molecular weight organic material or a high molecular
weight organic material. When the organic emission layer is
the low molecular weight material, a hole transparent layer
HTL, a hole injection layer HIL, an electron transport layer
ETL, and an electron injection layer EIL. may be stacked
around the organic emission layer. When the organic emis-
sion layer is the high molecular weight material, the interme-
diate layer 42 may further include the hole transport layer
HTL.

[0066] The intermediate layer 42 includes a first hole H
formed at alocation corresponding to the second opening C2.
The first hole H is an opening for contacting ends of the first
and second auxiliary electrodes 61 and 62 and the opposite
electrode 43. The end of the first auxiliary electrode 61 and
the end of the second auxiliary electrode 62 may be exposed
through the first hole H. Since the end of the first auxiliary
electrode 61 and the end of the second auxiliary electrode 62
are arranged apart from each other, an upper surface of the
third insulating layer 17 may be exposed through the first hole
H between the ends of the first auxiliary electrode 61 and the
second auxiliary electrode 62.

[0067] The first hole H and the second opening C2 are
formed by different processes, and thus, the first hole H and
the second opening C2 may have different sizes as illustrated
in FIGS. 2 and 3. For example, the size of the first hole H may
be smaller than the size of the second opening C2.

[0068] The first hole H is formed by heat generated as
currents are supplied to the first and second auxiliary elec-
trodes 61 and 62, and thus, a part of the intermediate layer 42
on an etching surface 50s of the pixel-defining layer 50 may
remain intact. An end of the intermediate layer 42, which is
adjacent to the first hole H, may cover the etching surface 50s
of the pixel-defining layer 50. The forming of the first hole H
is described by referring to FIGS. 7A and 7B below.

[0069] The opposite electrode 43 is formed on the interme-
diate layer 42 and has light transmittance. The opposite elec-
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trode 43 may include a transparent material, such as, for
example, ITO, 170, ZnO, orIn,O;. The opposite electrode 43
contacts an end of the first auxiliary electrode 61 and an end
of the second auxiliary electrode 62 through the first hole H.
The opposite electrode 43 may also contact the upper surface
of the third insulating layer 17, which is exposed through the
firsthole H between the ends of the first auxiliary electrode 61
and the second auxiliary electrode 62. The opposite electrode
43 may contact the first and second auxiliary electrodes 61
and 62 having a higher electrical conductivity than the oppo-
site electrode 43, thereby preventing the IR drop, as described
earlier.

[0070] Hereinafter, a method of manufacturing an organic
light-emitting display apparatus, according to an embodi-
ment, will be described by referring to FIGS. 4A through 8B.
[0071] FIGS. 4A through 8B illustrate processes of the
method of manufacturing the organic light-emitting display
apparatus.

[0072] FIG. 4A is a cross sectional view for describing a
process of forming an auxiliary wiring layer 60 and the pixel
electrode 41. FIG. 4B is a plan view of a contact area CA of
FIG. 4A.

[0073] The substrate 10 on which a thin film transistor
including an active layer, a gate electrode, and a source elec-
trode and a drain electrode respectively connected to a source
region and a drain region of the active layer, is formed, is
prepared, and the auxiliary wiring layer 60 is formed on the
substrate 10.

[0074] The auxiliary wiring layer 60 may be formed by the
process in which the pixel electrode 41 is formed, by using the
same mask. The auxiliary wiring layer 60 may be formed on
the same layer as the pixel electrode 41 to be spaced apart
from the pixel electrode 41 to be electrically insulated from
the pixel electrode 41. The auxiliary wiring layer 60 and the
pixel electrode 41 may include the same material. The auxil-
iary wiring layer 60 and the pixel electrode 41 may include a
metal layerincluding, for example, Ag, Mg, Al, Pt, Pd, Au, Ni,
Nd, Ir, Cr, or a compound thereof, and a layer formed on the
metal layer by using, for example, ITO, 17O, ZnO, or In,O;.
[0075] The auxiliary wiring layer 60 includes the first aux-
iliary electrode 61, the second auxiliary electrode 62, and a
connection wiring 63 interposed between the first and second
auxiliary electrodes 61 and 62. The connection wiring 63 has
ahigher resistance than the first auxiliary electrode 61 and the
second auxiliary electrode 62. For example, the connection
wiring 63 may have a smaller cross-sectional area than the
first auxiliary electrode 61 and the second auxiliary electrode
62, and thus, the connection wiring 63 may have a relatively
higher resistance. Since the connection wiring 63 has the
relatively higher resistance, Joule’s heat generated in the
connection wiring 63 due to currents flowing through the
auxiliary wiring layer 60 in a process described below, may
have a high value. In order for the Joule’s heat of the relatively
high value not to be generated in regions of the auxiliary
wiring layer 60, except the connection wiring 63, the first and
second auxiliary electrodes 61 and 62 may have larger cross-
sectional areas than the connection wiring 63, and the first
auxiliary electrode 61 and the second auxiliary electrode 62
may have substantially the same area.

[0076] As illustrated in FIG. 4B, the connection wiring 63
may have a smaller width than the first auxiliary electrode 61
and the second auxiliary electrode 62. In another embodi-
ment, the connection wiring 63 may have a smaller thickness
than the first auxiliary electrode 61 and the second auxiliary
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electrode 62. In this case, the connection wiring 63 may be
formed to have the thickness smaller than those of the firstand
second auxiliary electrodes 61 and 62, by using a half-tone
mask having a half-transmittance region at a location corre-
sponding to the connection wiring 63. In another embodi-
ment, the connection wiring 63 may include amaterial having
a higher resistance than materials of the first and second
auxiliary electrodes 61 and 62.

[0077] FIG. 5A is a cross-sectional view for describing a
process of forming the pixel-defining layer 50 and F1G. 5B is
aplan view of a contact area CA of FIG. 5A.

[0078] The pixel-defining layer 50 is formed on the pixel
electrode 41 and the auxiliary wiring layer 60. The pixel-
defining layer 50 includes the first opening C1 and the second
opening C2. The first opening C1 may expose an upper sut-
face of the pixel electrode 41 and define a pixel area. The
second opening C2 may expose an upper surface of the aux-
iliary wiring layer 60 in the contact area CA. A part of the first
auxiliary electrode 61, a part of the second auxiliary electrode
62, and the connection wiring 63 of the auxiliary wiring layer
60 may be exposed through the second opening C2.

[0079] FIG. 6A is a cross-sectional view for describing a
process of forming the intermediate layer 42 and FIG. 6Bisa
plan view of a contact area CA of FIG. 6A.

[0080] The intermediate layer 42 is formed on the pixel-
defining layer 50 having the first and second openings C1 and
C2. The intermediate layer 42 may be placed on the pixel
electrode 41 exposed through the first opening C1 in the pixel
area and on the auxiliary wiring layer 60 exposed through the
second opening C2 in the contact area CA.

[0081] Theintermediate layer 42 includes an organic emis-
sion layer. The organic emission layer may include a low
molecular weight organic material or a high molecular weight
organic material. When the organic emission layer includes
the low molecular weight organic material, a hole transport
layer HTL, a hole injection layer HIL, an electron transport
layer ETL, and an electron injection layer EIL may be stacked
around the organic emission layer. When the organic emis-
sion layer includes the high molecular weight organic mate-
rial, the intermediate layer 42 may further include the hole
transport layer HTL.

[0082] FIG. 7A is a cross-sectional view for describing a
process of forming the first hole H and removing the connec-
tion wiring 63. FIG. 7B is a plan view of a contact area CA of
FIG. 7A.

[0083] When currents are supplied to the first auxiliary
electrode 61 and the second auxiliary electrode 62, Joule’s
heat generated in the connection wiring 63 is higher since
resistance of the connection wiring 63 is higher than that of
the first and second auxiliary electrodes 61 and 62. The inter-
mediate layer 42 around the connection wiring 63 may be
selectively removed by the Joule’s heat generated in the con-
nection wiring 63 such that the first hole H is formed. The first
hole H is formed by the Joule’s heat in the connection wiring
63, and thus, a location of the first hole H corresponds to a
location of the connection wiring 63. A size of the first hole H
may be larger than a size of the connection wiring 63 (for
example, an area of the connection wiring 63) and smaller
than a size of the second opening C2 of the pixel-defining
layer 50.

[0084] Theintermediate layer 42 on the etching surface 50s
of the second opening C2 is not affected by the Joule’s heat
generated in the connection wiring 63. Thus, an end of the
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intermediate layer 42, which is adjacent to the first hole H, is
placed on the etching surface 50s of the second opening C2.
[0085] The connection wiring 63 may be removed by the
Joule’s heat generated in the connection wiring 63. That the
connection wiring 63 is removed denotes that the shape of the
connection wiring 63 is destroyed so that the first auxiliary
electrode 61 and the second auxiliary electrode 62 at both
sides of the connection wiring 63 are spaced apart from each
other without being electrically connected to each other.
[0086] The connection wiring 63 may be melted and bro-
kenby the Joule’s heat generated in the connection wiring 63.
A portion of a material generated by the melting of the con-
nection wiring 63 may form an end of the first auxiliary
electrode 61 and the other portion of the material may form an
end of the second auxiliary electrode 62. Ifthe Joule’s heat of
avery high value is generated in the connection wiring 63, the
connection wiring 63 is broken and vaporized to be removed
along with the intermediate layer 42.

[0087] As the connection wiring 63 is removed, an end of
the first auxiliary electrode 61 and an end of the second
auxiliary electrode 62 is spaced apart from each other, and an
upper surface of the third insulating layer 17 may be exposed
between the ends of the first and second auxiliary electrodes
61 and 62.

[0088] FIG. 8A is a cross-sectional view for describing a
process of forming the opposite electrode 43 and FIG. 8B isa
plan view of a contact area CA of FIG. 8A.

[0089] Theopposite electrode 43 may include a transparent
material, such as, for example, ITO, IZO, ZnO, or In,O,. The
opposite electrode 43 contacts the end of the first auxiliary
electrode 61 and the end of the second auxiliary electrode 62,
which are exposed through the first hole H. Since the upper
surface of the third insulating layer 17 may be exposed
between the ends of the first and second auxiliary electrodes
61 and 62, a portion of the opposite electrode 43 may also
contact the upper surface of the third insulating layer 17.
[0090] Since the contact portion CNT contacting the oppo-
site electrode 43 and the first and second auxiliary electrodes
61 and 62 is formed, the resistance of the opposite electrode
43 of the top emission type organic light-emitting display
apparatus having a large size, may be reduced. Accordingly,
gaps in terms of brightness of the organic light-emitting dis-
play apparatus due to the IR drop and a stain may be mini-
mized.

[0091] As described above, according to the one or more of
the above embodiments, an organic light-emitting display
apparatus which is easily manufactured and has high emis-
sion stability may be manufactured.

[0092] It should be understood that the embodiments
described herein should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of fea-
tures or aspects within each embodiment should typically be
considered as available for other similar features or aspects in
other embodiments.

[0093] While one or more embodiments have been
described with reference to the figures, it will be understood
by those of ordinary skill in the art that various changes in
form and details may be made herein without departing from
the spirit and scope of the present invention as defined by the
following claims.

What is claimed is:
1. An organic light-emitting display apparatus comprising:
a substrate;

a thin film transistor formed on the substrate and compris-
ing an active layer, a gate electrode, a source electrode,
and a drain electrode;
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a pixel electrode connected to at least one of the source
electrode or the drain electrode;

a pixel-defining layer having a first opening exposing at
least a portion of the pixel electrode, and a second open-
ing adjacent to the first opening;

an intermediate layer formed on the pixel electrode, com-
prising an organic emission layer, and having a first hole
corresponding to the second opening;

an opposite electrode formed on the intermediate layer;
and

a first auxiliary electrode and a second auxiliary electrode
formed below the pixel-defining layer, whereby at least
portions of the first auxiliary electrode and the second
auxiliary electrode are exposed through the second
opening,

wherein an end of the first auxiliary electrode and an end of
the second auxiliary electrode are spaced apart from
each other, and

wherein the opposite electrode contacts the end of the first
auxiliary electrode and the end of the second auxiliary
electrode, the end of the first auxiliary electrode and the
end of the second auxiliary electrode being exposed
through the first hole.

2. The organic light-emitting display apparatus of claim 1,
wherein the first auxiliary electrode and the second auxiliary
electrode are formed on the same layer as the pixel electrode.

3. The organic light-emitting display apparatus of claim 1,
wherein the first auxiliary electrode and the second auxiliary
electrode comprise a same material as the pixel electrode.

4. The organic light-emitting display apparatus of claim 1,
whereina size of the second opening is larger than a size of the
first hole.

5. The organic light-emitting display apparatus of claim 1,
wherein an end portion of the intermediate layer adjacent to
the first hole covers an etching surface of the second opening.

6. The organic light-emitting display apparatus of claim 1,
wherein the first auxiliary electrode and the second auxiliary
electrode comprise a same material.

7. The organic light-emitting display apparatus of claim 1,
wherein a cross-sectional area of the first auxiliary electrode
and a cross-sectional area of the second auxiliary electrode
are substantially equal to each other.

8. The organic light-emitting display apparatus of claim 1,
wherein light emitted from the organic emission layer is
released toward the opposite electrode.

9. The organic light-emitting display apparatus of claim 1,
further comprising an insulating layer formed below the first
auxiliary electrode and the second auxiliary electrode,

and wherein a portion of the opposite electrode contacts an
upper surface of the insulating layer exposed between an
end of the first auxiliary electrode and an end of the
second auxiliary electrode.

10. A method of manufacturing an organic light-emitting

display apparatus, the method comprising:

preparing a substrate on which a thin film transistor is
formed, the thin film transistor comprising an active
layer, a gate electrode, and a source electrode and a drain
electrode respectively connected to a source region and
a drain region of the active layer;

forming a pixel electrode connected to at least one of the
source electrode or the drain electrode;

forming an auxiliary wiring layer comprising a first auxil-
iary electrode, a second auxiliary electrode, and a con-
nection wiring interposed between the first auxiliary
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electrode and the second auxiliary electrode and having
a higher resistance than the first and second auxiliary
electrodes;

forming a pixel-defining layer having a first opening

exposing at least a portion of the pixel electrode, and a
second opening corresponding to the connection wiring
of the auxiliary wiring layer;

forming on the pixel-defining layer an intermediate layer

comprising an organic emission layet;

forming a first hole in the intermediate layer and removing

the connection wiring by supplying currents to the aux-
iliary wiring layer; and

forming an opposite electrode to contact an end of the first

auxiliary electrode and an end of the second auxiliary
electrode, the end of the first auxiliary electrode and the
end of the second auxiliary electrode being exposed
through the first hole of the intermediate layer.

11. The method of claim 10, wherein a cross-sectional area
of the connection wiring is smaller than a cross-sectional area
ofthe first auxiliary electrode and a cross-sectional area of the
second auxiliary electrode.

12. The method of claim 11, wherein the cross-sectional
area of the first auxiliary electrode and the cross-sectional
area of the second auxiliary electrode are substantially equal
to each other.

13. The method of claim 10, wherein forming of the aux-
iliary wiring layer comprises reducing a thickness of the
connection wiring to be smaller than a thickness of the first
auxiliary electrode and a thickness of the second auxiliary
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electrode by using a half-tone mask having a half-transmit-
tance region at a location corresponding to the connection
wiring.

14. The method of claim 10, wherein a width of the con-
nection wiring is smaller than a width of the first auxiliary
electrode and a width of the second auxiliary electrode.

15. The method of claim 10, wherein the connection wiring
comprises a material having a higher resistance than the first
auxiliary electrode and the second auxiliary electrode.

16. The method of claim 10, wherein forming of the aux-
iliary wiring layer and forming of the pixel electrode are
simultaneously performed.

17. The method of claim 10, wherein the first opening
exposes at least a portion of the pixel electrode, and the
second opening exposes the connection wiring, an end of the
first auxiliary electrode adjacent to the connection wiring, and
an end of the second auxiliary electrode adjacent to the con-
nection wiring.

18. The method of claim 10, wherein a size of the first hole
is smaller than a size of the second opening.

19. The method of claim 10, wherein an end portion of the
intermediate layer adjacent to the first hole covers an etching
surface of the second opening,

20. The method of claim 10, wherein the end of the first
auxiliary electrode and the end of the second auxiliary elec-
trode are spaced apart from each other, and an upper surface
of an insulating layer placed below the first and second aux-
iliary electrodes is exposed between the ends of the first
auxiliary electrode and the second auxiliary electrode.

I S I
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