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7) ABSTRACT

An organic light-emitting display apparatus includes an
active layer of a thin film transistor (TFT), a gate electrode
including a transparent conductive material or a metal that on
the active layer, a first insulating layer on the substrate, source
and drain electrodes electrically connected to the active layer,
a second insulating layer between the gate electrode and the
source and drain electrodes, a first conductive layer of a
transparent conductive material on the first insulating layer, a
second conductive layer on the first conductive layer, the
second conductive layer being a metal, a third conductive
layer on the second conductive layer, the third conductive
layer being made of a same material as the source and drain
electrodes, and being connected to the first conductive layer;
and a protection layer that includes a transparent conductive
oxide, the protection layer being on the third conductive layer.
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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] Korean Patent Application No. 10-2013-0016056,
filed on Feb. 14, 2013, in the Korean Intellectual Property
Office and entitled “Organic Light-Emitting Display Appa-
ratus and Method of Manufacturing the Same,” is incorpo-
rated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] Embodiments relate to an organic light-emitting
display apparatus and a method of manufacturing the same.
[0004] 2. Description of the Related Art

[0005] An organic light-emitting display apparatus is not
only lightweight and thin but also has wide viewing angles,
fast response speeds, and low consumption power, and is thus
regarded as a next-generation display apparatus.

SUMMARY

[0006] Embodiments are directed to an organic light-emit-
ting display apparatus including an active layer of a thin film
transistor (TFT) on a substrate, a gate electrode in a form of a
stack structure including a transparent conductive material or
a metal that is stacked on the active layer, a first insulating
layer on the substrate, including between the active layer and
the gate electrode, source and drain electrodes on a second
insulating layer, the second insulating layer being between
the gate electrode and the source and drain electrodes, and the
source and drain electrodes being electrically connected to
the active layer, a first conductive layer on the first insulating
layer, the first conductive layer being made of a transparent
conductive material, a second conductive layer on the first
conductive layer, the second conductive layer being made of
a metal, a third conductive layer on the second conductive
layer, the third conductive layer being made of a same mate-
rial as the source and drain electrodes, the third conductive
layer being connected to the first conductive layer, and a
protection layer that includes a transparent conductive oxide,
the protection layer being on the third conductive layer.
[0007] The gate electrode may include a first gate electrode
formed of a transparent conductive material and a second gate
electrode formed of a metal. The first and second gate elec-
trodes may be sequentially stacked.

[0008] The second conductive layer may be patterned such
that a portion of the first conductive layer is exposed.

[0009] The third conductive layer may contact the first con-
ductive layer, the second conductive layer, and a portion of the
first insulating layer on an outer portion of the first conductive
layer.

[0010] The second insulating layer may be between the
second conductive layer and the third conductive layer. The
third conductive layer may contact the first conductive layer.
The second insulating layer may be interposed between the
first conductive layer and the third conductive layer.

[0011] The second insulating layer may surround all exter-
nal lateral sides of the second conductive layer. The third
conductive layer contacts portions of the first conductive
layer and the second conductive layer.
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[0012] The transparent conductive oxide may include at
least one material selected from the group of tin oxide (ITO),
indium zinc oxide (IZ0), zinc oxide (ZnO), indium oxide
(In,O,), indium gallium oxide (IGO), and aluminum zinc
oxide (AZ0O).

[0013] The protection layer may further include a semi-
transmissive metal layer.

[0014] The protection layer may include at least one mate-
rial selected from the group of Ag, Ag alloy, Al, and Al alloy.
[0015] The protection layer may have a stack structure in
which a transparent conductive oxide, a semi-transmissive
metal layer, and a transparent conductive oxide are sequen-
tially stacked.

[0016] The protection layer may be on the third conductive
layer and may protect the third conductive layer from external
substances.

[0017] The active layer may include a semiconductor
doped with ion impurities.

[0018] The semiconductor may include amorphous silicon
or crystalline silicon.

[0019] The organic light-emitting display apparatus may
further include a capacitor bottom electrode that includes a
same material as the active layer and is on a same layer as the
active layer, and a capacitor top electrode that includes a same
material as the first gate electrode and is on the first insulating
layer.

[0020] Embodiments are also directed to a method of
manufacturing an organic light-emitting display apparatus
including a first mask operation in which an active layer is
formed on a substrate, a second mask operation in which a
first insulating layer, a transparent conductive material, and a
metal are sequentially stacked on the active layer, and the
transparent conductive material and the metal are patterned at
the same time to form a gate electrode of'a thin film transistor,
a first conductive layer including a transparent conductive
material in a pad region, and a second conductive layer
including a metal, a third mask operation in which a second
insulating layer is formed on a resultant product of the second
mask operation, and the second insulating layer is patterned
to form an opening that exposes source and drain regions of
the active layer and the first conductive layer, a fourth mask
operation in which a metal layer is formed on a resultant
product of the third mask operation, and the metal layer is
patterned to form source and drain electrodes that contact the
source and drain regions of the active layer and a third con-
ductive layer that contacts the first conductive layer, and a
fifth mask operation in which a transparent conductive oxide
layer is formed on a resultant product of the fourth mask
operation, and the transparent conductive oxide layer is pat-
terned to form a protection layer on the third conductive layer.
[0021] In the second mask operation, the second conduc-
tive layer may be patterned such that a portion of the first
conductive layer is exposed.

[0022] In the third mask operation, the first conductive
layer, the second conductive layer, and the first insulating
layer disposed on the outer portion of the first conductive
layer may be patterned such that portions of the first conduc-
tive layer, the second conductive layer, and the first insulating
layer are exposed.

[0023] In the third mask operation, the first conductive
layer and the second conductive layer may be patterned such
that portions of the first conductive layer and the second
conductive layer are exposed.
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[0024] The protection layer may have a stack structure in
which an oxide, a semi-transmissive metal layer, and a trans-
parent conductive oxide are sequentially stacked.

[0025] Embodiments are also directed to an organic light-
emitting display apparatus, including a thin film transistor
(TFT) including a gate electrode, a source electrode, and a
drain electrode, a light-emitting region including a pixel elec-
trode, an opposite electrode, and an organic emissive layer,
and a pad region including a pad electrode and a protection
layer formed on the pad electrode. The pad electrode includes
a first conductive layer on a first insulating layer, the first
conductive layer being formed of a transparent conductive
material, a second conductive layer on the first conductive
layer, the second conductive layer being formed of a metal,
and a third conductive layer on the second conductive layer
and connected to the first conductive layer, the third conduc-
tive layer being formed of a same material as the source
electrode and the drain electrode of the TFT. The protection
layer has a stack structure in which a transparent conductive
oxide, a semi-transmissive metal layer, and a transparent
conductive oxide are sequentially stacked.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Features will become more apparent by describing
in detail exemplary embodiments thereof with reference to
the attached drawings in which:

[0027] FIG. 1is a schematic cross-sectional view illustrat-
ing an organic light-emitting display apparatus according to
an embodiment;

[0028] FIGS. 2A through 2E schematically illustrate a
method of manufacturing the organic light-emitting display
apparatus of FIG. 1, according to an embodiment;

[0029] FIGS. 3A through 3B are schematic top views of a
structure of a pad region of FIGS. 2C and 2D,

[0030] FIG. 4 is a schematic cross-sectional view illustrat-
ing an organic light-emitting display apparatus according to
another embodiment;

[0031] FIG. 5 is a top view of a pad region of the organic
light-emitting display apparatus of F1G. 4;

[0032] FIG. 6 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to another
embodiment; and

[0033] FIG. 7 is a top view of a pad region of the organic
light-emitting display apparatus of FIG. 6.

DETAILED DESCRIPTION

[0034] Embodiments will now be described more fully
with reference to the accompanying drawings, in which
exemplary embodiments are shown. These embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey exemplary implementations to
those skilled in the art. It should be understood that the
embodiments may vary but do not have to be mutually exclu-
sive. For example, particular shapes, structures, and proper-
ties according to a predetermined embodiment described in
this specification may be modified in other embodiments
without departing from the spirit and scope thereof. In addi-
tion, positions or arrangement of individual components of
each of the embodiments may also be modified without
departing from the spirit and scope. Accordingly, the detailed
description below should not be construed as having limited
meanings but construed to encompass the scope of the claims

Aug. 14,2014

and any equivalent ranges thereto. In the drawings, like ref-
erence numerals denote like elements in various aspects.
[0035] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding alist of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0036] FIG. 1 is a schematic cross-sectional view illustrat-
ing an organic light-emitting display apparatus 1 according to
an embodiment.

[0037] Referring to FIG. 1, a pixel region PXL including an
emissive layer 118, a transistor region TFT including a thin
film transistor (TFT), a capacitor region CAP including a
capacitor, and a pad region PAD including wirings are formed
on a substrate 10.

[0038] In the transistor region TFT, an active layer 212 of
the TFT is formed on the substrate 10 and a buffer layer 11.
The active layer 212 may be formed of a semiconductor
including amorphous silicon or crystalline silicon. The active
layer 212 may include source and drain regions 212a and
2125 that are doped with ion impurities and a channel region
212¢.

[0039] A first gate electrode 214 and a second gate elec-
trode 215 that include a transparent conductive material at a
position corresponding to the channel region 212¢ of the
active layer 212 are sequentially formed on the active layer
212, and a first insulating layer 13 is interposed between the
channel region 212¢ and the first and second gate electrodes
214 and 215.

[0040] Source and drain electrodes 216a and 2165 that
contact the source and drain regions 212a and 2125 of the
active layer 212, with a second insulating layer 15 included
therebetween, are formed on the first and second gate elec-
trodes 214 and 215. A third insulating layer 17 is formed on a
second insulating layer 15 to cover the source and drain
electrodes 2164 and 2165.

[0041] In the capacitor region CAP, a capacitor bottom
electrode 312 that is formed of the same material as the active
layer 212 of the TFT, the first insulating layer 13, and a
capacitor top electrode 314 that is formed of the same mate-
rial as a first pixel electrode 114 are sequentially formed on
the substrate 10 and a buffer layer 11. The capacitor bottom
electrode 312 may include a semiconductor doped with ion
impurities as the same material as the active layer 212 of the
TFT.

[0042] In the pixel area PXL, the first pixel electrode 114
formed of the same transparent conductive material as the
first gate electrode 214 and a second pixel electrode 115
formed of the same material as the second gate electrode 215
and is disposed on an upper edge of the first pixel electrode
114 are sequentially formed on the substrate 10, the buffer
layer 11, and the first insulating layer 13.

[0043] According to the current embodiment, the second
pixel electrode 115 is disposed on the upper edge of the first
pixel electrode 114. However, in other implementations, the
second pixel electrode 115 may be omitted.

[0044] An opposite electrode 119 is disposed to face the
first pixel electrode 114, and an emissive layer 118 s disposed
between the first pixel electrode 114 and the opposite elec-
trode 119.

[0045] The emissive layer 118 may be a low-molecular
organic material or a polymer organic material. When the
emissive layer 118 is a low-molecular organic material, a hole
transport layer (HTL), a hole injection layer (HIL), an elec-
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tron transport layer (ETL), and an electron injection layer
(EIL), or the like may be stacked with respect to the emissive
layer 118. Examples of organic materials that may be used
include copper phthalocyanine (CuPc), N.N'-di(naphthalen-
1-y])-N,N'-diphenyl-benzidine (NPB), and tris-8-hydrox-
yquinoline aluminum (Alg3).

[0046] When the emissive layer 118 is a polymer organic
material, an HTL. may be further included in addition to the
emissive layer 118. The HTL may be formed of poly-(3,4)-
ethylene-dihydroxy thiophene (PEDOT) or polyaniline
(PANT). Examples of organic materials that may be used are
poly-phenylenevinylene (PPV)-based polymer organic mate-
rials and polyfluorene-based polymer organic materials.
[0047] Theopposite electrode 119 is deposited on the emis-
sive layer 118 as a common electrode. In the organic light-
emitting display apparatus 1 according to the current embodi-
ment, the first and second pixel electrodes 114 and 115 are
used as anode electrodes, and the opposite electrode 119 is
used as a cathode electrode. However, in other implementa-
tions, the polarities of the electrodes may be exchanged.
[0048] The opposite electrode 119 may be formed of a
reflective electrode including a reflective material. In this
case, the opposite electrode 119 may include at least one
material selected from the group of Al, Mg, Li, Ca, LiF/Ca,
and LiF/AlL

[0049] When the opposite electrode 119 is included as a
reflective electrode, light emitted from the emissive layer 118
is reflected by the opposite electrode 119 and transmits
through the first pixel electrode 114 formed of a transparent
conductive material, and is emitted to the substrate 10.
[0050] A light reflection unit that is formed of the same
material as the source and drain electrodes 216a and 2165,
with the second insulating layer 15 included therebetween,
may be disposed on an upper edge of the first pixel electrode
114.

[0051] Finally, in the pad region PAD, which is on the outer
portion of the organic light-emitting display apparatus 1
according to the current embodiment, a pad electrode which
is a connection terminal of an external driver is formed. In
detail, a first conductive layer 414 that is formed of the same
material as the first gate electrode 214 of the TFT, a second
conductive layer 415 that is formed of the same material as the
second gate electrode 215, athird conductive layer 416 that is
formed of the same material as the source/drain electrodes
216, and a protection layer 417 that is formed on the third
conductive layer 416 are sequentially formed on the pad
substrate 10 and the buffer layer 11. Hereinafter, the first
conductive layer 414, the second conductive layer 415, and
the third conductive layer 416 may be referred to as pad
electrodes 410.

[0052] The protection layer 417 may be formed of a first
layer 417a including a transparent conductive oxide, a semi-
transmissive metal layer 417b, and a second layer 417¢
including a transparent conductive oxide. When the protec-
tion layer 417 is formed, a stable transparent conductive oxide
is disposed on the pad electrodes 414, 415, and 416, and
accordingly, the effect of preventing or hindering corrosion is
provided.

[0053] The first layer 417a and the second layer 417¢
including a transparent conductive oxide may include at least
one material selected from the group of indium tin oxide
(ITO), indium zinc oxide (IZ0), zinc oxide (Zn0O), indium
oxide (In,0,), indium gallium oxide (IGO) and aluminum
zine oxide (AZQO). The first layer 417a disposed between the
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third conductive layer 416. The semi-transmissive metal layer
417b may reduce an adhesive stress between the third con-
ductive layer 416 and the semi-transmissive metal layer4175.
Also, the second layer 417¢, which is highly resistant to
corrosion, finally protects the pad electrodes 414, 415, and
416, and thus, the organic light-emitting display apparatus 1
may have a rigid structure under a corrosive environment.
[0054] The semi-transmissive metal layer 4176 may be
formed of at least one material selected from the group of
silver (Ag), Ag alloy, aluminum (Al), and Al alloy.

[0055] While not illustrated in FIG. 1, the organic light-
emitting display apparatus 1 according to the current embodi-
ment may further include an encapsulation member (not
shown) that encapsulates a display region including a pixel
region PXL1, a capacitor region CAP1, and a transistor
region TR1. The encapsulation member may be formed of a
substrate including a glass material, a metal film, or an encap-
sulation thin film in which an organic insulating layer and an
inorganic insulating layer are alternately arranged.

[0056] FIGS. 2A through 2E schematically illustrate a
method of manufacturing the organic light-emitting display
apparatus 1 of FIG. 1, according to an embodiment. The
method of manufacturing the organic light-emitting display
apparatus 1, according to the current embodiment, will be
described with reference to FIGS. 2A through 2E.

[0057] FIG. 2A is a schematic cross-sectional view illus-
trating a result of a first mask operation performed in the
method of manufacturing the organic light-emitting display
apparatus 1 according to an embodiment.

[0058] Referring to FIG. 2A, an active layer 212 of a TFT is
formed in the TFT region TET on a substrate 10 on which a
buffer layer 11 is stacked, and a capacitor bottom electrode
312 is formed in the capacitor region CAP.

[0059] The substrate 10 may be formed of a transparent
glass material including Si0, as a main component, and the
buffer layer 11 that includes SiO, and/or SiN, may be further
formed on the substrate 10 to provide planarization of the
substrate 10 and prevent penetration of impurity elements
into the substrate 10.

[0060] While not shown in FIG. 2A, a semiconductor layer
(not shown) may be deposited on the buffer layer 11, and a
photoresist (not shown) may be coated on the semiconductor
layer (not shown), and the semiconductor layer (not shown)
may be patterned by using a photolithography operation in
which a first photomask (not shown) is used, thereby forming
the active layer 212 of the TFT and the capacitor bottom
electrode 312 at the same time.

[0061] Inthe first mask operation in which the photolithog-
raphy is used, after exposing semiconductor layer to the first
photomask by using an exposure equipment (not shown), a
series of operations such as developing, etching, and stripping
or aching are performed.

[0062] The semiconductor layer (not shown) may be
formed of amorphous silicon or crystalline silicon (polysili-
con). Here, the crystalline silicon may be formed by crystal-
lizing the amorphous silicon. Examples of a method of crys-
tallizing amorphous silicon include a rapid thermal annealing
(RTA) method, a solid phase crystallization (SPC) method, an
excimer laser annealing (ELA) method, a metal-induced
crystallization (MIC) method, a metal-induced lateral crys-
tallization (MILC) method, or a sequential lateral solidifica-
tion (SLS) method.

[0063] FIG. 2B is a schematic cross-sectional view illus-
trating a result of a second mask operation performed in the
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method of manufacturing the organic light-emitting display
apparatus 1 according to an embodiment.

[0064] Referring to FIG. 2B, a first insulating layer 13 is
stacked on a resultant product of the first mask operation of
FIG. 24, and a transparent conductive material and a layer
(not shown) including a metal are sequentially stacked on the
first insulating layer 13 and patterned.

[0065] As a result of patterning, a first pixel electrode 114
including a transparent conductive material and a second
pixel electrode 115 including a metal are sequentially formed
on the first insulating layer 13 in the pixel region PXL. A first
gate electrode 214 including a transparent conductive mate-
rial and a second gate electrode 215 including a metal are
sequentially formed in the TFT region, and a capacitor top
electrode 314 including a transparent conductive material is
formed in the capacitor region CAP at the same time. Also, a
first conductive layer 414 including a transparent conductive
material and a second conductive layer 415 including a metal
are formed on the first insulating layer 13 in the pad region
PAD.

[0066] Referringto FIG. 2B, edge portions of external etch-
ing surfaces of the first gate electrode 214 and the second gate
electrode 215 are the same, and also, edge portions of external
etching surfaces ofthe first pixel electrode 114 and the second
pixel electrode 115 are the same. However, etching surfaces
of the first conductive layer 414 and the second conductive
layer 415 of the pad region PAD are formed differently.
[0067] The first insulating layer 13 may include a single
layer or a plurality of layers formed of SiO,, SiNy, or the like.
The first insulating layer 13 functions as a gate insulating of
the TFT and a dielectric layer of the capacitor.

[0068] The transparent conductive materials, of which the
first pixel electrode 114, the first gate electrode 214, the
capacitor top electrode 314, and the first conductive layer 414
are formed, may include at least one material selected from
the group of ITO, IZ0, Zn0O, In,0;, IGO, and AZO.

[0069] The second gate electrode 215 and the second con-
ductive layer 415 may be formed of at least one metal selected
from the group of Al, Pt, Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca,
Mo, Ti, W, and Cu, and as a single layer or multiple layers.
[0070] According to the current embodiment, as described
above, in order to differentiate etching surfaces of the first
conductive layer 414 and the second conductive layer 415, a
half-tone mask may be used as a second photomask (not
shown) during the second mask operation. Also, the half-tone
mask as described above may prevent a metal layer such as
the second gate electrode 215 from being formed on the
capacitor top electrode 314.

[0071] The above-described structure is doped with ion
impurities. As ion impurities, B or P ions are doped, namely,
at a density of 1x10"> atoms/cm? or higher, and the doping is
performed by using the capacitor bottom electrode 312
formed of a semiconductor and the active layer 212 of the
TFT as targets.

[0072] Accordingly, the conductivity of the capacitor bot-
tom electrode 312 is increased to form a metal-insulator-
metal (MIM) capacitor together with the first insulating layer
13 and the capacitor top electrode 314, and the capacity of the
capacitor may be increased accordingly.

[0073] Also, the active layer 212 is doped with ion impuri-
ties by using the gate electrodes 214 and 215 as a self-aligned
mask so that the active layer 212 includes source and drain
regions 212a and 2125 and a channel region 212¢ therebe-
tween. That is, by using the gate electrodes 214 and 215 as a
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self-aligned mask, the source and drain regions 212a and
2126 may be formed without adding an additional photo
mask.

[0074] FIG. 2C is a schematic cross-sectional view illus-
trating a result of a third mask operation performed in the
method of manufacturing the organic light-emitting display
apparatus 1 according to an embodiment.

[0075] Referring to FIG. 2C, a second insulating layer 15 is
stacked on a resultant product of the second mask operation of
FIG. 2B, and the second insulating layer 15 is patterned to
form a first opening 154 that exposes the first pixel electrode
114, a second opening 155 that exposes the second pixel
electrode 115, a third opening 15c¢ that exposes the source
region 212a of the active layer 212, a fourth opening 154) that
exposes the drain region 2125, and a fifth opening 15¢ that
exposes the first and second conductive layers 414 and 415
are formed.

[0076] As described above, after patterning of the second
insulating layer 15 whereby the first through fifth openings
15a through 15¢ are formed, a portion of the second pixel
electrode 115 exposed by the first opening 154 is removed.
Without adding an additional mask operation, the second
pixel electrode 115 may be etched by inputting an etching
solution that is capable of etching the second pixel electrode
115, which includes a metal. However, in other implementa-
tions a portion of the second pixel electrode 115 may also be
removed during the second mask operation described above.
[0077] FIGS. 3A and 3B are schematic top views of a
structure of the pad region PAD of FIGS. 2C and 2D.

[0078] Referring to FIG. 3A, two sides of the pad region
PAD of FIG. 2C are surrounded by the second insulating layer
15, and a portion of the first insulating layer 13 is exposed
between the second insulating layer 15 and the first and sec-
ond conductive layers 414 and 415. Also, by using the half-
tone mask operation as described above, not only the second
conductive layer 415 but a portion of the first conductive layer
414 is also exposed.

[0079] The third conductive layer 416 contacts exposed
upper portions of the first and second pad electrodes 414 and
415 that are illustrated in FIG. 3A, and as illustrated in FIG.
3B, the third conductive layer 416 is covered by the protection
layer 417. As a result, the pad electrodes 410 are not exposed
when the pad region PAD is viewed from above, and thus, the
organic light-emitting display apparatus 1 has a rigid struc-
ture with respect to corrosion.

[0080] FIG. 2D is a schematic cross-sectional view illus-
trating a result of fourth and fifth mask operations performed
on the organic light-emitting display apparatus 1 according to
an embodiment.

[0081] Referring to FIG. 2D, the second through fourth
openings 155, 15¢, and 154 formed in the second insulating
layer 15 of the TFT region TFT are filled, and the source and
drain electrodes 216a and 2165 are formed on the second
insulating layer 15, and the fifth opening 15¢ formed in the
pad region PAD is filled, and the third conductive layer 416
formed of the same material as the source and drain electrodes
2164 and 2164 is formed on the first and second conductive
layers 414 and 415 by using a fourth mask operation. Here,
the third conductive layer 416 may not only directly contact
the second conductive layer 415 but also the first conductive
layer 414, thereby increasing an adhesive force between the
layers.

[0082] In addition, a protection layer 417 is formed on the
third conductive layer 416 of the pad region PAD in the fifth
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mask operation in order to prevent corrosion. As described
above with reference to FIG. 1, the protection layer 417 may
be formed of a semi-transmissive electrode that includes a
first layer 417a, a semi-transmissive metal layer 4175, and a
second layer 417¢.

[0083] The first layer 417a and the second layer 417¢
including a transparent conductive oxide may include at least
one material selected from the group of ITO, 1ZO, ZnO,
In, 05, IGO, and AZQO. The semi-transmissive metal layer
417b may be formed of at least one material selected from the
group of Ag, Ag alloy, Al, and Al alloy.

[0084] FIG. 2E is a schematic cross-sectional view illus-
trating a result of a sixth mask operation performed in the
method of manufacturing the organic light-emitting display
apparatus 1 according to an embodiment.

[0085] Referring to FIG. 2E, a third insulating layer 17 is
stacked on a resultant product of the fifth mask operation of
FIG. 2D and patterned to form a first opening 17« that exposes
an upper portion of the first pixel electrode 114 and a second
opening 175 that exposes the protection layer 417 of the pad
region PAD.

[0086] Besides defining a light emission area, the first
opening 17a performs the function of widening intervals
between edges of the first and second pixel electrodes 114 and
115 and the opposite electrode 119 (see FIG. 1) to prevent
concentration of an electrical field on the edges of the first and
second pixel electrodes 114 and 115, thereby preventing a
short circuit of the first and second pixel electrodes 114 and
115 and the opposite electrode 119. Also, the third insulating
layer 17 may be interposed between the emissive layer 118
(see FIG. 1) and the light reflecting unit so as to prevent a short
circuit which may occur otherwise when the emissive layer
118 and the light reflecting unit 116 contact each other
directly. The third insulating layer 17 may be formed of an
organic insulating layer or an inorganic insulating layer.

[0087] The protection layer 417 may beformed by alter-
nately stacking a transparent conductive oxide, a semi-trans-
missive metal, and a transparent conductive oxide on a top
layer of the pad region PAD, according to the organic light-
emitting display apparatus 1 (see F1G. 1) of the embodiments.
Accordingly, corrosion of the pad electrodes 414, 415, and
416 may be prevented, and also, at the same time, contact
resistance may be reduced.

[0088] FIG. 4 is a schematic cross-sectional view illustrat-
ing an organic light-emitting display apparatus 1 according to
another embodiment.

[0089] Theorganic light-emitting display apparatus 1 illus-
trated in FIG. 4 is a modification example of the organic
light-emitting display apparatus 1 of FIG. 1, and thus,
description of common elements will not be repeated but
different characteristics will be described.

[0090] Referring to FIG. 4, unlike the organic light-emit-
ting display apparatus 1 of FIG. 1, the second insulating layer
15 is removed only from portions where the second conduc-
tive layer 415 is not formed, so that the third conductive layer
416 and the first conductive layer 414 contact each other
directly. Like in the embodiment of FIG. 4, when the first
conductive layer 414, which is a transparent electrode,
directly contacts the third conductive layer 416, an adhesive
force between the layers may be intensified. Instead of a
structure in which the third conductive layer (416) is not
directly connected to an upper portion of the pad region PAD,
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the second conductive layer 415 and the third conductive
layer 416 may be connected to the outside of the pad region
PAD.

[0091] FIG. 51s a top view illustrating the pad region PAD
of the organic light-emitting display apparatus 1 of FIG. 4
after the second insulating layer 15 is generated. As shown in
FIG. 5, the second insulating layer 15 is patterned such that
only aportion of the first conductive layer 414 1s exposed, and
as the second conductive layer 415 is not exposed, when the
third conductive layer 416 is formed on the second insulating
layer 15, the third conductive layer 416 contacts only the first
conductive layer 414.

[0092] Asinthe embodiment of FIG. 1, the protection layer
417 is formed on the third conductive layer 416, thereby
preventing or hindering corrosion of the pad electrodes 410.
[0093] FIG. 6 is a schematic cross-sectional view illustrat-
ing an organic light-emitting display apparatus 1 according to
another embodiment.

[0094] Theorganic light-emitting display apparatus 1 illus-
trated in FIG. 6 is a modification example of the organic
light-emitting display apparatus 1 of FIG. 1, and thus,
description of common elements will not be repeated but only
different characteristics will be described.

[0095] Referring to FIG. 6, unlike the embodiment of FIG.
1, when the second insulating layer 15 is patterned, the second
insulating layer 15 is formed not on an outer portion of the
second conductive layer 415 but on an upper portion of the
second conductive layer 415 so as to prevent corrosion of the
second conductive layer 415 by penetration of an etchant or
vapor into sides thereof.

[0096] FIG. 7 is a top view of the pad region PAD of the
organic light-emitting display apparatus 1 of FIG. 6 after
stacking the second insulating layer 15.

[0097] Referring to FIG. 7, portions of the first and second
conductive layers 414 and 415 are exposed, and unlike FIG. 1,
a portion of the first insulating layer 13 is not exposed.
Accordingly, a side of the second conductive layer 415 is not
exposed to the outside but is protected by the second insulat-
ing layer 15, thereby preventing or hindering corrosion of pad
electrodes 410 due to penetration of foreign substances
through the sides of the organic light-emitting display appa-
ratus 1.

[0098] By way of summation and review, a flat panel dis-
play apparatus such as an organic light-emitting display appa-
ratus or a liquid crystal display apparatus includes a thin film
transistor (TFT), a capacitor, and wirings that connect these
elements.

[0099] A pad electrode is disposed on an outer portion of an
organic light-emitting display apparatus. However, a metal of
the pad electrode may be exposed on the front side thereof,
and thus may be likely to corrode. Consequently, reliability of
the organic light-emitting display apparatus may be
degraded. In addition, when the pad electrode is reprocessed,
adhesive properties thereof may be low, which may make it
difficult to reduce the defective rate.

[0100] According to the embodiments, an organic light-
emitting display apparatus that has an excellent adhesive
force and is highly resistant to corrosion may be provided.
[0101] Theuseoftheterms “a”, “an”, and “the” and similar
referents in the context of describing embodiments (espe-
cially in the context of the following claims) are to be con-
strued to cover both the singular and the plural. Furthermore,
recitation of ranges of values herein are merely intended to
serve as a shorthand method of referring individually to each
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separate value falling within the range, unless otherwise indi-
cated herein, and each separate value is incorporated into the
specification as if it were individually recited herein. Finally,
the steps of all methods described herein can be performed in
any suitable order unless otherwise indicated herein or oth-
erwise clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”) provided
herein, is intended merely to better illuminate described
embodiments and does not pose a limitation on the scope
thereof unless otherwise claimed. Numerous modifications
and adaptations will be readily apparent to those skilled in this
art without departing from the spirit and scope.

[0102] While embodiments have been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope thereof as
defined by the appended claims. The exemplary embodi-
ments should be considered in descriptive sense only and not
for purposes of limitation. Therefore, the scope thereof is
defined not by the detailed description but by the appended
claims, and all differences within the scope will be construed
as being included therein.

[0103] Itshould be understood that the exemplary embodi-
ments described therein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.

What is claimed is:

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

ing:

an active layer of a thin film transistor (TFT) on a substrate;

a gate electrode in a form of a stack structure including a
transparent conductive material or a metal that is stacked
on the active layer;

a first insulating layer on the substrate and between the
active layer and the gate electrode;

source and drain electrodes on a second insulating layer,
the second insulating layer being between the gate elec-
trode and the source and drain electrodes, and the source
and drain electrodes being electrically connected to the
active layer;

a first conductive layer on the first insulating layer, the first
conductive layer being made of a transparent conductive
material;

a second conductive layer on the first conductive layer, the
second conductive layer being made of a metal;

athird conductive layer on the second conductive layer, the
third conductive layer being made of a same material as
the source and drain electrodes, the third conductive
layer being connected to the first conductive layer; and

a protection layer that includes a transparent conductive
oxide, the protection layer being on the third conductive
layer.

2. The organic light-emitting display apparatus as claimed

in claim 1, wherein:

the gate electrode includes a first gate electrode formed of
atransparent conductive material and a second gate elec-
trode formed of a metal, and

the first and second gate electrodes are sequentially
stacked.
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3. The organic light-emitting display apparatus as claimed
in claim 1, wherein the second conductive layer is patterned
such that a portion of the first conductive layer is exposed.

4. The organic light-emitting display apparatus as claimed
in claim 1, wherein the third conductive layer contacts the first
conductive layer, the second conductive layer, and a portion
of the first insulating layer on an outer portion of the first
conductive layer.

5. The organic light-emitting display apparatus as claimed
in claim 1, wherein:

the second insulating layer is between the second conduc-
tive layer and the third conductive layer,

the third conductive layer contacts the first conductive
layer, and

the second insulating layer is interposed between the first
conductive layer and the third conductive layer.

6. The organic light-emitting display apparatus as claimed

in claim 1, wherein:

the second insulating layer surrounds all external lateral
sides of the second conductive layer, and

the third conductive layer contacts portions of the first
conductive layer and the second conductive layer.

7. The organic light-emitting display apparatus as claimed
in claim 1, wherein the transparent conductive oxide includes
at least one material selected from the group of tin oxide
(ITO), indium zinc oxide (IZO), zinc oxide (ZnO), indium
oxide (In,0;), indium gallium oxide (IGO)m and aluminum
zine oxide (AZ0).

8. The organic light-emitting display apparatus as claimed
in claim 1, wherein the protection layer further includes a
semi-transmissive metal layer.

9. The organic light-emitting display apparatus as claimed
in claim 8, wherein the protection layer includes at least one
material selected from the group of Ag, Ag alloy, Al, and Al
alloy.

10. The organic light-emitting display apparatus as
claimed in claim 8, wherein the protection layer has a stack
structure in which a transparent conductive oxide, a semi-
transmissive metal layer, and a transparent conductive oxide
are sequentially stacked.

11. The organic light-emitting display apparatus as
claimed in claim 1, wherein the protection layer is on the third
conductive layer and protects the third conductive layer from
external substances.

12. The organic light-emitting display apparatus as
claimed in claim 1, wherein the active layer includes a semi-
conductor doped with ion impurities.

13. The organic light-emitting display apparatus as
claimed in claim 12, whetein the semiconductor includes
amorphous silicon or crystalline silicon.

14. The organic light-emitting display apparatus as
claimed in claim 2, further comprising:

a capacitor bottom electrode that includes a same material
as the active layer and is on a same layer as the active
layer; and

a capacitor top electrode that includes a same material as
the first gate electrode and is on the first insulating layer.

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

a first mask operation in which an active layer is formed on

a substrate;

a second mask operation in which a first insulating layer, a
transparent conductive material, and a metal are sequen-
tially stacked on the active layer, and the transparent
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conductive material and the metal are patterned at the
same time to form a gate electrode of a thin film transis-
tor, a first conductive layer including a transparent con-
ductive material in a pad region, and a second conductive
layer including a metal,

athird mask operation in which a second insulating layer is
formed on a resultant product of the second mask opera-
tion, and the second insulating layer is patterned to form
an opening that exposes source and drain regions of the
active layer and the first conductive layer;

a fourth mask operation in which a metal layer is formed on
a resultant product of the third mask operation, and the
metal layer is patterned to form source and drain elec-
trodes that contact the source and drain regions of the
active layer and a third conductive layer that contacts the
first conductive layer; and

a fifth mask operation in which a transparent conductive
oxide layer is formed on a resultant product of the fourth
mask operation, and the transparent conductive oxide
layer is patterned to form a protection layer on the third
conductive layer.

16. The method as claimed in claim 15, wherein in the
second mask operation, the second conductive layer is pat-
terned such that a portion of the first conductive layer is
exposed.

17. The method as claimed in claim 15, wherein in the third
mask operation, the first conductive layer, the second conduc-
tive layer, and the first insulating layer disposed on the outer
portion of the first conductive layer are patterned such that
portions of the first conductive layer, the second conductive
layer, and the first insulating layer are exposed.
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18. The method as claimed in claim 15, wherein in the third
mask operation, the first conductive layer and the second
conductive layer are patterned such that portions of the first
conductive layer and the second conductive layer are
exposed.

19. The method as claimed in claim 15, wherein the pro-
tection layer has a stack structure in which an oxide, a semi-
transmissive metal layer, and a transparent conductive oxide
are sequentially stacked.

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

a thin film transistor (TFT) including a gate electrode, a

source electrode, and a drain electrode;

a light-emitting region including a pixel electrode, an
opposite electrode, and an organic emissive layer; and

a pad region including a pad electrode and a protection
layer formed on the pad electrode,

wherein the pad electrode includes:

a first conductive layer on a first insulating layer, the first
conductive layer being formed of a transparent conduc-
tive material;

a second conductive layer on the first conductive layer, the
second conductive layer being formed of a metal; and

athird conductive layer on the second conductive layer and
connected to the first conductive layer, the third conduc-
tive layer being formed of a same material as the source
electrode and the drain electrode of the TFT,

wherein the protection layer has a stack structure in which
a transparent conductive oxide, a semi-transmissive
metal layer, and a transparent conductive oxide are
sequentially stacked.

I S I
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