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(57) ABSTRACT

A thin-film transistor (“TFT”) array substrate includes: a TFT
including an active layer, a gate electrode, a source electrode,
adrain electrode, a first insulating layer disposed between the
active layer and the gate electrode, and a second insulating
layer disposed between the gate electrode, and the source and
drain electrode; a pixel electrode including a transparent con-
ductive oxide and disposed in an opening defined in the
second insulating layer; a capacitor including a first electrode
disposed on a layer on which the active layer is disposed, and
a second electrode disposed on a layer on which the gate
electrode is disposed; a pad electrode disposed on the second
insulating layer and including a material substantially the
same as a material in the source electrode and the drain
electrode; a first protective layer disposed on the pad elec-
trode; and a second protective layer disposed on the first
protective layer.
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THIN-FILM TRANSISTOR ARRAY
SUBSTRATE, ORGANIC LIGHT-EMITTING
DISPLAY DEVICE INCLUDING THE SAME,
AND METHOD OF MANUFACTURING THE

THIN-FILM TRANSISTOR ARRAY

SUBSTRATE

[0001] This application claims priority to Korean Patent
Application No. 10-2013-0059257, filed on May 24, 2013,
and all the benefits accruing therefrom under 35 U.S.C. §119,
the content of which in its entirety is herein incorporated by
reference.

BACKGROUND

[0002] 1.Field

[0003] Exemplary embodiments of the invention relateto a
thin-film transistor (“TFT”) array substrate, an organic light-
emitting display device including the TFT, and a method of
manufacturing the TFT array substrate.

[0004] 2. Description of the Related Art

[0005] A flat panel display apparatus, such as an organic
light-emitting display apparatus and a liquid crystal display
(“LCD”) apparatus, typically includes a thin-film transistor
(“TFT”), a capacitor, wires that connected therebetween, for
example.

[0006] Such a flat panel display apparatus further includes
a substrate, and the TFT, the capacitor and the wires may be
provided in fine patterns on the substrate using a photolitho-
graphic process, in which a pattern is transferred using a
mask, for example.

[0007] The photolithographic process is performed using a
series of processes including applying a photoresistor, expo-
sure, developing, etching, stripping (or ashing), etc. However,
in the photolithographic process, the more processes using a
mask, the higher mask manufacturing costs, and the number
of operations of a manufacturing process.

SUMMARY

[0008] One or more exemplary embodiments of the inven-
tion relate to a thin-film transistor (“TFT”) array substrate, an
organic light-emitting display device including the TFT array
substrate, and a method of manufacturing the TFT array sub-
strate.

[0009] According to an exemplary embodiment of the
invention, a TFT array substrate includes: a TFT including an
active layer, a gate electrode disposed on the active layer, a
source electrode connected to a source region of the active
layer, a drain electrode connected to a drain region of the
active layer, a first insulating layer disposed between the
active layer and the gate electrode, and a second insulating
layer disposed between the gate electrode and the source
electrode, and between the gate electrode and the drain elec-
trode; a pixel electrode disposed in an opening defined in the
second insulating layer, where the pixel electrode includes a
transparent conductive oxide; a capacitor including a first
electrode disposed on a layer on which the active layer is
disposed, and a second electrode disposed on a layer on which
the gate electrode is disposed; a pad electrode disposed on the
second insulating layer, where the pad electrode includes a
material substantially the same as a material in the source
electrode and the drain electrode; a first protective layer dis-
posed on the pad electrode; and a second protective layer
disposed on the first protective layer.
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[0010] In an exemplary embodiment, the first protective
layer may include an amorphous transparent conductive
oxide.

[0011] In an exemplary embodiment, the transparent con-
ductive oxide may include at least one of indium tin oxide
(“ITO”), indium zinc oxide (“1Z0”), zinc oxide (“Zn0”),
indium oxide (In,0,), indium gallium oxide (“1IGO”), and
aluminum zinc oxide (“AZ0”).

[0012] Inanexemplary embodiment, the second protective
layer may include a polycrystalline transparent conductive
oxide.

[0013] Inanexemplary embodiment, the pad electrode may
include a plurality of metal layers having different electron
mobilities from each other.

[0014] Inanexemplary embodiment, the plurality of metal
layers may include a layer including molybdenum; and a
layer including aluminum.

[0015] In an exemplary embodiment, the first protective
layer may be disposed on the source and drain electrodes.
[0016] In an exemplary embodiment, the second protective
layer may be disposed on the first protective layer on the
source and drain electrodes.

[0017] In an exemplary embodiment, the active layer may
include a semiconductor material doped with ion impurities.
[0018] In an exemplary embodiment, the first electrode
may include a semiconductor material doped with ion impu-
rities.

[0019] In an exemplary embodiment, the second electrode
and the second insulating layer may be spaced apart from
each other with a gap.

[0020] In an exemplary embodiment, the gate electrode
may include a first layer including a transparent conductive
oxide; and a second layer including a metal.

[0021] Inanexemplary embodiment, the gate electrode, the
source electrode, and the drain electrode may include sub-
stantially a same material as each other.

[0022] According to another exemplary embodiment of the
invention, an organic light-emitting display apparatus
includes: a TFT including an active layer, a gate electrode
disposed on the active layer, a source electrode connected to
asourceregion of the active layer, a drain electrode connected
to a drain region of the active layer, a first insulating layer
disposed between the active layer and the gate electrode, and
asecond insulating layer disposed between the gate electrode
and the source electrode, and between the gate electrode and
the drain electrode; a pixel electrode disposed in an opening
defined in the second insulating layer, where the pixel elec-
trode includes a transparent conductive oxide, and; a capaci-
tor including a first electrode disposed on a layer on which the
active layer is disposed, and a second electrode disposed on a
layer on which the gate electrode is disposed; a pad electrode
disposed on the second insulating layer, where the pad elec-
trode includes a material substantially the same as a material
in the source electrode and the drain electrode; a first protec-
tive layer disposed on the pad electrode; a second protective
layer disposed on the first protective layer; a third insulating
layer disposed on the second insulating layer, where an open-
ing is defined in the third insulating layer, and the opening in
the third insulating layer exposes the pixel electrode; an
organic emission layer disposed on the pixel electrode; and an
opposite electrode disposed on the organic emission layer.
[0023] In an exemplary embodiment, the first protective
layer may include an amorphous transparent conductive
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oxide, and the second protective layer may include a poly-
crystalline transparent conductive oxide.

[0024] In an exemplary embodiment, the first protective
layer and the second protective layer may be disposed on the
source electrode and the drain electrode.

[0025] In an exemplary embodiment, the opposite elec-
trode may be a reflective electrode.

[0026] According to another exemplary embodiment of the
invention, a method of manufacturing a TFT array substrate
includes: providing a semiconductor layer on a substrate, and
patterning the semiconductor layer to provide an active layer
of a thin-film transistor and a first electrode of a capacitor;
providing a first insulating layer on the patterned semicon-
ductor layer; providing a transparent conductive oxide layer
and a first metal layer on the first insulating layer, and pat-
terning the transparent conductive oxide layer and the first
metal layer to provide a pixel electrode, a gate electrode of the
thin-film transistor, and a second electrode of the capacitor;
providing a second insulating layer on the patterned transpar-
ent conductive oxide layer and the patterned first metal layer,
forming openings through the first insulating layer and the
second insulating layer to expose source and drain regions of
the active layer, and forming openings through the second
insulating layer to expose the pixel electrode and the second
electrode of the capacitor; providing a second metal layer and
a first protective layer on the second insulating layer, and
patterning the second metal layer and the first protective layer
to form a source electrode, a drain electrode and a pad elec-
trode, where the source electrode and the drain electrode are
connected to the source and drain regions of the active layer
through the openings which expose the source and drain
regions of the active layer; providing a third insulating layer
on the patterned second metal layer and the patterned first
protective layer, and forming openings through the third insu-
lating layer to expose the pixel electrode and the pad elec-
trode; and providing a second protective layer on the first
protective layer.

[0027] In an exemplary embodiment, the first metal layer
and the second metal layer may include substantially a same
material as each other.

[0028] In an exemplary embodiment, the second metal
layer may include a plurality of metal layers having different
electron mobilities from each other.

[0029] In an exemplary embodiment, the first protective
layer may include an amorphous transparent conductive
oxide.

[0030] Inanexemplary embodiment, the second protective
layer may include a polycrystalline transparent conductive
oxide.

[0031] Inanexemplary embodiment, the providing the sec-
ond protective layer on the first protective layer may include
performing plasma treatment on the first protective layer.

[0032] Inanexemplary embodiment, the plasma treatment
may be performed after the first protective layer on the pad
electrode is exposed through the third insulating layer.

[0033] Inanexemplary embodiment, the providing the sec-
ond protective layer on the first protective layer may include
thermally annealing the first protective layer.

[0034] Inanexemplary embodiment, the thermal annealing
may be performed before the first protective layer on the pad
electrode is exposed through the third insulating layer.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The above and other features of the invention will
become more apparent by describing in detail exemplary
embodiments thereof with reference to the attached drawings,
in which:

[0036] FIG. 1 is a schematic cross-sectional view of an
exemplary embodiment of an organic light-emitting display
apparatus according to the invention;

[0037] FIG. 2is a cross-sectional view schematically illus-
trating a process of performing a first mask process of an
exemplary embodiment of a method of manufacturing an
organic light-emitting display apparatus according to an
embodiment of the invention;

[0038] FIG. 3is a cross-sectional view schematically illus-
trating a process of performing a second mask process of an
exemplary embodiment of a method of manufacturing an
organic light-emitting display apparatus according to the
invention;

[0039] FIG. 4is a cross-sectional view schematically illus-
trating an exemplary embodiment of a process of performing
a third mask process of an organic light-emitting display
apparatus according to the invention,

[0040] FIGS. 5 and 6 are cross-sectional views schemati-
cally illustrating a process of performing a fourth mask pro-
cess of an exemplary embodiment of a method of manufac-
turing an organic light-emitting display apparatus according
to the invention;

[0041] FIG. 7is a cross-sectional view schematically illus-
trating a process of performing a fifth mask process and a
plasma treatment process of an exemplary embodiment of a
method of manufacturing an organic light-emitting display
apparatus according to the invention;

[0042] FIG. 8 are graphs showing a relation between a gate
voltage and a drain current with respect to drain voltages of an
exemplary embodiment of a thin-film transistor measured
before and after plasma treatment;

[0043] FIG. 9 is a schematic cross-sectional view of an
alternative exemplary embodiment of an organic light-emit-
ting display apparatus according to the invention; and
[0044] FIG. 10 is a cross-sectional view schematically
illustrating a process of performing a fourth mask process and
a thermal annealing process of an exemplary embodiment of
amethod of manufacturing the organic light-emitting display
apparatus of FIG. 9 according to the invention.

DETAILED DESCRIPTION

[0045] The invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which various embodiments are shown. This invention may,
however, be embodied in many different forms, and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
Like reference numerals refer to like elements throughout.
[0046] It will be understood that when an element is
referred to as being “on” another element, it can be directly on
the other element or intervening elements may be present
therebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervering
elements present.

[0047] Itwill beunderstood that, although the terms “first,”
“second,” “third” etc. may be used herein to describe various
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elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, “a first element.” “component,” “region,” “layer” or
“section” discussed below could be termed a second element,
component, region, layer or section without departing from
the teachings herein.

[0048] The terminology used herein is for the purpose of
describing particularembodiments only and is not intended to
be limiting. As used herein, the singular forms “a,” “an,” and
“the” are intended to include the plural forms, including “at
least one,” unless the content clearly indicates otherwise.
“Or” means “and/or.” As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. It will be further understood that the
terms “comprises” and/or “comprising,” or “includes” and/or
“including” when used in this specification, specify the pres-
ence of stated features, regions, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, regions, inte-
gers, steps, operations, elements, components, and/or groups

thereof.

[0049] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein for
ease of description to describe one element or feature’s rela-
tionship to another element(s) or feature(s) as illustrated in
the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0050] “About” or “approximately” as used herein is inclu-
sive of the stated value and means within an acceptable range
of deviation for the particular value as determined by one of
ordinary skill in the art, consideting the measurement in
question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within £30%, 20%, 10%, 5% of the
stated value.

[0051] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this disclosure belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0052] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. 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 described herein should not be

Nov. 27,2014

construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically. have
rough and/or nonlinear features. Moreover, sharp angles that
are illustrated may be rounded. Thus, the regions illustrated in
the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are not
intended to limit the scope of the present claims.

[0053] All methods described herein can be performed in a
suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.

[0054] Hereinafter, exemplary embodiments of the inven-
tion will be described in further detail with reference to the
accompanying drawings.

[0055] FIG. 1 is a schematic cross-sectional view of an
exemplary embodiment of an organic light-emitting display
apparatus 1 according to the invention.

[0056] Referring to FIG. 1, an exemplary embodiment of
the organic light-emitting display device 1 includes a sub-
strate 10, and a pixel region PXI1, a transistor region TR1, a
capacitor region CAP1 and a pad region PAD1 are defined on
the substrate 10.

[0057] The substrate 10 may be a glass substrate or a trans-
parent substrate such as a plastic substrate including polyeth-
vlene terephthalate (“PET”), polyethylene naphthalate
(“PEN”) or polyimide, for example.

[0058] Insuchanembodiment,abufferlayer 11 is disposed
on the substrate 10. The buffer layer 11 may provide a smooth
or even surface on the substrate 10, and block or effectively
prevent permeation of impurity elements into the substrate
10. In one exemplary embodiment, for example, the buffer
layer 11 may be provided by forming an insulating layer in a
single or multiple layer structure using a silicon nitride and/or
a silicon oxide.

[0059] An active layer 212 is disposed in the transistor
region TR1 of the buffer layer 11 on the buffer layer 11. The
active layer 212 may include a semiconductor including
amorphous or crystalline silicon, for example. The active
layer 212 may include a channel region 212¢, and a source
region 212a and a drain region 2125 that are doped with ion
impurities and disposed at sides of the channel region 212¢,
respectively. In such anembodiment, the active layer 212 may
include amorphous or crystalline silicon, but not being lim-
ited thereto. In one alternative exemplary embodiment, for
example, the active layer 212 may include an oxide semicon-
ductor.

[0060] In an exemplary embodiment, gate electrodes 214
and 215 corresponding to (e.g., overlapping when viewed
from a top view) the channel region 212¢ of the active layer
212 are disposed on the active layer 212, and a first insulating
layer 13, which is a gate insulating film, is disposed between
the gate electrodes 214 and 215, and the active layer 212. The
gate electrodes 214 and 215, each including a transparent
conductive oxide, are sequentially disposed on the first insu-
lating layer 13. In one exemplary embodiment, as shown in
FIG. 1, a first layer 214 of the gate electrodes 214 and 215 is
disposed on the first insulating layer 13, and a second layer
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215 of the gate electrodes 214 and 215 is disposed on the first
layer 214 of the gate electrodes 214 and 215. The first layer
214 of the gate electrodes 214 and 215 may include at least
one of indium tin oxide (“ITO”), indium zinc oxide (“IZ0”),
zinc oxide (ZnO), indium oxide (In,0,), indium gallium
oxide (“IGO”) and aluminum zinc oxide (“AZO”), for
example. The second layer 215 of the gate electrodes 214 and
215 may have a single or multiple layer structure including at
least one of aluminum (Al), platinum (Pt), palladium (Pd),
silver (Ag), magnesium (Mg), gold (Au), nickel (Ni), neody-
mium (Nd), iridium (Ir), chromium (Cr), nickel (Li), calcium
(Ca), molybdenum (Mo), titanium (Ti), tungsten (W) and
copper (Cu), for example.

[0061] In an exemplary embodiment, a source electrode
217a and a drain electrode 2175 connected to the source
region 2124 and the drain region 2125 of the active layer 212
are disposed on the gate electrodes 214 and 215, and a second
insulating layer 16, which is an interlayer insulating film, is
disposed therebetween. The source electrode 217a and the
drain electrode 2175 may include a material substantially the
same as the material included in the second layer 215 of the
gate electrodes 214 and 215. In one exemplary embodiment,
for example, the source electrode 217a and the drain elec-
trode 217b may have a single or multiple layer structure
including at least one of aluminum (Al), platinum (Pt), pal-
ladium (Pd), silver (Ag), magnesium (Mg), gold (Au), nickel
(Ni), neodymium (Nd), iridium (Ir), chromium (Cr), nickel
(Li), calcium (Ca), molybdenum (Mo), titanium (Ti), tung-
sten (W), and copper (Cu).

[0062] Inanexemplary embodiment, a firstprotective layer
18-1 is disposed on the source electrode 217a and the drain
electrode 2175 such that the source electrode 2174 and the
drain electrode 2175 are effectively prevented from corroding
due to moisture and oxygen. The first protective layer 18-1
may include an amorphous transparent conductive oxide. The
transparent conductive oxide may include at least one of ITO,
170, zinc oxide (ZnQ), indium oxide (In,O5), IGO and AZO,
for exaniple. In an exemplary embodiment, as shown in FIG.
1, the first protective layer 18-1 may be disposed only on the
source electrode 217« and the drain electrode 2175, but the
invention is not limited thereto. In an alternative exemplary
embodiment, the first protective layer 18-1 may be further
disposed on wires (not shown) on a layer, on which the source
electrode 217« and the drain electrode 2175 are disposed.

[0063] In an exemplary embodiment, a third insulating
layer 19 is disposed on the second insulating layer 16 and
covers the source electrode 217a and the drain electrode
217b. In an exemplary embodiment, each of the first insulat-
ing layer 13 and the second insulating layer 16 may include a
single/multiple inorganic insulating films, and the third insu-
lating layer 19 may include an organic insulating film. In such
an embodiment, the third insulating layer 19 may include a
general-purpose polymer, e.g., polymethyl methacrylate
(“PMMA”) or polystyrene (“PS”), a phenol-group polymer
derivative, an acryl-based polymer, an imide-based polymer,
an aryl ether-based polymer, an amide-based polymer, a fluo-
rine-based polymer, a p-xylene-based polymer, a vinyl alco-
hol-based polymer, or a mixture thereof.

[0064] In an exemplary embodiment, a pixel electrode 114
including substantially the same transparent conductive
oxide as the first layer 214 of the gate electrodes 214 and 215
is disposed on the buffer layer 11 and the first insulating layer
13 in the pixel region PXL1 of the substrate 10.
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[0065] In anexemplary embodiment, the second insulating
layer 16 is disposed at external sides of the pixel electrode
114, and a first opening C1 is defined, e.g., formed, in the
second insulating layer 16 to expose the pixel electrode 114.
The first opening C1 may be larger than the pixel electrode
114 such that a first gap G1 is defined between an end of the
pixel electrode 114 and an end of the second insulating layer
16. In such an embodiment, an aperture ratio may be
increased by increasing an effective emission region. In an
alternative exemplary embodiment, an end of the pixel elec-
trode 114 and the second insulating layer 16 may overlap each
other when viewed from a top view such that the first gap G1
is not defined between the end of the pixel electrode 114 and
the end of the second insulating layer 16.

[0066] In an exemplary embodiment, the third insulating
layer 19 is disposed on the second insulating layer 16, and a
fourth opening C4 is defined in the third insulating layer 19
and exposes the pixel electrode 114. In such an embodiment,
an end portion of the pixel electrode 114 and an portion of the
third insulating layer 19 that defined the fourth opening C4
may overlap each other when viewed from a top view.
[0067] Inanexemplary embodiment, an intermediate layer
(not shown) including an organic emission layer 120 is dis-
posedon the pixel electrode 114 in the fourth opening C4. The
organic emission layer 120 may include alow or highmolecu-
lar organic material.

[0068] In an exemplary embodiment, where the organic
emission layer 120 includes the low-molecular organic mate-
rial, a hole transport layer (“HTL”), a hole injection layer
(“HIL”). an electron transport layer (“ETL”) and an electron
injection layer (“EIL”), for example, may be stacked or
sequentially disposed on the intermediate layer. In an alter-
native exemplary embodiment, various layers other than the
HTL, HIL, ETL and EIL may further be disposed or stacked
on the intermediate layer. In such an embodiment, the organic
material of the organic emission layer 120 may include cop-
per phthalocyanine (“CuPc”), N(N'-Di(naphthalene-1-y1)-
N), N'-diphenyl-benzidine (“NPB”) or tris-8-hydroxyquino-
line aluminum (“Alg3™), for example. In an alternative
exemplary embodiment, where the organic emission layer
120 includes the high-molecular organic material, the inter-
mediate layer may include an HTL. In one exemplary
embodiment, the HTL. may include poly-(3,4)-ethylene-di-
hydroxy thiophene (“PEDOT”) or polyaniline (“PANI"), for
example. In such an embodiment, the organic material of the
organic emission layer 120 may include a poly-phenylenevi-
nylene (“PPV”)-based high-molecular organic material and a
polyfluorene-based high-molecular organic material, for
example. In an exemplary embodiment, sub pixels that emit
red, green and blue lights in the organic emission layer 120
may collectively define a unit pixel.

[0069] In an exemplary embodiment, the organic emission
layer 120 may be provided, e.g., formed, in the opening C4
using emission materials that emit different colors in every
unit pixel, but not being limited thereto. In an exemplary
embodiment, the organic emission layer 120 may be com-
monly provided on the third insulating layer 19 for each unit
pixel. In such an embodiment, the organic emission layer 120
may be provided by vertically stacking layers, each including
one of emission materials that emit, for example, red, green
and blue lights, or by mixing the layers. In an alternative
exemplary embodiment, a combination of different colors
may be used to form the organic emission layer 120 that emits
white light. The organic light-emitting display device 1 may
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further include a color conversion layer that converts the
emitted white light into light having a predetermined colot, or
a color filter.

[0070] In an exemplary embodiment, various layers
included in the intermediate layer except for the organic emis-
sion layer 120 may be commonly provided for all pixels or
may be partially or independently provided in each unit pixel.
In an exemplary embodiment, the intermediate layer may
have a different thickness for each pixel. In an exemplary
embodiment, the intermediate layer may include an organic
material, but not being limited to the organic material, and the
intermediate layer may include an inorganic material in an
alternative exemplary embodiment.

[0071] Inanexemplary embodiment, an opposite electrode
121, which may function as a common electrode, is disposed
onthe organic emission layer 120. The opposite electrode 121
may be a reflective electrode including a reflective material.
In such an embodiment, the opposite electrode 121 may
include at least one of Al, Mg, Li, Ca, LiF/Ca, and LiF/Al, for
example. In such an embodiment, where the opposite elec-
trode 121 is a reflective electrode, light emitted from the
organic emission layer 120 may be reflected from the oppo-
site electrode 121, pass through the pixel electrode 114
including a transparent conductive oxide, and then be dis-
charged toward the substrate 10.

[0072] In an alternative exemplary embodiment, the pixel
electrode 114 may further include a layer including a semi-
transmissive metal. In such an embodiment, the pixel elec-
trode 114 further including the semi-transmissive metal layer
may have a micro-cavity structure together with the opposite
electrode 121, which is a reflective electrode, thereby sub-
stantially improving the luminous efficient of the organic
light-emitting display device 1.

[0073] In an exemplary embodiment, a first electrode 312,
a second electrode 314 and the first insulating layer 13 dis-
posed between the first electrode 312 and the second elec-
trode 314 are disposed in the capacitor region CAPI.

[0074] Inanexemplary embodiment, the first electrode 312
may include a semiconductor doped with ion impurities,
which is substantially the same as the material included in the
source region 212q and the drain region 1224. If an electrode
is formed of an intrinsic semiconductor that is not doped with
ion impurities, a capacitor defined by the electrode may have
ametal oxide semiconductor (“MOS”) capacitor structure. In
an exemplary embodiment, the first electrode 312 includes
ion impurities doped semiconductor, such that a capacitor has
ametal-insulator-metal (“MIM”) capacitor structure having a
higher electrostatic capacitance than the MOS capacitor
structure, thereby effectively maximizing the electrostatic
capacitance. In such an embodiment, since the same electro-
static capacitance may be obtained with the MIM capacitor
structure that is smaller than the MOS capacitor structure in
size, a margin for reducing capacitor size substantially
increases. Thus, the aperture ratio may be increased by
increasing the size of the pixel electrode 114. In such an
embodiment, since ion impurities-doped regions are continu-
ously distributed in the first electrode 312, which will be
described in greater detail later, the signal transfer quality of
the capacitor may be substantially improved.

[0075] In an exemplary embodiment, the first insulating
layer 13 that functions as a dielectric film is disposed on the
first electrode 312 in the capacitor region CAP1.

[0076] In an exemplary embodiment, the second electrode
314 including the same transparent conductive oxide as the

Nov. 27,2014

first layer 214 of the gate electrodes 214 and 215 is disposed
on the first insulating layer 13 in the capacitor region CAP1.
[0077] Inanexemplary embodiment, the second insulating
layer 16 is disposed spaced apart from the second electrode
314 on the first insulating layer 13 in the capacitor region
CAP1, and a third opening C3 is defined in the second insu-
lating layer 16 to expose the second electrode 314. The third
opening C3 may be larger than the second electrode 314 such
that a second gap G2 is defined between an end of the second
electrode 314 and an end of the second insulating layer 16.
[0078] In an exemplary embodiment, the third insulating
layer 19 may be disposed on the second electrode 314, and
may directly contact the first insulating layer 13 via the sec-
ond gap G2. The third insulating layer 19 may include an
organic insulating film. In such an embodiment, the third
insulating layer 19 including an organic insulating material
having a low permittivity is disposed or provided between the
opposite electrode 121 and the second electrode 314, such
that a parasitic capacitance that may occur between the oppo-
site electrode 121 and the second electrode 314 is substan-
tially reduced, and signal interference is thereby effectively
prevented from occurring due to the parasitic capacitance.
[0079] In an exemplary embodiment, a pad electrode 417
and a protective layer 18 are disposed in the pad region PAD1,
thereby defining a connection terminal of an external driver.
In an exemplary embodiment, the protective layer 18 may
include the first protective layer 18-1 and a second protective
layer 18-2.

[0080] Inanexemplary embodiment, the pad electrode 417
may include a same material as the source electrode 2174 and
the drain electrode 217b. In an exemplary embodiment, the
pad electrode 417 may include a plurality of metal layers
having different electron mobilities. In one exemplary
embodiment, for example, the pad electrode 417 may have a
multiple layer structure including at least one of aluminum
(Al), platirum (Pt), palladium (Pd), silver (Ag), magnesium
(Mg), gold (Au), nickel (Ni), neodymivm (Nd), iridium (Ir),
chromium (Cr), nickel (Li), calcium (Ca), molybdenum
(Mo), titanium (T1), tungsten (W), and copper (Cu).

[0081] Inanexemplary embodiment, the pad electrode 417
is disposed at a layer, on which the source electrode 217a and
the drain electrode 2176 are disposed. In such an embodi-
ment, the pad electrode 417 may be directly disposed on the
second insulating layer 16. In such an embodiment, the pad
electrode 417 is provided later than the gate electrodes 214
and 215, the pixel electrode 114, and the first and second
electrodes 312 and 314 during a manufacturing process
thereof, such that the reliability of the pad electrode 417 may
be effectively prevented from being lowered, which may be
caused when the materials used to form the gate electrodes
214 and 215, the pixel electrode 114, the first electrode 312 or
the second electrode 314 remain on the pad electrode 417
during the manufacturing process thereof or during a process
for removing portions of the materials used to form the gate
electrodes 214 and 215, the pixel electrode 114, the first
electrode 312 or the second electrode 314 on the pad electrode
417.

[0082] The first protective layer 18-1 is disposed on the pad
electrode 417. The first protective layer 18-1 protects the pad
electrode 417 against moisture and oxygen. The first protec-
tive layer 18-1 may include an amorphous transparent con-
ductive oxide.

[0083] Inanexemplary embodiment, the second protective
layer 18-2 including a polycrystalline transparent conductive
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oxide is disposed on the first protective layer 18-1. The sec-
ond protective layer 18-2 may be provided by poly-crystal-
lizing a surface of the first protective layer 18-1 and may
effectively prevent contamination of the protective layer 18 or
an increase in a resistance of the protective layer 18.

[0084] In an exemplary embodiment, the organic light-
emitting display device 1 may further include an encapsulat-
ing member (not shown) configured to encapsulate a display
region including the pixel region PX1.1, the capacitor region
CAP1, and the transistor region TR1. The encapsulating
member may include a substrate including a glass material, a
metal film, or an encapsulating thin film including an organic
insulating film and an inorganic insulating film.

[0085] Hereinafter, an exemplary embodiment of a method
of manufacturing the organic light-emitting display device 1
according to the invention will now be described with refer-
ence to FIGS. 2 and 7.

[0086] FIG. 2 is a cross-sectional view schematically illus-
trating a process of performing a first mask process of an
exemplary embodiment of a method of manufacturing the
organic light-emitting display apparatus 1 of FIG. 1 accord-
ing to the invention.

[0087] Referring to FIG. 2, a buffer layer 11 is provided,
e.g., formed, on a substrate 10, and a semiconductor layer (not
shown) is formed on the buffer layer 11 and is then patterned
to provide an active layer 212 of a thin-film transistor (“TFT”)
and a first electrode 312 of a capacitor.

[0088] In one exemplary embodiment, for example, a pho-
toresistor (not shown) is applied onto the semiconductor
layer, and the semiconductor layer is patterned by photoli-
thography using a first photomask (not shown) to form the
active layer 212 and the first electrode 312. The photolithog-
raphy using the first photomask may include performing
exposure on the first photomask using an exposure device
(not shown) and performing a series of processes such as
developing, etching, and stripping or ashing.

[0089] In an exemplary embodiment, the semiconductor
layer may include amorphous silicon or polysilicon. In such
an embodiment, the crystalline silicon may be formed by
crystallizing amorphous silicon. Examples of a method of
crystallizing amorphous silicon may include rapid thermal
annealing (“RTA”), solid-phase crystallization (“SPC”),
excimer laser annealing (“ELA”), metal induced crystalliza-
tion (“MIC”), metal induced lateral crystallization (“MILC”)
and sequential lateral solidification (“SLS™), for example. In
an alternative exemplary embodiment, the semiconductor
layer may include an oxide semiconductor.

[0090] FIG. 3 is a cross-sectional view schematically illus-
trating a process of performing a second mask process of an
exemplary embodiment of a method of manufacturing the
organic light-emitting display apparatus 1 according to the
invention.

[0091] Referring to FIG. 3, a first insulating layer 13 is
formed on using the first mask process of FIG. 2, a transparent
conductive oxide layer (not shown) and a first metal layer (not
shown) are sequentially formed on the first insulating layer
13, and then patterned. In an exemplary embodiment, the first
metal layer may have a single or multiple layer structure
including at least one of aluminum (Al), platinum (Pt), pal-
ladium (Pd), silver (Ag), magnesium (Mg), gold (Au), nickel
(Ni), neodymium (Nd), iridium (Ir), chromium (Cr), nickel
(Li), calcium (Ca), molybdenum (Mo), titanium (Ti), tung-
sten (W), and copper (Cu), for example.
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[0092] By patterning the transparent conductive oxide
layer (not shown) and the first metal layer (not shown) on the
firstinsulating layer 13, gate electrodes 214 and 215, a second
electrode 314 of the capacitor, an upper layer 315 of the
second electrode 314, apixel electrode 114 and an upper layer
115 of the pixel electrode 114 are provided on the first insu-
lating layer 13. In one exemplary embodiment, for example,
the upper layer 315 of the second electrode 314 provided by
patterning the first metal layer may include a first layer 315a
including molybdenum (Mo), a second layer 3155 including
aluminum (Al), and a third layer 315¢ including molybdenum
(Mo).

[0093] Subsequently, primary doping D1 of ion impurities
is performed. B or P ions may be doped as the ion impurities
at a density of about 1x10" atoms per square centimeter
(atoms/cm?) or more using the active layer 212 of the TFT as
atarget. By doping the ion impurities onto the active layer 212
using the gate electrodes 214 and 215 as self-alignment
masks, the active layer 212 is provided to include source and
drain regions 212a and 2125 doped with the ion impurities
and a channel region 212c therebetween.

[0094] FIG. 4is a cross-sectional view schematically illus-
trating a process of performing a third mask process of an
exemplary embodiment of a method of manufacturing the
organic light-emitting display apparatus 1 according to an
embodiment of the invention.

[0095] Referring to FIG. 4, a second insulating layer 16 is
formed after the performing the second mask process shown
in FIG. 3, and is then patterned to provide a first opening C1
thatexposes the pixel electrode 114 and theupper layer 115 of
the pixel electrode 114, a second opening C2 that exposes the
source region 212q and the drain region 2125, and a third
opening C3 that exposes the second electrode 314 and the
upper layer 315 of the second electrode 314. In an exemplary
embodiment, the first opening C1 and the second opening C3
may expose substantially an entire upper surface of the pixel
electrode 114 and substantially an entire upper surface of the
second electrode 214, respectively. In such an embodiment,
the size of the first opening C1 and the size of the second
opening C3 is greater than a size of the pixel electrode 114 and
the second electrode 214, respectively, such that a first gap G1
is defined between the pixel electrode 114 and the first open-
ing C1, and a second gap G2 is defined between the second
electrode 214 and the third opening C3.

[0096] FIGS. 5 and 6 are cross-sectional views schemati-
cally illustrating a process of performing a fourth mask pro-
cess of an exemplary embodiment of a method of manufac-
turing the organic light-emitting display apparatus 1
according to the invention.

[0097] Referring to FIG. 5, amask M including light block-
ing portions M1, M2, and M3 and a light transmission portion
M4 is prepared, and a second metal layer 17, a first protective
layer 18-1, and a photoresistor PR are sequentially provided,
e.g., formed, on the second insulating layer 16 including the
first opening C1, the second opening C2 and the third opening
C3 shown in FIG. 4.

[0098] Referring to FIG. 6, portions of the upper layer 115,
the second metal layer 17 and the first protective layer 18-1 on
the pixel electrode 114, and portions of the upper layer 315,
the second metal layer 17 and the first protective layer 18-1 on
the second electrode 314, which correspond to the light trans-
mitting portion M4, are removed. The source electrode 217a
and the drain electrode 2175, each including the first protec-
tive layer 18-1 thereon, are provided on the source region
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212a and the drain region 2125 using portions of the first
protective layer 18-1 and the second metal layer 17 that cor-
respond to light blocking portions M1 and M2, respectively.
The pad electrode 417 including the first protective layer 18-1
is provided in the pad region PAD1 using a portion of the
second metal layer 17 corresponding to the light blocking unit
M3.

[0099] In an exemplary embodiment, the second metal
layer 17 may include a plurality of metal layers having dif-
ferent electron mobilities. In one exemplary embodiment, for
example, the pad electrode 417 provided by patterning the
second metal layer 17 may include afirst layer 4174 including
molybdenum (Mo), a second layer 4175 including aluminum
(Al), and a third layer 417¢ including molybdenum (Mo).
[0100] In an exemplary embodiment, the first protective
layer 18-1 is patterned together with the second metal layer 17
in the same mask process to protect the sourceelectrode 2174,
the drain electrode 2175 and the pad electrode 417 against
moisture and oxygen.

[0101] After removing the portions of the second metal
layer 17 and the first protective layer 18-1 on the upper layer
115 of the pixel electrode 114, and the portions of the second
metal layer 17 and the first protective layer 18-1 on the upper
layer 315 of the second electrode 314, secondary doping D2
of ion impurities is performed using the first electrode 312 as
a target. The first electrode 312 that was not doped with ion
impurities during the first doping D1 is doped with ion impu-
rities during the secondary doping D2 to form a MIM capaci-
tor together with the second electrode 314. In such an
embodiment, ion impurities are continuously doped onto the
first electrode 312 via the second gap G2 between an end of
the second electrode 314 and an end of the second insulating
layer 16, such that the signal transfer quality of the capacitor
may be effectively prevented from being degraded.

[0102] In an exemplary embodiment, during the fourth
mask process, the second metal layer 17 and the first protec-
tive layer 18-1 may be patterned together to form a data wire
(not shown).

[0103] FIG. 71sa cross-sectional view schematically illus-
trating a process of performing a fifth mask process and a
plasma treatment process of an exemplary embodiment of a
method of manufacturing the organic light-emitting display
apparatus 1 according to an embodiment of the invention.
[0104] Referring to FIG. 7, the third insulating layer 19 is
formed after performing the fourth mask process shown in
FIG. 6, and the fifth mask process is performed to form the
fourth opening C4 that exposes an upper portion of the pixel
electrode 114 and a fifth opening C5 that exposes the first
protective layer 18-1 on the pad electrode 417.

[0105] The third insulating layer 19 functions as a pixel
defining layer, and may be an organic insulating film that
includes, for example, a general-purpose polymer (e.g.,
PMMA or polystyrene PS), a phenol-group polymer deriva-
tive, 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 mixture thereof. While the third insulat-
ing layer 19 is hardened, a surface of the first protective layer
18-1 may be contaminated due to a carbon source in the
organic insulating film, thereby increasing the resistance of
the first protective layer 18-1.

[0106] In an exemplary embodiment, after the fifth mask
process, the characteristics of a device, e.g., the TFT, may be
measured using the pad electrode 417 before providing the
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organic emission layer 120. When the surface of the first
protective layer 18-1 is contaminated, device characteristics
may be degraded. In an exemplary embodiment, a surface of
the first protective layer 18-1 is poly-crystallized to form the
second protective layer 18-2 by performing plasma treatment
on the first protective layer 18-1 on the pad electrode 417 to
effectively prevent the degradation of the device characteris-
tics after the third insulating layer 19 is hardened.

[0107] FIG. 8 are graphs showing the relation between a
gate voltage V,, and a drain current 1, with respect to drain
voltages V , of a TFT measured before and after plasma treat-
ment.

[0108] In FIG. 8, a left graph is a voltage-current (“V-I")
graph, when a pad electrode was formed in a three-layer
structure including molybdenum, aluminum, and molybde-
num and a first protective layer was formed using amorphous
indium zinc oxide (“IZO”) on the pad electrode and before
plasma treatment was performed on the first protective layer,
and a right graph is a V-1 graph after plasma treatment was
performed on the first protective layer.

[0109] GO’ represents the relation between a ‘normal’ gate
voltage V, and a drain current [, with respect to a bias voltage
(e.g., the drain voltage V ,=about -0.1 volt (V)), ‘G1’ repre-
sents the relation between the gate voltage V,, and the drain
current [, when the drain voltage V, is -5.1 V, and ‘G2’
represents the relation between an ‘abnormal’ gate voltage V,
and the drain current I , with respect to a bias voltage (e.g., the
drain voltage V ,=about -0.1 V).

[0110] In FIG. 8, the V-I graph when the bias voltage was
applied and the V-I graph when the drain voltage V, was
increased were compared to determine whether the device
characteristics are degraded or not, to measure the device
characteristics of the TFT.

[0111] Referring to the left graph of FIG. 8, before plasma
treatment was performed on the first protective layer 18-1, a
plurality of V-I graphs G2 show an abnormal distribution with
respect to a section of the bias voltage. Thus, a result of
measuring the device characteristics shows that the device
characteristics were degraded.

[0112] Referring to the right graph of FIG. 8, after plasma
treatment was performed on the first protective layer 18-1 to
remove pollutants therefrom and the second protective layer
18-2 was formed by poly-crystallizing the first protective
layer 18-1, the V-I graph shows a normal distribution with
respect to a bias voltage range. Thus, the result of measuring
the device characteristics shows that the device characteris-
tics were effectively prevented from being degraded.

[0113] In an exemplary embodiment of the organic light-
emitting display device 1, the protective layer 18 may be
disposed on the pad electrode 417 to effectively prevent the
pad electrode 417 from corroding, and a surface of the pro-
tective layer 18 may be poly-crystallized by performing
plasma treatment thereon to effectively prevent contamina-
tion of the protective layer 18 and to reduce the resistance of
the protective layer 18, thereby effectively preventing the
device characteristics from being degraded.

[0114] Although not shown in FIGS. 2-7, after the fifth
mask process is performed, the organic emission layer 120
may be provided on the pixel electrode 114, and the opposite
electrode 121 of FIG. 1, which is a common electrode, may be
provided on the organic emission layer 120, thereby complet-
ing the organic light-emitting display device 1 of FIG. 1. An
encapsulating member (not shown) may further be formed on
the opposite electrode 121.
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[0115] Hereinafter, an alternative exemplary embodiment
of an organic light-emitting display device 2 according to the
invention will now be described with reference to FIGS.9 and
10.

[0116] FIG. 9 is a schematic cross-sectional view of an
alternative exemplary embodiment of the organic light-emit-
ting display apparatus 2 according to the invention.

[0117] The circuit diagram in FIG. 9 is substantially the
same as the organic light-emitting display device shown in
FIG. 1 except for the second protective layer 18-2. The same
or like elements shown in FIG. 9 have been labeled with the
same reference characters as used above to describe the exem-
plary embodiments of the organic light-emitting display
device shown in FIG. 1, and any repetitive detailed descrip-
tion thereof may be omitted or simplified.

[0118] Referring to FIG. 9, the organic light-emitting dis-
play device 2 includes a substrate 10, and a pixel region
PXL2, a transistor region TR2, a capacitor region CAP2 and
apad region PAD2 are defined on the substrate 10. In such an
embodiment, the structures of the pixel region PXI.2 and the
capacitor region CAP2 are the same as in the exemplary
embodiment shown in FIG. 1, and thus, the detailed descrip-
tion thereof will be omitted.

[0119] In such an embodiment, a protective layer 18 is
disposed on the pad electrode 417 in the pad region PAD2.
The protective layer 18 includes a first protective layer 18-1
including an amorphous transparent conductive oxide, and a
second protective layer 18-2 including a polycrystalline
transparent conductive oxide. The transparent conductive
oxide may include at least one of ITO, IZO, zinc oxide (Zn0O),
indium oxide (In,0), I[GO and AZO.

[0120] Insuch an embodiment, the second protective layer
18-2 is disposed on the first protective layer 18-1, and an
exemplary embodiment of a process of providing the second
protective layer 18-2 will be described later in greater detail.

[0121] The first protective layer 18-1 protects the pad elec-
trode 417 against moisture and oxygen. The second protective
layer 18-2 effectively prevents contamination of the first pro-
tective layer 18-1 and an increase in resistance of the first
protective layer 18-1.

[0122] Insuch an embodiment, a first protective layer 18-1
and a second protective layer 18-2 are disposed on a source
electrode 217q and a drain electrode 2175 in the transistor
region TR2 to effectively prevent the source electrode 217a
and the drain electrode 2175 from corroding due to moisture
and oxygen. The first protective layer 18-1 may include an
amorphous transparent conductive oxide, and the second pro-
tective layer 18-2 may include a polycrystalline transparent
conductive oxide. In such an embodiment, the first protective
layer 18-1 and the second protective layer 18-2 are provided
on the source electrode 2174 and the drain electrode 2175, as
shown in FIG. 9, but not being limited thereto. In an alterna-
tive exemplary embodiment, the first protective layer 18-1
and the second protective layer 18-2 may be further provided
on a wire (not shown) formed on the layer on which the source
electrode 217a and the drain electrode 2175 are formed.

[0123] Hereinafter, an exemplary embodiment of a method
of manufacturing the organic light-emitting display device 2
shown in FIG. 9 will be described. In such an embodiment,
first to third mask processes of a method of manufacturing the
organic light-emitting display device 2 are substantially the
same as the first to third mask processes of the exemplary
embodiment of a method of manufacturing the organic light-
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emitting display device 1 shown in FIGS. 2 to 4, and thus, the
detailed description thereof will be omitted.
[0124] FIG. 10 is a cross-sectional view schematically
illustrating a process of performing a fourth mask process and
a thermal annealing process of an exemplary embodiment of
amethod of manufacturing the organic light-emitting display
apparatus 2 of FIG. 9 according to the invention.
[0125] Referring back to FIG. 6, after performing the fourth
mask process, the first protective layer 18-1 is provided on the
source electrode 217a, the drain electrode 2175 and the pad
electrode 417, and the secondary doping D2 of ion impurities
is performed on the first electrode 312 of the capacitor.
[0126] Referring to FIG. 10, before the fifth mask process is
performed to pattern the third insulating layer 19, the first
protective layer 18-1 is thermally annealed to polycrystallize
the first protective layer 18-1, thereby providing, e.g., form-
ing, a second protective layer 18-2 on the first protective layer
18-1.
[0127] After the second protective layer 18-2 is provided,
the fifth mask process is performed. In the fifth mask process,
when the third insulating layer 19 is hardened during pattern-
ing of'the third insulating layer 19, the second protective layer
18-2 effectively prevents the contamination of the first pro-
tective layer 18-1 and an increase in the resistance of the first
protective layer 18-1 on the pad electrode 417. Accordingly,
device characteristics may be effectively prevented from
being degraded.
[0128] As described herein, in exemplary embodiments of
a'TFT array substrate, an organic light-emitting display appa-
ratus including the TFT array substrate and a method of
manufacturing the TFT array substrate, the TFT array sub-
strate and the organic light-emitting display apparatus may be
manufactured using five mask processes.
[0129] Insuch embodiments, a pad electrode may be effec-
tively prevented from corroding by providing, e.g., forming,
a protective layer on the pad electrode.
[0130] Insuch embodiments, contamination of the protec-
tive layer and an increase in the resistance of the protective
layer are effective prevented by poly-crystallizing a surface of
the protective layer.
[0131] In such embodiments, a phenomenon that may
occur when a lower electrode of a capacitor is not doped with
ion impurities may be effectively prevented from occurring,
thereby substantially increasing an electrostatic capacitance
and substantially improving the signal transfer quality of a
capacitor wire.
[0132] Whilethe invention has 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 of the invention as
defined by the following claims.
What is claimed is:
1. A thin-film transistor array substrate comprising:
a thin-film transistor comprising:
an active layer;
a gate electrode disposed on the active layer;,
a source electrode connected to a source region of the
active layer;
adrain electrode connected to a drain region of the active
layer;
a first insulating layer disposed between the active layer
and the gate electrode; and
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a second insulating layer disposed between the gate
electrode and the source electrode, and between the
gate electrode and the drain electrode;

a pixel electrode disposed in an opening defined in the
second insulating layer, wherein the pixel electrode
comprises a transparent conductive oxide, and,

a capacitor comprising;

a first electrode disposed on a layer, on which the active
layer is disposed; and

asecond electrode disposed on a layer, on which the gate
electrode is disposed;

a pad electrode disposed on the second insulating layer,
wherein the pad electrode comprises a material substan-
tially the same as a material in the source electrode and
the drain electrode;

a first protective layer disposed on the pad electrode; and

a second protective layer disposed on the first protective
layer.

2. The thin-film transistor array substrate of claim 1,
wherein the first protective layer comprises an amorphous
transparent conductive oxide.

3. The thin-film transistor array substrate of claim 2,
wherein the transparent conductive oxide comprises at least
one of indium tin oxide, indium zinc oxide, zinc oxide (ZnO),
indium oxide (In,0,), indium gallium oxide and aluminum
zine oxide.

4. The thin-film transistor array substrate of claim 1,
wherein the second protective layer comprises a polycrystal-
line transparent conductive oxide.

5. The thin-film transistor array substrate of claim 1,
wherein the pad electrode comprises a plurality of metal
layers having different electron mobilities from each other.

6. The thin-film transistor array substrate of claim 5,
wherein the plurality of metal layers comprises:

a layer comprising molybdenum; and

alayer comprising aluminum.

7. The thin-film transistor array substrate of claim 1,
wherein the first protective layer is disposed on the source and
drain electrodes.

8. The thin-film transistor array substrate of claim 7,
wherein the first protective layer is disposed between the
second protective layer and the source electrode, and between
the second protective layer and the drain electrode.

9. The thin-film transistor array substrate of claim 1,
wherein the active layer comprises a semiconductor material
doped with ion impurities.

10. The thin-film transistor array substrate of claim 1,
wherein the first electrode comprises a semiconductor mate-
rial doped with ion impurities.

11. The thin-film transistor array substrate of claim 1,
wherein the second electrode and the second insulating layer
are spaced apart from each other by a gap.

12. The thin-film transistor array substrate of claim 1,
wherein the gate electrode comprises:

afirst layer comprising a transparent conductive oxide; and

a second layer comprising a metal.

13. The thin-film transistor array substrate of claim 1,
wherein the gate electrode, the source electrode and the drain
electrode comprise substantially a same material as each
other.

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

a thin-film transistor comprising:

an active layer;
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a gate electrode disposed on the active layer;

a source electrode connected to a source region of the
active layer;

adrain electrode connected to a drain region of the active
layer;

a firstinsulating layer disposed between the active layer
and the gate electrode; and

a second insulating layer disposed between the gate
electrode and the source electrode, and between the
gate electrode and the drain electrode;

a pixel electrode comprising a transparent conductive
oxide, and disposed in an opening defined in the second
insulating layer;

a capacitor comprising:

a first electrode disposed on a layer, on which the active
layer is disposed; and

asecond electrode disposed on a layer, on which the gate
electrode is disposed;

apad electrode disposed on the second insulating layer, and
comprising a material substantially the same as a mate-
rial in the source electrode and the drain electrode;

a first protective layer disposed on the pad electrode;

a second protective layer disposed on the first protective
layer;

a third insulating layer disposed on the second insulating
layer, wherein an opening is defined in the third insulat-
ing layer, and the opening in the third insulating layer
exposes the pixel electrode;

an organic emission layer disposed on the pixel electrode;
and

an opposite electrode disposed on the organic emission
layer.

15. The organic light-emitting display apparatus of claim

14, wherein

the first protective layer comprises an amorphous transpar-
ent conductive oxide, and

the second protective layer comprises a polycrystalline
transparent conductive oxide.

16. The organic light-emitting display apparatus of claim
14, wherein the first protective layer and the second protective
layer are disposed on the source electrode and the drain elec-
trode.

17. The organic light-emitting display apparatus of claim
14, wherein the opposite electrode is a reflective electrode.

18. A method of manufacturing a thin-film transistor array
substrate, the method comprising:

providing a semiconductor layer on a substrate, and pat-
terning the semiconductor layer to provide an active
layer of a thin-film transistor and a first electrode of a
capacitor;

providing a first insulating layer on the patterned semicon-
ductor layer;

providing a transparent conductive oxide layer and a first
metal layer on the first insulating layer, and patterning
the transparent conductive oxide layer and the first metal
layer to provide a pixel electrode, a gate electrode of the
thin-film transistor, and a second electrode of the capaci-
tor;

providing a second insulating layer on the patterned trans-
parent conductive oxide layer and the patterned first
metal layer, forming openings through the first insulat-
ing layer and the second insulating layer to expose
source and drain regions of the active layer, and forming
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openings through the second insulating layer to expose
the pixel electrode and the second electrode of the
capacitor;

providing a second metal layer and a first protective layer
on the second insulating layer, and patterning the second
metal layer and the first protective layer to form a source
electrode, a drain electrode and a pad electrode, wherein
the source electrode and the drain electrode are con-
nected to the source and drain regions of the active layer
through the openings which expose the source and drain
regions of the active layer;

providing a third insulating layer on the patterned second
metal layer and the patterned first protective layer, and
forming openings through the third insulating layer to
expose the pixel electrode and the pad electrode; and

providing a second protective layer on the first protective
layer.

19. The method of claim 18, wherein the first metal layer

and the second metal layer comprise substantially a same
material as each other.
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20. The method of claim 18, wherein the second metal
layer comprises a plurality of metal layers having different
electron mobilities from each other.

21. The method of claim 18, wherein the first protective
layer comprises an amorphous transparent conductive oxide.

22. The method of claim 18, wherein the second protective
layer comprises a polycrystalline transparent conductive
oxide.

23. The method of claim 18, wherein the providing the
second protective layer on the first protective layer comprises
performing plasma treatment on the first protective layer.

24. The method of claim 23, wherein the plasma treatment
is performed after the first protective layer on the pad elec-
trode is exposed through the third insulating layer.

25. The method of claim 18, wherein the providing the
second protective layer on the first protective layer comprises
thermally annealing the first protective layer.

26. The method of claim 25, wherein the thermal annealing
is performed before the first protective layer on the pad elec-
trode is exposed through the third insulating layer.
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