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(57) ABSTRACT

An organic light-emitting display apparatus includes a sub-
strate; an active layer; a gate electrode, source and drain
electrodes; a first insulating layer disposed between the active
layer and the gate electrode; a second insulating layer dis-
posed between the gate electrode and the source and drain
electrodes; a third insulating layer disposed over the source
and drain electrodes; conductive layers disposed over the
third insulating layer and electrically connected to the source
and drain electrodes through the third insulating layer; a first
line disposed over the second insulating layer and formed of
the same material as the source and drain electrodes; a second
line overlapping the first line, disposed over the third insulat-
ing layer, and formed of the same material as the conductive
layer; a fourth insulating layer disposed over the third insu-
lating layer to cover the conductive layer; and an organic
light-emitting diode disposed over the fourth insulating layer.
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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS AND METHOD OF
MANUFACTURING THE SAME

RELATED APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0191122, filed on Dec. 26,2014, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] Oneor more embodiments relate to an organic light-
emitting display apparatus and methods of manufacturing the
same.

[0004] 2. Description of the Related Art

[0005] An organic light-emitting display apparatus is a
self-emission display apparatus that includes a hole injection
electrode, an electron injection electrode, and an organic
emission layer disposed between the hole injection electrode
and the electron injection electrode, and holes provided from
the hole injection electrode and electrons provided from the
electron injection electrode recombine and disappear in the
organic emission layer, thereby generating light. The organic
light-emitting display apparatus is being spotlighted as a
next-generation display device due to its various advantages,
such as low power consumption, high brightness, and high
response speed.

SUMMARY

[0006] One or more embodiments include an organic light-
emitting display apparatus that may stably implement a high-
resolution and large-sized panel by reducing resistance of a
line layer.

[0007] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may belearned by practice ofthe presented
embodiments.

[0008] One aspect of the invention provides an organic
light-emitting display apparatus, which may comprise: a sub-
strate comprising a major surface; an active layer, a gate
electrode, and source and drain electrodes formed over the
substrate for providing a thin film transistor; a first insulating
layer disposed over the substrate; a second insulating layer
disposed over the first insulating layer; a third insulating layer
disposed over the second insulating layer; a fourth insulating
layer disposed over the third insulating layer; the active layer
disposed between the substrate and the first insulating layer;
the gate electrode disposed between the first insulating layer
and the second insulating layer; the source and drain elec-
trode disposed between the second insulating layer and the
third insulating layer; conductive layers disposed between the
third insulating layer the fourth insulating layer, the conduc-
tive layers being electrically connected to the source and
drain electrodes through the third insulating layer, respec-
tively; a first line disposed between the second insulating
layer and the third insulating layer, the first line being formed
of the same material as the source and drain electrodes; a
second line overlapping at least a portion of the first line when
viewed in a viewing direction perpendicular to the major
surface, the second line being disposed between the third
insulating layer and the fourth insulating layer such that the
second line is covered by the fourth insulating layer, wherein
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the second line is formed of the same material as the conduc-
tive layers; and an organic light-emitting diode disposed over
the fourth insulating layer.

[0009] 1In the foregoing apparatus, the first line may be a
data line that is electrically connected to one of the source and
drain electrodes, and wherein the second line may be a scan
line that is electrically connected to one of the conductive
layers, the second line having a thickness greater than the first
line. The apparatus may further comprise a capacitor that
comprises a lower electrode disposed between the first insu-
lating layer and the second insulating layer and an upper
electrode disposed between the second insulating layer and
the third insulating layer, wherein the second insulating layer
may comprise a portion disposed between the lower electrode
and the upper electrode. The apparatus may further comprise
a portion disposed between the active layer and the substrate.
The third insulating layer may comprise at least one selected
from SiN_, Si0,, 7Zr0,, TiO,, Ta,0s, and Al,O;.

[0010] Stillinthe foregoing apparatus, the fourth insulating
layer may comprise an organic insulating material. A thick-
ness of the fourth insulating layer may be greater than that of
the third insulating layer. The source and drain electrodes
may be electrically connected to the active layer via the con-
ductive layers, respectively. The conductive layers may be
electrically connected to the active layer through holes
formed in the first insulating layer, the second insulating
layer, and the third insulating layer, respectively. The source
and drain electrodes may be electrically connected to the
active layer through holes formed in the first insulating layer
and the second insulating layer, respectively. The organic
light-emitting diode may comprise a pixel electrode, an inter-
mediate layer disposed over the pixel electrode and compris-
ing an organic light emission layer, and an opposite electrode
disposed over the intermediate layer. The pixel electrode may
be electrically connected to one of the source and drain elec-
trodes via one of the conductive layers.

[0011] Another aspect of the invention provides a method
of manufacturing an organic light-emitting display apparatus,
which may comprise: forming a semiconductor layer over a
substrate and patterning the semiconductor layer, thereby
forming an active layer; forming a first insulating layer over
the substrate and the active layer; forming a first metal layer
over the first insulating layer and patterning the first metal
layer, thereby forming a gate electrode over the first insulat-
ing layer; forming a second insulating layer over the first
insulating layer and the gate electrode; forming a second
metal layer over the second insulating layer and patterning the
second metal layer, thereby forming a first line and source and
drain electrodes; forming a third insulating layer over the
second insulating layer, the first line and the source and drain
electrodes; forming first holes through the first insulating
layer, the second insulating layer and the third insulating
layer, and second holes through the third insulating layer,
wherein the first holes expose source and drain regions of the
active layer, respectively, and the second holes expose the
source and drain electrodes, respectively; forming a third
metal layer over the third insulating layer and patterning the
third metal layer, thereby forming a second line and conduc-
tive layers, the second line having a thickness greater than the
first line; forming a fourth insulating layer over the third
insulating layer, the second line and the conductive layers;
forming a third hole through the fourth insulating layer,
wherein the third hole exposes at least a portion of one of the
conductive layers; and forming a fourth metal layer over the
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fourth insulating layer and patterning the fourth metal layer,
thereby forming a pixel electrode.

[0012] Still another aspect of the invention provides a
method of manufacturing an organic light-emitting display
apparatus, which may comprise: forming a semiconductor
layer over a substrate and patterning the semiconductor layer,
thereby forming an active layer; forming a first insulating
layer over the substrate and the active layer; forming a first
metal layer over the first insulating layer and patterning the
first metal layer, thereby forming a gate electrode over the first
insulating layer; forming a second insulating layer over the
first insulating layer and the gate electrode; forming first
holes through the first insulating layer and the second insu-
lating layer, wherein the first holes exposes source and drain
regions of the active layer, respectively; forming a second
metal layer over the second insulating layer and patterning the
second metal layer, thereby forming a first line and source and
drain electrodes; forming a third insulating layer over the
second insulating layer, the first line and the source and drain
electrodes; forming second holes through the third insulating
layer, wherein the second holes expose the source and drain
electrodes, respectively; forming a third metal layer over the
third insulating layer and patterning the third metal layer,
thereby forming a second line and conductive layers, the
second line having a thickness greater than the first line;
forming a fourth insulating layer over the third insulating
layer, the second line and the conductive layers; forming a
third hole through the fourth insulating layer, wherein the
third hole exposes at least a portion of one of the conductive
layers; and forming a fourth metal layer over the fourth insu-
lating layer and patterning the fourth metal layer, thereby
forming a pixel electrode.

[0013] In each of the foregoing methods, the method may
further comprise, after forming the gate electrode: doping the
source and drain regions of the active layer with an ion impu-
rity. A lower capacitor electrode may be formed when pat-
terning the first metal layer, and wherein an upper capacitor
electrode may be formed when patterning the second metal
layer. The method may further comprise, after forming the
pixel electrode: forming an intermediate layer comprising an
organic light emission layer over the pixel electrode; and
forming an opposite electrode overlapping the pixel electrode
and covering the intermediate layer.

[0014] According to one or more embodiments, an organic
light-emitting display apparatus may include: a substrate; a
thin film transistor (TFT) disposed on the substrate and com-
prising an active layer, a gate electrode, source and drain
electrodes, a first insulating layer disposed between the active
layer and the source and drain electrodes, a second insulating
layer disposed between the gate electrode and the source and
drain electrodes, a third insulating layer disposed on the
source and drain electrodes, and a conductive layer disposed
on the third insulating layer and electrically connected to the
source and drain electrodes through holes formed in the third
insulating layer; a first line disposed on the second insulating
layer and formed of the same material as the source and drain
electrodes; a second line overlapping at least a portion of the
first line, disposed on the third insulating layer, and formed of
the same material as the conductive layer; a fourth insulating
layer disposed on the third insulating layer and covering the
conductive layer; and an organic light-emitting diode dis-
posed on the fourth insulating layer.

[0015] In an embodiment, the first line may be a data line
that is electrically connected to one of the source and drain
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electrodes, and the second line may be a scan line that is
electrically connected to the second line.

[0016] In an embodiment, the organic light-emitting dis-
play apparatus may further include a capacitor that includes a
lower electrode disposed on the same layer as the gate elec-
trode and an upper electrode disposed on the same layer as the
source and drain electrodes, wherein the second insulating
layer may be disposed between the lower electrode and the
upper electrode.

[0017] Inan embodiment, the first insulating layer may be
disposed both on the active layer and below the lower elec-
trode.

[0018] In an embodiment, the third insulating layer may
include at least one selected from SiN_, Si0,, 7ZrO,, TiO,,
Ta, 05, and AL,O;.

[0019] In an embodiment, the fourth insulating layer may
include an organic insulating material.

[0020] Inanembodiment, a thickness of the fourth insulat-
ing layer may be greater than that of the third insulating layer.
[0021] In an embodiment, the source and drain electrodes
may be electrically connected to the active layer via the con-
ductive layer.

[0022] In an embodiment, the conductive layer may be
electrically connected to the active layer through a hole
formed in the first insulating layer, the second insulating
layer, and the third insulating layer.

[0023] In an embodiment, the source and drain electrodes
may be electrically connected to the active layer through
holes formed in the first insulating layer and the second insu-
lating layer.

[0024] In an embodiment, the organic light-emitting diode
may include a pixel electrode, an intermediate layer disposed
on the pixel electrode and including an organic emission
layer, and an opposite electrode disposed on the intermediate
layer.

[0025] In an embodiment, the pixel electrode may be elec-
trically connected to one of the source and drain electrodes
via the conductive layer.

[0026] According to one or more embodiments, a method
of manufacturing an organic light-emitting display apparatus
includes: performing a first step for forming an active mate-
rial of a thin film transistor by patterning a semiconductor
layer after forming the semiconductor layer on a substrate;
performing a second step for forming a first insulating layer
on the resultant structure of the first step and forming a gate
electrode of the thin film transistor by patterning a first metal
layer after forming the first metal layer on the first insulating
layer; performing a third step for forming a second insulating
layer on the resultant structure of the second step and for
forming a first line and source and drain electrodes of the thin
film transistor by patterning a second metal layer after form-
ing the second metal layer on the second insulating layer;
performing a fourth step for forming a third insulating layer
on the resultant structure of the third step and for forming a
first opening simultaneously formed on the first insulating
layer, the second insulating layer and the third insulating layer
and a second opening on the third insulating layer, wherein
the first opening exposes source and drain regions of the
active layer and the second opening exposes the source and
drain electrodes of the thin film transistor; performing a fifth
step for forming a third metal layer on the resultant structure
of the fourth step and for forming a second line and a con-
ductive layer of the thin film transistor by patterning the third
metal layer; performing a sixth step for forming a fourth
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insulating layer on the resultant structure of the fifth step and
for forming a third opening on the fourth insulating layer,
wherein the third opening exposes at least a portion of the
conductive layer; and performing a seventh step for forming
a fourth metal layer on the product of the sixth step and for
forming a pixel electrode by patterning the fourth metal layer.

[0027] Inanembodiment, after performing the second step,
the source and drain regions of the active layer may be doped
with an ion impurity.

[0028] In an embodiment, the second step may include a
process for forming a lower electrode of a capacitor by pat-
terning the first metal layer, and the third step may include a
process for forming an upper electrode of the capacitor by
patterning the second metal layer.

[0029] In an embodiment, after performing the seventh
step, an intermediate layer including an organic emission
layer may be formed on the pixel electrode, and an opposite
electrode may be disposed facing the pixel electrode to cover
the intermediate layer.

[0030] According to one or more embodiments, a method
of manufacturing an organic light-emitting display apparatus
includes: performing a first step for forming an active mate-
rial of a thin film transistor by patterning a semiconductor
layer after forming the semiconductor layer on a substrate;
performing a second step for forming a first insulating layer
on the resultant structure of the first step and for forming a
gate electrode of a thin film transistor by patterning a first
metal layer after forming the first metal layer on the first
insulating layer; performing a third step for forming a second
insulating layer on the resultant structure of the second step
and for forming a first opening simultaneously on the first
insulating layer and the second insulating layer, wherein the
first opening exposes source and drain regions of the active
layer; performing a fourth step for forming a second metal
layer on the resultant structure of the third step and for form-
ing a first line and source and drain electrodes of the thin film
transistor by patterning the second metal layer; performing a
fifth step for forming a third insulating layer on the resultant
structure of the fourth step and for forming a second opening
on the third insulating layer, wherein the second opening
exposes the source and drain electrodes of the thin film tran-
sistor; performing a sixth step for forming a third metal layer
on the resultant structure of the fifth step and for forming a
second line and a conductive layer of the thin film transistor
by patterning the third metal layer; performing a seventh step
for forming a fourth insulating layer on the resultant structure
of the sixth step and for forming a third opening on the fourth
insulating layer, wherein the third opening exposes at least a
portion of the conductive layer; and performing a eighth step
for forming a fourth metal layer on the resultant structure of
the seventh step and for forming a pixel electrode by pattern-
ing the fourth metal layer.

[0031] Inanembodiment,after performing the second step,
the source and drain regions of the active layer may be doped
with an ion impurity.

[0032] In an embodiment, the second step may include a
process for forming a lower electrode of a capacitor by pat-
terning the first metal layer, and the fourth step may include a
process for forming an upper electrode of the capacitor by
patterning the second metal layer.

[0033] Inanembodiment, after performing the eighth step,
an intermediate layer including an organic emission layer
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may be formed on the pixel electrode, and an opposite elec-
trode may be disposed facing the pixel electrode to cover the
intermediate layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings in which:

[0035] FIG. 1is a schematic plan view of an organic light-
emitting display apparatus according to an embodiment;
[0036] FIG. 2 is a schematic cross-sectional view showing
a portion of a pixel and a line unit included in an organic
light-emitting display apparatus according to an embodi-
ment;

[0037] FIG. 3 is a schematic cross-sectional view showing
a portion of a pixel and a line unit included in an organic
light-emitting display apparatus according to another
embodiment; and

[0038] FIGS. 4A to 4] are schematic cross-sectional views
sequentially showing a method of manufacturing an organic
light-emitting display apparatus according to an embodi-
ment.

DETAILED DESCRIPTION

[0039] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like ele-
ments through. In this regard, the present embodiments may
have different forms and should not be construed as being
limited to the descriptions set forth herein. Accordingly, the
embodiments are merely described below, by referring to the
figures, to explain aspects of the present description. 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 a list of elements,
modify the entire list of elements and do not modify the
individual elements of the list.

[0040] As the invention allows for various changes and
numerous embodiments, particular embodiments will be
illustrated in the drawings and described in detail in the writ-
ten description. However, this is not intended to limit the
present invention to particular modes of practice, and it is to
be appreciated that all changes, equivalents, and substitutes
that do not depart from the spirit and technical scope of the
present invention are encompassed in the present invention.
In the description of the present invention, certain detailed
explanations of the related art are omitted when it is deemed
that they may unnecessarily obscure the essence of the inven-
tion.

[0041] While such terms as “first,” “second,” etc., may be
used to describe various components, such components must
not be limited to the above terms. The above terms are used
only to distinguish one component from another.

[0042] It will be understood that when a layer, region, or
component is referred to as being “formed on” another layer,
region, or component, it can be directly or indirectly formed
on the other layer, region, or component. For example, inter-
vening layers, regions, or components may be present.
[0043] Sizes of elements in the drawings may be exagger-
ated for convenience of explanation. In other words, since
sizes and thicknesses of components in the drawings are
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arbitrarily illustrated for convenience of explanation, the fol-
lowing embodiments are not limited thereto.

[0044] FIG. 11is a schematic plan view of an organic light-
emitting display apparatus according to an embodiment, and
FIG. 2 is a schematic cross-sectional view showing a portion
of a pixel and a line unit included in the organic light-emitting
display apparatus according to an embodiment.

[0045] Referring to FIG. 1, the organic light-emitting dis-
play apparatus according to an embodiment includes a sub-
strate 10 on which a display area DA including a plurality of
pixels P for displaying an image and a line unit L are disposed.
The line unit L. includes a plurality of lines that are electrically
connected to the display area DA and extended toward the pad
unit PAD. The display area DA is formed inside a sealing line
SL and includes an encapsulation member for encapsulating
the display area DA along the sealing line SL.

[0046] Referring to FIG. 2, the organic light-emitting dis-
play apparatus 1000 includes a substrate 10. An array of
pixels P is formed in an emission area 100. In embodiments,
each pixel may include at least one organic electro-lumines-
cent element EL, athin film transistor TFT area 200 including
at least one thin film transistor TFT, and a storage area 300
including at least one capacitor Cst. On the substrate 10, a line
unit 400 including a plurality of lines connected to the plu-
rality of pixels is disposed.

[0047] Hereinafter, each of the thin film transistor TFT area
200, the storage area 300, the emission area 100, and the line
unit 400 will be sequentially described in detail.

[0048] The thin film transistor TFT area 200 includes at
least one thin film transistor TFT, such as a driving thin film
transistor dTFT or a switching thin film transistor sTFT. The
thin film transistor TFT includes an active layer 212, a gate
electrode 214, and source and drain electrodes 218 and
218b. A first insulating layer 13 is formed between the active
layer 212 and the gate electrode 214. A second insulating
layer 15 is formed between the gate electrode 214 and the
source and drain electrodes 2184 and 2185. A third insulating
layer 16, which is an interlayer insulating film, is formed on
the source and drain electrodes 218a and 21854. In addition,
conductive layers 219 is formed on the third insulating layer
16, the conductive layers 219 being electrically connected to
the source and drain electrodes 2184 and 218 through holes
formed in the third insulating layer 16.

[0049] Meanwhile, source and drainregions 212a and 2126
that are heavily doped with impurities are formed on both
edges of the active layer 212. The source and drain regions
212a and 2125 are electrically connected to the source and
drain electrodes 218a and 218b, respectively, by using inter-
connection portions, i.e., regions 219a and 2194 of the con-
ductive layer. Alternatively, the source and drain regions 2124
and 2125 may be directly electrically connected to the source
and drain electrodes 218« and 2185, respectively.

[0050] In the cross-sectional view of FIG. 2, for conve-
nience of description, only a driving thin film transistor dTFT
that is electrically connected to the electro-luminescent ele-
ment EL for supplying current is shown. Further, a switching
thin film transistor sSTFT may also have the same structure as
the driving thin film transistor dTFT.

[0051] The storage area 300 includes at least one capacitor
Cst. The capacitor Cst stores a signal that is applied to the
driving thin film transistor dTFT, even after the switching thin
film transistor sTFT turns off. The capacitor Cst includes two
electrodes, i.e., a lower electrode 314 and an upper electrode
310, and the second insulating layer 15 is formed as a dielec-
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tric layer between the two electrodes. The lower electrode 314
is formed on the first insulating layer 13 in the same manner
as the gate electrode 214, and the upper electrode 310 is
formed on the second insulating layer 15 in the same manner
as the source and drain electrodes 2184 and 2185. In addition,
since the upper electrode 310 is covered by the third insulat-
ing layer 16 and a fourth insulating layer 19, during an etching
process of a pixel electrode 117 using an etchant including a
silver (Ag) ion, the upper electrode 310 is not exposed to the
etchant. Accordingly, the organic light-emitting display appa-
ratus 1000 may be free from faulty particles that are caused by
re-deposition of Ag.

[0052] Thelower electrode 314 may be formed of the same
material as the gate electrode 214, and the upper electrode
310 may be formed of the same material as the source and
drain electrodes 218a and 2184. Here, the upper electrode
310 or the lower electrode 314 is connected to a power supply
line, to thereby receive a power supply voltage from the
power supply line.

[0053] The emission area 100 includes at least one electro-
luminescent element EL. The electro-luminescent element
EL includes a pixel electrode 117 that is electrically con-
nected to one of the source and drain electrodes 218a or 2185
of the thin film transistor TFT, an opposite electrode 119 that
is disposed facing the pixel electrode 117, and an intermedi-
ate layer 118 that is formed between the pixel electrode 117
and the opposite electrode 119. The pixel electrode 117 is
formed on the first insulating layer 13, the second insulating
layer 15, the third insulating layer 16, and the fourth insulat-
ing layer 19, the first through fourth insulating layers being
sequentially formed on the substrate 10. In the case of a
bottom emission type display apparatus in which light is
emitted toward the substrate 10, the pixel electrode 117 may
be a light transmission electrode and the opposite electrode
119 may be a light reflecting electrode, but the embodiment is
not limited thereto. In the case of a top emission type display
apparatus in which light is emitted in a direction away from
the substrate 10, the pixel electrode 117 may be a light reflec-
tion electrode including a semi-transmission metal layer and
the opposite electrode 119 may be a light transmission elec-
trode. As a combination of a bottom emission type display
apparatus and a top emission type display apparatuses, the
organic light-emitting display apparatus 1000 may be a dual
emission type display apparatus in which light is emitted
bi-directionally. In embodiments, the opposite electrode 119
may be a common electrode which covers the display area
and corresponds to the plurality of pixels.

[0054] Theline area 400 includes atleast one line. Here, the
line is electrically coupled with the thin film transistor TFT,
the capacitor Cst, the organic electro-luminescent element
EL, or a driver IC included in the organic light-emitting
display apparatus 1000, and in this regard, the line is a generic
term for all structures for providing current, voltage, or sig-
nals. In addition to being a scan line, a data line, and a power
supply line, the line may be any of a variety of signal lines,
such as a clock line for delivering signals (e.g., CLK, CLKB,
SP, etc.) required to drive various driver ICs, or various signal
lines including an initial signal input line. Meanwhile, the line
may be positioned in the display area DA in which a pixel
array is included to display an image, or may be positioned in
anon-display area in which various types of pads are arranged
to connect an external driver IC. For example, lines posi-
tioned in the non-display area may be positioned specifically
in a fan-out area that is placed between the display area DA
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and the pad unit PAD. Alternatively, lines positioned in the
non-display area may be positioned in different layers accord-
ing to a connective relationship between a diode and a driver
IC.

[0055] Referring to FIG. 2, a first line 414 is formed on the
second insulating layer 15 in the same manner as the source
and drain electrodes 2184 and 2185, and a second line 410 is
formed on the third insulating layer 16 in the same manner as
the conductive layers 219. The first line 414 may be formed of
the same material as the source and drain electrodes 2184 and
218b, and the second line 410 may be formed of the same
material as the conductive layers 219. The first line 414 and
the second line 410 may at least partially overlap when
viewed in a viewing direction perpendicular to a major sur-
face of the substrate.

[0056] In an embodiment, the first line 414 may be a data
line that is electrically connected to one of the source and
drain electrodes 218a and 21854, and the second line 410 may
be a scan line that is electrically connected to the conductive
layers 219a, 2194.

[0057] Inthe case of the scan line, the line may have a high
load loss if a thickness of a metal layer forming the line is
small, and it is more likely to occur in a high-resolution and
large-sized panel. If the scan line still has a high load loss and
the resistance thereof is not reduced, there may be some
undesirable effects, such as improper initialization or a failure
in data input due to a scan thin film transistor TFT that does
notappropriately operate. Accordingly, various attempts have
been made to reduce the load loss on the scan line, and one
example is a segmentation driving method that decreases rise
time or fall time by reducing the load loss on the scan line in
a design or operation. However, the ability of such a method
in a design or operation to reduce the load loss on the scan line
is limited, as long as the display apparatus is not structurally
optimized. Eventually, to reduce the load of the scan line, the
resistance of the scan line needs to be reduced as much as
possible.

[0058] For example, to reduce the resistance of the scan
line, the thickness of the metal layer forming the scan line
may be increased.

[0059] As shown in FIG. 2, the second line 410 that is used
as the scan line is formed between the fourth insulating layer
19 and the third insulating layer 16. Here, the fourth insulat-
ing layer 19 may be formed of an organic material, and may
be formed thicker than other insulating layers 13, 15, and 16
that are formed of an inorganic material and disposed below
the fourth insulating layer 19. In this regard, the fourth insu-
lating layer 19 covering the second line 410 is thick enough to
allow an increase in a thickness of the second line 410. In
embodiments, an organic layer, such as the fourth insulating
layer 19, may be sufficiently planarized without influencing
properties of layers that are disposed thick below the fourth
insulating layer 19. In this regard, the thickness of the second
line 410, which is disposed below the fourth insulating layer
19, may be possibly increased to some extent.

[0060] In an embodiment, a line layer that is used as the
scan line may be disposed below the first insulating layer 13,
the second insulating layer 15, or the third insulating layer 16,
the insulating layers being formed of an inorganic material. If
the line layer is disposed below the third insulating layer 16
which serves as an interlayer insulation film, the third insu-
lating layer 16 may be formed thicker than the first insulating
layer 13 and the second insulating layer 15. However, since
the third insulating layer 16 is limited to an inorganic layer, a
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thickness of the line layer that is disposed below the third
insulating layer 16 may be limitedly increased in consider-
ation of low resistance of the scan line. An inorganic layer,
such as the third insulating layer 16, has difficulties in pla-
narization, so that the deposition of the thick line layer below
the third insulating layer 16 may cause a problem when sepa-
rating the third insulating layer 16 from other insulating lay-
ers.

[0061] Therefore, in an embodiment, the second line 410
that is used as the scan line is disposed below the fourth
insulating layer 19 which is an organic layer, and the first line
414 that is used as the data line is disposed below the third
insulating layer 16 which is an inorganic layer. In embodi-
ments, the second line which is a scan line is sufficiently thick
to avoid defects caused by high resistance. In the illustrated
embodiments, the second line may have a thickness substan-
tially greater than that of the first line. The fourth insulating
layer has a thickness to completely cover the second line and
provide a planarized top surface, when the thickness of the
fourth insulating is measured as a distance from a bottom
surface contacting the third insulating layer to the top surface.
Thus, in the illustrated embodiments, the second line may
have a thickness substantially smaller than that of the fourth
insulating layer. In embodiments, the second line may have a
thickness substantially greater than that of the third insulating
layer.

[0062] In an embodiment as shown in FIG. 2, the source
and drain electrodes 218« and 2186 are formed on the same
layer as the first line 414 that is used as the data line, and the
conductive layers 219 is formed on the same layer as the
second line 410 so as to electrically connect the source and
drain electrodes 218 and 2184 to the active layer 212 and the
pixel electrode 117.

[0063] Referring to FIG. 2, the source and drain electrodes
218a and 2185 are electrically connected to the active layer
212 through holes formed in the conductive layers 219. In
embodiments, the source and drain electrodes 2182 and 2185
are connected to regions 219 and 2195 of the conductive
layer region 219 through contact holes C3 and C4 that pen-
etrate the third insulating layer 16. Here, the regions 219a and
2195 of the conductive layers 219 are electrically connected
to the source and drain regions 212a and 2125 through contact
holes C1 and C2 that penetrate the first insulating layer 13, the
second insulating laver 15, and the third insulating layer 16.
In addition, one of the regions 2194 and 2194 of the conduc-
tive layers 219 may be electrically connected to the pixel
electrode 117 through a connection unit C5 that penetrates the
fourth insulating layer 19, and accordingly, the pixel elec-
trode 117 may be electrically connected to one of the source
and drain electrodes 218¢ and 2185.

[0064] FIG. 3 is a schematic cross-sectional view showing
aportion of a pixel and a line unit in the organic light-emitting
display apparatus 2000 according to another embodiment of
the present inventive concept.

[0065] According to another embodiment of the present
inventive concept as shown in FIG. 3, the source and drain
electrodes 2184’ and 2184 are formed on the same layeras the
firstline 414 that is used as a data line, and a conductive layers
219' is disposed on the same layer as the second line 410 so as
to electrically connect the source and drain electrodes 2184’
and 218" to the pixel electrode 117. In the illustrated embodi-
ments, the second line may have a thickness substantially
greater than that of the first line. Further, the second line may
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have a thickness substantially greater than that of the third
insulating layer and substantially smaller than that of the
fourth insulating layer.

[0066] Referring to FIG. 3, the source and drain electrodes
218a' and 218" are electrically connected to the active layer
212 without using any other mediators. In embodiments, the
source and drain electrodes 2184 and 2185' are electrically
connected to the source and drain regions 212a and 2125 of
the active layer 212 through contact holes C1' and C2' that
penetrate the first insulating layer 13 and the second insulat-
ing layer 15. The source and drain electrodes 2184' and 2185’
are electrically connected to conductive layer regions 2194’
and 2194' through contact holes C3' and C4' that penetrate the
third insulating layer 16. In addition, one of the conductive
layer regions 219¢' and 2195' may be electrically connected
to the pixel electrode 117 through the connection unit C5 that
penetrates the fourth insulating layer 19, and accordingly, the
pixel electrode 117 may be electrically connected to one of
the source and drain electrodes 218a' and 2185".

[0067] As described above, a data line for providing data
signals and a scan line for providing scan signals may be
disposed on different layers, and may serve as an upper line
and a lower line that are arranged to at least partially overlap.
Each of the lines is formed of conductive materials, and an
insulating layer is disposed between the upper line and the
lower line. Here, to increase the thickness of a scan line layer
in terms of reducing the resistance of the scan line, the second
line 410 disposed between the third insulating layer 16 and
the fourth insulating layer 19 may be used as a scan line.

[0068] Hereinafter, a method of manufacturing the organic
light-emitting display apparatus 1000 according to an
embodiment will be described in detail in accordance with
FIGS. 4A to 47.

[0069] FIGS. 4A to 4] are cross-sectional views each show-
ing a method of manufacturing the organic light-emitting
display apparatus 1000 in sequence according to an embodi-
ment.

[0070] First, as shown in FIG. 4A, an auxiliary layer 11 is
disposed on the substrate 10.

[0071] The substrate 10 may be, in addition to a glass
substrate, a transparent substrate including plastics, such as
polyethylene terephthalate (PET), polyethylene naphthalate
(PEN), and polyimide (PI).

[0072] Meanwhile, to minimize or reduce spread of impu-
rity ions on a top surface of the substrate 10, to minimize or
reduce infiltration of moisture or external air, and to planarize
a surface of the substrate 10, the auxiliary layer 11, such as a
barrier layer, a blocking layer, and/or a buffer layer, may be
disposed. The auxiliary layer 11 may be formed of SiO, or
SiN_ in a single layer or multiple layers, and may be prepared
by using various deposition methods, such as plasma
enhanced chemical vapor deposition (PECVD), atmospheric
pressure CVD (APCVD), and low pressure CVD (LPCVD).

[0073] Next, the active layer 212 is disposed on a TFT
region 200 on the auxiliary layer 11. In detail, an amorphous
silicon layer is disposed first on top of the auxiliary layer 11,
and then, crystallized to form a polycrystalline silicon layer.
The amorphous silicon layer may be crystallized by using
various methods, such as rapid thermal annealing (RTA),
solid phase crystallization (SPC), excimer laser annealing
(ELA), metal induced crystallization (MIC), metal induced
lateral crystallization (MILC), and sequential lateral solidifi-
cation (SLS). Then, the poly crystalline silicon layer may be
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patterned to the active layer 212 of the thin film transistor TFT
by using a mask process using a first mask.

[0074] Next, as shown in FIG. 4B, the first insulating layer
13 is formed on an entire surface of the substrate 10 on which
the active layer 212 is disposed. The first insulating layer 13
may be an inorganic insulating layer, such as SiO,, SiON,
Al,0,, TiO,, Ta, 05, HfO,, ZrO,. BST, or PZT, that is formed
in a single layer or multi-layers, by using various methods,
such as PECVD, APCVD, and LPCVD. The first insulating
layer 13 is disposed between the active layer 121 and the gate
electrode 214 in the TFT, so as to serve as a gate insulating
layer in the TFT.

[0075] Inanembodiment, the first insulating layer 13 that is
used as the gate insulating layer is not used as a dielectric
layer of the capacitor Cst that will be described later. Thus, the
first insulating layer 13 may be designed only in consider-
ation of properties of the gate insulating layer of the TFT,
without considering dielectric properties of the capacitor Cst.
For example, when a silicon nitride (SiN,) that is frequently
used as a dielectric layer of the capacitor Cst to increase
capacitance of the capacitor Cst is simultaneously used as a
gate insulating layer of the thin film transistor TFT, leakage
current may occur in the thin film transistor TFT. However, in
an embodiment, the dielectric layer of the capacitor Cst is
formed separately from the gate insulating layer of the tran-
sistor TFT. In this regard, the dielectric layer and the gate
insulating layer may be selected only in consideration of
properties of the capacitor Cst and the thin film transistor
TFT.

[0076] Next, as shown in FIG. 4C, a first metal layer may be
stacked on the first insulating layer 13, and then, is patterned
to form a gate electrode 214 of the thin film transistor TFT in
the thin film transistor TFT region 200 and to form a lower
electrode 314 of the capacitor Cst in the storage region 300.
[0077] The first metal layer stacked on an entire surface of
the substrate 10 may be patterned according to a mask pro-
cess, and for example, the first metal layer may be formed of
at least one metal selected from aluminum (Al), platinum
(Pt), palladium (Pd), silver (Ag), magnesium (Mg), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chrome
(Cr), nickel (Li), calcium (Ca), molybdenum (Mo), titanium
(Ti), tungsten (W), and copper (Cu), in a single layer or
multiple layers.

[0078] As shown in FIG. 4C, the lower electrode 314 and
the gate electrode 214 may be formed spaced apart, but an
embodiment is not limited thereto. Alternatively, the lower
electrode 314 and the gate electrode 214 may be integrally
formed.

[0079] The gate electrode 214 may correspond to a central
portion of the active layer 212, and the active layer 212 may
be doped with an n-type or p-type impurity by using the gate
electrode 214 as a self-aligning mask to form the source and
drain regions 212a and 2125 at edges of the active layer 212
corresponding to sides of the gate electrode 214, and a chan-
nel region 212¢ disposed between the source and drain
regions 212a and 2126. Here, the impurity may include boron
(B) ion or a phosphorus (P) ion.

[0080] Next, as shown in FIG. 4D, the second insulating
layer 15 may be disposed on the resultant structure of FIG.
4C.

[0081] The second insulating layer 15 may be formed of an
inorganic insulating material selected from Si0,, SiNx,
SiON, AL, O;, TiO,, Ta,05, HfO,, ZrO,, BST, and PZT. In
particular, the second insulating layer 15 may be formed of a
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material having a different refractive index from that of a
material forming the first insulating layer 13.

[0082] Meanwhile, the second insulating layer 15 may be
used as a dielectric layer. Thus, the thickness of the second
insulating layer 15 may be relatively smaller than that of other
insulating layers, so as not to reduce the capacitance of the
capacitor Cst. In addition, the second insulating layer 15 may
be formed of an insulating material having a large dielectric
constant, and accordingly, the capacitance of the capacitor
Cst may be increased without increasing the area of the
capacitor Cst. Thus, the area of the pixel electrode 117 and the
opening ratio of the organic light-emitting display apparatus
1000 may be increased.

[0083] Next, as showninFIG. 4E, asecond metal layer may
be stacked on the second insulating layer 15, and then, is
patterned to form the source and drain electrodes 218a and
218b of the thin film transistor TFT in the thin film transistor
TFT region 200, to form a upper electrode 310 of the capaci-
tor Cst in the storage region 300, and to form a first line 414
in the line region 400.

[0084] The second metal layer 15 may be formed of a
conductive material having low resistance. For example, the
second metal layer 15 may be formed of at least one metal
selected from Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca,
Mo, Ti, W, and Cu, in a single layer or multiple layers.
[0085] Next, as shown in FIG. 4F, the third insulating layer
16 may be disposed on the resultant structure of FIG. 4E. A
first opening may be simultaneously formed in the first insu-
lating layer 13, the second insulating layer 15, and the third
insulating layer 16, so as to expose the source and drain
regions 212a and 2125 of the active layer 212.

[0086] The third insulating layer 16 may be formed of an
inorganic insulating material selected from SiO,, SiNx,
SiON, Al,O;, TiO,, Ta,05, HfO,, ZrO,, BST, and PZT. In
particular, the third insulating layer 16 may be formed of a
material having a different refractive index from that of a
material forming the auxiliary layer 11, the first insulating
layer 13, and the second insulating layer 15. When insulating
layers having a different refractive index are alternately dis-
posed, the insulating layers may serve as a distributed brag
reflector (DBR) to increase efficiency of light that is emitted
from the organic emission layer. In addition, the second insu-
lating layer 15 is formed to a thickness greater than that of the
first insulating layer 13, thereby serving as an interlayer insu-
lation film between the gate electrode 214 and the source and
drain electrodes 2184 and 2184.

[0087] In detail, the first insulating layer 13, the second
insulating layer 15, and the third insulating layer 16 may be
patterned by a masking process to form contact holes C1 and
C2. Here, the contact holes C1 and C2 may be formed to
expose a portion of the source and drain regions 212a and
212b of the active layer 212. In addition, the third insulating
layer 16 may be further patterned to form contact holes C3
and C4. Here, the contact holes C3 and C4 may be formed to
expose a portion of the source and drain electrodes 2184 and
218b.

[0088] When the materials forming the firstinsulating layer
13, the second insulating layer 15, and the third insulating
layer 16 are different from each other, the firstinsulating layer
13, the second insulating layer 15, and the third insulating
layer 16 may be patterned by using the same masking process,
but may be separately formed by etching.

[0089] Next, as shown in FIG. 4G, a third metal layer may
be disposed on the resultant structure of FIG. 4F, and third
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metal layer may be patterned to form the conductive layers
219 of the thin film transistor TFT in the TFT region 200 and
to form the second line 410 in the line region 400.

[0090] The third metal layer may be formed of a conductive
material having low resistance. For example, the third metal
layer may be formed ofat least one metal selected from Al, Pt,
Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W, and Cu, in
asingle layer or multiple layers. The third metal layer fills the
contact holes C1 and C2, which expose the source and drain
regions 212a and 2124, and the source and drain electrodes
218a and 2185.

[0091] The third metal layer may be formed to a thickness
great enough to allow the second line 410 that is used as a scan
line to have low resistance. In this regard, the increase in the
thickness of the second line 410 may lower the load on the
scan line to facilitate driving of the high-resolution and large-
sized panel.

[0092] Next, as shown in FIG. 4H, the fourth insulating
layer 19 may be disposed on the resultant structure of FIG.
4G, and a third contact hole or opening is formed in the fourth
insulating layer 19 to expose at least a portion of the conduc-
tive layers 219.

[0093] The fourth insulating layer 19 may include a gen-
eral-purpose polymer, such as polymethylmethacrylate
(PMMA) and polystyrene (PS), a polymer derivative having a
phenol group, an acryl-based polymer, an imide-based poly-
mer, an arylether-based polymer. an amide-based polymer, a
fluorine-based polymer, a p-xylene-based polymer, a vinyla-
Icohol-based polymer, or a blend thereof. In embodiments,
the fourth insulating layer 19 may include an organic insulat-
ing material, and may have a multi-layered structure in which
the organic insulating material and the inorganic insulating
material are alternately disposed.

[0094] As described above, the fourth insulating layer 19
may be formed of the organic insulating material, and accord-
ingly, the fourth insulating layer 19 may be sufficiently pla-
narized without considering film properties. In this regard,
the thickness of the second line 410 that is disposed below the
fourth insulating layer 19 may be increased.

[0095] When the thickness of the line layer that is disposed
below the fourth insulating layer 19 is increased, the fourth
insulating layer 19 may also have a great thickness. Accord-
ingly, the fourth insulating layer 19 that is used as a planariza-
tion layer may be formed to have a thickness greater than that
of the third insulating layer 16 used as the interlayer insula-
tion film.

[0096] In detail, the fourth insulating layer 19 may be pat-
terned according to a masking process, so as to form the
connection unit C5. Here, the connection C5 may be formed
to fill a hole which is formed in the fourth insulating layer 19
to expose at least a portion of one of the conductive layer
regions 219a and 2195.

[0097] Next, as shown in FIG. 41, a fourth metal layer may
be stacked on the resultant structure of FIG. 4H, and then,
may be patterned according to a masking process, so as to
form the pixel electrode 117 in the emission area 100. The
pixel electrode 117 may be formed to fill the connection unit
C5, and accordingly, may be electrically connected to any one
of the source and drain electrodes 2184 and 2185 via the
conductive layers 219.

[0098] Lastly. as shown in FIG. 4], an intermediate layer
118 including the organic emission layer may be disposed on
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the pixel electrode 117, and an opposite electrode 119 may be
disposed facing the pixel electrode 117 and cover the intet-
mediate layer 118.

[0099] Thefifth insulating layer 20 may be further disposed
on the fourth insulating layer 19. The fifth insulating layer 20
may cover the end of the pixel electrode 117 in a closed loop
formation, and accordingly, may be formed on a portion of the
fourth insulating layer 19.

[0100] The fifth insulating layer 20 may include an opening
that exposes the central portion of the pixel electrode 117, and
may be formed to cover the end of the pixel electrode 117 to
reduce the influence of an electric field on the end of the pixel
electrode 117. In this regard, the fifth insulating layer 20 may
surround the ends of the pixel electrode 117, so as to serve as
a pixel definition layer that defines the emission area 100.
[0101] The intermediate layer 118 may be formed as a
single layer structure or a multiple layer structure including
an organic emission layer (EML) and at least one functional
layer from among a hole transport layer (HTL), a hole injec-
tion layer (HIL), an electron transport layer (ETL), and an
electron injection layer (EIL). Here, the organic EML may be
formed of a low molecular weight organic material or a high
molecular weight organic material.

[0102] The opposite electrode 119, which is a common
electrode, may be disposed on the intermediate layer 118. In
the organic light-emitting display apparatus 1000 according
to an embodiment, the pixel electrode 117 may be used as an
anode and the opposite electrode 119 may be used as a cath-
ode, and vice versa.

[0103] When the organic light-emitting display apparatus
1000 is a bottom emission type display apparatus, the oppo-
site electrode 119 may be a reflecting electrode that includes
areflective material. Here, the opposite electrode 119 may be
formed as a thick film and may include at least one material
selected from Al, Mg, Li, Ca, LiF/Ca, and LiF/AL

[0104] When the organic light-emitting display apparatus
1000 is a top emission type display apparatus, the opposite
electrode 119 may be formed as a thin film and may include
atleast one material selected from Al, Mg, L1, Ca, LiF/Ca, and
LiF/Al. Here, the opposite electrode 119 may be formed as a
thin film having a thickness ranging from about 100 angstrom
to about 300 angstrom to increase transmittance.

[0105] In another embodiment, a method of manufacturing
the organic light-emitting display apparatus 2000 is described
mainly based on differences in the method of manufacturing
the organic light-emitting display apparatus 1000 of the pre-
vious embodiments. Reference numbers of FIG. 2 which are
the same as those of FIG. 3 represent the same elements in the
configuration of the previous embodiment. Since the same
configuration of elements denotes the same function or per-
formance, redundant descriptions regarding the same con-
figuration will be omitted hereinafter.

[0106] First, a process of sequentially disposing the auxil-
iary layer 11, the active layer 212, the first insulating layer 13,
the gate electrode 214, the lower electrode 314 of the capaci-
tor Cst, and the second insulating layer 15 on the substrate 10
is the same as in the manufacturing method of the previous
embodiments.

[0107] Next, the first insulating layer 13 and the second
insulating layer 15 may be patterned according to a mask
process, so as to form contact holes C1' and C2'. Here, the
contact holes C1' and C2' may be formed to expose a portion
of source and drain regions 212a and 2125 of the active layer
212 to be formed later.
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[0108] Next, a second metal layer may be disposed on the
resultant structure and then be patterned according to a mask
process, so as to form the source and drain regions 212a and
212b of the thin film transistor TFT in the thin film transistor
TFT region 200, to form a upper electrode 310 of the capaci-
tor Cst in the storage area 300, and to form a first line 414 in
the line area 400.
[0109] Next, a third insulating layer 16 may be disposed on
the resultant structure, and then, may be patterned according
to a mask process, so as to form contact holes C3' and C4'.
Here, the contact holes C3' and C4' may be formed to expose
a portion of the source and drain electrodes 2184' and 2185,
[0110] Next, a third metal layer may be stacked on the
resultant structure, and then, may be patterned according to a
mask process, so as to form conductive layers 219' of the thin
film transistor TFT in the thin film transistor TFT region 200
and to form a second line 410 in the line area 400.
[0111] Subsequently, the fourth insulating layer 19, the
connection C5, the pixel electrode 117, the fifth insulating
layer 20, the intermediate layer 118, and the opposite elec-
trode 119 may be sequentially formed in the same manner as
in the manufacturing methods described above.
[0112] Inshort, compared to the organic light-emitting dis-
play apparatus 1000 according to an embodiment, the organic
light-emitting display apparatus 2000 according to another
embodiment may include a mask process once more to form
a contact hole.
[0113] As described above, according to the one or more of
the above embodiments, an organic light-emitting display
apparatus may reliably implement a high-resolution and
large-sized panel by reducing resistance of a line layer.
[0114] It should be understood that the embodiments
described therein should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of fea-
tures or aspects within each embodiment should typically be
considered as available for other similar features or aspects in
other embodiments.
[0115] While one or more embodiments have been
described with reference to the figures, it will be understood
by those of ordinary skill in the art that various changes in
form and details may be made therein without departing from
the spirit and scope as defined by the following claims.
What is claimed is:
1. An organic light-emitting display apparatus comprising:
a substrate;
an active layer, a gate electrode, and source and drain
electrodes formed over the substrate for providing a thin
film transistor;
a first insulating layer disposed over the substrate;
a second insulating layer disposed over the first insulating
layer;
a third insulating layer disposed over the second insulating
layer;
a fourth insulating layer disposed over the third insulating
layer;
the active layer disposed between the substrate and the first
insulating layer;
the gate electrode disposed between the first insulating
layer and the second insulating layer;
the source and drain electrodes disposed between the sec-
ond insulating layer and the third insulating layer;
conductive layers disposed between the third insulating
layer the fourth insulating layer, the conductive layers
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being electrically connected to the source and drain elec-
trodes through the third insulating layer, respectively;
a first line disposed between the second insulating layer
and the third insulating layer, the first line being formed
of the same material as the source and drain electrodes;

asecond line overlapping at least a portion of the first line,
the second line being disposed between the third insu-
lating layer and the fourth insulating layer such that the
second line is covered by the fourth insulating layer,
wherein the second line is formed of the same material as
the conductive layers; and

an organic light-emitting diode disposed over the fourth

insulating layer.

2. The organic light-emitting display apparatus of claim 1,
wherein the first line is a data line that is electrically con-
nected to one of the source and drain electrodes, and

wherein the second line is a scan line that is electrically

connected to one of the conductive layers, the second
line having a thickness substantially greater than that of
the first line.

3. The organic light-emitting display apparatus of claim 1,
further comprising a capacitor that comprises a lower elec-
trode disposed between the first insulating layer and the sec-
ond insulating layer and a upper electrode disposed between
the second insulating layer and the third insulating layer,

wherein the second insulating layer comprises a portion

disposed between the lower electrode and the upper
electrode.

4. The organic light-emitting display apparatus of claim 3,
further comprising a portion disposed between the active
layer and the substrate.

5. The organic light-emitting display apparatus of claim 1,
wherein the third insulating layer comprises at least one
selected from SiN_, Si0,, ZrO,, TiO,, Ta,0s, and Al,O,.

6. The organic light-emitting display apparatus of claim 1,
wherein the fourth insulating layer comprises an organic insu-
lating material.

7. The organic light-emitting display apparatus of claim 1,
wherein a thickness of the fourth insulating layer is greater
than that of the third insulating layer.

8. The organic light-emitting display apparatus of claim 1,
wherein the source and drain electrodes are electrically con-
nected to the active layer via the conductive layers, respec-
tively.

9. The organic light-emitting display apparatus of claim 8,
wherein the conductive layers are electrically connected to
the active layer through holes formed in the first insulating
layer, the second insulating layer, and the third insulating
layer, respectively.

10. The organic light-emitting display apparatus of claim 1,
wherein the source and drain electrodes are electrically con-
nected to the active layer through holes formed in the first
insulating layer and the second insulating layer, respectively.

11. The organic light-emitting display apparatus of claim 1,
wherein the organic light-emitting diode comprises a pixel
electrode, an intermediate layer disposed over the pixel elec-
trode and comprising an organic light emission layer, and an
opposite electrode disposed over the intermediate layer.

12. The organic light-emitting display apparatus of claim
11, wherein the pixel electrode is electrically connected to
one of the source and drain electrodes via one of the conduc-
tive layers.

13. A method of manufacturing an organic light-emitting
display apparatus, the method comprising:
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forming a semiconductor layer over a substrate and pat-
terning the semiconductor layer, thereby forming an
active layer;
forming a first insulating layer over the substrate and the
active layer;
forming a first metal layer over the first insulating layer and
patterning the first metal layer, thereby forming a gate
electrode over the first insulating layer;
forming a second insulating layer over the first insulating
layer and the gate electrode;
forming a second metal layer over the second insulating
layer and patterning the second metal layer, thereby
forming a first line and source and drain electrodes;
forming a third insulating layer over the second insulating
layer, the first line and the source and drain electrodes;
forming first holes through the first insulating layer, the
second insulating layer and the third insulating layer,
and second holes through the third insulating layer,
wherein the first holes expose source and drain regions
of the active layer, respectively, and the second holes
expose the source and drain electrodes, respectively;
forming a third metal layer over the third insulating layer
and patterning the third metal layer, thereby forming a
second line and conductive layers, the second line hav-
ing a thickness substantially greater than that of the first
line;
forming a fourth insulating layer over the third insulating
layer, the second line and the conductive layers;
forming a third hole through the fourth insulating layer,
wherein the third hole exposes at least a portion of one of
the conductive layers; and
forming a fourth metal layer over the fourth insulating
layer and patterning the fourth metal layer, thereby
forming a pixel electrode.
14. The method of claim 13, further comprising, after
forming the gate electrode:
doping the source and drain regions of the active layer with
an ion impurity.
15. The method of claim 13, wherein a lower capacitor
electrode is formed when patterning the first metal layer, and
wherein an upper capacitor electrode is formed when pat-
terning the second metal layer.
16. The method of claim 13, further comprising, after
forming the pixel electrode:
forming an intermediate layer comprising an organic light
emission layer over the pixel electrode; and
forming an opposite electrode overlapping the pixel elec-
trode and covering the intermediate layer.
17. A method of manufacturing an organic light-emitting
display apparatus, the method comprising:
forming a semiconductor layer over a substrate and pat-
terning the semiconductor layer, thereby forming an
active layer;
forming a first insulating layer over the substrate and the
active layer;
forming a first metal layer over the first insulating layer and
patterning the first metal layer, thereby forming a gate
electrode over the first insulating layer;
forming a second insulating layer over the first insulating
layer and the gate electrode;
forming first holes through the first insulating layer and the
second insulating layer, wherein the first holes exposes
source and drain regions ofthe active layer, respectively;



US 2016/0190224 Al

forming a second metal layer over the second insulating
layer and patterning the second metal layer, thereby
forming a first line and source and drain electrodes;

forming a third insulating layer over the second insulating
layer, the first line and the source and drain electrodes;

forming second holes through the third insulating layer,
wherein the second holes expose the source and drain
electrodes, respectively;

forming a third metal layer over the third insulating layer
and patterning the third metal layer, thereby forming a
second line and conductive layers, the second line hav-
ing a thickness substantially greater than that of the first
line;

forming a fourth insulating layer over the third insulating
layer, the second line and the conductive layers;

forming a third hole through the fourth insulating layer,
wherein the third hole exposes at least a portion of one of
the conductive layers; and
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forming a fourth metal layer over the fourth insulating
layer and patterning the fourth metal layer, thereby
forming a pixel electrode.
18. The method of claim 17, further comprising, after
forming the gate electrode:
doping the source and drain regions of the active layer with
an ion impurity.
19. The method of claim 17, wherein a lower capacitor
electrode is formed when patterning the first metal layer, and
when an upper capacitor electrode is formed when pattern-
ing the second metal layer.
20. The method of claim 17, further comprising, after
forming the pixel electrode:
forming an intermediate layer comprising an organic light
emission layer over the pixel electrode; and
forming an opposite electrode overlapping the pixel elec-
trode and covering the intermediate layer.
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