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(7) ABSTRACT

An organic light-emitting diode (OLED) display device and a
method of fabricating the same can reduce resistance of a
cathode by forming an auxiliary electrode. Also, such OLED
display device and method can prevent damage on a pad
electrode due to an etchant during patterning of an anode by
applying a protective structure to the pad electrode of a pad
area and by including the pad electrode exposed from a plu-
rality of pad electrode layers.
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ORGANIC LIGHT-EMITTING DIODE
DISPLAY DEVICE AND METHOD OF
FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Pursuant to 35 U.S.C. §119(a), this application
claims the benefit of earlier filing date and right of priority to
Korean Application Nos. 10-2014-0087665, filed on Jul. 11,
2014, 10-2014-0087751 filed on Jul. 11, 2014, and 10-2015-
0097544 filed on Jul. 9, 2015, the contents of which are
incorporated by reference herein in their entireties.

BACKGROUND OF THE DISCLOSURE

[0002] 1. Field of the Disclosure

[0003] This specification relates to an organic light-emit-
ting diode (OLED) display device and a method of fabricating
the same, and more particularly, a top emission type OLED
display device and a method of fabricating the same.

[0004] 2. Background of the Disclosure

[0005] As the interest in information display and demand
on the use of portable information media increase, research
efforts and commercialization are focusing mainly on display
devices such as flat panel displays (FPDs) which are light in
weight and thin in thickness.

[0006] Specifically, among such displays, liquid crystal
display (LCD) devices have seen widespread use in view of
its light weight and low power consumption.

[0007] As another display device, an organic light-emitting
diode (OLED) display device emits light by itself and thus
exhibits more excellent viewing angle and contrast ratio than
the LCD device. Also, the OLED display device does not need
abacklight and thus is advantageous in reduced weight, thick-
ness and power consumption. The OLED display device is
also current driven based upon a direct-current (DC) low
voltage and exhibits a fast response speed.

[0008] Hereinafter, the basic structure and operation char-
acteristics of an OLED display device will be described with
reference to the drawings.

[0009] FIG.1isadiagram illustrating a light-emitting prin-
ciple of a typical OLED.

[0010] An OLED display device typically includes an
OLED having a structure as illustrated in FIG. 1.

[0011] Referring to FIG. 1, the OLED includes an anode 18
as apixel electrode, a cathode 28 as a common electrode, and
an organic compound layer(s) 31, 32, 35, 36 and 37 formed
between the anode 18 and the cathode 28.

[0012] Here, the organic compound layer(s) 31, 32, 35, 36
and 37 includes a hole injection layer 31, a hole transport
layer 32, an emission layer 35, an electron transport layer 36,
and an electron injection layer 37. All or some of these layers
may be separate or some may be combined together such that
one layer is implemented with multiple functions.

[0013] With the configuration of the OLED, when positive
(+) and negative (-) driving voltages are applied to the anode
18 and the cathode 28, respectively, holes passed through the
hole transport layer 32 and electrons passed through the elec-
tron transport layer 36 are moved to the emission layer 35 to
form excitons. When the excitons transit from an excited state
into a base state, namely, a stable state, light with a predeter-
mined wavelength is emitted.

[0014] Inthe OLED display device, sub pixels each having
the OLED with the aforementioned structure are arranged in
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the matrix configuration. The sub pixels are selectively con-
trolled by a data voltage and a scan voltage, to display various
colors that collectively form an image.

[0015] Here, the OLED display device can be categorized
into a passive matrix type and an active matrix type using thin
film transistors (TFT) as switching elements. Of those types,
in the active matrix type OLED display device, the TFT as an
active element is selectively turned on to select a sub pixel and
light emission of the sub pixel occurs due to voltage charged
in a storage capacitor.

[0016] The OLED display device may also be categorized
according to a light-emitting direction into a top emission
type, a bottom emission type and a dual emission type.
[0017] The top emission type OLED display device is con-
figured to emit light in a direction away from a substrate on
which the sub pixels are arranged. The top emission type
OLED display device is advantageous in that aperture ratio is
greater than that of a bottom emission type in which light is
emitted toward and through the substrate with the sub pixels
arranged thereon.

[0018] The top emission type OLED display device
includes an anode provided below an organic compound layer
and a cathode provided above the organic compound layer
through which light is transmitted.

[0019] Here, the cathode should be formed thin (~100 A)
enough to be implemented as a semi-transparent layer with a
low work function. However, doing so causes the cathode to
have high resistance.

[0020] The thusly-configured top emission type OLED dis-
play device results in formation of a voltage drop (IR drop) by
high specific resistance of the cathode. Accordingly, undesir-
ably different levels of voltages are applied to sub pixels,
respectively. This brings about non-uniform luminance or
image quality. Specifically, as a size of a panel increases
more, the voltage drop (IR drop) problem may become aggra-
vated.

[0021] The OLED display device can be divided into a
display area and a pad area located outside the display area.

[0022] The TFT and the OLED are formed in the display
area.
[0023] A padelectrode is formed in the pad area to apply a

signal voltage from an external power source to the TFT and
the OLED.

[0024] In this case, pad electrodes formed in the pad area
may suffer from corrosion due to moisture and oxygen. In
addition, the corrosion may be caused by a specific etchant
with respect to the material constituting the pad electrode.
When the pad electrode corrodes, the transmission of signals
is problematic, and thus the overall device reliability
decreases.

SUMMARY OF THE DISCLOSURE

[0025] Accordingly, the present invention is directed to an
organic light-emitting diode (OLED) display device and
method of manufacturing the same that substantially obviate
one or more of the problems due to limitations and disadvan-
tages of the related art.

[0026] An object of the present invention is to provide an
organic light-emitting diode (OLED) display device, capable
of preventing (or minimizing) corrosion on a pad electrode
caused by moisture and oxygen and preventing (or minimiz-
ing) damage on the pad electrode caused by an etchant during
patterning of an anode, and a method of fabricating the same.
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[0027] Another object of the present invention is to provide
an OLED display device, capable of simplifying the process
required to form a plurality of the pad electrode layers, and a
method of fabricating the same.

[0028] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. The objectives and other advantages
of the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0029] To achieve these and other advantages and in accor-
dance with the purpose of this specification, as embodied and
broadly described herein, an organic light-emitting diode
(OLED) display device comprises a thin film transistor on a
display area of a substrate; an OLED connected to the thin
film transistor; and a plurality of pad electrodes comprising at
least a first pad electrode layer, a second pad electrode layer
and a third pad electrode layer on a pad area of the substrate,
wherein the first pad electrode layer below the second pad
electrode layer may be an adhesion promoting layer, wherein
the second pad electrode layer may be formed of a low resis-
tive material compared with materials of the first and third
pad electrode layers, and wherein the third pad electrode layer
above the second pad electrode layer may serves the purpose
of an etch stopper or the second pad electrode layer.

[0030] In another aspect, an organic light-emitting diode
(OLED) display device comprises a substrate including a
display area and a pad area; a pad line and a pad electrode in
the pad area; and a patterned anode, configured by etching, in
the display area, wherein the pad electrode may be a three-
layered structure, wherein an uppermost layer and a lower-
most layer of the three-layered structure may be of the same
material, and wherein the uppermost layer may not be etched
by an etchant which may be used to pattern the anode, and
may be formed of a material to prevent corrosion of an inter-
mediate layer of the three-layered structure.

[0031] Inanotheraspect,amethodof fabricating an organic
light-emitting diode (OLED) display device comprises form-
ing a thin film transistor on a display area of a substrate;
forming a pad electrode having a three-layered structure on a
pad area of the substrate; forming an open hole exposing a
portion of an uppermost layer of the pad electrode by selec-
tively etching a passivation layer on the pad area; and pattern-
ing an anode on the passivation layer over the thin film tran-
sistor by etching, wherein the uppermost layer exposed via
the open hole may not be etched during the patterning of the
anode.

[0032] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The accompanying drawings, which are included to
provide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification,
illustrate exemplary embodiments and together with the
description serve to explain the principles of the disclosure. In
the drawings:

[0034] FIG.1isadiagram illustrating a light-emitting prin-
ciple of a typical organic light-emitting diode (OLED);
[0035] FIG. 2 is a view illustrating a sub pixel structure of
an OLED display device;
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[0036] FIG. 3 is a perspective view exemplarily illustrating
a structure of an OLED display device in accordance with a
first embodiment of the present invention;

[0037] FIGS. 4A and 4B are sectional views schematically
illustrating a partial structure of the OLED display device in
accordance with the first embodiment of the present inven-
tion;

[0038] FIGS. 5A and 5B are sectional views schematically
illustrating a partial structure of an OLED display device in
accordance with a second embodiment of the present inven-
tion;

[0039] FIGS. 6A to 6] are sectional views sequentially
illustrating a method of fabricating the OLED display device
according to the second embodiment illustrated in FIG. 5A;
[0040] FIGS. 7A to 7G are sectional views sequentially
illustrating a method of fabricating the OLED display device
according to the second embodiment illustrated in FIG. 5B;
[0041] FIGS. 8A and 8B are sectional views schematically
illustrating a partial structure of an OLED display device in
accordance with a third embodiment of the present invention;
[0042] FIGS. 9A and 9B are sectional views schematically
illustrating a partial structure of an OLED display device in
accordance with a fourth embodiment of the present inven-
tion;

[0043] FIGS. 10A and 10B are sectional views schemati-
cally illustrating a partial structure of an OLED display
device in accordance with a fifth embodiment of the present
invention;

[0044] FIGS. 11A to 11] are sectional views sequentially
illustrating a method of fabricating the OLED display device
according to the fifth embodiment illustrated in FIG. 10A;
and

[0045] FIGS. 12A to 12F are sectional views sequentially
illustrating a method of fabricating the OLED display device
according to the fifth embodiment illustrated in FIG. 10B.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0046] Description will now be given in detail of certain
embodiments of an organic light-emitting diode (OLED) dis-
play device and a method of fabricating the same according to
the present invention, with reference to the accompanying
drawings.

[0047] Advantages and features of the present invention
and methods of achieving those will be understood with ref-
erence to the accompanying drawings and exemplary
embodiments to be explained later in detail. Exemplary
embodiments of the inventive concepts may, however, be
embodied in many different forms and should not be con-
strued as being 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
concepts of the example embodiments to those of ordinary
skill in the art. The same/like reference symbols can refer to
the same/like components throughout the specification. In the
drawings, the thicknesses of layers and regions may have
been exaggerated for clarity.

[0048] It will be understood that when an element is
referred to as being “on” another element, the element can be
located on the other element or intervening elements may also
be present. In contrast, when an element is referred to as being
“directly on” another element, there are no intervening ele-
ments present.
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[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 drawings. Tt 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 drawings. For example, if the device in the
drawings 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.

[0050] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the example embodiments unless otherwise
stated. As used herein, the singular forms are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms “comprises”, “comprising”, “includes” and/or “includ-
ing,” if used herein, specify the presence of stated steps,
operations, elements and/or components, but do not preclude
the presence or addition of one or more other features, inte-
gers, steps, operations, elements, components and/or groups
thereof.

[0051] FIG. 2 is a view illustrating a sub pixel structure of
an OLED display device.

[0052] As illustrated in FIG. 2, an OLED display device
includes a sub pixel region which is defined by a gate line GL
arranged in a first direction, a data line DL arranged in a
second direction, intersecting with the first direction, with
being spaced apart from the gate line GL, and a driving power
line VDDL. Alternatively, sub pixel regions can be defined by
other means irrespective of the gate lines and data lines.
[0053] One sub pixel region may include a switching thin
film transistor (TFT) ST, a driving TFT DT, a storage capaci-
tor C and an OLED.

[0054] The switching TFT ST is switched (or otherwise
operated) in response to a gate signal applied to the gate line
GL to supply a data signal, which is supplied to the data line
DL, to the driving TFT DT.

[0055] Thedriving TFT DT is switched (or otherwise opet-
ated) in response to the data signal supplied from the switch-
ing TFT ST, to control a current flowing from the driving
power line VDDL to the OLED.

[0056] The storage capacitor Cis connected between a gate
electrode of the driving TFT DT and a base power line VSSL
to hold (or store) a voltage corresponding to the data signal
supplied to the gate electrode of the driving TFT DT, and
constantly maintains a turn-on state of the driving TFT DT for
one frame by use of the stored voltage.

[0057] The OLED is electrically connected between a
source electrode or a drain electrode of the driving TFT DT
and the base power line VSSL, to emit light by means of
organic material that reacts to the current corresponding to the
data signal supplied from the driving TFT DT.

[0058] FIG. 3 is a perspective view exemplarily illustrating
a structure of an OLED display device in accordance with a
first embodiment of the present invention. Here, FIG. 3 exem-
plarily illustrates an OLED display device with a flexible
printed circuit board (FPCB) coupled to a pad area thereof.
Such FPCB may be implemented in different forms and be
labeled as various names, but all such configurations serve the
purpose of providing an interface (via the pad area) between
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a panel having various OLED components thereon and extet-
nal circuits (i.e. circuits not on the panel itself) that provide
signals and control to such panel. Here, the panel may be
relatively rigid (typically made of glass) or relatively flexible
(typically made of plastic), which is selectively used depend-
ing upon the type and application of the OLED display device
to which such panel will be implemented in.

[0059] FIGS. 4A and 4B are sectional views schematically
illustrating a partial structure of the OLED display device in
accordance with the first embodiment of the present inven-
tion.

[0060] Here, FIG. 4A exemplarily illustrates one sub pixel
including a TFT part and a capacitor forming part of the
OLED display device, and FIG. 4B exemplarily illustrates
parts of a gate pad area and a data pad area in a sequential
manner.

[0061] Specifically, FIG. 4A illustrates an example of a top
emission type OLED display device using a coplanar TFT.
However, the present invention may not be limited to the
coplanar TFT. Other types of TFT structures, such as a stag-
gered TFT, can be implemented as well. Additionally, a plu-
rality of transistor types can be implemented on a single panel
or substrate (MTSS: Multiple TFTs on Single Substrate),
whereby two or more types of different transistors based on
different active materials, such as amorphous silicon, poly-
silicon (including low temperature polysilicon: LTPS), oxide
semi-conductive materials (oxide TFTs), organic materials
(O-TFTs), etc., which allow various TFT combinations to be
used on a single panel or substrate in order to take advantage
of each type of transistor’s advantageous characteristics.

[0062] Referring to FIG. 3, the OLED display device
according to the first embodiment of the present invention
may include a panel assembly 100 used in displaying images,
and an FPCB 140 coupled to the panel assembly 100 to allow
signals and control to be sent and received with other circuits
and components.

[0063] The panel assembly 100 may include a (TFT) sub-
strate 110 on which a display area (or active area, AA) and a
pad area (or non-active area) are defined, and an encapsula-
tion layer 120 on the (TFT) substrate 110 for encapsulating
the display area AA.

[0064] Here, the pad area (in its entirety or portions thereof)
may be exposed without being encapsulated by the encapsu-
lation layer 120.

[0065] The substrate 110 having an array of TFTs, OLEDs
and the like thereon is a base substrate and may be imple-
mented as a polyimide substrate. Here, a back plate 105 may
be attached onto a rear surface of the substrate 110.

[0066] A polarizer for preventing reflection of incident
light coming from outside the panel assembly may be
attached on the encapsulation layer 120.

[0067] Here, sub pixels are arranged in a matrix or array
configuration on the display area AA of the substrate 110. On
an outside of the display area AA (i.e. at the non-display area)
may be located driving elements, such as a scan driver and a
data driver for driving the sub pixels, and other components.

[0068] Hereinafter, the display area AA of the substrate 110
is described in detail with reference to FIG. 4A. As illustrated
in FI1G. 4A, the OLED display device according to the first
embodiment of the present invention may include a substrate
110, adriving TFT DT, an OLED and an auxiliary electrode
line VSSLa.
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[0069] Thedriving TFT DT includes a semiconductor layer
124, a gate electrode 121, a source electrode 122 and a drain
electrode 123.

[0070] The semiconductor layer 124 is formed on a sub-
strate 110 which is made of an insulating material, such as
silicon Si, glass, transparent plastic or a polymer film. But it
is not limited to this. In other words, the substrate 110 may be
formed from any material capable of supporting various lay-
ers and elements.

[0071] The semiconductor layer 124 may be made of amor-
phous silicon, polycrystalline silicon with crystallized amor-
phous silicon, oxide semiconductor, organic semiconductor
and the like.

[0072] Here, a buffer layer may be located between the
substrate 110 and the semiconductor layer 124. The buffer
layer may be formed to protect the TFTs, which are formed in
subsequent processes, from impurities such as alkaline ions
discharged from the substrate 110.

[0073] A gate insulating layer 1154, which is made of sili-
con nitride SiNx or silicon dioxide (SiO,) (or silicon oxide),
is formed on the semiconductor layer 124, and a gate line
including the gate electrode 121 and a lower sustaining elec-
trode 109 are formed on the gate insulating layer 115a.
[0074] The gateinsulating layer 115a may be formed in the
display area and the pad area. In other words, the gate insu-
lating layer 115a may be formed on the entire surface of the
substrate 110 provided with the semiconductor layer 124. But
it is not limited to this.

[0075] The gate electrode 121 may be formed in such a
manner as to overlap (or otherwise overlay, super-impose,
cover, encroach, etc.) with the semiconductor layer 124
within the display area.

[0076] The gate electrode 121 and the gate line may be
formed in a single body united (or integrated) with each other.
[0077] The gate electrode 121, the gate line and the lower
sustaining electrode 109 may be formed of a first metallic
material having a low resistance characteristic, such as alu-
minum (Al), copper (Cu), molybdenum (Mo), chrome (Cr),
gold (Au), titanium (Ti), nickel (Ni), neodymium (Nd), or
alloy thereof.

[0078] Although the gate electrode 121, the gate line and
the lower sustaining electrode 109 are depicted to be formed
as a single layer, they may be formed in a multi-layered
structure including at least two layers.

[0079] An inter-layer insulating layer 1154 which is made
of silicon nitride, silicon oxide or silicon dioxide can be
provided on the gate electrode 121, the gate line and the lower
sustaining electrode 109. On the inter-layer insulating layer
11556, a data line, a driving voltage line, source and drain
electrodes 122 and 123 and a upper sustaining electrode 119
can be provided.

[0080] Also, a plurality of contact holes (or other type of
openings, vias, etc.) may be formed in the inter-layer insulat-
ing layer 1155.

[0081] The source electrode 122 and the drain electrode
123 are spaced apart from each other by a predetermined
interval, and electrically connected to the semiconductor
layer 124, respectively. In more detail, a semiconductor layer
contact hole through which a part of the semiconductor layer
124 is exposed is formed through the gate insulating layer
115a and the inter-layer insulating layer 1155, such that the
source and drain electrodes 122 and 123 can be electrically
connected to the semiconductor layer 124.
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[0082] The source electrode 122 and the data line may be
formed in a single body united (or integrated) with each other.
[0083] Although the data line, the driving voltage line, the
source and drain electrodes 122 and 123 and the upper sus-
taining electrode 119 are depicted to be formed in a single
layer, they may be formed in a multi-layered structure includ-
ing at least two layers.

[0084] Here, the upper sustaining electrode 119 overlaps
(or otherwise overlays, super-imposes, covers, encroaches,
etc.) a part of the lower sustaining electrode 109 with the
inter-layer insulating layer 115b interposed therebetween,
thereby forming a storage capacitor.

[0085] The data line, the driving voltage line, the source
and drain electrodes 122 and 123 and the upper sustaining
electrode 119 may be formed into a single layer or a multi-
layer which is made of a second metallic material having a
low resistance characteristic, such as aluminum (Al), copper
(Cu), molybdenum (Mo), chrome (Cr), gold (Au), titanium
(Ti), nickel (Ni), neodymium (Nd), or alloy thereof.

[0086] A passivation layer 115¢ and a planarization layer
1154 are provided on the substrate 110 including the data line,
the driving voltage line, the source and drain electrodes 122
and 123 and the upper sustaining electrode 119.

[0087] The passivation layer 115¢ may be formed on the
entire surface of the substrate 110 including both of the dis-
play area and the pad area. The planarization layer 1154 may
be formed on the display area in which the TFT is formed.
[0088] Next, the OLED may include a first electrode 118,
an organic compound layer 130 and a second electrode 128.
[0089] The OLED is electrically connected to the driving
TFT DT. In more detail, a drain contact hole through which
the drain electrode 123 of the driving TFT DT is exposed is
formed through the passivation layer 115¢ and the planariza-
tion layer 1154 which are located on the driving TFT DT. The
OLED is electrically connected to the drain electrode 123 of
the driving TFT DT through the drain contact hole.

[0090] That is, the first electrode 118 is provided on the
planarization layer 1154, and electrically connected to the
drain electrode 123 of the driving TFT DT through the drain
contact hole.

[0091] The first electrode 118 is to supply a current (or a
voltage) to the organic compound layer 130, and defines a
light-emitting region with a predetermined area (or size).
[0092] The first electrode 118 serves as an anode. Accord-
ingly, the first electrode 118 may include a transparent con-
ductive material with a relatively high work function. Also,
the first electrode 118 may be formed in a multi-layered
structure including a plurality of electrode layers. For
example, the first electrode 118 may be formed in a three-
layered structure which is prepared by sequentially stacking a
first electrode layer 1184, a second electrode layer 1185 and
third electrode layer 118¢. The first electrode layer 1184 may
increase the adhesive strength of the second electrode layer
1185b. The first electrode layer 1184 may be formed of Indium
Tin Oxide (ITO) or Indium Zinc Oxide (IZO). To improve
reflectivity, the second electrode layer 1185 may be a reflec-
tion layer made of a metal with high reflectivity. Examples of
the metal having the high reflectivity may include aluminum
(Al), silver (Ag), gold (Au), platinum (Pt), chrome (Cr) or
alloy thereof.

[0093] Thethird electrode layer 118¢ may have a high work
function. As such, the first electrode 118 may be used as the
anode electrode. Such a third electrode layer 118¢ may be a
transparent conductive layer. For example, the third electrode
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layer 118¢ may be formed from ITO or 1Z0. However, the
present invention may not be limited to this.

[0094] A bank 115e (or other structure serving a similar
purpose) is formed on the substrate 110 having the first elec-
trode 118. Here, the bank 115e defines a first opening by
surrounding an edge region of the first electrode 118 like a
bank. The bank 115¢ may be made of an organic or inorganic
insulating material. The bank 115¢ may also be made of a
photosensitive material containing black pigments. In this
instance, the bank 115e serves as a shielding member.
[0095] Thebank 115¢ may be formed to surround edges of
the first electrode 118. As such, any corrosion of the edges of
the first electrode 118 may be prevented.

[0096] Here, in the first embodiment of the present inven-
tion, the bank 115e further includes a second opening through
which an auxiliary electrode 125 to be explained later is
partially exposed.

[0097] The organic compound layer 130 is provided
between the first electrode 118 and the second electrode 128.
The organic compound layer 130 emits light as holes supplied
from the first electrode 118 and electrons supplied from the
second electrode 128 are coupled to each other.

[0098] Here, FIG. 4A illustrates an example that the
organic compound layer 130 is formed on an entire surface of
the substrate 110. However, the present invention may not be
limited to this. The organic compound layer 130 may also be
formed on the first electrode 118.

[0099] Although it is shown in FIG. 4A that the organic
compound layer 130 is formed in a single layer, the organic
compound layer 130 is not limited to this. The organic com-
pound layer 130 may have a multi-layered structure including
a light-emitting layer to emit light and an auxiliary layer for
improving light-emission efficiency of the light-emitting
layer.

[0100] Thesecond electrode 128 is provided on the organic
compound layer 130 to supply electrons to the organic com-
pound layer 130.

[0101] The second electrode 128 serves as a cathode.
Accordingly, the second electrode 128 may be made of a
transparent conductive material. An example of the transpar-
ent conductive material may include ITO or IZO. The second
electrode 128 may further include a thin metal layer which is
provided at a side contactable with the organic compound
layer 130 and is formed of a metal with a low work function.
Examples of metals with the low work function may include
magnesium (Mg), silver (Ag) and compounds thereof.
[0102] For the top emission type OLED display device, the
second electrode 128 is formed to be relatively thin in thick-
ness in order to meet the requirements of low work function
and semi-transmittance. Therefore, the second electrode 128
has increased resistance, which causes a voltage drop (IR
drop).

[0103] In the first embodiment of the present invention, in
order to lower the voltage drop by reducing the resistance of
the second electrode 128, an auxiliary electrode line VSSLa is
formed on the same layer as the first electrode 118. The
auxiliary electrode line VSSLa may include the auxiliary
electrode 125 and a barrier wall 135.

[0104] The auxiliary electrode 125 and the first electrode
118 are formed on the same layer. The auxiliary electrode 125
is spaced apart from the first electrode 118. For example, the
auxiliary electrode 125 may extend along in one direction to
be connected to an external VSS pad.
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[0105] Theauxiliary electrode 125 may be implemented as
a three-layered structure of a first auxiliary electrode layer
125a, a second auxiliary electrode layer 1255 and a third
auxiliary electrode layer 125¢, which is substantially the
same as the structure of the first electrode 118. In this
instance, upon depositing the second electrode 128, the sec-
ond electrode 128 may come in contact directly with the third
auxiliary electrode layer 125¢ of the auxiliary electrode 125.
That is, the second electrode 128 is deposited even to a lower
portion of the barrier wall 135 so as to come in contact with
the auxiliary electrode 125. However, the present invention
may not be limited to this.

[0106] The barrier wall 135 is located on the auxiliary
electrode 125.
[0107] Here, the barrier wall 135 may have a reverse taper-

ing shape that its cross-section is reduced from its top to
bottom. For example, an angle formed by a side surface of the
barrier wall 135 and the auxiliary electrode 125 may be in the
range of 20 to 80°. This reverse tapering shape having the
angle at the side surface may result in a shading effect to be
explained later.

[0108] Thebarrier wall 135 forms an electrode contact hole
through the organic compound layer 130 so as to expose the
auxiliary electrode 125 therethrough. The organic compound
layer 130 is formed on a top of the barrier wall 135, but not
formed below the top the barrier wall 135 by the shading
effect. That is, the organic compound layer 130 is deposited
on the substrate 110 by evaporation with directionality. Here,
the organic compound layer 130 is not formed below the top
of the barrier wall 140 because of the reverse tapering shape
of the barrier wall 135. Accordingly, the electrode contact
hole is formed through the organic compound layer 130.

[0109] The organic compound layer 130 and the second
electrode 128 are sequentially deposited (laminated) on the
barrier wall 135.

[0110] The pad area is an edge area of the TFT substrate
110 having the display area. The pad area includes a gate pad
area and a data pad area.

[0111] Referring to FIG. 4B, a gate pad electrode 126p and
a data pad electrode 127p which are electrically connected to
the gate line and the data line, respectively, are located on the
gate pad area and the data pad area. The gate pad electrode
126p and the data pad electrode 127p transfer a scan signal
and a data signal applied from an external driving circuit to
the gate line and the data line, respectively.

[0112] That is, the gate line and the data line extend toward
a driving circuit to be connected to corresponding gate pad
line 116p and data pad line 117p, respectively. The gate pad
line 116p and the data pad line 117p are electrically connected
to the gate pad electrode 126p and the data pad electrode 127p
through a gate pad line pattern 116p' and a data pad line
pattern 117p". Therefore, the gate line and the data line receive
the scan signal and the data signal, respectively, applied from
the driving circuit through the gate pad electrode 126p and the
data pad electrode 127p.

[0113] The gate pad line 116p and the gate line may be
formed in a single body united with each other.

[0114] Moreover, the gate pad line 116p and the data pad
line 117p may be formed through the same process as the gate
line and the gate electrode 121.

[0115] Thedatapadline pattern 117p' and the data line may
be formed in a single body united with each other.
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[0116] Also, the gate pad line pattern 116p' and the data pad
line pattern 117p' may be formed through the same process as
the data line and the source and drain electrodes 122 and 123.
[0117] Here, although the gate pad line 116p and the data
padline 117p are formed in a single layer, they may be formed
in a multi-layered structure including at least two layers.
[0118] A plurality of contact holes exposing the gate pad
line 116p and the data pad line 117p may be formed in the
inter-layer insulating layer 115b of the pad area. Also, a
plurality of contact holes exposing the gate pad line pattern
116p' and the data pad line pattern 117p' may be formed in the
passivation layer 115¢ of the pad area.

[0119] Then, the gate pad electrode 126p and the data pad
electrode 127p according to the first embodiment of the
present invention may have substantially the same three-lay-
ered structure as the first electrode 118 and the auxiliary
electrode 125 on the display area, for example, the three-
layered structure of [TO/Ag alloy/ITO.

[0120] That is, the gate pad electrode 126p according to the
first embodiment of the present invention may include a first
gate pad electrode layer 126pa, a second gate pad electrode
layer 126pb and a third gate pad electrode layer 126pc. The
data pad electrode 127p may have a three-layered structure of
a first data pad electrode layer 127pa, a second data pad
electrode layer 127pb and a third data pad electrode layer
127pc.

[0121] In the OLED display device according to the first
embodiment, when the second electrode layer 1185 of the
first electrode 118 is formed of Ag or Ag alloy in order to
improve reflectivity, the pad electrodes, namely, the gate pad
electrode 126p and the data pad electrode 127p also have the
structure of ITO/Ag or Ag alloy/ITO. Here, in the first
embodiment, as the first pad electrode layers 126pa and
127pa made of ITO is located on the second pad electrode
layers 126pb and 127pb, the corrosion of Ag or Ag due to an
external moisture and oxygen may be prevented to some
extent.

[0122] However, as sides of the second pad electrode layers
126pb and 127pb are exposed to an outside, the corrosion of
Ag or Ag by an etchant during patterning of the first electrode
118 may occur. Thus there is a possibility of short-circuit
problems with an adjacent line. Thus, the corrosion of the pad
electrode 126p and 127p causes improper signal transfer from
a driver driving circuit and may cause defects in the OLED
display device.

[0123] Accordingly, in a second embodiment of the present
invention, pad electrodes may be formed on a layer of a data
line, and sides of the second pad electrode layers may be
sealed by using a passivation layer (or of some other appro-
priate material or layer). Also, a three-layered structure of
MoTi/Cu/MoTi having a particular etch selectivity with
respect to an etchant used for etching Ag or Ag alloy may be
applied to the pad electrodes of a pad area. This may result in
preventing damage on the pad electrodes due to the etchant
during patterning of a first electrode. Hereinafter, the second
embodiment of the present invention will be described in
detail with reference to the accompanying drawing.

[0124] Here, when the different kinds of the films are
etched by the same etchant, etch selectivity results in one thin
film being not etched and another thin film being etched. In
other words, the film that may be etched has no etch selectiv-
ity, and the thin film that is not etched has etch selectivity.
[0125] Therefore, there are etching selectivity between Cu
that may be etched by an etchant used for etching Ag or Ag
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alloy and MoTi that is not etched by the etchant. That is, it is
possible to avoid damage to the pad electrodes by the etchant
during patterning of the first electrode by employing a three-
layered structure of a MoTi/Cu/MoTi having etch selectivity
to the pad electrodes of the pad area.

[0126] FIGS. 5A and 5B are sectional views schematically
illustrating a partial structure of an OLED display device in
accordance with a second embodiment of the present inven-
tion.

[0127] Here, FIG. 5A illustrates one exemplary sub pixel
including a TFT part and a capacitor forming part of an OLED
display device, and FIG. 5B sequentially illustrates parts of a
gate pad area and a data pad area.

[0128] Specifically, FIG. 5A illustrates one exemplary sub
pixel of a top emission type OLED display device using a
coplanar TFT, but the present invention may not be limited to
the coplanar TFT.

[0129] Referring to FIG. 5A, the top emission type OLED
display device according to the second embodiment of the
present invention includes a substrate 210, a driving TFT DT,
an OLED and an auxiliary electrode line VSSLa. But it is not
limited to this. The present invention may not include the
auxiliary electrode line VSSLa.

[0130] First, as the same as the first embodiment, the driv-
ing TFT DT includes a semiconductor layer 224, a gate elec-
trode 221, a source electrode 222 and a drain electrode 223.

[0131] The semiconductor layer 224 is formed on a sub-
strate 210 which is made of an insulating material, such as
silicon Si, glass, transparent plastic or a polymer film. But it
is not limited to this. In other words, the substrate 210 may be
formed from any material capable of supporting pluralities of
layers and elements.

[0132] The semiconductorlayer 224 may be made ofamor-
phous silicon or polycrystalline silicon with crystallized
amorphous silicon.

[0133] Here, a buffer layer may further be located between
the substrate 210 and the semiconductor layer 224. The buffer
layer may be formed to protect the TFT from impurities such
as alkaline ion discharged from the substrate 210 during
crystallization of the semiconductor layer 224.

[0134] A gate insulating layer 215a which is made of sili-
con nitride (SiNx) or silicon dioxide (8i0,) is formed on the
semiconductor layer 224, and a gate line including the gate
electrode 221 and a lower sustaining electrode 209 are formed
on the gate insulating layer 215a.

[0135] The gate insulating layer 215a may be formed in the
display area and the pad area. In other words, the gate insu-
lating layer 215a may be formed on the entire surface of the
substrate 210 provided with the semiconductor layer 224. But
it is not limited to this.

[0136] The gate electrode 221 may be formed in such a
manner as to overlap with the semiconductor layer 224 within
the display area.

[0137] The gate electrode 221 and the gate line may be
formed in a single body united with each other.

[0138] The gate electrode 221, the gate line and the lower
sustaining electrode 209 may be formed into a single layer or
a multilayer made of a first metallic material having a low
resistance characteristic, such as aluminum (Al), copper
(Cu), molybdenum (Mo), chrome (Cr), gold (Au), titanium
(T1), nickel (N1), neodymium (Nd), or alloy thereof.
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[0139] Although the gate electrode 221, the gate line and
the lower sustaining electrode 209 are formed in a single
layer, they may be formed in a multi-layered structure includ-
ing at least two layers.

[0140] An inter-layer insulating layer 2155 which is made
of silicon nitride or silicon dioxide is provided on the gate
electrode 221, the gate line and the lower sustaining electrode
209. On the inter-layer insulating layer 2155 are provided a
data line, a driving voltage line, source and drain electrodes
222 and 223 and a upper sustaining electrode 219.

[0141] Also, a plurality of contact holes may be formed in
the inter-layer insulating layer 2155.

[0142] The source electrode 222 and the drain electrode
223 are spaced apart from each other by a predetermined
interval, and electrically connected to the semiconductor
layer 224. In more detail, a semiconductor layer contact hole
through which the semiconductor layer 224 is exposed is
formed through the gate insulating layer 2154 and the inter-
layer insulating layer 2155, such that the source and drain
electrodes 222 and 223 are electrically connected to the semi-
conductor layer 224.

[0143] The source electrode 222 and the data line may be
formed in a single body united with each other.

[0144] Here, the upper sustaining electrode 219 overlaps a
part of the lower sustaining electrode 209 with the inter-layer
insulating layer 2155 interposed therebetween, thereby form-
ing a storage capacitor.

[0145] Here, the data line, the driving voltage line, the
source and drain electrodes 222 and 223 and the upper sus-
taining electrode 219 according to the second embodiment of
the present invention may have a multi-layered structure with
three layers or more.

[0146] That is, the source electrode 222 may have a three-
layered structure of a first source electrode layer 222a, a
second source electrode layer 2224 and a third source elec-
trode layer 222¢, and the drain electrode 223 may have a
three-layered structure of a first drain electrode layer 223a, a
second drain electrode layer 2235 and a third drain electrode
layer 223c.

[0147] Theupper sustaining electrode 219 may also have a
three-layered structure of a first upper sustaining electrode
layer 219a, a second upper sustaining electrode layer 2195
and a third upper sustaining electrode layer 219c.

[0148] The first source electrode layer 222a, the first drain
electrode layer 223a and the first upper sustaining electrode
layer 2194 may be formed from the same material. Also, the
first source electrode layer 2224, the first drain electrode layer
223a and the first upper sustaining electrode layer 2192 may
increase adhesive strengths of the second source electrode
layer 2225, the second drain electrode layer 2235 and the
second upper sustaining electrode layer 2194.

[0149] For example, the first source electrode layer 222a,
the first drain electrode layer 2234 and the first upper sustain-
ing electrode layer 219a may be formed from one of molyb-
denum titanium MoTi, titanium Ti and an alloy thereof.
[0150] The second source electrode layer 2224, the second
drain electrode layer 223b and the second upper sustaining
electrode layer 2195 may be formed from the same material.
Also, the second source electrode layer 2225, the second
drain electrode layer 2235 and the second upper sustaining
electrode layer 2196 may be formed from a low resistive
material. For example, the second source electrode layer
222b, the second drain electrode layer 2235 and the second
upper sustaining electrode layer 2195 may be formed from
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one selected from a material group which includes aluminum
Al tungsten W, copper Cu, silver Ag, molybdenum Mo, chro-
mium Cr, tantalum Ta, titanium Ti, or alloys thereof. Prefer-
ably, the second source electrode layer 2225, the second drain
electrode layer 2235 and the second upper sustaining elec-
trode layer 2195 may be formed from copper Cu.

[0151] Thethird sourceelectrodelayer 222¢, the third drain
electrode layer 223¢ and the third upper sustaining electrode
layer 219¢ may be formed from the same material. Also, the
third source electrode layer 222¢, the third drain electrode
layer 223¢ and the third upper sustaining electrode layer 219¢
may be formed from a material which is not corroded by
moisture and oxygen in spite of being exposed to the exterior.
For example, the third source electrode layer 222c¢, the third
drain electrode layer 223¢ and the third upper sustaining
electrode layer 219¢ may be formed from one of molybde-
num titanium MoTi, titanium Ti or an alloy thereof.

[0152] For example, the data wiring according to the sec-
ond embodiment of the present invention may have a three-
layered structure of MoTi/Cu/MoTi.

[0153] A passivation layer 215¢ and a planarization layer
215d are provided on the substrate 210 having data line, the
driving voltage line, the source and drain electrodes 222 and
223 and the upper sustaining electrode 219. The passivation
layer 215¢ may be formed on the entire surface of the sub-
strate 210 including both of the display area and the pad area.
The planarization layer 2154 may be formed on the display
area in which the TFT is formed.

[0154] Next, the OLED may include a first electrode 218,
an organic compound layer 230 and a second electrode 228.
[0155] The OLED is electrically connected to the driving
TFT DT. In more detail, a drain contact hole through which
the drain electrode 223 of the driving TFT DT is exposed is
formed through the passivation layer 215¢ and the planariza-
tion layer 2154 which are located on the driving TFT DT.
[0156] That is, the first electrode 218 is provided on the
planarization layer 215d, and electrically connected to the
drain electrode 223 of the driving TFT DT through the drain
contact hole.

[0157] The first electrode 218 is to supply a current (or a
voltage) to the organic compound layer 230, and defines a
light-emitting region with a predetermined area (or size).
[0158] The first electrode 218 serves as an anode. Accord-
ingly, the first electrode 218 may include a transparent con-
ductive material with a relatively high work function. Also,
the first electrode 218 may be formed in a multi-layered
structure including a plurality of electrode layers. For
example, the first electrode 218 may be formed in a three-
layered structure which is prepared by sequentially stacking a
first electrode layer 218a, a second electrode layer 2185 and
third electrode layer 218c¢.

[0159] The first electrode layer 2184 may increase the
adhesive strength of the second electrode layer 2185. The first
electrode layer 2184 may be formed of Indium Tin Oxide
(ITO) or Indium Zinc Oxide (IZ0). To improve reflectivity,
the second electrode layer 2185 may be a reflection layer
made of a metal with high reflectivity. Examples of the metal
having the high reflectivity may include aluminum (Al), sil-
ver (Ag), gold (Au), platinum (Pt), chrome (Cr) or alloy
thereof.

[0160] Thethird electrode layer 218¢ may have a high work
function. As such, the first electrode 218 may be used as the
anode electrode. Such a third electrode layer 218¢ may be a
transparent conductive layer. For example, the third electrode
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layer 218¢ may be formed from ITO or 1Z0. However, the
present invention may not be limited to this.

[0161] A bank 215e is formed on the substrate 210 having
the first electrode 218. Here, the bank 215¢ defines a first
opening by surrounding an edge of the first electrode 218 like
a bank. The bank 215¢ may be made of an organic or inor-
ganic insulating material. The bank 215¢ may also be made of
a photosensitive material containing black pigments. In this
instance, the bank 215e serves as a shielding member.
[0162] Thebank 215¢ may be formed to surround edges of
the first electrode 218. As such, any corrosion of the edges of
the first electrode 218 may be prevented.

[0163] Here, in the second embodiment of the present
invention, the bank 215e further include a second opening
through which an auxiliary electrode 225 to be explained later
is partially exposed.

[0164] The organic compound layer 230 is provided
between the first electrode 218 and the second electrode 228.
The organic compound layer 230 emits light as holes supplied
from the first electrode 218 and electrons supplied from the
second electrode 228 are coupled to each other.

[0165] Here, FIG. 5A illustrates an example that the
organic compound layer 230 is formed on an entire surface of
the substrate 210. However, the present invention may not be
limited to this. The organic compound layer 230 may also be
formed on the first electrode 218.

[0166] Although it is shown in FIG. 5A that the organic
compound layer 230 is formed in a single layer, the organic
compound layer 230 is not limited to this. The organic com-
pound layer 230 may have a multi-layered structure including
a light-emitting layer to emit light and an auxiliary layer for
improving light-emission efficiency of the light-emitting
layer.

[0167] The second electrode 228 is formed on the organic
compound layer 230 to supply electrons to the organic com-
pound layer 230.

[0168] The second electrode 228 serves as a cathode.
Accordingly, the second electrode 228 may be made of a
transparent conductive material. An example of the transpar-
ent conductive material may include ITO or IZO. The second
electrode 228 may further include a metal layer which is
provided at a side contactable with the organic compound
layer 230 and is formed of a metal with a low work function.
Examples of the metal with the low work function may
include magnesium (Mg), silver (Ag) or a compound thereof.
[0169] As the same as the first embodiment of the present
invention, an auxiliary electrode line VSSLa and the first
electrode 218 are provided on the same layer to reduce resis-
tance of the second electrode 228. Here, the auxiliary elec-
trode line VSSLa includes the auxiliary electrode 225 and the
barrier wall 235.

[0170] The auxiliary electrode 225 and the first electrode
218 are formed on the same layer. The auxiliary electrode 225
is spaced apart from the first electrode 218. For example, the
auxiliary electrode 225 may extend long in one direction to be
connected to an external VSS pad.

[0171] The auxiliary electrode 225 may be implemented
into a three-layered structure of a first auxiliary electrode
layer 2254, a second auxiliary electrode layer 225b and a third
auxiliary electrode layer 225¢, as substantially the same as the
structure of the first electrode 218. In this instance, upon
depositing the second electrode 228, the second electrode 228
may come in contact directly with the third auxiliary elec-
trode layer 225¢ of the auxiliary electrode 225. That is, the
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second electrode 228 is deposited even to a lower portion of
the barrier wall 235 so as to come in contact with the auxiliary
electrode 225. However, the present invention may not be
limited to this.

[0172] The barrier wall 235 is located on the auxiliary
electrode 225.
[0173] Here, the barrier wall 235 may have a tapering shape

that its cross-section is reduced from its top to bottom. For
example, an angle formed by a side surface of the barrier wall
235 and the auxiliary electrode 225 may be in the range of 20
to 80°. This reverse tapering shape having the angle at the side
surface may derive a shading effect to be explained later.
[0174] Thebarrier wall 235 forms an electrode contact hole
through the organic compound layer 230 so as to expose the
auxiliary electrode 225 therethrough. The organic compound
layer 230 is formed on a top of the barrier wall 235, but not
formed below the barrier wall 235 by the shading effect.
Accordingly, the electrode contact hole is formed through the
organic compound layer 230.

[0175] The organic compound layer 230 and the second
electrode 228 are sequentially stacked (laminated) on the
barrier wall 235.

[0176] The pad area is an edge area of the TFT substrate
210 having the display area. The pad area includes a gate pad
area and a data pad area.

[0177] Referring to FIG. 5B, a gate pad electrode 226p and
a data pad electrode 227p which are electrically connected to
a gateline and a data line, respectively, are located on the gate
pad area and the data pad area. The gate pad electrode 226p
and the data pad electrode 227p transfer a scan signal and a
data signal applied from an external driving circuit to the gate
line and the data line, respectively.

[0178] That is, the gate line and the data line extend toward
the driving circuit to be connected to corresponding gate pad
line 216p and data pad line 217p, respectively. The gate pad
line 216p and the data pad line 217p are electrically connected
to the gate pad electrode 226p and the data pad electrode
227p, respectively. Therefore, the gate line and the data line
receive the scan signal and the data signal, respectively, from
the driving circuit through the gate pad electrode 226p and the
data pad electrode 227p.

[0179] The gate pad line 216p and the gate line may be
formed in a single body united with each other.

[0180] Moreover, the gate pad line 216p and the data pad
line 217p may be formed through the same process as the gate
line and the gate electrode 221.

[0181] Thedatapad electrode 227p and the data line may be
formed in a single body united with each other.

[0182] Also, the gate pad electrode 226p and the data pad
electrode 227p may be formed through the same process as
the data line and the source and drain electrodes 222 and 223.
[0183] Here, although the gate pad line 216p and the data
padline 217p are formed in a single layer, they may be formed
in a multi-layered structure including at least two layers.
[0184] A plurality of contact holes exposing the gate pad
line 216p and the data pad line 217p may be formed in the
inter-layer insulating layer 2156 of the pad area. Also, an open
hole H exposing the gate pad electrode 226p and the data pad
electrode 227p may be formed in the passivation layer 215¢ of
the pad area.

[0185] Then, the gate pad electrode 226p and the data pad
electrode 227p according to the second embodiment of the
present invention are formed on the same layer as the data line
of the display area, here have substantially the same three-
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layered structure as the data line, for example, the three-
layered structure of MoTi/Cu/MoTi.

[0186] That is, in the second embodiment of the present
invention, the three-layered structure of MoTi/Cu/Mo'Ti hav-
ing etch selectivity with respect to an etchant for etching Ag
or Ag alloy 1s applied to the gate pad electrode 226p and the
data pad electrode 227p of the pad area, and also parts of the
gate pad electrode 226p and the data pad electrode 227p are
externally exposed by forming an open hole H during pattern-
ing of the passivation layer 215¢.

[0187] Inthisinstance, theupper MoTimay serve as an etch
stopper of the etchant for etching Ag or Ag alloy.

[0188] Here, the gate pad electrode 226p according to the
second embodiment of the present invention may have the
three-layered structure of a first gate pad electrode layer
226pa, a second gate pad electrode layer 226pb and a third
gate pad electrode layer 226pc, and the data pad electrode
227p may have the three-layered structure of a first data pad
electrode layer 227pa, a second data pad electrode layer
227pb and a third data pad electrode layer 227pc.

[0189] The lowermost layers, i.e. the first gate pad elec-
trode layer 226pa and the first data pad electrode layer 227pa
may be an adhesion promoting layer increasing the adhesive
strength of the second gate pad electrode layer 226pb and the
second data pad electrode layer 227pb. That is, the first gate
pad electrode layer 226pa may be made of a material config-
ured so as to increase the adhesion between the second gate
pad electrode layer 226pb and a fourth pad electrode layer, i..
the gate pad line 216p. Also, the first data pad electrode layer
227pa may be made of a material configured so as to increase
the adhesion between the second data pad electrode layer
227pb and the data pad line 217p.

[0190] The second gate pad electrode layer 226pb and the
second data pad electrode layer 227pb may be formed from a
low resistive material compared with the first gate pad elec-
trode layer 226pa, the first data pad electrode layer 227pa and
the third gate pad electrode layer 226pc, the third data pad
electrode layer 227pc.

[0191] The pad electrodes 226p and 227p must be exter-
nally exposed for the connection with an external driver later.
The pad electrodes 226p and 227p formed from copper Cu or
others can be easy to transfer signals because of their low
resistance. Meanwhile, the exposed pad electrodes 226p and
227p may be corroded by external moisture and oxygen.
Moreover, the pad electrodes 226p and 227p formed from
copper Cu or others can be etched by the etchant for pattern-
ing the first electrode 218 at the formation of the first elec-
trode 218 which is performed for the formation of the OLED
later.

[0192] To address this matter, the uppermost third pad elec-
trode layers 226pc and 227pc may be formed from a material
which is not corroded by oxygen and moisture, even though
they are externally exposed. In other words, the third pad
electrode layers 226pc and 227pc may be formed from a
material being not etched by an etchant which may be used to
form the first electrode 218. For example, the third pad elec-
trode layers 226pc and 227pc may be formed from one of
molybdenum titanium MoTi, titanium Ti or an alloy thereof.
[0193] Also, the passivation layer 215¢ may be formed in
such a manner as to expose upper surfaces of the third pad
electrode layers 226pc and 227pc of the pad electrodes 226p
and 227p. In other words, the passivation layer 215¢ may be
formed in such a manner as to surround edges of the upper
surfaces of the pad electrodes 226p and 227p. As such, any
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corrosion of the sides of the pad electrodes 226p and 227p
may be prevented. For example, the passivation layer 215¢
may be formed in such a manner as to cover sides of the first
pad electrode layers 226pc and 227pa , the second pad elec-
trode layers 226pb and 227pb and the third pad electrode
layers 226pc and 227pc, and at least some portions of the
upper surfaces of the third pad electrode layers 226pcand
227pc.

[0194] Hereinafter, a method of fabricating an OLED dis-
play device according to the second embodiment of the
present invention having the configuration will be described
in detail with reference to the accompanying drawings.
[0195] FIGS. 6A to 6] are sectional views sequentially
illustrating a method of fabricating the OLED display device
according to the second embodiment illustrated in FIG. 5A,
which sequentially illustrates a method of fabricating a TFT
substrate of a display area.

[0196] And, FIGS. 7A to 7G are sectional views sequen-
tially illustrating a method of fabricating the OLED display
device according to the second embodiment illustrated in
FIG. 5B, which sequentially illustrates a method of fabricat-
ing a TFT substrate of a pad area.

[0197] As illustrated in FIGS. 6A and 7A, a substrate 210
which is made of an insulating material, such as a transparent
glass material, transparent plastic with high flexibility, a poly-
mer film or the like is provided.

[0198] Although not illustrated, a TFT and a storage
capacitor are formed on each of red, green and blue sub pixels
of the substrate 210.

[0199] First, a buffer layer is formed on the substrate 210.
[0200] Here, the buffer layer may be formed to protect the
TFT from impurities such as alkaline ion discharged from the
substrate 110 during crystallization of a semiconductor layer.
The buffer layer may be made of silicon dioxide.

[0201] Next, a semiconductor thin film is formed on the
substrate 210 having the buffer layer.

[0202] The semiconductor thin film may be made of amor-
phous silicon, polycrystalline silicon, or oxide semiconduc-
tor.

[0203] Here, the polycrystalline silicon may be generated
by employing various crystallization methods after deposit-
ing amorphous silicon on the substrate 210. When the oxide
semiconductor is used as the semiconductor thin film, the
oxide semiconductor may be deposited, followed by a prede-
termined thermal treatment therefor.

[0204] Afterwards, the semiconductor thin film is selec-
tively removed through a photolithography process to form a
semiconductor layer 224, which is formed of the semicon-
ductor thin film, on the substrate 210 of the display area.
[0205] As illustrated in FIGS. 6B and 7B, a gate insulating
layer 215a and a first conductive layer are formed on the
substrate 210 having the semiconductor layer 224.

[0206] Thegateinsulating layer 215a may be formed onthe
entire surface of the substrate 210 provided with the semicon-
ductor layer 224.

[0207] The first conductive layer may be provided to form
a gate line, and made of a low-resistant opaque conductive
material, such as aluminum (Al), copper (Cu), molybderum
(Mo), chrome (Cr), gold (Au), titanium (Ti), nickel (Ni),
neodymium (Nd) or alloy thereof. However, these materials
may have a multi-layered structure including two conductive
layers which exhibit different physical properties. One of the
conductive layers may be made of a metal with low resistivity,
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for example, aluminum-based metal, silver-based metal, cop-
per-based metal or the like, so as to reduce a signal delay ora
voltage drop.

[0208] Afterwards, the first conductive layer is selectively
removed through the photolithography process. Accordingly,
a gate line including a gate electrode 221, which is made of
the first conductive layer, and a lower sustaining electrode
209 are formed on the substrate 210 of the display area, and
also a gate pad line 216p and a data pad line 217p, which are
formed of the first conductive layer, are formed on the sub-
strate 210 on a pad area.

[0209] The gate electrode 221 may be formed in such a
manner as to overlap with the semiconductor layer 224 within
the display area.

[0210] The gate pad line 216p and the gate line may be
formed in a single body united with each other.

[0211] Although the gate electrode 221, the gate line, the
lower sustaining electrode 209 and the gate pad line 216p are
formed in a single layer, they may be formed in a multi-
layered structure including at least two layers.

[0212] However, the present invention may not be limited
to this. The gate line including the semiconductor layer 224
and the gate electrode 221, the lower sustaining electrode
209, the gate pad line 216p and the data pad line 217p may be
simultaneously formed through one photolithography pro-
cess.

[0213] Also, the lower gate insulating layer 215a may also
be patterned together during patterning of the gate line having
the gate electrode 221, the lower sustaining electrode 209, the
gate pad line 216p and the data pad line 217p.

[0214] Next, as illustrated in FIGS. 6C and 7C, an inter-
layer insulating layer 2156, which is made of silicon nitride or
silicon dioxide is formed on the entire surface of the substrate
210 having the gate line having the gate electrode 221, the
lower sustaining electrode 209, the gate pad line 216p and the
data pad line 217p.

[0215] Theinter-layer insulating layer 2155 may be formed
on entire surface of the substrate 210.

[0216] The inter-layer insulating layer 2155 and the gate
insulating layer 215a are selectively patterned through the
photolithography. Accordingly, a first contact hole 250a is
formed such that a source/drain area of the semiconductor
layer 224 is exposed therethrough, and also a second contact
hole 2505 and a third contact hole 250¢ are formed, respec-
tively, such that parts of the gate pad line 216p and the data
pad line 217p are exposed therethrough.

[0217] As illustrated in FIGS. 6D and 7D, after forming a
second conductive layer, a third conductive layer and a fourth
conductive layer on the entire surface of the substrate 210
having the inter-layer insulating layer 2155, the second, third
and fourth conductive layers are selectively removed through
the photolithography process, thereby forming on the sub-
strate 210 of the display area a data wiring (namely, source
and drain electrodes 222 and 223, a driving voltage line, a data
line and an upper sustaining electrode 219), which is made of
the second, third and fourth conductive layers. That is, the
data wiring may be formed in a multi-layered structure. For
example, the data wiring may be formed in a three-layered
structure.

[0218] The source electrode 222 may include a first source
electrode layer 2224, a second source electrode layer 2225
and a third source electrode layer 222¢. The drain electrode
223 may include a first drain electrode layer 2234, a second
drain electrode layer 2235 and a third drain electrode layer
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223c¢. The upper sustaining electrode 219 may include aupper
sustaining electrode layer 2194, a second upper sustaining
electrode layer 2195 and a third upper sustaining electrode
layer 219¢.

[0219] Simultaneously, on the substrate 210 of the pad area
is formed pad electrodes (namely, a gate pad electrode 226p
and a data pad electrode 227p), which is made of the second,
third and fourth conductive layers.

[0220] The gate pad electrode 226p may include a first gate
pad electrode layer 226pa, a second gate pad electrode layer
226pb and a third gate pad electrode layer 226pc.

[0221] Thedata pad electrode 227p may include a first data
pad electrode layer 227pa, a second data pad electrode layer
227p and a third data pad electrode layer 227pc.

[0222] Here, the third conductive layer is made of a low-
resistant opaque conductive material, such as aluminum (Al),
copper (Cu), molybdenum (Mo), chrome (Cr), gold (Au),
titanium (T1), nickel (Ni), neodymium (Nd), or alloy thereof,
in order to form the middle data line and pad electrode.
However, these may have a multi-layered structure including
two conductive layers which exhibit different physical prop-
erties. Specifically, in the second embodiment of the present
invention, the third conductive layer may be made of Cu that
can be etched by an etchant for etching Ag or Ag alloy.

[0223] Also, the second conductive layer may be made of
MoTi in order to form the lower data line and the lower pad
electrode. However, the present invention may not be limited
to this. The second conductive layer may also be made of any
other material ifit can increase a contact characteristic with a
lower layer. For example, the second conductive layer may be
formed from one of molybdenum titanium Mo, titanium Ti
or an alloy thereof.

[0224] Here, the fourth conductive layer may be made of
molybdenum titanium MoTj, titanium Ti or an alloy thereofin
order to form the upper data line and pad electrode. However,
the present invention may not be limited to this. The fourth
conductive layer may also be made of any other material if it
can be used as an etch stopper of an etchant for etching Ag or
Ag alloy and may not be corroded by external moisture and
oxygen. For example, the fourth conductive layer may be
formed from one of molybdenum titanium Mo, titanium Ti
or an alloy thereof.

[0225] In this manner, a source electrode 222 which has a
three-layered structure of the first source electrode layer
222a, the second source electrode layer 2226 and the third
source electrode layer 222¢, and a drain electrode 223 which
has a three-layered structure of the first drain electrode layer
223a, the second drain electrode layer 2235 and the third
drain electrode layer 223¢may be formed on the substrate 210
of the display area.

[0226] Also, a upper sustaining electrode 219, which has a
three-layered structure of the first upper sustaining electrode
layer 2194, the second upper sustaining electrode layer 2196
and the third upper sustaining electrode layer 219¢ may be
formed on the lower sustaining electrode 209.

[0227] Simultaneously, a gate pad electrode 226p which
has a three-layered structure of the first gate pad electrode
layer 226pa, the second gate pad electrode layer 226pband
the third gate pad electrode layer 226pc, and a data pad
electrode 227p which has a three-layered structure of the first
data pad electrode layer 227pa, the second data pad electrode
layer 227pb and the third data pad electrode layer 227pc may
be formed on the substrate 210 of the pad area.
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[0228] Here, the data wiring and the pad electrode accord-
ing to the second embodiment of the present invention may
have the three-layered structure of MoTi/Cu/MoTi.

[0229] Here, the source and drain electrodes 222 and 223
are electrically connected to the source/drain area of the semi-
conductor layer 224 through the first contact hole. The upper
sustaining electrode 219 overlaps a part of the lower sustain-
ing electrode 209 with interposing the inter-layer insulating
layer 2155 therebetween, thereby forming a storage capaci-
tor.

[0230] The gate pad electrode 226p and the data pad elec-
trode 227p are electrically connected to the lower gate pad
line 216p and data pad line 217p through the second and third
contact holes, respectively.

[0231] Afterwards, as illustrated in FIGS. 6E and 7E, a
passivation layer 215¢ which is made of silicon nitride or
silicon dioxide is formed on the substrate 210 of the display
area on which the source and drain electrodes 222 and 223,
the driving voltage line, the data line, the upper sustaining
electrode 219, the gate pad electrode 226p and the data pad
electrode 227p are formed.

[0232] The passivation layer 215¢ may be formed on the
entire surface of the substrate 210.

[0233] Here, a planarization layer 2154 made of an organic
insulating material may be formed on the passivation layer
215¢, but the present invention may not be limited to this. The
passivation layer may also function as the planarization layer.

[0234] Such the planarization layer may be formed using
one of a halftone mask and a refractive mask. In this case, an
insulation layer having a first planarization pattern 2154" with
the large thickness and a second planarization pattern 2154"
with the small thickness may be formed on the entire surface
of the substrate 210. In other words, the first planarization
pattern 2154" may be formed to have a larger height than that
of the second planarization pattern 2154

[0235] The first planarization pattern 2154" with the large
thickness may be formed in the display area, and the second
planarization pattern 2154" with the small thickness may be
formed in the pad area.

[0236] Then, as illustrated in FIGS. 6F and 7F, the passiva-
tion patterns 2154" and 2154" are selectively patterned
through the photolithography process, thereby forming a
fourth contact hole 2504 through which the drain electrode
223 is exposed, and an open hole H through which parts of the
gate pad electrode 226p and the data pad electrode 227p are
externally exposed.

[0237] As illustrated in FIGS. 6F and 7G, the second pla-
narization pattern 2154" with the small thickness is removed.
At the same time, the first planarization pattern 2154 with the
large thickness is removed by the thickness of the second
planarization pattern 2154", thereby forming a planarization
layer 215d. In other words, when an ashing process is per-
formed for the first planarization pattern 2154 with the large
thickness can remain even though the second planarization
pattern 2154" with the small thickness is completely
removed.

[0238] The first planarization pattern 2154" remaining after
the ashing process may become the planarization layer 2154.
As such, the planarization layer 2154 may be formed in the
display area without the pad area. In accordance therewith,
the passivation layer 215¢ within the pad area may be
exposed.
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[0239] Next, as illustrated in FIG. 6G, fifth to seventh con-
ductive layers are formed onthe entire surface of the substrate
210 having the planarization layer 215d.

[0240] However, the present invention may not be limited
to this. For example, the fifth conductive layer may also be
formed as a single layer on the entire surface of the substrate
210 having the planarization layer 215d.

[0241] The fifth conductive layer and the seventh conduc-
tive layer may be made of a transparent conductive material,
such as ITO or IZO.

[0242] The sixth conductive layer may be made of alumi-
num (Al), silver (Ag), gold (Au), platinum (Pt), chrome (Cr)
or alloy thereof.

[0243] Afterwards, by selectively patterning the fifth to
seventh conductive layers through the photolithography pro-
cess, a first electrode 218 and an auxiliary electrode 225 made
of the fifth to seventh conductive layers are formed.

[0244] Here, the first electrode 218 may include a first
electrode layer 218a, a second electrode layer 2186 and a
third electrode layer 218¢ which are made of the fifth to
seventh conductive layers, respectively.

[0245] The first electrode layer 218a may increase the
adhesive strength of the second electrode layer 1185. For
example, the first electrode layer 218¢ may be formed of
Indium Tin Oxide (ITO) or Indium Zinc Oxide (IZ0).
[0246] The second electrode layer 2185 may be a reflection
layer made of a metal with high reflectivity.

[0247] Thethird electrode layer 218¢ may have a high work
function. As such, the first electrode 218 may be used as the
anode electrode. Such a third electrode layer 218¢ may be a
transparent conductive layer. For example, the third electrode
layer 218¢ may be formed from ITO or IZO.

[0248] If the gate pad electrode 226p and the data pad
electrode 227p are externally exposed at the formation of the
first electrode 218, the gate pad electrode 226p and the data
pad electrode 227p must be affected by an etchant for the first
electrode 218. However, the third gate pad electrode layer
226pc and the third data pad electrode layer 227pc made of
molybdenum titanium MoTi, titanium Ti or an alloy thereof,
cannot be etched by the etchant for etching Ag or Ag alloy at
the patterning of the first electrode 218.

[0249] In order to pattern the first electrode 218 formed of
an Ag alloy, a phosphoric acid-based etchant, a nitric acid-
based etchant, a phosphoric acid+nitric acid-based etchant, a
phosphoric acid+acetic acid-based etchant, a nitric acid+ace-
tic acid-based etchant, or a phosphoric acid+nitric acid+ace-
tic acid-based etchant may be used. Moreover, in order to
pattern the first electrode 218, an etchant that does not contain
hydrofluoric acid potassium and hydrogen peroxide may be
used.

[0250] For reference, Ag may be etched by phosphate or a
nitrate anion (according to the following chemical reactions)
so as to be precipitated.

2Ag+NO, +3H —2Ag"+HNO,+H,0

2Ag+N;PO +2H —2Ag +H;PO+2H,0

[0251] MoTi cannot be etched by the etchant for etching Ag
or Ag alloy. In case of MoTi or Ti, a component of H,O,, F is
required to be included in the etchant in order to perform the
desired etching process.

[0252] An oxidation process with respect to H,O,-based
materials (or H,0, group) is as follows.

Mo+3H,0,=Mo0,+31,0
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Ti+2H,0,~Ti0,+2H,0

[0253] And, MoO; and TiO, are dissolved and etched by F~
ions as follows.

MoO3+3KHF,—~MoF ++3KOH

TiO,+2KHF, —TiF ,+2KOH

[0254] Alternatively, instead of forming an openhole (H) in
the passivation layer 215¢ of the pad area, the open hole (H)
may be formed in the passivation layer 215¢ using a photo-
resist pattern to form the bank. It may help prevent damage to
the pad electrodes 226p and 227p by the patterning of the first
electrode 218.

[0255] The auxiliary electrode 225 may include a first aux-
iliary electrode layer 2254, a second auxiliary electrode layer
225b and a third auxiliary electrode layer 225¢ which are
made of the fifth to seventh conductive layers, respectively.
[0256] The first electrode 218 as an anode may be electri-
cally connected to the drain electrode 223 of the driving TFT
through the fourth contact hole.

[0257] Also, the first electrode 218 is formed on the sub-
strate 210 to correspond to each of red, green and blue sub
pixels.

[0258] Next, as illustrated in FIG. 6H, a predetermined
bank 215¢ is formed on the substrate 210 of the display area
having the first electrode 218 and the auxiliary electrode 225.
[0259] Here, the bank 215e defines an opening by sur-
rounding an edge region of the first electrode 218 like a bank
and is made of an organic or inorganic insulating material.
The bank 215e may also be made of a photosensitive material
containing black pigments, and in this instance, the bank 215¢
may serve as a shielding member.

[0260] Also, the bank 215e further includes a second open-
ing through which the auxiliary electrode 225 is partially
exposed.

[0261] Here, as described above, after the open hole (H)
exposing the pad electrodes 226p and 227p is formed by using
the photoresist pattern as a mask, the bank 215e for exposing
apart ofthe first electrode 218 may be formed. In this case, the
bank 215e may be formed by re-patterning the photoresist
pattern using an additional mask process.

[0262] Alternatively, the bank 215¢ may be formed by par-
tially removing the photoresist pattern without any additional
mask process.

[0263] Asillustrated in FIG. 61, a barrier wall 235 is formed
on the substrate 210 having the bank 215e.

[0264] The barrier wall 235 is located on the auxiliary
electrode 225.
[0265] Here, the barrier wall 235 may have a reverse taper-

ing shape that its section is reduced from top to bottom
thereof. For example, an angle formed by a side surface of the
barrier wall 235 and the auxiliary electrode 225 may be in the
range of 20 to 80°. This reverse tapering shape having the
angle at the side surface may derive a shading effect to be
explained later.

[0266] Next, as illustrated in FIG. 6], an organic compound
layer 230 is formed on the substrate 210 having the barrier
wall 235 by way of evaporation.

[0267] In this instance, the barrier wall 235 forms an elec-
trode contact hole, through which the auxiliary electrode 225
is exposed, on the organic compound layer 230. The organic
compound layer 230 is formed on the top the barrier wall 235,
and not formed below the top of the barrier wall 235 by the
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shading effect. Accordingly, the electrode contact hole is
formed through the organic contact hole 230.

[0268] To this end, although not illustrated, a hole injection
layer and a hole transport layer are sequentially formed on the
substrate 210.

[0269] Here, the hole injection layer and the hole transport
layer are commonly formed on each of the red, green and blue
sub pixels, so as to allow for smooth injection and transport of
the holes. Here, one of the hole injection layer and the hole
transport layer may be omitted.

[0270] Next, a light-emitting layer is formed on the sub-
strate 210 having the hole transport layer.

[0271] Here, the light-emitting layer may include a red
light-emitting layer, a green light-emitting layer and a blue-
light emitting layer to correspond to the red, green and blue
sub pixels.

[0272] An electron transport layer is then formed on the
substrate 210 having the light-emitting layer.

[0273] Here, the electron transport layer is commonly
formed on each of the red, green and blue sub pixels on the
light-emitting layer, so as to allow for smooth transport of the
electrons.

[0274] Here, an electron injection layer for smooth injec-
tion of the electrons may further be formed on the electron
transport layer.

[0275] A second electrode 228 made of an eighth conduc-
tive layer is formed on the substrate 210 having the electron
transport layer in a sputtering manner.

[0276] Here, the eighth conductive layer is deposited even
to a lower portion of the barrier wall 235 such that the second
electrode 228 can come in contact with the auxiliary electrode
225,

[0277] The thusly-fabricated OLED is encapsulated by a
predetermined thin film encapsulation layer.

[0278] A polarization film for reducing reflection of exter-
nal light of the OLED display device so as to improve a
contrast ratio may be provided on the thin film encapsulation
layer.

[0279] FIGS. 8A and 8B are sectional views schematically
illustrating a partial structure of an OLED display device in
accordance with a third embodiment of the present invention.
[0280] Here, the configuration of the OLED display device
in accordance with the third embodiment of the present inven-
tion (except for a gate pad electrode and a data pad electrode
formed of a gate wiring and a data wiring, respectively, in a
layer of the gate wiring) is substantially the same as the
configuration of the aforementioned OLED display device in
accordance with the second embodiment of the present inven-
tion.

[0281] FIG. 8A illustrates one exemplary sub pixel includ-
ing a TFT part and a capacitor forming part of an OLED
display device, and FIG. 8B sequentially illustrates parts of a
gate pad area and a data pad area.

[0282] Specifically, FIG. 8A illustrates one exemplary sub
pixel of a top emission type OLED display device using a
coplanar TFT, but the present invention may not be limited to
the coplanar TFT.

[0283] Referring to FIG. 8A, the top emission type OLED
display device according to the third embodiment of the
present invention includes a substrate 310, a driving TFT DT,
an OLED and an auxiliary electrode line VSSLa. But it is not
limited to this. The present invention may not include the
auxiliary electrode line VSSLa.
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[0284] First, as the same as the first and second embodi-
ments, the driving TFT DT includes a semiconductor layer
324, a gate electrode 321, a source electrode 322 and a drain
electrode 323.

[0285] The semiconductor layer 324 is formed on a sub-
strate 310 which is made of an insulating material, such as
silicon Si, glass, transparent plastic or a polymer film. But it
is not limited to this. In other words, the substrate 310 may be
formed from any material capable of supporting pluralities of
layers and elements.

[0286] The semiconductor layer 324 may be made of amor-
phous silicon or polycrystalline silicon with crystallized
amorphous silicon.

[0287] Here, a buffer layer may further be located between
the substrate 310 and the semiconductor layer 324. The buffer
layer may be formed to protect the TFT from impurities such
as alkaline ion discharged from the substrate 310 during
crystallization of the semiconductor layer 324.

[0288] A gate insulating layer 3154 which is made of sili-
con nitride (SiNXx) or silicon dioxide (Si0,) is formed on the
semiconductor layer 324, and a gate line including the gate
electrode 321 and a lower sustaining electrode 309 are formed
on the gate insulating layer 315a.

[0289] The gateinsulating layer 315a may be formed in the
display area and the pad area. In other words, the gate insu-
lating layer 315a may be formed on the entire surface of the
substrate 310 provided with the semiconductor layer 324. But
it is not limited to this.

[0290] The gate electrode 321 may be formed in such a
manner as to overlap with the semiconductor layer 324 within
the display area.

[0291] The gate electrode 321 and the gate line may be
formed in a single body united with each other.

[0292] The gate electrode 321, the gate line and the lower
sustaining electrode 309 may be formed in a multi-layered
structure including at least two layers.

[0293] For example, the gate electrode 321 may have a
three-layered structure of a first gate electrode 321a, a second
gate electrode 3215 and a third gate electrode 321¢. The lower
sustaining electrode 309 may also have a three-layered struc-
ture of a first lower sustaining electrode 3094, a second lower
sustaining electrode 3094 and a third lower sustaining elec-
trode 309¢.

[0294] The first gate electrode 321a and the first lower
sustaining electrode 309¢ may be formed from the same
material. Also, the first gate electrode 321a and the first lower
sustaining electrode 309a may increase adhesive strengths of
the second gate electrode 3215 and the second lower sustain-
ing electrode 3095, respectively.

[0295] For example, the first gate electrode 321a and the
first lower sustaining electrode 309¢ may be formed from one
of molybdenum titanium MoTi, titanium Ti or an alloy
thereof.

[0296] The second gate electrode 3215 and the second
lower sustaining electrode 3095 may be formed from the
same material. Also, the second gate electrode 3215 and the
second lower sustaining electrode 3095 may be formed from
a low resistive material. For example, the second gate elec-
trode 321b and the second lower sustaining electrode 3095
may be formed from one selected from a material group
which includes aluminum Al, tungsten W, copper Cu, silver
Ag, molybdenum Mo, chromium Cr, tantalum Ta, titanium
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Ti, or alloys thereof. Preferably, the second gate electrode
32154 and the second lower sustaining electrode 3095 may be
formed from copper Cu.

[0297] The third gate electrode 321¢ and the third lower
sustaining electrode 309¢ may be formed from the same
material. Also, the third gate electrode 321¢ and the third
lower sustaining electrode 309¢ may be formed from a mate-
rial which is not corroded by moisture and oxygen in spite of
being exposed to the exterior. For example, the third gate
electrode 321¢ and the third lower sustaining electrode 309¢
may be formed from one of molybdenum titanium MoTi,
titanium Ti or an alloy thereof.

[0298] For example, the gate wiring according to the third
embodiment of the present invention may have a three-lay-
ered structure of MoTi/Cu/MoTi.

[0299] An inter-layer insulating layer 3154 which is made
of silicon nitride or silicon dioxide is provided on the gate
electrode 321, the gate line and the lower sustaining electrode
309. On the inter-layer insulating layer 3155 are provided a
data line, a driving voltage line, source and drain electrodes
322 and 323 and a upper sustaining electrode 319.

[0300] Also, a plurality of contact holes may be formed in
the inter-layer insulating layer 3155.

[0301] The source electrode 322 and the drain electrode
323 are spaced apart from each other by a predetermined
interval, and electrically connected to the semiconductor
layer 324. In more detail, a semiconductor layer contact hole
through which the semiconductor layer 324 is exposed is
formed through the gate insulating layer 3154 and the inter-
layer insulating layer 3155, such that the source and drain
electrodes 322 and 323 are electrically connected to the semi-
conductor layer 324.

[0302] The source electrode 322 and the data line may be
formed in a single body united with each other.

[0303] Here, the upper sustaining electrode 319 overlaps a
part of the lower sustaining electrode 309 with the inter-layer
insulating layer 3155 interposed therebetween, thereby form-
ing a storage capacitor.

[0304] Here, the data line, the driving voltage line, the
source and drain electrodes 322 and 323 and the upper sus-
taining electrode 319 according to the third embodiment of
the present invention may have a multi-layered structure with
three layers or more.

[0305] That is, the source electrode 322 may have a three-
layered structure of a first source electrode layer 322a, a
second source electrode layer 3225 and a third source elec-
trode layer 322¢, and the drain electrode 323 may have a
three-layered structure of a first drain electrode layer 3234, a
second drain electrode layer 3235 and a third drain electrode
layer 323c.

[0306] Theupper sustaining electrode 319 may also have a
three-layered structure of a first upper sustaining electrode
layer 319a, a second upper sustaining electrode layer 31954
and a third upper sustaining electrode layer 319¢.

[0307] The first source electrode layer 322a, the first drain
electrode layer 323¢ and the first upper sustaining electrode
layer 3194 may be formed from the same material. Also, the
first source electrode layer 3224, the first drain electrode layer
3234 and the first upper sustaining electrode layer 319a may
increase adhesive strengths of the second source electrode
layer 3225, the second drain electrode layer 3235 and the
second upper sustaining electrode layer 3195.

[0308] For example, the first source electrode layer 3224,
the first drain electrode layer 323a and the first upper sustain-
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ing electrode layer 319a may be formed from one of molyb-
denum titanium MoTi, titanium Ti or an alloy thereof.
[0309] The second source electrode layer 322, the second
drain electrode layer 3235 and the second upper sustaining
electrode layer 3195 may be formed from the same material.
Also, the second source electrode layer 3225, the second
drain electrode layer 3235 and the second upper sustaining
electrode layer 31956 may be formed from a low resistive
material. For example, the second source electrode layer
3225, the second drain electrode layer 3235 and the second
upper sustaining electrode layer 3196 may be formed from
one selected from a material group which includes aluminum
Al, tungsten W, copper Cu, silver Ag, molybdenum Mo, chro-
mium Cr, tantalum Ta, titanium Ti, or alloys thereof. Prefer-
ably, the second source electrode layer 322, the second drain
electrode layer 3235 and the second upper sustaining elec-
trode layer 3195 may be formed from copper Cu.

[0310] Thethird source electrode layer 322¢, the third drain
electrode layer 323c¢ and the third upper sustaining electrode
layer 319¢ may be formed from the same material. Also, the
third source electrode layer 322¢, the third drain electrode
layer 323¢ and the third upper sustaining electrode layer 319¢
may be formed from a material which is not corroded by
moisture and oxygen in spite of being exposed to the exterior.
For example, the third source electrode layer 322¢, the third
drain electrode layer 323¢ and the third upper sustaining
electrode layer 319¢ may be formed from one of molybde-
num titanium MoTi, titanium Ti or an alloy thereof.

[0311] For example, the data wiring according to the third
embodiment of the present invention may have a three-lay-
ered structure of MoTi/Cu/MoTi.

[0312] A passivation layer 315¢ and a planarization layer
3154 are provided on the substrate 310 having data line, the
driving voltage line, the source and drain electrodes 322 and
323 and the upper sustaining electrode 319. The passivation
layer 315¢ may be formed on the entire surface of the sub-
strate 310 including both of the display area and the pad area.
The planarization layer 3154 may be formed on the display
area in which the TFT is formed.

[0313] Next, the OLED may include a first electrode 318,
an organic compound layer 330 and a second electrode 328.
[0314] The OLED is electrically connected to the driving
TFT DT. In more detail, a drain contact hole through which
the drain electrode 323 of the driving TFT DT is exposed is
formed through the passivation layer 315¢ and the planariza-
tion layer 3154 which are located on the driving TFT DT.
[0315] That is, the first electrode 318 is provided on the
planarization layer 3154, and electrically connected to the
drain electrode 323 of the driving TFT DT through the drain
contact hole.

[0316] The first electrode 318 is to supply a current (or a
voltage) to the organic compound layer 330, and defines a
light-emitting region with a predetermined area (or size).
[0317] The first electrode 318 serves as an anode. Accord-
ingly, the first electrode 318 may include a transparent con-
ductive material with a relatively great work function. Also,
the first electrode 318 may be formed in a multi-layered
structure including a plurality of electrode layers. For
example, the first electrode 318 may be formed in a three-
layered structure which is prepared by sequentially stacking a
first electrode layer 318a. a second electrode layer 3185 and
third electrode layer 318c.

[0318] The first electrode layer 3182 may increase the
adhesive strength of the second electrode layer 3185. The first
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electrode layer 318a may be formed of Indium Tin Oxide
(ITO) or Indium Zinc Oxide (IZ0). To improve reflectivity,
the second electrode layer 3185 may be a reflection layer
made of a metal with high reflectivity. Examples of the metal
having the high reflectivity may include aluminum (Al), sil-
ver (Ag), gold (Au), platinum (Pt), chrome (Cr) or alloy
thereof.

[0319] Thethird electrode layer 318¢ may have a high work
function. As such, the first electrode 318 may be used as the
anode electrode. Such a third electrode layer 318¢c may be a
transparent conductive layer. For example, the third electrode
layer 318¢ may be formed from ITO or 1Z0. However, the
present invention may not be limited to this.

[0320] A bank 315e is formed on the substrate 310 having
the first electrode 318. Here, the bank 315e¢ defines a first
opening by surrounding an edge of the first electrode 318 like
a bank. The bank 315¢ may be made of an organic or inor-
ganic insulating material. The bank 315¢ may also be made of
a photosensitive material containing black pigments. In this
instance, the bank 315e serves as a shielding member.
[0321] Thebank 315¢ may be formed to surround edges of
the first electrode 318. As such, any corrosion of the edges of
the first electrode 318 may be prevented.

[0322] Here, in the third embodiment of the present inven-
tion, the bank 315e further include a second opening through
which an auxiliary electrode 325 to be explained later is
partially exposed.

[0323] The organic compound layer 330 is provided
between the first electrode 318 and the second electrode 328.
[0324] Here, FIG. 8A illustrates an example that the
organic compound layer 330 is formed on an entire surface of
the substrate 310. However, the present invention may not be
limited to this. The organic compound layer 330 may also be
formed on the first electrode 318.

[0325] Although it is shown in FIG. 8A that the organic
compound layer 330 is formed in a single layer, the organic
compound layer 330 is not limited to this. The organic com-
pound layer 330 may have a multi-layered structure including
a light-emitting layer to emit light and an auxiliary layer for
improving light-emission efficiency of the light-emitting
layer.

[0326] The second electrode 328 is formed on the organic
compound layer 330 to supply electrons to the organic com-
pound layer 330.

[0327] The second electrode 328 serves as a cathode.
Accordingly, the second electrode 328 may be made of a
transparent conductive material. An example of the transpar-
ent conductive material may include ITO or IZO. The second
electrode 328 may further include a metal layer which is
provided at a side contactable with the organic compound
layer 330 and is formed of a metal with a low work function.
Examples of the metal with the low work function may
include magnesium (Mg), silver (Ag) and a compound
thereof.

[0328] As the same as the first and second embodiments of
the present invention, an auxiliary electrode line VSSLa and
the first electrode 318 are provided on the same layer to
reduce resistance of the second electrode 328. Here, the aux-
iliary electrode line VSSLa includes the auxiliary electrode
325 and the barrier wall 335.

[0329] The auxiliary electrode 325 and the first electrode
318 are formed on the same layer. The auxiliary electrode 325
is spaced apart from the first electrode 318. For example, the
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auxiliary electrode 325 may extend long in one direction to be
connected to an external VSS pad.

[0330] The auxiliary electrode 325 may be implemented
into a three-layered structure of a first auxiliary electrode
layer 3254, a second auxiliary electrode layer 325 and a third
auxiliary electrode layer 325¢, as substantially the same as the
structure of the first electrode 318. In this instance, upon
depositing the second electrode 328, the second electrode 328
may come in contact directly with the third auxiliary elec-
trode layer 325¢ of the auxiliary electrode 325. That is, the
second electrode 328 is deposited even to a lower portion of
the barrier wall 335 so as to come in contact with the auxiliary
electrode 325. However, the present invention may not be
limited to this.

[0331] The barrier wall 335 is located on the auxiliary
electrode 325.
[0332] Here, the barrier wall 335 may have a tapering shape

that its cross-section is reduced from top to bottom thereof.
For example, an angle formed by a side surface of the barrier
wall 335 and the auxiliary electrode 325 may be in the range
of 20 to 80°. This reverse tapering shape having the angle at
the side surface may derive a shading effect to be explained
later.

[0333] Thebarrier wall 335 forms an electrode contact hole
through the organic compound layer 330 so as to expose the
auxiliary electrode 325 therethrough. The organic compound
layer 330 is formed on a top of the barrier wall 335, but not
formed below the barrier wall 335 by the shading effect.
Accordingly, the electrode contact hole is formed through the
organic compound layer 330.

[0334] The organic compound layer 330 and the second
electrode 328 are sequentially stacked (laminated) on the
barrier wall 335.

[0335] The pad area is an edge area of the TFT substrate
310 having the display area. The pad area includes a gate pad
area and a data pad area.

[0336] Referring to FIG. 8B, a gate pad electrode 326p and
a data pad electrode 327p which are electrically connected to
agateline and a data line, respectively, are located on the gate
pad area and the data pad area. The gate pad electrode 326p
and the data pad electrode 327p transfer a scan signal and a
data signal applied from an external driving circuit to the gate
line and the data line, respectively.

[0337] That is, the gate line and the data line extend toward
the driving circuit to be connected to corresponding gate pad
line 316p and data pad line 317p, respectively. The gate pad
line 316p and the data pad line 317p are electrically connected
to the gate pad electrode 326p and the data pad electrode
327p, respectively. Therefore, the gate line and the data line
receive the scan signal and the data signal, respectively, from
the driving circuit through the gate pad electrode 326p and the
data pad electrode 327p.

[0338] Thegatepad electrode 326p and the gate line may be
formed in a single body united with each other.

[0339] Moreover, the gate pad electrode 326p may be
formed through the same process as the gate line and the gate
electrode 321.

[0340] Thedata pad electrode 327p and the data line may be
formed in a single body united with each other.

[0341] Also, the data pad electrode 327p may be formed

through the same process as the data line and the source and
drain electrodes 322 and 323.
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[0342] An open hole H exposing the gate pad electrode
326p and the data pad electrode 327p may be formed in the
inter-layer insulating layer 315b and the passivation layer
315¢ of the pad area.

[0343] Then, the gate pad electrode 326p and the data pad
electrode 327p according to the third embodiment of the
present invention are formed on the same layer as the gate
wiring of the display area, here have substantially the same
three-layered structure as the gate wiring and the data wiring,
respectively, for example the three-layered structure of MoTi/
Cu/MoTi.

[0344] That is, in the third embodiment of the present
invention, the three-layered structure of MoTi/Cu/MoTi hav-
ing etch selectivity with respect to an etchant for etching Ag
or Ag alloy is applied to the gate pad electrode 326p and the
data pad electrode 327p of the pad area, and also parts of the
gate pad electrode 326p and the data pad electrode 327p are
externally exposed by forming an open hole H during pattern-
ing of the passivation layer 315¢.

[0345] Inthisinstance, the upper MoTi may serve as an etch
stopper of the etchant for etching Ag or Ag alloy.

[0346] As described above, in order to pattern the first
electrode 318, a phosphoric acid-based etchant, a nitric acid-
based etchant, a phosphoric acid+nitric acid-based etchant, a
phosphoric acid+acetic acid-based etchant, a nitric acid+ace-
tic acid-based etchant, or a phosphoric acid+nitric acid+ace-
tic acid-based etchant may be used. Also, in order to pattern
the first electrode 318, an etchant that does not contain
hydrofluoric acid potassium and hydrogen peroxide may be
used.

[0347] Here, the gate pad electrode 326p according to the
third embodiment of the present invention may have the
three-layered structure of a first gate pad electrode layer
326pa, a second gate pad electrode layer 326pb and a third
gate pad electrode layer 326pc, and the data pad electrode
327p may have the three-layered structure of a first data pad
electrode layer 327pa, a second data pad electrode layer
327pb and a third data pad electrode layer 327pc.

[0348] The lowermost layers, i.e. the first gate pad elec-
trode layer 326pa and the first data pad electrode layer 327pa
may be an adhesion promoting layer increasing the adhesive
strength of the second gate pad electrode layer 326pb and the
second data pad electrode layer 327pb.

[0349] The second gate pad electrode layer 326pb and the
second data pad electrode layer 327pb may be formed from a
low resistive material compared with the first gate pad elec-
trode layer 326pa, the first data pad electrode layer 327pa and
the third gate pad electrode layer 326pc, the third data pad
electrode layer 327pc.

[0350] As described above, the uppermost third pad elec-
trode layers 326pc and 327pc may be formed from a material
which is not corroded by oxygen and moisture, even though
they are externally exposed. In other words, the third pad
electrode layers 326pc¢ and 327pc may be formed from a
material being not etched by an etchant which may be used to
form the first electrode 318. For example, the third pad elec-
trode layers 326pc and 327pc may be formed from one of
molybdenum titanium MoTi, titanium Ti or an alloy thereof.
[0351] Also, the passivation layer 315¢ may be formed in
such a manner as to expose upper surfaces of the third pad
electrode layers 326pc and 327pc of the pad electrodes 326p
and 327p. In this case, the passivation layer 315¢ may be
formed in such a manner as to cover entire surfaces of the pad
electrodes 326p and 327p except for the exposed third pad
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electrode layers 326pc and 327pc. As such, any corrosion of
the sides of the third pad electrode layers 326pc and 327pc
may be prevented. For example, the passivation layer 315¢
may be formed in such a manner as to cover sides of the first
pad electrode layers 326pa and 327pa, the second pad elec-
trode layers 326pb and 327pb and the third pad electrode
layers 326pc and 327pc, and at least some portions of the
upper surfaces of the third pad electrode layers 326pc and
327pc.

[0352] FIGS. 9A and 9B are sectional views schematically
illustrating a partial structure of an OLED display device in
accordance with a fourth embodiment of the present inven-
tion.

[0353] Here, the configuration of the OLED display device
in accordance with the fourth embodiment of the present
invention (except for a gate pad electrode and a data pad
electrode formed of a gate wiring in a layer of the gate wiring)
is substantially the same as the configuration of the aforemen-
tioned OLED display device in accordance with the second
and third embodiments of the present invention.

[0354] FIG. 9A illustrates one exemplary sub pixel includ-
ing a TFT part and a capacitor forming part of an OLED
display device, and FIG. 9B sequentially illustrates parts of a
gate pad area and a data pad area.

[0355] Specifically, FIG. 9A illustrates one exemplary sub
pixel of a top emission type OLED display device using a
coplanar TFT, but the present invention may not be limited to
the coplanar TFT.

[0356] Referring to FIG. 9A, the top emission type OLED
display device according to the fourth embodiment of the
present invention includes a substrate 410, a driving TFT DT,
an OLED and an auxiliary electrode line VSSLa. But it is not
limited to this. The present invention may not include the
auxiliary electrode line VSSLa.

[0357] First, as the same as the first, second and third
embodiments, the driving TFT DT includes a semiconductor
layer 424, a gate electrode 421, a source electrode 422 and a
drain electrode 423.

[0358] The semiconductor layer 424 is formed on a sub-
strate 410 which is made of an insulating material, such as
silicon Si, glass, transparent plastic or a polymer film. But it
is not limited to this. In other words, the substrate 410 may be
formed from any material capable of supporting pluralities of
layers and elements.

[0359] The semiconductor layer 424 may be made of amor-
phous silicon or polycrystalline silicon with crystallized
amorphous silicon.

[0360] Here, a buffer layer may further be located between
the substrate 410 and the semiconductor layer 424. The buffer
layer may be formed to protect the TFT from impurities such
as alkaline ion discharged from the substrate 410 during
crystallization of the semiconductor layer 424.

[0361] A gate insulating layer 4154 which is made of sili-
con nitride (SiNx) or silicon dioxide (Si0,) is formed on the
semiconductor layer 424, and a gate line including the gate
electrode 421 and a lower sustaining electrode 409 are formed
on the gate insulating layer 415a.

[0362] The gate insulating layer 415a may be formed in the
display area and the pad area. In other words, the gate insu-
lating layer 415a may be formed on the entire surface of the
substrate 410 provided with the semiconductor layer 424. But
it is not limited to this.
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[0363] The gate electrode 421 may be formed in such a
manner as to overlap with the semiconductor layer 424 within
the display area.

[0364] The gate electrode 421 and the gate line may be
formed in a single body united with each other.

[0365] The gate electrode 421, the gate line and the lower
sustaining electrode 409 may be formed in a multi-layered
structure including at least two layers.

[0366] For example, the gate electrode 421 may have a
three-layered structure of a first gate electrode 4214, a second
gate electrode 4215 and a third gate electrode 421¢. The lower
sustaining electrode 409 may also have a three-layered struc-
ture of a first lower sustaining electrode 409a, a second lower
sustaining electrode 4095 and a third lower sustaining elec-
trode 409c.

[0367] The first gate electrode 421a and the first lower
sustaining electrode 4092 may be formed from the same
material. Also, the first gate electrode 421a and the first lower
sustaining electrode 4094 may increase adhesive strengths of
the second gate electrode 4215 and the second lower sustain-
ing electrode 409, respectively.

[0368] For example, the first gate electrode 421a and the
first lower sustaining electrode 409¢ may be formed from one
of molybdenum titanium MoTi, titanium Ti or an alloy
thereof.

[0369] The second gate electrode 4215 and the second
lower sustaining electrode 4095 may be formed from the
same material. Also, the second gate electrode 4215 and the
second lower sustaining electrode 4095 may be formed from
a low resistive material. For example, the second gate elec-
trode 4215 and the second lower sustaining electrode 4095
may be formed from one selected from a material group
which includes aluminum Al, tungsten W, copper Cu, silver
Ag, molybdenum Mo, chromium Cr, tantalum Ta, titanium
Ti, or alloys thereof. Preferably, the second gate electrode
4215b and the second lower sustaining electrode 4095 may be
formed from copper Cu.

[0370] The third gate electrode 421¢ and the third lower
sustaining electrode 409¢ may be formed from the same
material. Also, the third gate electrode 421¢ and the third
lower sustaining electrode 409¢ may be formed from a mate-
rial which is not corroded by moisture and oxygen in spite of
being exposed to the exterior. For example, the third gate
electrode 421¢ and the third lower sustaining electrode 409¢
may be formed from one of molybdenum titanium MoTj,
titanium Ti or an alloy thereof.

[0371] Forexample, the gate wiring according to the fourth
embodiment of the present invention may have a three-lay-
ered structure of MoT/Cu/MoTi.

[0372] An inter-layer insulating layer 4155 which is made
of silicon nitride or silicon dioxide is provided on the gate
electrode 421, the gate line and the lower sustaining electrode
409. On the inter-layer insulating layer 4155 are provided a
data line, a driving voltage line, source and drain electrodes
422 and 423 and a upper sustaining electrode 419.

[0373] Also, a plurality of contact holes may be formed in
the inter-layer insulating layer 4155.

[0374] The source electrode 422 and the drain electrode
423 are spaced apart from each other by a predetermined
interval, and electrically connected to the semiconductor
layer 424. In more detail, a semiconductor layer contact hole
through which the semiconductor layer 424 is exposed is
formed through the gate insulating layer 4154 and the inter-
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layer insulating layer 4155, such that the source and drain
electrodes 422 and 423 are electrically connected to the semi-
conductor layer 424.

[0375] The source electrode 422 and the data line may be
formed in a single body united with each other.

[0376] Here, the upper sustaining electrode 419 overlaps a
part of the lower sustaining electrode 409 with the inter-layer
insulating layer 4155 interposed therebetween, thereby form-
ing a storage capacitor.

[0377] The data line, the driving voltage line, the source
and drain electrodes 422 and 423 and the upper sustaining
electrode 419 according to the fourth embodiment of the
present invention may be formed into a single layer or a
multilayer made of a second metallic material having a low
resistance characteristic, such as aluminum (Al), copper
(Cu), molybdenum (Mo), chrome (Cr), gold (Au), titanium
(Ti), nickel (Ni), neodymium (Nd), or alloy thereof.

[0378] A passivation layer 415¢ and a planarization layer
415d are provided on the substrate 410 having data line, the
driving voltage line, the source and drain electrodes 422 and
423 and the upper sustaining electrode 419. The passivation
layer 415¢ may be formed on the display area and the data pad
area. The planarization layer 4154 may be formed on the
display area in which the TFT is formed.

[0379] Next, the OLED may include a first electrode 418,
an organic compound layer 430 and a second electrode 428.
[0380] The OLED is electrically connected to the driving
TFT DT. In more detail, a drain contact hole through which
the drain electrode 423 of the driving TFT DT is exposed is
formed through the passivation layer 415¢ and the planariza-
tion layer 4154 which are located on the driving TFT DT.
[0381] That is, the first electrode 418 is provided on the
planarization layer 4154, and electrically connected to the
drain electrode 423 of the driving TFT DT through the drain
contact hole.

[0382] The first electrode 418 is to supply a current (or a
voltage) to the organic compound layer 430, and defines a
light-emitting region with a predetermined area (or size).
[0383] The first electrode 418 serves as an anode. Accord-
ingly, the first electrode 418 may include a transparent con-
ductive material with a relatively great work function. Also,
the first electrode 418 may be formed in a multi-layered
structure including a plurality of electrode layers. For
example, the first electrode 418 may be formed in a three-
layered structure which is prepared by sequentially stacking a
first electrode layer 4184, a second electrode layer 4185 and
third electrode layer 418¢.

[0384] The first electrode layer 4182 may increase the
adhesive strength of the second electrode layer 4185. The first
electrode layer 4184 may be formed of Indium Tin Oxide
(ITO) or Indium Zinc Oxide (IZO). To improve reflectivity,
the second electrode layer 4185 may be a reflection layer
made of a metal with high reflectivity. Examples of the metal
having the high reflectivity may include aluminum (Al), sil-
ver (Ag), gold (Au), platinum (Pt), chrome (Cr) or alloy
thereof.

[0385] Thethird electrodelayer 418¢ may have ahigh work
function. As such, the first electrode 418 may be used as the
anode electrode. Such a third electrode layer 418¢ may be a
transparent conductive layer. For example, the third electrode
layer 418¢ may be formed from ITO or IZO. However, the
present invention may not be limited to this.

[0386] A bank 415e is formed on the substrate 410 having
the first electrode 418. Here, the bank 415¢ defines a first
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opening by surrounding an edge of the first electrode 418 like
a bank. The bank 415¢ may be made of an organic or inor-
ganic insulating material. The bank 415¢ may also be made of
a photosensitive material containing black pigments. In this
instance, the bank 415e serves as a shielding member.
[0387] The bank 415¢ may be formed to surround edges of
the first electrode 418. As such, any corrosion of the edges of
the first electrode 418 may be prevented.

[0388] Here, in the fourth embodiment ofthe present inven-
tion, the bank 415¢ further include a second opening through
which an auxiliary electrode 425 to be explained later is
partially exposed.

[0389] The organic compound layer 430 is provided
between the first electrode 418 and the second electrode 428.
[0390] Here, FIG. 9A illustrates an example that the
organic compound layer 430 is formed on an entire surface of
the substrate 410. However, the present invention may not be
limited to this. The organic compound layer 430 may also be
formed on the first electrode 418.

[0391] Although it is shown in FIG. 9A that the organic
compound layer 430 is formed in a single layer, the organic
compound layer 430 is not limited to this. The organic com-
pound layer 430 may have a multi-layered structure including
a light-emitting layer to emit light and an auxiliary layer for
improving light-emission efficiency of the light-emitting
layer.

[0392] The second electrode 428 is formed on the organic
compound layer 430 to supply electrons to the organic com-
pound layer 430.

[0393] The second electrode 428 serves as a cathode.
Accordingly, the second electrode 428 may be made of a
transparent conductive material. An example of the transpar-
ent conductive material may include ITO or IZO. The second
electrode 428 may include a metal layer which is contactable
with the organic compound layer 430 and is formed of a metal
with a low work function. Examples of the metal with the low
work function may include magnesium (Mg), silver (Ag)ora
compound thereof.

[0394] As the same as the first, second and third embodi-
ments of the present invention, an auxiliary electrode line
VSSLa and the first electrode 418 are provided on the same
layer to reduce resistance of the second electrode 428. Here,
the auxiliary electrode line VSSLa includes the auxiliary
electrode 425 and the barrier wall 435.

[0395] The auxiliary electrode 425 and the first electrode
418 are formed on the same layer. The auxiliary electrode 425
is spaced apart from the first electrode 418. For example, the
auxiliary electrode 425 may extend long in one direction to be
connected to an external VSS pad.

[0396] The auxiliary electrode 425 may be implemented
into a three-layered structure of a first auxiliary electrode
layer 4254, a second auxiliary electrode layer 4255 and a third
auxiliary electrode layer 425¢, as substantially the same as the
structure of the first electrode 418. In this instance, upon
depositing the second electrode 428, the second electrode 428
may come in contact directly with the third auxiliary elec-
trode layer 425¢ of the auxiliary electrode 425. That is, the
second electrode 428 is deposited even to a lower portion of
the barrier wall 435 so as to come in contact with the auxiliary
electrode 425. However, the present invention may not be
limited to this.

[0397] The barrier wall 435 is located on the auxiliary
electrode 425.
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[0398] Here, the barrier wall 435 may have a tapering shape
that its cross-section is reduced from top to bottom thereof.
For example, an angle formed by a side surface of the barrier
wall 435 and the auxiliary electrode 425 may be in the range
of 20 to 80°. This reverse tapering shape having the angle at
the side surface may derive a shading effect to be explained
later.

[0399] Thebarrier wall 435 forms an electrode contact hole
through the organic compound layer 430 so as to expose the
auxiliary electrode 425 therethrough. The organic compound
layer 430 is formed on a top of the barrier wall 435, but not
formed below the barrier wall 435 by the shading effect.
Accordingly, the electrode contact hole is formed through the
organic compound layer 430.

[0400] The organic compound layer 430 and the second
electrode 428 are sequentially stacked (laminated) on the
barrier wall 435.

[0401] The pad area is an edge area of the TFT substrate
410 having the display area. The pad area includes a gate pad
area and a data pad area.

[0402] Referring to FIG. 9B, a gate pad electrode 426p and
a data pad electrode 427p which are electrically connected to
a gateline and a data line, respectively, are located on the gate
pad area and the data pad area. The gate pad electrode 426p
and the data pad electrode 427p transfer a scan signal and a
data signal applied from an external driving circuit to the gate
line and the data line, respectively.

[0403] That is, the gate line and the data line extend toward
the driving circuit to be connected to corresponding gate pad
electrode 426p and the data pad electrode 427p, respectively.
Therefore, the gate line and the data line receive the scan
signal and the data signal, respectively, from the driving cir-
cuit through the gate pad electrode 426p and the data pad
electrode 427p.

[0404] Thegatepad electrode 426p and the gate line may be
formed in a single body united with each other.

[0405] On the other hand, the data pad electrode 427p may
be electrically connected with the data line via a connection
wiring 460 formed in a layer of the gate wiring.

[0406] Moreover, the gate pad electrode 426p and the data
pad electrode 427p may be formed through the same process
as the gate line and the gate electrode 421. Also, the connec-
tion wiring 460 of the pad area may be formed through the
same process as the data line and the source and drain elec-
trodes 422 and 423.

[0407] An open hole H exposing the gate pad electrode
426p and the data pad electrode 427p may be formed in the
inter-layer insulating layer 4156 and the passivation layer
415¢ of the pad area. Thus, a portion of an upper surface of the
data pad electrode 427p may be exposed to the outside
through the open hole H, and the other portion of the upper
surface of the data pad electrode 427p may be connected to
the connection wiring 460 through a contact hole. The con-
nection wiring 460 may be a data line which may be extended.
[0408] Also, theinter-layer insulating layer 4155 of the pad
area may be formed in such a manner as to surround (and
sealing) the sides of the pad electrodes 426p and 427p. As
such, any corrosion of the sides of the pad electrodes 426p and
427p may be prevented.

[0409] The gate pad electrode 426p and the data pad elec-
trode 427p according to the fourth embodiment of the present
invention may be formed on the same layer as the gate wiring
of the display area, then have substantially the same three-
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layered structure as the gate wiring, for example, the three-
layered structure of MoTi/Cu/MoTi.

[0410] That is, in the third embodiment of the present
invention, the three-layered structure of MoTi/Cu/Mo'Ti hav-
ing etch selectivity with respect to an etchant for etching Ag
or Ag alloy is applied to the gate pad electrode 426p and the
data pad electrode 427p of the pad area, and also parts of the
gate pad electrode 426p and the data pad electrode 427p may
be externally exposed by forming the open hole H during
patterning of the passivation layer 415c.

[0411] Inthisinstance, the upper MoTi may serve as an etch
stopper of the etchant for etching Ag or Ag alloy.

[0412] As described above, in order to pattern the first
electrode 418, a phosphoric acid-based etchant, a nitric acid-
based etchant, a phosphoric acid+nitric acid-based etchant, a
phosphoric acid+acetic acid-based etchant, a nitric acid+ace-
tic acid-based etchant, or a phosphoric acid+nitric acid+ace-
tic acid-based etchant may be used. Also, in order to pattern
the first electrode 418, an etchant that does not contain
hydrofluoric acid potassium and hydrogen peroxide may be
used.

[0413] Here, the gate pad electrode 426p according to the
fourth embodiment of the present invention may have the
three-layered structure of a first gate pad electrode layer
426pa, a second gate pad electrode layer 426pb and a third
gate pad electrode layer 426pc, and the data pad electrode
427p may have the three-layered structure of a first data pad
electrode layer 427pa, a second data pad electrode layer
427pb and a third data pad electrode layer 427pc.

[0414] The lowermost layers, i.e. the first gate pad elec-
trode layer 426pa and the first data pad electrode layer 427pa
may be an adhesion promoting layer increasing the adhesive
strength of the second gate pad electrode layer 426pb and the
second data pad electrode layer 427pb.

[0415] The second gate pad electrode layer 426pb and the
second data pad electrode layer 427pb may be formed from a
low resistive material compared with the first gate pad elec-
trode layer426pa, the first data pad electrode layer 427pa and
the third gate pad electrode layer 426pc, the third data pad
electrode layer 427pc.

[0416] As described above, the uppermost third pad elec-
trode layers 426pc and 427pc may be formed from a material
which is not corroded by oxygen and moisture, even though
they are externally exposed. In other words, the third pad
electrode layers 426pc¢ and 427pc may be formed from a
material being not etched by an etchant which may be used to
form the first electrode 418. For example, the third pad elec-
trode layers 426pc and 427pc may be formed from one of
molybdenum titanium MoTi, titanium Ti or an alloy thereof.

[0417] Also, the inter-layer insulating layer 4154 and the
passivation layer 415¢ may be formed in such a manner as to
expose upper surfaces of the third pad electrode layers 426pc
and 427pc of the pad electrodes 426p and 427p. In this case,
the inter-layer insulating layer 4155 may be formed in such a
manner as to cover the entire surfaces of the pad electrodes
426p and 427p except for the exposed upper surface of the
third gate pad electrode layer 426pc. As such, any corrosion
of the sides of the third pad electrode layers 426pc and 427pc
may be prevented. For example, the inter-layer insulating
layer 415h may be formed in such a manner as to cover sides
of the first pad electrode layers 426pc and 427pa, the second
pad electrode layers 426pb and 427pb and the third pad elec-



US 2016/0013436 A1l

trode layers 426pc and 427pc, and at least some portions of
the upper surfaces of the third pad electrode layers 426pc and
427pc.

[0418] Here, when the etchant for etching Ag or Ag alloy
permeates into a crack generated due to impurity or a crack
which is generated during patterning of the passivation layer,
it may damage Cu of the gate pad electrode and the data pad
electrode. To prevent the damage, the fifth embodiment of the
present invention employs a clad structure in which the third
gate pad electrode layer and the third data pad electrode layer
cover the first and second gate pad electrode layers and the
first and second data pad electrode layers.

[0419] Also, such clad structure may be applicable to the
pad electrodes of the first embodiment to the fourth embodi-
ment as well.

[0420] In the clad structure, the uppermost layer, i.e. the
third gate pad electrode layer and the third data pad electrode
layer are in contact with both sides of the first and second gate
pad electrode layers and the first and second data pad elec-
trode layers, respectively, as well as to be in contact with
upper surfaces of the second gate pad electrode layer and the
second data pad electrode layer, respectively. Thus, the third
gate pad electrode layer and the third data pad electrode layer
are to seal the first and second gate pad electrode layers and
the first and second data pad electrode layers.

[0421] Such structure provides several effects of improve-
ment of reliability, reduction of defects and improvement of
productivity.

[0422] Hereinafter, the fifth embodiment of the present
invention will be described in detail with reference to the
accompanying drawing.

[0423] FIGS. 10A and 10B are sectional views schemati-
cally illustrating a partial structure of an OLED display
device in accordance with a fifth embodiment of the present
invention.

[0424] Here, FIG. 10A illustrates one exemplary sub pixel
including a TFT part and a capacitor forming part of an OLED
display device, and FIG. 10B sequentially illustrates parts of
a gate pad area and a data pad area.

[0425] Specifically, FIG. 10A illustrates one exemplary sub
pixel of a top emission type OLED display device using a
coplanar TFT, but the present invention may not be limited to
the coplanar TFT.

[0426] Referring to FIG. 10A, the top emission type OLED
display device according to the second embodiment of the
present invention includes a substrate 510, a driving TFT DT,
an OLED and an auxiliary electrode line VSSLa. But it is not
limited to this. The present invention may not include the
auxiliary electrode line VSSLa.

[0427] First, as the same as the first to the fourth embodi-
ments, the driving TFT DT includes a semiconductor layer
524, a gate electrode 521, a source electrode 522 and a drain
electrode 523.

[0428] The semiconductor layer 524 is formed on a sub-
strate 510 which is made of an insulating material, such as
silicon Si, glass, transparent plastic or a polymer film. But it
is not limited to this. In other words, the substrate 510 may be
formed from any material capable of supporting pluralities of
layers and elements.

[0429] The semiconductor layer 524 may be made of amor-
phous silicon or polycrystalline silicon with crystallized
amorphous silicon.

[0430] Here, a buffer layer may further be located between
the substrate 510 and the semiconductor layer 524. The buffer
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layer may be formed to protect the TFT from impurities such
as alkaline ion discharged from the substrate 510 during
crystallization of the semiconductor layer 524.

[0431] A gate insulating layer 515a which is made of sili-
con nitride (SiNx) or silicon dioxide (Si0,) is formed on the
semiconductor layer 524, and a gate line including the gate
electrode 521 and a lower sustaining electrode 509 are formed
on the gate insulating layer 515a.

[0432] The gate insulating layer 5154 may be formed in the
display area and the pad area. In other words, the gate insu-
lating layer 515a may be formed on the entire surface of the
substrate 510 provided with the semiconductor layer 524. But
it is not limited to this.

[0433] The gate electrode 521 may be formed in such a
manner as to overlap with the semiconductor layer 524 within
the display area.

[0434] The gate electrode 521 and the gate line may be
formed in a single body united with each other.

[0435] The gate electrode 521, the gate line and the lower
sustaining electrode 509 may be formed into a single layer or
a multilayer made of a first metallic material having a low
resistance characteristic, such as aluminum (Al), copper
(Cu), molybdenum (Mo), chrome (Cr), gold (Au), titanium
(T1), nickel (N1), neodymium (Nd), or alloy thereof.

[0436] Although the gate electrode 521, the gate line and
the lower sustaining electrode 509 are formed in a single
layer, they may be formed in a multi-layered structure includ-
ing at least two layers.

[0437] An inter-layer insulating layer 5154 which is made
of silicon nitride or silicon dioxide is provided on the gate
electrode 521, the gate line and the lower sustaining electrode
509. On the inter-layer insulating layer 5155 are provided a
data line, a driving voltage line, source and drain electrodes
522 and 523 and a upper sustaining electrode 519. Also, a
plurality of contact holes may be formed in the inter-layer
insulating layer 5155.

[0438] The source electrode 522 and the drain electrode
523 are spaced apart from each other by a predetermined
interval, and electrically connected to the semiconductor
layer 524. In more detail, a semiconductor layer contact hole
through which the semiconductor layer 524 is exposed is
formed through the gate insulating layer 5154 and the inter-
layer insulating layer 5155, such that the source and drain
electrodes 522 and 523 are electrically connected to the semi-
conductor layer 524.

[0439] The source electrode 522 and the data line may be
formed in a single body united with each other.

[0440] Here, the upper sustaining electrode 519 overlaps a
part of the lower first sustaining electrode 509 with the inter-
layer insulating layer 5155 interposed therebetween, thereby
forming a storage capacitor.

[0441] Here, the data line, the driving voltage line, the
source and drain electrodes 522 and 523 and the upper sus-
taining electrode 519 according to the fifth embodiment of the
present invention may have a multi-layered structure with
three layers or more.

[0442] That is, the source electrode 522 may have a three-
layered structure of a first source electrode layer 5224, a
second source electrode layer 5225 and a third source elec-
trode layer 522¢, and the drain electrode 523 may have a
three-layered structure of a first drain electrode layer 523a, a
second drain electrode layer 5235 and a third drain electrode
layer 523c.
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[0443] Theupper sustaining electrode 519 may also have a
three-layered structure of a first upper sustaining electrode
layer 519a, a second upper sustaining electrode layer 5195
and a third upper sustaining electrode layer 519c.

[0444] The first source electrode layer 522a, the first drain
electrode layer 523a and the first upper sustaining electrode
layer 5194 may be formed from the same material. Also, the
first source electrode layer 5224, the first drain electrode layer
523a and the first upper sustaining electrode layer 5192 may
increase adhesive strengths of the second source electrode
layer 5225, the second drain electrode layer 5235 and the
second upper sustaining electrode layer 5194.

[0445] For example, the first source electrode layer 522a,
the first drain electrode layer 5234 and the first upper sustain-
ing electrode layer 519a may be formed from one of molyb-
denum titanium MoTi, titanium Ti or an alloy thereof.
[0446] The second source electrode layer 5224, the second
drain electrode layer 5235 and the second upper sustaining
electrode layer 5195 may be formed from the same material.
Also, the second source electrode layer 5225, the second
drain electrode layer 5235 and the second upper sustaining
electrode layer 51956 may be formed from a low resistive
material. For example, the second source electrode layer
522b, the second drain electrode layer 5235 and the second
upper sustaining electrode layer 5195 may be formed from
one selected from a material group which includes aluminum
Al, tungsten W, copper Cu, silver Ag, molybdenum Mo, chro-
mium Cr, tantalum Ta, titanium Ti, or alloys thereof. Prefer-
ably, the second source electrode layer 52254, the second drain
electrode layer 5235 and the second upper sustaining elec-
trode layer 5195 may be formed from copper Cu.

[0447] Thethird source electrode layer 522¢, the third drain
electrode layer 523¢ and the third upper sustaining electrode
layer 519¢ may be formed from the same material. Also, the
third source electrode layer 522¢, the third drain electrode
layer 523¢ and the third upper sustaining electrode layer 519¢
may be formed from a material which is not corroded by
moisture and oxygen in spite of being exposed to the exterior.
For example, the third source electrode layer 522¢, the third
drain electrode layer 523¢ and the third upper sustaining
electrode layer 519¢ may be formed from one of molybde-
num titanium MoTi, titanium Ti or an alloy thereof.

[0448] For example, the data wiring according to the fifth
embodiment of the present invention may have a three-lay-
ered structure of MoTi/Cu/MoTi.

[0449] A passivation layer 515¢ and a planarization layer
515d are provided on the substrate 510 having data line, the
driving voltage line, the source and drain electrodes 522 and
523 and the upper sustaining electrode 519.

[0450] Next, the OLED may include a first electrode 518,
an organic compound layer 530 and a second electrode 528.
[0451] The OLED is electrically connected to the driving
TFT DT. In more detail, a drain contact hole through which
the drain electrode 523 of the driving TFT DT is exposed is
formed through the passivation layer 515¢ and the planariza-
tion layer 5154 which are located on the driving TFT DT.
[0452] That is, the first electrode 518 is provided on the
planarization layer 515d, and electrically connected to the
drain electrode 523 of the driving TFT DT through the drain
contact hole.

[0453] The first electrode 518 is to supply a current (or a
voltage) to the organic compound layer 530, and defines a
light-emitting region with a predetermined area (or size).
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[0454] The first electrode 518 serves as an anode. Accord-
ingly, the first electrode 518 may include a transparent con-
ductive material with a relatively great work function. Also,
the first electrode 518 may be formed in a multi-layered
structure including a plurality of electrode layers. For
example, the first electrode 518 may be formed in a three-
layered structure which is prepared by sequentially stacking a
first electrode layer 518a. a second electrode layer 5185 and
third electrode layer 518c¢.

[0455] The first electrode layer 5184 may increase the
adhesive strength of the second electrode layer 5185. The first
electrode layer 5184 may be formed of Indium Tin Oxide
(ITO) or Indium Zinc Oxide (IZ0). To improve reflectivity,
the second electrode layer 5185 may be a reflection layer
made of a metal with high reflectivity. Examples of the metal
having the high reflectivity may include aluminum (Al), sil-
ver (Ag), gold (Au), platinum (Pt), chrome (Cr) or alloy
thereof.

[0456] Thethird electrode layer 518¢ may have a high work
function. As such, the first electrode 518 may be used as the
anode electrode. Such a third electrode layer 518¢ may be a
transparent conductive layer. For example, the third electrode
layer 518¢ may be formed from ITO or 1Z0. However, the
present invention may not be limited to this.

[0457] A bank 515e is formed on the substrate 510 having
the first electrode 518. Here, the bank 515e defines a first
opening by surrounding an edge of the first electrode 518 like
a bank. The bank 515¢ may be made of an organic or inor-
ganic insulating material. The bank 515¢ may also be made of
a photosensitive material containing black pigments. In this
instance, the bank 515¢ serves as a shielding member.
[0458] Thebank 515¢ may be formed to surround edges of
the first electrode 518. As such, any corrosion of the edges of
the first electrode 518 may be prevented.

[0459] Here, in the fifth embodiment of the present inven-
tion, the bank 515¢ further include a second opening through
which an auxiliary electrode 525 to be explained later is
partially exposed.

[0460] The organic compound layer 530 is provided
between the first electrode 518 and the second electrode 528.
The organic compoundlayer 530 emits light as holes supplied
from the first electrode 518 and electrons supplied from the
second electrode 528 are coupled to each other.

[0461] Here, FIG. 10A illustrates an example that the
organic compound layer 230 is formed on an entire surface of
the substrate 210. However, the present invention may not be
limited to this. The organic compound layer 230 may also be
formed on the first electrode 218.

[0462] Although it is shown in FIG. 10A that the organic
compound layer 530 is formed in a single layer, the organic
compound layer 530 is not limited to this. The organic com-
pound layer 530 may have a multi-layered structure including
a light-emitting layer to emit light and an auxiliary layer for
improving light-emission efficiency of the light-emitting
layer.

[0463] The second electrode 528 is formed on the organic
compound layer 530 to supply electrons to the organic com-
pound layer 530.

[0464] The second electrode 528 serves as a cathode.
Accordingly, the second electrode 528 may be made of a
transparent conductive material. An example of the transpar-
ent conductive material may include ITO or IZO. The second
electrode 528 may further include a metal layer which is
provided at a side contactable with the organic compound
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layer 530 and is formed of a metal with a low work function.
Examples of the metal with the low work function may
include magnesium (Mg), silver (Ag) and a compound
thereof.

[0465] As the same as the first to the fourth embodiments of
the present invention, an auxiliary electrode line VSSLa and
the first electrode 518 are provided on the same layer to
reduce resistance of the second electrode 528. Here, the aux-
iliary electrode line VSSLa includes the auxiliary electrode
525 and the barrier wall 535.

[0466] The auxiliary electrode 525 and the first electrode
518 are formed on the same layer, The auxiliary electrode 525
is spaced apart from the first electrode 518. For example, the
auxiliary electrode 525 may extend long in one direction to be
connected to an external VSS pad.

[0467] The auxiliary electrode 525 may be implemented
into a three-layered structure of a first auxiliary electrode
layer 5254, a second auxiliary electrode layer 525 and a third
auxiliary electrode layer 525¢, as substantially the same as the
structure of the first electrode 518. In this instance, upon
depositing the second electrode 528, the second electrode 528
may come in contact directly with the third auxiliary elec-
trode layer 525¢ of the auxiliary electrode 525. That is, the
second electrode 528 is deposited even to a lower portion of
the barrier wall 535 so as to come in contact with the auxiliary
electrode 525. However, the present invention may not be
limited to this.

[0468] The barrier wall 535 is located on the auxiliary
electrode 525.
[0469] Here, the barrier wall 535 may have a tapering shape

that its cross-section is reduced from top to bottom thereof.
For example, an angle formed by a side surface of the barrier
wall 535 and the auxiliary electrode 525 may be in the range
of 20 to 80°. This reverse tapering shape having the angle at
the side surface may derive a shading effect to be explained
later.

[0470] Thebarrier wall 535 forms an electrode contact hole
through the organic compound layer 530 so as to expose the
auxiliary electrode 525 therethrough. The organic compound
layer 530 is formed on a top of the barrier wall 535, but not
formed below the barrier wall 535 by the shading effect.
Accordingly, the electrode contact hole is formed through the
organic compound layer 530.

[0471] The organic compound layer 530 and the second
electrode 528 are sequentially stacked (laminated) on the
barrier wall 535.

[0472] The pad area is an edge area of the TFT substrate
510 having the display area. The pad area includes a gate pad
area and a data pad area.

[0473] Referring to FIG. 10B, a gate pad electrode 526p
and a data pad electrode 527p which are electrically con-
nected to a gate line and a data line, respectively, are located
on the gate pad area and the data pad area. The gate pad
electrode 526p and the data pad electrode 527p transfera scan
signal and a data signal applied from an external driving
circuit to the gate line and the data line, respectively.

[0474] That is, the gate line and the data line extend toward
the driving circuit to be connected to corresponding gate pad
line 516p and data pad line 517p, respectively. The gate pad
line 516p and the data pad line 517p are electrically connected
to the gate pad electrode 526p and the data pad electrode
527p, respectively. Therefore, the gate line and the data line
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receive the scan signal and the data signal, respectively, from
the driving circuit through the gate pad electrode 526p and the
data pad electrode 527p.

[0475] The gate pad line 516p and the gate line may be
formed in a single body united with each other.

[0476] Moreover, the gate pad line 516p and the data pad
line 517p may be formed through the same process as the gate
line and the gate electrode 521.

[0477] Thedatapad electrode 527p and the data line may be
formed in a single body united with each other.

[0478] Also, the gate pad electrode 526p and the data pad
electrode 527p may be formed through the same process as
the data line and the source and drain electrodes 522 and 523.
[0479] Although the gate pad line 516p and the data pad
line 517p are formed in a single layer, they may be formed in
a multi-layered structure including at least two layers.
[0480] A plurality of contact holes exposing the gate pad
line 516p and the data pad line 517p may be formed in the
inter-layer insulating layer 5155 of the pad area. Also, an open
hole H exposing the gate pad electrode 526p and the data pad
electrode 527p may be formed in the passivation layer 515¢ of
the pad area.

[0481] The gate pad electrode 526p and the data pad elec-
trode 527p according to the fifth embodiment of the present
invention are formed on the same layer as the data wiring of
the display area, here have substantially the same three-lay-
ered structure as the data wiring, for example, the three-
layered structure of MoTi/Cu/MoTi.

[0482] That is, in the fifth embodiment of the present inven-
tion, the three-layered structure of MoTi/Cu/MoTi having
etch selectivity with respect to an etchant for etching Agor Ag
alloy is applied to the gate pad electrode 526p and the data pad
electrode 527p of the pad area, and also parts of the gate pad
electrode 526p and the data pad electrode 527p are externally
exposed by forming an open hole H during patterning of the
passivation layer 515¢.

[0483] Inthisinstance, the upper MoTi may serve as an etch
stopper of the etchant etching Ag or Ag alloy.

[0484] As described above, in order to pattern the first
electrode 518, a phosphoric acid-based etchant, a nitric acid-
based etchant, a phosphoric acid+nitric acid-based etchant, a
phosphoric acid+acetic acid-based etchant, a nitric acid+ace-
tic acid-based etchant, or a phosphoric acid+nitric acid+ace-
tic acid-based etchant may be used. Also, in order to pattern
the first electrode 518, an etchant that does not contain
hydrofluoric acid potassium and hydrogen peroxide may be
used.

[0485] The gate pad electrode 526p according to the fifth
embodiment of the present invention may have the three-
layered structure of a first gate pad electrode layer 526pa, a
second gate pad electrode layer 526pb and a third gate pad
electrode layer 526pc, and the data pad electrode 527p may
have the three-layered structure of a first data pad electrode
layer 527pa, a second data pad electrode layer 527pb and a
third data pad electrode layer 527pc.

[0486] The lowermost layers, i.e. the first gate pad elec-
trode layer 526pa and the first data pad electrode layer 527pa
may be an adhesion promoting layer increasing the adhesive
strength of the second gate pad electrode layer 526pb and the
second data pad electrode layer 527pb. That is, the first gate
pad electrode layer 526pa may be made of a material config-
ured so as to increase the adhesion between the second gate
padelectrode layer 526pb and a fourth pad electrode layer, i.e.
the gate pad line 516p. Also, the first data pad electrode layer



US 2016/0013436 A1l

527pa may be made of a material configured so as to increase
the adhesion between the second data pad electrode layer
527pb and the data pad line 517p.

[0487] The second gate pad electrode layer 526pb and the
second data pad electrode layer 527pb may be formed from a
low resistive material compared with the first gate pad elec-
trode layer 526pa, the first data pad electrode layer 527pc and
the third gate pad electrode layer 526pc, the third data pad
electrode layer 527pc.

[0488] The pad electrodes 526p and 527p must be exter-
nally exposed for the connection with an external driver later.
The pad electrodes 526p and 527p formed from copper Cu or
others can be easy to transfer signals because of their low
resistance. Meanwhile, the exposed pad electrodes 526p and
527p may be corroded by external moisture and oxygen.
Moreover, the pad electrodes 526p and 527p formed from
copper Cu or others can be etched at the formation of the first
electrode 518 which is performed for the formation of the
OLED later.

[0489] To address this matter, the uppermost third pad elec-
trode layers 526pc and 527pc may be formed from a material
which is not corroded by oxygen and moisture, even though
they are externally exposed. In other words, the third pad
electrode layers 526pc and 527pc may be formed from a
material being not etched by an etchant which may be used to
form the first electrode 518. For example, the third pad elec-
trode layers 526pc and 527pc may be formed from one of
molybdenum titanium MoTi, titanium Ti or an alloy thereof.

[0490] Also, the passivation layer 515¢ may be formed in
such a manner as to expose upper surfaces of the third pad
electrode layers 526pc and 527pc of the pad electrodes 526p
and 527p. In other words, the passivation layer 515¢ may be
formed in such a manner as to surround edges of the upper
surfaces of the pad electrodes 526p and 527p. As such, any
corrosion of the sides of the third pad electrode layers 526pc
and 527pc may be prevented. For example, the passivation
layer 515¢ may be formed in such a manner as to cover sides
of the third pad electrode layers 526pc and 527pc, and at least
some portions of the upper surfaces of the third pad electrode
layers 526pc and 527pe.

[0491] Here, when the etchant for etching Ag or Ag alloy
permeates into a crack generated due to impurity or a crack
which is generated during patterning of the passivation layer
515¢, it may damage Cu of the gate pad electrode 526p and
the data pad electrode 527p. To prevent the damage, the fifth
embodiment of the present invention employs a clad structure
in which the third gate pad electrode layer 526pc and the third
data pad electrode layer 527pc cover the first and second gate
padelectrodelayers 526pb and 526pa and the first and second
data pad electrode layers 527pb and 527pa.

[0492] Such structure provides several effects of improve-
ment of reliability, reduction of defects and improvement of
productivity.

[0493] To form the clad structure, for example, after pat-
terning the first and second gate pad electrode layers 526pb
and 526pa and the first and second data pad electrode layers
527pb and 527pa, followed by patterning the third gate pad
electrode layer 526pc and the third data pad electrode layer
527pc thereon. In this instance, the third gate pad electrode
layer 526pc and the third data pad electrode layer 527pc may
have more increased widths than the first and second gate pad
electrode layers 526pb and 526pa and the first and second
data pad electrode layers 527pb and 527pa.
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[0494] That is, the third gate pad electrode layer 526pc and
the third data pad electrode layer 527pc may be configured so
as to be in contact with both sides of the first gate pad elec-
trode layer 526pa and the first data pad electrode layer 527pa,
respectively, then so as to seal the second gate pad electrode
layer 526pb and the second data pad electrode layer 527pb.
[0495] For reference, when the gate pad electrode 526p and
the data pad electrode 527¢ according to the fifth embodiment
of the present invention may be patterned to the three-layered
structure of MoTi/Cu/MoTi as the aforementioned second
embodiment, Cu may be etched faster than MoTi according to
the different etching speed between the Cu and MoTi for the
patterning of MoTi/Cu/MoTi through a photolithography
process.

[0496] Thus, an overhang structure having extruded MoTi
layer as eaves may be formed. Because of the overhang struc-
ture, the crack may be formed during the forming of the gate
pad electrode 226p and the data pad electrode 227p. There-
fore, when the etchant foretching Ag or Ag alloy permeates in
the crack, the gate pad electrode 226p and the data pad elec-
trode 227p may be damaged.

[0497] Therefore, in the fifth embodiment of the present
invention, the formation of the overhang structure can be
prevented by using the clad structure of covering the upper
MoTi after first patterning Cu/MoTi.

[0498] Hereinafter, a method of fabricating an OLED dis-
play device according to the fifth embodiment of the present
invention having the configuration will be described in detail
with reference to the accompanying drawings.

[0499] FIGS. 11A to 11] are sectional views sequentially
illustrating a method of fabricating the OLED display device
according to the fifth embodiment illustrated in FIG. 10A,
which sequentially illustrates a method of fabricating a TFT
substrate of a display area.

[0500] And, FIGS. 12A to 12F are sectional views sequen-
tially illustrating a method of fabricating the OLED display
device according to the fifth embodiment illustrated in FIG.
10B, which sequentially illustrates a method of fabricating a
TFT substrate of a pad area.

[0501] Asillustrated in FIGS. 11A and 12A, a substrate 510
which is made of an insulating material, such as a transparent
glass material, transparent plastic with high flexibility, a poly-
mer film or the like is provided.

[0502] Although not illustrated, a TFT and a storage
capacitor are formed on each of red, green and blue sub pixels
of the substrate 510.

[0503] First, a buffer layer is formed on the substrate 510.
[0504] Here, the buffer layer may be formed to protect the
TFT from impurities such as alkaline ion discharged from the
substrate 510 during crystallization of a semiconductor layer.
The buffer layer may be made of silicon dioxide.

[0505] Next, a semiconductor thin film is formed on the
substrate 510 having the buffer layer.

[0506] The semiconductor thin film may be made of amor-
phous silicon, polycrystalline silicon, or oxide semiconduc-
tor.

[0507] Here, the polycrystalline silicon may be generated
by employing various crystallization methods after deposit-
ing amorphous silicon on the substrate 210. When the oxide
semiconductor is used as the semiconductor thin film, the
oxide semiconductor may be deposited, followed by a prede-
termined thermal treatment therefor.

[0508] Afterwards, the semiconductor thin film is selec-
tively removed through a photolithography process to form a
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semiconductor layer 524, which is formed of the semicon-
ductor thin film, on the substrate 510 of the display area.
[0509] As illustrated in FIGS. 11B and 12B, a gate insulat-
ing layer 5154 and a first conductive layer are formed on the
substrate 510 having the semiconductor layer 524.

[0510] Thegateinsulating layer 5154 may be formed on the
entire surface of the substrate 510 provided with the semicon-
ductor layer 524.

[0511] The first conductive layer may be provided to form
a gate line, and made of a low-resistant opaque conductive
material, such as aluminum (Al), copper (Cu), molybdenum
(Mo), chrome (Cr), gold (Au), titanium (Ti), nickel (Ni),
neodymium (Nd) or alloy thereof. However, these materials
may have a multi-layered structure including two conductive
layers which exhibit different physical properties. One of the
conductive layers may be made of a metal with low resistivity,
for example, aluminum-based metal, silver-based metal, cop-
per-based metal or the like, so as to reduce a signal delay or a
voltage drop.

[0512] Afterwards, the first conductive layer is selectively
removed through the photolithography process. Accordingly,
a gate line including a gate electrode 521, which is made of
the first conductive layer, and a lower sustaining electrode
509 are formed on the substrate 510 of the display area, and
also a gate pad line 516p and a data pad line 517p, which are
formed of the first conductive layer, are formed on the sub-
strate 510 on a pad area.

[0513] The gate electrode 521 may be formed in such a
manner as to overlap with the semiconductor layer 524 within
the display area.

[0514] The gate pad line 516p and the gate line may be
formed in a single body united with each other.

[0515] Although the gate electrode 521, the gate line, the
lower sustaining electrode 509 and the gate pad line 516p are
formed in a single layer, they may be formed in a multi-
layered structure including at least two layers.

[0516] However, the present invention may not be limited
to this. The gate line including the semiconductor layer 524
and the gate electrode 521, the lower sustaining electrode
509, the gate pad line 516p and the data pad line 517p may be
simultaneously formed through one photolithography pro-
cess.

[0517] Also, the lower gate insulating layer 515a may also
be patterned together during patterning of the gate line having
the gate electrode 521, the lower sustaining electrode 509, the
gate pad line 516p and the data pad line 517p.

[0518] Next, as illustrated in FIGS. 11C and 12C, an inter-
layer insulating layer 5155, which is made of silicon nitride or
silicon dioxide is formed on the entire surface of the substrate
510 having the gate line having the gate electrode 521, the
lower sustaining electrode 509, the gate pad line 516p and the
data pad line 517p.

[0519] Theinter-layer insulating layer 5155 may be formed
on entire surface of the substrate 510.

[0520] The inter-layer insulating layer 5155 and the gate
insulating layer 515a are selectively patterned through the
photolithography. Accordingly, a first contact hole 5504 is
formed such that a source/drain area of the semiconductor
layer 524 is exposed therethrough, and also a second contact
hole 5505 and a third contact hole 550¢ are formed, respec-
tively, such that parts of the gate pad line 516p and the data
pad line 517p are exposed therethrough.

[0521] As illustrated in FIGS. 11D and 12D, after forming
a second conductive layer and a third conductive layer on the
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entire surface of the substrate 510 having the inter-layer insu-
lating layer 5155, the second and third conductive layers are
selectively removed through the photolithography process,
thereby forming on the substrate 510 of the display area a
primary data wiring (namely, first and second source and
drain electrode layers 5225, 522a, 5235 and 523a, first and
second driving voltage line layers, first and second data line
layers and first and second upper sustaining electrode layers
5194 and 519a), which is made of the second and third con-
ductive layers.

[0522] Simultaneously, on the substrate 510 of the pad area
1s formed a primary pad electrode (namely, first and second
gate pad electrode layers 526pb and 526pa and first and
second data pad electrode layers 527pb and 527pa), which is
made of the second and third conductive layers.

[0523] Here, the third conductive layer is made of a low-
resistant opaque conductive material, such as aluminum (Al),
copper (Cu), molybdenum (Mo), chrome (Cr), gold (Au),
titanium (Ti), nickel (Ni), neodymium (Nd), or alloy thereof,
in order to form the middle data line and pad electrode.
However, these may have a multi-layered structure including
two conductive layers which exhibit different physical prop-
erties. Specifically, in the third embodiment of the present
invention, the third conductive layer is made of Cu which may
be etched with respect to an etchant for etching Ag or Ag
alloy.

[0524] Also, the second conductive layer may be made of
MoTi in order to form the lower data line and the lower pad
electrode. However, the present invention may not be limited
to this. The second conductive layer may also be made of any
other material if it can increase a contact characteristic with a
lower layer. For example, the second conductive layer may be
formed from one of molybdenum titanium Moi, titanium Ti
or an alloy thereof.

[0525] Asillustrated in FIGS. 11E and 12E, after forming a
fourth conductive layer on the entire surface of the substrate
510 having the primary data wiring, the fourth conductive
layer is selectively removed through the photolithography,
thereby forming on the substrate 510 of the display area a
secondary data wiring (namely, third source and drain elec-
trode layers 522¢ and 523c, a third driving voltage line layer,
a third data line layer and a third upper sustaining electrode
layer 519¢), which is made of the fourth conductive layer.
[0526] Simultaneously, on the substrate 510 of the pad area
is formed a secondary pad electrode (namely, a third gate pad
electrode layer 526pc and a third data pad electrode layer
527pc), which is made of the fourth conductive layer.
[0527] Here, the fourth conductive layer may be made of
MoTi in order to form the third data wiring and pad electrode.
However, the present invention may not be limited to this. The
fourth conductive layer may also be made of any other mate-
rial if it can be used as an etch stopper of an etchant for etching
Ag or Ag alloy.

[0528] In this manner, through the twice patterning, a
source electrode 522 which has a three-layered structure of
the first source electrode layer 5224, the second source elec-
trode layer 5225 and the third source electrode layer 522c,
and a drain electrode 523 which has a three-layered structure
of the first drain electrode layer 523a, the second drain elec-
trode layer 5235 and the third drain electrode layer 523¢ may
be formed on the substrate 510 of the display area.

[0529] Also, an upper sustaining electrode 519, which has
a three-layered structure of the first upper sustaining elec-
trode layer 519q, the second upper sustaining electrode layer
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5194 and the third upper sustaining electrode layer 519¢ may
be formed on the lower sustaining electrode 509.

[0530] Simultaneously, a gate pad electrode 526p which
has a three-layered structure of the first gate pad electrode
layer 526pa, the second gate pad electrode layer 526pb and
the third gate pad electrode layer 526pc, and a data pad
electrode 527p which has a three-layered structure of the first
data pad electrode layer 527pa, the second data pad electrode
layer 527pb and the third data pad electrode layer 527pc may
be formed on the substrate 510 of the pad area.

[0531] Here, as aforementioned, the data wiring and the
pad electrode according to the fifth embodiment of the
present invention may have the three-layered structure of
MoTi/Cu/MoTi.

[0532] Meanwhile, the fifth embodiment of the present
invention may employ a clad structure that the secondary pad
electrode, namely, the third gate pad electrode layer 526pc
and the third data pad electrode layer 527pc, covers the pri-
mary pad electrode, namely, the first and second gate pad
electrode layers 526pb and 526pa and the first and second
data pad electrode layers 527pb and 527pa. This structure can
prevent in advance the etchant for etching Ag or Ag alloy from
damaging the Cu of the gate pad electrode 526p and the data
pad electrode 527p due to permeating into a crack generated
by impurities or a crack generated during patterning of a
passivation layer.

[0533] The third gate pad electrode layer 526pc and the
third data pad electrode layer 527pc may be configured so as
to be in contact with both sides of the first gate pad electrode
layer 526pa and the first data pad electrode layer 527pa,
respectively, then so as to seal the second gate pad electrode
layer 526pb and the second data pad electrode layer 527pb.
[0534] Here, the source and drain electrodes 522 and 523
are electrically connected to the source/drain area of the semi-
conductor layer 524 through the first contact hole. The upper
sustaining electrode 519 overlaps a part of the lower sustain-
ing electrode 509 with interposing the inter-layer insulating
layer 515b therebetween, thereby forming a storage capaci-
tor.

[0535] The gate pad electrode 526p and the data pad elec-
trode 527p are electrically connected to the gate pad line 516p
and data pad line 517p through the second and third contact
holes, respectively.

[0536] Afterwards, as illustrated in FIGS. 11F and 12F, a
passivation layer 515¢ which is made of silicon nitride or
silicon dioxide is formed on the substrate 510 of the display
area on which the source and drain electrodes 522 and 523,
the driving voltage line, the data line, the upper sustaining
electrode 519, the gate pad electrode 526p and the data pad
electrode 527p are formed.

[0537] Here, a planarization layer 5154 made of an organic
insulating material may be formed on the passivation layer
515¢, but the present invention may not be limited to this. The
passivation layer may also function as the planarization layer.

[0538] The passivation layer 515¢ and the planarization
layer 515d are selectively patterned through the photolithog-
raphy process, thereby forming a fourth contact hole 5504
through which the drain electrode 523 is exposed, and an
open hole H through which parts of the gate pad electrode
526p and the data pad electrode 527p are externally exposed.
[0539] Next, as illustrated in FIG. 11G, fifth to seventh
conductive layers are formed on the entire surface of the
substrate 510 having the planarization layer 515d.
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[0540] However, the present invention may not be limited
to this. For example, only the fifth conductive layer may also
be formed as a single layer on the entire surface of the sub-
strate 510 having the planarization layer 5154.

[0541] The fifth conductive layer and the seventh conduc-
tive layer may be made of a transparent conductive material,
such as ITO or I1ZO.

[0542] The sixth conductive layer may be made of alumi-
num (Al), silver (Ag), gold (Au), platinum (Pt), chrome (Cr)
or alloy thereof.

[0543] Afterwards, by selectively patterning the fifth to
seventh conductive layers through the photolithography pro-
cess, a first electrode 518 and an auxiliary electrode 525 made
of the fifth to seventh conductive layers are formed.

[0544] Here, the first electrode 518 may include a first
electrode layer 518a, a second electrode layer 5186 and a
third electrode layer 518¢ which are made of the fifth to
seventh conductive layers, respectively.

[0545] The auxiliary electrode 525 may include a first aux-
iliary electrode layer 5254, a second auxiliary electrode layer
525b and a third auxiliary electrode layer 525¢ which are
made of the fifth to seventh conductive layers, respectively.
[0546] The first electrode 518 as an anode may be electri-
cally connected to the drain electrode 523 of the driving TFT
through the fourth contact hole.

[0547] Also, the first electrode 518 is formed on the sub-
strate 510 to correspond to each of red, green and blue sub
pixels.

[0548] Next, as illustrated in FIG. 11H, a predetermined
bank 515¢ is formed on the substrate 510 of the display area
having the first electrode 518 and the auxiliary electrode 525.
[0549] Here, the bank 515¢ defines an opening by sur-
rounding an edge region of the first electrode 518 like a bank
and is made of an organic or inorganic insulating material.
The bank 515e may also be made of a photosensitive material
containing black pigments, and in this instance, the bank 515¢
may serve as a shielding member.

[0550] Also, the bank 515e further includes a second open-
ing through which the auxiliary electrode 525 is partially
exposed.

[0551] As illustrated in FIG. 111, a barrier wall 535 is
formed on the substrate 510 having the bank 515e.

[0552] The barrier wall 535 is located on the auxiliary
electrode 525.
[0553] Here, the barrier wall 535 may have a reverse taper-

ing shape that its section is reduced from top to bottom
thereof. For example, an angle formed by a side surface of the
barrier wall 535 and the auxiliary electrode 525 may be in the
range of 20 to 80°. This reverse tapering shape having the
angle at the side surface may derive a shading effect to be
explained later.

[0554] Next, as illustrated in FIG. 11J, an organic com-
pound layer 530 is formed on the substrate 510 having the
barrier wall 535 by way of evaporation.

[0555] In this instance, the barrier wall 535 forms an elec-
trode contact hole, through which the auxiliary electrode 525
is exposed, on the organic compound layer 530. The organic
compound layer 530 is formed on the top the barrier wall 535,
and not formed below the top of the barrier wall 535 by the
shading effect. Accordingly, the electrode contact hole is
formed through the organic contact hole 530.

[0556] To this end, although not illustrated, a hole injection
layer and a hole transport layer are sequentially formed on the
substrate 510.
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[0557] Here, the hole injection layer and the hole transport
layer are commonly formed on each of the red, green and blue
sub pixels, so as to allow for smooth injection and transport of
the holes. Here, one of the hole injection layer and the hole
transport layer may be omitted.

[0558] Next, a light-emitting layer is formed on the sub-
strate 510 having the hole transport layer.

[0559] The light-emitting layer may include a red light-
emitting layer, a green light-emitting layer and a blue-light
emitting layer to correspond to the red, green and blue sub
pixels.

[0560] An electron transport layer is then formed on the
substrate 510 having the light-emitting layer.

[0561] Theelectron transport layer is commonly formed on
eachofthered, green and blue sub pixels on the light-emitting
layer, so as to allow for smooth transport of the electrons.
[0562] An electron injection layer for smooth injection of
the electrons may further be formed on the electron transport
layer.

[0563] A second electrode 528 made of an eighth conduc-
tive layer is formed on the substrate 510 having the electron
transport layer in a sputtering manner.

[0564] Here, the eighth conductive layer is deposited even
to a lower portion of the barrier wall 535 such that the second
electrode 528 can come in contact with the auxiliary electrode
525.

[0565] The thusly-fabricated OLED is encapsulated by a
predetermined thin film encapsulation layer.

[0566] A polarization film for reducing reflection of exter-
nal light of the OLED display device so as to improve a
contrast ratio may be provided on the thin film encapsulation
layer.

[0567] As aforementioned, an OLED display device and a
method of fabricating the same according to one embodiment
of the present invention can improve luminance uniformity of
a panel by reducing resistance of a cathode in a manner of
forming an auxiliary electrode.

[0568] Also, a pad electrode may be formed of a plurality of
pad electrode layers and an uppermost layer of the pad elec-
trode layers may be formed a material capable of preventing
(or minimizing) a corrosion from moisture and oxygen, to
prevent (or minimize) the corrosion of the pad electrode and
an occurrence of migration. This may result in preventing (or
minimizing) a defect of the transmission of signals.

[0569] Moreover, a clad structure (or other protective con-
figuration) may be applied to a pad electrode of a pad area and
alow-resistance pad electrode layer may be sealed by the clad
structure, to prevent (or minimize) corrosion due to moisture
and oxygen and prevent (or minimize) damage on the pad
electrode due to an etchant during patterning of an anode.
This may result in improvement in device reliability, reduc-
tion of defectives in the OLED display device, and improve-
ment in manufacturing productivity.

[0570] Moreover, an OLED display device and a method of
fabricating the same according to one embodiment of the
present invention can reduce production costs by simplifying
the process required to form a plurality of the pad electrode
layers.

[0571] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
organic light-emitting diode display device and method of
fabricating the same of the present invention without depart-
ing from the spirit or scope of the invention. Thus, it is
intended that the present invention cover the modifications
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and variations of this invention provided they come within the
scope of the appended claims and their equivalents.

What is claimed is:

1. An organic light-emitting diode (OLED) display device,
comprising:

a thin film transistor on a display area of a substrate;

an OLED connected to the thin film transistor; and

a plurality of pad electrodes comprising at least a first pad
electrode layer, a second pad electrode layer and a third
pad electrode layer on a pad area of the substrate,

wherein the first pad electrode layer below the second pad
electrode layer is an adhesion promoting layer,

wherein the second pad electrode layer is formed of a low
resistive material compared with materials of the first
and third pad electrode layers, and

wherein the third pad electrode layer above the second pad
electrode layer serves the purpose of an etch stopper for
the second pad electrode layer.

2. The display device of claim 1, wherein the second pad
electrode layer includes Cu, and the first pad electrode layer
includes MoTi, Ti or its alloy.

3. The display device of claim 2, wherein a material of the
first pad electrode layer is the same as that of the third pad
electrode layer.

4. The display device of claim 2, further comprising:

a passivation layer covering sides of the first, second and
third pad electrode layers, and at least some portions of
an upper surface of the third pad electrode layer.

5. The display device of claim 2, wherein the third pad
electrode layer is in contact with both sides of the first pad
electrode layer to seal the second pad electrode layer.

6. The display device of claim 1, further comprising:

a first electrode, an organic compound layer and a second

electrode,

wherein the second pad electrode layer is formed of a
material that is etched by an etchant which is used to
pattern the first electrode, and

wherein the third pad electrode layer is formed of a mate-
rial that is not etched by the etchant.

7. The display device of claim 1, wherein the first electrode

includes at least one among Ag, Al, Ag alloy and Al alloy.

8. The display device of claim 7, wherein the plurality of
pad electrodes are not of the same material as the first elec-
trode.

9. The display device of claim 6, wherein the etchant
includes at least one among a phosphoric acid, a nitric acid
and an acetic acid, but does not include hydrofluoric acid
potassium and hydrogen peroxide.

10. The display device of claim 1, further comprising:

a fourth pad electrode layer below the first pad electrode

layer, and being contact with the first pad electrode layer.

11. The display device of claim 10, wherein the adhesion
promoting layer is formed of a material that increases the
adhesion between the second pad electrode layer and the
fourth pad electrode layer.

12. The display device of claim 11, further comprising:

an inter-layer insulating layer located between the first pad
electrode layer and the fourth pad electrode layer, to
cover some portion of an upper surface of fourth pad
electrode layer.

13. An organic light-emitting diode (OLED) display
device, comprising:

a substrate including a display area and a pad area;

a pad line and a pad electrode in the pad area; and
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a patterned anode, configured by etching, in the display

area,
wherein the pad electrode is a three-layered structure,
wherein an uppermost layer and a lowermost layer of the
three-layered structure are of the same material, and

wherein the uppermost layer is not etched by an etchant
which is used to pattern the anode, and is formed of a
material to prevent corrosion of an intermediate layer of
the three-layered structure.

14. The display device of claim 13, wherein the uppermost
layer is in contact with both sides of the lowermost layer to
seal the lowermost layer.

15. The display device of claim 14, wherein the interme-
diate layer includes Cu, and the uppermost layer includes
MoTi, Ti or its alloy.

16. The display device of claim 13, wherein the display
area further includes a data wiring, and

wherein the uppermost layer and the lowermost layer are

on the same layer as the data wiring.

17. The display device of claim 13, wherein the anode
includes at least one among Ag, Al, Ag alloy and Al alloy.

18. A method of fabricating an organic light-emitting diode
(OLED) display device, the method comprising:
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forming a thin film transistor on a display area of a sub-
strate;
forming a pad electrode having a three-layered structure on
a pad area of the substrate;
forming an open hole exposing a portion of an uppermost
layer of the pad electrode by selectively etching a pas-
sivation layer on the pad area; and
patterning an anode on the passivation layer over the thin
film transistor by etching,
wherein the uppermost layer exposed via the open hole is
not etched during the patterning of the anode.
19. The method of claim 18, wherein an intermediate layer
of the pad electrode includes Cu,
wherein the uppermost layer and a lowermost layer of the
pad electrode include MoTi, Ti or its alloy, and
wherein an etchant used for patterning the anode includes
at least one among a phosphoric acid, a nitric acid and an
acetic acid, but does not include hydrofluoric acid potas-
sium and hydrogen peroxide.
20. The method of claim 19, wherein the uppermost layer
is in contact with both sides of the lowermost layer to seal the
intermediate layer.
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