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7) ABSTRACT

A display device includes an insulating layer disposed on a
substrate, a pixel electrode including a first conductive layer,
a second conductive layer, and a third conductive layer
sequentially stacked on the insulating layer, a pixel defining
layer covering the pixel electrode and partially exposing the
pixel electrode through an opening, an organic light emitting
layer disposed in the opening of the pixel defining layer, and
an opposing electrode disposed on the organic light emitting
layer and overlapping the pixel electrode. A length of the
first conductive layer is less than a length of the second
conductive layer.
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FIG. 8
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<EXEMPLARY EMBODIMENT>
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FIG

<COMPARATIVE EXAMPLE 1>
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DISPLAY DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C. §
119 to Korean Patent Application No. 10-2018-0127504
filed on Oct. 24, 2018, the disclosure of which is incorpo-
rated by reference herein in its entirety.

TECHNICAL FIELD

[0002] Exemplary embodiments of the inventive concept
relate to a display device and a method of manufacturing the
display device. More particularly, exemplary embodiments
of the inventive concept relate to a display device capable of
improving particle defects and a method of manufacturing
the display device.

DISCUSSION OF THE RELATED ART

[0003] Recently, the importance of flat panel display
devices having excellent characteristics such as being thin
and light weight, and having low power consumption, has
been increasing. Among flat panel display devices, liquid
crystal display devices and organic light emitting display
devices are widely commercialized because they have excel-
lent resolution and image quality. In particular, organic light
emitting display devices are becoming more widely used
due to their high response speed, low power consumption,
and self-luminescence capability.

[0004] An organic light emitting display device may
include an organic light emitting device formed in a display
area and metal lines formed in a peripheral area neighboring
the display area. The organic light emitting device may
include electrodes and an organic light emitting layer dis-
posed between the electrodes that emits light.

[0005] When a metal layer is formed in the display area
and the peripheral area and an electrode of the organic light
emitting diode is formed by etching the metal layer, a metal
line and the metal layer may react with the etchant to cause
galvanic corrosion. Galvanic corrosion is a phenomenon in
which electrons move and the metal ions are reduced by an
oxidation-reduction reaction when two metals having dif-
ferent corrosion potentials are connected to an electrolyte.
Galvanic corrosion may occur when the corrosion potential
of the metal constituting the metal layer and the metal line
differ greatly.

SUMMARY

[0006] Exemplary embodiments of the inventive concept
provide a display device capable of reducing particle
defects.

[0007] Exemplary embodiments of the inventive concept
provide a method of manufacturing the display device.
[0008] According to an exemplary embodiment of the
inventive concept, a display device includes an insulating
layer disposed on a substrate, a pixel electrode including a
first conductive layer, a second conductive layer, and a third
conductive layer sequentially stacked on the insulating layer,
in which a length of the first conductive layer is less than a
length of the second conductive layer, a pixel defining layer
covering the pixel electrode and partially exposing the pixel
electrode through an opening, an organic light emitting layer
disposed in the opening of the pixel defining layer, and an
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opposing electrode disposed on the organic light emitting
layer and overlapping the pixel electrode.

[0009] In an exemplary embodiment, the first conductive
layer includes indium tin oxide (ITO), the second conductive
layer includes silver (Ag), and the third conductive layer
includes indium tin oxide (ITO).

[0010] In an exemplary embodiment, the display device
includes a pad electrode disposed on the substrate in a
non-display area that surrounds a display area. The pad
electrode includes aluminum (Al).

[0011] In an exemplary embodiment, the pad electrode
includes a first layer, a second layer and a third layer which
are sequentially stacked. The first layer and the third layer
include titanium (Ti) and the second layer includes alumi-
num (Al).

[0012] In an exemplary embodiment, the display devices
further includes a thin film transistor disposed between the
substrate and the pixel electrode. The thin film transistor
includes a semiconductor layer, a gate electrode, a source
electrode, and a drain electrode.

[0013] In an exemplary embodiment, a length difference
between the first conductive layer and the second conductive
layer in an edge portion of the pixel electrode is about 190
nm to about 250 nm.

[0014] According to an exemplary embodiment of the
inventive concept, a method of manufacturing a display
device includes forming an insulating layer in a display area
of a substrate, forming a pixel electrode including a first
conductive layer, a second conductive layer, and a third
conductive layer sequentially stacked on the insulating layer,
patterning the third conductive layer of the pixel electrode
by etching the third conductive layer with a first etchant,
patterning the second conductive layer and the first conduc-
tive layer of the pixel electrode by etching the second
conductive layer and the first conductive layer with a second
etchant, forming an organic light emitting layer on the pixel
electrode, and forming an opposing electrode overlapping
the pixel electrode on the organic light emitting layer.
[0015] In an exemplary embodiment, the method further
includes forming a pad electrode in a non-display area of the
substrate. The non-display area surrounds the display area,
and the pad electrode includes aluminum (Al).

[0016] In an exemplary embodiment, the pad electrode
includes a first layer, a second layer and a third layer which
are sequentially stacked, the first layer and the third layer
include titanium (Ti), and the second layer includes alumi-
num (Al).

[0017] In an exemplary embodiment, forming the pixel
electrode includes forming the pixel electrode on the pad
electrode disposed in the non-display area.

[0018] In an exemplary embodiment, the first conductive
layer includes indium tin oxide (ITO), the second conductive
layer includes silver (Ag) and the third conductive layer
includes indium tin oxide (ITO).

[0019] In an exemplary embodiment, in the etching of the
third conductive layer, a length of the first conductive layer
in an edge portion of the pixel electrode and in an edge
portion of the pad electrode is smaller than a length of the
second conductive layer, respectively.

[0020] In an exemplary embodiment, in the etching of the
third conductive layer, an undercut is formed in the first
conductive layer in an area corresponding to an edge portion
of the pixel electrode and in an area corresponding to an
edge portion of the pad electrode.
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[0021] In an exemplary embodiment, in the etching of the
second conductive layer and the first conductive layer, a
silver ion generated from the second conductive layer is
collected in the undercut.

[0022] In an exemplary embodiment, a length of the
undercut formed in the edge portion of the pixel electrode is
about 190 nm to about 250 nm.

[0023] In an exemplary embodiment, a length of the
undercut formed in the edge portion of the pad electrode is
about 180 nm to about 200 nm.

[0024] In an exemplary embodiment, the method further
includes forming a pixel defining layer. The pixel defining
layer covers the undercut of the pixel electrode and has an
opening partially exposing the pixel electrode. The method
further includes forming the organic light emitting layer in
the opening of the pixel defining layer.

[0025] In an exemplary embodiment, the method further
includes forming a thin film transistor between the substrate
and the pixel electrode. The thin film transistor includes a
semiconductor layer, a gate electrode, a source electrode,
and a drain electrode.

[0026] According to an exemplary embodiment of the
inventive concept, a display device includes an insulating
layer disposed in a display area of a substrate, a pixel
electrode including a first conductive layer, a second con-
ductive layer, and a third conductive layer sequentially
stacked on the insulating layer. An undercut is formed in an
edge portion of the first conductive layer. The display device
further includes a pixel defining layer covering the undercut
of the pixel electrode and having an opening partially
exposing the pixel electrode, an organic light emitting layer
disposed in the opening of the pixel defining layer, and an
opposing electrode disposed on the organic light emitting
layer and overlapping the pixel electrode.

[0027] In an exemplary embodiment, the first conductive
layer includes indium tin oxide (ITO), the second conductive
layer includes silver (Ag), and the third conductive layer
includes indium tin oxide (ITO).

[0028] According to exemplary embodiments of the
inventive concept, a pixel electrode layer having a stacked
structure of ITO/Ag/TTO is patterned by first patterning the
upper ITO layer with a first etching process and then
patterning the Ag layer and the lower ITO layer with a
second etching process. The amount of silver particles may
be reduced through the two-step etching process. Therefore,
defects that may occur in the manufacturing process caused
by the silver particles may be prevented or reduced. In
addition, the side surface of a pad electrode may be pre-
vented from being corroded by blocking the reaction with
aluminum (Al) included in the pad electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other features of the inventive
concept will become more apparent by describing in detail
exemplary embodiments thereof with reference to the
accompanying drawings, in which:

[0030] FIG. 1 is a plan view illustrating an organic light
emitting display device according to an exemplary embodi-
ment.

[0031] FIG. 2 is an enlarged view illustrating part A of the
display device of FIG. 1.

[0032] FIG. 3 is a cross-sectional view of a display device
taken along line I-I' and line II-II' of FIG. 2.
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[0033] FIGS. 4 to 10 are cross-sectional views illustrating
a method of manufacturing a display device according to an
exemplary embodiment.

[0034] FIGS. 11A and 11B are photographs comparing the
amount of silver particles generated in a method of manu-
facturing a display device according to an exemplary
embodiment and a method of manufacturing a display
device according to a comparative example.

[0035] FIGS. 12A and 12B are photographs comparing an
undercut according to an exemplary embodiment and a
comparative example.

DETAILED DESCRIPTION

[0036] Exemplary embodiments of the inventive concept
will be described more fully hereinafter with reference to the
accompanying drawings. Like reference numerals may refer
to like elements throughout the accompanying drawings.
[0037] FIG. 1 is a plan view illustrating a display device
according to an exemplary embodiment.

[0038] Referring to FIG. 1, according to an exemplary
embodiment, the display device may include a display area
DA and non-display area NDA. The non-display area NDA
may surround the display area DA. A plurality of pixels PX
may be disposed in the display area DA. In the display area
DA, images may be displayed based on light emitted by the
plurality of pixels PX.

[0039] The non-display area NDA may include a line area
SLA in which a plurality of fan-out lines is arranged and a
pad area PDA in which a plurality of pad electrodes formed
at end portions of the plurality of fan-out lines is arranged.
[0040] FIG. 2 is an enlarged view illustrating part A of the
display device of FIG. 1. F1G. 3 is a cross-sectional view of
a display device taken along line I-I' and line II-II' of FIG.
2.

[0041] Referring to FIGS. 2 and 3, according to an exem-
plary embodiment, the display device may include a sub-
strate 110, a thin film transistor TFT, an organic light
emitting diode OLED, a fan-out line SL and a pad electrode
160.

[0042] The substrate 110 includes the display area DA and
the non-display area NDA. The substrate 110 may be a
transparent substrate or an opaque insulating substrate. For
example, the substrate 110 may include glass or plastic such
as polyimide (PI), polycarbonate (PC), polyethersulfone
(PES), polyethylene terephthalate (PET), polyacrylate, and
the like.

[0043] Abuffer layer 115 may be disposed on the substrate
110. The buffer layer 115 may block impurities such as
oxygen, water, etc. penetrating through the substrate 110. In
addition, the buffer layer 115 may provide a flat surface on
top of the substrate 110. The buffer layer 115 may include,
for example, silicon nitride, silicon oxide, silicon oxynitride,
and the like. Alternatively, the buffer layer 115 may be
omitted.

[0044] A thin film transistor TFT and an organic light
emitting diode OLED may be disposed on the buffer layer
115 in the display area DA. The thin film transistor TFT may
include a semiconductor layer 120, a gate electrode 130, a
source electrode 140, and a drain electrode 150. In an
exemplary embodiment, the thin film transistor TFT may
have a top-gate structure in which the gate electrode 130 is
disposed on top of the semiconductor layer 120. Alterna-
tively, the thin film transistor TFT may have a bottom-gate
structure in which the gate electrode is disposed under the
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semiconductor layer. Alternatively, the gate electrode may
have a double-gate gate structure disposed at the top and
bottom of the semiconductor layer 120, respectively.
[0045] The semiconductor layer 120 may be disposed on
the buffer layer 115. The semiconductor layer 120 may be
formed of, for example, amorphous silicon, polycrystalline
silicon, an oxide semiconductor, or the like. The semicon-
ductor layer 120 may include a source area, a drain area, and
a channel area formed therebetween.

[0046] A gate insulating layer 125 covering the semicon-
ductor layer 120 may be disposed on the buffer layer 115.
The gate insulating layer 125 may be disposed on the
substrate 110 in the display area DA and the non-display area
NDA. The gate insulating layer 125 may insulate the gate
electrode 130 from the semiconductor layer 120. The gate
insulating layer 125 may include, for example, silicon
nitride, silicon oxide, silicon oxynitride, and the like.
[0047] The gate electrode 130 may be disposed on the gate
insulating layer 125. The gate electrode 130 may overlap the
channel area of the semiconductor layer 120. The gate
electrode 130 may be formed of a first metal layer. The first
metal layer may include a metal such as, for example,
molybdenum (Mo), aluminum (Al), copper (Cu), or an alloy
of metals.

[0048] It will be understood that the terms “first,” “sec-
ond,” “third,” etc. are used herein to distinguish one element
from another, and the elements are not limited by these
terms. Thus, a “first” element in an exemplary embodiment
may be described as a “second” element in another exem-
plary embodiment.

[0049] An interlayer insulating layer 135 covering the gate
electrode 130 may be disposed on the gate insulating layer
125. The interlayer insulating layer 135 may be disposed on
the substrate 110 in the display area DA and the non-display
area NDA. The interlayer insulating layer 135 may insulate
the source and drain electrodes 140 and 150 from the gate
electrode 130. The interlayer insulating layer 135 may
include, for example, silicon nitride, silicon oxide, silicon
oxynitride, or the like.

[0050] The source electrode 140 and the drain electrode
150 may be disposed on the interlayer insulating layer 135.
The source electrode 140 and the drain electrode 150 may be
connected to the source area and the drain area of the
semiconductor layer 120 through contact holes formed in the
interlayer insulating layer 135 and the gate insulating layer
125, respectively. The source electrode 140 and the drain
electrode 150 may be formed of a second metal layer. In an
exemplary embodiment, the second metal layer may include,
for example, aluminum (Al). In an exemplary embodiment,
the second metal layer may include, for example, aluminum
and an aluminum alloy. The aluminum alloy may include,
for example, any one of copper (Cu), vanadium (V) and
silicon (Si).

[0051] The second metal layer may include a first layer
161, a second layer 162 and a third layer 163 which are
sequentially stacked. For example, the first layer 161 may be
disposed under the second layer 162, and the third layer 163
may be disposed above the second layer 162. The first layer
161, the second layer 162, and the third layer 163 may
include, for example, titanium (Ti), aluminum (Al) and
titanium (T1), respectively.

[0052] It will be understood that when a component, such
as a film, a region, a layer, or an element, is referred to as
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being “on”, “connected to”, “coupled to”, or “adjacent to”
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another component, it can be directly on, connected,
coupled, or adjacent to the other component, or intervening
components may be present. It will also be understood that
when a component is referred to as being “between” two
components, it can be the only component between the two
components, or one or more intervening components may
also be present. It will also be understood that when a
component is referred to as “covering” another component,
it can be the only component covering the other component,
or one or more intervening components may also be cover-
ing the other component.

[0053] The display device may further include a storage
capacitor disposed in the display area DA on the substrate
110. The storage capacitor may include a first storage
electrode formed of a same first metal layer as the gate
electrode 130 and a second storage electrode formed of a
same second metal layer as the source and drain electrodes
140 and 150.

[0054] A planarization layer 175 may be disposed on the
substrate 110. The planarization layer 175 may be an insu-
lating layer for planarizing the display area DA in which the
thin film transistor TFT is formed. The planarization layer
175 may include organic materials such as, for example, an
acrylic resin, an epoxy resin, a polyimide resin, and a
polyester resin.

[0055] The organic light emitting diode OLED may be
disposed on the planarization layer 175. The organic light
emitting diode OLED includes a pixel electrode 180, an
organic light emitting layer 210, and an opposing electrode
230. The thin film transistor TFT may be disposed between
the substrate 110 and the pixel electrode 180.

[0056] The pixel electrode 180 may include a first elec-
trode 181, a second electrode 182, and a third electrode 183,
which are sequentially stacked conductive layers. Thus, the
first electrode 181 may also be referred to herein as a first
conductive layer, the second electrode 182 may also be
referred to herein as a second conductive layer, and the third
electrode 183 may also be referred to herein as a third
conductive layer.

[0057] For example, the first electrode 181 is disposed on
the planarization layer 175, the second electrode 182 is
disposed on the first electrode 181, and the third electrode
183 is disposed on the second electrode 182.

[0058] As shown in FIG. 3, in an exemplary embodiment,
as a result of an undercut UDC that is formed during the
manufacturing of the display device, which will be
described in further detail below, a length of the first
electrode 181 (the first conductive layer) is less than a length
of the second electrode 182 (the second conductive layer).
[0059] The first electrode 181 may include indium tin
oxide (ITO), the second electrode 182 may include silver
(Ag), and the third electrode 183 may include indium tin
oxide (ITO). The second electrode 182 of the pixel electrode
180 may serve as a main conductive layer. The first electrode
181 and the third electrode 183 of the pixel electrode 180
may serve as an auxiliary conductive layer for protecting a
lower surface and an upper surface of the second electrode
182, respectively.

[0060] A pixel defining layer 190 having an opening
exposing the pixel electrode 180 may be disposed in the
display area DA of the substrate 110 on which the pixel
electrode 180 is disposed. The pixel defining layer 190 may
include an opening exposing an upper surface of the pixel
electrode 180, and a light emitting area of the pixel may be
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defined as an area in which the opening is formed. The pixel
defining layer 190 may include organic materials such as, for
example, an acrylic resin, an epoxy resin, a polyimide resin,
and a polyester resin.

[0061] The organic light emitting layer 210 may be dis-
posed within the opening of the pixel defining layer 190. The
organic light emitting layer 210 may include a low molecu-
lar weight organic compound or a high molecular weight
organic compound.

[0062] In an exemplary embodiment, the organic light
emitting layer 210 may emit a red light, a green light, or a
blue light. In an exemplary embodiment, when the organic
light emitting layer 210 emits a white light, the organic light
emitting layer 210 may include a multilayer structure includ-
ing a red light emitting layer, a green light emitting layer,
and a blue light emitting layer, or may include a single layer
structure including a red light emitting material, a green light
emitting material, and a blue light emitting material.
[0063] The opposing electrode 230 may be disposed on
the organic light emitting layer 210 in the display area DA.
For example, the opposing electrode 230 may be disposed
on the organic light emitting layer 210 and the pixel defining
layer 190. The opposing electrode 230 may include, for
example, lithium (L), calcium (Ca), lithium fluoride (LiF),
aluminum (Al), magnesium (Mg), or combinations thereof.
For example, the opposing electrode 230 may have an
Mg/Ag structure in which magnesium (Mg) and silver (Ag)
are stacked. The opposing electrode 230 may overlap the
pixel electrode 180.

[0064] The pad electrode 160 formed at an end portion of
the fan-out line SL and the fan-out line SL may be disposed
on the interlayer insulating layer 135 of the non-display area
NDA.

[0065] The fan-out line SL may be formed of the same first
metal layer as the gate electrode 130, or may be formed of
the same second metal layer as the source and drain elec-
trodes 140 and 150.

[0066] The pad electrode 160 may be formed of the same
second metal layer as the source and drain electrodes 140
and 150. The pad electrode 160 may include the first layer
161, the second layer 162, and the third layer 163 which are
sequentially stacked. The second layer 162 of the pad
electrode 160 may serve as a main conductive layer. The first
layer 161 and the third layer 163 of the pad electrode 160
may serve as an auxiliary conductive layer for protecting the
lower and upper surfaces of the second layer 162, respec-
tively. The pad electrode 160 may include aluminum (Al).
The first layer 161 and the third layer 163 of the pad
electrode 160 may include titanium (Ti), and the second
layer 162 of the pad electrode 160 may include aluminum
(AD.

[0067] When the fan-out line SL is formed of the first
metal layer, the pad electrode 160 may contact the fan-out
line SL through a contact hole formed in the interlayer
insulating layer 135. Alternatively, when the fan-out line SL
is formed of the second metal layer, the pad electrode 160
may be formed integrally with the fan-out line SL.

[0068] In an exemplary embodiment, the pixel electrode
180 of the organic light emitting diode OLED may be
patterned by a two-step etch process. For example, the third
electrode 183 disposed on top of the pixel electrode 180 is
patterned first by a first etching process using a first etchant.
Then, the second electrode 182 and the first electrode 181
disposed under the third electrode 183 may be simultane-

Apr. 30,2020

ously patterned by the second etching process using a
second etchant. That is, the third electrode 183 disposed on
top of the pixel electrode 180 may be patterned by a first
etching process using a first etchant at a first point in time,
and then, the second electrode 182 and the first electrode 181
disposed under the third electrode 183 may be simultane-
ously patterned by the second etching process using a
second etchant at a second point in time occurring after the
first point in time.

[0069] In an exemplary embodiment, the pixel electrode
180 including silver (Ag) is patterned by the two-step
etching process. Therefore, the number of silver particles
generated by silver ions (Ag+) generated in the etching
process may be reduced. In addition, as a result of perform-
ing the patterning using the two-step etching process, cor-
rosion of the side surface of the pad electrode 160 in which
the silver ions (Ag+) are generated by galvanic reaction with
aluminum (Al) contained in the pad electrode 160 may be
reduced. The presence of silver particles may cause various
defects in subsequent processes. For example, the silver
particles may combine with moisture in subsequent pro-
cesses and gradually proliferate. Therefore, the silver par-
ticles may cause a defect that shorts the pixel electrode 180
and the opposing electrode 230. In addition, shorting
between adjacent pad electrodes 160 may occur.

[0070] Thus, according to an exemplary embodiment, the
pixel electrode 180 is formed by the two-step etching
process described herein. As a result of using the two-step
etching process according to exemplary embodiments, gen-
eration of silver particles may be suppressed, and thus,
defects that may occur during the manufacturing process
may be reduced.

[0071] FIGS. 4 to 10 are cross-sectional views illustrating
a method of manufacturing a display device according to an
exemplary embodiment.

[0072] Referring to FIG. 4, a thin film transistor TFT may
be formed in the display area DA of the substrate 110, and
a pad electrode 160 may be formed in the non-display area
NDA of the substrate 110.

[0073] The buffer layer 115 may be formed in the display
area DA and the non-display area NDA of the substrate 110.
The buffer layer 115 may be formed by various methods
such as, for example, chemical vapor deposition, sputtering,
etc. using silicon oxide, silicon nitride, silicon oxynitride, or
the like.

[0074] The semiconductor layer 120 may be formed in the
display area DA of the substrate 110 on which the buffer
layer 115 is formed. For example, the semiconductor layer
120 may be formed on the buffer layer 115 in the display
area DA of the substrate 110. For example, a semiconductor
layer 120 may be formed by forming a layer including a
silicon-containing material and an oxide semiconductor on
the entire surface of the buffer layer 115, and patterning the
layer. When the semiconductor layer 120 is made of a
material including the silicon, an amorphous silicon layer
may be formed on an entire surface of the buffer layer 115
and crystallized to form a polycrystalline silicon layer.
Thereafter, the polycrystalline silicon layer is patterned and
impurity is doped on both sides of the patterned polycrys-
talline silicon layer. Thus, a semiconductor layer 120 includ-
ing a source area, a drain area and a channel area therebe-
tween may be formed.

[0075] The gate insulating layer 125 may be formed in the
display area DA and the non-display area NDA of the
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substrate 110 on which the semiconductor layer 120 is
formed. For example, the gate insulating layer 125 may be
formed on the semiconductor layer 120 and on the buffer
layer 115 in the display area DA of the substrate 110, and
may be formed on the buffer layer 115 in the non-display
area NDA of the substrate 110. The gate insulating layer 125
may be formed using, for example, silicon oxide, silicon
nitride, silicon oxynitride, or the like.

[0076] The first metal layer may be formed on the gate
insulating layer 125, and the first metal layer may be
patterned to form the gate electrode 130 in the display area
DA. The gate electrode 130 may overlap the semiconductor
layer 120. The first metal layer may be formed using, for
example, a metal, an alloy of a metal, or the like.

[0077] The interlayer insulating layer 135 may be formed
in the display area DA of the substrate 110 on which the gate
electrode 130 is formed. For example, the interlayer insu-
lating layer 135 may be formed on the gate insulating layer
125 and on the gate electrode 130 in the display area DA of
the substrate 110, and on the gate insulating layer 125 in the
non-display area NDA of the substrate 110. The interlayer
insulating layer 135 may be formed using, for example,
silicon oxide, silicon nitride, silicon oxynitride, or the like.
[0078] The interlayer insulating layer 135 and the gate
insulating layer 125 may form a plurality of contact holes
exposing the semiconductor layer 120. For example, the
contact holes may expose the source area and the drain area
of the semiconductor layer 120, respectively.

[0079] A second metal layer is formed on the substrate 110
on which the interlayer insulating layer 135 is formed, and
the second metal layer is patterned. The second metal layer
may be patterned to form the source electrode 140 and the
drain electrode 150 in the display area DA and the pad
electrode 160 in the non-display area NDA.

[0080] The second metal layer may include, for example,
aluminum (Al) and an aluminum alloy, and the aluminum
alloy may include, for example, any one of copper (Cu),
vanadium (V) and silicon (Si).

[0081] In an exemplary embodiment, the second metal
layer may include a first layer 161, a second layer 162, and
a third layer 163 that are sequentially stacked. For example,
the second metal layer, in which a first layer including
titanium (Ti), a second layer including aluminum (Al), and
a third layer including titanium (Ti) are sequentially stacked,
may be formed on the interlayer insulating layer 135.
Accordingly, the source electrode 140, the drain electrode
150, and the pad electrode 160 may have a stacked structure
of TI/AUTi.

[0082] Referring to FIG. 5, a planarization layer 175 is
formed on the substrate 110 on which the interlayer insu-
lating layer 135 is formed. For example, the planarization
layer 175 is formed on the interlayer insulating layer 135 and
on parts of the TFT in the display area DA of the substrate
110. The planarization layer 175 may include organic mate-
rials such as, for example, an acrylic resin, an epoxy resin,
a polyimide resin, and a polyester resin. The planarization
layer 175 may be formed to have a thickness that is sufficient
to cover the source electrode 140 and the drain electrode 150
formed in the display area DA.

[0083] The planarization layer 175 may be patterned to
remain in the display area DA and removed to expose the
pad electrode 160 in the non-display area NDA.

[0084] Referring to FIG. 6, a pixel electrode layer 1804 is
formed on the substrate 110 on which the planarization layer
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175 is formed. For example, the pixel electrode layer 180a
is formed on the planarization layer 175 in the display area
DA of the substrate 110. In addition, as shown in FIG. 6, the
pixel electrode layer 180a is formed on the pad electrode
160 in the non-display area NDA. The pixel electrode layer
180¢ includes a first conductive layer 181a, a second con-
ductive layer 182a, and a third conductive layer 183a which
are sequentially stacked.

[0085] The first conductive layer 181a may include
indium tin oxide (ITO). The second conductive layer 182a
may include silver (Ag). The third conductive layer 183a
may include indium tin oxide (ITO). Thus, the pixel elec-
trode layer 180a may have a stacked structure of ITO/Ag/
ITO.

[0086] A photoresist pattern PRP is formed in the display
area DA on the substrate 110 on which the pixel electrode
layer 180q is formed. For example, the photoresist pattern
PRP is formed on the pixel electrode layer 180a in the
display area DA of the substrate 110. The photoresist pattern
PRP may be formed in an electrode area EA in which the
pixel electrode 180 of the organic light emitting diode
OLED in the display area DA is formed.

[0087] Referring to FIG. 7, the third conductive layer 183a
disposed above the pixel electrode layer 180a is etched
through a first etching process using the photoresist pattern
PRP as a mask. The first etchant used in the first etching
process may include, for example, a composition for etching
the indium tin oxide (ITO).

[0088] The third conductive layer 183a formed in the
display area DA by the first etching process is patterned by
a third electrode 183 of the pixel electrode 180. In addition,
the third conductive layer 183a formed in the non-display
area NDA is removed.

[0089] In the first etching process, the first etchant pen-
etrates to the second conductive layer 182a and the first
conductive layer 181a disposed under the third conductive
layer 183a. The first conductive layer 181a including the
indium tin oxide (ITO), which is the same material as the
third conductive layer 1834, is partially removed by the first
etching process to form an undercut UDC in the first
conductive layer 181a.

[0090] Referring to FIG. 8, the pad electrode 160 is
formed to have a thickness of about 6000 A, and the pixel
electrode layer 180a is formed to have a relatively thin
thickness of about 1000 A. Accordingly, a step coverage of
the pixel electrode layer 180a in a step portion of the pad
electrode 160 is poor. The undercut UDC is formed at the
step edge portion of the pad electrode 160 by the first etching
process. The length of the undercut UDC at the step edge
portion of the pad electrode 160 may be about 180 nm to
about 200 nm. The length of the second conductive layer
182a at the step edge portion of the pad electrode 160 by the
undercut UDC may be longer than the length of the first
conductive layer 181a.

[0091] As shown in FIGS. 7 and 8, etching the third
conductive layer 183a using the first etching process results
in forming the undercut UDC in the first conductive layer
181a in an area corresponding to the edge portion of the
pixel electrode 180 and in an area corresponding to the edge
portion of the pad electrode 160. Further, etching the third
conductive layer 183a results in the length of the first
conductive layer 181a in the edge portion of the pixel
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electrode 180 and in the edge portion of the pad electrode
160 being smaller than the length of the second conductive
layer 182a.

[0092] Referring to FIGS. 8 and 9, the second conductive
layer 1824 and the first conductive layer 181a of the pixel
electrode layer 180a are etched through a second etching
process using a second etchant. The second etchant may
include a composition for etching the silver (Ag) and the
indium tin oxide (ITO).

[0093] In the second etching process, silver (Ag) included
in the second conductive layer 182a is oxidized to generate
silver ions (Ag+) 182b. The silver ions (Ag+) 18256 are
collected in the undercut UDC formed at the stepped portion
of the pad electrode 160. Since the silver ions (Ag+) 1826
are gathered in the undercut UDC, the silver ions 1825 may
be prevented from moving toward the pad electrode 160, or
the amount of silver ions 1825 that move toward the pad
electrode 160 may be reduced.

[0094] Accordingly, the undercut UDC inhibits migration
of the silver ions (Ag+) 182b. In the second etching process,
electrons (-) generated from aluminum (Al) included in the
pad electrode 160 may block the binding of the silver ions
(Ag+) 182b. The electrons (-) generated from the aluminum
(Al) included in the pad electrode 160 may be prevented
from being combined with the silver ions (Ag+) 1825. That
is, generation of silver particles may be prevented or
reduced.

[0095] However, some of the silver ions (Ag+) 1825 may
still move toward the pad electrode, and these silver ions
(Ag+) 1825 are reduced by the electrons (-) taken from the
aluminum (Al) included in the pad electrode 160. Thus,
silver particles may be generated. However, hydrogen ions
included in the second etchant again take electrons (=) from
the silver particles. As a result, the silver particles that have
lost electrons (-) may be oxidized again to the silver ions
(Ag+) 182b. Thus, the silver particles may be prevented
from being generated.

[0096] As described above, according to exemplary
embodiments, the number of silver particles generated in the
process of forming the pixel electrode 180 may be reduced
by forming the pixel electrode 180 using the two-step
etching process of the pixel electrode layer 1804 described
above. In addition, the silver ions (Ag+) may prevent the
side surface of the pad electrode 160 from corroding by
blocking the reaction with aluminum (Al) included in the
pad electrode 160. That is, the side surface of the pad
electrode 160 may be prevented from becoming corroded by
blocking the reaction with aluminum (Al) included in the
pad electrode 160.

[0097] The second conductive layer 182a and the first
conductive layer 181a formed in the display area DA are
patterned to the second electrode 182 and the first electrode
181 of the pixel electrode 180 by the second etching process.
Accordingly, the pixel electrode 180 of the organic light
emitting diode OLED is formed in the electrode area EA.
The edge portion of the pixel electrode 180 includes an
undercut UDC formed in the first conductive layer 1814 in
the first etching process. The length of the undercut UDC
formed in the first electrode 181 of the pixel electrode 180
may be about 190 nm to about 250 nm. That is, the first
electrode 181 and the second electrode 182 of the pixel
electrode 180 may have a length difference in an edge
portion of the pixel electrode 180 of about 190 nm to about
250 nm corresponding to the length of the undercut UDC.
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For example, a length difference from an edge portion of the
first electrode 181 and an edge portion of the second
electrode 182 may be between about 190 nm and about 250
nm.

[0098] In addition, the second conductive layer 182a and
the first conductive layer 181a formed in the non-display
area NDA are removed, and the pad electrode 160 is
exposed.

[0099] After the second etching process is completed, the
photoresist pattern PRP is removed. In addition, the silver
particles remaining on the interlayer insulating layer 135,
the pad electrode 170 and the planarization layer 175 may be
removed through a cleaning process.

[0100] Referring to FIGS. 3 and 10, a pixel defining layer
190 covering the pixel electrode 180 may be formed on the
planarization layer 175 in the display area DA. The pixel
defining layer 190 may be formed of, for example, a
polyimide resin, a photoresist, an acrylic resin, a polyamide
resin, a siloxane resin, or the like.

[0101] The pixel defining layer 190 may be patterned to
form an opening exposing the top surface of the pixel
electrode 180. The pixel defining layer 190 is formed to
overlap the undercut UDC formed at the edge portion of the
pixel electrode 180. Thus, the pixel defining layer 190 may
prevent a display defect due to the undercut UDC of the
pixel electrode.

[0102] The organic light emitting layer 210 may be
formed in the opening that exposes the pixel electrode 180.
The organic light emitting layer 210 may be formed of, for
example, a low-molecular organic compound or a high-
molecular organic compound using a method such as screen
printing, inkjet printing, or vapor deposition.

[0103] Thereafter, an opposing electrode 220 may be
formed on the pixel defining layer 190 and the organic light
emitting layer 210.

[0104] The opposing electrode 220 may be formed of, for
example, lithium (Li), calcium (Ca), lithium fluoride (LiF),
aluminum (Al), silver (Ag), magnesium (Mg), or the like.
For example, the opposing electrode 220 may have a Mg/Ag
structure in which a first layer including magnesium (Mg)
and a second layer including silver (Ag) are stacked.
[0105] FIGS. 11A and 11B are photographs comparing the
amount of silver particles generated in a method of manu-
facturing a display device according to an exemplary
embodiment and a method of manufacturing a display
device according to a comparative example. FIGS. 12A and
12B are photographs comparing an undercut according to an
exemplary embodiment and a comparative example.

[0106] According to an exemplary embodiment, the etch-
ing process of the pixel electrode layer having an ITO/Ag/
ITO stacked structure includes a first etching step for first
etching an upper ITO layer, and a second etching step for
simultaneously etching the Ag layer and a lower ITO layer
after the first etching step, as described above. Results of the
exemplary embodiment are illustrated in FIGS. 11A and
12A and are referred to below in Tables 1 and 2.

[0107] According to a comparative example 1, the etching
process of the pixel electrode layer having the ITO/Ag/ITO
stacked structure simultaneously etches the upper ITO layer,
the Ag layer and the lower ITO layer. That is, in the
comparative example 1, a single etching process is pet-
formed in which the upper ITO layer, the Ag layer and the
lower ITO layer are all simultaneously etched. Results of the
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comparative example 1 are illustrated in FIGS. 11B and 12B
and are referred to below in Tables 1 and 2.

[0108] According to a comparative example 2, the etching
process of the pixel electrode layer having the ITO/Ag/ITO
stacked structure includes a first etching step for simultane-
ously etching the upper ITO and the Ag layer and a second
etching step for etching the lower ITO layer. Results of the
comparative example 2 are illustrated below in Tables 1 and
2

[0109] Table 1 compares the occurrence of the silver
particles according to the exemplary embodiment and the
two comparative examples.

TABLE 1
& Pad & Etch Step<* Ag P/C+¥ Undercut<*
Exemplary  TVAVTI¥  (ITO->Ag/ITO) ¥  Not Occur
Embodiment oceurring
Comparative (ITO/Ag/ITO) +* Oceur Not
Example 1 oceurring
Comparative (ITO/Ag->1TO) & Occur Not
Example 2 oceurring
[0110] Referring to FIG. 11A and Table 1, in the exem-

plary embodiment, the silver particle Ag P/C hardly occurs
on the pad electrode 160.

[0111] Referring to FIG. 11B and Table 1, in the compara-
tive example 1, a large number of the silver particle Ag P/C
was formed on the pad electrode. In addition, in the com-
parative example 2, a large number of the silver particle Ag
P/C was generated on the pad electrode.

[0112] Referring to a relationship between the silver par-
ticle Ag P/C and the undercut of the pad electrode 160, the
undercut is formed in the conductive layer of the pad
electrode 160 in the case of the exemplary embodiment in
which the silver particle Ag P/C does not occur (or barely
occurs). However, the undercut was not formed in the
conductive layer of the pad electrode in the case of the
comparative examples 1 and 2 in which the silver particle Ag
P/C was generated in a large number.

[0113] Therefore, as can be seen, when the undercut is
formed in the conductive layer of the pad electrode 160, as
is done in exemplary embodiments, the silver particle Ag
P/C is not generated (or is barely generated).

[0114] Table 2 compares the undercuts according to the
exemplary embodiment and the two comparative examples.
TABLE 2

Undercut &
& Pad «* Ftch Step «* (Pad Area) *
Exemplary — TV/AUTI < (ITO->Ag/ITO) «* 196.7 nm ¥
Embodiment
Comparative (ITO/Ag/ITO) ¥ 106.5 nm +*
Example 1
Comparative (ITO/Ag->ITO) «* 181.0 nm ~*
Example 2

[0115] Referring to FIG. 12A and Table 2, in the case of

the exemplary embodiment, a length of the undercut UDC
formed in the conductive layer of the pad electrode 160 was
about 196.7 nm. In the case of the comparative example 1,
a length of the undercut formed in the conductive layer of
the pad electrode was about 106.5 nm. In the case of the
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comparative example 2, a length of the undercut formed in
the conductive layer of the pad electrode was about 181.0
nm.

[0116] Referring to FIGS. 12A and 12B, the length of the
undercut UDC according to the exemplary embodiment is
about twice that of the undercut UDC according to the
comparative example 1.

[0117] Thus, as can be seen, the length of the undercut of
the pad electrode formed by the two-step etching process of
the pixel electrode layer according to the exemplary embodi-
ment is about two times more than the undercut of the pad
electrode formed by the simultaneous etching process of the
pixel electrode layer according to the comparative example
1. Thus, as can be seen, referring to the exemplary embodi-
ment, when the length of the undercut formed in the con-
ductive layer of the pixel electrode increases, the number of
the silver particles decreases.

[0118] As a result, when the undercut is formed in the
conductive layer of the pad electrode, the silver particles
may be substantially reduced.

[0119] According to exemplary embodiments of the
inventive concept, the pixel electrode layer having a stacked
structure of ITO/Ag/ITO is patterned by first patterning the
upper ITO layer with a first etching process, and then
subsequently simultaneously patterning the Ag layer and the
lower ITO layer with a second etching process. The number
of silver particles may be reduced through this two-step
etching process. Therefore, defects that may occur as a result
of the generation of a large amount of silver particles in the
manufacturing process may be removed or reduced. In
addition, according to exemplary embodiments, the side
surface of the pad electrode may be prevented from being
corroded by blocking the reaction with aluminum (Al)
included in the pad electrode.

[0120] Exemplary embodiments of the present inventive
concept may be applied to a display device and an electronic
device having the display device. For example, exemplary
embodiments of the present inventive concept may be
applied to a computer monitor, a laptop, a digital camera, a
cellular phone, a smartphone, a smart pad, a television, a
personal digital assistant (PDA), a portable multimedia
player (PMP), an MP3 player, a navigation system, a game
console, a video phone, etc.

[0121] While the present inventive concept has been par-
ticularly shown and described with reference to the exem-
plary embodiments thereof, it will be understood by those of
ordinary skill in the art that various changes in form and
detail may be made therein without departing from the spirit
and scope of the present inventive concept as defined by the
following claims.

What is claimed is:

1. A display device, comprising:

an insulating layer disposed on a substrate;

a pixel electrode comprising a first conductive layer, a
second conductive layer, and a third conductive layer
sequentially stacked on the insulating layer, wherein a
length of the first conductive layer is less than a length
of the second conductive layer;

a pixel defining layer covering the pixel electrode and
partially exposing the pixel electrode through an open-
ing;

an organic light emitting layer disposed in the opening of
the pixel defining layer; and
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an opposing electrode disposed on the organic light

emitting layer and overlapping the pixel electrode.

2. The display device of claim 1, wherein the first con-
ductive layer comprises indium tin oxide (ITO), the second
conductive layer comprises silver (Ag), and the third con-
ductive layer comprises indium tin oxide (ITO).

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

apad electrode disposed on the substrate in a non-display

area that surrounds a display area,

wherein the pad electrode comprises aluminum (Al).

4. The display device of claim 3, wherein the pad elec-
trode comprises a first layer, a second layer and a third layer
which are sequentially stacked,

wherein the first layer and the third layer comprise

titanium (Ti) and the second layer comprises aluminum
(AD).

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

a thin film transistor disposed between the substrate and

the pixel electrode,

wherein the thin film transistor comprises a semiconduc-

tor layer, a gate electrode, a source electrode, and a
drain electrode.
6. The display device of claim 1, wherein a length
difference between the first conductive layer and the second
conductive layer in an edge portion of the pixel electrode is
about 190 nm to about 250 nm.
7. A method of manufacturing a display device, compris-
ing:
forming an insulating layer in a display area of a substrate;
forming a pixel electrode comprising a first conductive
layer, a second conductive layer, and a third conductive
layer sequentially stacked on the insulating layer;

patterning the third conductive layer of the pixel electrode
by etching the third conductive layer with a first
etchant;

patterning the second conductive layer and the first con-

ductive layer of the pixel electrode by etching the
second conductive layer and the first conductive layer
with a second etchant;

forming an organic light emitting layer on the pixel

electrode; and

forming an opposing electrode overlapping the pixel

electrode on the organic light emitting layer.

8. The method of claim 7, further comprising:

forming a pad electrode in a non-display area of the

substrate,

wherein the non-display area surrounds the display area,

the pad electrode comprises aluminum (Al).

9. The method of claim 8, wherein the pad electrode
comprises a first layer, a second layer and a third layer which
are sequentially stacked, the first layer and the third layer
comprise titanium (Ti), and the second layer comprises
aluminum (Al).

10. The method of claim 8, wherein forming the pixel
electrode comprises:

forming the pixel electrode on the pad electrode disposed

in the non-display area.
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11. The method of claim 8, wherein the first conductive
layer comprises indium tin oxide (ITO), the second conduc-
tive layer comprises silver (Ag) and the third conductive
layer comprises indium tin oxide (ITO).

12. The method of claim 11, wherein in the etching of the
third conductive layer, a length of the first conductive layer
in an edge portion of the pixel electrode and in an edge
portion of the pad electrode is smaller than a length of the
second conductive layer, respectively.

13. The method of claim 8, wherein in the etching of the
third conductive layer, an undercut is formed in the first
conductive layer in an area corresponding to an edge portion
of the pixel electrode and in an area corresponding to an
edge portion of the pad electrode.

14. The method of claim 13, wherein in the etching of the
second conductive layer and the first conductive layer, a
silver ion generated from the second conductive layer is
collected in the undercut.

15. The method of claim 13, wherein a length of the
undercut formed in the edge portion of the pixel electrode is
about 190 nm to about 250 nm.

16. The method of claim 13, wherein a length of the
undercut formed in the edge portion of the pad electrode is
about 180 nm to about 200 nm.

17. The method of claim 13, further comprising:

forming a pixel defining layer, wherein the pixel defining
layer covers the undercut of the pixel electrode and has
an opening partially exposing the pixel electrode; and

forming the organic light emitting layer in the opening of
the pixel defining layer.

18. The method of claim 7, further comprising:

forming a thin film transistor between the substrate and
the pixel electrode,

wherein the thin film transistor comprises a semiconduc-
tor layer, a gate electrode, a source electrode, and a
drain electrode.

19. A display device, comprising:

an insulating layer disposed in a display area of a sub-
strate;

a pixel electrode comprising a first conductive layer, a
second conductive layer, and a third conductive layer
sequentially stacked on the insulating layer, wherein an
undercut is formed in an edge portion of the first
conductive layer;

a pixel defining layer covering the undercut of the pixel
electrode and having an opening partially exposing the
pixel electrode;

an organic light emitting layer disposed in the opening of
the pixel defining layer; and

an opposing electrode disposed on the organic light
emitting layer and overlapping the pixel electrode.

20. The display device of claim 19, wherein the first
conductive layer comprises indium tin oxide (ITO), the
second conductive layer comprises silver (Ag), and the third
conductive layer comprises indium tin oxide (ITO).
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