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7) ABSTRACT

A display device includes a planarization layer covering
transistors in a display area on a substrate, an organic light
emitting diode on the planarization layer, a pad electrode in
a non-display area on the substrate surrounding the display
area, and a sacrificial layer remnant capping a side surface
of the pad electrode.
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DISPLAY DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2018-0126447,
filed on Oct. 23, 2018, in the Korean Intellectual Property
Office, and entitled: “Display Device and Method of Manu-
facturing the Same,” is incorporated by reference herein in
its entirety.

BACKGROUND

1. Field

[0002] Exemplary embodiments of the inventive concept
relate to an organic light emitting display device and a
method of driving the organic light emitting display device.
More particularly, exemplary embodiments of the inventive
concept relate to an organic light emitting display device for
improving a display quality and a method of driving the
organic light emitting display device.

2. Description of the Related Art

[0003] Recently, the importance of flat panel display
devices having excellent characteristics such as thinness,
light weight, and low power consumption has been increas-
ing. Among flat panel display devices, liquid crystal display
devices and organic light emitting display devices are
widely commercialized because they have excellent resolu-
tion and image quality. In particular, the organic light
emitting display device is attracting attention as the flat
panel display device of a next generation because of their
high response speed, low power consumption, and self-
luminescence.

SUMMARY

[0004] Embodiments are directed to a display device,
including a planarization layer covering transistors in a
display area on a substrate, an organic light emitting diode
on the planarization layer, a pad electrode in a non-display
area on the substrate surrounding the display area, and a
capping layer capping a side surface of the pad electrode.
[0005] The capping layer may include a material having
an etch selectivity different from an etch selectivity of the
planarization layer.

[0006] The pad electrode may include a first layer on the
substrate, a second layer on the first layer, and a third layer
on the second layer. The capping layer may cap side surfaces
of the first and second layers of the pad electrode.

[0007] The first layer and the third layer may include
titanium (T1). The second layer may include an aluminum
alloy.

[0008] The display device may further include a line in the
non-display area, the line being connected to the pad elec-
trode. A side surface of the line may be capped by the
capping layer.

[0009] The line may include the first layer, the second
layer and the third layer, which are sequentially stacked. The
capping layer may cap side surfaces of the first and second
layers of the line.

[0010] The organic light emitting diode may include a first
electrode formed on the planarization layer, a pixel defini-
tion layer including an opening that exposes the first elec-
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trode may be formed, an organic light emitting layer in the
opening of the pixel definition layer, and a second electrode
on the organic light emitting laver.

[0011] Embodiments are also directed to a method of
manufacturing a display device, including forming a pad
electrode on a substrate in a non-display area that surrounds
a display area forming a planarization layer on the substrate
to have a first thickness, the planarization layer covering a
transistor formed in the display area, forming a planarization
layer in the display area and a sacrificial layer covering the
pad electrode in the non-display area, polishing the pla-
narization layer and the sacrificial layer by a chemical
mechanical polishing (CMP) process so that the planariza-
tion layer has a second thickness less than the first thickness
and so that a sacrificial layer remnant is formed that exposes
an upper surface of the pad electrode and caps a side surface
of the pad electrode, and forming an organic light emitting
diode on the planarization layer having the second thickness.
[0012] The sacrificial layer may include a material having
an etch selectivity in the chemical mechanical polishing
process that is different from an etch selectivity of the
planarization layer.

[0013] The planarization layer and the sacrificial layer
may be polished in the chemical mechanical polishing
process using a slurry having a polishing rate ratio different
from polishing rate ratios the planarization layer and the
sacrificial layer.

[0014] The slurry may include a corrosion inhibitor that
prevents corrosion of the pad electrode.

[0015] The planarization layer may include an organic
material and the sacrificial layer may include an inorganic
material. The sacrificial layer may be polished using a first
slurry for polishing the inorganic material. A partial thick-
ness of the planarization layer may be polished using a
second slurry for polishing the organic material.

[0016] When the thickness of the sacrificial layer formed
on the pad electrode of the non-display area is greater than
or equal to the first thickness of the planarization layer, the
slurry may be selected so that a polishing rate ratio of the
sacrificial layer is greater than the polishing rate ratio of the
planarization layer.

[0017] When the thickness of the sacrificial layer formed
on the pad electrode of the non-display area is less than the
first thickness of the planarization layer, the slurry may be
selected so that a polishing rate ratio of the sacrificial layer
is less than the polishing rate ratio of the planarization layer.
[0018] The slurry may be pressed by a hard polishing pad
to perform the polishing process.

[0019] The pad electrode may include a first layer formed
on the substrate, a second layer formed on the first layer, and
a third layer formed on the second layer. The sacrificial layer
remnant may cap side surfaces of the first and second layers
of the pad electrode.

[0020] The first layer and the third layer may include
titanium (Ti), and the second layer may include an alumi-
num alloy.

[0021] The method may further include forming a line in
the non-display area, the line being connected to the pad
electrode. A side surface of the line may be capped by the
sacrificial layer remnant.

[0022] The line may include the first layer, the second
layer and the third layer which are sequentially stacked. The
capping layer may cap side surfaces of the first and second
layers of the line.
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[0023] Forming the organic light emitting diode may
include forming a first electrode on the planarization layer
having the second thickness, forming a pixel definition layer
in which an opening exposing the first electrode is formed,
forming an organic light emitting layer in the opening of the
pixel definition layer, and forming a second electrode on the
organic light emitting layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Features will become apparent to those of skill in
the art by describing in detail exemplary embodiments with
reference to the attached drawings in which:

[0025] FIG. 1 illustrates a plan view of a display device
according to an exemplary embodiment;

[0026] FIG. 2 illustrates an enlarged view of part A of the
display device of FIG. 1,

[0027] FIG. 3 illustrates a cross-sectional view taken
along lines I-I' and TI-IT' of FIG. 2; and

[0028] FIGS. 4 to 9 illustrate cross-sectional views of
stages of a method of manufacturing a display device
according to one exemplary embodiment.

DETAILED DESCRIPTION

[0029] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the
art.

[0030] In the drawing figures, the dimensions of layers
and regions may be exaggerated for clarity of illustration. It
will also be understood that when a layer or element is
referred to as being “on” another layer or substrate, it can be
directly on the other layer or substrate, or intervening layers
may also be present. Further, it will be understood that when
a layer is referred to as being “under” another layer, it can
be directly under, and one or more intervening layers may
also be present. In addition, it will also be understood that
when a layer is referred to as being “between” two layers, it
can be the only layer between the two layers. or one or more
intervening layers may also be present. Like reference
numerals refer to like elements throughout.

[0031] FIG. 1 illustrates a plan view of a display device
according to an exemplary embodiment.

[0032] Referring to FIG. 1, the display device according to
the exemplary embodiment may include a display area DA
and a non-display area NDA. A plurality of pixels PX may
be disposed in the display area DA. In the display area,
images may be displayed based on light emitted by the
plurality of pixels PX.

[0033] The non-display area NDA may be located on at
least one side of the display area DA. For example, the
non-display area NDA may surround the display area DA.
The non-display area NDA may include a pad area PDA
where a plurality of pads 170 is disposed.

[0034] FIG. 2 illustrates an enlarged view of part A of the
display device of FIG. 1. FIG. 3 illustrates a cross-sectional
view taken along lines I-I' and II-II' of FIG. 2.

[0035] Referring to FIGS. 2 and 3, the display device
according to an exemplary embodiment may include a
substrate 110, a thin film transistor TFT, a line 160, a pad
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electrode 170 and an organic light emitting diode OLED.
The organic light emitting diode OLED may include a first
electrode 195, an organic light emitting layer 210 and a
second electrode 220.

[0036] The substrate 110 may be a transparent or 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, or the like.

[0037] The buffer layer 115 may be disposed on the
substrate 110. The buffer layer 115 may be located in the
display area DA and the non-display area NDA. The buffer
layer 115 may help to block impurities such as oxygen,
water, etc., from penetrating through the substrate 110. In
addition, the buffer layer 115 may provide a flat surface on
a top surface of the substrate 110. The buffer layer 115 may
include silicon nitride, silicon oxide, silicon oxynitride, or
the like. In some implementations, the buffer layer 115 may
be omitted.

[0038] A thin film transistor TFT and a storage capacitor
CST 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 some imple-
mentations, the thin film transistor TFT may have a top-gate
structure in which the gate electrode 130 is located on top of
the semiconductor layer 120. In some implementations, the
thin film transistor TFT may have a bottom-gate structure in
which the gate electrode is located below the semiconductor
layer.

[0039] The semiconductor layer 120 may be disposed on
the buffer layer 115. The semiconductor layer 120 may be
formed of amorphous silicon, polycrystalline silicon, an
oxide semiconductor, or the like. The semiconductor layer
120 may include a source area, a drain area, and a channel
area formed therebetween.

[0040] A gate insulating layer 125 may be disposed on the
buffer layer 115 and may cover the semiconductor layer 120.
The gate insulating layer 125 may be located 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 silicon nitride, silicon oxide, silicon oxynitride, or
the like.

[0041] The gate electrode 130 may be disposed on the gate
insulating layer 125. The gate electrode 130 may overlap the
channel region 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 or an alloy of metals such
as molybdenum (Mo), aluminum (Al), copper (Cu), or the
like.

[0042] An insulating interlayer 135 covering the gate
electrode 130 may be disposed on the gate insulating layer
125. The insulating interlayer 135 may be located in the
display area DA and the non-display area NDA. The insu-
lating interlayer 135 may insulate the source electrode 140
and the drain electrode 150 from the gate electrode 130. The
insulating interlayer 135 may include silicon nitride, silicon
oxide, silicon oxynitride, or the like.

[0043] The source electrode 140 and the drain electrode
150 may be disposed on the insulating interlayer 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
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insulating interlayer 135 and the gate insulating layer 125,
respectively. The source electrode 140 and the drain elec-
trode 150 may be formed of a second metal layer. The
second metal layer may include an aluminum alloy. The
aluminum alloy may include any one of copper (Cu),
vanadium (V), and silicon (Si). The second metal layer may
include a first layer 171, a second layer 172, and a third layer
173, which are sequentially stacked.

[0044] Forexample, the first layer 171 may be disposed on
a lower surface of a second layer 172, and a third layer 173
may be disposed on the upper surface of the second layer
172. The first layer 171, the second layer 172, and the third
layer 173 may include titanium (Ti), an aluminum alloy, and
titanium (1), respectively.

[0045] The storage capacitor CST includes a first storage
electrode 133 formed of a same first metal layer as the gate
electrode 130 and a second storage electrode 153 formed of
asame second metal layer as the source and drain electrodes.
The second storage electrode 153 may overlap the first
storage electrode 133. The storage capacitor CST may be
defined in an overlapping area of the first and second storage
electrodes 133 and 153.

[0046] The line 160 and a pad electrode 170 connected to
an end portion of the line 160 may be disposed on the
insulating interlayer 135 of the non-display area NDA.

[0047] The line 160 may be formed of the same second
metal layer as the source electrode 140 and the drain
electrode 150. The line 160 may include a first layer 171, a
second layer 172, and a third layer 173, which are sequen-
tially stacked. The second layer 172 of the line 160 may
serve as a main-line layer. The first layer 171 and the third
layer 173 of the line 160 may serve as auxiliary line layers
for protecting bottom and top surfaces of the second layer
172, respectively.

[0048] The pad electrode 170 may be formed of the same
second metal layer as the source electrode 140 and the drain
electrode 150. The pad electrode 170 may be formed inte-
grally with the line 160. The pad electrode 170 may include
a first layer 171, a second layer 172, and a third layer 173,
which are sequentially stacked. The second layer 172 of the
pad electrode 170 may serve as a main-electrode layer. The
first layer 171 and the third layer 173 of the pad electrode
170 may serve as auxiliary-electrode layers for protecting
the bottom and top surfaces of the second layer 172,
respectively.

[0049] According to an exemplary embodiment, a sacri-
ficial layer remnant 183d (e.g., a capping layer 183d) may
cap a side surface of the pad electrode 170 disposed in the
non-display area NDA.

[0050] The sacrificial layer remnant 1834 may prevent a
side surface of the pad electrode 170 from being exposed.
The side surfaces of the first and second layers 171 and 172
of the first, second and third layers 171, 172 and 173 of the
pad electrode 170 may be prevented from being exposed.

[0051] The sacrificial layer remnant 183¢ may cap the side
surface of the second layer 172 of the pad electrode 170 to
protect the main-electrode layer of the pad electrode 170
from damage such as corrosion.

[0052] In addition, the sacrificial layer remnant 1834 may
cap a side surface of the line 160 disposed in the non-display
area NDA.
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[0053] The sacrificial layer remnant 1834 may cap the side
surface of the second layer 172 of the line 160 to protect the
main-line layer of the line 160 from damage such as corro-
sion.

[0054] A planarization layer 181 having a thick thickness
may be disposed on the insulating interlayer 135 in the
display area DA to cover the source electrode 140 and the
drain electrode 150. The planarization layer 181 may insu-
late the first electrode 195 from the source electrode 140 and
the drain electrode 150. The planarization layer 181 may
include an organic material such as an acrylic resin, an
epoxy resin, a polyimide resin, and a polyester resin.
[0055] According to an exemplary embodiment, the thick-
ness of the planarization layer 181 may be reduced by a
predetermined amount through a CMP (Chemical Mechani-
cal Polishing) polishing process, thereby eliminating a thick-
ness difference that could be caused by the presence of the
stacked layers disposed under the planarization layer 181.
[0056] The first electrode 195 may be disposed on the
planarization layer 181 in the display area DA. The first
electrode 195 may be connected to the drain electrode 150
of the thin film transistor TFT through a contact hole formed
in the planarization layer 181.

[0057] In an exemplary embodiment, the first electrode
195 may include a first layer 191, a second layer 192, and a
third layer 193 that are sequentially stacked. For example,
the first layer 191 may be disposed on the lower surface of
the second layer 192, and the third layer 193 may be
disposed on the upper surface of the second layer 192.
[0058] The first layer 191, the second layer 192, and the
third layer 193 of the first electrode 195 may include indium
tin oxide (ITO), silver, and indium tin oxide, respectively.
The second layer 192 of the first electrode 195 may serve as
the main-electrode layer. The first layer 191 and the third
layer 193 of the first electrode 195 may serve as an auxiliary-
electrode layer protecting the bottom and top surfaces of the
second layer 192, respectively.

[0059] A pixel definition layer 197 covering the first
electrode 195 may be disposed on the planarization layer
181 in the display area DA. The pixel definition layer 197
may insulate the second electrode 220 from the first elec-
trode 195. The pixel definition layer 197 may include an
opening exposing a top surface of the first electrode 195 and
may define a light emitting area. The pixel definition layer
197 may include an organic material such as an acrylic resin,
an epoxy resin, a polyimide resin, and a polyester resin.
[0060] The organic light emitting layer 210 may be dis-
posed in the opening that exposes the top surface of the first
electrode 195. The organic light emitting layer 210 may
include a low molecular organic compound or a high
molecular organic compound.

[0061] In one exemplary embodiment, the organic light
emitting layer 210 may emit red light, green light, or blue
light. In some implementations, when the organic light
emitting layer 210 emits white light, the organic light
emitting layer 210 may have a multilayer structure including
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.
[0062] The second electrode 220 may be disposed on the
organic light emitting layer 210 in the display area DA. The
second electrode 220 may be disposed on the organic light
emitting layer 210 and the pixel definition layer 197. The



US 2020/0127242 Al

second electrode 220 may include lithium (Li), calcium
(Ca), lithium fluoride (LiF), aluminum (Al), magnesium
(Mg), or combinations thereof.

[0063] FIGS. 4 to 9 are cross-sectional views illustrating
stages of a method of manufacturing a display device
according to an exemplary embodiment.

[0064] Referring to FIG. 4, a thin film transistor TFT, a
line 160, and a pad electrode 170 may be formed on the
substrate 110.

[0065] The buffer layer 115 may be formed on the display
area DA on the substrate 110 and the non-display area NDA.
For example, the buffer layer 115 may be formed by a
suitable method such as chemical vapor deposition, sputter-
ing, etc. using silicon oxide, silicon nitride, silicon oxyni-
tride, or the like.

[0066] 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, a semiconductor layer 120
may be formed by forming a layer including a silicon-
containing material, an oxide semiconductor, or the like on
the entire surface of the buffer layer 115 and patterning the
formed layer. When the semiconductor layer 120 is formed
using the silicon-containing material, 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, after the semiconductor layer 120 is patterned,
impurities may be doped on both sides of the patterned
polysilicon layer to form a semiconductor layer 120 includ-
ing a source area, a drain area, and a channel area therebe-
tween.

[0067] A gate insulating layer 125 may be formed on the
display area DA and the non-display area NDA of the
substrate 110 on which the semiconductor layer 120 is
formed. For example, the gate insulating layer 125 may be
formed using silicon oxide, silicon nitride, silicon oxyni-
tride, or the like.

[0068] A first metal layer may be formed on the gate
insulating layer 125. The first metal layer may be patterned
to form a gate electrode 130 and a first storage electrode 133
in the display area DA. The gate electrode 130 may overlap
the semiconductor layer 120. The first metal layer may be
formed using a metal, a metal alloy, or the like.

[0069] An insulating interlayer 135 may be formed on the
display area DA and the non-display area NDA in which the
gate electrode 130 and the first storage electrode 133 are
formed. For example, the insulating interlayer 135 may be
formed using silicon oxide, silicon nitride, silicon oxyni-
tride, or the like

[0070] A plurality of contact holes exposing the semicon-
ductor layer 120 may be formed in the insulating interlayer
135 and the gate insulating layer 125. For example, the
contact holes may expose the source and drain areas of the
semiconductor layer 120, respectively.

[0071] A second metal layer may be formed on the sub-
strate 110 on which the insulating interlayer 135 is formed,
and the second metal layer may be patterned. The second
metal layer may be used to form a source electrode 140, a
drain electrode 150 and a second storage electrode 153 in the
display area DA and the line 160 and the pad electrode 170
in the non-display area NDA.

[0072] The second metal layer may include an aluminum

alloy. The aluminum alloy may include any one of copper
(Cu), vanadium (V), and silicon (Si).
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[0073] According to an exemplary embodiment, the sec-
ond metal layer may have a multi-layer structure including
a first layer 171, a second layer 172, and a third layer 173
that are sequentially stacked. For example, the second metal
layer may include a layer including titanium (Ti), a layer
including aluminum alloy, and a layer including titanium on
the insulating interlayer 135, sequentially stacked. Accord-
ingly, each of the source electrode 140, the drain electrode
150, the second storage electrode 153, the line 160, and the
pad electrode 170 may have a stacked structure of Ti/alu-
minum alloy/Ti.

[0074] Referring to FIG. 5, a planarization layer 181
covering the source electrode 140 and the drain electrode
150 may be formed with a first thickness t1 in the display
area DA in which the insulating interlayer 135 is formed.
[0075] The planarization layer 181 may include a contact
hole exposing the drain electrode 150 in the display area
DA. The planarization layer 181 may be removed in the
non-display area NDA, so that the line 160 and the pad
electrode 170 are exposed. The planarization layer 181 may
be formed of, for example, a polyimide resin, a photoresist,
an acrylic resin, a polyamide resin, a siloxane resin, or the
like.

[0076] The planarization layer 181 in the display area DA
may have a thickness difference At of about 0.3 pm accord-
ing to a thickness difference in the stacked structure under
the planarization layer 181.

[0077] A CMP process may be performed to remove the
thickness difference At existing in the planarization layer
181 in the display area DA.

[0078] Referring to FIG. 6, for the CMP process, a sacri-
ficial layer 183 may be formed on the substrate 110 on which
the planarization layer 181 is formed. The sacrificial layer
183 may be formed with a second thickness 12 in the display
area DA. The sacrificial layer 183 may be formed with a
third thickness t3 in the non-display area NDA. The third
thickness t3 may be defined from a top surface of the pad
electrode 170 to a top surface of the sacrificial layer 183 in
the non-display area NDA.

[0079] The sacrificial layer 183 may include a material
having an etch selectivity different from that of the pla-
narization layer 181.

[0080] According to one exemplary embodiment, the sac-
rificial layer 183 may be formed of an organic material such
as a photoresist.

[0081] According to one exemplary embodiment, the sac-
rificial layer 183 may be formed of an inorganic material
such as silicon oxide, silicon nitride, indium zinc oxide 1ZO,
or the like.

[0082] Referring to FIG. 7, the substrate 110 on which the
sacrificial layer 183 is formed may be subjected to a CMP
process using a CMP apparatus.

[0083] The CMP apparatus 500 may include a slurry 530
and a polishing pad 550.

[0084] The slurry 530 may include a plurality of polishing
particles 510.
[0085] The slurry 530 may have a polishing rate ratio

different from the polishing rate ratio of the planarization
layer 181 and the polishing rate ratio of the sacrificial layer
183.

[0086] According to one exemplary embodiment, the pol-
ishing rate ratio of the planarization layer 181 and the
sacrificial layer 183 may be up to 10:1.
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[0087] According to one exemplary embodiment, the pol-
ishing rate ratio of the planarization layer 181 and the
sacrificial layer 183 may be variously adjusted according to
material properties and coating conditions of the sacrificial
layer 183. For example, when the third thickness t3 of the
sacrificial layer 183 formed in the non-display area NDA is
greater than the first thickness t1 of the planarization layer
181 formed in the display area DA, the polishing rate ratio
of the sacrificial layer 183 may be adjusted to be greater than
the polishing rate ratio of the planarization layer 181.
However, when the third thickness t3 of the sacrificial layer
183 formed in the non-display area NDA is less than the first
thickness t1 of the planarization layer 181 formed in the
display area DA, the polishing rate ratio of the sacrificial
layer 183 may be adjusted to be less than the polishing rate
ratio of the planarization layer 181.

[0088] In the CMP process, considering that the upper
surface of the pad electrode 170 formed in the non-display
area NDA is exposed, the slurry 530 may include a corrosion
inhibitor of the material of the third layer 173 corresponding
to the upper surface of the pad electrode 170. For example,
the slurry 530 may comprise a corrosion inhibitor of tita-
nium (Ti).

[0089] The hard polishing pad 550 may press the slurry
530 to perform the CMP process of the substrate to be
processed. A distance between the sacrificial layer 183 and
the polishing pad 550 in the display area may be relatively
small and a distance between the sacrificial layer 183 and the
polishing pad 550 may be relatively large in the non-display
area NDA. A pressure of the plurality of polishing particles
of the slurry 530 in the display area DA may be greater than
a pressure of the plurality of polishing particles of the slurry
530 in the non-display area NDA. Thus, the pad electrode
170 of the non-display area NDA may be prevented from
being damaged from the polishing process, while the pla-
narization process efficiency of the planarization layer 181
in the display area DA may be increased.

[0090] According to one exemplary embodiment, when
the sacrificial layer 183 is formed of an organic material
similar to that of the planarization layer 181, the sacrificial
layer 183 and the planarization layer 181 may be simulta-
neously subjected to the CMP process using the slurry 530
having a polishing rate ratio different from polishing rate
ratios of sacrificial layer 183 and the planarization layer 181.
[0091] Referring to FIG. 8, the sacrificial layer 183 in the
display area DA may be completely removed through the
CMP process, and the planarization layer 181 may be
partially removed. A thickness difference At of about 0.3 um
existing in the planarization layer 181 in the display area DA
may be removed. The planarization layer 181 in the display
area DA may have a fourth thickness t4 that is thinner than
the first thickness t1 before the CMP process and may have
a flat surface.

[0092] The sacrificial layer 183 in the non-display area
DA may be partially removed to expose the upper surface of
the pad electrode 170. The side surface of the pad electrode
170 may be capped by the remaining portion of the sacri-
ficial layer 1834 having the thickness d of the pad electrode
170. By capping the side surface of the pad electrode 170,
the remaining portion of the sacrificial layer 183d , referred
to hereinafter as the “sacrificial layer remnant 1834” may
protect the second layer 172, which is the main-electrode
layer of the pad electrode 170, from damage such as
corrosion.
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[0093] According to one exemplary embodiment, if the
sacrificial layer 183 were to be formed of an inorganic
material different from that of the planarization layer 181, it
could be difficult to control the polishing rate ratio of the
sacrificial layer 183 and the planarization layer 181. The
sacrificial layer 183 and the planarization layer 181 may be
subjected to a CMP process using different slurries 530,
respectively.

[0094] First, a first polishing process may be performed
using a first slurry 530 for removing an inorganic material,
thereby removing the sacrificial layer 183 formed of the
inorganic material in the display area DA and in the non-
display area NDA.

[0095] Next, a second polishing process is performed
using a second slurry 530 for removing organic material,
thereby removing some thickness of the planarization layer
181 formed of an organic material in the display area DA. A
thickness difference At of about 0.3 um existing in the
planarization layer 181 in the display area may be removed.
[0096] Referring to FIG. 8, the planarization layer 181 in
the display area may have a fourth thickness t4 that is thinner
than the first thickness t1 before the CMP process and may
have a flat surface.

[0097] When the sacrificial layer 183 in the non-display
area DA is removed, the top surface of the pad electrode 170
may be exposed, and the side surface of the pad electrode
170 may remain covered by the sacrificial layer 830 formed
with the thickness d of the pad electrode 170. The sacrificial
layer remnant 1834 remaining on the side surface of the pad
electrode 1701 may cap the side surface of the pad electrode
170. The sacrificial layer 1834 may protect the second layer
172, which is the main-electrode layer of the pad electrode
170, from damage such as corrosion.

[0098] Thus, through the CMP process, the planarization
layer 181 in the display area DA may have a flat surface. In
addition, the side surface of the pad electrode 170 of the
non-display area NDA may be capped by the sacrificial layer
remnant 1834.

[0099] The side surface of the line 160 of the non-display
area NDA shown in FIG. 2 may also be capped by the
sacrificial layer remnant 183d. Accordingly, the second layer
172, which is the main-line layer of the line 160 of the
non-display area NDA, may be protected from damage such
as corrosion.

[0100] Referring to FIG. 9, a first electrode 195 may be
formed on the planarization layer 181 planarized by the
CMP process. The first electrode 195 may include a first
layer 191, a second layer 192, and a third layer 193, which
are sequentially stacked. For example, the first electrode 195
may have a stacked structure of TTO/Ag/ITO by sequentially
depositing a layer including indium tin oxide (ITO), a layer
including silver (Ag), and a layer including indium tin oxide
(ITO).

[0101] A pixel definition layer 197 having an opening
exposing the first electrode 195 may be formed in a display
area DA on the substrate 110 on which the first electrode 195
is formed.

[0102] For example, the pixel definition layer 197 may be
formed of a polyimide resin, a photoresist, an acryl resin, a
polyamide resin, a siloxane resin, or the like.

[0103] Referring to FIG. 3, the organic light emitting layer
210 may be formed in the opening of the pixel definition
layer 197. For example, the organic light emitting layer 210
may be formed of a low molecular weight organic com-
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pound or a high molecular weight organic compound using
screen printing, inkjet printing, vapor deposition, or the like.
[0104] The second electrode 220 may be formed on the
substrate 110 on which the pixel definition layer 197 and the
organic light emitting layer 210 are formed. For example,
the second electrode 220 may be formed of lithium (Li),
calcium (Ca), lithium fluoride (LiF), aluminum (Al), mag-
nesium (Mg), or the like.
[0105] Embodiments may be applied to a display device
and an electronic device having the display device. For
example, embodiments may be applied to a computer moni-
tor, a laptop, a digital camera, a cellular phone, a smart
phone, a smart pad, a television, a personal digital assistant
(PDA), a portable multimedia player (PMP), a MP3 player,
a navigation system, a game console, a video phone, etc.
[0106] By way of summation and review, a flat display
device may be formed with a circuit layer including an
optical element in a display area and a transistor and a
capacitor for driving the optical element. The circuit layer is
stacked with a plurality of metal lavers and a plurality of
insulating layers. Accordingly, an optical element disposed
on the pixel circuit is disposed. In order to improve the
optical characteristics and optical efficiency of the optical
element, a planarization layer is formed with a thick thick-
ness to planarize the thickness difference by the pixel circuit
before forming the optical element. Nevertheless, it may be
difficult to remove the thickness difference due to the
complexity of the stacked structure under the planarization
layer.
[0107] Embodiments provide a display device for improv-
ing optical characteristics due to planarization of a display
area and a method of manufacturing the display device.
[0108] The planarization layer of a display area may be
planarized by the CMP process using the sacrificial layer to
remove the thickness difference of the planarization layer.
Accordingly, optical characteristics and light efficiency of
the display area may be improved. The sacrificial layer
remnant remaining in the non-display area of the display
device may protect the pad electrode and the line from
damage such as corrosion by capping the side surface of the
pad electrode and line.
[0109] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise specifi-
cally indicated. Accordingly, it will be understood by those
of skill in the art that various changes in form and details
may be made without departing from the spirit and scope of
the present invention as set forth in the following claims.
What is claimed is:
1. A display device, comprising:
a planarization layer covering transistors in a display area
on a substrate;
an organic light emitting diode on the planarization layer;
a pad electrode in a non-display area on the substrate
surrounding the display area; and
a capping layer capping a side surface of the pad elec-
trode.
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2. The display device as claimed in claim 1, wherein the
capping layer includes a material having an etch selectivity
different from an etch selectivity of the planarization layer.

3. The display device as claimed in claim 1, wherein:

the pad electrode includes a first layer on the substrate, a
second layer on the first layer, and a third layer on the
second layer, and the capping layer caps side surfaces
of the first and second layers of the pad electrode.

4. The display device as claimed in claim 3, wherein:

the first layer and the third layer include titanium, and

the second layer includes an aluminum alloy.

5. The display device as claimed in claim 3, further

comprising:

a line in the non-display area, the line being connected to
the pad electrode, wherein a side surface of the line is
capped by the capping layer.

6. The display device as claimed in claim 5, wherein:

the line includes the first layer, the second layer and the
third layer, which are sequentially stacked, and

the capping layer caps side surfaces of the first and second
layers of the line.

7. The display device as claimed in claim 1, wherein the

organic light emitting diode includes:

a first electrode on the planarization layer;

a pixel definition layer that includes an opening that
exposes the first electrode;

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

a second electrode on the organic light emitting layer.

8. A method of manufacturing a display device, the
method comprising:

forming a pad electrode on a substrate in a non-display
area that surrounds a display area;

forming a planarization layer on the substrate to have a
first thickness, the planarization layer covering a tran-
sistor formed in the display area;

forming a planarization layer in the display area and a
sacrificial layer covering the pad electrode in the non-
display area;

polishing the planarization layer and the sacrificial layer
by a chemical mechanical polishing process so that the
planarization layer has a second thickness less than the
first thickness and so that a sacrificial layer remnant is
formed that exposes an upper surface of the pad elec-
trode and caps a side surface of the pad electrode; and

forming an organic light emitting diode on the planariza-
tion layer having the second thickness.

9. The method as claimed in claim 8, wherein the sacri-
ficial layer includes a material having an etch selectivity in
the chemical mechanical polishing process that is_different
from an etch selectivity of the planarization layer.

10. The method as claimed in claim 8, wherein the
planarization layer and the sacrificial layer are polished in
the chemical mechanical polishing process using a slurry
having a polishing rate ratio different from polishing rate
ratios the planarization layer and the sacrificial layer.

11. The method as claimed in claim 10, wherein the slurry
includes a corrosion inhibitor that prevents corrosion of the
pad electrode.

12. The method as ¢laimed in ¢laim 10, wherein when the
planarization layer includes an organic material and the
sacrificial layer includes an inorganic material,

the sacrificial layer is polished using a first slurry for
polishing the inorganic material, and a partial thickness
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of the planarization layer is polished using a second
slurry for polishing the organic material.

13. The method as claimed in claim 10, wherein when the
thickness of the sacrificial layer formed on the pad electrode
of the non-display area is greater than or equal to the first
thickness of the planarization layer, the slurry is selected so
that a polishing rate ratio of the sacrificial layer is larger than
the polishing rate ratio of the planarization layer.

14. The method as claimed in claim 10, wherein when the
thickness of the sacrificial layer formed on the pad electrode
of the non-display area is thinner than the first thickness of
the planarization layer, the slurry is selected so that a
polishing rate ratio of the sacrificial layer § the chemical
mechanical polishing process is smaller than the polishing
rate ratio of the planarization layer.

15. The method as claimed in claim 10, wherein the slurry
is pressed by a hard polishing pad to perform the polishing
process.

16. The method as claimed in claim 10, wherein the pad
electrode includes a first layer formed on the substrate, a
second layer formed on the first layer, and a third layer
formed on the second layer, and

the sacrificial layer remnant caps side surfaces of the first
and second layers of the pad electrode.
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17. The method as claimed in claim 16, wherein the first
layer and the third layer include titanium, and the second
layer includes an aluminum alloy.

18. The method as claimed in claim 16, further compris-
ing:

forming a line in the non-display area, the line being

connected to the pad electrode,

wherein a side surface of the line is capped by the

sacrificial layer remnant.

19. The method as claimed in claim 18, wherein the line
includes the first layer, the second layer and the third layer
which are sequentially stacked, and

the sacrificial layer remnant caps side surfaces of the first

and second layers of the line.

20. The method as claimed in claim 8, wherein the
forming the organic light emitting diode includes:

forming a first electrode on the planarization layer having

the second thickness;

forming a pixel definition layer in which an opening

exposing the first electrode is formed,

forming an organic light emitting layer in the opening of

the pixel definition layer; and

forming a second electrode on the organic light emitting

layer.
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