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1
ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING ORGANIC LIGHT
EMITTING DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims priority under 35 USC § 119
from, and the benefit of, Korean Patent Applications No.
10-2017-0142879, filed on Oct. 30, 2017 in the Korean
Intellectual Property Office (KIPO), the contents of which
are herein incorporated by reference in their entirety.

BACKGROUND
1. Technical Field

Exemplary embodiments are directed generally to organic
light emitting display devices and methods of manufacturing
the organic light emitting display devices. More particularly,
embodiments of the present inventive concept are directed to
organic light emitting display devices that include an anti-
reflection layer and methods of manufacturing the organic
light emitting display devices that include the anti-reflection
layer.

2. Discussion of the Related Art

A flat panel display (FPD) device is widely used as a
display device of an electronic device because the FPD
device is lightweight and thin compared to a cathode-ray
tube (CRT) display device. Typical examples of a FPD
device are a liquid crystal display (LCD) device and an
organic light emitting display (OLED) device. Compared to
an LCD device, an OLED device has many advantages, such
as a higher luminance and a wider viewing angle. In
addition, an OLED device can be made thinner because an
OLED device does not require a backlight. In an OLED
device, electrons and holes are injected into an organic thin
layer through a cathode and an anode, and then recombined
in the organic thin layer to generate excitons, which emit a
light of a certain wavelength.

An OLED device includes a plurality of semiconductor
elements, a plurality of capacitors, a plurality of light
emitting structures, such as an anode electrode, a light
emitting layer, a cathode electrode, etc. The semiconductor
elements, the capacitors, and the light emitting structures
include metal patterns, and the metal patterns reflect light
that is externally incident into the OLED device. In this case,
a visibility of the OLEQ device can be reduced.

SUMMARY

Some exemplary embodiments can provide an organic
light emitting display device that includes an anti-reflection
layer.

Some exemplary embodiments can provide a method of
manufacturing an organic light emitting display device that
includes an anti-reflection layer.

According to some exemplary embodiments, an organic
light emitting display (OLED) device includes a semicon-
ductor element on a substrate, a lower electrode, a light
emitting layer, an upper electrode, an anti-reflection layer,
and a thin film encapsulation structure. The lower electrode
is disposed on the semiconductor element. The light emitting
layer is disposed on the lower electrode. The upper electrode
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2

is disposed on the light emitting layer. The anti-reflection
layer is disposed on the upper electrode. The thin film
encapsulation structure is disposed on the anti-reflection
layer.

In exemplary embodiments, the anti-reflection layer may
be disposed on the entire upper electrode.

In exemplary embodiments, the anti-reflection layer may
have an opening that exposes the light emitting layer.

In exemplary embodiments, the anti-reflection layer may
consist essentially of graphene.

In exemplary embodiments, the semiconductor element
may include an active layer disposed on the substrate, a gate
electrode disposed on the active layer, source and drain
electrodes disposed on the gate electrode, a gate insulation
layer disposed between the active layer and the gate elec-
trode and an insulating interlayer disposed between the gate
electrode and the source and drain electrodes.

In exemplary embodiments, the OLED device may fur-
ther include a first anti-reflection pattern, a second anti-
reflection pattern, and a third anti-reflection pattern. The first
anti-reflection pattern may be disposed on the gate electrode
and covers an upper surface of the gate electrode, and may
be disposed on the upper surface of the gate electrode. The
second anti-reflection pattern may be disposed on the source
electrode and covers an upper surface of the source elec-
trode, and may be disposed on the upper surface of the
source electrode. The third anti-reflection pattern may be
disposed on the drain electrode and covers an upper surface
of the drain electrode, and may be disposed on the upper
surface of the drain electrode. The first, second, and third
anti-reflection patterns are not disposed on the gate insula-
tion layer or the insulating interlayer.

In exemplary embodiments, the OLED device may fur-
ther include a fourth anti-reflection pattern and a planariza-
tion layer. The fourth anti-reflection pattern may be disposed
on the lower electrode and covers an upper surface of the
lower electrode, and may be disposed on the upper surface
of the lower electrode. The planarization layer is disposed
between the semiconductor element and the lower electrode.
The fourth anti-reflection pattern may not be disposed on the
planarization layer.

In exemplary embodiments, the lower electrode may be in
contact with the upper surface of the drain electrode via a
contact hole formed by removing a portion of the planariza-
tion and may be electrically connected to the drain electrode.
The third anti-reflection pattern may have an opening that
exposes a portion of the upper surface of the drain electrode
through the contact hole.

In exemplary embodiments, the first, second, third, and
fourth anti-reflection patterns may consist essentially of
graphene.

In exemplary embodiments, the OLEO device may fur-
ther include a first gate electrode pattern, a fifth anti-
reflection pattern, an electrode pattern, and a sixth anti-
reflection pattern. The first gate electrode pattern may be
disposed at the same layer as the gate electrode, and may be
spaced apart from the gate electrode. The fifth anti-reflection
pattern may be disposed on the first gate electrode pattern
and cover an upper surface of the first gate electrode pattern,
and may be disposed on the upper surface of the first gate
electrode pattern. The electrode pattern may be disposed at
the same layer as the source and drain electrodes, and may
be spaced apart from the source and drain electrodes. The
sixth anti-reflection pattern may be disposed on the electrode
pattern and covers an upper surface of the electrode pattern,
and may be disposed on the upper surface of the electrode
pattern.
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In exemplary embodiments, the thin film encapsulation
structure may include a first thin film encapsulation layer, a
second thin film encapsulation layer, and a third thin film
encapsulation layer. The first thin film encapsulation layer
may be disposed on the anti-reflection layer, and may
include inorganic materials. The second thin film encapsu-
lation layer may be disposed on the first thin film encapsu-
lation layer, and may include organic materials. The third
thin film encapsulation layer may be disposed on the second
thin film encapsulation layer, and may include inorganic
materials.

In exemplary embodiments, the substrate and the thin film
encapsulation structure may include flexible materials.

According to some exemplary embodiments, a method of
manufacturing an OLED device is provided as follows. A
substrate is provided. An active layer is formed on the
substrate. A gate electrode is formed on the active layer. A
first anti-reflection pattern is formed on an upper surface of
the gate electrode by performing a first selective deposition
process. Source and drain electrodes are formed on the first
anti-reflection pattern. Each of a second and a third anti-
reflection pattern is formed on upper surfaces of the source
and drain electrodes, respectively, by performing a second
selective deposition process. A lower electrode is formed on
the second and third anti-reflection patterns. A fourth anti-
reflection pattern is formed on an upper surface of the lower
electrode by performing a third selective deposition process.
A light emitting layer is formed on the fourth anti-reflection
pattern. An upper electrode is formed on the light emitting
layer. An anti-reflection layer is formed on the upper elec-
trode.

In exemplary embodiments, performing the first selective
deposition process may include providing a gas that includes
carbon and hydrogen in a plasma chemical vapor deposition
process and forming a first graphene layer on the upper
surface of the gate electrode. The gate electrode may include
a catalytic metal. The first graphene layer may be the first
anti-reflection pattern.

In exemplary embodiments, performing the second selec-
tive deposition process may include providing a gas that
includes carbon and hydrogen in a plasma chemical vapor
deposition process and simultaneously forming each of a
second graphene layer and a third graphene layer on the
upper surfaces of the source and drain electrodes, respec-
tively. The source and drain electrodes may each include a
catalytic metal. The second and third graphene layers may
be the second and third anti-reflection patterns, respectively.

In exemplary embodiments, performing the third selective
deposition process may include providing a gas that includes
carbon and hydrogen in a plasma chemical vapor deposition
process and forming a fourth graphene layer on the upper
surface of the lower electrode. The lower electrode may
include a catalytic metal. The fourth graphene layer may be
the fourth anti-reflection pattern.

In exemplary embodiments, the method may further
include forming a thin film encapsulation structure on the
anti-reflection layer. The thin film encapsulation structure
may include a first thin film encapsulation layer, a second
thin film encapsulation layer, and a third thin film encapsu-
lation layer. The first thin film encapsulation layer may be
disposed on the anti-reflection layer, and may include inor-
ganic materials. The second thin film encapsulation layer
may be disposed on the first thin film encapsulation layer,
and may include organic materials. The third thin film
encapsulation layer may be disposed on the second thin film
encapsulation layer, and may include inorganic materials.

20

25

40

45

55

60

65

4

According to some exemplary embodiments, an organic
light emitting display (OLED) device includes a semicon-
ductor element, a planarization layer, a lower electrode, a
fourth anti-reflection pattern, a light emitting layer, and an
upper electrode. The semiconductor element is disposed on
a substrate. The planarization layer is disposed on the
semiconductor element. The lower electrode is disposed on
the planarization layer. The fourth anti-reflection pattern is
disposed on the lower electrode and covers an upper surface
of the lower electrode, the fourth anti-reflection pattern
being disposed on the upper surface of the lower electrode.
The fourth anti-reflection pattern is not disposed on the
planarization layer, and the fourth anti-reflection pattern
consists essentially of graphene. The light emitting layer is
disposed on the fourth anti-reflection pattern. The upper
electrode is disposed on the light emitting layer.

In exemplary embodiments, the semiconductor element
may further include an active layer, a gate electrode, source
and drain electrodes, a gate insulation layer, an insulating
interlayer, and first to third anti-reflection patterns. The
active layer is disposed on the substrate. The gate electrode
is disposed on the active layer. The source and drain
electrodes are disposed on the gate electrode. The gate
insulation layer is disposed between the active layer and the
gate electrode. The insulating interlayer is disposed between
the gate electrode and the source and drain electrodes. The
first anti-reflection pattern is disposed on the gate electrode
and covers an upper surface of the gate electrode. The first
anti-reflection pattern is disposed on the upper surface of the
gate electrode. The second anti-reflection pattern is disposed
on the source electrode and covers an upper surface of the
source electrode. The second anti-reflection pattern is dis-
posed on the upper surface of the source electrode. The third
anti-reflection pattern is disposed on the drain electrode and
covers an upper surface of the drain electrode. The third
anti-reflection pattern is disposed on the upper surface of the
drain electrode. The first, second, and third anti-reflection
patterns are not disposed on the gate insulation layer or the
insulating interlayer. The first, second, and third anti-reflec-
tion patterns may consist essentially of graphene.

In exemplary embodiments, the OLED device may fur-
ther include a first gate electrode pattern, a fifth anti-
reflection pattern, an electrode pattern, a sixth anti-reflection
pattern and an anti-reflection layer. The first gate electrode
pattern is disposed at the same layer as the gate electrode, the
first gate electrode pattern being spaced apart from the gate
electrode. The fifth anti-reflection pattern is disposed on the
first gate electrode pattern and covers an upper surface of the
first gate electrode pattern, the fifth anti-reflection pattern
being disposed on the upper surface of the first gate elec-
trode pattern. The electrode pattern is disposed at the same
layer as the source and drain electrodes, the electrode pattern
being spaced apart from the source and drain electrodes. The
sixth anti-reflection pattern is disposed on the electrode
pattern and covers an upper surface of the electrode pattern,
the sixth anti-reflection pattern being disposed on the upper
surface of the electrode pattern. The anti-reflection layer is
on the upper electrode. The fifth and sixth anti-reflection
patterns and the anti-reflection layer consist essentially of
graphene.

As an OLEO device in accordance with exemplary
embodiments includes first to sixth anti-reflection patterns
and an anti-reflection layer, external reflections from metal
patterns included in the OLED device can be reduced. In
addition, since the first to sixth anti-reflection patterns and
the anti-reflection layer consist essentially of graphene, the
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flexibility of the metal patterns can be increased, and the
wiring resistance of the metal patterns can be reduced.

In a method of manufacturing the OLED device in
accordance with exemplary embodiments, as the first to
sixth anti-reflection patterns and the anti-reflection layer are
formed on a metal pattern without a patterning process, a
manufacturing cost of the OLED device can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross sectional view of an organic light
emitting display device in accordance with exemplary
embodiments.

FIGS. 2, 3,4, 5,6, 7, 8 9, 10, 11, 12, 13, and 14 are
cross-sectional views that illustrate a method of manufac-
turing a semiconductor element in accordance with exem-
plary embodiments.

FIG. 15 is a cross-sectional view of an organic light
emitting display device in accordance with exemplary
embodiments.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, embodiments of the present inventive con-
cept will be described in detail with reference to the accom-
panying drawings.

FIG. 1 is a cross sectional view of an organic light
emitting display device in accordance with exemplary
embodiments.

Referring to FIG. 1, an organic light emitting display
(OLED) device 100 according to an exemplary embodiment
includes a substrate 110, a semiconductor element 250, a
first anti-reflection pattern 172, a second anti-reflection
pattern 212, a third anti-reflection pattern 232, a first gate
electrode pattern 175, a fifth anti-reflection pattern 177, an
electrode pattern 255, a sixth anti-reflection pattern 257, a
planarization layer 270, a pixel defining layer 310, a light
emitting structure 200, a fourth anti-reflection pattern 292,
an anti-reflection layer 342, a thin film encapsulation (TFE)
structure 450, etc. Here, the semiconductor element 250
includes an active layer 130, a gate insulation layer 150, a
gate electrode 170, an insulating interlayer 190, a source
electrode 210, and a drain electrode 230, and the light
emitting structure 200 includes a lower electrode 290, a light
emitting layer 330, and an upper electrode 340. In addition,
the TEE structure 450 includes a first TFE layer 451, a
second TFE layer 452, and a third TFE layer 453. As the
OLED device 100 includes the first through sixth anti-
reflection patterns 172, 212, 232, 292, 177, and 257 and the
anti-reflection layer 342, the OLED device 100 can reduce
reflections of external light.

According to an embodiment, the substrate 110 may
include transparent or opaque insulation materials. The
substrate 110 includes a flexible transparent resin substrate.
In exemplary embodiments, the substrate 110 has a structure
in which a first organic layer, a first barrier layer, a second
organic layer, and a second barrier layer are sequentially
stacked. The first barrier layer and the second barrier layer
each include inorganic materials such as silicon oxide, etc.
In addition, the first organic layer and the second organic
layer each include organic materials such as a polyamide-
based resin. In exemplary embodiments, each of the first and
second barrier layers block moisture or water that has
permeated through the first and second organic layers.

According to an embodiment, since the substrate 110 is
relatively thin and flexible, the substrate 110 is disposed on
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6

a rigid glass substrate to help support the formation of the
semiconductor element 250 and the light emitting structure
200. When manufacturing the LED device 100, after an
insulation layer, such as a buffer layer, is formed on the
second barrier layer of the substrate 110, the semiconductor
element 250 and the light emitting structure 200 are dis-
posed on the insulation layer. After the semiconductor
element 250 and the light emitting structure 200 are formed
on the insulation layer, the rigid glass substrate on which the
substrate 110 is disposed is removed. It can be challenging
to directly form the semiconductor element 250 and the light
emitting structure 200 on the substrate 110 because the
substrate 110 is relatively thin and flexible. Accordingly, the
semiconductor element 250 and the light emitting structure
200 are formed on the substrate 110 and the rigid glass
substrate, and then the substrate 110 can serve as the
substrate of the OLED device 100 after the removal of the
rigid glass substrate. Alternatively, the substrate 110 may
include a quartz substrate, a synthetic quartz substrate, a
calcium fluoride substrate, a fluoride-doped quartz substrate,
a sodalime glass substrate, a non-alkali glass substrate, etc.

In exemplary embodiments, the substrate 110 includes
four-layers, but embodiments are not limited thereto. For
example, in some exemplary embodiments, the substrate 110
may include a single layer or a plurality of layers.

According to an embodiment, a buffer layer is disposed on
the substrate 110. The buffer layer prevents metal atoms
and/or impurities from diffusing from the substrate 110 into
the semiconductor element 250. In addition, the buffer layer
can control a rate of a heat transfer in a crystallization
process that forms the active layer 130, to obtain a substan-
tially uniform active layer. Further, the buffer layer can
improve the surface flatness of the substrate 110 if the
surface of the substrate 110 is irregular. In some exemplary
embodiments, based on the type of the substrate 110, at least
two buffer layers can be disposed on the substrate 110, or no
buffer layer is disposed. The buffer layer may include a
silicon compound, a metal oxide, etc.

According to an embodiment, the active layer 130 is
disposed on the substrate 110.

The active layer 130 may include an oxide semiconductor,
an inorganic semiconductor such as amorphous silicon,
polysilicon, etc., an organic semiconductor, etc.

According to an embodiment, the gate insulation layer
150 is disposed on the active layer 130. The gate insulation
layer 150 covers the active layer 130 on the substrate 110,
and is disposed on the entire substrate 110. According to
some embodiments, the gate insulation layer 150 has a
substantially flat upper surface without a step around the
active layer 130. Alternatively, in other embodiments, the
gate insulation layer 150 has a substantially uniform thick-
ness along a profile of the active layer 130. The gate
insulation layer 150 may include a silicon compound, a
metal oxide, etc. For example, the gate insulation layer 150
may include silicon oxide (SiOx), silicon nitride (SiNx),
silicon oxynitride (SiOxNy), silicon oxycarbide (SiOxCy),
silicon carbon nitride (SiCxNy), aluminum oxide (AlOx),
aluminum nitride (AINx), tantalum oxide (TaOx), hafhium
oxide (HfOx), zirconium oxide (ZrOx), titanium oxide
(TiOx), etc.

According to an embodiment, the gate electrode 170 is
disposed on the gate insulation layer 150. The gate electrode
170 is disposed on a portion of the gate insulation layer 150
under which the active layer 130 is located. The gate
electrode 170 may include a metal, a metal alloy, a metal
nitride, a conductive metal oxide, a transparent conductive
materials, etc. For example, the gate electrode 170 may
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include gold (Au), sifter (Ag), aluminum (Al), platinum (Pt),
nickel (Ni), titanium (Ti), palladium (Pd), magnesium (Mg),
Calcium (Ca), Lithium (Li), chrome (Cr), tantalum (Ta),
tungsten (W), copper (Cu), molybdenum (Mo), scandium
(Sc), neodymium (Nd), Iridium (Ir), an alloy of aluminum,
aluminum nitride (AINX), an alloy of silver, tungsten nitride
(WNXx), an alloy of copper, an alloy of molybdenum, tita-
nium nitride (TiNX), chrome nitride (CtNx), tantalum nitride
(TaNx), strontium ruthenium oxide (SRO), zinc oxide
(ZnOx), indium tin oxide (ITO), stannum oxide (SnOx),
indium oxide (InOx), gallium oxide (GaOx), indium zinc
oxide (IZ0), etc. These may be used alone or in a suitable
combination thereof. In some exemplary embodiments, the
gate electrode 170 has a multi-layered structure.

According to an embodiment, the first gate electrode
pattern 175 is disposed on the gate insulation layer 150, and
is spaced apart from the gate electrode 170. The first gate
electrode pattern 175 serves as a wiring. For example, the
first gate electrode pattern 175 may be data signal wiring
through which a data signal is transmitted, gate signal wiring
through which a gate signal is transmitted, initialization
signal wiring through which an initialization signal is trans-
mitted, light emission signal wiring through which a light
emission signal is transmitted, power supply voltage wiring
through which a power supply voltage is transmitted, etc. In
exemplary embodiments, the first gate electrode pattern 175
and the gate electrode 170 are disposed at the same layer,
and are simultaneously or concurrently formed using the
same materials. The first gate electrode pattern 175 may
include a metal, a metal alloy, a metal nitride, a conductive
metal oxide, a transparent conductive material, etc. These
may be used alone or in a suitable combination thereof. In
some exemplary embodiments, the first gate electrode pat-
tern 175 has a multi-layered structure.

According to an embodiment, the first anti-reflection
pattern 172 is disposed on the gate electrode 170. The first
anti-reflection pattern 172 covers an upper snake of the gate
electrode 170. In exemplary embodiments, the first anti-
reflection pattern 172 is disposed only on the upper surface,
such as an upper portion and both lateral portions of the gate
electrode 170. In other words, the first anti-reflection pattern
172 completely covers the gate electrode 170 so that the first
anti-reflection pattern 172 does not expose the gate electrode
170, and the first anti-reflection pattern 172 is not disposed
on the gate insulation layer 150. In addition, the reflection of
external light from the gate electrode 170 can be reduced by
controlling or adjusting a thickness of the first anti-reflection
pattern 172. For example, when the first anti-reflection
pattern 172 has a predetermined thickness on the gate
electrode 170, a reflectivity of the gate electrode 170 can be
reduced by changing a path of the external light incident into
the first anti-refection pattern 172. The first anti-reflection
pattern 172 includes materials that can change the path of the
external light incident into the first anti-reflection pattern
172. In exemplary embodiments, the first anti-reflection
pattern 172 consists essentially of graphene. When the first
anti-reflection pattern 172 includes graphene, the first anti-
reflection pattern 172 increases the flexibility of the gate
electrode 170 and decreases the wiring resistance of the gate
electrode 170. In exemplary embodiments, the graphene
may have a single layer or a plurality of layers.

For example, according to an embodiment, in a process
that forms a conventional anti-reflection layer, after a pre-
liminary anti-reflection layer is formed on an entire prelimi-
nary electrode layer, an electrode layer and an anti-reflection
layer are formed on the electrode by performing an etching
process. In this case, the anti-reflection layer does not cover
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lateral portions of the electrode layer, and external light can
be reflected from the lateral portions of the electrode layer.
Otherwise, a preliminary anti-reflection layer is formed on
the entire electrode layer after an electrode layer is formed,
and an anti-reflection layer is formed by performing a photo
process and a patterning process using a photoresist, which
increases the number of a mask processes. In this case, a
manufacturing cost of the OLED device increases.

According to an embodiment, the fifth anti-reflection
pattern 177 is disposed on the first gate electrode pattern
175. The fifth anti-reflection pattern 177 covers an upper
surface of the first gate electrode pattern 175. In exemplary
embodiments, the fifth anti-reflection pattern 177 is disposed
on the upper surface, such as an upper portion and both
lateral portions of the first gate electrode pattern 175. In
other words, the fifth anti-reflection pattern 177 completely
covers the first gate electrode pattern 175 so that the fifth
anti-reflection pattern 177 does not expose the first gate
electrode pattern 175, and the fifth anti-reflection pattern
177 is not disposed on the gate insulation layer 150. In
addition, reflection of external light from the first gate
electrode pattern 175 can be reduced by controlling a
thickness of the fifth anti-reflection pattern 177.

According to an embodiment, the fifth anti-reflection
pattern 177 includes materials that can change the path of
external light incident into the fifth anti-reflection pattern
177. In exemplary embodiments, the fifth anti-reflection
pattern 177 consists essentially of graphene. When the fifth
anti-reflection pattern. 177 includes graphene, the fifth anti-
reflection pattern 177 increases the flexibility of the first gate
electrode pattern 175 and decreases the wiring resistance of
the first gate electrode pattern 175. In exemplary embodi-
ments, the grapheme may have a single layer or a plurality
of layers.

According to an embodiment, the insulating interlayer
190 is disposed on the first anti-reflection pattern 172 and the
fifth anti-reflection pattern 177. The insulating interlayer
190 covers the first anti-reflection pattern 172 and the fifth
anti-reflection pattern 177 on the gate insulation layer 150,
and is disposed on the entire gate insulation layer 150.
According to some embodiments, the insulating interlayer
190 has a substantially flat upper surface without a step
around the first and fifth anti-reflection patterns 172 and 177.
Alternatively, in other embodiments, the insulating inter-
layer 190 has a substantially uniform thickness along a
profile of the first and fifth anti-reflection patterns 172 and
177. The insulating interlayer 190 may include a silicon
compound, a metal oxide, etc.

According to an embodiment, the source electrode 210
and the drain electrode 230 are disposed on the insulating
interlayer 190. The source electrode 210 is in direct contact
with a source region of the active layer 130 via a contact hole
formed by removing a portion of the gate insulation layer
150 and the insulating interlayer 190. The drain electrode
230 is in direct contact with a drain region of the active layer
130 via a contact hole formed by removing another portion
of the gate insulation layer 150 and the insulating interlayer
190. Each of the source electrode 210 and the drain electrode
230 includes a metal, an alloy, a metal nitride, a conductive
metal oxide, a transparent conductive material, etc. These
may be used alone or in a suitable combination thereof. In
some exemplary embodiments, each of the source and drain
electrodes 210 and 230 has a multi-layered structure.
Accordingly, the semiconductor element 250, including the
active layer 130, the gate insulation layer 150, the gate
electrode 170, the insulating interlayer 190, the source
electrode 210, and the drain electrode 230, is formed.
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In exemplary embodiments, the semiconductor element
250 has a top gate structure, but embodiments are not limited
thereto. For example, in some exemplary embodiments, the
semiconductor element 250 has a bottom gate structure or a
double gate structure.

According to an embodiment, the electrode pattern 255 is
disposed on the insulating interlayer 190, and is spaced apart
from the source electrode 210 and the drain electrode 230.
The electrode pattern 255 serves as a wiring. For example,
the electrode pattern 255 may be data signal wiring through
which a data signal is transmitted, gate signal wiring through
which a gate signal is transmitted, initialization signal wir-
ing through which an initialization signal is transmitted,
light emission signal wiring through which a light emission
signal is transmitted, power supply voltage wiring through
which a power supply voltage is transmitted, etc. In exem-
plary embodiments, the electrode pattern 255, the source
electrode 210, and the drain electrode 230 are disposed at the
same layer, and are simultaneously formed using the same
materials. The electrode pattern 255 may include a metal, a
metal alloy, a metal nitride, a conductive metal oxide, a
transparent conductive material, etc. These may be used
alone or in a suitable combination thereof. In some exem-
plary embodiments, the electrode pattern 255 has a multi-
layered structure.

According to an embodiment, the second anti-reflection
pattern 212 is disposed on the source electrode 210. The
second anti-reflection pattern 212 covers an upper surface of
the source electrode 210. In exemplary embodiments, the
second anti-reflection pattern 212 is disposed on the upper
surface, such as an upper portion and both lateral portions of
the source electrode 210. In other words, the second anti-
reflection pattern 212 completely covers the source electrode
210 so that the second anti-reflection pattern 212 does not
expose the source electrode 210, and the second anti-
reflection pattern 212 is not disposed on the insulating
interlayer 190. In addition, the reflection of external light
from the source electrode 210 can be reduced by controlling
a thickness of the second anti-reflection pattern 212. The
second anti-reflection pattern 212 include materials that can
change the path of external light incident into the second
anti-reflection pattern 212. In exemplary embodiments, the
second anti-reflection pattern 212 consists essentially of
graphene. When the second anti-reflection pattern 212
includes graphene, the second anti-reflection pattern 212
increases the flexibility of the source electrode 210 and
decreases the wiring resistance of the source electrode 210.
In exemplary embodiments, the graphene may have a single
layer or a plurality of layers.

The third anti-reflection pattern 232 may be disposed on
the drain electrode 230. The third anti-reflection pattern 232
may cover an upper surface of the drain electrode 230. In
exemplary embodiments, the third anti-reflection pattern
232 is disposed on the upper surface, such as an upper
portion and both lateral portions of the drain electrode 230.
In other words, the third anti-reflection pattern 232 com-
pletely covers the drain electrode 230 so that the third
anti-reflection pattern 232 does not expose the drain elec-
trode 230, and the third anti-reflection pattern 232 is not
disposed on the insulating interlayer 190. According to an
embodiment, the third anti-reflection pattern 232 has an
opening that exposes a portion of the upper surface of the
drain electrode 230 due to a contact hole 272 formed by
removing a portion of the planarization layer 270. In addi-
tion, the reflection of external light from the drain electrode
230 can be reduced by controlling the thickness of the third
anti-reflection pattern 232. The third anti-reflection pattern
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232 includes materials that can change the path of external
light incident into the third anti-reflection pattern 232. In
exemplary embodiments, the third anti-reflection pattern
232 consists essentially of graphene. When the third anti-
reflection pattern 232 includes graphene, the third anti-
reflection pattern 232 increases the flexibility of the drain
electrode 230 and decreases the wiring resistance of the
drain electrode 230. In exemplary embodiments, the gra-
phene may have a single layer or a plurality of layers.

According to an embodiment, the sixth anti-reflection
pattern 257 is disposed on the electrode pattern 255. The
sixth anti-reflection pattern 257 covers an upper surface of
the electrode pattern 255. In exemplary embodiments, the
sixth anti-reflection pattern 257 is disposed on the upper
surface, such as an upper portion and both lateral portions of
the electrode pattern 255. In other words, the sixth anti-
reflection pattern 257 completely covers the electrode pat-
tern 255 so that the sixth anti-reflection pattern 257 does not
expose the electrode pattern 255, and the sixth anti-reflec-
tion pattern 257 is not disposed on the insulating interlayer
190. In addition, the reflection of external light from the
electrode pattern 255 can be reduced by controlling the
thickness of the sixth anti-reflection pattern 257. The sixth
anti-reflection pattern 257 includes materials that can change
the path of external light incident into the sixth anti-reflec-
tion pattern 257. In exemplary embodiments, the sixth
anti-reflection pattern 257 consists essentially of graphene.
When the sixth anti-reflection pattern 257 includes gra-
phene, the sixth anti-reflection pattern 257 increases the
flexibility of the electrode pattern 255 and decreases the
wiring resistance of the electrode pattern 255. In exemplary
embodiments, the graphene may have a single layer or a
plurality of layers.

According to an embodiment, the planarization layer 270
is disposed on the second anti-reflection pattern 212, the
third anti-reflection pattern 232, and the sixth anti-reflection
pattern 257. The planarization layer 270 may covers the
second, third, and sixth anti-reflection patterns 212, 232, and
257, and is disposed on the entire insulating interlayer 190.
The planarization layer 270 is sufficiently thick to cover the
second, third, and sixth anti-reflection patterns 212, 232, and
257 on the insulating interlayer 190. In this case, the
planarization layer 270 has a substantially flat upper surface,
and a planarization process is further performed on the
planarization layer 270 to flatten the upper surface of the
planarization layer 270. In exemplary embodiments, the
planarization layer 270 has the contact hole 272 formed by
removing a portion of the planarization layer 270. A portion
of the upper surface of the drain electrode 230 is exposed via
the contact hole 272. The planarization layer 270 may
include organic materials or inorganic materials. In exem-
plary embodiments, the planarization layer 270 includes
organic materials such as polyimide, an epoxy-based resin,
an acryl-based resin, polyester, a photoresist, a polyacryl-
based resin, a polyimide-based resin, a polyimide-based
resin, a siloxane-based resin, etc.

According to an embodiment, the lower electrode 290 is
disposed on the planarization layer 270. The lower electrode
290 is disposed on a portion of the planarization layer 270
under which the semiconductor element 250 is located, and
is in contact with the drain electrode 230 via the contact hole
272 of the planarization layer 270. In addition, the lower
electrode 290 is electrically connected to the semiconductor
element 250. The lower electrode 290 may include a metal,
a metal alloy, a metal nitride, a conductive metal oxide, a
transparent conductive material, etc. These may be used
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alone or in a suitable combination thereof. In some exem-
plary embodiments, the lower electrode 290 has a multi-
layered structure.

According to an embodiment, the fourth anti-reflection
pattern 292 is disposed on the lower electrode 290. The
fourth anti-reflection pattern 292 covers an upper surface of
the lower electrode 290. In exemplary embodiments, the
fourth anti-reflection pattern 292 is disposed only on the
upper surface, such as an upper portion and both lateral
portions of the lower electrode 290. In other words, the
fourth anti-reflection pattern 292 completely covers the
lower electrode 290 so that the fourth anti-reflection pattern
292 does not expose the lower electrode 290, and the fourth
anti-reflection pattern 292 is not disposed on the planariza-
tion layer 270. In addition, the reflection of external light
from the lower electrode 290 can be reduced by controlling
a thickness of the fourth anti-reflection pattern 292. The
fourth anti-reflection pattern 292 includes materials that can
change the path of external light incident into the fourth
anti-reflection pattern 292. In exemplary embodiments, the
fourth anti-reflection pattern 292 consists essentially of
graphene. When the fourth anti-reflection pattern 292
includes graphene, the fourth anti-reflection pattern 292
increases the flexibility of the lower electrode 290 and
decreases the wiring resistance of the lower electrode 290.
In exemplary embodiments, the graphene may have a single
layer or a plurality of layers.

According to an embodiment, the pixel defining layer 310
is disposed on a portion of the fourth anti-reflection pattern
292 and the planarization layer 270, and covers both lateral
portions of the fourth anti-reflection pattern 292 and exposes
an upper portion of the fourth anti-reflection pattern 292.
The pixel defining layer 310 may include organic materials
or inorganic materials. In exemplary embodiments, the pixel
defining layer 310 includes organic materials.

According to an embodiment, the light emitting layer 330
is disposed on the fourth anti-reflection pattern 292 exposed
by the pixel defining layer 310. According to some embodi-
ments, the light emitting layer 330 is formed using at least
one light emitting material that can generate different colors
of light, such as red, blue, or green, that correspond to
different sub-pixels. Alternatively, according to other
embodiments, the light emitting layer 330 generates a white
light by stacking a plurality of light emitting materials that
emit different colors, such as red, green, or blue. A color
filter is disposed on the light emitting layer 330 to overlap
the light emitting layer 330 on an upper surface of the TFE
structure 450. The color filter may include at least one of a
red filter, a green filter, or a blue filter. Alternatively,
according to still other embodiments, the color filter
includes at least one of a yellow filter, a cyan filter, or a
magenta filter. The color filter includes a photosensitive
resin or a color photoresist, etc.

According to an embodiment, the upper electrode 340 is
disposed on the pixel defining layer 310 and the light
emitting layer 330. The upper electrode 340 covers the light
emitting layer 330 and the pixel defining layer 310, and is
disposed on the entire light emitting layer 330 and the entire
pixel defining layer 310. The upper electrode 340 may
include a metal, a metal alloy, a metal nitride, a conductive
metal oxide, a transparent conductive material, etc. These
may be used alone or in a suitable combination thereof. In
some exemplary embodiments, the upper electrode 340 has
a multi-layered structure. Accordingly, the light emitting
structure 200, including the lower electrode 290, the light
emitting layer 330, and the upper electrode 340, is formed.
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According to an embodiment, the anti-reflection layer 342
is disposed on the upper electrode 340. The anti-reflection
layer 342 covers an upper surface of the upper electrode 340,
and is disposed on the entire upper electrode 340. In other
words, the anti-reflection layer 342 completely covers the
upper electrode 340 so that the anti-refection layer 342 does
not expose the upper electrode 340. In addition, the reflec-
tion of external light from the upper electrode 340 can be
reduced by controlling a thickness of the anti-reflection layer
342. The anti-reflection layer 342 includes materials that can
change the path of external light incident into the anti-
reflection layer 342. In exemplary embodiments, the anti-
reflection layer 342 consists essentially of graphene. When
the anti-reflection layer 342 includes graphene, the anti-
reflection layer 342 increase the flexibility of the upper
electrode 340 and decreases a wiring resistance of the upper
electrode 340. In exemplary embodiments, the graphene
may have a single layer or a plurality of layers.

According to an embodiment, the first TFE layer 451 is
disposed on the anti-reflection layer 342. The first TFE layer
451 covers the anti-reflection layer 342, and has a substan-
tially uniform thickness along a profile of the anti-reflection
layer 342. The first TFE layer 451 prevents the light emitting
structure 200 from deteriorating due to the permeation of
moisture, water, oxygen, etc. In addition, the first TFE layer
451 protects the light emitting structure 200 from external
impacts. The first TFE layer 451 includes a flexible inor-
ganic material.

According to an embodiment, the second TFE layer 452
is disposed on the first TFE layer 451. The second TFE layer
452 flattens of the OLED device 100, and protects the light
emitting structure 200. The second TFE layer 452 includes
a flexible organic material.

According to an embodiment, the third TFE layer 453 is
disposed on the second TFE layer 452. The third TFE layer
453 covers the second TFE layer 452, and has a substantially
uniform thickness along a profile of the second TFE layer
452. The third TFE layer 453 together with the first TFE
layer 451 and the second TFE layer 452 can prevent dete-
rioration of the light emitting structure 200 due to the
permeation of moisture, water, oxygen, etc. In addition, the
third TFE layer 453 together with the first TFE layer 451 and
the second TFE layer 452 protect the light emitting structure
200 front external impacts. The third TFE layer 453 includes
a flexible inorganic material. Accordingly, the TFE structure
450, including the first TFE layer 451, the second TFE layer
452, and the third TFE layer 453, is formed.

Alternatively, according to other embodiments, the TFE
structure 450 may have a five layer structure in which first
to fifth TFE layers are stacked or a seven layer structure in
which the first to seventh TFE layers are stacked.

In some exemplary embodiments, the TFE structure 450
includes a quartz substrate, a synthetic quartz substrate, a
calcium fluoride substrate, a fluoride-doped quartz substrate,
a sodalime glass substrate, a non-alkali glass substrate, etc.

According to an embodiment, as the OLED device 100 in
accordance with exemplary embodiments includes the first
to sixth anti-reflection patterns 172, 212, 232, 292, 177, and
257 and the anti-reflection layer 342, external reflections
from metal patterns, such as the gate electrode 170, the first
gate electrode pattern 175, the source electrode 210, the
drain electrode 230, the electrode pattern 255, the lower
electrode 290, and the upper electrode 340, included in the
OLED device 100 are reduced. In addition, since the first to
sixth anti-reflection patterns 172, 212, 232, 292, 177, and
257 and the anti-reflection layer 342 consist essentially of
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graphene, the flexibility of the metal patterns is increased,
and the wiring resistance of the metal patterns is reduced.

According to an embodiment, transparency, failure strain,
and sheet resistance values can be calculated for the case in
which ITO or graphene is formed on a metal pattern. The
calculated values are shown in Table 1 below.

TABLE 1
ITO Graphene
Thickness (nm) — 0.34 nm/layer
Transparency (%) >90%/100 nm 97%/1 layer
Fallure strain (%) 14 >18
Sheet resistance (Q/sq) <50/T = 90% 30T = 90%

According to an embodiment, as shown in Table 1, when
graphene is formed on a metal pattern, light incident into the
graphene increases because transparency is increased, and
the reflectivity of the metal pattern is reduced by changing
a path of the light incident into the graphene. In addition, as
failure strain is increased, the flexibility of the metal pattern
is increased. Further, as the sheet resistance is reduced, the
wiring resistance of the metal pattern is reduced.

FIGS. 2, 3,4, 5,6, 7, 8 9, 10, 11, 12, 13, and 14 are
cross-sectional views that illustrate a method of manufac-
turing a semiconductor element in accordance with exem-
plary embodiments.

Referring to FIG. 2, according to an embodiment, a rigid
glass substrate 105 is provided. A substrate 110 that include
transparent or opaque materials is formed on the rigid glass
substrate 105. The substrate 110 is formed using a flexible
transparent material such as a flexible transparent resin
substrate. In exemplary embodiments, the substrate 110 has
a structure in which a first organic layer, a first barrier film
layer, a second organic layer, and a second barrier film layer
are sequentially stacked. The first and second barrier film
layers are formed using inorganic materials, and the first and
second organic layers are formed using organic materials.
For example, each of the first and second barrier film layers
includes silicon oxide, and can block water, moisture, etc,
from permeating through the first and second organic layers.
Further, each of the first and second organic layers includes
a polyimide-based resin.

According to an embodiment, a buffer layer is formed on
the substrate 110. The buffer layer is formed on the entire
substrate 110. The buffer layer prevents metal atoms and/or
impurities from diffusing from the substrate 110 into a
semiconductor element. In addition, the buffer layer controls
heat transfer in a crystallization process that forms the active
layer, so that a substantially uniform active layer can be
obtained. Further, the buffer layer flattens the substrate 110
when a surface of the substrate 110 is irregular. Based on the
type of the substrate 110, at least two buffer layers can be
disposed on the substrate 110, or no buffer layer is disposed.
The buffer layer may be formed using a silicon compound,
a metal oxide, etc.

According to an embodiment, an active layer 130 is
formed on the substrate 110. The active layer 130 is formed
using an oxide semiconductor, an inorganic semiconductor,
an organic semiconductor, etc.

Referring to FIG. 3, according to an embodiment, a gate
insulation layer 150 is formed on the active layer 130. The
gate insulation layer 150 covers the active layer 130 on the
substrate 110, and is formed on the entire substrate 110. For
example, the gate insulation layer 150 is sufficiently thick to
cover the active layer 130 on the substrate 110 and have a
substantially flat upper surface without a step around the
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active layer 130. Alternatively, the gate insulation layer 150
covers the active layer 130 on the substrate 110 with a
substantially uniform thickness along a profile of the active
layer 130. The gate insulation layer 150 is formed using a
silicon compound, a metal oxide, etc. For example, the gate
insulation layer 150 may include SiOx, SiNx, SiOxNy,
SiOxCy, SiCxNy, AlOx, AINx, TaOx, HfOx, ZrOx, TiOx,
etc.

According to an embodiment, a gate electrode 170 is
formed on the gate insulation layer 150. The gate electrode
170 is formed on a portion of the gate insulation layer 150
under which the active layer 130 is located. The gate
electrode 170 may be formed using a metal, a metal alloy, a
metal nitride, a conductive metal oxide, a transparent con-
ductive material, etc. For example, the gate electrode 170
may include Au, Ag, Al, Pt, Ni, Ti, Pd, Mg, Ca, Li, Cr, Ta,
W, Cu, Mo, Sc, Nd, Ir, an alloy of aluminum, AINX, an alloy
of silver, WNx, an alloy of copper, an alloy of molybdenum,
TiNx, CrNx, TaNx, SRO, ZnOx, ITO, SnOx, InOx, GaOx,
170, etc. These may be used alone or in a suitable combi-
nation thereof. In some exemplary embodiments, the gate
electrode 170 has a multi-layered structure.

According to an embodiment, a first gate electrode pattern
175 is formed on the gate insulation layer 150, and is spaced
apart from the gate electrode 170. The first gate electrode
pattern 175 serves as a wiring. In exemplary embodiments,
the first gate electrode pattern 175 and the gate electrode 170
are disposed at the same layer, and are simultaneously
formed using the same materials.

For example, according to an embodiment, after a pre-
liminary gate electrode layer is formed on the gate insulation
layer 150, the gate electrode 170 and the first gate electrode
pattern 175 are formed on the gate insulation layer 150 by
selectively etching the preliminary gate electrode layer. The
first gate electrode pattern 175 is formed using a metal, a
metal alloy, a metal nitride, a conductive metal oxide, a
transparent conductive material, etc. These may be used
alone or in a suitable combination thereof. In some exem-
plary embodiments, the first gate electrode pattern 175 has
a multi-layered structure.

Referring to FIG. 4, according to an embodiment, a first
selective etching deposition process, such as a plasma-
enhanced chemical vapor deposition (PECVD) process, is
performed. For example, a heat treatment process is per-
formed in a chamber on the gate electrode 170 and the first
gate electrode pattern 175, and the gate electrode 170 and
the first gate electrode pattern 175 are catalytic metals. A gas
400 that includes a first material 410 and a second material
420 is injected into the chamber at the same time as the heat
treatment process. In exemplary embodiments, the first
material 410 includes methane CH,,, and the second material
420 includes hydrogen H,. After the gas 400 is injected into
the chamber, the first material 410 and the second material
420 react in the chamber after which carbon is deposited on
the catalytic metal. For example, a first graphene layer is
formed on an upper surface, such as an upper portion and
both lateral portions of the gate electrode 170, and a fifth
graphene layer is formed on an upper surface, such as an
upper portion and both lateral portions of the first gate
electrode pattern 175.

Referring to FIG. 5, according to an embodiment, a first
anti-reflection pattern 172 is formed on the gate electrode
170. Here, the first graphene layer is the first anti-reflection
pattern 172. The first anti-reflection pattern 172 covers the
upper surface of the gate electrode 170. In exemplary
embodiments, the first anti-reflection pattern 172 completely
covers the gate electrode 170 so that the first anti-reflection
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pattern 172 does not expose the gate electrode 170, and the
first anti-reflection pattern 172 is not formed on the gate
insulation layer 150. In addition, the first anti-reflection
pattern 172 consists essentially of graphene. Further, the first
anti-reflection pattern 172 may have a single layer or a
plurality of layers.

According to an embodiment, a fifth anti-reflection pat-
tern 177 is formed on the first gate electrode pattern 175.
Here, the fifth graphene layer is the fifth anti-reflection
pattern 177. The fifth anti-reflection pattern 177 covers the
upper surface of the first gate electrode pattern 175. In
exemplary embodiments, the fifth anti-reflection pattern 177
completely covers the first gate electrode pattern 175 so that
the fifth anti-reflection pattern 177 does not expose the first
gate electrode pattern 175, and the fifth anti-reflection pat-
tern 177 is not formed on the gate insulation layer 150. In
addition, the fifth anti-reflection pattern 177 consists essen-
tially of graphene. Further, the fifth anti-reflection pattern
177 may have a single layer or a plurality of layers.

In this way, according to an embodiment, by performing
a first selective etching deposition process, each of the first
anti-refection pattern 172 and the fifth anti-reflection pattern
177 can be simultaneously formed on the upper surface of
each of the gate electrode 170 and the first gate electrode
pattern 175 without a patterning process.

Referring to FIG. 6, according to an embodiment, an
insulating interlayer 190 is formed on the first anti-reflection
pattern 172 and the fifth anti-reflection pattern 177. The
insulating interlayer 190 covers the first anti-reflection pat-
tern 172 and the fifth anti-reflection pattern 177 on the gate
insulation layer 150, and is formed on the entire gate
insulation layer 150. In some embodiments, the insulating
interlayer 190 is sufficiently thick to have a substantially flat
upper surface without a step around the first and fifth
anti-reflection patterns 172 and 177. Alternatively, in other
embodiments, the insulating interlayer 190 has a substan-
tially uniform thickness along a profile of the first and fifth
anti-reflection patterns 172 and 177. The insulating inter-
layer 190 may be formed using a silicon compound, a metal
oxide, etc.

According to an embodiment, a source electrode 210 and
a drain electrode 230 are formed on the insulating interlayer
190. The source electrode 210 is in direct contact with a
source region of the active layer 130 via a contact hole
formed by removing a portion of the gate insulation layer
150 and the insulating interlayer 190. The drain electrode
230 1s in direct contact with a drain region of the active layer
130 via a contact hole formed by removing another portion
of the gate insulation layer 150 and the insulating interlayer
190. Each of the source electrode 210 and the drain electrode
230 is formed using a metal, an alloy, a metal nitride, a
conductive metal oxide, a transparent conductive material,
etc. These may be used alone or in a suitable combination
thereof. In some exemplary embodiments, each of the source
and drain electrodes 210 and 230 has a multi-layered struc-
ture. Accordingly, a semiconductor element 250 that
includes the active layer 130, the gate insulation layer 150,
the gate electrode 170, the insulating interlayer 190, the
source electrode 210, and the drain electrode 230 is formed.

According to an embodiment, an electrode pattern 255 is
formed on the insulating interlayer 190, and is spaced apart,
from the source electrode 210 and the drain electrode 230.
In exemplary embodiments, the electrode pattern 255, the
source electrode 210, and the drain electrode 230 are dis-
posed at the same layer, and are simultaneously formed
using the same materials. For example, after a preliminary
electrode layer is formed on the entire insulating interlayer
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190, the source electrode 210, the drain electrode 230, and
the electrode pattern 255 are formed by selectively etching
the preliminary electrode. The electrode pattern 255 may be
formed using a metal, a metal alloy, a metal nitride, a
conductive metal oxide, a transparent conductive material,
etc. These may be used alone or in a suitable combination
thereof. In some exemplary embodiments, the electrode
pattern 255 has a multi-layered structure.

Referring to FIG. 7, according to an embodiment, a
second selective etching deposition process is performed.
For example, a heat treatment process is performed in the
chamber on the source electrode 210, the drain electrode
230, and the electrode pattern 255, and the source electrode
210, the drain electrode 230, and the electrode pattern 255
are catalytic metals. The gas 400 includes the first material
410 and the second material 420 and is injected in the
chamber at the same time as the heat treatment process. In
exemplary embodiments, the first material 410 includes
methane CH, and the second material 420 includes hydro-
gen H,. After the gas 400 is injected into the chamber, the
first material 410 and the second material 420 react in the
chamber after which carbon is deposited on the catalytic
metal. A second graphene layer is formed on an upper
surface, such as an upper portion and both lateral portions of
the source electrode 210, and a third graphene layer is
formed on an upper surface, such as an upper portion and
both lateral portions of the drain electrode 230. In addition,
a sixth graphene layer is formed on an upper surface, such
as an upper portion and both lateral portions of the electrode
pattern 255.

Referring to FIG. 8, according to an embodiment, a
second anti-reflection pattern 212 is firmed on the source
electrode 210. The second graphene layer is the second
anti-reflection pattern 212. The second anti-reflection pat-
tern 212 covers the upper surface of the source electrode
210. In exemplary embodiments, the second anti-reflection
pattern 12 completely covers the source electrode 210 so
that the second anti-reflection pattern 212 does not expose
the source electrode 210, and the second anti-reflection
pattern 212 is not formed on the insulating interlayer 190. In
addition, the second anti-reflection pattern 212 consists
essentially of graphene. Further, the second anti-reflection
pattern 212 may have a single layer or a plurality of layers.

According to an embodiment, a third anti-reflection pat-
tern 232 is formed on the drain electrode 230. The third
graphene layer is the third anti-refection pattern 232. The
third anti-reflection pattern 232 covers the upper surface of
the drain electrode 230. In exemplary embodiments, the
third anti-reflection pattern 232 completely covers the drain
electrode 230 so that the third anti-reflection pattern 232
does not expose the drain electrode 230, and the third
anti-reflection pattern 232 is not formed on the insulating,
interlayer 190. In addition, the third anti-reflection pattern
232 consists essentially of graphene. Further, the third
anti-reflection pattern 232 may have a single layer or a
plurality of layers.

According to an embodiment, a sixth anti-reflection pat-
tern 257 is formed on the electrode pattern 255. The sixth
graphene layer is the sixth anti-reflection pattern 257. The
sixth anti-reflection pattern 257 covers the upper surface of
the electrode pattern 255. In exemplary embodiments, the
sixth anti-reflection pattern 257 completely covers the elec-
trode pattern 255 so that the sixth anti-reflection pattern 257
does not expose the electrode pattern 255, and the sixth
anti-reflection pattern 257 is not formed on the insulating
interlayer 190. In addition, the sixth anti-reflection pattern
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257 consists essentially of graphene. Further, the sixth
anti-reflection pattern 257 may have a single layer or a
plurality of layers.

In this way, by performing the second selective etching
deposition process, each of the second anti-reflection pattern
212, the third anti-reflection pattern 232, and the sixth
anti-reflection pattern 257 can be simultaneously formed on
the upper surface of each of the source electrode 210, the
drain electrode 230, and the electrode pattern 255 without a
patterning process.

Referring to FIG. 9, according to an embodiment, a
planarization layer 270 is formed on the second anti-reflec-
tion pattern 212, the third anti-reflection pattern 232, and the
sixth anti-reflection pattern 257. The planarization layer 270
covers the second, third, and sixth anti-reflection patterns
212, 232, and 257, and is formed on the entire insulating
interlayer 190. The planarization layer 270 is sufficiently
thick to cover the second, third, and sixth anti-reflection
patterns 212, 232, and 257 on the insulating interlayer 190.
The planarization layer 270 has a substantially flat upper
surface, and a planarization process is further performed on
the planarization layer 270 to flatten upper surface of the
planarization layer 270. After the planarization layer 270 is
formed, a contact hole 272 is formed by removing a portion
of the planarization layer 270. A portion of the upper surface
of the drain electrode 230 is exposed via the contact hole
272. In this process, an opening that exposes a portion of the
upper surface of the drain electrode 230 is formed in the
third anti-reflection pattern 232 due to a contact hole 272.
The planarization layer 270 may include organic materials
or inorganic materials. In exemplary embodiments, the
planarization layer 270 may be formed using organic mate-
rials such as polyimide, an epoxy-based resin, an acryl-
based resin, polyester, a photoresist, a polyacryl-based resin,
a polyimide-based resin, a polyamide-based resin, a silox-
ane-based resin, etc.

Referring to FIG. 10, according to an embodiment, a
lower electrode 290 is formed on the planarization layer 270.
The lower electrode 290 is formed on a portion of the
planarization layer 270 under which the semiconductor
element 250 is located, and is in contact with the drain
electrode 230 via the contact hole 272 in the planarization
layer 270. The lower electrode 290 may be formed using a
metal, a metal alloy, a metal nitride, a conductive metal
oxide, a transparent conductive material, etc. These may be
used alone or in a suitable combination thereof. In some
exemplary embodiments, the lower electrode 290 has a
multi-layered structure.

Referring to FIG. 11, according to an embodiment, a third
selective etching deposition process is performed. For
example, a heat treatment process is performed in the
chamber on the lower electrode 290, and the lower electrode
290 is a catalytic metal. The gas 400 that includes the first
material 410 and the second material 420 is injected into the
chamber at the same time as the heat treatment process. In
exemplary embodiments, the first material 410 includes
methane CH, and the second material 420 includes hydro-
gen H,. After the gas 400 is injected into the chamber, the
first material 410 and the second material 420 react in the
chamber after which carbon is deposited on the catalytic
metal. A fourth graphene layer is formed on an upper
surface, such as an upper portion and both lateral portions of
the lower electrode 290.

Referring to FIG. 12, according to an embodiment, a
fourth anti-reflection pattern 292 is formed on the lower
electrode 290. The fourth graphene layer is the fourth
anti-reflection pattern 292. The fourth anti-reflection pattern
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292 covers the upper surface of the lower electrode 290. In
exemplary embodiments, the fourth anti-reflection pattern
292 completely covers the lower electrode 290 so that the
fourth anti-reflection pattern 292 does not expose the lower
electrode 290, and the fourth anti-reflection pattern 292 is
not formed on the planarization layer 270. In addition, the
fourth anti-reflection pattern 292 consists essentially of
graphene. Further, the fourth anti-reflection pattern 292 may
have a single layer or a plurality of layers.

In this way, according to an embodiment, fourth anti-
reflection pattern 292 is formed in the upper surface of the
lower electrode 290 by performing the third selective etch-
ing deposition process, without a patterning process.

Referring to FIG. 13, according to an embodiment, a pixel
defining layer 310 is formed on a portion of the fourth
anti-reflection pattern 292 and the planarization layer 270,
and covers both lateral portions of the fourth anti refection
pattern 292 and exposes a portion of the fourth anti-reflec-
tion pattern 292. The pixel defining layer 310 may include
organic materials or inorganic materials. In exemplary
embodiments, the pixel defining layer 310 is formed using
organic materials.

According to an embodiment, a light emitting layer 330 is
formed on a portion of the fourth anti-reflection pattern 292
exposed by the pixel defining layer 310. According to some
embodiments, the light emitting layer 330 is formed using at
least one light emitting material that can generate different
colors of light, such as red, blue, or green, etc., that corre-
spond to different sub-pixels. Alternatively, according to
other embodiments, the light emitting layer 330 generate
white light by stacking a plurality of light emitting materials
that can generate different colors of light, such as red, green,
or blue. A color filter is formed on the light emitting layer
330. The color filter includes at least one of a red filter, a
green filter, or a blue filter. Alternatively, according to still
other embodiments, the color filter includes at least one of
a yellow filter, a cyan filter, or a magenta filter. The color
filters are formed using a photosensitive resin or a color
photoresist, etc.

According to an embodiment, an upper electrode 340 is
formed on the pixel defining layer 310 and the light emitting
layer 330. The upper electrode 340 covers the light emitting
layer 330 and the pixel defining layer 310, and is formed on
the entire light emitting layer 330 and the entire pixel
defining layer 310. The upper electrode 340 may be formed
using a metal, a metal alloy, a metal nitride, a conductive
metal oxide, a transparent conductive material, etc. These
may be used alone or in a suitable combination thereof. In
some exemplary embodiments, the upper electrode 340 has
amulti-layered structure. Accordingly, a light emitting struc-
ture 200 that includes the lower electrode 290, the light
emitting layer 330, and the upper electrode 340 is formed.

According to an embodiment, an anti-reflection layer 342
is formed on the upper electrode 340. The anti-reflection
layer 342 covers an upper surface of the upper electrode 340,
and is formed on the entire upper electrode 340. In other
words, the anti-reflection layer 342 completely covers the
upper electrode 340 so that the anti-reflection layer 342 does
not expose the upper electrode 340. In exemplary embodi-
ments, the anti-reflection layer 342 consists essentially of
graphene, in addition, the graphene may have a single layer
or a plurality of layers.

Referring to FIG. 14, according to an embodiment, a first
TFE layer 451 is formed on the anti-reflection layer 342. The
first TFE layer 451 covers the anti-reflection layer 342, and
has a substantially uniform thickness along a profile of the
anti-reflection layer 342. The first TFE layer 451 can prevent



US 10,700,307 B2

19

deterioration of the light emitting, structure 200 due to
permeation of moisture, watet, oxygen, etc. In addition, the
first TFE layer 451 protects the light emitting structure 200
from external impacts. The first TFE layer 451 is formed
from flexible inorganic materials.

According to an embodiment, a second TFE layer 452 is
formed on the first TFE layer 451. The second TFE layer 452
improves the flatness of an OLED device, and protects the
light emitting structure 200. The second TFE layer 452 is
formed from flexible organic materials.

According to an embodiment, a third TFE layer 453 is
formed on the second TFE layer 452. The third TFE layer
453 covers the second TFE layer 452, and has a substantially
uniform thickness along a profile of the second TFE layer
452. The third TFE layer 453 together with the first TFE
layer 451 and the second TFE layer 452 can prevent dete-
rioration of the light emitting structure 200 due to the
permeation of moisture, watet, oxygen, etc. In addition, the
third TFE layer 453 together with the first TFE layer 451 and
the second TFE layer 452 protect the light emitting structure
200 from external impacts. The third TFE layer 453 is
formed from flexible inorganic materials. Accordingly, a
TFE structure 450 that includes the first TFE layer 451, the
second TFE layer 452, and the third TFE layer 453 is
formed, and an OLED device 100 illustrated in FIG. 1 can
be manufactured.

In a method of manufacturing the OLED device in
accordance with exemplary embodiments, as the first to
sixth anti-reflection patterns 172, 217, 232, 292, 177, and
257 and the anti-reflection layer 342 are formed on a metal
pattern without a patterning process, a manufacturing cost of
the OLED device can be reduced.

FIG. 15 is a cross-sectional view illustrating an organic
light emitting display device in accordance with exemplary
embodiments. An OLED device 500 illustrated in FIG. 15
has substantially the same structure as an OLED device 100
described with reference to FIG. 1 except for a anti-reflec-
tion layer 1342. In FIG. 15, detailed descriptions for ele-
ments that are substantially the same as or similar to
elements described with reference to FIG. 1 may be omitted.

Referring to FIG. 15, according to an embodiment, an
OLED device 500 includes a substrate 110, a semiconductor
element 250, a first anti-reflection pattern 172, a second
anti-reflection pattern 212, a third anti-reflection pattern 232,
a first gate electrode pattern 175, a fifth anti-reflection
pattern 177, an electrode pattern 255, a sixth anti-reflection
pattern 257, a planarization layer 270, a pixel defining layer
310, a light emitting structure 200, a fourth anti-reflection
pattern 292, an anti-reflection layer 1342, a TFE structure
450, etc. As the OLED device 500 includes the first through
sixth anti-reflection patterns 172, 212, 232, 292, 177, and
257 and the anti-reflection layer 1342, the OLED device 500
can reduce the reflection of external light.

According to an embodiment, the anti-reflection layer
1342 is disposed on the upper electrode 340. In exemplary
embodiments, the anti-reflection layer 1342 has an opening
that exposes the light emitting layer 330.

In this case, according to an embodiment, light is emitted
outward from the light emitting layer 330 without change of
the light path via the opening of the anti-reflection layer
1342. Accordingly, a visibility of the OLED device 500 can
be improved.

Embodiments of the present disclosure can be incorpo-
rated into various display devices, such as an organic light
emitting display device. For example, embodiments of the
present disclosure can be incorporated into a vehicle-display
device, a ship-display device, an aircraft-display device, a
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portable communication device, a display device for infor-
mation transfer, a medical-display device, etc.

The foregoing is illustrative of exemplary embodiments
and is not to be construed as limiting thereof. Although a few
exemplary embodiments have been described, those skilled
in the art will readily appreciate that many modifications are
possible in the exemplary embodiments without materially
departing from the novel teachings and advantages of the
present inventive concept. Accordingly, all such modifica-
tions are intended to be included within the scope of the
present inventive concept as defined in the claims. There-
fore, it is to be understood that the foregoing is illustrative
of various exemplary embodiments and is not to be con-
strued as limited to the specific exemplary embodiments
disclosed, and that modifications to the disclosed exemplary
embodiments, as well as other exemplary embodiments, are
intended to be included within the scope of the appended
claims.

What is claimed is:

1. An organic light emitting display (OLED) device,

comprising:

a semiconductor element disposed on a substrate;

a lower electrode disposed on the semiconductor element;

a light emitting layer disposed on the lower electrode;

an upper electrode disposed on the light emitting layer;

an anti-reflection layer disposed on the upper electrode,
wherein the anti-reflection layer consists essentially of
graphene; and

a thin film encapsulation structure disposed on the anti-
reflection layer.

2. The OLED device of claim 1, wherein the anti-

reflection layer is disposed on the entire upper electrode.

3. The OLED device of claim 1, wherein the anti-

reflection layer has an opening that exposes the light emit-
ting layer.

4. The OLED device of claim 1, wherein the semicon-

ductor element includes:

an active layer disposed on the substrate;

a gate electrode disposed on the active layer;

source and drain electrodes disposed on the gate elec-
trode,

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

an insulating interlayer disposed between the gate elec-
trode and the source and drain electrodes.

5. The OLED device of claim 4, further comprising:

a first anti-reflection pattern disposed on the gate elec-
trode that covers an upper surface of the gate electrode,
the first anti-reflection pattern being disposed on the
upper surface of the gate electrode;

a second anti-reflection pattern disposed on the source
electrode that covers an upper surface of the source
electrode, the second anti-reflection pattern being dis-
posed on the upper surface of the source electrode; and

a third anti-reflection pattern disposed on the drain elec-
trode that covers an upper surface of the drain elec-
trode, the third anti-reflection pattern being disposed on
the upper surface of the drain electrode,

wherein the first, second, and third anti-reflection patterns
are not disposed on the gate insulation layer or the
insulating interlayer.

6. The OLED device of claim 5, further comprising:

a fourth anti-reflection pattern disposed on the lower
electrode that covers an upper surface of the lower
electrode, the fourth anti-reflection pattern being dis-
posed on the upper surface of the lower electrode, and
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a planarization layer disposed between the semiconductor
element and the lower electrode,

wherein the fourth anti-reflection pattern is not disposed
on the planarization layer.

7. The OLED device of claim 6, wherein the lower
electrode is in contact with the upper surface of the drain
electrode via a contact hole formed by removing a portion of
the planarization layer, and is electrically connected to the
drain electrode, and

wherein the third anti-reflection pattern has an opening
that exposes a portion of the upper surface of the drain
electrode through the contact hole.

8. The OLED device of claim 7, wherein the first, second,
third, and fourth anti-reflection patterns consist essentially
of graphene.

9. The OLED device of claim 4, further comprising:

a first gate electrode pattern disposed at the same layer as
the gate electrode, the first gate electrode pattern being
spaced apart from the gate electrode;

a fifth anti-reflection pattern disposed on the first gate
electrode pattern that covers an upper surface of the
first gate electrode pattern, the fifth anti-reflection pat-
tern being disposed only on the upper surface of the
first gate electrode pattern;

an electrode pattern disposed at the same layer as the
source and drain electrodes, the electrode pattern being
spaced apart from the source and drain electrodes; and

a sixth anti-reflection pattern disposed on the electrode
pattern that covers an upper surface of the electrode
pattern, the sixth anti-reflection pattern being disposed
only on the upper surface of the electrode pattern.

10. The OLED device of claim 1, wherein the thin film
encapsulation structure includes:

a first thin film encapsulation layer disposed on the
anti-reflection layer, the first thin film encapsulation
layer including inorganic materials;

a second thin film encapsulation layer disposed on the first
thin film encapsulation layer, the second thin film
encapsulation layer including organic materials; and

a third thin film encapsulation layer disposed on the
second thin film encapsulation layer, the third thin film
encapsulation layer including inorganic materials.

11. The OLED device of claim 10, wherein the substrate
and the thin film encapsulation structure include flexible
materials.

12. An organic light emitting display (OLED) device,
comprising:

a semiconductor element disposed on a substrate;

a planarization layer disposed on the semiconductor ele-

ment

a lower electrode disposed on the planarization layer;

a fourth anti-reflection pattern disposed on the lower
electrode that covers an upper surface of the lower
electrode, the fourth anti-reflection pattern being dis-

5

15

20

25

40

45

50

22

posed on the upper surface of the lower electrode,
wherein the fourth anti-reflection pattern is not dis-
posed on the planarization layer, wherein the fourth
anti-reflection pattern consists essentially of graphene;

a light emitting layer disposed on the fourth anti-reflection
pattern; and

an upper electrode disposed on the light emitting layer.

13. The OLED device of claim 12, wherein the semicon-

ductor element includes:

an active layer disposed on the substrate;

a gate electrode disposed on the active layer;

source and drain electrodes disposed on the gate elec-
trode;

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

an insulating interlayer disposed between the gate elec-
trode and the source and drain electrodes;

a first anti-reflection pattern disposed on the gate elec-
trode that covers an upper surface of the gate electrode,
the first anti-reflection pattern being disposed only on
the upper surface of the gate electrode;

a second anti-reflection pattern disposed on the source
electrode that covers an upper surface of the source
electrode, the second anti-reflection pattern being dis-
posed only on the upper surface of the source electrode;
and

a third anti-reflection pattern disposed on the drain elec-
trode that covers an upper surface of the drain elec-
trode, the third anti-reflection pattern being disposed
only on the upper surface of the drain electrode,

wherein the first, second, and third anti-reflection patterns
are not disposed on the gate insulation layer or the
insulating interlayer, and the first, second, and third
anti-reflection patterns consist essentially of graphene.

14. The OLED device of claim 13, further comprising:

a first gate electrode pattern disposed at the same layer as
the gate electrode, the first gate electrode pattern being
spaced apart from the gate electrode;

a fifth anti-reflection pattern disposed on the first gate
electrode pattern that covers an upper surface of the
first gate electrode pattern, the fifth anti-reflection pat-
tern being disposed only on the upper surface of the
first gate electrode pattern;

an electrode pattern disposed at the same layer as the
source and drain electrodes, the electrode pattern being
spaced apart from the source and drain electrodes;

a sixth anti-reflection pattern disposed on the electrode
pattern that covers an upper surface of the electrode
pattern, the sixth anti-reflection pattern being disposed
only on the upper surface of the electrode pattern; and

an anti-reflection layer on the upper electrode,

wherein the fifth and sixth anti-reflection patterns and the
anti-reflection layer consist essentially of graphene.
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