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(57) ABSTRACT

An organic light emitting device includes: a substrate; a first
electrode provided on the substrate; a metal pattern provided
along an edge of the first electrode; and a pixel definer
provided on the metal pattern. The pixel definer covers an
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metal pattern. The pixel definer includes an opening expos-
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FIG. 1

Sequentially provide first electrode material layer,
metal layer, and pixel definer material layer on first —>S5100
substrate on which circuit portion is generated

Remove part of the pixel definer material layer, all of the same, | $200
or none thereof according to region by use of halftone mask

Remove first electrode material layer and metal layer corresponding L5300
to portion where pixel definer material layer is entirely removed

Expose metal layer by removing pixel definer material layer
remaining in region where part of pixel definer material  |—S400

layer is removed by dry etching

Remove exposed metal layer through 5500
wet etching and expose first electrode

Treat remaining pixel definer material layer L5600
with heat to generate pixel definer
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FIG. 3
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FIG. 4
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FIG. 5
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FIG. 6
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FIG. 7A
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FIG. 7B
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FIG. 10
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FIG. 12
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ORGANIC LIGHT-EMITTING DIODE
DISPLAY DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2016-0044914 filed in
the Korean Intellectual Property Office on Apr. 12, 2016, the
entire contents of which are incorporated by reference
herein.

TECHNICAL FIELD

[0002] The present invention relates generally to an
organic light-emitting display device and a method of manu-
facturing the same.

DISCUSSION OF RELATED ART

[0003] Organic light-emitting diode (OLED) display
devices are self-illuminating and therefore do not require a
separate light source to display an image. Accordingly,
OLED display devices tend to be thin and light. OLED
display devices also have other characteristics such as low
power consumption, high luminance, and a high reaction
speed.

[0004] Various methods for manufacturing organic light
emitting display devices have been developed. However,
electrodes of the OLED display devices may be damaged
during these manufacturing processes. Damaging the elec-
trodes may result in the deterioration of the lifespan of the
light-emitting diode or cause defects in image quality.

SUMMARY

[0005] Exemplary embodiments of the present invention
provide an organic light-emitting display device. The
organic light-emitting display device includes a substrate; a
first electrode provided on a substrate; a metal pattern
provided along an edge of the first electrode; and a pixel
definer provided on the metal pattern. The pixel definer
covers an end portion of the first electrode and an end
portion of the metal pattern. The pixel definer includes an
opening exposing the first electrode.

[0006] The metal pattern may have a thickness substan-
tially equal to or greater than about 100 A and substantially
equal to or less than about 10,000 A.

[0007] The metal pattern may have an etching selection
ratio that is different from an etching selection ratio of the
first electrode.

[0008] The metal pattern may include at least one of
copper (Cu) or a copper (Cu) alloy.

[0009] The copper (Cu) alloy may include at least one of
titanium copper (TiCu) or molybdenum copper (MoCu).
[0010] The metal pattern may include a stacked configu-
ration of a plurality of layers.

[0011] The stacked configuration may be a configuration
of a titanium (Ti) layer/aluminum (Al) layer or a titanium
(Th) layer/aluminum (Al) layer/titanium (Ti) layer.

[0012] An upper surface of the pixel definer may have a
curved shape.
[0013] The organic light-emitting display device may

include a display area including a plurality of pixels. The
organic light-emitting display device may further include a
peripheral area surrounding the display area. The first elec-
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trode, the metal pattern, and the pixel definer may be
provided in the display area. The organic light-emitting
display device may further include a dam portion. The dam
portion may be provided in the peripheral area and may be
provided along an edge of the substrate.

[0014] The dam portion may include a first layer, a second
layer, and a third layer. The first layer may include a same
material as the first electrode. The second layer may include
a same material as the metal pattern. The third layer may
include a same material as the pixel definer.

[0015] The organic light-emitting display device may be a
flexible display device.

[0016] Exemplary embodiments of the present invention
provide a method of manufacturing an organic light-emitting
display device. The method includes disposing a first elec-
trode material layer, a metal layer, and a pixel definer
material layer on a substrate. A first electrode is disposed by
patterning the first electrode material layer. The pixel definer
material layer remaining on the first electrode is removed to
expose the metal layer. The metal layer exposed by the pixel
definer material layer is removed to dispose a metal pattern
provided along an edge of the first electrode. A pixel definer
is generated by heat treating the pixel definer material layer
remaining on the first electrode and the metal pattern.
[0017] The removing of the pixel definer material layer
may include dry etching the pixel definer material layer. The
removing of the metal layer may include wet etching the
metal layer.

[0018] The disposing of the first electrode may include
patterning the first electrode material layer using a halftone
mask. The halftone mask may include a first region, a second
region, and a third region. The disposing of the first elec-
trode may further include retaining the pixel definer material
layer corresponding to the first region; removing a part of the
pixel definer material layer corresponding to the second
region in a thickness direction, and removing substantially
the entire pixel definer material layer corresponding to the
third region; and removing the metal layer and the first
electrode material layer corresponding to the third region.
[0019] The metal layer may have an etching selection ratio
that is different from an etching selection ratio of the first
electrode material layer.

[0020] The removing of the metal layer and the first
electrode material layer corresponding to the third region
may include removing the first electrode material layer prior
to removing the metal layer.

[0021] A part of the pixel definer material layer may be
melted by the heat treatment to generate a pixel definer. The
pixel definer may cover an end portion of the metal pattern
and an end portion of the first electrode.

[0022] The heat treatment may be performed at a tem-
perature that is substantially equal to or greater than about
200° C. and less than about 400° C.

[0023] The disposing of the first electrode may further
include disposing a dam portion along an edge of the
substrate.

[0024] The halftone mask may include a fourth region
having substantially the same transmittance as the first
region. The dam portion may correspond to the fourth
region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] These and/or other aspects will become more
apparent and more readily appreciated from the following
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description of the exemplary embodiments of the present
invention, taken in conjunction with the accompanying
drawings, in which:

[0026] FIG. 1 is a flowchart illustrating a method of
manufacturing an organic light-emitting device according to
an exemplary embodiment of the present invention;

[0027] FIGS. 2 to 8 illustrate a method of manufacturing
an organic light-emitting device according to an exemplary
embodiment of the present invention;

[0028] FIGS. 9 to 11 illustrate an organic light-emitting
device according to an exemplary embodiment of the pres-
ent invention;

[0029] FIG. 12 illustrates an organic light-emitting device
according to an exemplary embodiment of the present
invention;

[0030] FIGS. 13 and 14 illustrate an organic light-emitting
device according to an exemplary embodiment of the pres-
ent invention; and

[0031] FIGS. 15 to 18 illustrate a method of manufactur-
ing an organic light-emitting device according to an exem-
plary embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0032] Exemplary embodiments of the present invention
may have different forms and embodiments and should not
be construed as being limited to the descriptions set forth
herein. Accordingly, the drawings and description are illus-
trative and not restrictive. It is to be understood that like
reference numerals designate like elements throughout the
specification and figures.

[0033] The size and thickness of each component illus-
trated in the drawings may be exaggerated for convenience
of explanation, but the following exemplary embodiments of
present invention are not limited thereto.

[0034] It will be understood that when an element such as
a layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present.

[0035] When a certain exemplary embodiment of the
present invention may be implemented differently, a specific
process order may be performed differently from the
described order. For example, two consecutively described
processes may be performed substantially at the same time
or performed in the order opposite to the described order.
[0036] FIG. 1 is a flowchart illustrating a method of
manufacturing an organic light-emitting device according to
an exemplary embodiment of the present invention. FIGS. 2
to 8 illustrate a method of manufacturing an organic light-
emitting device according to an exemplary embodiment of
the present invention.

[0037] Referring to FIGS. 1 and 2, a first electrode mate-
rial layer 70, a metal layer 40, and a pixel definer material
layer 30 may be provided on a first substrate 100, S100. A
circuit portion 110 may be generated on the substrate 100,
S100.

[0038] The circuit portion 110 may include a plurality of
thin film transistors. The plurality of thin film transistors
may include a driving transistor Qd. The circuit portion 110
may further include insulating layers. The insulating layers
may include a buffer layer 120 and a planarization layer 180;
however, embodiments of the present invention are not
limited thereto. The first electrode material layer 70 pro-
vided on the circuit portion 110 may be provided on sub-
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stantially the entire region of the first substrate 100. The first
electrode material layer 70 may be connected to the driving
transistor Qd. The first electrode material layer 70 may also
be light reflective, light semi-transmittable, or light trans-
mittable. For example, the first electrode material layer 70
may include a metal oxide such as an indium tin oxide
(ITO), indium zinc oxide (IZO), zinc oxide (ZnO), or
indium(IIl) oxide (In,O;). Alternatively, the first electrode
material layer 70 may include a metal such as silver (Ag),
magnesium (Mg), aluminum (Al), platinum (Pt), palladium
(Pd), gold (Au), nickel (Ni), neodymium (Nd), iridium (Ir),
chromium (Cr), lithium (Li), calcium (Ca), LiF/Ca, or
LiF/Al, or an alloy thereof; however, embodiments of the
present invention are not limited thereto. Further, the first
electrode material layer 70 may be formed to be a single
layer or may have a multi-layered structure. In the multi-
layered structure, a plurality of layers may be stacked.
[0039] The metal layer 40 may be provided on the first
electrode material layer 70. The metal layer 40 may be
provided on substantially the entire first electrode material
layer 70. The metal layer 40 may include a material with an
etching selection ratio that is different from an etching
selection ratio of the first electrode material layer 70. For
example, the metal layer 40 may include copper (Cu) and a
copper (Cu) alloy. The metal layer 40 may also include
titanium copper (TiCu) or molybdenum copper (MoCu) as
the copper (Cu) alloy. The metal layer 40 may have a
thickness substantially equal to or greater than about 100 A.
The metal layer 40 may have a thickness substantially equal
to or less than about 10,000 A. When the metal layer 40 is
less than about 100 A, the metal layer 40 might not have a
substantially uniform thickness. Furthermore, the metal
layer 40 may not sufficiently protect the first electrode
material layer 70 during a dry etching process. When the
metal layer 40 is greater than about 10,000 A, it may be
difficult to etch and remove the metal layer 40.

[0040] The pixel definer material layer 30 may be pro-
vided on the metal layer 40. The pixel definer material layer
30 may be provided on substantially the entire metal layer
40.

[0041] The pixel definer material layer 30 may include a
photosensitive organic film. The photosensitive organic film
may include one of an olefin-based organic material, an
acryl-based organic material, and an imide-based organic
material.

[0042] Referring to FIGS. 1 to 3, a halftone mask 500 may
be used to remove a part of the pixel definer material layer
30, substantially all of the pixel definer material layer 30, or
substantially none of the pixel definer material layer 30
according to a region S200 by using a halftone mask 500.
[0043] Referring to FIG. 2, FIG. 4, and FIG. 7A, the
halftone mask 500 may be used to expose the pixel definer
material layer 30. A region in which a pixel definer 300 may
be generated by the halftone mask 500, a region which may
become a first electrode 710 when the first electrode material
layer 70 remains, and a region in which the first electrode
material layer 70 and the metal layer 40 may be removed are
exposed to different degrees.

[0044] The halftone mask 500 may include a light blocker
510. The light blocker 510 may block substantially all light.
The halftone mask 500 may also include a first light trans-
mitter 520. The first light transmitter 520 may transmit a
portion of light. For example, the first light transmitter 520
may transmit about 50% of light. The halftone mask 500
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may further include a second light transmitter 530. The
second light transmitter 530 may transmit substantially all
light. For example, the second light transmitter 530 may
transmit about 100% of light. The halftone mask 500 may be
disposed so that the light blocker 510 may correspond to a
region where the pixel definer 300 may be generated, the
first light transmitter 520 may correspond to a region where
the first electrode material layer 70 may remain to become
the first electrode 710, and the second light transmitter 530
may correspond to a region where the first electrode material
layer 70 and the metal layer 40 may be removed.

[0045] Referring to FIG. 3, the pixel definer material layer
30 may be substantially entirely removed from the portion
that is exposed by the second light transmitter 530. There-
fore, the metal layer 40 may be exposed. Additionally, the
pixel definer material layer 30 may remain in the portion of
which substantially all light is blocked by the light blocker
510. A part of the pixel definer material layer 30 may be
removed in the thickness direction from the portion through
which a portion of light is transmitted by the first light
transmitter 520. For example, 50% of the light may be
transmitted though the party of the pixel definer material
layer 30.

[0046] Referring to FIG. 4, the first electrode material
layer 70 and the metal layer 40 may be removed to corre-
spond to the portion where the pixel definer material layer 30
is entirely removed S300.

[0047] The metal layer 40 and the first electrode material
layer 70 may be removed using the pixel definer material
layer 30 as a mask. The metal layer 40 may be wet etched
using a first etchant. The first etchant may include any
etchant that selectively etches the metal layer 40 and does
not etch the first electrode material layer 70. The first
electrode material layer 70 may be wet etched and removed
by using a second etchant. The second etchant may etch the
first electrode material layer 70. As illustrated in FIG. 4, the
form of the first electrode 710 may be substantially com-
pleted.

[0048] Referring to FIGS. 2, 4 and 5, the pixel definer
material layer 30 remaining in the region in which part of the
pixel definer material layer 30 is removed may be removed
by dry etching to expose the metal layer 40, S400.

[0049] The portion corresponding to the first light trans-
mitter 520 of the halftone mask 500 may be dry etched.
Therefore, the remaining pixel definer material layer 30 may
be removed and may expose the metal layer 40. The first
electrode 710 may be covered by the metal layer 40.
Therefore, the first electrode 710 might not be exposed
during the dry etching process. Therefore, the first electrode
may be prevented from being damaged by the dry etching
process. When the first electrode 710 is exposed and the first
electrode 710 is damaged during the dry etching process, a
non-uniformly curved portion may be generated on a surface
of the first electrode 710. Accordingly, when the organic
light-emitting device is driven, charges may be provided on
the curved portion. Therefore, image quality of the organic
light-emitting device may be deteriorated and the lifespan of
the organic light-emitting device may be reduced. According
to an exemplary embodiment of the present invention, the
first electrode 710 may be covered by the metal layer 40
while the dry etching process is performed. Therefore, the
first electrode 710 may be prevented from being damaged by
the dry etching process.
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[0050] Referring to FIG. 6, the metal layer 40 of the
portion exposed by the pixel definer material layer 30 may
be removed through wet etching S500. Therefore, the first
electrode 710 may become exposed S500.

[0051] The metal layer 40 exposed by the dry etching
process may be removed using a first etchant. The first
etchant may selectively etch the metal layer 40 with a
particular etching selection ratio. The first electrode 710 may
be exposed on the portion in which the metal layer 40 is
removed. The first etchant may have an etching selection
ratio with respect to the metal layer 40 so the first electrode
710 may be exposed without being damaged.

[0052] The metal layer 40 of the portion exposed by the
pixel definer material layer 30 may be removed by wet
etching. The metal layer 40 may remain on the portion
covered by the pixel definer material layer 30 to generate a
metal pattern 400. The metal pattern 400 may be provided on
an edge of the first electrode 710. A side end portion of the
metal layer 40 etched by the first etchant and exposed in the
step S300 may be exposed to the first etchant in the wet
etching process. Therefore, the side end portion of the metal
layer 40 may be further etched as compared to the side end
portion of the first electrode 710. As illustrated in FIG. 6, the
side end portion of the metal pattern 400 provided near the
side end portion of the first electrode 710 may generate a
step-like shape together with the side end portion of the first
electrode 710. Accordingly, the side end portion of the metal
pattern 400 provided near the side end portion of the first
electrode 710 may have a cross-sectional shape that is caved
in between the side end portion of the first electrode 710 and
the side end portion of the pixel definer material layer 30.
When the metal layer 40 of the portion exposed by the pixel
definer material layer 30 is removed by the first etchant, the
side end portions of the metal layer 40 and the first electrode
710 may be exposed by the first etchant. The first etchant
may be an etchant that does not etch the first electrode 710;
therefore, the side end portion of the metal layer 40 may be
further etched. As illustrated in FIG. 5, the side end portion
of the first electrode 710 and the side end portion of the
metal layer 40 may be provided on substantially a same line
in a cross-sectional view. When the etching process of the
step S500 is performed, the side end portion of the metal
pattern 400 may be provided on the inner side. Compared to
the side end portion of the first electrode 710 in a cross-
sectional view, the side end portion of the metal pattern 400
may have a caved in shape as illustrated in FIG. 6.

[0053] Referring to FIGS. 7A and 7B, the remaining pixel
definer material layer 30 may be treated with heat to
generate the pixel definer 300, S600. FIG. 7A illustrates a
cross-sectional view of a pixel definer 300 according to an
exemplary embodiment of the present invention. FIG. 7B
illustrates a top plan view of a pixel definer of FIG. 7A
according to an exemplary embodiment of the present
invention.

[0054] The pixel definer material layer 30 may be pro-
vided on an upper portion of the metal pattern 400 provided
on the edge of the first electrode 710. The pixel definer
material layer 30 may expose end portions of the metal
pattern 400 and the first electrode 710. When the pixel
definer material layer 30 is heated, a part of the pixel definer
material layer 30 may melt and flow downward to a periph-
eral area. The heat treatment temperature may be substan-
tially equal to or greater than about 200° C. and less than
about 400° C. When the heat treatment temperature is less
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than about 200° C., the pixel definer material layer 30 might
not melt to flow downward. When the heat treatment tem-
perature is substantially equal to or greater than about 400°
C., the pixel definer material layer 30 may be burned.
[0055] The pixel definer 300 substantially entirely cover-
ing the end portions of the metal pattern 400 and the first
electrode 710 may be provided. When part of the end
portions of the metal pattern 400 and the first electrode 710
are exposed, the exposed portion may contact a second
electrode 730 and a short circuit may be generated. Accord-
ing to an exemplary embodiment of the present invention,
the pixel definer 300 may substantially entirely cover the
end portions of the metal pattern 400 and the first electrode
710. Accordingly, the generation of a short circuit may be
prevented. As illustrated in FIG. 7A, the edge of the pixel
definer 300 generated by the heat treatment may have a soft
curve. Referring to FIG. 8, when the second electrode 730
provided on the edge of the pixel definer 300 is thin, the
second electrode 730 might not be cut by an angulated
portion of the pixel definer 300.

[0056] As illustrated in FIG. 8, an organic layer 720, the
second electrode 730, and a second substrate 200 may be
provided on the first electrode 710. The first electrode 710
may be exposed by the pixel definer 300.

[0057] According to a method for manufacturing an
organic light-emitting device 1000, according an exemplary
embodiment of the present invention, when the pixel definer
material layer 30 is removed by the dry etching process, the
first electrode 710 may be protected by the metal layer 40.
Therefore, a manufacturing process may be simplified by
generating the first electrode 710 and the pixel definer 300
according to a single mask process. Furthermore, generation
of image defects and deterioration of lifespan of the organic
light-emitting device may be prevented by preventing dam-
age to the first electrode 710.

[0058] FIGS. 9 to 11 illustrate an organic light-emitting
device according to an exemplary embodiment of the pres-
ent invention. Referring to FIGS. 9 to 11, an organic
light-emitting device 1000 according to an exemplary
embodiment of the present invention may be generated
using the above-described method for manufacturing an
organic light-emitting device; however, exemplary embodi-
ments of the present invention are not limited thereto.
[0059] Furthermore, exemplary embodiments of the pres-
ent invention provide an organic light-emitting device; how-
ever, exemplary embodiments of the present invention are
not restricted to a number of thin film transistors (TFTs) and
capacitors illustrated in the accompanying drawings and
may include a plurality of transistors and at least one
capacitor for each pixel. Additionally, organic light-emitting
devices according to exemplary embodiments of the present
invention may have various different configurations includ-
ing an additional wire or omitting an existing wire. The pixel
herein may represent a minimum unit for displaying an
image and the organic light-emitting device may display
images through a plurality of pixels.

[0060] FIG.9 illustrates a schematic diagram of an organic
light-emitting device according to an exemplary embodi-
ment of the present invention. FIG. 10 illustrates a layout
view of two pixels of an organic light-emitting device
according to an exemplary embodiment of the present
invention. FIG. 11 illustrates a cross-sectional view with
respect to a line XI-XI of FIG. 10 according to an exemplary
embodiment of the present invention. As illustrated in FIG.
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9, the organic light-emitting device according to an exem-
plary embodiment of the present invention may include a
plurality of pixels PX, a first substrate 100, a scan driver 20,
and a data driver 10.

[0061] A plurality of scan lines SL1, . .., SLm, a plurality
of data lines DL1, . . ., DLn, and a plurality of driving
voltage lines PL1, . . ., PLn are connected to a plurality of
pixels PX.

[0062] The plurality of scan lines SL1, . . . , SLm may
extend substantially in a row direction. The plurality of scan
lines SL1, . . . , SLm may be substantially parallel to each
other. The plurality of data lines DL1, . . ., DLn and the
plurality of driving voltage lines PL1, . . . , PL.n may extend
substantially in a column direction. The plurality of scan
lines SL1, . .., SLm and the plurality of driving voltage lines
PL1, ..., PLn may be substantially parallel to each other.
[0063] The respective pixels PXs may include a switching
transistor Qs. The switching transistor Qs may be connected
to the scan lines SL1, . . . , SLm and the data lines DL1, .
.., DLn. The respective pixels PXs may further include a
storage capacitor Cst and a driving transistor Qd. The
driving transistor Qd may be connected between a plurality
of switching transistors Qs and a plurality of driving voltage
lines PL1 to PLn. The respective pixels PXs may further
include an organic light-emitting diode 700. The organic
light-emitting diode may be connected to the driving tran-
sistor Qd.

[0064] The scan driver 20 may apply a scan signal to the
scan lines SL1, . . ., SLm. The data driver 10 may apply a
data signal to the data lines DL1, . . ., DLn.

[0065] The switching transistor Qs may include a control
terminal, an input terminal, and an output terminal. The
control terminal may be connected to the scan lines SL1, .
. ., SLm. The input terminal may be connected to the data
lines DL1, . . ., DLn. The output terminal may be connected
to the driving transistor Qd. The switching transistor Qs may
transmit the data signal applied to the data lines DL1, . . .,
DLn to the driving transistor Qd in response to the scan
signal applied to the scan lines SL.1, . . ., SLm.

[0066] The driving transistor Qd may include a control
terminal, an input terminal, and an output terminal. The
control terminal may be connected to the switching transis-
tor Qs. The input terminal may be connected to the driving
voltage lines PL1, . . . , PLn for transmitting a driving
voltage (ELVDD). The output terminal may be connected to
the organic light-emitting diode 700.

[0067] The organic light-emitting diode 700 may include
an anode. The anode may be connected to an output terminal
of the driving transistor Qd. A cathode may be connected to
a common voltage line for transmitting a common voltage
ELVSS.

[0068] When the switching transistor Qs is turned on
according to a scan signal, a data signal may be charged in
the storage capacitor Cst and the control terminal of the
driving transistor Qd. Accordingly, the driving transistor Qd
may be turned on to apply a driving voltage ELVDD of the
driving voltage lines PL1, . . . , PLn to the organic light-
emitting diode 700. As such, the organic light-emitting diode
700 may emit light.

[0069] As illustrated in FIG. 10 and FIG. 11, the organic
light-emitting device 1000 according to an exemplary
embodiment of the present invention may include a first
substrate 100, a plurality of thin film transistors, a circuit
portion 110, an organic light-emitting diode 700, an organic
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layer 720, a second electrode 730, a metal pattern 400, a
pixel definer 300, and a second substrate 200. The plurality
of thin film transistors may include a driving transistor Qd.
The circuit portion 110 may include insulating layers such as
a buffer layer 120 and a passivation layer 180. The organic
light-emitting diode 700 may include a first electrode 710.
[0070] The first substrate 100 may be an insulating sub-
strate including glass, quartz, ceramic, or plastic; however,
embodiments of the present invention are not limited
thereto. The first substrate 100 may further include a flexible
substrate, a stretchable substrate, or a rollable substrate. The
flexible substrate, the stretchable substrate, and the rollable
substrate may include an organic material such as polyimide
(PD), polycarbonate (PC), polyethylene (PE), polyethylene
terephthalate (PET), or polyacrylate.

[0071] A buffer layer 120 may be generated on the first
substrate 100. The buffer layer 120 may include a silicon
nitride (SiNx) or a silicon oxide (SiOx). The buffer layer 120
may include a single layer or multiple layers. The buffer
layer 120 may prevent permeation impurities such as oxygen
or moisture. The buffer layer 120 may also substantially
simultaneously flattens the surface.

[0072] A switching semiconductor layer 134 and a driving
semiconductor layer 135 may be disposed to be separated
from each other on the buffer layer 120. The switching
semiconductor layer 134 may include a polycrystalline
silicon (poly-Si). The switching semiconductor layer 134
may include a switching channel region, a switching source
region, and a switching drain region. The driving semicon-
ductor layer 135 may include a polycrystalline silicon (poly-
Si). The driving semiconductor layer 135 may include a
driving channel region, a driving source region, and a
driving drain region. The switching source region and the
switching drain region may be disposed on respective sides
of the switching channel region. The driving source region
and the driving drain region may be disposed on respective
sides of the driving channel region.

[0073] The switching and driving channel regions may
include polycrystalline silicon (poly-Si) to which an impu-
rity is not doped. Therefore, the switching and driving
channel regions may function as an intrinsic semiconductor.
The switching and driving source regions and the switching
and driving drain regions may include polycrystalline silicon
(poly-Si) to which a conductive impurity is doped. There-
fore, the switching and driving source regions and the
switching and driving drain regions may function as an
impurity semiconductor.

[0074] A gate insulating layer 140 may be disposed on the
buffer layer 120, the switching semiconductor layer 134, and
the driving semiconductor layer 135. The gate insulating
layer 140 may include a single layer or multiple layers which
may include a silicon nitride (SiNx) and/or a silicon oxide
(SiOx).

[0075] A scan line SL.2 and first storage capacitive plate
158 may be disposed on the gate insulating layer 140.
[0076] The scan line SL2 may extend in a horizontal
direction and may transmit a scan signal. The scan line SL.2
may include a switching gate electrode 153. The switching
gate electrode 153 may protrude from the scan line SI.2 and
may overlap the switching semiconductor layer 134. The
switching gate electrode 153 may overlap the switching
channel region.

[0077] The first storage capacitive plate 158 may include
a driving gate electrode 155. The driving gate electrode 155
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may protrude from the first storage capacitive plate 158 and
may overlap the driving semiconductor layer 135. The
driving gate electrode 155 may overlap the driving channel
region.

[0078] An interlayer insulating layer 160 may be disposed
on the scan line SL.2, the first storage capacitive plate 158,
and the gate insulating layer 140. The interlayer insulating
layer 160 may include a single layer or multiple layers which
may include at least one of a silicon nitride (SiNx) and/or a
silicon oxide (SiOx).

[0079] A switching source exposure hole 62¢ and a
switching drain exposure hole 625 may expose the switching
source region and the switching drain region. The switching
source exposure hole 62a and the switching drain exposure
hole 626 may be provided in the interlayer insulating layer
160 and the gate insulating layer 140. Further, a driving
source exposure hole 61a and a driving drain exposure hole
615 may expose the driving source region and the driving
drain region. The driving source exposure hole 61a and the
driving drain exposure hole 615 may be generated in the
interlayer insulating layer 160 and the gate insulating layer
140.

[0080] A data line DL1, a driving voltage line PL1, a
switching drain electrode 175, and a driving drain electrode
177 may be disposed on the interlayer insulating layer 160.
[0081] The data line DL1 may transmit a data signal. The
data line D1 may extend in a direction crossing the scan
line SL.2. The data line DL1 may include a switching source
electrode 174. The switching source electrode 174 may
protrude toward the switching semiconductor layer 134 from
the data line DL1.

[0082] The driving voltage line PL.1 may transmit a driv-
ing voltage. The driving voltage line PL.1 may be separated
from the data line DL1. The driving voltage line PL.1 may
extend in a same direction as the data line DL1. The driving
voltage line PL.1 may include a driving source electrode 176.
The driving source electrode 176 may protrude to the
driving semiconductor layer 135 from the driving voltage
line PL1. The driving voltage line PL.1 may further include
a second storage capacitive plate 178. The second storage
capacitive plate 178 may protrude from the driving voltage
line PL1. The capacitive plate 178 may overlap the first
storage capacitive plates 158. The first storage capacitive
plate 158 and the second storage capacitive plate 178 may
configure a storage capacitor Cst with an interlayer insulat-
ing layer 160 as a dielectric material.

[0083] The switching drain electrode 175 may be posi-
tioned toward the switching source electrode 174. The
driving drain electrode 177 may be positioned toward the
driving source electrode 176.

[0084] The switching source electrode 174 and the switch-
ing drain electrode 175 may be connected to the switching
source region and the switching drain region, respectively,
through the switching source exposure hole 62a and the
switching drain exposure hole 624, respectively. Further, the
switching drain electrode 175 may be electrically connected
to the first storage capacitive plates 158 and the driving gate
electrode 155 through a first contact hole 63 provided in the
interlayer insulating layer 160.

[0085] The driving source electrode 176 and the driving
drain electrode 177 may be connected to the driving source
region and the driving drain region, respectively, through the
driving source exposure hole 6la and the driving drain
exposure hole 615, respectively.
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[0086] The switching semiconductor layer 134, the
switching gate electrode 153, the switching source electrode
174, and the switching drain electrode 175 may be included
in a switching thin film transistor Qs. The driving semicon-
ductor layer 135, the driving gate electrode 155, the driving
source electrode 176, and the driving drain electrode 177
may be included in a driving thin film transistor Qd.
[0087] A planarization layer 180 may be disposed on the
interlayer insulating layer 160, the data line DL1, the driving
voltage line PL1, the switching drain electrode 175, and the
driving drain electrode 177. The planarization layer 180 may
include an organic material. An upper surface of the pla-
narization layer 180 may be substantially flat. A second
contact hole 185 may be provided in the planarization layer
180. The second contact hole 185 may expose the driving
drain electrode 177.

[0088] The first electrode 710 may be provided on the
planarization layer 180. The first electrode 710 may be
electrically connected to the driving drain electrode 177 of
the driving thin film transistor Qd through the second
contact hole 185 provided in the planarization layer 180. The
first electrode 710 may be an anode that is a hole injection
electrode. The first electrode 710 may have characteristics of
light reflection, light semi-transmission, or light transmis-
sion. For example, the first electrode 710 may include a
metal oxide such as an indium tin oxide (ITO), indium zinc
oxide (IZ0), zinc oxide (ZnO), or indium(III) oxide (In,O5).
Alternatively, the first electrode 710 may include a metal
such as silver (Ag), magnesium (Mg), aluminum (Al),
platinum (Pt), palladium (Pd), gold (Au), nickel (Ni), neo-
dymium (Nd), iridium (Ir), chromium (Cr), lithium (Li),
calcium (Ca), LiF/Ca, or LiF/Al, or an alloy thereof. The
first electrode 710 may be a single layer or multiple layers.
In a multi-layer structure, a plurality of layers may be
stacked.

[0089] The metal pattern 400 may be provided along an
edge of the first electrode 710. The metal pattern 400 may
have a continuous ring shape extending along the edge of the
first electrode 710 in a plan view. The metal pattern 400 may
include a material with an etching selection ratio that is
different from an etching selection ratio of the first electrode
710. For example, the metal pattern 400 may include copper
(Cu) or a copper (Cu) alloy. The metal pattern 400 may also
include titanium copper (TiCu) or molybdenum copper
(MoChu) as the copper (Cu) alloy. The metal pattern 400 may
have a thickness substantially equal to or greater than about
100 A. The metal pattern 400 may have a thickness sub-
stantially equal to or less than about 10,000 A. When the
metal pattern 400 is less than about 100 A, the metal pattern
400 might not have a substantially uniform thickness. Fur-
thermore, the metal pattern 400 may not sufficiently protect
the first electrode 710 during a manufacturing process.
When the metal pattern 400 is greater than about 10,000 A
thick, it may be difficult to pattern the metal pattern 400
during a manufacturing process.

[0090] The pixel definer 300 may be provided to cover a
side end portion of the first electrode 710 and a side end
portion of the metal pattern 400. In addition, the pixel
definer 300 may define a pixel area by surrounding the first
electrode 710 along the edge of the first electrode 710. The
pixel definer 300 may include an opening 305. The opening
of the pixel definer 300 may overlap the first electrode 710.
A region of the first electrode 710 not covered by the pixel
definer 300 and exposed by the opening 305 may be defined
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to be the pixel area. The pixel definer 300 may include a
photosensitive organic material. For example, the pixel
definer 300 may include one of an olefin-based organic
material, an acryl-based organic material, and an imide-
based organic material.

[0091] The organic layer 720 may be provided on the first
electrode 710 exposed by the pixel definer 300. The organic
layer 720 may include an organic emission layer. The
organic layer 720 may further include at least one of a hole
injection layer, a hole transport layer, an electron transport
layer, and an electron injection layer. Electron and holes may
be coupled with each other in the organic emission layer to
generate an exciton. Therefore, light may be emitted by
energy generated when the exciton falls from an excited
state to a ground state.

[0092] The second electrode 730 may be provided on the
organic layer 720 and the pixel definer 300. The second
electrode 730 may be provided in common for a plurality of
pixel areas. The second electrode 730 may be a cathode. The
cathode may be an electron injection electrode and may have
a characteristic of light reflection, light semi-transmission,
or light transmission. For example, the second electrode 730
may include a metal oxide such as an indium tin oxide
(ITO), indium zinc oxide (IZO), zinc oxide (ZnO), or
indium(IIl) oxide (In,0;). Alternatively, the second elec-
trode 730 may include a metal such as silver (Ag), magne-
sium (Mg), aluminum (Al), platinum (Pt), palladium (Pd),
gold (Au), nickel (Ni), neodymium (Nd), iridium (Ir), chro-
mium (Cr), lithium (1), calcium (Ca), LiF/Ca, or LiF/Al, or
an alloy thereof. The second electrode 730 may include a
single layer or multiple layers. In a multiple layer structure,
a plurality of layers may be stacked.

[0093] The second substrate 200 may be provided on an
organic light-emitting diode 700. The organic light-emitting
diode 700 may include a first electrode 710, an organic layer
720, and a second electrode 730. The second substrate 200
may be provided to protect the organic light-emitting diode
700. The second substrate 200 may be an insulating sub-
strate including glass, quartz, ceramic, or plastic. The second
substrate 200 may also be a flexible substrate, a stretchable
substrate, or a rollable substrate. The flexible substrate, the
stretchable substrate, and the rollable substrate may include
an organic material such as a polyimide (PI), polycarbonate
(PC), polyethylene (PE), polyethylene terephthalate (PET),
or polyacrylate.

[0094] The organic light-emitting device 1000 according
to an exemplary embodiment of the present invention may
be manufactured when the pixel definer material layer 30
undergoes a dry etching process while the first electrode 710
is protected by the metal layer 40. Therefore, the first
electrode 710 might not be damaged and the defects of
images and deterioration of lifespan of the organic light-
emitting device 1000 might not occur. The pixel definer 300
may be generated to cover the metal pattern 400 and the end
portion of the first electrode 710. Therefore, a short circuit
between electrodes may be prevented. A part of the pixel
definer material layer 30 may be melted by a heat treatment
and may flow downward to generate the pixel definer 300.
Accordingly, an upper surface of the pixel definer 300 may
be formed to have a curved shape. When the second elec-
trode 730 is thin, the second electrode 730 may be prevented
from being short circuited by the angulated portion of the
pixel definer 300.



US 2017/0294501 Al

[0095] FIG. 12 illustrates a cross-sectional view of an
organic light-emitting device according to an exemplary
embodiment of the present invention.

[0096] As illustrated in FIG. 12, a metal pattern 400’ of the
organic light-emitting device 1001 may have a stacked
configuration. The stacked configuration may include a first
metal pattern 410 and a second metal pattern 420.

[0097] The first metal pattern 410 may include a metal
such as titanium (Ti). The second metal pattern 420 may
include a metal such as aluminum (Al). Further, an addi-
tional layer of titanium (Ti) may be provided on the second
metal pattern 420. However, embodiments of the present
invention are not limited thereto.

[0098] The metal pattern 400' may be generated from
patterning a metal layer with a stacked configuration used in
a process for manufacturing the organic light-emitting
device 1001. The metal pattern 400' may protect the first
electrode 710 by the metal layer with a stacked configura-
tion. Therefore, damage to the first electrode 710 may be
prevented, defects of images may be suppressed, and dete-
rioration of lifespan of the organic-light emitting diode 700
may be increased.

[0099] FIGS. 13 and 14 illustrate an organic light-emitting
device according to an exemplary embodiment of the pres-
ent invention. FIG. 13 illustrates a top plan view of an
organic light-emitting device according to an exemplary
embodiment of the present invention. FIG. 14 illustrates a
cross-sectional view of an organic light-emitting device with
respect to a line XIV-XIV of FIG. 13 according to an
exemplary embodiment of the present invention.

[0100] Referring to FIGS. 13 and 14, the organic light-
emitting device 1002 may include a display area DA and a
peripheral area PA. The peripheral area PA may surround the
display area DA. The peripheral area PA may be provided on
an edge of the first substrate 100. The display area DA may
include a plurality of organic light-emitting diodes 700. The
peripheral area PA may include a dam portion 800. The
display area DA and the peripheral area PA may include a
thin film encapsulation layer 600. The thin film encapsula-
tion layer 600 may cover the organic light-emitting diode
700. The thin film encapsulation layer 600 may also cover
the dam portion 800.

[0101] According to an exemplary embodiment of the
present invention, the first substrate 100 may include an
organic material such as polyethylene terephthalate (PET),
polyimide (PI), polycarbonate (PC), epoxy, polyethylene
(PE), or polyacrylate. The first substrate 100 may be flexible,
stretchable, foldable, bendable, or rollable. Therefore, the
organic light-emitting device 1002 may be flexible, stretch-
able, foldable, bendable, or rollable.

[0102] Referring to FIG. 11, the dam portion 800 provided
near the peripheral area PA may include a planarization
pattern 181, a first electrode pattern 711, a peripheral area
metal pattern 401, and a pixel definer pattern 301. The
planarization pattern 181 may include a substantially similar
material as the planarization layer 181 provided in the
display area DA. The first electrode pattern 711, the periph-
eral area metal pattern 401, and the peripheral area pixel
definer 311 may include substantially similar material as the
first electrode 710, the metal pattern 400, and the pixel
definer 300. The dam portion 800 may prevent a material
with high fluidity from overflowing when the material with
high fluidity is coated during the manufacturing process of
the organic light-emitting device 1002. Furthermore, the thin
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film encapsulation layer 600 and the dam portion 800 may
prevent external moisture and oxygen from permeating into
the organic light-emitting diode 700.

[0103] The thin film encapsulation layer 600 may be
generated to cover the organic light-emitting diode 700 and
the dam portion 800 throughout the display area DA and the
peripheral area PA. The thin film encapsulation layer 600
may seal the organic light-emitting diode 700 from an
external environment, including moisture and oxygen.
Therefore, the thin film encapsulation layer 600 may prevent
the organic light-emitting diode 700 from being degraded
and damaged by moisture and oxygen. The thin film encap-
sulation layer 600 may be provided with a configuration in
which a plurality of organic films and a plurality of inorganic
films are alternately stacked; however, exemplary embodi-
ments of the present invention are not limited thereto.
[0104] FIGS. 15 to 18 illustrate a method of manufactur-
ing an organic light-emitting device according to an exem-
plary embodiment of the present invention.

[0105] Referring to FIGS. 15 and 16, a first electrode
material layer 70, a metal layer 40, and a pixel definer
material layer 30 may be sequentially generated on a first
substrate 100 where a circuit portion 110 may be generated.
The pixel definer material layer 30 may be partly removed,
the pixel definer material layer 30 may be substantially
entirely removed, or the pixel definer material layer 30
might not be removed depending on a region by using a
halftone mask 501.

[0106] As illustrated in FIG. 15, the pixel definer material
layer 30 may be exposed by use of the halftone mask 501.
The halftone mask 501 may include a light blocker 510. The
light blocker 510 may block substantially all light. The
halftone mask 501 may also include a first light transmitter
520. The first light transmitter 520 may transmit a portion of
light. For example, the first light transmitter 520 may
transmit about 50% of light. The halftone mask 501 may
further include a second light transmitter 530. The second
light transmitter 530 may transmit substantially all light. For
example, the second light transmitter 530 may transmit
about 100% of light. The halftone mask 501 may be dis-
posed so that the light blocker 510 may correspond to a
region where the pixel definer 300 may be provided, the first
light transmitter 520 may correspond to a region where the
first electrode material layer 70 may remain to become the
first electrode 710, and the second light transmitter 530 may
correspond to a region where the first electrode material
layer 70 and the metal layer 40 may be removed. The
halftone mask 501 may further include a peripheral light
blocker 540. The peripheral light blocker 540 may corre-
spond to a portion of forming the dam portion 800 of the
peripheral area PA. The peripheral light blocker 540 may
have substantially the same transmittance as the light
blocker 510. Accordingly, the peripheral light blocker 540
may block substantially all light.

[0107] As illustrated in FIG. 16, the pixel definer material
layer 30 may be substantially entirely removed from the
portion exposed to substantially all light transmitted by the
second light transmitter 530 to expose the metal layer 40.
The pixel definer material layer 30 may remain in the portion
from which substantially all light is blocked by the light
blocker 510and the peripheral light blocker 540. Addition-
ally, the pixel definer material layer 30 may remain where
substantially all light is blocked. A part of the pixel definer
material layer 30 may be removed in the thickness direction
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in the portion where about 50% of the light is transmitted by
the first light transmitter 520. The pixel definer pattern 301
made of the pixel definer material may be provided corre-
sponding to the portion where the dam portion 800 of the
peripheral area PA is formed.

[0108] Asillustrated in FIG. 17, the first electrode material
layer 70 and the metal layer 40 may be removed correspond-
ing to the portion where substantially the entire pixel definer
material layer 30 is removed.

[0109] The metal layer 40 and the first electrode material
layer 70 may be removed by wet etching using the pixel
definer material layer 30 and the pixel definer pattern 301 as
a mask. As illustrated in FIG. 17, the form of the first
electrode 710 may be manufactured. Regarding the periph-
eral area PA, the metal layer 40 of the region excluding the
portion corresponding to the dam portion 800 and the
peripheral light blocker 540 and the first electrode material
layer 70 may be removed with the pixel definer pattern 301
as a mask. As such, a stacked configuration of a peripheral
area metal pattern 401 may be provided on an upper side of
the dam portion 800, the first electrode pattern 711, and the
pixel definer pattern 301. A planarization layer 180 may be
etched with the pixel definer material layer 30 as a mask. As
such, a planarization pattern 181 may be provided on a lower
side of the dam portion 800. According to an exemplary
embodiment of the present invention, the planarization
pattern 181 may be generated by patterning the entire
planarization layer 180. Additionally, a part of the planariza-
tion layer 180 may be patterned in the thickness direction
and may be used as the planarization layer pattern 181.
[0110] As illustrated in FIG. 18, the metal layer 40 of the
portion exposed by the pixel definer material layer 30 may
be removed by wet etching to expose the first electrode 710.
The remaining pixel definer material layer 30 and the pixel
definer pattern 301 may be heat-treated to generate a pixel
definer 300. Accordingly, the dam portion 800 is provided.
[0111] The metal layer 40 may be removed by using a first
etchant that has an etching selection ratio for the metal layer
40. The portion covered by the pixel definer material layer
30 may include the metal layer 40 to generate a metal pattern
400. A side end portion of the metal pattern 400 and a side
end portion of the peripheral area metal pattern 401 may be
exposed to the first etchant. Therefore, the side end portion
of the first electrode 710 and the side end portion of the first
electrode pattern 711 may be further etched. As illustrated in
FIG. 18, the side end portion of the metal pattern 400 and the
side end portion of the peripheral area metal pattern 401 may
be provided to have a shape that is increasingly caved in at
the internal side than the side end portion of the first
electrode 710 and the side end portion of the first electrode
pattern 711.

[0112] The pixel definer material layer 30 and the pixel
definer pattern 301 may be heat-treated to generate a pixel
definer 300. Therefore, the dam portion 800 may be pro-
vided. By heating the pixel definer material layer 30 and the
pixel definer pattern 301, as illustrated in FIG. 18, a part of
the pixel definer material layer 30 and a part of the pixel
definer pattern 301 may be melted and flow to the peripheral
area PA. The melted part of the pixel definer material layer
30 and the melted part of the pixel definer pattern 301 may
harden to generate a pixel definer 300 and a peripheral area
pixel definer 311. Particularly, when the pixel definer pattern
301 is melted to cover the lower surface of the dam portion
800 where the planarization pattern 181 is generated, the
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peripheral area pixel definer 311 may be generated. Accord-
ingly, permeation of external moisture and oxygen into the
organic light emitting diode 700 may be prevented by the
dam portion 800.

[0113] The dam portion 800 may be provided without an
additional process since the metal layer 40 of the region
excluding the portion corresponding to the dam portion 800
of the peripheral area PA and the first electrode material
layer 70 are removed during the process for removing the
metal layer 40 and the first electrode material layer 70 of the
display area DA with the pixel definer material layer 30 as
a mask.

[0114] According to the organic light-emitting device
1002 and the method of manufacturing the organic light-
emitting device 1002 according to exemplary embodiments
of the present invention, the dam portion 800 of the periph-
eral area PA may be provided with a simplified process.
Therefore, the material with high fluidity may be prevented
from overflowing by the dam portion 800 when it is coated
during the process for manufacturing the organic light-
emitting device 1002. Further, permeation of external mois-
ture and oxygen into the organic light emitting diode 700
may be efficiently blocked by the dam portion 800 and the
thin film encapsulation layer 600.

[0115] While this disclosure has been described in con-
nection with what is presently considered to be practical
exemplary embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments, but,
on the contrary, is intended to cover various modifications
and equivalent arrangements included within the spirit and
scope of the present inventive concept.

What is claimed is:

1. An organic light-emitting display device comprising:

a substrate;

a first electrode provided on the substrate;

a metal pattern provided along an edge of the first

electrode; and

a pixel definer provided on the metal pattern,

wherein the pixel definer covers an end portion of the first

electrode and an end portion of the metal pattern, and
wherein the pixel definer includes an opening exposing
the first electrode.

2. The organic light-emitting display device of claim 1,
wherein the metal pattern has a thickness substantially equal
to or greater than about 100 A and substantially equal to or
less than about 10,000 A.

3. The organic light-emitting display device of claim 1,
wherein the metal pattern has an etching selection ratio that
is different from an etching selection ratio of the first
electrode.

4. The organic light-emitting display device of claim 3,
wherein the metal pattern includes copper (Cu) or a copper
(Cu) alloy.

5. The organic light-emitting display device of claim 4,
wherein the copper (Cu) alloy includes titanium copper
(TiCu) or molybdenum copper (MoCu).

6. The organic light-emitting display device of claim 3,
wherein the metal pattern includes a stacked configuration of
a plurality of layers.

7. The organic light-emitting display device of claim 6,
wherein the stacked configuration is a configuration of a
titanium (T1) layer/aluminum (Al) layer or a titanium (Ti)
layer/aluminum (Al) layer/titanium (T1) layer.
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8. The organic light-emitting display device of claim 1,
wherein an upper surface of the pixel definer has a curved
shape.

9. The organic light-emitting display device of claim 1,
wherein

the organic light-emitting display device includes a dis-

play area including a plurality of pixels and a peripheral
area surrounding the display area;

the first electrode, the metal pattern, and the pixel definer

are provided in the display area; and

the organic light-emitting display device further includes

a dam portion provided in the peripheral area and
provided along an edge of the substrate.

10. The organic light-emitting display device of claim 9,
wherein

the dam portion includes:

a first layer including a same material as the first elec-

trode;

a second layer including a same material as the metal

pattern; and

athird layer including a same material as the pixel definer.

11. The organic light-emitting display device of claim 10,
wherein the organic light-emitting display device is a flex-
ible display device.

12. A method of manufacturing an organic light-emitting
display device, the method comprising:

disposing a first electrode material layer, a metal layer,

and a pixel definer material layer on a substrate;
disposing a first electrode by patterning the first electrode
material layer;

removing the pixel definer material layer remaining on the

first electrode to expose the metal layer;

removing the metal layer exposed by the pixel definer

material layer to generate a metal pattern provided
along an edge of the first electrode; and

disposing a pixel definer by heat treating the pixel definer

material layer remaining on the first electrode and the
metal pattern.
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13. The method of claim 12, wherein

the removing of the pixel definer material layer includes
dry etching the pixel definer material layer, and

wherein the removing of the metal layer includes wet
etching the metal layer.

14. The method of claim 13, wherein

the disposing of the first electrode includes:

patterning the first electrode material layer using a half-

tone mask, the halftone mask including a first region, a
second region, and a third region;

retaining the pixel definer material layer corresponding to

the first region, removing a part of the pixel definer
material layer corresponding to the second region in a
thickness direction, and removing substantially the
entire pixel definer material layer corresponding to the
third region; and

removing the metal layer and the first electrode material

layer corresponding to the third region.

15. The method of claim 14, wherein the metal layer has
an etching selection ratio that is different from an etching
selection ratio of the first electrode material layer.

16. The method of claim 15, wherein the removing of the
metal layer and the first electrode material layer correspond-
ing to the third region includes removing the first electrode
material layer prior to removing the metal layer.

17. The method of claim 12, wherein

a part of the pixel definer material layer is melted by the

heat treatment to generate a pixel definer, and
wherein the pixel definer covers an end portion of the
metal pattern and an end portion of the first electrode.

18. The method of claim 17, wherein the heat treatment is
performed at a temperature that is substantially equal to or
greater than about 200° C. and less than about 400° C.

19. The method of claim 13, wherein the disposing of the
first electrode further includes disposing a dam portion along
an edge of the substrate.

20. The method of claim 19, wherein

the halftone mask includes a fourth region having sub-

stantially the same transmittance as the first region, and
wherein the dam portion corresponds to the fourth region.
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