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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING THE SAME

CLAIM OF PRIORITY

[0001] This application makes reference to, incorporates
the same herein, and claims all benefits accruing under 35
U.S.C. §119 from an application earlier filed in the Korean
Intellectual Property Office on 12 Feb. 2014 and there duly
assigned Serial No. 10-2014-0015892.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Example embodiments of the present invention
relate generally to a display device. More particularly,
embodiments of the present invention relate to an organic
light emitting display device and a method of manufacturing
the organic light emitting display device.

[0004] 2. Description of the Related Art

[0005] An organic light emitting display (OLED) device
displays information of images or characters by using light
generated when holes and electrons that are provided from an
anode and a cathode, respectively are combined with each
other at an organic light emitting layer interposed between the
anode and the cathode. The OLED device has been spot-
lighted as one of the next-generation display devices due to
various characteristics of the OLED device such as a wide
viewing angle, a rapid response speed, a thin thickness, low
power consumption, etc. The OLED device may be divided
into a display region on which the images are displayed and a
peripheral region that surrounds the display region. Organic
light emitting elements in the display region may be coupled
to a power supply line in the peripheral region. The organic
light emitting elements may receive a power supply signal
through the power supply line.

[0006] Recently, a technique that decreases an area of the
peripheral region is developed for a slim display device. Thus,
a contact area in which the organic light emitting elements
and the power supply line are coupled may be decreased.
When the contact area in which the organic light emitting
elements and the power supply line are coupled is decreased,
a contact resistance may be increased, which results in an
increase of power consumption and occurrence of a color
abnormality phenomenon.

SUMMARY OF THE INVENTION

[0007] Some example embodiments provide an organic
light emitting display (OLED) device capable of increasing a
contact area in which an organic light emitting element and a
power supply line are coupled.

[0008] Some example embodiments provide a method of
manufacturing an OLED device capable of increasing a con-
tact area in which an organic light emitting element and a
power supply line are coupled.

[0009] According to anaspect of example embodiments, an
organic light emitting display (OLED) device may include a
substrate having a display region and a peripheral region, a
plurality of first electrodes disposed in the display region, a
plurality of light emitting layers formed on the first elec-
trodes, a second electrode formed on the light emitting layers,
the second electrode extending to a contact region and having
an uneven pattern in the contact region, a power supply line
disposed in the peripheral region, a third electrode formed on

Aug. 13,2015

the power supply line, the third electrode extending to the
contact region and having the uneven pattern in the contact
region to contact with the second electrode having the uneven
pattern, and an encapsulation member encapsulating the dis-
play region and the peripheral region.

[0010] In example embodiments, the uneven pattern may
include at least one concave portion formed in a circular
shape.

[0011] In example embodiments, the uneven pattern may
include at least one concave portion formed in a diamond-like
shape.

[0012] In example embodiments, the uneven pattern may
include at least one concave portion formed in a rectangular
shape.

[0013] Inexampleembodiments, the third electrode may be
disposed under the second electrode in the contact region.
[0014] Inexampleembodiments, the third electrode and the
first electrode may be simultaneously formed.

[0015] In example embodiments, the OLED device may
further include a plurality of switching structures formed on
the substrate.

[0016] In example embodiments, the OLED device may
further include a light efficiency improvement layer inter-
posed between the second electrode and the encapsulation
member, the light efficiency improvement layer configured to
increase a light emission efficiency.

[0017] In example embodiments, the OLED device may
further include a protective layer interposed between the sec-
ond electrode and the encapsulation member, the protective
layer configured to protect the first electrodes, the light emit-
ting layers, and the second electrode during a forming process
of the encapsulation member.

[0018] In example embodiments, the encapsulation mem-
ber may be formed by alternately laminating organic layers
and inorganic layers.

[0019] According to an aspect of example embodiments, a
method of manufacturing an organic light emitting (OLED)
device may include disposing a plurality of first electrodes in
adisplay region of a substrate that includes the display region
and a peripheral region, forming a plurality of light emitting
layers on the first electrodes, forming a second electrode on
the light emitting layers, the second electrode extending to a
contact region and having an uneven pattern in the contact
region, forming a power supply line in the peripheral region,
forming a third electrode on the power supply line, the third
electrode extending to the contact region and having the
uneven pattern in the contact region to contact with the second
electrode having the uneven pattern, and forming an encap-
sulation member to encapsulate the display region and the
peripheral region.

[0020] In example embodiments, the uneven pattern may
include at least one concave portion formed in a circular
shape.

[0021] In example embodiments, the uneven pattern may
include at least one concave portion formed in a diamond-like
shape.

[0022] In example embodiments, the uneven pattern may
include at least one concave portion formed in a rectangular
shape.

[0023] Inexampleembodiments, the third electrode may be
disposed under the second electrode in the contact region.
[0024] Inexampleembodiments, the third electrode and the
first electrode may be simultaneously formed.
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[0025] In example embodiments, the method of manufac-
turing the OLED device may further include forming a plu-
rality of switching structures on the substrate.

[0026] In example embodiments, the method of manufac-
turing the OLED device may further include forming a light
efficiency improvement layer between the second electrode
and the encapsulation member to increase a light emission
efficiency.

[0027] In example embodiments, the method of manufac-
turing the OLED device may further include forming a pro-
tective layer between the second electrode and the encapsu-
lationmember to protect the first electrodes, the light emitting
layers, and the second electrode during a forming process of
the encapsulation member.

[0028] In example embodiments, the encapsulation mem-
ber may be formed by alternately laminating organic layers
and inorganic layers.

[0029] Therefore, an organic light emitting display
(OLED) device and a method of manufacturing the OLED
device according to example embodiments may decrease a
contact resistance by forming an uneven pattern in a contact
region in which an emitting light structures and a power
supply line are coupled. Thus, power supply voltage may be
stably provided to the emitting light structures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] A more complete appreciation of the invention, and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by reference
to the following detailed description when considered in con-
junction with the accompanying drawings in which like ref-
erence symbols indicate the same or similar components,
wherein:

[0031] FIG. 1 is a cross-sectional view illustrating an
organic light emitting display (OLED) device according to
example embodiments.

[0032] FIG.2isacross-sectional view illustrating a contact
region that is included in the OLED device of FIG. 1.
[0033] FIG. 3A is a plane view illustrating an example of
forming the contact region of the FIG. 2.

[0034] FIG.3B is aplane view illustrating another example
of forming the contact region of the FIG. 2.

[0035] FIG. 3C is a plane view illustrating still another
example of forming the contact region of the FIG. 2.

[0036] FIG. 4 is a cross-sectional view illustrating an
OLED device according to example embodiments.

[0037] FIG.5isacross-sectional view illustrating a contact
region that is included in the OLED device of FIG. 4.
[0038] FIG. 6A is a plane view illustrating an example of
forming the contact region of the FIG. 4.

[0039] FIG. 6B is a plane view illustrating another example
of forming the contact region of the FIG. 4.

[0040] FIG. 6C is a plane view illustrating still another
example of forming the contact region of the FIG. 4.

[0041] FIGS. 7 through 9 are cross-sectional views illus-
trating a method of manufacturing the OLED device accord-
ing to example embodiments.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0042] Hereinafter, the present inventive concept will be
explained in detail with reference to the accompanying draw-
ings.
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[0043] FIG. 1 is a cross-sectional view illustrating an
organic light emitting display (OLED) device according to
example embodiments and FIG. 2 is a cross-sectional view
illustrating a contact region that is included in the OLED
device of FIG. 1.

[0044] FIG. 1 is a cross-sectional view illustrating a pixel
that is disposed in an outside of an organic light emitting
display (OLED) device 100. Inreference to FIG. 1, the OLED
device may include a substrate 110, a plurality of light emit-
ting structures 120, a power supply line 130, a third electrode
135, and an encapsulation member 160. The substrate 110 of
the OLED device 100 may include a display region I and a
peripheral region II. In an embodiment, the display region I
displays the information of images or characters and the
peripheral region II does not display the information and the
peripheral region II surrounds the display region I. The light
emitting structures 120 may be formed in the display region I
of the substrate 110. The light emitting structures 120 may
include a plurality of first electrodes 122, a plurality of light
emitting layers 124 formed on the first electrodes 122, and a
second electrode 126 formed on the light emitting layers 124.
Here, the second electrode 126 may extend to a contact region
140. The second electrode 126 may have an uneven pattern in
the contact region 140. The power supply line 130 may be
disposed in the peripheral region I1 of the substrate 110. The
third electrode 135 that is formed on the power supply line
130 may extend to the contact region 140. The third electrode
135 may have an uneven pattern in the contact region 140. In
the contact region 140, the third electrode 135 may contact
with the second electrode 126 having the uneven pattern. The
encapsulation member 160 may be formed on the display
region I and the peripheral region II. The encapsulation mem-
ber 160 may prevent the light emitting structures 120 from
oxygen and moisture penetration.

[0045] The substrate 110 of the OLED device 100 may
include the display region I and the peripheral region II. In
some example embodiments, the substrate 110 may include a
flexible transparent resin. For example, the substrate 110 may
include polymethylmethacrylate-based resin, polyimide-
based resin, acryl-based resin, polyacrylate-based resin,
polycarbonate-based resin, polyether-based resin, sulfonic
acid-based resin, polyethylene terephthalate-based resin, etc.
In other example embodiments, the substrate 110 may
include a transparent ceramic substrate such as a glass sub-
strate, a quartz substrate, a transparent alumina substrate, etc.
A buffer layer 112 may be disposed on the substrate 110. The
buffer layer 112 may allow upper structures to be easily
formed on the substrate 110. Further, the buffer layer 112 may
prevent diffusions of metal atoms or impurities from wirings,
patterns, and electrodes containing metal.

[0046] The plurality of light emitting structures 120 may be
formed in the display region I of the substrate 110. The light
emitting structures 120 may include the first electrodes 122,
light emitting layers 124, and the second electrode 126. The
first electrodes 122 may be formed on an insulation layer 118.
The first electrodes 122 may be spaced by a predetermined
distance each other. A pixel defining layer 128 may be dis-
posed on the first electrodes 122 and the insulation layer 118.
The pixel defining layer 128 may extend to a data line 170 in
the peripheral region II. The pixel defining layer 128 may
have openings exposing the first electrodes 122, respectively.
The light emitting layers 124 may be respectively disposed on
the first electrodes 122 exposed by the openings of the pixel
defining layer 128. Each of the light emitting layers 124 may
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have a multi layer structure that includes an organic light
emitting layer (EL), a hole injection layer (HIL), a hole trans-
fer layer (HTL), an electron transfer layer (ETL), an electron
injection layer (EIL), etc. The organic light emitting layers of
the light emitting layers 124 may include light emitting mate-
rials emitting different colors of light such as red color of
light, blue color of light, and green color of light according to
the types of the pixels. The organic light emitting layer of each
light emitting layer 124 may include a plurality of stacked
light emitting materials for emitting red color of light, blue
color of light, and green color of light so as to substantially
generate white color of light. The second electrode 126 may
be disposed on the light emitting layers 124 and the pixel
defining layer 128. The second electrode 126 may extend to
the contact region 140 in the peripheral region II.

[0047] The light emitting structures 120 may be coupled to
switching structures 150. Specifically, the first electrodes 122
of the light emitting structures 120 may be electrically
coupled to the switching structures 150 passing through the
insulation layer 124. For example, the switching structures
150 may be thin film transistors. Each of the thin film tran-
sistors may include a gate electrode 152, a source electrode
154, and a drain electrode 156. A gate insulation layer 114
may be disposed on the buffer layer 112. The gate insulation
layer 114 may cover an active pattern of the thin film transis-
tors. The gate electrode 152 of the thin film transistor may be
disposed on the gate insulation layer 114. Although it is not
illustrated in FIG. 1, lines such as gate lines that are electri-
cally coupled to the gate electrode 152 may be disposed on the
gate insulation layer 114. An insulating interlayer 116 that
covers the gate electrodes 152 of the thin film transistors may
be disposed on the gate insulation layer 114. The insulating
interlayer 116 may insulate the gate electrode 152 of the thin
film transistor from upper lines and the electrodes. The source
electrodes 154 and the drain electrodes 156 may be formed on
the insulating interlayer 116. Further, the data line 170 that is
electrically coupled to the drain electrode 156 of the thin film
transistor and the power supply line 130 that is electrically
coupled to the light emitting structures 120 may be formed on
the insulating interlayer 116.

[0048] The insulation layer 118 may be formed in the dis-
play region I and some portion of the peripheral region II. The
insulation layer 118 may be formed to cover the switching
structures 150. The insulation layer 118 may insulate the
switching structures 150 from the first electrodes 122 of the
light emitting structures 120. The insulation layer 118 may
extend to the peripheral region II to cover the data line 170
and some portion of the power supply line 130 in the periph-
eral region II . The insulation layer 118 may have the uneven
pattern in the contact region 140. In some example embodi-
ments, the uneven pattern may include at least one concave
portion 142 formed in a circular shape. In other example
embodiments, the uneven pattern may include at least one
concave portion 142 formed in a diamond-like shape. In other
example embodiments, the uneven pattern may include at
least one concave portion 142 formed in a rectangular shape.
As shown in FIG. 2, the second electrode 126 formed on the
insulation layer 118 has uneven pattern at the contact region
140, and such uneven pattern includes a recess 143 at the
upper surface and a protrusion 144 geometrically correspond-
ing to the recess 143 at the lower surface. As shown in FIG. 2,
the third electrode 135 formed on the insulation layer 118 has
uneven pattern at the contact region 140, and such uneven
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pattern includes a recess 145 at the upper surface and a pro-
trusion 146 geometrically corresponding to the recess 145 at
the lower surface.

[0049] The power supply line 130 may be formed in the
peripheral region II of the substrate 110. The power supply
line 130 may be formed on the insulating interlayer 116. The
power supply line 130 may be simultaneously formed with
the source electrodes 154, the data electrodes 156, the data
line 170, etc. The power supply line 130 may provide power
supply voltage to drive the light emitting structures 120. In
some example embodiments, the power supply voltage may
be a high power supply voltage ELVDD that is provided to the
light emitting structure 120. In other example embodiments,
the power supply voltage may be a low power supply voltage
ELVSS that is provided to the light emitting structure 120.
The third electrode 165 may be formed on the power supply
line 130. The third electrode 135 may extend to the contact
region 140. The third electrode 135 may contact with the
second electrode 126 of the light emitting structure 120 in the
contact region 140. Thus, the power supply line 130 and the
light emitting structure 120 may be electrically coupled by
contacting the third electrode 135 and the second electrode
126 in the contact region 140. The third electrode 135 may be
simultaneously formed with the first electrode 122 of the light
emitting structure 120. The third electrode 135 may be
formed of the same material forming the first electrode 122.

[0050] Thecontact region 140 may be formed in the periph-
eral region I1 of the substrate 110. In reference to F1G. 2, the
contact region 140 may be formed by sequentially laminating
the third electrode 135 coupled to the power supply line 130
and the second electrode 126 of the light emitting structure
120 on the insulation layer 118 having uneven pattern. The
third electrode 135 and the second electrode 126 may be
formed along the uneven pattern formed on the insulation
layer 118. In some example embodiments, the uneven pattern
may have at least one concave portion 142 formed in a circu-
lar shape. In other example embodiments, the uneven pattern
may have at least one concave portion 142 formed in a dia-
mond-like shape. In other example embodiments, the uneven
pattern may have at least one concave portion 142 formed in
a rectangular shape. A contact area of the third electrode 135
and the second electrode 126 may be increased because the
third electrode 135 and the second electrode are formed along
the uneven pattern of the insulation layer 118. Although an
area of the peripheral region 11 is decreased for a slim display
device, the contact area of the third electrode 135 and the
second electrode 126 may be increased by having the uneven
pattern. Thus, a contact resistance may be decreased and
power supply voltage may be stably provided to the light
emitting structure 120.

[0051] Theencapsulation member 160 may encapsulate the
light emitting structures 120 in the display region I and the
contact region 140 in the peripheral region II . A first organic
layer 162 may be disposed on the light emitting structures 120
and the contact region 140. The first organic layer 162 may
improve the flatness of the display region I and may protect
the light emitting structures 120. Further, the first organic
layer 162 may prevent a diffusion of impurities from the
underlying structures. For example, the first organic layer 162
may include polyimide-based resin, polyacryle-based resin,
polyamide-based resin, etc. A first inorganic layer 164 may be
disposed on the first organic layer 162. The first inorganic
layer 164 may prevent the first organic layer 162 and the light
emitting structures 120 from being deteriorated by the per-
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meation of moisture, oxygen, etc. Further, the first inorganic
layer 164 may protect the first organic layer 162 and the light
emitting structures 120 from external impacts. The first inor-
ganic layer 164 may include metal compound. For example,
the first inorganic layer 164 may include silicon nitride, alu-
minum nitride, zirconium nitride, titanium nitride, hafnium
nitride, tantalum nitride, silicon oxide, aluminum oxide, tita-
nium oxide, tin oxide, cerium oxide, silicon oxynitride, alu-
minum, etc. A second organic layer 166 may be disposed on
the first inorganic layer 164. The second organic layer 166
may perform functions the same as or similar to those of the
first organic layer 162, and also the second organic layer 166
may include material the same as or similar to that of the first
organic layer 162. A second inorganic layer 168 may be
disposed on the second organic layer 166. The second inor-
ganic layer 168 may perform functions the same as or similar
to those of the first inorganic layer 164, and the second inor-
ganic layer 168 may include material the same as or similar to
that of the first inorganic layer 164. The encapsulation mem-
ber 160 may include at least one additional organic layer and
at least one additional inorganic layer according to applica-
tion, dimensions, components, etc.

[0052] A first blocking structure 182, a second blocking
structure 184, and a third blocking structure 186 may be
disposed in the peripheral region I1 to prevent a leakage of the
first organic layer 162 and the second organic layer 166. The
first through third blocking structure 182, 184, and 186 may
be formed by laminating at least one insulation layer on a
metal pattern.

[0053] As described above, the OLED device 100 may
include the contact region 140 in the peripheral region II of
the substrate 100. In the contact region 140, the third elec-
trode 135 that is coupled to the power supply line 130 and the
second electrode 126 of the light emitting structure 120 may
be sequentially laminated on the uneven pattern of the insu-
lation layer 118. The contact area of the third electrode 135
and the second electrode 126 may be increased because the
third electrode 135 and the second electrode 126 are formed
along the uneven pattern of the insulation layer 118. Although
the area of the peripheral region II is decreased for a slim
display device, the contact area of the third electrode 135 and
the second electrode 126 may be increased by having the
uneven pattern. Thus, the contact resistance may be decreased
and the power supply voltage may be stably provided to the
light emitting structure 120.

[0054] FIG. 3A is a plane view illustrating an example of
forming the contact region of the FIG. 2, FIG. 3B is a plane
view illustrating another example of forming the contact
region of the FIG. 2, and FIG. 3C is a plane view illustrating
still another example of forming the contact region of the FIG.
2. Specifically, FIGS. 3A through 3C illustrate examples of
the contact region 140 having an uneven pattern when viewed
on a plane.

[0055] Inreference to FIG. 3A, the contact region 140 may
have the uneven pattern. The uneven pattern may have at least
one concave portion 142 formed in the circular shape. The
uneven pattern may be formed by etching the insulation layer
118 in the contact region 140. The power supply line 130 and
the light emitting structure 120 may be electrically coupled
by laminating the third electrode 135 that is coupled to the
power supply line 130 and the second electrode 126 of the
light emitting structure 120 on the insulation layer 118 along
the uneven pattern in the contact region 140. The third elec-
trode 135 may be disposed under the second electrode 126.
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The contact region 140 may be formed by arranging the
concave portions 142 thatare circular shapes in a lattice shape
when viewed on a plane.

[0056] Inreference to FIG. 3B, the contact region 140 may
have the uneven pattern. The uneven pattern may have at least
one concave portion 142 formed in the diamond-like shape.
The uneven pattern may be formed by etching the insulation
layer 118 in the contact region 140. The power supply line 130
and the light emitting structure 120 may be electrically
coupled by laminating the third electrode 135 that is coupled
to the power supply line 130 and the second electrode 126 of
the light emitting structure 120 on the insulation layer 118
along the uneven pattern in the contact region 140. The third
electrode 135 may be disposed under the second electrode
126. The contact region 140 may be formed by arranging the
concave portions 142 that are diamond-like shapes in the
lattice shape when viewed on a plane.

[0057] Inreference to FIG. 3C, the contact region 140 may
have the uneven pattern. The uneven pattern may have at least
one concave portion 142 formed in the rectangular shape. The
uneven pattern may be formed by etching the insulation layer
118 in the contact region 140. The power supply line 130 and
the light emitting structure 120 may be electrically coupled
by laminating the third electrode 135 that is coupled to the
power supply line 130 and the second electrode 126 of the
light emitting structure 120 on the insulation layer 118 along
the uneven pattern in the contact region 140. The third elec-
trode 135 may be disposed under the second electrode 126.
The contact region 140 may be formed by spacing the con-
cave portions 142 that are rectangular shapes by predeter-
mined distance each other when viewed on a plane.

[0058] As describe above, the third electrode 135 and the
second electrode 126 may have the uneven pattern in the
contact region 140. Thus, the contact area of the third elec-
trode 135 and the second electrode 126 may be increased in
the contact region 140. The power supply voltage may be
stably provided to the light emitting structure 120 from the
power supply line 130 by increasing the contact area of the
third electrode 135 and the second electrode 126. The uneven
pattern may have various shape, not limited to FIGS. 3A
through 3C. Although the third electrode 135 and the second
electrode 126 are depicted in FIGS. 3A through 3C, the insu-
lation layer 118 may be disposed under the third electrode
135.

[0059] FIG. 4 is a cross-sectional view illustrating an
OLED device according to example embodiments and the
FIG. 5 is a cross-sectional view illustrating a contact region
that is included in the OLED device of FIG. 4. The OLED
device 400 illustrated in FIG. 4 may be the same as or similar
to the OLED device 100 described in FIG. 1 except that a light
efficiency improvement layer 290 and/or a protective layer
295 are/is additionally formed on the second electrode 226.
Thus, duplicated description will not be repeated.

[0060] The light efficiency improvement layer 290 may be
formed on a second electrode 226. The light efficiency
improvement layer 290 may extend to a contact region 240
having an uneven pattern. The light efficiency improvement
layer 290 may allow light generated from a light emitting
structure 220 to be efficiently emitted to outside. In some
example embodiments, the light efficiency improvement
layer 290 may gererate optical constructive interference that
acts on the light generated from the light emitting structure
220. The light efficiency of respective colors may be maxi-
mized by forming a different thickness of the light efficiency
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improvement layer 290 according to a wavelength of the light
generated from the light emitting structures 220. The light
efficiency improvement layer 290 may include at least one
organic material or inorganic material among SiO2, SiNXx,
7n02, TiO2, 7r02, ITO, 1Z0, Alq3, CuPc, CBP, a-NPB, and
Zi02. In other example embodiments, the light efficiency
improvement layer 290 may generate plasmon resonance that
acts on the light generated from the light emitting structures
220. For example, the light efficiency improvement layer 290
may include nanoparticles.

[0061] The protective layer 295 may be formed on the
second electrode 226. The protective layer 295 may extend to
the contact region 240 in which the uneven pattern 252 is
formed. The protective layer 295 may prevent the light emit-
ting structures 220 from heat and/or plasma that are/is gen-
erated by chemical vapor deposition (CVD) process and/or
sputtering process for forming the encapsulation member
280. The protective layer 295 may be formed of an epoxy-
based sealant. For example, the epoxy-based sealant may be
formed of at least one selected from bisphenol type epoxy
resin, epoxidized butadiene resin, fluorine type epoxy resin,
novolac type epoxy resin, etc.

[0062] Inreferenceto FIG.5, the contact region 240 may be
formed by sequentially laminating the third electrode 235 that
is coupled to the power supply line 230, the second electrode
226 of the light emitting structure 220, the light efficiency
improvement layer 290, and the protective layer 295 on the
insulation layer 218 having uneven pattern. The third elec-
trode 235, the second electrode 226, the light efficiency
improvement layer 290, and the protective layer 295 may be
formed along the uneven pattern that is formed on the insu-
lation layer 218. The protective layer 295 may be formed to
encapsulate an end of the second electrode 226 to prevent the
light emitting structures 220 from being damaged during a
forming process of the encapsulation member 260. The light
efficiency improvement layer 290 and the protective layer
295 may be selectively formed on the second electrode 226.
In some example embodiments, the light efficiency improve-
ment layer 290 may be formed on the second electrode 226. In
other example embodiments, the protective layer 295 may be
formed on the second electrode 226. In other example
embodiments, the light efficiency improvement layer 290 and
the protective layer 295 may be formed on the second elec-
trode 226.

[0063] As described above, the OLED device 200 may
include the light efficiency improvement layer 290 and the
protective layer 295 on the second electrode 226. In the con-
tact region 240, the third electrode 235 that is coupled to the
power supply line 230 and the second electrode 226 of the
light emitting structure 220 may be sequentially laminated on
the uneven pattern of the insulation layer 218. The contact
area of the third electrode 235 and the second electrode 226
may be increased because the third electrode 235 and the
second electrode 226 are formed along the uneven pattern of
the insulation layer 218. Although the area of the peripheral
region II is decreased for a slim display device, the contact
area of the third electrode 235 and the second electrode 226
may be increased by having the uneven pattern. Thus, the
contact resistance may be decreased and the power supply
voltage may be stably provided to the light emitting structure
220. Additionally, the light efficiency improvement layer 290
and the protective layer 295 may be selectively formed on the
second electrode 226. The light efficiency improvement layer
290 may increase the light efficiency of the light emitting
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structure 220. The protective layer 295 may prevent the light
emitting structure 220 from heat and/or plasma that are/is
generated during the forming process of the encapsulation
member 260.

[0064] FIG. 6A is a plane view illustrating an example of
forming the contact region of the FIG. 4, FIG. 6B is a plane
view illustrating another example of forming the contact
region of the FIG. 4, and FIG. 6C is a plane view illustrating
still another example of forming the contact region of the FIG.
4. Specifically, FIGS. 6A through 6C illustrate examples of
the contact region 240 having an uneven pattern when viewed
on a plane.

[0065] Inreference to FIG. 6A, the contact region 240 may
have the uneven pattern. The uneven pattern may have at least
one concave portion 242 formed in the circular shape. The
uneven pattern may be formed by etching the insulation layer
218 in the contact region 240. The power supply line 230 and
the light emitting structure 220 may be electrically coupled
by laminating the third electrode 235 that is coupled to the
power supply line 230 and the second electrode 226 of the
light emitting structured 220 on the insulation layer 218 along
the uneven pattern in the contact region 240. The third elec-
trode 235 may be disposed under the second electrode 226. In
some example embodiments, the light efficiency improve-
ment layer 290 that improves the light efficiency of the light
emitting structure 220 may be formed on the second electrode
226. The light efficiency improvement layer 290 may be
formed on the second electrode 226 along the uneven pattern
in the contact region 240. In other example embodiments, the
protective layer 295 that prevents the light emitting structure
220 from being damaged during a forming process of the
encapsulation member 260 may be formed on the second
electrode 226. The protective layer 295 may be formed on the
second electrode 226 along uneven pattern in the contact
region 240. The contact region 240 may be formed by arrang-
ing the concave portions 242 that are circular shapes in a
lattice shape when viewed on a plane.

[0066] Inreferenceto FIG. 6B, the contact region 240 may
have the uneven pattern. The uneven pattern may have at least
one concave portion 242 formed in the diamond-like shape.
The uneven pattern may be formed by etching the insulation
layer 218 in the contact region 240. The power supply line 230
and the light emitting structure 220 may be electrically
coupled by laminating the third electrode 235 that is coupled
to the power supply line 230 and the second electrode 226 of
the light emitting structure 220 on the insulation layer 218
along the uneven pattern in the contact region 240. The third
electrode 235 may be disposed under the second electrode
226. In some example embodiments, the light efficiency
improvement layer 290 that improves the light efficiency of
the light emitting structure 220 may be formed on the second
electrode 226. The light efficiency improvement layer 290
may be formed on the second electrode 226 along the uneven
pattern in the contact region 240. In other example embodi-
ments, the protective layer 295 that prevents the light emitting
structure 220 from being damaged during the forming pro-
cess of the encapsulation member 260 may be formed on the
second electrode 226. The protective layer 295 may be
formed on the second electrode 226 along the uneven pattern
in the contact region 240. The contact region 240 may be
formed by arranging the concave portions 242 that are dia-
mond-like shapes in a lattice shape when viewed on a plane.
[0067] Inreferenceto FIG. 6C, the contact region 240 may
have the uneven pattern. The uneven pattern may have at least
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one concave portion 242 formed in the rectangular shape. The
uneven pattern may be formed by etching the insulation layer
218 in the contact region 240. The power supply line 230 and
the light emitting structure 220 may be electrically coupled
by laminating the third electrode 235 that is coupled to the
power supply line 230 and the second electrode 226 of the
light emitting structure 220 on the insulation layer 218 along
the uneven pattern in the contact region 240. The third elec-
trode 235 may be disposed under the second electrode 226. In
some example embodiments, the light efficiency improve-
ment layer 290 that improves the light efficiency of the light
emitting structure 220 may be formed on the second electrode
226. The light efficiency improvement layer 290 may be
formed on the second electrode 218 along the uneven pattern
in the contact region 240. In other example embodiments, the
protective layer 295 that prevents the light emitting structure
220 from being damaged during the forming process of the
encapsulation member 260 may be formed on the second
electrode 226. The protective layer 295 may be formed on the
second electrode 226 along the uneven pattern in the contact
region 240. The contact region 240 may be formed by spacing
the concave portions 242 that are rectangular shapes by pre-
determined distance each other when viewed on a plane.

[0068] As described above, the third electrode 235 and the
second electrode 226 may have the uneven pattern in the
contact region 240. Thus, the contact area of the third elec-
trode 235 and the second electrode 226 may be increased in
the contact region 240. The power supply voltage may be
stably provided to the light emitting structure 220 from the
power supply line 230 by increasing the contact area of the
third electrode 135 and the second electrode 226. The uneven
pattern may have various shape, not limited to FIGS. 6A
through 6C. Additionally, the light efficiency improvement
layer 290 and the protective layer 295 may be selectively
formed on the second electrode 226. The light efficiency
improvement layer 290 may increase the light efficiency of
the light emitting structure 220. The protective layer 295 may
prevent the light emitting structure 220 from heat and/or
plasma that are/is generated during the forming process of the
encapsulation member 260. Although the third electrode 235
and the protective layer 295 are depicted in FIGS. 6A through
6C, the insulation layer 218 may be disposed under the third
electrode 235. Further, the second electrode 226 and the light
efficiency improvement layer 290 may be interposed between
the third electrode 235 and the protective layer 295.

[0069] FIGS. 7 through 9 are cross-sectional views illus-
trating a method of manufacturing the OLED device accord-
ing to example embodiments. In FIGS. 7 through 9, the
method may provide a OLED device having a configuration
substantially the same as or substantially similar to that of the
OLED device described with reference to FIG. 1, however,
those skilled in the art could understand that any one of the
OLED device illustrated in FIGS. 7 through 9 may be
obtained by obvious modifications or changes of the pro-
cesses such as patterning or etching processes.

[0070] In reference to FIGS. 7 through 9, the method of
manufacturing the OLED device may dispose a plurality of
first electrodes 322 in a display region I1I of a substrate 310
that includes the display region I11 and a peripheral regionIV,
may form a plurality of light emitting layers 324 on the first
electrode 322, and may form a second electrode 326 that
extends to a contact region 340 and has an uneven pattern in
the contact region 340 on the light emitting layers 324. The
method of manufacturing the OLED device may form a
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power supply line 330 in the peripheral region IV, may form
a third electrode 335 that extends to the contact region 340
and have the uneven pattern in the contact region 340 to
contact with the second electrode 326, and may form an
encapsulation member 360 that encapsulates the display
region I1I and the peripheral region IV.

[0071] Specifically, in reference to FIG. 7, there is provided
the substrate 310 having the display region IIT and a periph-
eral region IV. Light emitting structures may be formed in the
display region III of the substrate 310, the contact region and
the power supply line may be formed in the peripheral region
IV of the substrate 310. In some example embodiments, the
substrate 310 may include a flexible transparent resin. For
example, the substrate 310 may include polymethyl-
methacrylate-based resin, polyimide-based resin, acryl-
based resin, polyacrylate-based resin, polycarbonate-based
resin, polyether-based resin, sulfonic acid-based resin, poly-
ethylene terephthalate-based resin, etc. In other example
embodiments, the substrate 310 may include a transparent
ceramic substrate such as a glass substrate, a quartz substrate,
a transparent alumina substrate, etc.

[0072] Abuffer layer 312 may be disposed on the substrate
310. The buffer layer 312 may extend from the display region
11T into the peripheral region IV. The buffer layer 312 may be
formed using silicon compound, transparent resin, etc. For
example, the buffer layer 312 may be formed using silicon
oxide, silicon nitride, silicon oxynitride, silicon oxycarbide,
polyacrylate-based rein, polymethacrylate-based resin, ole-
fin-based resin and/or polyvinyl-based resin. Further, the
buffer layer 312 may be obtained by a spin coating process, a
printing process, a thermal treatment process, a chemical
vapor deposition process, etc.

[0073] Active patterns 315 may be formed on the buffer
layer 312. The active patterns 315 may be formed in the
display region III and the peripheral region IV. Each of the
active patterns 315 may include polysilicon, polysilicon con-
taining impurities, partially crystallized silicon, silicon con-
taining micro crystals, semiconductor oxide, etc.

[0074] A gate insulation layer 314 may be formed on the
buffer layer 312 to cover the active patterns 315. The gate
insulation layer 314 may be uniformly formed on the buffer
layer 312. In some example embodiments, the gate insulation
layer 314 may be formed using silicon compound such as
silicon oxide, silicon oxycarbide, silicon oxynitride, etc. In
other example embodiments, the gate insulation layer 314
may be formed using metal oxide such as hafmium oxide,
aluminum oxide, zirconium oxide, titanjum oxide, tantalum
oxide, etc. Further, the gate insulation layer 314 may be
formed by a chemical vapor deposition process, a spin coat-
ing process, a plasma enhanced chemical vapor deposition
process, a sputtering process, a vacuum evaporation process,
a high density plasma-chemical vapor deposition process, a
printing process, etc.

[0075] In reference to FIG. 8, gate electrodes 352 may be
formed on the gate insulation layer 314. The gate electrodes
352 may be formed using metal, alloy, conductive metal
oxide, transparent conductive material, etc. Further, the gate
electrodes 352 may be formed by the sputtering process, the
chemical vapor deposition process, the pulsed laser deposi-
tion process, the vacuum evaporation process, the atomic
layer deposition process, etc. The gate electrodes 352 may be
disposed on portions of the gate insulation layer 314 under
which the active patterns 315 are positioned in the display
region III and the peripheral region IV. Although it is not
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illustrated in FIG. 8, lines such as gate line that are electrically
coupled to the gate electrodes 352 may be disposed on the
gate insulation layer 314 in the display region IIT and the
peripheral region IV. An insulating interlayer 316 may be
formed on the gate insulation layer 314 to cover the gate
electrodes 352. The insulating intetlayer 316 may be formed
using silicon compound, transparent resin, etc. Additionally,
the insulating interlayer 316 may be formed by a printing
process, a spin coating process, a chemical vapor deposition
process, etc. Source regions and drain regions may be formed
in the active patterns 315 by implantation of impurities using
the gate electrodes 352 as masks.

[0076] The insulating interlayer 316 may be partially
etched to form contact holes that expose the source and the
drain regions of the active patterns 315. Drain electrodes 356
and the source electrodes 354 may be formed on the insulat-
ing interlayer 316 to fill the contact holes. At the same time,
data lines 370 and the power supply line 330 may be formed
on the insulating interlayer 316 in the display region III and
the peripheral region IV. The drain electrodes 356 may be
coupled to the drain regions of the active patterns 315, and the
source electrodes 354 may be coupled to the source regions of
the active patterns 315. As formations of the drain electrodes
356 and the source electrodes 354, transistors may be pro-
vided over the substrate 310. The drain electrodes 356 and the
source electrodes 354 may include metal, alloy, metal nitride,
conductive metal oxide, transparent conductive material, etc.
[0077] An insulation layer 318 may be formed on the insu-
lating interlayer 316 to cover the transistors in the display
region I1I and to cover portions of the power supply line 330
in the peripheral region IV. The insulation layer 318 may
extend to cover outermost power supply line 330. The insu-
lationlayer 318 may be formed using organic material such as
polyimide-based resin, photoresist, acryl-based resin, polya-
mide-based resin, siloxane-based resin, etc. Further, the insu-
lation layer 318 may be formed by a printing process, an ink
jet process, a spin coating process, etc. Alternatively, the
insulation layer 318 may be formed using inorganic material
such as silicon compound, metal oxide, etc.

[0078] The insulation layer 318 in the display region III
may be partially etched to form contact holes that expose the
drain electrodes 356 of transistors. First electrodes 322 may
be formed on the insulation layer 318 in the display region 111
to fill the contact holes. The first electrodes 322 may be
electrically coupled to the drain electrodes 356 passing
through the contact holes formed on the insulation layer 318.
[0079] Theinsulation layer 318 in the peripheral region IV
may be partially etched to form the uneven pattern. The third
electrode 335 that is coupled to the power supply line 330
may be formed. The third electrode 335 may extent to the
contact region 340. The third electrode 335 may be formed
along the uneven pattern of the insulation layer 318 in the
contact region 340. The third electrode 335 may be simulta-
neously formed with the first electrodes 322. The first elec-
trodes 322 and the third electrode 335 may be formed using
metal, alloy, metal nitride, conductive metal oxide, transpar-
ent conductive material, etc. For example, the first electrodes
322 and the third electrode 335 include aluminum, alloy
containing aluminum, aluminum nitride, silver, alloy con-
taining silver, tungsten, tungsten nitride, copper, alloy con-
taining copper, nickel, chrome, chrome nitride, molybdenum,
alloy containing molybdenum, titanium, titanium nitride,
platinum, tantalum, tantalum nitride, neodymium, scandium,
strontium ruthenium oxide, indium tin oxide, indium zinc
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oxide, zinc tin oxide, zinc oxide, tin oxide, indium oxide,
gallium oxide, etc. These may be used alone or in a combi-
nation thereof. Further, the first electrodes 322 and the third
electrode 335 may be formed by the sputtering process, the
printing process, the chemical vapor deposition process, the
vacuum deposition process, etc.

[0080] In reference to FIG. 9, a pixel defining layer 328
may be formed on the first electrodes 322 and the insulation
layer 318 in the display region II1. The pixel defining layer
328 may have openings that partially expose the first elec-
trodes 322. The pixel defining layer 328 may be formed using
a halftone mask, a halftone slit mask, etc. For example, the
pixel defining layer 328 may be formed using polyimide-
based rein, photoresist, polyacryl-based resin, polyamide-
based resin, siloxane-based resin, etc. Further, the pixel defin-
ing layer 328 may be formed by the printing process, the ink
jet process, the spin coating process, etc.

[0081] Light emitting layers 324 may be respectively dis-
posed on the first electrode 322 exposed by the openings of
the pixel defining layer 328. In forming of the light emitting
layers 324, an organic light emitting layer (EL), a hole injec-
tion layer (HIL), a hole transfer layer (HTL), an electron
transfer layer (ETL), and a electron injection layer (EIL) may
be successively formed on each first electrode 322. Here, the
organic light emitting layers may be formed using light emit-
ting materials for generating a red color of light, a green color
of light and a blue color of light according to the types of
pixels in the OLED device. Alternatively, each organic light
emitting layer may be obtained by stacking a plurality of light
emitting materials for generating a red color of light, a green
color of light, and a blue color of light on each first electrode
332 to thereby emit a white color of light.

[0082] The second electrode 326 may be formed on the
light emitting layers 324 and the pixel defining layer 328. The
second electrode 326 may extend to the contact region 340 in
the peripheral region IV. The second electrode 326 may con-
tact with the third electrode 335 in the contact region 340.
Here, the second electrode 326 may be formed along the
uneven pattern in the contact region 340 because the second
electrode 326 is formed on the third electrode 335 that is
formed along the uneven pattern in the contact region 340.
The second electrode 326 may be formed using metal, alloy,
metal nitride, conductive metal oxide, transparent conductive
material, etc. In some example embodiments, the uneven
pattern may have at least one concave portion 342 formed in
a circular shape. In other example embodiments, the uneven
pattern may have at least one concave portion 342 formed in
a diamond-like shape. In other example embodiments, the
uneven pattern may have at least one concave portion 342
formed in a rectangular shape.

[0083] A firstorganic layer 362 may be formed to cover the
light emitting structures 320 in the display region III and a
portion of the power supply ling 330 in the peripheral region
IV. The first organic layer 362 may be formed using polyim-
ide-based resin, polyacryle-based resin, polyamide-based
resin, etc. Further, the first organic layer 362 may be formed
by the printing process, the inkjet process, the spin coating
process, the vacuum evaporation process, etc.

[0084] A first inorganic layer 364 may be formed on the
first organic layer 362. The first inorganic layer 364 may be
formed using metal compound by the vacuum evaporation
process, the sputtering process, the chemical vapor deposi-
tion process, etc.
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[0085] Although it is not illustrated in FIG. 9, an additional
organic layer and an additional inorganic layer may be altet-
nately formed on the first inorganic layer 364, so that the
OLED device may have a configuration substantially the
same as or substantially similar to that of the OLED device
100 described with reference to FIG. 1. More than two addi-
tional organic layers and more than two additional inorganic
layers may be alternately formed on the first inorganic layer
364.

[0086] As described above, the contact region 340 having
the uneven pattern may be formed in the peripheral region IV
ofthe OLED device. The third electrode 335 that is coupled to
the power supply line 330 and the second electrode of the
light emitting structures may have the uneven pattern in the
contact region 340. Thus, a contact area of the third electrode
335 and the second electrode 326 may be increased in the
contact region 340. Although the area of the peripheral region
1V is decreased for a slim display device, the contact area of
the third electrode 335 and the second electrode 326 may be
increased by having the uneven pattern. Thus, the contact
resistance may be decreased and the power supply voltage
may be stably provided to the light emitting structure 320.
[0087] The present inventive concept may be applied to an
electronic device having an organic light emitting display
device. For example, the present inventive concept may be
applied to a computer monitor, a laptop, a digital camera, a
cellular phone, a smart phone, a smart pad. a television, a
personal digital assistant (PDA), a portable multimedia
player (PMP), a MP3 player, a navigation system, a game
console, a video phone, etc.

[0088] The foregoing is illustrative of example embodi-
ments and is not to be construed as limiting thereof. Although
a few example embodiments have been described, those
skilled in the art will readily appreciate that many modifica-
tions are possible in the example embodiments without mate-
rially departing from the novel teachings and advantages of
the present inventive concept. Accordingly, all such modifi-
cations are intended to be included within the scope of the
present inventive concept as defined in the claims. Therefore,
it is to be understood that the foregoing is illustrative of
various example embodiments and is not to be construed as
limited to the specific example embodiments disclosed, and
that modifications to the disclosed example embodiments, as
well as other example 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, com-
prising:

asubstrate having a display region and a peripheral region;

aplurality of first electrodes disposed in the display region;

a plurality of light emitting layers formed on the first elec-
trodes;

asecond electrode formed on the light emitting layers, the
second electrode extending to a contact region and hav-
ing an uneven pattern in the contact region;

apower supply line disposed in the peripheral region;

athird electrode formed on the power supply line, the third
electrode extending to the contact region and having the
uneven pattern in the contact region to contact with the
second electrode having the uneven pattern; and

an encapsulation member encapsulating the display region
and the peripheral region.
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2. The OLED device ofclaim 1, wherein the uneven pattern
includes at least one concave portion formed in a circular
shape.

3. The OLED device of claim 1, wherein the uneven pattern
includes at least one concave portion formed in a diamond-
like shape.

4. The OLED device ofclaim 1, wherein the uneven pattern
includes at least one concave portion formed in a rectangular
shape.

5. The OLED device of claim 1, wherein the third electrode
is disposed under the second electrode in the contact region.

6. The OLED device of claim 1, wherein the third electrode
and the first electrode are simultaneously formed.

7. The OLED device of claim 1, further comprising:

a plurality of switching structures formed on the substrate.

8. The OLED device of claim 1, further comprising;

a light efficiency improvement layer interposed between
the second electrode and the encapsulation member, the
light efficiency improvement layer configured to
increase a light emission efficiency.

9. The OLED device of claim 1, further comprising:

a protective layer interposed between the second electrode
and the encapsulation member, the protective layer con-
figured to protect the first electrodes, the light emitting
layers, and the second electrode during a forming pro-
cess of the encapsulation member.

10. The OLED device of claim 1, wherein the encapsula-
tion member is formed by alternately laminating organic
layers and inorganic layers.

11. A method of manufacturing an organic light emitting
display (OLED) device comprising:

disposing a plurality of first electrodes in a display region
of a substrate that includes the display region and a
peripheral region;

forming a plurality of light emitting layers on the first
electrodes;

forming a second electrode on the light emitting layers, the
second electrode extending to a contact region and hav-
ing an uneven pattern in the contact region;

forming a power supply line in the peripheral region;

forming a third electrode on the power supply line, the third
electrode extending to the contact region and having the
uneven pattern in the contact region to contact with the
second electrode having the uneven pattern; and

forming an encapsulation member to encapsulate the dis-
play region and the peripheral region.

12. The method of claim 11, wherein the uneven pattern
includes at least one concave portion formed in a circular
shape.

13. The method of claim 11, wherein the uneven pattern
includes at least one concave portion formed in a diamond-
like shape.

14. The method of claim 11, wherein the uneven pattern
includes at least one concave portion formed in a rectangular
shape.

15. The method of claim 11, wherein the third electrode is
disposed under the second electrode in the contact region.

16. The method of claim 11, wherein the third electrode
and the first electrode are simultaneously formed.

17. The method of claim 11, further comprising:

forming a plurality of switching structures on the substrate.
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18. The method of claim 11, further comprising:
forming a light efficiency improvement layer between the
second electrode and the encapsulation member to
increase a light emission efficiency.
19. The method of claim 11, further comprising:
forming a protective layer between the second electrode
and the encapsulation member to protect the first elec-
trodes, the light emitting layers, and the second elec-
trode during a forming process of the encapsulation
member.
20. The method of claim 11, wherein the encapsulation
member is formed by alternately laminating organic layers
and inorganic layers.
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