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ORGANIC LIGHT EMITTING DISPLAY
DEVICE

CLAIM OF PRIORITY

[0001] A claim for priority under 35 U.S.C. §119 is made
to Korean Patent Application No, 10-2015-0151885 tiled
Oct. 30, 2015 within the Korean Intellectual Property Office,
the entire contents of which are hereby incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] Field of the Invention

[0003] Example embodiments relate generally to an
organic light emitting display device,

[0004] More particularly, embodiments of the present
inventive concept for a flexible organic light emitting dis-
play device where the connection lines are less apt to short
together.

[0005] Description of the Related Art

[0006] A flat panel display (FPD) device is widely used as
a display device of an electronic device because the. FPD
device is lightweight and thin compared to a cathode-ray
tube (CRT) display device. Typical examples of the FPD
device are a liquid crystal display (LCD) device and an
organic light, emitting display (OLED) device. Compared to
the LCD device, the OLED device has man advantages such
as a higher luminance and a wider viewing angle. In
addition, the OLED device can be made thinner because the
OLED device does not require a backlight. Within the
OLED device, electrons and holes are injected into an
organic thin layer through a cathode and an anode, and then
recombined within the organic thin layer to generate exci-
tons thereby a light of a certain wavelength can be emitted.
[0007] Recently, a flexible OLED capable of bending or
folding by including a flexible lower substrate and a thin film
encapsulation substrate has been developed. On the other
hand, a neutral plane may be controlled by removing an
insulation layer in bending or folding regions of a pad region
(e.g., a portion where the flexible OLED is electrically
contacted with an external device) of the flexible OLED.

SUMMARY OF THE INVENTION

[0008] Some example embodiments provide an organic
light emitting display device including an insulation layer
having openings in a pad region,

[0009] According to one aspect of the present invention,
there o provided an organic light emitting display (OLED)
de ice including a substrate including a first region being
spaced-apart from a second region by the third region, a
plurality of pixel structures arranged within the first region
and on the substrate, an insulation layer arranged on the
substrate and within the first through third regions, the
insulation layer being perforated by a plurality of openings
arranged within the third region, the openings extend in the
first direction and are spaced apart from one another in a
second direction, the openings exposing the substrate, both
of the first and second directions being parallel to an upper
surface of the substrate and are perpendicular to one another
and a plurality of connection lines extending in the first
direction on the substrate, portions of the connection lines
within the first and second regions being arranged on the
insulation layer, wherein within the third region, the con-
nection lines being arranged on at least a portion of side

May 4, 2017

walls of the openings that are spaced-apart from one another
in the first direction and on at least a portion of the substrate
exposed by the openings, the connection lines electrically
connecting the pixel structures to an external device.
[0010] The openings within the insulation layer may
include first through (N)th openings, where N is an integer
greater than 1, and the connection lines include first through
(M)th connection lines, where M is an integer greater than
1, the insulation layer may he spatially separated by the
openings within the third region, and wherein a (L)th
connection line among the first through (M)th connection
lines may be disposed on at least a portion of each of side
walls that are located along the first direction of a (K)th
opening among the first through (N)th openings and on at
least a portion of the substrate exposed by the (K)th opening
within the third region, where K may be an integer between
1 and N, and [ may be an integer between 1 and M. A width
in the second direction of each opening may be greater than
a width in the second direction of each connection line. The
OLED device may also include a planarization layer
arranged on the connection lines, the planarization layer
including to first via hole within the second region exposing
one of the connection lines and a pad electrode arranged
within the second region, the pad electrode may be in
contact with the connection line through the first via hole of
the planarization layer. The planarization layer may also
include a second via hole exposing the connection line at a
location that is adjacent to a boundary of the second and
third regions. The OLED device may also include a protec-
tion member arranged on the planarization layer and within
the third region. The planarization layer may include a third
via hole that exposes the connection line at a location that is
adjacent to a boundary of the first and third regions.
[0011] The OLED device may also include a first auxiliary
line interposed between the protection member and the
planarization layer, the first auxiliary line may be electrically
connected to one of the connection lines through the third
via hole and may be electrically connected to the one of the
connection lines through the second via hole. The first
auxiliary line may be integrally formed with the connection
line.

[0012] The pixel structure may include a semiconductor
element that includes an active layer arranged on the sub-
strate, a gate electrode arranged on the active layer, and
source and drain electrodes arranged on the gate electrode,
the pixel structure may also include a first electrode arranged
on the semiconductor element, a light emitting layer
arranged on the first electrode and a second electrode
arranged on the light emitting layer. The first electrode, the
pad electrode, and the first auxiliary line may be simulta-
neously formed and may be made out of a same o material,
the source and drain electrodes and the connection lines may
be simultaneously formed and are comprised of a same
material. The OLED may also include a pixel defining layer
arranged on the planarization layer, the pixel defining layer
may cover both lateral portions of the first electrode and both
lateral portions of the pad electrode. The pixel defining layer
and the protection member may be simultaneously formed
and may be made out of a same material. The insulation
layer may include a gate insulation layer arranged on the
active layer and an insulating interlayer arranged on the gate
electrode arranged on the gate insulation layer.

[0013] The OLED may also include a second auxiliary
line embedded within the substrate within each of the first,
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second and third regions. The insulation layer may also
include a fourth via hole arranged within the second region
and exposing the second auxiliary line by removing a
portion of the substrate, a portion of gate insulation layer,
and a portion of the insulating interlayer and a fifth via hole
arranged within the first region and exposing the second
auxiliary line by removing a portion of the substrate, a
portion of gate insulation layer, and a portion of the insu-
lating interlayer. One of the connection lines may be in
contact with the second auxiliary line through the fourth via
hole within the second region, and may be in contact with
the second auxiliary line through the fifth is hole within the
first region.

[0014] According to another aspect of the present inven-
tion, there is provided an organic light emitting display
(OLED) device that includes a substrate including, a first
region spaced apart from a second region by a third region,
a plurality of pixel structures arranged within the first region
on the substrate, an insulation layer arranged within the first
through third regions, the insulation layer having a plurality
of openings within the third region, each opening may
extend in a first direction and may be spaced-apart from one
another in a second direction, the first and second directions
may be parallel to the substrate and the second direction may
be perpendicular to the first direction and a plurality of
connection lines extending in the first direction on the
substrate within the first, second and third regions, wherein
portions of the connection lines within the first and the
second regions may be arranged on the insulation layer,
wherein portions of the connection lines within the third
region may be spaced-apart from the openings and may be
interposed between two adjacent openings, the connection
lines may electrically connect the pixel structures to an
external device.

[0015] The openings within the installation layer may
include first through (N)th openings, where N may be an
integer greater than 1, and the connection lines may include
first through (M)th connection lines, where M may be an
integer greater than 1, the insulation layer within the third
region may b spatially separated by the openings, and the
(L)th connection line among the first through (M)th con-
nection lines may be interposed between (K)th and (K+1)th
openings among the first through (N)th openings on the
insulation layer, where K may be an integer between 1 and
N, and [ may be an integer between 1 and M. The OLED
device may also include a planarization layer arranged on
the connection lines, the planarization layer may include a
first via hole within the second region that exposes one of the
connection lines; and a pad electrode arranged within the
second region, the pad electrode may be in contact with the
connection line through the first via hole of the planarization
layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] 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 refer-
ence to the following detailed description when considered
in conjunction with the accompanying drawings, in which
like reference symbols indicate the same or similar compo-
nents, wherein:

[0017] FIG.1is a planar view illustrating art organic light
emitting display (OLED) device in accordance with example
embodiments
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[0018] FIG. 2 is a planar view for describing a connection
line and opening included within the OLED device of FIG.
1
[0019] FIG. 31s a block diagram for describing an external
device electrically connected with the OLED device of FIG.
1

[0020] FIG. 4 is a cross-sectional view taken along a line
I-I' of FIG. 1;

[0021] FIG. 5 is a cross-sectional view taken along a line
[I-IT' of FIG. 1,

[0022] FIG. 6 is a cross-sectional view illustrating a
method of manufacturing an OLED device where the base
insulating layer is produced:

[0023] FIG. 7 is a another cross-sectional view but along
another direction illustrating a method of manufacturing an
OLED device where the base insulating layer is produced;
[0024] FIG. 8 is a cross-sectional view illustrating a
method of manufacturing an OLED device where the open-
ings are finned within the base insulating layer;

[0025] FIG. 9 is another cross-sectional view illustrating a
method of manufacturing an OLED device where the open-
ings are formed within the base insulating layer;

[0026] FIG. 10 is a cross-sectional view illustrating a
method of manufacturing an OLED device where the con-
nection lines are produced;

[0027] FIG. 11 is another cross-sectional view in another
direction illustrating a method of manufacturing an OLED
device where the connection lines are produced,

[0028] FIG. 12 is a cross-sectional view illustrating a
method of manufacturing an OLED device where the pads,
the via holes and the pixel defining layer are produced;
[0029] FIG. 13 is another cross-sectional view taken in
another direction illustrating a method of manufacturing an
OLED device where the pads, the via holes and the pixel
defining layer are produced,

[0030] FIG. 14 is a cross-sectional view illustrating an
example of the OLED device of FIG. 1;

[0031] FIG. 15 is a cross-sectional view illustrating an
example of the OLED device of FIG. 1;

[0032] FIG. 16 is a cross-sectional view illustrating an
example of the OLED device of FIG. 1;

[0033] FIG. 17 is a cross-sectional view illustrating an
example of the OLED device of FIG. 1;

[0034] FIG. 18 is a cross-sectional view illustrating an
example of the OLED device of FIG. 1;

[0035] FIG. 19 is a cross-sectional view illustrating an
example of the OLED device of FIG. 1;

[0036] FIG. 20 is a planar view illustrating an OLED
device in accordance with example embodiments;

[0037] FIG. 21 is a cross-sectional view taken along a line
HI-IIT' of FIG. 20,

[0038] FIG. 22 is a cross-sectional view taken along a line
IV-IV' of FIG. 20;

[0039] FIG. 23 is a cross-sectional view taken along a line
V-V' of FIG. 20; and

[0040] FIG. 24 is a cross-sectional view taken along a line
VI-VT of FIG. 20.

DETAILED DESCRIPTION OF THE
INVENTION

[0041] Hereinafter, embodiments of the present inventive
concept will be explained in detail with reference to the
accompanying drawings.
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[0042] Turning now to FIGS. 1 to 3, FIG. 1 is a planar
view illustrating an organic light emitting display (OLED)
device in accordance with example embodiments. FIG. 2 is
a planar view for describing a connection line and opening
included within the OLED device of FIG. 1 and FIG. 3 is a
block diagram for describing an external device electrically
connected with the OLED device of FIG. 1.

[0043] Referring to FIGS. 1 through 3, an organic light
emitting display (OLED) device 100 may include a pixel
region 50 and a peripheral region 55. Here, the peripheral
region 55 may surround the pixel region 50. In addition, the
peripheral region 55 may include a pad region 60 including
a bend region 30 (e.g., a third region that will be described
below). As the bend region 30 can be bent, a portion of the
pad region 60 may be located on a lower surface of the
OLED device 100, and the peripheral region 55 of the
OLED device 100 may be relatively reduced.

[0044] A plurality of pixels PX (e.g., pixel structures that
will be described below) may be disposed within the pixel
region 50 and the pixels PX may display an image. A
plurality of common lines (e.g., data signal lines, scan signal
lines, emission signal lines, power supply voltage lines, etc)
may be disposed within the peripheral region 55, and an
insulation layer that will be described below, connection
lines 220, pad electrodes 300, etc included within the OLED
device 100 may be disposed within the pad region 60. In
addition, openings 205 may be formed within the insulation
layer to perforate the insulation layer at location correspond-
ing to the bend region 30. For example, each of the con-
nection lines 220 may extend along a first direction that is
parallel to an upper surface of a substrate that will be
described below and included within the OLED device 100,
and the openings 205 expose the substrate by removing the
insulation layer may be spaced-apart from one another in a
second direction that is perpendicular to the first direction.
[0045] In example embodiments, the openings 205 may
include first through (N)th openings, where N is an integer
greater than 1, and the connection lines 220 may include first
through (M)th connection lines, where M is an integer
greater than 1. The insulation layer may be spatially sepa-
rated by the openings 205 within the bend region 30. A (L)th
connection line among the first through (M)th connection
lines may be disposed on 1) at least a portion of each of side
walls that are located along the first direction of a (K)th
opening among the first through (N)th openings and ii) at
least a portion of the substrate exposed by the (K)th opening
within the third region (e,g., the bend region 30), where K
is an integer between land N, and L is an integer between
1 and M.

[0046] For example, the opening 205 of FIG. 2 may be the
(K)th opening. As illustrated in F1G. 2, the opening 205 may
have side walls 206 and 207 that are located (i.e. spaced-
apart by a distance) along the first direction and side walls
208 and 209 that are located (i.e. spaced-apart by a distance)
along the second direction. Each connection line 220 may
extend along the first direction, and may be disposed on at
least a portion of each of the side walls 206 and 207 that are
located along the first direction of the opening 205 within the
bend region 30 and at least a portion of the substrate exposed
by the opening 205 within the bend region 30. As illustrated
in FIG. 3, the connection line 220 may electrically connect
the pixels PX disposed within the pixel region 50 to an
external device 101. For example, the external device 101
may be connected to the OLED device 100 through a
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flexible printed circuit board (FPCB). The external device
101 may provide data signals, scan signals, emission signals,
power supply voltage, etc to the OLED device 100, in
addition, a driving integrated circuit may be mounted (e.g,,
installed) within the FPCB.

[0047] Referring again to FIG. 2, in example embodi-
ments, a width W2 in the second direction of the opening
205 may be greater than a width W1 in the second direction
of the connection line 220. For example, as the opening 20
is formed, a step of the insulation layer (e.g., difference of
levels) within the bend region 30 may be increased. As the
step 1s increased within the bend region 30, the connection
line 220 may not be completely etched (or patterned) within
the opening 205 after a process etching, a preliminary
connection fine layer formed on the entire substrate. How-
ever, in example embodiments, an etching residue of the
connection line 220 may remain within the opening 205, and
each of the connection lines 220 may be disposed in each of
the openings 20. For example, the etching residue may
remain along a boundary of the insulation layer and the
substrate within the opening 205. In this case, although the
etching residue remains within the opening 205, the neigh-
boring connection lines 220 ma not be shorted together. That
1s, the neighboring connection lines 220 may not be elec-
trically connected by the etching residue. Accordingly,
although the insulation layer of the bend region 30 is
removed to allow for bending or folding of the bend region
30, the OLED device 100 may serve as a flexible OLED
device without the shorting together the connection lines
220.

[0048] On the other hand, a conventional MED device has
one opening in the bend region 30. For example, the opening
may expose an entire substrate by removing an insulation
layer in the bend region 30. In this case, as the opening is
formed, a step of the insulation layer within the bend region
30 may be increased. As the step is increased within the bend
region 30, each of connection lines M ay not be completely
etched within the opening after a process etching a prelimi-
nary connection line, layer formed on the entire substrate.
That s, an etching residue of the connection line may remain
within the opening. Here, the etching residue may remain
along a boundary of the insulation layer and the substrate. As
a result, the etching residue may be in directly contact with
the connection lines, and the etching residue may electri-
cally connect adjacent connection lines to each other. Thus,
when the conventional OLED device may have one opening
in the bend region 30, the connection electrodes may be
shorted.

[0049] In example embodiments, the OLED device 100
includes five connection lines 220 and five openings 205
within the pad region 60, but not being limited thereto. In
some example embodiments, for example, the OLED device
100 may include a plurality of connection lines 220 and a
plurality of openings 205.

[0050] In addition, a shape of the opening 205 of FIG. 1
has a planar shape of a substantially rectangular shape, but
is not limited thereto. For example, a shape of the opening
205 may instead have a planar shape of a substantially
triangle shape, a substantially diamond shape, a substantially
polygonal shape, a substantially circular shape, a substan-
tially track shape, or a substantially elliptical shape.
[0051] Turning now to FIGS. 4 and 5, FIG. 4 is a cross-
sectional view taken along a line of FIG, 1, and FIG. Sis a
cross-sectional view taken along a line II-II' of FIG. 1.
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Referring to FIGS. 4 and 5, an organic light emitting display
(OLED) device 100 may include a substrate 110, a pixel
structure, an insulation layer 200, a thin film encapsulation
structure 400, a connection line 220, a pad electrode 300, a
planarization layer 270, a pixel defining layer 310, etc. Here,
the pixel structure may include a semiconductor element
250, a first electrode 290, a light emitting layer 330, and a
second electrode 340. The semiconductor element 250 may
include an active layer 130, a gate electrode 170, a source
electrode 230, and a drain electrode 210. The insulation
layer 200 may include a buffer layer 115, a gate insulation
layer 150, and an insulating interlayer 190. The thin film
encapsulation structure 400 n ay include a first thin film
encapsulation layers 385, 390, and 395 and a second thin
film encapsulation layers 370 and 375.

[0052] As described above, the OLED device 100 may
include a pixel region having a plurality of pixels and a
peripheral region. The peripheral region may include a pad
region 60 having a bend region 30. In example embodi-
ments, the substrate 110 may include a first region 10, a
second region 20, and a third region 30. The bend region
may be the third region 30, and the first region 10 may be
the pixel region and a portion of the pad region. The second
region 20 may be a region where the OLED device 100 and
an external device are electrically connected. For example,
the second region 20 may be spaced-apart from the first
region 10 by the third region 30. The pixel structures and a
portion of the connection line 220 may be disposed within
the first region 10, and the opening 205 may be located
within the third region 30.

[0053] The pixel structure and a portion of the connection
line 220 may be disposed within the first region 10 on the
substrate 110, and a portion of the connection line 220 and
the opening 205 may be disposed within the third region 30.
In addition, the pad electrode 300 and a portion of the
connection line 220 may be disposed within the second
region 20.

[0054] The substrate 110 may be formed of transparent
materials. For example, the substrate 110 may include a
flexible transparent material such as a flexible transparent
resin substrate. For example, the polyimide substrate may
include a first polyimide layer, a first barrier film layer, a
second polyimide layer, a second barrier film layer etc. Since
the polyimide substrate is relatively thin and flexible, the
polyimide substrate may be disposed on a rigid glass sub-
strate to help support the formation of the pixel structure.
That is, the substrate 110 may have a structure in winch the
first polyimide layer, the first banter film layer, the second
polyimide layer, and the second barrier film layer are stacked
on the rigid glass substrate. In a manufacturing the OLED
device 100, after the buffer layer 115 is provided on the
second barrier film layer of the polyimide substrate, the pixel
structure (e.g., the semiconductor element 250, the first
electrode 290, the light emitting layer 330, the second
electrode 340, etc.) may be disposed on the buffer layer 115.
After the pixel structure is formed on the buffer layer 115,
the rigid glass substrate on which the polyimide substrate is
disposed may be removed. It may be difficult to directly
form the pixel structure on the polyimide substrate because
the polyimide substrate is relatively thin and flexible.
Accordingly, the pixel structure is formed on the polyimide
substrate and the rigid glass substrate, and then the polyim-
ide substrate may serve as the substrate 110 of the OLED
device 100 after the removal of the rigid glass substrate.
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Alternatively, the substrate 110 may be formed of a quartz
substrate, a synthetic quartz substrate, a calcium fluoride
substrate, a fluoride-doping quartz substrate, a sodalime
substrate, a non-alkali substrate etc,

[0055] Abuffer layer 115 may be disposed on the substrate
110. The buffer layer 115 may extend along a first direction
from first region 10 to the second region 20. That is, the
buffer layer may be disposed within the first region 10 and
the second region 20 on the entire substrate 110, in example
embodiments, the buffer layer 115 may include opening 205
exposing the substrate 110 within the third region 30. The
buffer layer 115 may prevent the diffusion of metal atoms
and/or impurities from the substrate 110. Additionally, the
buffer layer 115 may control a rate of a heat transfer in a
crystallization process in forming the active layer 130,
thereby obtaining substantially a uniform active layer 130.
Furthermore, the buffer layer 115 may improve a surface
flatness of the substrate 110 when a surface of the substrate
110 is relatively irregular. According to a type of the
substrate 110, at least two buffer layers may be provided on
the substrate 110 or the buffer layer nay not be disposed. For
example, the buffer layer. 115 may include silicon com-
pound, metal oxide, etc.

[0056] The semiconductor element 250 may be formed of
the active layer 130, the gate electrode 170, the source
electrode 230, and the drain electrode 210. For example, the
active layer 130 may be disposed within the first region 10
on the substrate 110. The active layer 130 may be formed of
an oxide semiconductor, an inorganic semiconductor e.g,,
amorphous silicon, polysilicon, etc.), an organic semicon-
ductor, etc. In example embodiments, the semiconductor
element 250 of the OLED device 100 has a top gate
structure, but is not limited thereto. In some example
embodiments, the semiconductor element may instead have
a bottom gate structure.

[0057] The gate insulation layer 150 may be disposed on
the active layer 130. The gate insulation layer 150 may cover
the active layer 130 within the first region 10, and may
extend along the first direction on the substrate 110. That is,
the gate insulation layer 150 ma be disposed within the first
region 10 and the second region 20 on the entire substrate
110. The gate insulation layer 150 may sufficiently cover the
active layer 130, and may have a substantially level surface
without a step around the active layer 130. Alternatively, the
gate insulation layer 150 may cover the active layer 130, and
may be disposed as a substantially uniform thickness along
a profile of the active layer 130. In example embodiments,
the gate insulation layer 150 may include openings 205
exposing the substrate 110 within the third region 30. The
gate insulation layer 150 may be formed of silicon com-
pound, metal oxide, etc.

[0058] The gate electrode 170 may be disposed on a
portion of the gate insulation layer 150 under which the
active layer 130 is located. The gate electrode 170 may be
formed of a metal, an alloy, metal nitride, conductive metal
oxide, transparent conductive materials, etc.

[0059] The insulating interlayer 190 may be disposed on
the gate electrode 170. The insulating, interlayer 190 may
cover the gate electrode 170 within the first region 10, and
may extend along the first direction on the substrate 110. The
insulating interlayer 190 may sufficiently cover the gate
electrode 170, and may have a substantially level surface
without a step around edges of the gate electrode 170.
Alternatively, the insulating interlayer 190 may cover the
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gate electrode 170, and may be disposed as a substantially
uniform thickness along a profile of the gate electrode 170.
That is, the insulating interlayer 190 may be disposed within
the first region 10 and the second region 20 on the entire
substrate 110, in example embodiments, the insulating inter-
layer 190 may include opening 205 exposing the substrate
110 within the third region 30. The insulating interlayer 190
may include silicon compound, metal oxide, etc.

[0060] The source electrode 230 and the drain electrode
210 may be disposed within the first region 10 on the
insulating interlayer 1.90. The source electrode 230 may be
in contact with a first portion of the active layer 130 by
removing a portion of the gate insulation layer 150 and the
insulating interlayer 190 The drain electrode 210 may be in
contact with a second portion of the active layer 130 by
removing another portion of the gate insulation layer 150
and the insulating interlayer 190. Each of the source elec-
trode 310 and the drain electrode 210 may be formed of a
metal, an alloy, metal nitride, conductive metal oxide, trans-
parent conductive materials, etc.

[0061] The connection line 220 may be disposed in at least
a portion of a pixel region of FIG. 1, and may extend along
the first direction on the insulating interlayer 190. As the
connection line 220 is disposed in at least a portion of the
pixel region, the connection line 220 may be electrically
connected to the pixel structure. Thus, the connection line
220 may electrically connect the pixel structure disposed
within the pixel region to an external device of FIG. 3. As
described above, the external device 101 may be electrically
connected to the pad electrode 300 of the OLED device 100
through a flexible printed circuit board (FPCB), and the
external device 101 may provide data signals scan signals,
emission signals, power supply voltages, etc to the OLED
device 100.

[0062] Referring again to FIG. 4, the connection line 220
may be disposed within the first region 10 and the second
region 20 on the insulating interlayer 190, and may be
disposed on side walls located along the first direction of the
openings 205 within the third region 30 and on portions of
the substrate 110 exposed by the openings 205 within the
third region 30.

[0063] The third region 30 may be bent or folded. When
the third region 30 is bent or folded, the second region 20
may be located in a lower surface of the OLED device 100.
To bend or fold the third region 30, as the insulation layer
20(1 located within the third region 30 is removed, a neutral
plane of the third region 30 may go down (or drop) in a third
direction that is vertical to the first and second directions.
Here, when an object is bent, a plane that is neither
increased, nor decreased in cross-sectional size may be
referred to as the neutral plane of the object. In a case where
the object comprises the same material, the neutral plane
may correspond to a midplane of the object. Otherwise,
when the object comprises at least two materials such as, for
example, a composite material), the neutral plane may be
different from the midplane of the object. When an OLED
device is bent without removal of the insulation layer, as
described above, the neutral plane is formed within the
insulation layer of the OLED device, and then the insulation
layer may be damaged or snapped. Meanwhile, when the
connection line is disposed after removal of the entire
insulation layer within openings 205 of the third region 30,
a step of the insulation layer may be increased, and thus the
connection line may not be completely etched (e.g., pat-
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terned) within the third region 30 where the insulation layer
is fully removed after a process etching a preliminary
connection line layer formed on the entire substrate. That is,
an etching residue of the connection line may remain within
the third region 30. For example, the etching, residue may
remain along a boundary of the insulation layer and the
substrate within the opening 205. Thus, adjacent connection
lines may be shorted to each other.

[0064] As illustrated in FIGS. 4 and 5, the connection line
220 may be disposed on at least a portion of side walls that
are located along the first direction of the opening 205 and
at least a portion of the exposed substrate 110. For example,
as the opening 205 is formed, a step of the connection line
220 for the insulation layer 200) may be increased within the
third region 30. As the step is increased within the third
region 30, the connection line 220 may not be completely
etched (e.g., patterned) within the opening 205 after a
process etching a preliminary connection line layer formed
on the entire substrate 110. However, in example embodi-
ments, an etching residue of the connection line 220 may
remain within the opening 205, and each of the connection
lines 220 may be disposed within each of the openings 205.
In this case, although the etching residue remains within the
opening 205, the neighboring connection fines 220 may not
be shorted to each other. The connection line 220 may
include a metal, an alloy, metal nitride, conductive metal
oxide, transparent conductive materials, etc. For example,
the connection hue 220 may include aluminum (Al), an alloy
of aluminum, aluminum nitride (AINX) silver (Ag), an alloy
of silver, tungsten (W) tungsten nitride (WNx), copper (Cu),
an alloy of copper nickel (Ni), chrome (Cr), chrome nitride
(CrNx), molybdenum (Mo), an alloy of molybdenum, tita-
nium (1), titanium nitride (TiNx), platinum (Pt), tantalum
(Ta), tantalum nitride (TaNx), neodymium (Nd), scandium
(Sc), strontium ruthenium oxide (SRO), zinc oxide (ZnOx),
stannum oxide (SnOx), indium oxide (InOx), gallium oxide
(GaOx), indium tin oxide (ITO), indium zinc oxide (IZO),
etc. These may be used alone or in a suitable combination
thereof in example embodiments, the connection lines 220
may have a stacked structure, and the stacked structure may
be formed of Ti/Al/Ti. The connection lines 220, the source
electrodes 230 and the drain electrodes 210 may be simul-
taneously formed using the same materials. Accordingly,
within the first region 10, the semiconductor element 250
including the active, layer 130, the gate electrode 170, the
drain electrode 210, and the source electrode 230 may be
disposed.

[0065] The planarization layer 270 may be disposed on the
source electrode 230, the drain electrode 210, and the
connection line 220. The planarization layer 270 may cover
the source electrode 230, the drain electrode 210, and the
connection line 220 within the first region 10, and may
extend along the first direction on the insulating interlayer
190. That is, the planarization layer 270 may be disposed
within the first region 10, the second region 20, and the third
region 30 on the entire insulating interlayer 190. In example
embodiments, the planarization layer 270 may have a first
via hole 275 exposing the connection line 220 within the
second region 20 and a second via hole 276 exposing the
connection line 220 at a location that is adjacent to boundary
of the second region 20 and the third region 30. The second
is hole 276 may block moisture or water that has permeated
from the outside into the OLED device 100. The planariza-
tion layer 270 may sufficiently cover the source electrode
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230, the drain electrode 210, and the connection line 220,
and may have a substantially level surface without a step
around the source electrode 230, the drain electrode 210, and
the connection line 220. Alternatively, the planarization
layer 270 may cover the source electrode 230, the drain
electrode 210, and the connection line 220, and may be
disposed to have a substantially uniform thickness along a
profile of the source electrode 230, the drain electrode 210,
and the connection line 220. The planarization layer 270
may include organic materials or inorganic materials. In
example embodiments, the planarization layer 270 may
include organic materials such as a polyimide-based resin, a
photoresist, an acryl-based resin, a polyamide-based resin, a
siloxane-based resin, etc.

[0066] The first electrode 290 may be disposed within, the
first region 10 on the planarization layer 270. The first
electrode 290 may be in contact with the drain electrode 210
by removing a portion of the planarization layer 270. As a
result, the first electrode 290 may be electrically connected
to the semiconductor element 250. The first electrode 290
may he formed of a metal, an alloy, metal nitride, conductive
metal oxide, transparent conductive materials, etc.

[0067] The pad electrode 300 may be disposed within the
second region 20 on the planarization layer 270. The pad
electrode 300 may be m contact with the connection line 220
through the first via hole 275. As described above, the pixel
structure and the external device may be electrically con-
nected together by connection line 220 by contacting the
FPCB to the pad electrode 300. In example embodiments,
the pad electrode 300 may have a stacked structure. The
stacked structure may include ITO/Ag/ITO. The pad elec-
trode 300 and the first electrode 290 may be simultaneously
formed using the same materials.

[0068] The pixel defining layer 310 may expose as portion
o the first electrode 290 within the first region 10 on the
planarization layer 270, and may expose a portion of the pad
electrode 300 within the second region. 20 on the planariza-
tion layer 270. After a process etching a preliminary first
electrode layer and a preliminary pad electrode layer formed
on the entire planarization) layer 270, the pixel defining
layer 310 may cover both lateral portions (i.e. edge portions)
of the etched first electrode 290 and both lateral portions (i.e.
edge portions) of the etched pad electrode 300. This is
because particles are generated in both lateral portions of the
etched first electrode 290 and both lateral portions of the
etched pad electrode 300. The pixel defining layer 310 may
include organic materials or inorganic materials. In example
embodiments, the pixel defining layer 310 may include
organic, materials.

[0069] The light emitting layer 330 may be disposed on
the first electrode 290 exposed by the pixel defining layer
310. The light emitting layer 330 may have a multi-layered
structure including an emission layer (EL), a hole injection
layer (HIL), a hole transfer layer (HTL), an electron transfer
layer (ETL), and an electron injection layer (EIL). The EL
of the light emitting layer 330 may be formed using at least
one of light emitting materials capable of generating differ-
ent colors of light (e.g., a red color of light, a blue color of
light, and a green color of light, etc) according to sub-pixels.
Alternatively, the EL, of the light emitting layer 330 may
generally generate a white color of light by stacking a
plurality of light emitting materials capable of generating
different colors of light such as a red color of light, a green
color of light, a blue color of light, etc.
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[0070] The second electrode 340 may be disposed on the
pixel defining layer 310 and on the light emitting layer 330.
The second electrode 340 may cover the pixel defining layer
310 and the light emitting layer 330 within the first region
10, and may extend along the first direction on the substrate
110. The second electrode 340 may be formed of a metal, a
metal alloy metal nitride, conductive metal oxide, transpar-
ent conductive materials, etc.

[0071] The thin film encapsulation structure 400 may be
disposed on the second electrode 340. The thin film encap-
sulation structure 400 may include at least one the first thin
film encapsulation layer 385 and at least one the second thin
film encapsulation layer 370. For example, the second thin
film encapsulation layer 370 may be disposed on the first
thin film encapsulation layer 385. The first thin film encap-
sulation layer 385 and the second thin film encapsulation
layer 370 may be alternately and repeatedly arranged. The
first thin film encapsulation layer 385 may cover the second
electrode 340, and may be disposed to a substantially
uniform thickness along a profile of the second electrode
340. The first thin film encapsulation layer 385 may prevent
the pixel structure horn being deteriorated by the permeation
of moisture, water, oxygen. etc. In addition, the first thin film
encapsulation layer 385 may protect the pixel structure horn
external impact. The first thin film encapsulation layer 385
may include inorganic materials.

[0072] The second thin film encapsulation layer 370 may
be disposed on the first thin film encapsulation layer 385.
The second thin film encapsulation layer 370 may improve
the flatness of the OLED device 100, and may protect the
pixel structure within the first region 10. The second thin
film encapsulation layer 370 ma include organic materials.

[0073] The first thin film encapsulation layer 390 may be
disposed on the thin film second encapsulation layer 370.
The first thin film encapsulation layer 390 may cover the
second thin film encapsulation layer 370, and may be
disposed as a substantially uniform thickness along a profile
of the second thin film encapsulation layer 370. The first thin
film encapsulation layer 390 together with the first thin film
encapsulation layer 385 and the second thin film encapsu-
lation layer 370 may protect the pixel structure from being
deteriorated by the permeation of moisture, water, oxygen,
etc. In addition, the first thin film encapsulation layer 390
together with the first thin film encapsulation layer 385 and
the second thin film encapsulation layer 370 may protect the
pixel structure from external impact. The first thin film
encapsulation layer 390 may include inorganic materials.

[0074] The second thin film encapsulation layer 375 may
be disposed on the first thin film encapsulation layer 390.
The second thin film encapsulation layer 375 may perform
functions substantially the same as or similar to those of the
second thin film encapsulation layer 370, and the second thin
film encapsulation layer 375 may include a material sub-
stantially the same as or similar to that of the second thin
film encapsulation layer 370.

[0075] The first thin film encapsulation layer 395 may be
disposed on the second thin film encapsulation layer 375.
The first thin film encapsulation layer 395 may perform
functions substantially the same as or similar to those of the
first thin film encapsulation layers 385 and 390, and the first
thin film encapsulation layer 395 may include a material
substantially the same as or similar to that of the first thin
film encapsulation layers 385 and 390.
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[0076] Alternatively, the thin film encapsulation structure
400 may have a three-layered structure having the first thin
film encapsulation layer 385, the second thin film encapsu-
lation layer 370, and the first thin film encapsulation layer
390 or a seven-layered structure having the first thin film
encapsulation layer 385, the second thin film encapsulation
layer 370, the first thin film encapsulation layer 390, the
second thin film encapsulation layer 375, the first thin film
encapsulation layer 395, an extra first thin film encapsula-
tion layer, and an extra second thin film encapsulation layer.
[0077] The OLED device 100 in accordance with example
embodiments includes the openings 205 within the third
region 30, and each of the connection lines 220 may be
disposed in each of the openings 205. Accordingly, although
the insulation layer 200 of the third region 30 is removed in
portions to allow for bending or folding of the third region
30, the OLED device 100 may serve as a flexible OLED
device without shorting together of neighboring connection
lines 220.

[0078] Turning now to FIGS. 6 to 13, FIGS. 6 to 13 are
cross-sectional views illustrating a method of manufacturing
an OLED device in accordance with example embodiments.
Referring now to FIGS, 6 and 7, a substrate 510 may be
provided. The substrate 510 may be formed using a flexible
transparent material such as a flexible transparent resin
substrate. A preliminary buffer layer 517 may be formed in
a first direction on a substrate 510. The preliminary buffer
layer 517 may extend along a first direction from the first
region 10 to a second region 20. That is, the preliminary
buffer layer 517 may be formed on the entire substrate 510,
and may prevent the diffusion of metal atoms and/or impu-
rities from the substrate 510. The preliminary butler layer
517 may be formed using silicon compound, metal oxide,
etc.

[0079] An active layer 530 may be formed within the first
region 10 on the substrate 510. The active layer 530 may be
formed using an oxide semiconductor, an inorganic semi-
conductor, an organic semiconductor, etc. A preliminary gate
insulation layer 553 may be formed on the substrate 510.
The preliminary gate insulation layer 553 may cover the
active layer 330 within the first region 10, and may extend
along the first direction of the substrate 510. The preliminary
gate insulation layer 553 may be formed within the first
region 10, the second region 20, and the third region 30 on
the entire substrate 510. The preliminary gate insulation
layer 553 may sufficiently cover the active layer 530, and
may have a substantially level surface without a step around
the active layer 530. The preliminary gate insulation layer
553 may be formed using silicon compound, metal oxide,
etc.

[0080] The gate electrode 570 may be formed on the
preliminary gate insulation layer 553. The gate electrode 570
may be formed on a portion of the preliminary gate insula-
tion layer 553 under which the active layer 530 is located.
The gate electrode 570 may be formed using a metal, an
alloy, metal nitride, conductive metal oxide, transparent
conductive materials, etc. A preliminary insulating interlayer
593 may be formed on the gate electrode 570. The prelimi-
nary insulating interlayer 593 may cover the gate electrode
570, and may extend along the first direction on the is
preliminary gate insulation layer 553. The preliminary insu-
lating interlayer 593 may be formed within the first region
10, the second region 20, and the third region 30 on the
entire substrate 510. The preliminary insulating interlayer
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593 may sufliciently cover the gate electrode 570, and may
have a substantially level top surface without a step around
the gate electrode 570. The preliminary insulating interlayer
593 may be formed using silicon compound, metal oxide,
etc.

[0081] Referring now to FIGS. 8 and 9, a source region of
the active layer 530 may be exposed by removing a first
portion of the preliminary gate insulation layer 553 and the
preliminary insulating interlayer 593 within the first region
10. In addition, a drain region of the active layer 530 may be
exposed by removing a second portion of the preliminary
gate insulation layer 553 and the preliminary insulating
interlayer 593 within the first region 10. Openings 605 may
be formed by removing the preliminary buffer layer 517, the
preliminary gate insulation layer 553, and the preliminary
insulating interlayer 593 within the third region 30. In this
case, the openings 605 may be formed so that they are
spaced-apart from each other in the second direction that is
perpendicular to the first direction, as illustrated in FIG. 9.
In this way, an insulation layer 600 including, a buffer layer
515, a gate insulation layer 550, and an insulating interlayer
590 may be formed.

[0082] Referring now to FIGS. 10 and 11, a source elec-
trode 630, a dram electrode 610 and a portion of a connec-
tion line 620 may be formed within the first region 10 on the
insulating interlayer 590. Each of the source electrode 630
and the drain electrode 610 may fill the first and second
portions of the gate insulation layer 550 and the insulating
interlayer 590 within the first region 10, and may be in
contact with each of the source and drain regions of the
active layer 530. Each of the source electrode 630 and the
drain electrode 610 may be formed using a metal, an alloy,
metal nitride, conductive metal oxide, transparent conduc-
tive materials, etc.

[0083] The connection line 620 may be formed in at least
a portion of a pixel region of FIG. 1, and may extend in the
first direction on the insulating interlayer 590. The connec-
tion line 620 may be formed within the first region 10 and
the second region 20 on the insulating interlayer 590. As
illustrated in FIG. 10, the connection lines 620 may be
formed on side walls that are located along the first direction
of the opening 605 within the third region 30 and on a
portion of the substrate 510 exposed by the opening 605
within the third region 30.

[0084] The connection line 620 may be formed on at least
a portion of side walls that are located along the first
direction and at least a portion of the substrate 510 exposed
by the openings 605 within the third region 30. For example,
as the openings 605 are formed, a step of the connection line
620 for insulation layer 600) may be increased within the
third region 30. As the step is increased within the third
region 30, the connection line 620 may not be completely
etched (e.g., patterned) within the openings 605 after a
process etching a preliminary connection line layer thrilled
on the entire substrate 510. However, in example embodi-
ments, an etching residue of the connection line 620 may
remain within the openings 605, and each of the connection
lines 620 may be formed in each of the openings 605. In this
case, although the etching residue remains within the open-
ings 605, the neighboring connection lines 620 may not be
shorted together, especially since an unetched portion of the
insulation layer 600 is interposed between each pair of
adjoining connection lines 620.
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[0085] The connection line 620 may be formed using a
metal, an alloy, metal nitride conductive metal oxide, trans-
parent conductive materials, etc. For example, the connec-
tion line 620 may be formed of Al, an alloy of aluminum,
AINx, Ag, an alloy of silver, W, WNx, Cu, an alloy of copper
Ni, Cr, CrNx, Mo, an alloy of molybdenum, Ti, TiNx, Pt, Ta,
TaNx, Nd, Sc¢, SRO, ZnOx, SnOx, InOx, GaOx, ITO, 120,
etc. These may be used alone, or in a suitable combination
thereof. In example embodiments, the connection line 620
may have a stacked structure, and the stacked structure may
be formed of Ti/Al/Ti. The connection line 620, the source
electrode 630, and the drain electrode 610 may he simulta-
neously formed using the same materials. Accordingly,
within the first region 10, the semiconductor element 650
including the active layer 530, the gate electrode 570, the
drain electrode 610, and the source electrode 630 may be
formed.

[0086] Referring now to FIG. 12 a planarization layer 670
may be formed on the source electrode 630, the drain
electrode 610, and the connection line 620. The planariza-
tion layer 670 may cover the source electrode 630, the drain
electrode 610, and the connection line 620 within the first
region 10, and may extend along the first direction on the
insulating interlayer 590. That is, the planarization layer 670
may be formed within the first region 10, the second region
20, and the third region 30 on the entire insulating interlayer
590. In example embodiments, the planarization layer 670
may have a first via hole 675 exposing the connection line
620 within the second region 20 and a second via hole 676
exposing the connection line 620 at a location that is
adjacent to boundary of the second region 20 and the third
region 30. The second via hole 676 may block moisture or
water that has permeated from the outside into the OLED
device. The planarization layer 670 may be formed to have
a high thickness to sufficiently cover the source electrode
630, the dramgram electrode 610, and the connection fine
620. In this case, the planarization layer 670 may have a
substantially flat upper surface, and a planarization process
may be further performed on the planarization layer 670 to
implement the flat upper surface of the planarization layer
670. The planarization layer 670 may be formed using
organic materials or inorganic materials. In example
embodiments, the planarization layer 670 may include
organic materials such as a polyimide-based resin, a photo-
resist, an acryl-based resin, a polyamide-based resin, a
siloxane-based resin, etc.

[0087] A first electrode 690 may be formed within the first
region 10 on the planarization layer 670. The first electrode
690 may be in contact with the drain electrode 610 by
removing a portion of the planarization layer 670. As a
result, the first electrode 690 may be electrically connected
to the semiconductor element 650. The first electrode 690
may be formed using a metal, an alloy, metal nitride,
conductive metal oxide, transparent conductive materials,
etc.

[0088] A pad electrode 700 may be formed within the
second region 20 on the planarization layer 670. The pad
electrode 700 may be in contact with the connection line 620
through the first via hole 675. In example embodiments, the
pad electrode 700 may have a stacked structure, and the
stacked structure may include ITO/Ag/ITO. The pad elec-
trode 700 and the first electrode 690 may be simultaneously
formed using the same materials.
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[0089] A pixel defining layer 710 may expose a portion of
the first electrode 690 within the first region 10 on the
planarization layer 670, and may expose a portion of the pad
electrode 700 within the second region 20 on the planariza-
tion layer 670. After a process etching a preliminary first
electrode layer and a preliminary pad electrode layer formed
on the entire planarization layer 670, the pixel defining layer
710 may cover both lateral portions (i.e. edge portions) of
the etched first electrode 690 and both lateral portions (i.e.
edge portions) of the etched pad electrode 700. This is
because particles are generated in both lateral portions of the
etched first electrode 690 and both lateral portions of the
etched pad electrode 700. The pixel defining layer 710 may
be formed using organic materials or inorganic materials. In
example embodiments, the pixel defining layer 710 may
include organic materials.

[0090] Referring now to FIG. 13, a light emitting layer
730 may be formed on the first electrode 690 exposed by the
pixel defining layer 710. The light emitting layer 730 may
have a multi-layered structure, including EL, HIL, HTL,
ETL, and EIL. The EL of the light emitting layer 730 may
be formed using at least one of light emitting materials
capable of generating different colors of light (e.g., a red
color of light, a blue color of light, and a green color of light,
etc) according to sub-pixels. Alternatively, the EL of the
light emitting layer 730 may generally generate a white
color of light by stacking a plurality of light emitting
materials capable of generating different colors of light such
as a red color of light, a green color of light, a blue color of
light, etc.

[0091] A second electrode 740 may be formed on the pixel
defining layer 710 and the light emitting layer 730. The
second electrode 740 may cover the pixel defining layer 710
and the light emitting layer 730 within the first region 10,
and may extend along the first direction on the substrate 510.
The second electrode 740 may be formed using a metal, a
metal alloy, metal nitride, conductive metal oxide, transpar-
ent conductive materials, etc.

[0092] A thin film encapsulation structure 800 may be
formed on the second electrode 740. The thin film encap-
sulation structure 800 may include at least one the first thin
film encapsulation layer 785 and at least one the second thin
film encapsulation layer 770. For example, the second thin
film encapsulation layer 770 may be formed on the first thin
film encapsulation layer 785. The first thin film encapsula-
tion layer 785 and the second thin film encapsulation layer
770 may be alternately and repeatedly arranged. The first
thin film encapsulation layer 785 may cover the second
electrode 740, and may he formed to have a substantially
uniform thickness along a profile of the second electrode
740. The first thin film encapsulation layer 785 may prevent
the pixel structure from being deteriorated by the permeation
of moisture water, oxygen, etc. In addition, the first thin film
encapsulation layer 785 may protect the pixel structure from
external impact. The first thin film encapsulation layer 785
may be formed using inorganic materials.

[0093] The second thin film encapsulation layer 770 may
be formed on the first thin film encapsulation layer 785. The
second thin film encapsulation layer 770 may improve the
flatness of the OLED device, and may protect the pixel
structure within the first region 10. The second thin film
encapsulation layer 770 may be formed using organic,
materials.
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[0094] The first thin film encapsulation layer 790 may be
formed on the second thin film encapsulation layer 770. The
first thin film encapsulation, layer 790 may cover the second
thin film encapsulation layer 770, and may be formed to
have a substantially uniform thickness along a profile of the
second thin film encapsulation layer 770. The first thin film
encapsulation layer 790 together with the first thin film
encapsulation layer 785 and the second thin film encapsu-
lation layer 770 may prevent the pixel structure from being
deteriorated by the permeation of moisture, water, oxygen,
etc. In addition, the first thin film encapsulation layer 790
together with the first thin film encapsulation layer 785 and
the second thin film encapsulation layer 770 may protect the
pixel structure from external impact. The first thin film
encapsulation layer 790 may be formed using inorganic
materials.

[0095] The second thin film encapsulation layer 775 may
be formed on the first thin film encapsulation layer 790. The
second thin film encapsulation layer 775 may perform
functions substantially the same as or similar to those of the
second thin film encapsulation layer 770, and the second thin
film encapsulation layer 775 may include a material sub-
stantially the same as or similar to that of the second thin
film encapsulation layer 770. The first thin film encapsula-
tion layer 795 may be formed on the second thin film
encapsulation layer 775.

[0096] The first thin film encapsulation layer 795 may
perform functions substantially the same as or similar to
those of the first thin film encapsulation layers 785 and 790,
and the first thin film encapsulation layer 795 may include
a material substantially the same as or similar to that of the
first thin film encapsulation layers 785 and 790 Accordingly,
the OLED device 100 of FIGS. 4 and 5 may be manufac-
tured.

[0097] Turning now to FIG. 14, FIG. 14 is a cross-
sectional view illustrating an example of the OLED device
of FIG. 1. An OLED device illustrated in FIG. 14 may have
a configuration substantially the same as or similar to that of
the OLED device 100 described with reference to FIGS. 4
and 5 except a protection member 315 may further be
present. In FIG. 14, it will be omitted the detailed descrip-
tion about elements and processes substantially the same as
or similar to that of the elements and the processes described
with reference to FIGS. 4 and 5.

[0098] Referring now to FIG. 14, an OLED device may
include a substrate 110, a pixel structure, an insulation layer
200, a thin film encapsulation structure 400, a connection
line 220, a pad electrode 300, a planarization layer 270, a
pixel defining layer 310, a protection member 315, etc. Here,
the pixel structure may include a semiconductor element
250, a first electrode 290, a light emitting layer 330, and a
second electrode 340. The semiconductor element 250 may
include an active layer 130, a gate electrode 170, a source
electrode 230, and a drain electrode 210. The insulation
layer 200 may include a buffer layer 115, a gate insulation
layer 150, and an insulating interlayer 190. The thin film
encapsulation structure 400 may include first thin film
encapsulation layers 385, 390, and 395 and second thin film
encapsulation layers 370 and 375.

[0099] The protection member 315 may be disposed
within the third region 30 on the planarization layer 270. As
the protection member 315 is disposed, a neutral plane of the
third region 30 of the OLED device may further two up in
a third direction. Accordingly, the connection line 220 may
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not be easily broken or cut. The protection member 315 may
include organic materials such as polyimide epoxy-based
resin, acryl-based resin, polyester, photoresist, polyacryl-
based resin, polyimide-based resin, a polyamide-based resin,
a siloxane-based resin, etc, and may include elastic materials
such as silicon, urethane, thermoplastic poly urethane
(TPU), etc. The protection member 315 and the pixel
defining layer 310 may be simultaneously formed using the
same materials.

[0100] Turning now to FIGS. 15 and 16, FIG. 15 is a
cross-sectional view illustrating an example of the OLED
device of FIG. 1, and FIG. 16 is another cross-sectional view
illustrating another example of the OLED device of FIG. 1.
The OLED devices illustrated in FIGS. 15 and 16 may have
a configuration substantially the same as or similar to that of
the OLED device 100 described with reference to FIGS. 4
and 5 except for a first auxiliary line 295 and 296, a
protection member 325, and a planarization layer 280. In
describing FIGS. 15 and 16, a detailed description about
elements and processes substantially the same as or similar
to that of the elements and the processes described with
reference to FIGS. 4 and 5 will be omitted.

[0101] Referring now to FIG. 15, an OLED device may
include a substrate 110, a pixel structure, an insulation layer
200, a thin film encapsulation structure 400, a connection
line 220, a pad electrode 300, a planarization layer 280, a
pixel defining layer 310, a first auxiliary line 295, a protec-
tion member 325, etc. Here, the pixel structure may include
a semiconductor element 250, a first electrode 290, a light
emitting layer 330, and a second electrode 340. The semi-
conductor element 250 may include an active layer 130, a
gate electrode 170, a source electrode 230, and a drain
electrode 210. The insulation layer 200 May include a buffer
layer 115, a gate insulation layer 150, and an insulating
interlayer 190. The thin film encapsulation structure 400
may include, a first thin film encapsulation layers 385, 390,
and 395 and a second thin film encapsulation layers 370 and
375.

[0102] The planarization layer 280 may be disposed on the
source electrode 230, the drain electrode 210, and the
connection line 220. In example embodiments, the pla-
narization layer 280 may have a first via hole 275 exposing
the connection line 220 within the second region 20, a
second via hole 276 exposing the connection line 220 at a
location that is adjacent to boundary of the second region 20
and the third region 30, and a third via hole 277 exposing the
connection line 220 at a location that is adjacent to boundary
of the first region 10 and the third region 30. The second and
third via holes 276 and 277 may block moisture or water that
has permeated from the outside into the OLED device.
[0103] The first auxiliary line 295 may be disposed on the
planarization layer 280. The first auxiliary line 295 may be
electrically connected to the connection line 220 through the
third via hole 277 within the first region 10. In this case,
although the connection line 220 is broke Or cut) within the
third region 30 due to a step of the insulation layer, the pixel
structure and an external device may be electrically con-
nected together through the first auxiliary line 295. In
example embodiments, the first electrode 290, the first
auxiliary line 295, and the pad electrode 300 may be
simultaneously formed using, the same materials.

[0104] The protection member 325 may be disposed in a
portion of the first region 10, a portion of the second region
20, and the third region 30 on the first auxiliary line 295. As



US 2017/0125505 A1

the protection member 325 is disposed, a neutral plane of the
third region 30 of the OLED device 100 may further go up
in a third direction. Accordingly, the third region 30 may be
readily bent.

[0105] In some example embodiments, as illustrated in
FIG. 16, the first auxiliary line 296 and the pad electrode
may he integrally formed.

[0106] Turning now to FIGS. 17 and 18, FIG. 17 is a
cross-sectional view illustrating an example of the OLED
device of FIG. 1, and FIG. 18 is another cross-sectional view
illustrating another example of the OLED device of FIG. 1.
An OLED device illustrated in FIGS. 17 and 18 may have
a configuration substantially the same as or similar to that of
the OLED device 100 described with reference to FIGS. 4
and 5 except for substrate 113. connection line 225, first
auxiliary line 295, protection member 325, planarization
layer 280, second auxiliary line 105, and insulation layer
201. In the following description of FIGS. 17 and 18 the
detailed description about elements and processes substan-
tially the same as or similar to that of the elements and the
processes described with reference to FIGS. 4 and 5 will be
omitted.

[0107] Referring now to FIG. 17, an OLED device may
include a substrate 113, a pixel structure, an insulation layer
201, a thin film encapsulation structure 400, a connection
line 225, a pad electrode 300, a planarization layer 280, a
pixel defining layer 310, a first auxiliary line 295, a second
auxiliary line 105, a protection member 325, etc. Here, the
pixel structure may include a semiconductor element 250, a
first electrode 290, a light emitting layer 330, and a second
electrode 340. The semiconductor e me u 250 may include
an active layer 130, a gate electrode 170, a source electrode
230, and a drain electrode 210. The insulation layer 201 may
include a buffer layer 117, a gate insulation layer 153, and
an insulating interlayer 195. The thin film encapsulation
structure 400 may include a first thin film encapsulation
layers 385, 390, and 395 and a second thin film encapsula-
tion layers 370 and 375.

[0108] The substrate 113 may include a polyimide sub-
strate. In example embodiments, the polyimide substrate
may include a first polyimide layer, a first barrier film layer,
a second polyimide layer, a second barrier film layer. The
first and second barrier film layers may include inorganic
materials. For example, the first barrier film layer may be
disposed on the first polyimide layer, and the second poly-
imide layer may be disposed on the first barrier film layer.
In addition, the second barrier film layer may be disposed on
the second polyimide layer. Here, the second auxiliary line
105 may be interposed between the first polyimide layer and
the first barrier film layer. In example embodiments, the
second auxiliary line 105 may be embedded within the
substrate 113. The second auxiliary line 105 may be located
in a portion of the first region 10, the third region 30, and the
second region 20. In addition, the second polyimide layer
and the second barrier film layer may have each of openings
exposing, the second auxiliary line 105 in each of the first
and second regions 10 and 20.

[0109] The buffer layer 117 may be disposed on the
substrate 113. The buffer layer 117 may have an opening
exposing a portion of the second auxiliary line 105 within
the first region 10 and an opening exposing a portion of the
second auxiliary line 105 within the second region 20. A
position of each of the openings of the buffer layer 117 may
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be the same as that of each of the openings of the second
polyimide layer and the second barrier film layer.

[0110] The gate insulation layer 153 may be disposed on
the buffer layer 117. The gate insulation layer 153 may have
an opening exposing a portion of the second auxiliary line
105 within the first region 10 and an opening exposing a
portion of the second auxiliary line 105 may be try within
the second region 20. A position of each of the openings the
gate insulation layer 153 may be the same as that of each of
the openings of the second polyimide layer, the second
barrier film layer, and the buffer layer 117.

[0111] The insulating interlayer 195 may be disposed on
the gate insulation layer 153. The insulating interlayer 195
may have an opening exposing a portion of the second
auxiliary line 105 within the first region 10 and an opening
exposing a portion of the second auxiliary line 105 within
the second region 20. A position of each of the openings of
the insulating interlayer 195 may be the same as that of each
of the openings of the second polyimide layer, the second
barrier film layer, the buffer layer 117, and the gate insula-
tion layer 153. Accordingly, the insulation is layer 201 may
have a fourth via, hole 278 exposing the second auxiliary
line 105 by removing, a portion of the substrate 113, a
portion of the butler layer 117, a portion of the gate
insulation layer 153, and a portion of the insulating inter-
layer 195 within the second region 20 and a fifth via hole 279
exposing the second auxiliary line 105 by removing a
portion of the substrate 113, a portion of the buffer layer 117,
a portion of the gate insulation layer 153, and a portion of
the insulating interlayer 195 within the first region 10.
[0112] The connections line 225 may be disposed within
the first region 10 and the second 22 region 20 on the
insulating interlayer 195. The Connection lines 225 may be
disposed on side walls of the opening 205 that are located
within the first direction within the thud region 30. The
connection lines 225 are also arranged on portions of the
substrate 113 exposed by the opening 205 within the third
region 30. The connection lines 225 may be in contact with
the second auxiliary line 105 through the fourth via hole 278
within the second region 20, and may be in contact with the
second auxiliary line 105 through the fifth via hole 279
within the first region 10.

[0113] The planarization layer 280 may be disposed on the
source electrode 230, the drain electrode 210, and the
connection line 225. In example embodiments, the pla-
narization layer 280 may have a first via hole 275 exposing
the connection line 225 within the second region 20, a
second via hole 276 exposing the connection line 225 at a
location that is adjacent to boundary of the second region 20
and the third region 30, and a third via hole 277 exposing the
connection line 225 at a location that is adjacent to boundary
of the first region 10 and the third region 30.

[0114] The first auxiliary line 295 may be disposed on the
planarization layer 280. The first auxiliary line 295 may be
electrically connected to the connection line 245 through the
third is hole 277 within the first region 10, and may be
electrically connected to the connection line 225 through the
second via hole 276 within the second region 20.

[0115] The protection member 325 may be disposed in a
portion of the first region 10, a portion of the second region
20, and the third region 30 on the first auxiliary line 295.
When the protection member 325 and the first auxiliary line
295 is included, a neutral plane of the third region 30 of the
OLED device may further go up in a third direction.
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[0116] Accordingly, although the connection line 225 is
broken (or cut) within the third region 30, the pixel structure
and an external device may be electrically connected
through the first auxiliary line 295 and the second auxiliary
line 105. In example embodiments, the first electrode 290,
the first auxiliary line 295, and the pad electrode 300 may be
simultaneously formed using the same materials.

[0117] In some example embodiments, as illustrated in
FIG. 18, a third auxiliary line 177 may be disposed within
the second region 20 on the gate insulation layer 153, and a
fourth auxiliary line 179 may be disposed within the first
region 10 on the gate insulation layer 153. The third auxil-
iary line 177 may be electrically connected to the second
auxiliary line 105 and the connection line 225 through the
fourth via hole 278, and the fourth auxiliary line 179 may be
electrically connected to the second auxiliary line 105 and
the connection line 225 through fifth via hole 279. In this
case, the third auxiliary line 177 and the fourth auxiliary line
179 may be simultaneously formed using the same materi-
als.

[0118] Turning now to FIG. 19, FIG. 19 is a cross-
sectional view illustrating another example of the OLED
device of FIG. 1, An OLED device illustrated in FIG. 19
may have a configuration substantially the same as or similar
to that of the OLED device 100 described with reference to
FIGS. 4 and 5 except a connection line 223, a first auxiliary
line 295, a protection member 325, a planarization layer 280,
a fifth auxiliary line 173, and an insulation layer 203. In the
description of FIG. 19 that follows, a detailed description
about elements and processes substantially the same as or
similar to that of the elements and the processes described
with reference to FIGS. 4 and 5 will be omitted.

[0119] Referring now to FIG. 19, an OLED device may
include a substrate 110, a pixel structure, an insulation layer
203, a thin film encapsulation structure 400, a connection
line 223, a pad electrode 300, a planarization layer 280, a
pixel defining layer 310, a first auxiliary line 295, a fifth
auxiliary line 173, a protection member 325, etc. Here, the
pixel structure may include a semiconductor element 250, a
first electrode 290, a light emitting layer 330, and a second
electrode 340. The semiconductor element 250 may include
an active layer 130, a gate electrode 170, a source electrode
230, and a drain electrode 210. The insulation layer 203 may
include a buffer layer 115, a gate insulation layer 150, and
an insulating interlayer 191. The thin film encapsulation
structure 400 may include a first thin film encapsulation
layers 385, 390, and 395 and a second thin film encapsula-
tion layers 370 and 375.

[0120] The fifth auxiliary line 173 may be disposed on the
gate insulation layer 150. The fifth auxiliary line 173 and the
gate electrode 170 may be simultaneously formed using the
same materials.

[0121] The insulating interlayer 191 may be disposed on
the gate insulation layer 150. The insulating interlayer 191
may have an opening exposing a portion of the fifth auxiliary
line 173 within the first region 10 and an opening exposing
a portion of the fifth auxiliary line 173 within the second
region 20.

[0122] The connection line 223 may be disposed within
the first region 10, the second region 20, and the third region
30 and on the insulating interlayer 191. The connection line
223 may be in contact with the fifth auxiliary line 173
through each of openings of the insulating interlayer 191
within the first region 10 and the second region 20.
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[0123] The planarization layer 280 may be disposed on the
source electrode 230, the drain electrode 210, and the
connection line 223. In the example embodiment of FIG. 19,
the planarization layer 260 may have a first via hole 275
exposing the connection line 223 within the second region
20, a second via hole 276 exposing the connection line 223
at a location that is adjacent to boundary of the second
region 20 and the third region 30, and a third via hole 277
exposing the connection line 223 at a location that is
adjacent to boundary of the first region 10 and the third
region 30.

[0124] The first auxiliary line 295 may be disposed on the
planarization layer 280. The first auxiliary line 295 may be
electrically connected to the connection line 223 through the
third via hole 277 within the first region 10, and may be
electrically connected to the connection line 223 through the
second via hole 276 within the second region 20. The
protection member 325 may be disposed in a portion of the
first region 10, a portion of the second region 20, and the
third region 30 on the first auxiliary line 295.

[0125] Turning now to FIGS. 20 to 24, FIG. 20 is a planar
view illustrating an OLED device in accordance with
example embodiments, and FIG. 21 is a cross-sectional view
taken along a line III-IIT' of FIG. 20, FIG. 22 is a cross-
sectional view taken along a line IV-IV' of FIG. 20, and FIG.
23 is a cross-sectional view taken along a line V-V' of FIG.
20 and FIG. 24 is a cross sectional view taken along line
VI-VT' of FIG. 20. An OLED device 1000 illustrated in
FIGS. 20 through 24 may have a configuration substantially
the same as or similar to that of the OLED device 100
described with reference to FIGS. 1 through 5, except for a
connection line 1220, a pad electrode 1300, and an opening
1205. In FIGS. 20 through 24, a detailed description about
elements and processes substantially the same as or similar
to that of the elements and the processes described with
reference to FIGS. 1 throuh 5 will be omitted.

[0126] Referring now to FIG. 20, an OLED device 1000
may include a pixel region 50 and a peripheral region 55.
Here, the peripheral region 55 may surround the pixel region
50. In addition, the peripheral region 55 may include a pad
region 60 including a bend region 30 e.g., a third region that
will be described below). When the bend region 30 is bent,
a portion of the pad region 60 may be located on a lower
surface of the OLED device 1000, and the peripheral region
55 of the OLED device 1000 may be relatively reduced.

[0127] A plurality of pixels PX (e.g., pixel structures that
will be described below) may be disposed within the pixel
region 50, and the pixels PX may display an image. Com-
mon lines (e.g., data signal lines, scan signal lines, emission
signal lines, power supply voltage lines, etc) may be dis-
posed within the peripheral region 55, and an insulation
layer 200 that will be described below, connection lines
1220, pad electrodes 1300, etc included within the OLED
device 1000 may be disposed within the pad region 60. In
addition, openings 1205 may be located within the bend
region 30. For example, each of the connection lines 1220
may extend along a first direction that is parallel to an upper
surface of a substrate that will be described below included
within the OLED device 1000, and the openings 1205 that
expose the substrate by removing the insulation layer may
also extend in the first direction while being spaced-apart
from one another in the second direction that is perpendicu-
lar to the first direction.
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[0128] In example embodiments, the openings 1205 may
include first through (N)th openings, where N is an integer
greater than 1, and the connection lines 1220 may include
first through (M)th connection lines, where M is an integer
greater than 1. The insulation layer may be) spatially sepa-
rated by the openings 1205 within the bend region 30. A
(L)th connection line among the first through (M)th con-
nection lines may be interposed between (K)th and (K+1)th
openings among the first through (N)th openings on the
insulation layer, where K is an integer) between 1 and N, and
L is an integer between 1 and M.

[0129] The connection line 1220 may electrically connect
the pixels PX disposed within the pixel region 50 to an
external device. For example, the external device may be
connected to the OLED device 1000 through a FPCB. The
external device may provide data signals, scan signals,
emission signals, power supply voltage, etc to the OLED
device 1000. In addition, a driving integrated circuit may be
mounted (e.g., installed) within the FPCB.

[0130] As the openings 1205 are formed, a step of the
insulation layer (e.g. difference of levels) at the edge of each
opening 1205 and within the bend region 30 may be
increased. As the step is increased within the bend region 30,
the connection lines 1220 may not be completely etched for
patterned) when extended across the openings 1205 after a
process of etching a preliminary connection line layer
formed on the entire substrate. That is, an etching residue of
the connection line 1220 may remain within the openings
1205. However, in example embodiments of FIGS. 20 to 24,
none of the connection lines 1220 intersect an opening 1205,
and instead an entirety of each of the connection lines 1220
is disposed on the insulation layer. In this ease, although the
etching residue remain within the opening 1205, the etching
residue and the connection lines 1220 may not contact each
other.

[0131] Accordingly, although the insulation layer 200 of
the bend region 30 is removed to o produce openings 1205
to allow for bending or folding of the bend region 30, the
OLED device 1000 may serve as a flexible OLED device
without shorting together of the connection lines 1220.
[0132] In FIG. 20, the OLED device 1000 includes three
connection lines 1220 and four openings 1205 within the
pad region 60, but is not limited thereto. In some example
embodiments, for example, the OLED device 1000 may
include a plurality of connection lines 1220 and a plurality
of openings 1205.

[0133] In addition, a planar view shape of the openings
1205 of FIG. 20 is substantially a rectangle, but is not
limited thereto. For example, a planar view shape of the
openings 1205 may instead have substantially a triangular
shape, a substantially diamond shape, a substantially
polygonal shape, a substantially circular shape, a substan-
tially track shape, or a substantially elliptical shape.
[0134] Referring now to FIGS. 21 through 24, the OLED
device 1000 may include a substrate 110, a pixel structure,
an insulation layer 200, a thin film encapsulation structure
400, a connection line 1220, a pad electrode 1300, a pla-
narization layer 1270, a pixel defining layer 310, etc. Here,
the pixel structure may include a semiconductor element
250, a first electrode 290, a light emitting layer 330, and a
second electrode 340. The semiconductor element 250 may
include an active layer 130, a gate electrode 170, a source
electrode 230, and a drain electrode 210. The insulation
layer 200 may include a buffer layer 115, a gate insulation
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layer 150, and an insulating interlayer 190. The thin film
encapsulation structure 400 may include a first thin film
encapsulation layers 385, 390, and 395 and a second thin
film encapsulation layers 370 and 375.

[0135] The connection lines 1220 may be disposed in at
least a portion of a pixel region 50 of FIG. 20, and may
extend along the first direction on the insulating interlayer
190. As the connection lines 1220 are disposed in at least a
portion of the pixel region 50, the connection lines 1220 may
be electrically connected to the pixel, structure. Thus, the
connection lines 1220 may electrically connect the pixel
structure disposed within the pixel region 50 to the external
device.

[0136] The connection lines 1220 may be disposed within
the first region 10, the second region 20, and the third region
30 (e.g., bend region) on the insulating interlayer 190, as
illustrated in FIG. 21, and may be located between adjacent
two openings 1205 among the openings 1205 within the
third region 30 while being spaced-apart from each of the
openings 1205 as in FIGS. 20, 23 and 24. In the embodiment
of FIG. 4, a step of the connection line 220 (or the insulation
layer 200) may be increased within the third region 30. As
the step is increased within the third region 30, the connec-
tion line 220 may not be completely etched (e.g., patterned)
within the opening 205 after a process etching, a preliminary
connection line layer formed on the entire substrate 110.
That is, an etching residue of the connection lines 1220 may
remain within the opening 205. However, in the example
embodiment of FIGS. 20 to 24, each of the connection lines
1220 is disposed on the insulation layer 200 and is spaced-
apart from each opening 1205.

[0137] In this case, although the etching residue remains
within the opening 1205 the etching residue and the con-
nection lines 1220 may not contact each other. Each of the
connection lines 1220 may include a metal, an alloy, metal
nitride, conductive metal oxide, transparent conductive
materials, etc. In example embodiments, the connection
lines 1220 may have a stacked structure, and the stacked
structure may be formed of Ti/Al/Ti. The connection lines
1220, the source electrodes 230, and the drain electrodes 210
may be simultaneously formed using the same materials.
[0138] The planarization layer 1270 ma be disposed on the
source electrode 230, the drain electrode 210, and the
connection lines 1220. The planarization layer 1270 may
cover the source electrodes 230, the drain electrodes 210,
and the connection lines 1220 within the first region 10, and
may extend along the first direction on the insulating inter-
layer 190. That is, the planarization layer 1270 may be
disposed within the first region 10, the second region 20, and
the third region 30 on the entire insulating interlayer 190. In
example embodiments, as illustrated in FIG. 24, the pla-
narization layer 1270 may have a first via hole 1275 expos-
ing the connection line 1220 within the second region 20 and
a second via hole 286 (F1G. 22) at a location that is adjacent
to boundary of the second region 20 and the third region 30.
The second via hole 286 may block moisture or water that
has permeated from the outside and into the OLED device
1000,

[0139] Referring again to FIG. 24, the pad electrodes 1300
may be disposed within the second region 20 on the pla-
narization layer 1270. The pad electrodes 1300 may be in
contact with the connection lines 1220 through the first via
holes 1275. As described above, the pixel structure and the
external device may be electrically connected together by
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the connection lines 1220 by contacting the FPCB to the pad
electrode 1300. In example embodiments, the pad electrode
1300 may have a stacked structure, such as ITTO/Ag/ITO.
The pad electrode 1300 and the first electrode 290 may be
simultaneously formed using the same materials.

[0140] The OLED device 1000 in accordance with
example embodiments includes the openings 1205 within
the third region 30, and each of the connection lines 1220
may be disposed on the insulation layer 200 and be spaced-
apart from each of the openings 1205 within the insulation
layer 200. Accordingly, although the insulation layer 200 of
the third region 30 is removed to allow for bending or
folding of the third region 30, the OLED device 1000 may
serve as a flexible OLED device without short together of
the neighboring connection lines 1220.

[0141] The present invention may be applied to various
display devices including a display device. For example, the
present invention may be applied to vehicle-display device,
a ship-display device, an aircraft-display device, portable
communication devices, display devices for display or for
information transfer, a medical-display device, etc.

[0142] 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 within the an will readily appreciate that many
modifications are possible within the example embodiments
without materially departing from the novel teachings and
advantages of the present inventive concept. Accordingly, all
such modifications are intended to be included within the
scope of the present inventive concept as defined within 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,
comprising:

a substrate including a first region being spaced-apart
from a second region by a third region;

a plurality of pixel structures arranged within the first
region and on the substrate;

an insulation layer arranged on the substrate and within
the first through third regions, the insulation layer being
perforated by a plurality of openings arranged within
the third region, the openings extend in a first direction
and are spaced apart from one another in a second
direction, the openings exposing the substrate, both of
the first and second directions being parallel to an upper
surface of the substrate and are perpendicular to one
another; and

a plurality of connection lines extending in the first
direction on the substrate, portions of the connection
lines within the first and second regions being arranged
on the insulation layer, wherein within the third region,
the connection lines being, arranged on at least a
portion of side walls of the openings that are spaced-
apart from one another in the first direction and on at
least a portion of the substrate exposed by the openings,
the connection lines electrically connecting the pixel
structures to an external device.
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2. The OLED device of claim 1, wherein the openings
within the insulation layer include first through (N)th open-
ings, where N is an integer greater than 1, and the connection
lines include first through (M)th connection lines, where M
is an integer greater than 1,

wherein the insulation layer is spatially separated by the
openings within the third region, and

wherein a (L)th connection line among the first through
(M)th connection lines is disposed on at least a portion
of each of side walls that are located along the first
direction of a (K)th opening among the first through
(N)th openings and on at least a portion of the substrate
exposed by the (K)th opening within the third region,
where K is an integer between 1 and N and L is an
integer between 1 and M.

3. The OLED device of claim 1, wherein a width in the
second direction of each opening is greater than a width in
the second direction of each connection line.

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

a planarization layer arranged on the connection lines, the
planarization layer including, a first via, hole within the
second region exposing one of the connection lines;
and

a pad electrode arranged within the second region, the pad
electrode being in contact with the connection line
through the first via hole of the planarization layer.

5. The OLED device of claim 4, wherein the planarization
layer further comprises a second via bole exposing the
connection line at a location that is adjacent to a boundary
of the second and third regions.

6. The OLED device of claim 5, further comprising a
protection member arranged on the planarization layer and
within the third region.

7. The OLED device of claim 6, wherein the planarization
layer comprises a third via hole exposing the connection line
at a location that is adjacent to a boundary of the first and
third regions.

8. The OLED device of claim 7, further comprising a first
auxiliary line interposed between the protection member and
the planarization layer, wherein the first auxiliary line is
electrically connected to one of the connection lines through
the third via hole and is electrically connected to the one of
the connection lines through the second via hole,

9. The OLED device of claim 8, wherein the first auxiliary
line is integrally formed with the connection line.

10. The OLED device of claim 8, wherein the pixel
structure comprises:

a semiconductor element including:

an active layer arranged on the substrate,

a gate electrode arranged on the active layer, and

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

a first electrode arranged on the semiconductor element;

a light emitting layer arranged on the first electrode; and

a second electrode arranged on the light emitting layer.

11. The OLED device of claim 10, wherein the first
electrode, the pad electrode, and the first auxiliary line are
simultaneously formed and are comprised of a same mate-
rial, and wherein the source and drain electrodes and the
connection line are simultaneously formed and are com-
prised of a same material.

12. The OLED device of claim 10, further comprising a
pixel defining, layer arranged on the planarization layer, the
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pixel defining layer covering both lateral portions of the first
electrode and both lateral portions of the pad electrode.

13. The OLED device of claim 12, wherein the pixel
defining layer and the protection member are simultaneously
formed and are comprised of a same material.

14. The OLED device of claim 10, wherein the insulation
layer comprises:

a gate insulation layer arranged on the active layer, and

an insulating interlayer arranged on the gate electrode that
is arranged on the gate insulation layer.

15. The OLED device of claim 14, further comprising a
second auxiliary line embedded within the substrate within
each of the first, second and third regions.

16. The OLED device of claim 15, wherein the insulation
layer further comprises:

a fourth via hole arranged within the second region and
exposing the second auxiliary line by removing a
portion of the substrate, a portion of gate insulation
layer, and a portion of the insulating interlayer, and

a fifth via hole arranged within the first region and
exposing the second auxiliary line by removing a
portion of the substrate, a portion of gate insulation
layer, and a portion of the insulating interlayer.

17. The OLED device of claim 6 one of the connection
lines is in contact with the second auxiliary line through the
fourth via hole within the second region, and is in contact
with the second auxiliary line through the fifth via hole
within the first region.

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

a substrate including a first region spaced apart from a

second region by a third region;

a plurality of pixel structures arranged within the first
region on the substrate:

an insulation layer arranged within the first through third
regions, the insulation layer having a plurality of open-
ings within the third region, each opening extends in a
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first direction and is spaced-apart from one another in
a second direction, the first and second directions being
parallel to the substrate and the second direction being
perpendicular to the first direction; and

a plurality of connection lines extending in the first
direction on the substrate within the first, second and
third regions, wherein portions of the connection lines
within the first and the to second regions are arranged
on the insulation layer, wherein portions of the con-
nection lines ii within the third region are spaced-apart
from the openings and are interposed between two
adjacent openings, the connection lines electrically
connecting the pixel structures to an external device.

19. The OLED device of claim 18, wherein the openings
within the insulation layer include first through (N)th open-
ings, where N is an integer greater that 1, and the connection
lines include first through (M)th connection lines, were M is
an integer greater than 1,

wherein the insulation layer within the third region is
spatially separated by the openings, and

wherein a (L)th connection line among the first through
(M)th connection lines is interposed between (K)th and
(K+1)th openings among the first through (N)th open-
ings on the insulation layer where K is an integer
between 1 and N, and L is an integer between 1 and M.

20. The display device of claim 19, further comprising;

a planarization layer arranged on the connection lines, the
planarization layer including a first via hole within the
second region that exposes one of the connection lines;
and

a pad electrode arranged within the second region, the pad
electrode being in contact with the connection line
through the first via hole of the planarization layer.
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