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(57) ABSTRACT

A display apparatus includes: a substrate including a display
area and a non-display area surrounding the display area; a
data wiring on the substrate in the display area; a connection
wiring on the substrate in the non-display area and including
a same material as the data line; an inorganic protective layer
on the substrate covering the data line and extending to the
non-display area; and an upper organic layer on the substrate
covering the connection wiring and at least a portion of the
inorganic protection layer, where the upper organic layer
includes a first to third upper organic layers, and the second

upper organic layer in a side of the upper organic layer

adjacent to the display area is in direct contact with the
inorganic protective layer, and the third upper organic layer
exposes an end of the second upper organic layer in the side
of the upper organic layer.
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FIG. 9
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DISPLAY APPARATUS

[0001] This application claims priority to Korean Patent
Application No. 10-2017-0125789, filed on Sep. 28, 2017,
and all the benefits accruing therefrom under 35 U.S.C. §
119, the content of which in its entirety is herein incorpo-
rated by reference.

BACKGROUND
1. Field
[0002] One or more embodiments relate to a display
apparatus.
2. Description of the Related Art
[0003] A display apparatus is an apparatus for visually

displaying data. Such a display apparatus typically includes
a substrate divided into a display area and a non-display
area. In the display apparatus, a gate line and a data line may
be provided in the display area to be insulated from each
other, and the gate line and the data line may intersect to
define a plurality of pixel areas in the display area. In the
display apparatus, a thin film transistor corresponding to
each of the pixel areas, and a pixel electrode electrically
connected to the thin film transistor may be provided in the
display area. In the display apparatus, various wirings for
transmitting electrical signals to the display area may be
provided in the non-display area.

SUMMARY

[0004] As a display apparatus becomes thinner and more
light-weighted, the display apparatus may be applied to
more various technical fields. As the display apparatus is
used in more various technical fields, it may be desired to
modify the design of the display apparatus in various ways,
including partial bending.

[0005] One or more embodiments include a display appa-
ratus with improved interlayer adhesion between layers in a
non-display area, while effectively protecting wirings
therein.

[0006] According to one or more embodiments, a display
apparatus includes: a substrate including a display area, in
which a display device is disposed and an image is dis-
played, and a non-display area around the display area,
where the non-display area including a bending area bending
about a bending axis; a connection wiring on the substrate in
the non-display area; a first wiring on the substrate in the
display area, where the first wiring includes a same material
as the connection wiring; an inorganic protective layer on
the substrate covering the first wiring, where the inorganic
protective layer includes an inorganic insulating material;
and an upper organic layer on the substrate covering the
bending area, where the upper organic layer includes a first
upper organic layer, a second upper organic layer and a third
upper organic layer which are sequentially stacked one on
another. In such an embodiment, the second upper organic
layer in a side of the upper organic layer, which is adjacent
to the display area, is in direct contact with the inorganic
protective layer, and the third upper organic layer exposes an
end of the second upper organic layer in the side of the upper
organic layer adjacent to the display area.

[0007] In an embodiment of the disclosure, a distance
from the bending axis to the end of the second upper organic
layer may be greater than a distance from the bending axis
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to an end of the first upper organic layer in the side of the
upper organic layer adjacent to the display area, and may be
greater than a distance from the bending axis to an end of the
third upper organic layer in the side of the upper organic
layer adjacent to the display area.

[0008] Inan embodiment of the disclosure, the third upper
organic layer may cover the second upper organic layer in
another side of the upper organic layer, which is not adjacent
to the display area.

[0009] Inan embodiment of the disclosure, portions of the
first upper organic layer, the second upper organic layer and
the third upper organic layer in another side of the upper
organic layer, which is not adjacent to the display area, are
arranged in a stair shape with steps.

[0010] In an embodiment of the disclosure, the display
apparatus further includes a top film on the substrate in the
display area, where an end of the top film is on the upper
organic layer.

[0011] In an embodiment of the disclosure, the inorganic
protective layer may cover at least a portion of the connec-
tion wiring.

[0012] In an embodiment of the disclosure, the display
apparatus further includes an inner wiring and an outer
wiring, which are spaced apart from each other with the
bending area therebetween; and an intermediate insulating
layer on the inner wiring and the outer wiring. In such an
embodiment, a first contact hole may be defined in the
intermediate insulating layer, the connection wiring is on the
intermediate insulating layer and is connected to the inner
wiring and the outer wiring through the first contact hole,
and the inorganic protective layer covers a portion of the
connection wiring corresponding to the first contact hole.
[0013] In an embodiment of the disclosure, the display
apparatus further includes an organic layer between the
substrate and the connection wiring, where the inorganic
protective layer may have a patterned shape corresponding
to a shape of the connection wiring and exposes the organic
layer.

[0014] In an embodiment of the disclosure, the display
apparatus further includes: a thin film transistor on the
substrate in the display area, where the thin film transistor
includes a semiconductor layer, a gate electrode, a source
electrode and a drain electrode; and a storage capacitor on
the substrate overlapping the thin film transistor, where the
storage capacitor includes a first storage capacitor plate and
a second storage capacitor plate. In such an embodiment, the
connection wiring and one of the source electrode and the
drain electrode may be in a same layer as each other and
include a same material as each other, and the inner wiring
and at least one of the first storage capacitor plate and the
second storage capacitor plate may be in a same layer as
each other and include a same material as each other.
[0015] In an embodiment of the disclosure, the display
apparatus further includes an additional connection wiring
on the first upper organic layer, where an upper organic
through-hole is defined in the first upper organic layer has to
expose the connection wiring, and the additional connection
wiring is connected to the connection wiring through the
upper organic through-hole.

[0016] In an embodiment of the disclosure, at least a
portion of the inorganic protective layer may be between the
connection wiring and the additional connection wiring,
where a second contact hole is defined in the inorganic
protective layer to expose a portion of the connection wiring,
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and the connection wiring is connected to the additional
connection wiring through the second contact hole.

[0017] In an embodiment of the disclosure, the display
apparatus may include an inorganic insulating layer between
the substrate and the connection wiring, where an opening or
a groove is defined in a portion of the inorganic insulating
layer corresponding to the bending area.

[0018] In an embodiment of the disclosure, the display
apparatus further includes an organic layer between the
substrate and the connection wiring in the bending area.
[0019] In an embodiment of the disclosure, the display
apparatus further includes an encapsulation layer on the
substrate in the display area, where the encapsulation layer
includes a first inorganic encapsulation layer, an organic
encapsulation layer and a second inorganic encapsulation
layer, which are sequentially stacked one on another, and the
first inorganic encapsulation layer and the second inorganic
encapsulation layer extend into the non-display area and
contact the upper organic layer.

[0020] In an embodiment of the disclosure, the display
apparatus further includes a bending protection layer on the
upper organic layer in the bending area.

[0021] According to one or more embodiments, a display
apparatus includes: a substrate including a display area, in
which pixels are disposed and an image is displayed, and a
non-display area surrounding the display area; a data wiring
on the substrate in the display area; a connection wiring on
the substrate in the non-display area, where the connection
wiring includes a same material as the data line; an inorganic
protective layer on the substrate covering the data line and
extending to the non-display area; and an upper organic
layer on the substrate covering the connection wiring and at
least a portion of the inorganic protection layer. In such an
embodiment, the upper organic layer includes a first upper
organic layer, a second upper organic layer and a third upper
organic layer, which are sequentially stacked one on another,
the second upper organic layer in a side of the upper organic
layer, which is adjacent to the display area, is in direct
contact with the inorganic protective layer, and the third
upper organic layer exposes an end of the second upper
organic layer in the side of the upper organic layer adjacent
to the display area.

[0022] In an embodiment of the disclosure, the display
apparatus further includes an inner wiring and an outer
wiring which are spaced apart from each other in the
non-display area; an intermediate insulating layer on the
inner wiring and the outer wiring, where a first contact hole
is defined in the intermediate insulating layer, and the
connection wiring is connected to the inner wiring or the
outer wiring through the first contact hole.

[0023] In an embodiment of the disclosure, the connection
wiring electrically may connect the inner wiring with the
outer wiring.

[0024] In an embodiment of the disclosure, the inorganic
protective layer may cover at least a portion of the first
contact hole.

[0025] In an embodiment of the disclosure, the connection
wiring may overlap at least one of the inner wiring and the
outer wiring, and have an island shape.

[0026] In an embodiment of the disclosure, the display
apparatus further includes an additional connection wiring
on the inorganic protective layer, where a second contact
hole is defined in a portion of the inorganic protective layer,
the second contact hole corresponding to the connection
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wiring, and the additional connection wiring is connected to
the connection wiring through the second contact hole.
[0027] Other features and characteristics other than those
mentioned above will be clarified in view of the accompa-
nying drawings, detailed descriptions thereof, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] These and/or other features of the invention will
become apparent and more readily appreciated from the
following description of the embodiments, taken in conjunc-
tion with the accompanying drawings, in which:

[0029] FIG. 1 shows a schematic plan view of a display
apparatus according to an embodiment of the disclosure;
[0030] FIG. 2 shows a schematic perspective view of a
portion of a display apparatus according to an embodiment
of the disclosure;

[0031] FIG. 3 shows a cross-sectional view of a display
apparatus according to an embodiment of the disclosure;
[0032] FIG. 4 shows a cross-sectional view of a display
apparatus according to an alternative embodiment of the
disclosure;

[0033] FIG. 5 shows a cross-sectional view of a display
apparatus according to another alternative embodiment of
the disclosure;

[0034] FIG. 6 shows a cross-sectional view of a display
apparatus according to another alternative embodiment of
the disclosure;

[0035] FIG. 7 shows a schematic perspective view of a
wiring unit of a display apparatus according to an embodi-
ment of the disclosure;

[0036] FIG. 8 shows a cross-sectional view of a display
apparatus according to an embodiment of the disclosure;
[0037] FIG. 9 shows a cross-sectional view of a non-
display area of a display apparatus according to an embodi-
ment of the disclosure;

[0038] FIG. 10 shows a cross-sectional view of a non-
display area of a display apparatus according to an alterna-
tive embodiment of the disclosure; and

[0039] FIG. 11 shows a cross-sectional view of a non-
display area of a display apparatus according to another
alternative embodiment of the disclosure.

DETAILED DESCRIPTION

[0040] The invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which various embodiments are shown. This invention may,
however, be embodied in many different forms, and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
Like reference numerals refer to like elements throughout.
[0041] It will be understood that when an element is
referred to as being “on” another element, it can be directly
on the other element or intervening elements may be ther-
ebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
elements present.

[0042] It will be understood that, although the terms
“first,” “second,” “third” etc. may be used herein to describe
various elements, components, regions, layers and/or sec-
tions, these elements, components, regions, layers and/or
sections should not be limited by these terms. These terms
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are only used to distinguish one element, component, region,
layer or section from another element, component, region,
layer or section. Thus, “a first element,” “component,”
“region,” “layer” or “section” discussed below could be
termed a second element, component, region, layer or sec-
tion without departing from the teachings herein.

[0043] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an,”
and “the” are intended to include the plural forms, including
“at least one,” unless the content clearly indicates otherwise.
“Or” means “and/or.” As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. It will be further understood that the
terms “comprises” and/or “comprising,” or “includes” and/
or “including” when used in this specification, specify the
presence of stated features, regions, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, regions,
integers, steps, operations, elements, components, and/or
groups thereof.

[0044] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top,” may be used herein to
describe one element’s relationship to another element as
illustrated in the Figures. It will be understood that relative
terms are intended to encompass different orientations of the
device in addition to the orientation depicted in the Figures.
For example, if the device in one of the figures is turned
over, elements described as being on the “lower” side of
other elements would then be oriented on “upper” sides of
the other elements. The exemplary term “lower,” can there-
fore, encompasses both an orientation of “lower” and
“upper,” depending on the particular orientation of the
figure. Similarly, if the device in one of the figures is turned
over, elements described as “below” or “beneath” other
elements would then be oriented “above” the other elements.
The exemplary terms “below” or “beneath” can, therefore,
encompass both an orientation of above and below.

[0045] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and the disclosure, and will not be interpreted in
an idealized or overly formal sense unless expressly so
defined herein.

[0046] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. As such, variations
from the shapes of the illustrations as a result, for example,
of manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not
be construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
are illustrated may be rounded. Thus, the regions illustrated
in the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are
not intended to limit the scope of the claims.
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[0047] “About” or “approximately” as used herein is
inclusive of the stated value and means within an acceptable
range of deviation for the particular value as determined by
one of ordinary skill in the art, considering the measurement
in question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system).

[0048] In the following embodiments, an X-axis, a Y-axis
and a Z-axis are not limited to three axes of the rectangular
coordinate system, and may be interpreted in a broader
sense. For example, the x-axis, the y-axis, and the z-axis
may be perpendicular to one another, or may represent
different directions that are not perpendicular to one another.
[0049] Herein, a display apparatus may be an apparatus for
displaying an image, and may be a liquid crystal display, an
electrophoretic display, an organic light emitting display, an
inorganic light emitting display, a field emission display, a
surface-conduction electron-emitter display, a plasma dis-
play, a cathode ray display, or the like.

[0050] Hereinafter, for convenience of description,
embodiments where a display apparatus is an organic light-
emitting display apparatus will be described in detail with
reference to the accompanying drawings. However, embodi-
ments of a display apparatus according to the invention are
not limited thereto, and various other types of display
apparatuses may be used.

[0051] FIG. 1 shows a schematic plan view of a display
apparatus according to an embodiment of the disclosure, and
FIG. 2 shows a schematic perspective view of a portion of
a display apparatus according to an embodiment of the
disclosure.

[0052] Referring to FIGS. 1 and 2, in an embodiment of
the display apparatus, a substrate 100 may have a bending
area BA extending in a first direction (or a Y-axis direction).
The bending area BA may be located between a first area 1A
and a second area 2A along a second direction (or an X-axis
direction) that intersects the first direction.

[0053] Although embodiments of the disclosure are
described based on a bent display apparatus, embodiments
of the disclosure are not limited to a display apparatus that
is bent due to the inclusion of the bending area BA.
[0054] The substrate 100 may be bent about a bending axis
BAX extending in the first direction. Referring to FIG. 2, the
substrate 100 is bent with a constant radius of curvature with
respect to the bending axis BAX, but the disclosure is not
limited thereto. In an alternative embodiment, the substrate
100 may be bent around the bending axis BAX, but the
radius of curvature thereof may not be constant.

[0055] The substrate 100 may include at least one of
various materials having flexible or bendable properties, and
may include least one of polyethersulphone (“PES”), poly-
acrylate (“PAR”), polyetherimide (“PEI”), polyethylene
naphthalate (“PEN”), polyethyleneterephthalate (“PET”),
polyphenylene sulfide (“PPS”), polyallylate, polyimide
(“PT”), polycarbonate (“PC”) or cellulose acetate propionate
(“CAP”), for example. The substrate 100 may have a single-
or multi-layered structure including such materials. In an
embodiment, where the substrate 100 has a multi-layer
structure, the substrate 100 may further include an inorganic
layer (not shown).

[0056] The first area 1A may include a display area DA.
The first area 1A may be defined by, as illustrated in FIG. 1,
the display area DA and a portion of a non-display area NDA
outside the display area DA. The second area 2A and the
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bending area BA may each be defined by a portion of the
non-display area NDA. The display area DA of the display
apparatus constitutes a portion of the first area 1A, and the
non-display area NDA includes the other portion of the first
area 1A, the second area 2A and the bending arca BA.

[0057] The display area DA includes pixels P, and may
display an image. Each of the pixels P may be connected to
a signal line, such as a scan line SL extending in the first
direction or a data line DL extending in the second direction.
Although not shown in FIG. 1, the pixels P may be con-
nected to a power line for transmitting direct current (“DC”)
signals, such as a driving power line or a common power
line.

[0058] The pixels P may include electronic elements, such
as a thin film transistor (““TFT”) and a storage capacitor,
electrically connected to the signal line and the power line
and an organic light-emitting device (“OLED”) connected to
the electronic elements. The pixels P may emit, for example,
a red light, a green light, a blue light or a white light through
the OLED. Herein, the pixels P may each be a sub-pixel that
emit light of one of a red color, a green color, and a blue
color as described above, or a sub-pixel that emit light of any
one of a red color, a green color, a blue color, and a white
color. The display area DA may be covered by an encapsu-
lation layer 400, and may be protected from external gas or
moisture. In an embodiment, where a display device or
element included in each of the pixels P is an OLED, the
TFT may include a driving TFT and a switching TFT, and
the TFT may further include an additional TFT based on the
design of the pixels P.

[0059] The display apparatus may include first and second
scan driving units 11 and 12, a terminal unit 20, a driving
voltage supply line 30, a common voltage supply line 40,
and an interconnection unit 50 in the non-display area NDA.

[0060] The first and second scan driving units 11 and 12
may be disposed in the first area 1A. In an embodiment, the
first and second scan driving units 11 and 12 may be spaced
apart from each other with the display area DA therebe-
tween. The first and second scan driving units 11 and 12 may
each generate and transmit a scan signal to each of the pixels
P through the scan line SL. According to an embodiment, as
illustrated in FIG. 1, the display apparatus includes two scan
driving units. However, the disclosure is not limited thereto.
In an alternative embodiment, the display apparatus includes
a single scan driving unit disposed on one side of the display
area DA.

[0061] The terminal unit 20 may be disposed on an end of
the non-display area NDA, and may include terminals 21,
22,23, and 24. The terminal unit 20 may be exposed without
being covered by an insulating layer and may be connected
to a flexible film 60, such as a flexible printed circuit board
including a driver IC 70. FIG. 1 shows an embodiment of a
chip-on-film (“COF”) type in which the driver IC 70 is
connected through the flexible film 60, but the disclosure is
not limited thereto. In an alternative embodiment, the driver
IC 70 may be immediately on the terminal unit 20 of the
substrate 100, which is the type of a chip-on-panel (“COP”).

[0062] The driving voltage supply line 30 may provide a
driving voltage ELVDD to the pixels P. The driving voltage
supply line 30 may be adjacent to a side of the display area
DA in the non-display area NDA.

[0063] The common voltage supply line 40 may provide a
common voltage ELVSS to the pixels P. The common
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voltage supply line 40 may surround a portion of the display
area DA in the non-display areca NDA.

[0064] The interconnection unit 50 may include inner
wirings 210 in the first area 1A, outer wirings 220 in the
second area 2A, and connection wirings 230 which are
bridge wirings that electrically connect the inner wirings 210
with the outer wirings 220. Each of the inner wirings 210
may be electrically connected to a signal line of the display
area DA, and each of the outer wirings 220 may be electri-
cally connected to the terminal unit 20 of the non-display
area NDA.

[0065] The connection wirings 230 may extend from the
first area 1A to the second area 2A through the bending area
BA. The connection wirings 230 may each intersect the
bending axis BAX described above with reference to FIG. 2.
In an embodiment, as shown in FIG. 3, the connection
wirings 230, which are bridge wirings, extend perpendicular
to the bending axis BAX, but the disclosure is not limited
thereto. In an alternative embodiment, the connection wir-
ings 230 may extend diagonally to have a predetermined
angle with respect to the bending axis BAX, or may have
various shapes such as a curved shape or a zigzag shape that
are not linear shapes.

[0066] An organic layer 160 may be on at least the
bending area BA. The organic layer 160 overlaps the con-
nection wirings 230, and one side of the organic layer 160
may extend over the first area 1A and the other side thereof
may extend over the second area 2A. In an embodiment, the
organic layer 160 may be disposed under the connection
wiring 230, for example, between the substrate 100 and the
connection wirings 230, and may surround a contact portion
between the connection wirings 230 and the inner wirings
210 and a contact portion between the connection wirings
230 and the outer wiring 220.

[0067] FIG. 3 shows a cross-sectional view of a display
apparatus according to an embodiment of the disclosure, and
the cross-section of FIG. 3 is taken along line A-A' and line
B-B' of FIG. 1.

[0068] Referring to FIG. 3, an OLED 300, which a display
device or element of the display apparatus, may be located
in the display area DA. The OLED 300 may be electrically
connected to first and second TFTs T1 and T2 and a storage
capacitor Cst. The first TFT T1 includes a first semiconduc-
tor layer Actl and a first gate electrode G1, and the second
TFT T2 includes a second semiconductor layer Act2 and a
second gate electrode G2.

[0069] The first semiconductor layer Actl and the second
semiconductor layer Act2 may each include an amorphous
silicon, a polycrystalline silicon, an oxide semiconductor, or
an organic semiconductor material. The first semiconductor
layer Actl may include a channel area C1, and a source area
S1 and a drain area D1, which are spaced apart from each
other with the channel area C1 therebetween, and the second
semiconductor layer Act2 may include a channel area C2,
and a source area S2 and a drain area D2, which are spaced
apart from each other with the channel area C2 therebe-
tween. The source areas S1 and S2 and drain areas D1 and
D2 of the first and second semiconductor layers Actl and
Act2 may define a source electrode and a drain electrode of
the first and second TFTs T1 and T2, respectively.

[0070] The first gate electrode G1 and the channel area C1
of'the first semiconductor layer Actl overlap each other with
a gate insulating layer 120 therebetween, and the second
gate electrode G2 and the channel area C2 of the second
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semiconductor layer Act2 overlap each other with the gate
insulating layer 120 therebetween. Herein, two elements
overlapping each other may overlap each other in a thick-
ness direction of the substrate 100. The first and second gate
electrodes G1 and G2 may each be a single- or multi-film
including a conductive material including at least one
selected from molybdenum (Mo), aluminum (Al), copper
(Cu), and titanium. Herein, a single-film may means a film
or layer having a single-layer structure, and a multi-film may
means a film having a multi-layer structure. In an embodi-
ment, as shown in FIG. 3, the first gate electrode G1 and the
second gate electrode (G2 are located in a same layer as each
other, but the disclosure is not limited thereto. In an alter-
native embodiment, the first gate electrode G1 and the
second gate electrode G2 may be located in different layers
from each other. Herein, when two layers are in a same layer
as each other, layers immediately therebelow are the same as
each other. In an embodiment, as shown in FIG. 3, the first
and second TFTs T1 and T2 are each of a top-gate type in
which the first gate electrode G1 and the second gate
electrode G2 are respectively located on the first semicon-
ductor layer Actl and the second semiconductor layer Act2.
In an alternative embodiment, the first and second TFTs T1
and T2 may be of a bottom-gate type in which the first gate
electrode G1 and the second gate electrode G2 are respec-
tively located under the first semiconductor layer Actl and
the second semiconductor layer Act2.

[0071] The storage capacitor Cst may include a first stor-
age capacitor plate CE1 and a second storage capacitor plate
CE2 which overlap each other. The first and second storage
capacitor plates CE1 and CE2 may each include a low-
resistance conductive material including at least one selected
from molybdenum (Mo), aluminum (Al), copper (Cu), and
titanium (T1).

[0072] The storage capacitor Cst and the first TFT T1 may
overlap, and the first TFT T1 may be a driving TFT. In an
embodiment, as shown in FIG. 3, the storage capacitor Cst
and the first TFT T1 overlap, and the first storage capacitor
plate CE1 is the first gate electrode G1 of the first TFT T1.
However, the disclosure is not limited thereto. In an alter-
native embodiment, the storage capacitor Cst does not
overlap the first TFT T1.

[0073] A buffer layer 110 may be between the substrate
100 and the first and second TFTs T1 and T2. The buffer
layer 110 may include an inorganic insulating material. In
one embodiment, for example, the buffer layer 110 may be
a single- or multi-film including at least one selected from
silicon oxynitride (SiON), silicon oxide (SiOx), and silicon
nitride (SiNx).

[0074] The gate insulating layer 120 may be between the
first and second gate electrodes G1 and G2 and the first and
second semiconductor layers Actl and Act2. The gate insu-
lating layer 120 may include an inorganic insulating mate-
rial. In an embodiment, the gate insulating layer 120 may be
a single- or multi-film including at least one selected from
silicon oxynitride (SiON), silicon oxide (SiOx), and silicon
nitride (SiNx).

[0075] The first and second TFTs T1 and T2 may be
covered by an interlayer insulating layer 130. In an embodi-
ment, as shown in FIG. 3, the interlayer insulating layer 130
includes first and second interlayer insulating layers 131 and
132.

[0076] The first interlayer insulating layer 131 may be
located directly on the first and second TFTs T1 and T2
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and/or directly on the first storage capacitor plate CE1. The
first interlayer insulating layer 131 may be located between
the first storage capacitor plate CE1 and the second storage
capacitor plate CE2. The second interlayer insulating layer
132 may be located on the second storage capacitor plate
CE2.

[0077] In an embodiment, each of the first interlayer
insulating layer 131 and the second interlayer insulating
layer 132 may be a single- or multi-film including at least
one selected from silicon oxynitride (SiON), silicon oxide
(Si0x), and silicon nitride (SiNx). In one embodiment, for
example, the first interlayer insulating layer 131 may be a
single film including silicon nitride (SiNx), and the second
interlayer insulating layer 132 may be a multi-film including
silicon nitride (SiNx) and silicon oxide (SiOx). Herein, an
interlayer insulating layer refers to an insulating layer
between the inner wirings 210 and the connection wirings
230 and/or between the outer wirings 220 and the connec-
tion wirings 230, and may be understood as the first inter-
layer insulating layer 131, the second interlayer insulating
layer 132, or the combination of the first interlayer insulating
layer 131 and the second interlayer insulating layer 132.
[0078] The data line DL, may be located on the interlayer
insulating layer 130. The data line DL may be electrically
connected to a switching TFT (not shown) to provide a data
signal. The data line DL may be a single- or multi-film
including at least one of aluminum (Al), copper (Cu),
titanium (T1), and a combination (e.g., an alloy) thereof. In
one embodiment, for example, the data line DL may be a
three-layer film having the structure of Ti/Al/Ti.

[0079] The data line DL may be covered by an inorganic
protective layer PVX. The inorganic protective layer PVX
may be a single- or multi-film including silicon nitride
(SiNx) and silicon oxide (SiOx). Although not shown, the
inorganic protective layer PVX may cover and protect some
of exposed wirings in the non-display area NDA. In a
portion of the substrate 100, for example, a portion of a
non-display area, wirings (not shown) formed together with
the data line DL during a same process may be exposed. The
exposed wirings may be damaged by an etchant which is
used in patterning a pixel electrode 310. However, in an
embodiment, since the inorganic protective layer PVX cov-
ers the data line DL and at least a portion of the wirings
formed together with the data line DL, the damage on the
wirings during the patterning process for the pixel electrode
310 may be effectively prevented.

[0080] The driving voltage line PL and the data line DL
may be located in different layers from each other. The term
“A and B are in different layers” used herein refers to a case
where at least one insulating layer is between A and B, that
is, one of A and B is under the at least one insulating layer
and the other of A and B is located on the at least one
insulating layer. A first planarization insulating layer 141
may be between the driving voltage line PL and the data line
DL.

[0081] The driving voltage line PLL may be a single- or
multi-film including at least one selected from aluminum
(Al), copper (Cu), titanium (T1), and a combination thereof.
In one embodiment, for example, the driving voltage line PL.
may be a three-layer film having the structure of Ti/Al/Ti. In
an embodiment, as shown in FIG. 3, the driving voltage line
PL is located only on the first planarization insulating layer
141, but the disclosure is not limited. In an alternative
embodiment, the driving voltage line PL. may be connected
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to a lower additional voltage line (not shown) formed
together with the data line DL through a through-hole (not
shown) defined in the first planarization insulating layer 141
to reduce a resistance.

[0082] A second planarization insulating layer 142 may
cover the driving voltage line PL. The first and second
planarization insulating layers 141 and 142 may each
include an organic material. The organic material may
include a general polymer, such as an imide polymer,
polymethylmethacrylate (“PMMA”), and polystyrene
(“PS™), a polymer derivative having a phenolic group, an
acrylic polymer, an arylether polymer, an amide polymer, a
fluorine polymer, a p-xylene polymer, a vinyl alcohol-based
polymer, or a combination (e.g., a blend) thereof.

[0083] The OLED 300 may be on the second planarization
insulating layer 142. The OLED 300 includes the pixel
electrode 310, an opposite electrode 330, and an intermedi-
ate layer 320 between the pixel electrode 310 and the
opposite electrode 330, where the intermediate layer 320
includes an emission layer.

[0084] A pixel defining layer 150 may be located on the
pixel electrode 310. In an embodiment, an opening corre-
sponding to each sub-pixel, that is, an opening exposing a
central portion of the pixel electrode 310, is defined through
the pixel defining layer 150 to define a pixel. In such an
embodiment, the pixel defining layer 150 may increase the
distance between an edge of the pixel electrode 310 and the
opposite electrode 330, thereby effectively preventing the
occurrence of an arc or the like therebetween. The pixel
defining layer 150 may include an organic material, such as
PI or hexamethyldisiloxane (“HMDSO”).

[0085] A spacer (not shown) may be disposed above the
pixel defining layer 150. The spacer may prevent the for-
mation of a pressing mark by a mask, the pressing mark that
may occur during a mask process for forming the interme-
diate layer 320 of the OLED 300 and the like. The spacer
may include an organic material such as PI or HMDSO. In
an embodiment, the spacer may be formed by using a same
material as that used to form the pixel defining layer 150. In
such an embodiment, a halftone mask may be used to form
the spacer and the pixel defining layer 150.

[0086] The pixel electrode 310 may be electrically con-
nected to a pixel circuit, for example, a pixel circuit includ-
ing the first and second TFTs T1 and T2 and the storage
capacitor Cst through first and second connection metals
CM1 and CM2. The first connection metal CM1 and the data
line DL may be in a same layer as each other, and the second
connection metal CM2 and the driving voltage line PL. may
be in a same layer as each other.

[0087] The intermediate layer 320 may include a low
molecular material or a polymer material. In an embodi-
ment, where the intermediate layer 320 includes a low
molecular material, the intermediate layer 320 may have a
stack structure including a hole injection layer (“HIL”), a
hole transport layer (“HTL”), an emission layer (“EML”), an
electron transport layer (“ETL”), and an electron injection
layer (“EIL”), each of which may have a single-layer
structure or a multi-layer structure. The intermediate layer
320 may include at least one of various organic materials,
such as copper phthalocyanine (“CuPc”), N,N'-di(naphtha-
lene-1-y1)-N,N'-diphenyl-benzidine (“NPB”), tris-8-hy-
droxyquinoline aluminum (“Alq3”), or the like. Such layers
may be formed by a vacuum deposition.
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[0088] In an embodiment, where the intermediate layer
320 includes a polymer, the intermediate layer 320 may
include an HTL and an EML. In such an embodiment, the
HTL may include PEDOT, and the EML may include a
polymer such as poly-phenylenevinylene (“PPV”) and poly-
fluorene. However, the intermediate layer 320 is not limited
to these structures, but may have one of various other
structures. In one embodiment, for example, the intermedi-
ate layer 320 may include a common layer over a plurality
of pixel electrodes, or may include a patterned layer corre-
sponding to each of the pixel electrodes 310.

[0089] The opposite electrode 330 may be located to cover
the display area DA. In an embodiment, the opposite elec-
trode 330 may be a common layer covering a plurality of
OLEDs 300.

[0090] Since the OLED 300 may be easily damaged by
moisture or oxygen from the outside, the OLED 300 may be
covered by the encapsulation layer 400. The encapsulation
layer 400 covers the display area DA and a portion thereof
may extend outside the display area DA. The encapsulation
layer 400 may include an inorganic insulating layer and an
organic insulating layer. In one embodiment, for example,
the encapsulation layer 400 may include a first inorganic
encapsulation layer 410, an organic encapsulation layer 420,
and a second inorganic encapsulation layer 430.

[0091] The first inorganic encapsulation layer 410 may
cover the opposite electrode 330 and may include silicon
oxide (SiOx), silicon nitride (SiNx), and/or oxynitride sili-
con (SiON). Although not shown, in an alternative embodi-
ment, other layers, such as a capping layer, may be between
the first inorganic encapsulation layer 410 and the opposite
electrode 330. Since the first inorganic encapsulation layer
410 conforms to the underlying structure thereof, the first
inorganic encapsulation layer 410 may not have a flat top
surface. A top surface of the organic encapsulation layer 420
covering the first inorganic encapsulation layer 410 may
have at least a flat portion corresponding to the display area
DA. The organic encapsulation layer 420 may include at
least one material selected from polyethylene terephthalate,
PEN, PC, PI, polyethylene sulfonate, polyoxymethylene,
polyarylate, and HMDSO. The second inorganic encapsu-
lation layer 430 may cover the organic encapsulation layer
420 and may include silicon oxide (SiOx), silicon nitride
(SiNx), and/or oxynitride silicon (SiON).

[0092] Atop film 520 may be located on the encapsulation
layer 400 by an optically clear adhesive OCA 510. The top
film 520 may be a polarizing film, a color filter, a touch film,
a window film, or the like, each of which is separately
manufactured and then provided on the encapsulation layer
400.

[0093] In such an embodiment, the polarizing film may
reduce the reflection of external light and improve the
visibility. The color filter may clarify emission color and
reduce the reflection of external light due to the inclusion of
a matrix of a color corresponding to the color of each pixel
and a black matrix. The touch film may be a layer including
a touch electrode and may sense external contact. The
window film may be a transparent film and protect a display
apparatus. In such an embodiment, various functional layers
other than the films described above may be used as the top
film 520. The top film 520 may be attached on the encap-
sulation layer 400 in such a way that the top film 520 is
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positioned at an end of the non-display area NDA, and
pressed from the end to the center of the display area DA by
a roller or the like.

[0094] Referring to the non-display area NDA and the
bending area BA illustrated in FIG. 3, an upper organic layer
260 is in contact with the inorganic protective layer PVX in
the non-display area NDA.

[0095] The inorganic protective layer PVX may cover and
protect some wirings (for example, the driving supply volt-
age line 30, etc.) exposed in the non-display area NDA and
may be in contact with the upper organic layer 260.
[0096] The upper organic layer 260 may function as a
member for supporting an open mask used when a member
covering the entire surface of the display area DA is formed.
In one embodiment, for example, the upper organic layer
260 may support an open mask that is used to form the
opposite electrode 330, the first inorganic encapsulation
layer 410, or the second inorganic encapsulation layer 430.
When the organic encapsulation layer 420 of the encapsu-
lation layer 400 is formed, the upper organic layer 260 may
function as a dam to prevent an organic material constituting
the organic encapsulation layer 420 from flowing over into
the outside before being cured. The upper organic layer 260
may control a stress neutral plane together with a bending
protection layer 600, which will be described later, in the
bending areca BA.

[0097] The upper organic layer 260 may include a first
upper organic layer 141a, a second upper organic layer
142a, and a third upper organic layer 150a, which are
sequentially stacked in this stated order. The upper organic
layer 260 may be physically separated (or spaced apart)
from a layer including an organic material located in the
display area DA. In one embodiment, for example, the upper
organic layer 260 may be physically separated from the
organic encapsulation layer 420 of the encapsulation layer
400. In such an embodiment, the first inorganic encapsula-
tion layer 410 is located between the upper organic layer 260
and the organic encapsulation layer 420 such that impurities
are effectively prevented from penetrating from the outside
to reach the interior of the display area DA along an organic
layer. In such an embodiment, the upper organic layer 260
is physically spaced from the first planarization insulating
layer 141, the second planarization insulating layer 142, and
the pixel defining layer 150.

[0098] The first upper organic layer 141a may be formed
by using a same material as used to form the first planariza-
tion insulating layer 141, and may be spaced apart from the
first planarization insulating layer 141. The second upper
organic layer 142a and the second planarization insulating
layer 142 may be formed by using a same material as each
other during a same process, and the second upper organic
layer 142a may be spaced apart from the second planariza-
tion insulating layer 142. The third upper organic layer 150a
may be formed by using a same material as used to form the
pixel defining layer 150 and may be spaced apart from the
pixel defining layer 150.

[0099] The first upper organic layer 141a and the second
upper organic layer 142a may each include a polymer, such
as an imide polymer, PMMA, and PS, a polymer derivative
having a phenolic group, an acrylic polymer, an arylether
polymer, an amide polymer, a fluorine polymer, a p-xylene
polymer, a vinyl alcohol-based polymer, or a combination
(e.g., a blend) thereof. The third upper organic layer 150a
may include an organic material, such as PI or HMDSO.
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[0100] The first inorganic encapsulation layer 410 and the
second inorganic encapsulation layer 430 each extend on an
upper surface of the upper organic layer 260. In one or more
embodiments, the first inorganic encapsulation layer 410
and the second inorganic encapsulation layer 430 are not on
the upper surface of the upper organic layer 260, but on a
portion of a side surface of the upper organic layer 260. In
one or more embodiments, the first inorganic encapsulation
layer 410 and the second inorganic encapsulation layer 430
may each be physically separated from the upper organic
layer 260.

[0101] In an embodiment, the end of the top film 520 may
be positioned on the upper organic layer 260, and to attach
the top film 520 on the encapsulation layer 400, the top film
520 may be pressed on the upper organic layer 260 by using
a pressing member such as a roller. In such an embodiment,
when the adhesion between the upper organic layer 260 and
the inorganic protective layer PVX located thereunder is
weak, the upper organic layer 260 may be separated from the
inorganic protective layer PVX.

[0102] In an embodiment, the upper organic layer 260 has
a structure with improved adhesion with respect to the
inorganic protective layer PVX. In such an embodiment, as
shown, the upper organic layer 260 includes the first upper
organic layer 1414, the second upper organic layer 142a and
the third upper organic layer 150a, which are sequentially
stacked in this stated order, and in an edge of the upper
organic layer 260 between the display area DA and the
bending area BA, the second upper organic layer 1424 is in
direct contact with the inorganic protective layer PVX.
However, in such an embodiment, the third upper organic
layer 150a is not in direct contact with the inorganic
protective layer PVX.

[0103] In a side of the upper organic layer 260 that is
adjacent to the display area DA, e.g., a side of the upper
organic layer 260 between the display area DA and the
bending area BA, the second upper organic layer 1424 is in
direct contact with the inorganic protective layer PVX, and
the third upper organic layer 150a exposes the end of the
second upper organic layer 142a. The second upper organic
layer 142a covers an end of the first upper organic layer
141a, and may extend long in a direction (X direction) to
increase a contact area with respect to the inorganic protec-
tive layer PVX.

[0104] This will be described based on the bending axis
BAX, in greater detail, the X direction (toward the display
area) from the bending axis BAX. A distance d2 from the
bending axis BAX to the end of the second upper organic
layer 142a is greater than a distance d1 from the bending
axis BAX to the end of the first upper organic layer 141a and
a distance d3 from the bending axis BAX to the third upper
organic layer 150a.

[0105] Referring to FIG. 3, this will be described based on
the width in the X direction. In an embodiment, an X-di-
rection width of the second upper organic layer 142qa is
greater than an X-direction width of the first upper organic
layer 141a and an X-direction width of the third upper
organic layer 150a.

[0106] Insuch an embodiment, even in another side of the
upper organic layer 260 that is not adjacent to the display
area DA, e.g., a side of the upper organic layer 260 opposite
to the side adjacent to the display area DA,* the second
upper organic layer 142q is in direct contact with the
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inorganic protective layer PVX, and the third upper organic
layer 150a exposes an end of the second upper organic layer
142a.

[0107] Accordingly, in such an embodiment, the adhesion
between the upper organic layer 260 and the inorganic
protective layer PVX may be improved at the side of the
upper organic layer 260 that is adjacent to the display area
DA and even at the side of the upper organic layer 260 that
is not adjacent to the display area DA.

[0108] In such an embodiment, the upper organic layer
260 has the structure descried above because the adhesion
between the second upper organic layer 142a and the
inorganic protective layer PVX is greater than the adhesion
between the first upper organic layer 1414 and the inorganic
protective layer PVX, and the adhesion between the third
upper organic layer 150a and the inorganic protective layer
PVX. This may be due to the change in physical properties
of the interface of the inorganic protective layer PVX in the
processes.

[0109] Inan embodiment, the first planarization insulating
layer 141 and the first upper organic layer 141a are formed
after forming the inorganic protective layer PVX. In such an
embodiment, the first planarization insulating layer 141 and
the first upper organic layer 141a are spaced apart from each
other. Accordingly, a portion of the inorganic protective
layer PVX is not covered by the first planarization insulating
layer 141 and the first upper organic layer 141a.

[0110] Then, to form wirings such as the driving voltage
line PL and/or the second connection metal CM2 on the
inorganic protective layer PVX, a conductive layer is formed
on the entire surface of the substrate 100 and then patterned
by etching, thereby forming the driving voltage line PL
and/or the second connection metal CM2.

[0111] In such an embodiment, during such a process, the
interfacial properties of the portion of the inorganic protec-
tive layer PVX not covered by the first planarization insu-
lating layer 141 or the first upper organic layer 141a are
changed in the process of forming and etching the conduc-
tive layer, and thus, the adhesion between the inorganic
protective layer PVX and the second upper organic layer
142a may be improved. The third upper organic layer 150a
and the pixel defining layer 150 are formed by using a same
material during a same process. Accordingly, due to varia-
tions that may occur in the process of forming the pixel
electrode 310 prior to the formation of the third upper
organic layer 150a, the adhesion between the third upper
organic layer 150a and the inorganic protective layer PVX
may be weaker than that between the second upper organic
layer 1424 and the inorganic protective layer PVX. Accord-
ingly, in an embodiment, the adhesion between the upper
organic layer 260 and the inorganic protective layer PVX
may be improved by positioning the second upper organic
layer 1424 as the outermost portion of the side of the upper
organic layer 260 adjacent to the display area.

[0112] The intensity of the adhesion identified above was
identified by performing experiments in which: the first
upper organic layer 141a is formed immediately on the first
upper organic layer 141a and then exfoliated therefrom; a
conductive layer is formed on the inorganic protective layer
PVX and then etched and then the second upper organic
layer 142a is formed thereon and exfoliated therefrom; and
a conductive layer is formed on the inorganic protective
layer PVX and then etched and then the third upper organic
layer 150q is formed thereon and exfoliated therefrom.
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[0113] Hereinafter, other configurations in the non-display
area NDA will be described in detail.

[0114] The buffer layer 110, the gate insulating layer 120
and the interlayer insulating layer 130 are located on the
substrate 100, and are collectively referred to as an inorganic
insulating layer IL. In an embodiment, an opening OP
corresponding to the bending area BA is defined in the
inorganic insulating layer IL.. The term “corresponding”
used herein may be understood as overlapping. In such an
embodiment, openings 110a, 1204, and 130a corresponding
to the bending area BA may be defined in the buffer layer
110, the gate insulating layer 120 and the interlayer insu-
lating layer 130, respectively. The opening 130a of the
interlayer insulating layer 130 may include openings 131a
and 132a of the first and second interlayer insulating layers
131 and 132. In an embodiment as shown in FIG. 3, the
opening OP passes through the inorganic insulating layer IL,
but the disclosure is not limited thereto. In an alternative
embodiment, the inorganic insulating layer IL. may have a
recess (or groove) corresponding to the bending area BA.
The recess may mean that a portion of the inorganic insu-
lating layer IL is removed in a depth direction thereof and a
portion of the inorganic insulating layer IL remains. In one
embodiment, for example, the openings 120a and 130a
corresponding to the bending area BA are defined through
the gate insulating layer 120 and the interlayer insulating
layer 130, and no opening is defined in the buffer layer 110,
such that the buffer layer 110 may continuously extend in the
first area 1A, the bending area BA and the second area 2A.

[0115] The area of the opening OP may be wider than the
area of the bending area BA. In this regard, a width OW of
the opening OP illustrated in FIG. 3 is greater than the width
of the bending area BA. The area of the opening OP may be
defined as the narrowest area among the areas of the
openings 110a, 120a and 130qa of the buffer layer 110, the
gate insulating layer 120 and the interlayer insulating layer
130. In an embodiment, as shown in FIG. 3, the area of the
opening OP of the inorganic insulating layer IL. may be
defined as the area of the opening 110a of the buffer layer
110 of the insulating layer IL. In an embodiment, as shown
in FIG. 3, the inner surface of the opening 110qa of the buffer
layer 110 is flush with the inner surface of the opening 120a
of the gate insulating layer 120, but the disclosure is not
limited thereto. In one embodiment, for example, the area of
the opening 120a of the gate insulating layer 120 may be
wider than the area of the opening 110a of the buffer layer
110. In one embodiment, the area of the opening 130a of the
interlayer insulating layer 130 may be wider than the area of
the opening 120a of the gate insulating layer 120.

[0116] The organic layer 160 may fill the opening OP of
the inorganic insulating layer IL.. The organic layer 160 and
the bending area BA may overlap, and at least a portion of
the organic layer 160 may be located within the opening OP
of the inorganic insulating layer IL. The organic layer 160
may extend, to a non-bending area around the bending area
BA, onto a portion of first and second areas 1A and 2A
adjacent to, for example, the bending area BA.

[0117] The organic layer 160 may include at least one
material selected from acrylic, methacrylic, polyester, poly-
ethylene, polypropylene, polyethylene terephthalate, PEN,
PC, PI, polyethylene sulfonate, polyoxymethylene, polyary-
late, and HMDSO.
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[0118] The inner wiring 210 is located in the first area 1A
of the non-display area NDA, and the outer wiring 220 is
located on the second area 2A of the non-display area NDA.
[0119] The inner wiring 210 may be electrically connected
to pixels in the display area DA. In an embodiment, the inner
wiring 210 may be electrically connected to the first and
second TFTs T1 and T2 and/or wirings such as the data line
DL, and a pixel circuit may be electrically connected to a
display device or element. A portion of the inner wiring 210
may extend toward the display area DA, or may be electri-
cally connected to a conductive layer/a wiring (not shown)
outside the display area DA.

[0120] The outer wiring 220 may be, in the non-display
area NDA, connected to a wiring (not shown) located on a
layer on which the outer wiring 220 is not located and/or to
a terminal unit (see 20 of FIG. 1) of the non-display area
NDA. In an embodiment, an end of the outer wiring 220 may
be exposed to the outside and connected to an electronic
device or the flexible film 60 described above with reference
to FIG. 1.

[0121] The inner wiring 210 and the outer wiring 220,
which are spaced apart from each other with the bending
area BA therebetween, may each be connected to the con-
nection wiring 230. In an embodiment, as shown in FIG. 3,
the connection wiring 230 extends across the bending area
BA to form a bridge wiring electrically connected to the
inner and outer wirings 210 and 220. The connection wiring
230, which is the bridge wiring, may be located on the
bending area BA and the first and second areas 1A and 2A
adjacent to the bending area BA.

[0122] The connection wiring 230 is located on a layer on
which the inner wiring 210 and the outer wiring 220 are not
located, with the interlayer insulating layer 130 therebe-
tween. Regarding the connection wiring 230, a portion of the
connection wiring 230 corresponding to the bending area
BA is located on the organic layer 160, and a portion of the
connection wiring 230 corresponding to the first and second
area 1A and 2A may be located inside an organic through-
hole 160/ of the organic layer 160.

[0123] The organic through-hole 160/% may overlap and
expose a first contact hole CNT1 of the interlayer insulating
layer 130. Facing ends of the connection wiring 230 are
arranged to correspond to the organic through-hole 160/ in
the first and second areas 1A and 2A, and may be connected
to the inner and outer wirings 210 and 220 through the first
contact hole CNT1. FIG. 3 illustrates an embodiment in
which two first contact holes are located in one organic
through-hole, and the disclosure is not limited thereto. The
number of first contact holes provided in an organic through-
hole may be variously modified.

[0124] Although FIG. 3 shows the display apparatus in an
unbent state for convenience of illustration and description,
the display apparatus, for example, the substrate 100 of the
display apparatus, may be bent at the bending area BA as
shown in FIG. 2. In one embodiment, for example, the
display apparatus is manufactured in a state where the
substrate 100 is roughly flat as shown in FIG. 3, and then the
substrate 100 and the like are bent at the bending area BA
to have the shape as shown in FIG. 2. In the process of
bending the substrate 100 at the bending area BA thereof,
tensile stress may be applied to components located in the
bending areca BA.

[0125] Accordingly, in such an embodiment, the opening
OP may be formed in an area corresponding to the bending
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area BA of the inorganic insulating layer IL to effectively
prevent cracking of the inorganic insulating layer IL. due to
tensile stress. In an embodiment, where the connection
wiring 230 extends across the bending arca BA as shown in
FIG. 3, the connection wiring 230 may crack or may be
disconnected in the being process. Accordingly, in an
embodiment, the connection wiring 230 may include a
material having a relatively high elongation to prevent the
cracking or disconnection. In such an embodiment, the inner
and outer wirings 210 and 220 on the first and second areas
1A and 2A may be formed by using materials having
electrical/physical characteristics which are different from
those of the connection wiring 230, such that the efficiency
of electrical signal transmission in the display apparatus may
be improved and the incidence of defects in the manufac-
turing process may be reduced.

[0126] In one embodiment, for example, the inner wiring
210 and the outer wiring 220 may each include molybde-
num, and the connection wiring 230 may include aluminum.
The inner wiring 210, the outer wiring 220, and the con-
nection wiring 230 may each be a single film or a multilayer
film. The connection wiring 230 may have a three-layer
structure of Ti/Al/Ti, and the thickness of Ti may be 0.15
times or less than the thickness of Al, for example, 0.12
times or less.

[0127] Referring to FIG. 3, the inner and outer wirings 210
and 220 are formed in the process of forming the first and
second gate electrodes G1 and G2 and include a same
material as used to form the first and second gate electrodes
G1 and G2. The connection wiring 230 may be formed in the
process of forming the data line DL and may include a same
material as used to form the data line DL.

[0128] In the non-display area NDA, the inorganic pro-
tective layer PVX covers wirings located in a same layer in
which the driving voltage supply line 30 is located, and may
be disposed on the inorganic insulating layer IL.. A portion
of the inorganic protective layer PVX corresponding to the
bending area BA may be removed by, for example, an
etching process. When the inorganic protective layer PVX
remains unremoved from the bending area BA, the inorganic
protective layer PVX may crack when the substrate 100 is
bent around the bending area BA, or the crack propagates
through the inorganic protective layer PVX, leading to
damages on other layers.

[0129] The inorganic protective layer PVX may be located
in an area other than the bending area BA. In such an
embodiment, the inorganic protective layer PVX may be
located on a portion of a top surface of the organic layer 160.
In such an embodiment, the inorganic protective layer PVX
may cover at least a portion of the connection wiring 230 in
the first and second areas 1A and 2A.

[0130] In an embodiment, as described above, the upper
organic layer 260 in direct contact with the inorganic pro-
tective layer PVX may be located on the inorganic protective
layer PVX. The upper organic layer 260 contacts the inor-
ganic protective layer PVX and overlaps the bending area
BA. Abending protection layer (“BPL”) 600 may be located
on the upper organic layer 260. The upper organic layer 260
and the BPL 600 may correspond to at least the bending area
BA and may be positioned on the connection wiring 230.
[0131] When any stacked structure is bent, a stress neutral
plane exists in the stacked structure. In an embodiment, if
the BPL 600 is not included, excessive tensile stress or the
like may be applied to the connection wiring 230 in the
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bending area BA due to the bending of the substrate 100 or
the like as described later because the location of the
connection wiring 230 may not correspond to the stress
neutral plane. In an embodiment, the position of the stress
neutral plane in the stacked structure including the substrate
100, the connection wiring 230, the upper organic layer 260
and the BPL 600 may be appropriately adjusted by including
the BPL 600 and controlling the thickness and modulus
thereof.

[0132] Thus, by placing the stress neutral plane near the
connection wiring 230 by using the BPL 600, the tensile
stress applied to the connection wiring 230 may be mini-
mized, and thus, the bending area BA is protected. The BPL
600 may be formed by applying and curing a liquid or paste
material.

[0133] FIGS. 4 and 5 are each a schematic cross-sectional
view of a portion of a display apparatus according to an
alternative embodiment of the disclosure. The cross-sec-
tional views in FIGS. 4 and 5 are substantially the same as
the cross-sectional view shown in FIG. 3 except for the
upper organic layer 260. The same or like elements shown
in FIGS. 4 and 5 have been labeled with the same reference
characters as used above to describe the embodiments of the
display apparatus shown in FIG. 3, and any repetitive
detailed description thereof will hereinafter be omitted or
simplified.

[0134] Inan embodiment of the display apparatus, the end
of' the top film 520 is located on the upper organic layer 260,
and the top film 520 is attached on the encapsulation layer
400 in such a manner that the top film 520 is pressed from
an end thereof in the non-display areca NDA toward the
display area DA. Accordingly, the adhesion between the
upper organic layer 260 and the inorganic protective layer
PVX at the side of the upper organic layer 260 adjacent to
the display area DA may be stronger than other sides thereof.
In such an embodiment, the upper organic layer 260 may be
asymmetrically with respect to the bending arca BA.
[0135] In an embodiment, as shown in FIG. 4, in the side
of the upper organic layer 260 adjacent to the display area
DA, the second upper organic layer 1424 is in direct contact
with the inorganic protective layer PVX, and the third upper
organic layer 150a exposes the end of the second upper
organic layer 142a.

[0136] In such an embodiment, in the other side of the
upper organic layer 260 which is not adjacent to the display
area DA, the third upper organic layer 150a covers the end
of the second upper organic layer 142a without exposing the
second upper organic layer 142a.

[0137] The other side of the upper organic layer 260 which
is not adjacent to the display area DA is an area that does not
receive the pressure applied when the top film 520 is
attached. Accordingly, in such an embodiment, the influence
of residues remaining on the second upper organic layer
142a may be minimized rather than strengthening adhesion
between the upper organic layer 260 and the inorganic
protection layer PVX.

[0138] In an embodiment, a conductive layer for forming
the pixel electrode 310 may be provided on the entire upper
surface of the second upper organic layer 142a, and then,
patterned by an etching process to form the pixel electrode
310. During such processes, residues may remain on the
second upper organic layer 142a, and such residues may
result in defects in a subsequent process. Thus, in an
embodiment, the third upper organic layer 150a may cover
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the other end of the second upper organic layer 142a
opposite to an end of the second upper organic layer 1424
adjacent to the display area DA to prevent such residue from
causing defects in a subsequent process.

[0139] In an alternative embodiment, as shown in FIG. 5,
in the side of the upper organic layer 260 adjacent to the
display area DA, the second upper organic layer 142¢ is in
direct contact with the inorganic protective layer PVX, and
the third upper organic layer 150a exposes the end of the
second upper organic layer 142a.

[0140] In such an embodiment, in the other side of the
upper organic layer 260 which is not adjacent to the display
area DA, the second upper organic layer 142a is not in direct
contact with the inorganic protective layer PVX. The first
upper organic layer 141a, the second upper organic layer
142a and the third upper organic layer 150a may constitute
a stair shape having steps with respect to each other. Such a
structure allows the end of the upper organic layer 260 to
have a gentle slope.

[0141] Insuch embodiments, in the other side of the upper
organic layer 260 which is not adjacent to the display area
DA, a portion of the inorganic protective layer PVX is
disposed under the upper organic layer 260. However, the
disclosure is not limited thereto. In one alternative embodi-
ment, for example, in the other side of the upper organic
layer 260 which is not adjacent to the display area DA, no
portion of the inorganic protective layer PVX is disposed
under the upper organic layer 260.

[0142] FIG. 6 shows a cross-sectional view of a portion of
a display apparatus according to another alternative embodi-
ment of the disclosure. The cross-sectional view in FIG. 6 is
substantially the same as the cross-sectional view shown in
FIG. 3 except for the inorganic protective layer PVX. The
same or like elements shown in FIG. 6 have been labeled
with the same reference characters as used above to describe
the embodiments of the display apparatus shown in FIG. 3,
and any repetitive detailed description thereof will herein-
after be omitted or simplified.

[0143] In an embodiment, as shown in FIG. 6, the inor-
ganic protective layer PVX may cover a portion of the
connection wiring 230 corresponding to the first contact hole
CNT1 in the non-display area NDA.

[0144] Insuch an embodiment, the inner and outer wirings
210 and 220 may contact the connection wiring 230 through
the first contact hole CNT1 and at least a portion of the upper
surface of the connection wiring 230 may be covered by the
inorganic protective layer PVX as described above.

[0145] The inorganic protective layer PVX may cover the
portion of the connection wiring 230 corresponding to the
first contact hole CNT1 in the first area 1A. The inorganic
protective layer PVX may be disposed to correspond to a
contact portion where the inner wiring 210 contacts the
connection wiring 230, a portion of the upper surface of the
interlayer insulating layer 130 adjacent thereto, and a por-
tion of the organic layer 160. In such an embodiment, the
inorganic protective layer PVX is located on the connection
wiring 230 in such a way that the inorganic protective layer
PVX covers, in addition to a portion thereof corresponding
to the first contact hole CNT1, other portions.

[0146] In such an embodiment, the inorganic protective
layer PVX may cover a portion of the connection wiring 230
corresponding to the first contact hole CNT1 in the second
area 2A. The inorganic protective layer PVX may be dis-
posed to correspond to a contact portion where the outer
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wiring 220 contacts the connection wiring 230, a portion of
the upper surface of the interlayer insulating layer 130
adjacent thereto, and a portion of the organic layer 160. The
inorganic protective layer PVX is located on the connection
wiring 230 in such a way that the inorganic protective layer
PVX covers, in addition to a portion thereof corresponding
to the first contact hole CNT1, other portions.

[0147] When the inorganic protective layer PVX is
removed during a manufacturing process thereof without
covering at least a portion of the connection wiring 230, for
example, in an etching process, in which the inorganic
protective layer PVX on the bending area BA and the first
and second areas 1A and 2A in the non-display area NDA is
completely removed, an upper portion of the connection
wiring 230 may be damaged and/or may finely crack in a
subsequent process. The damage and/or fine cracks may
occur in the relatively fragile steps adjacent to the first
contact hole CNT1. Moisture may permeate through the
damage and/or fine cracks so that a metal oxide (e.g., AlOx)
is generated around the steps adjacent to the first contact
hole CNT1, the resistance of the connection wiring 230 is
reduced, and the inner and outer wirings 210 and 220 are
disconnected around the metal oxide. Accordingly, in an
embodiment, the inorganic protective layer PVX covers at
least the portion of the connection wiring 230 corresponding
to the first contact hole CNT1, the occurrence of the damage
and/or fine cracks and the resultant moisture permeation
may be effectively prevented.

[0148] FIG. 7 is a plan view of a portion of a wiring unit
(more particularly, a contact area of the connection wiring
230) of a display apparatus according to an embodiment of
the disclosure.

[0149] Referring to FIG. 7, the inner wirings 210 may
extend along the X direction and may be spaced apart from
each other along the Y direction. Hereinafter, for conve-
nience of description, some of the inner wirings 210 will be
referred to as a first inner wiring 211 and the remainder will
be referred to as a second inner wiring 212. Herein, a
connection wiring contacting the first inner wiring 211, from
among the connection wirings 230, will be referred to as a
first connection wiring 231 and a connection wiring con-
tacting the second inner wiring 212 will be referred to as a
second connection wiring 232. In such an embodiment, the
organic through-hole 160/ defined through the organic layer
160 includes a first organic through-hole 16041 and a second
organic through-hole 160/2, where the first organic through-
hole 160/1 is a through-hole corresponding to the contact
between the first inner wiring 211 and the first connection
wiring 231, and the second organic through-hole 160/2 is a
through-hole corresponding to the contact between the sec-
ond inner wiring 212 and the second connection wiring 232.
The first and second connection wirings 231 and 232 illus-
trated in FIG. 7 may be bridge wirings extending across the
bending area BA and electrically connecting the inner wiring
210 with the outer wiring 220, as described above with
reference to FIG. 3.

[0150] The contact area between the first inner wiring 211
and the first connection wiring 231 and the contact area
between the second inner wiring 212 and the second con-
nection wiring 232 may be arranged alternately with each
other or staggered from each other. The contact area between
the first inner wiring 211 and the first connection wiring 231
and the contact area between the second inner wiring 212
and the second connection wiring 232 may be staggered in
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a zigzag manner, and accordingly, the distance between the
first inner wiring 211 and the second inner wirings 212 may
be narrowed and thus, spatial efficiency may be improved.
[0151] The organic layer 160 overlaps the first and second
inner wirings 211 and 212 and the first and second connec-
tion wirings 231 and 232, and the first and second organic
through-holes 1601 and 160/2 for contacting between the
first inner wiring 211 and the first connection wiring 231 and
between the second inner wiring 212 and the second con-
nection wiring 232 are defined through the organic layer
160. The first organic through-hole 160/1 corresponds to the
overlapping portion of the first inner wiring 211 and the first
connection wiring 231, the second organic through-hole
160/2 corresponds to the overlapping portion of the second
inner wiring 212 and the second connection wiring 232, and
the first organic through-hole 160/1 and the second organic
through-hole 16042 may be arranged in a zigzag manner.
[0152] The inorganic protective layer PVX corresponds to
the first and second organic through-holes 160/21 and 160/2
and may cover the contact area between the first inner
wirings 211 and the first connection wirings 231 and the
contact area between the second inner wirings 212 and the
second connection wirings 232. In one or more embodi-
ments, the inorganic protective layer PVX may overlap a
portion of the organic layer 160. In one embodiment, for
example, the inorganic protective layer PVX may overlap at
least a portion of the first and second inner wires 211 and 212
and the first and second connection wires 231 and 232.
[0153] An interlayer insulating layer (see 130 of FIG. 6),
in which the first contact hole CNT1 is defined, is located on
the first inner wiring 211. The organic layer 160 may be
located on the interlayer insulating layer 130, and the first
organic through-hole 160/41 formed through the organic
layer 160 by removing a portion of the organic layer 160
corresponding to the first contact hole CNT1. A portion of
the first connection wiring 231 corresponding to the first
organic through-hole 16041 may be connected to the first
inner wiring 211 through the first contact hole CNT1.
[0154] 1, such an embodiment, the interlayer insulating
layer 130, in which the first contact hole CNT1 is defined,
is located on the second inner wiring 212, and the organic
layer 160 is located on the interlayer insulating layer 130. In
an embodiment, the second organic through-hole 160/42 is
formed through the organic layer 160 by removing a portion
of the organic layer 160 corresponding to the first contact
hole CNT1. The portion of the second connection wiring
232 corresponding to the second organic through-hole
16042 may be connected to the second inner wiring 212
through the first contact hole CNT1.

[0155] The first organic through-hole 160%1 may be
spaced apart from an end of the first inner wiring 211 by a
predetermined distance. In one embodiment, for example, a
distance d1 between a lower end of the first organic through-
hole 160/1 and the end of the first inner wiring 211 may be
in a range from about 4 micrometers (um) to about 8 um. In
such an embodiment, a lower end of the second organic
through-hole 160/2 may be spaced apart from an end of the
second inner wiring 212 by the predetermined distance
described above.

[0156] The inorganic protective layer PVX may cover a
portion of the first connection wiring 231 corresponding to
the first contact hole CNT1 and a portion of the second
connection wiring 232 corresponding to the first contact hole
CNT1, and accordingly, the damage and/or fine cracks on
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the first and second connecting wirings 231 and 232 and the
resultant moisture permeation may be effectively prevented.

[0157] In an embodiment, the inorganic protective layer
PVX may be patterned in such a way that at least a portion
thereof conforms to the shape of the connection wiring 230,
and the width of the inorganic protective layer PVX is
greater than the width of the connection wiring 230. In such
an embodiment, opposing edges of a portion of the inorganic
protective layer PVX in the Y direction on the organic layer
160 may contact the top surface of the organic layer 160.

[0158] In such an embodiment, where the inorganic pro-
tective layer PVX is patterned as described above, the
inorganic protective layer PVX may expose a portion of the
top surface of the organic layer 160. A portion of the top
surface of the organic layer 160 which is not covered by the
inorganic protective layer may function as an out-gassing
path through which a material included in the organic layer
160 is vaporized and discharged toward the outside in a
curing process of the organic layer 160 in the manufacturing
process of the display apparatus.

[0159] The structure in which the inner wiring 210 is
connected to the connection wiring 230 in an embodiment
has been described with reference to FIG. 7. However, such
a structure is also applicable to the connection structure
between the outer wiring 220 and the connection wiring 230
described with reference to FIGS. 3 to 6.

[0160] FIG. 8 is a cross-sectional view schematically
showing a portion of a display apparatus according to
another alternative embodiment of the disclosure. The cross-
sectional view in FIG. 8 is substantially the same as the
cross-sectional view shown in FIG. 3 except for the upper
organic layer 260, the connection wiring 230 and an addi-
tional connection wiring 240. The same or like elements
shown in FIG. 8 have been labeled with the same reference
characters as used above to describe the embodiments of the
display apparatus shown in FIG. 3, and any repetitive
detailed description thereof will hereinafter be omitted or
simplified.

[0161] In an alternative embodiment, as shown in FIG. 8,
in the side of the upper organic layer 260 adjacent to the
display area DA, the second upper organic layer 142q is in
direct contact with the inorganic protective layer PVX, and
the third upper organic layer 150a exposes the end of the
second upper organic layer 1424. In such an embodiment,
the first upper organic layer 141a covers the bending area
BA, such that the adhesion between the upper organic layer
260 and the inorganic protective layer PVX may be
improved.

[0162] In some embodiments, as described above, the
connection wiring 230 may extend across the bending area
BA and may be located under the first upper organic layer
141a in the bending area BA. In an alternative embodiment,
as shown in FIG. 8, the connection wiring 230 is located
only in the first area 1A and the second area 2A, and an
additional connection wiring 240 is provided on the first
upper organic layer 141a across the bending arca BA.

[0163] Referring to FIG. 8, the connection wiring 230 is
the form of an island and may be located in first and second
areas 1A and 2A. In an embodiment, as described with
reference to FIG. 3, the connection wiring 230 is a bridge
wiring across the bending area BA. In an alternative embodi-
ment, as shown in FIG. 8, the connection wiring 230 may
correspond to an island electrode layer. In such an embodi-
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ment, the connection wiring 230 may be located correspond-
ing to the organic through-hole 160%.

[0164] The organic through-hole 160/% may overlap and
expose the first contact hole CNT1 of the interlayer insu-
lating layer 130. The connection wiring 230 corresponds to
the organic through-hole 160/ of each of the first and second
areas 1A and 2A, and may be connected to each of the inner
and outer wiring 210 and 220 through the first contact hole
CNT1.

[0165] The additional connection wiring 240 may electri-
cally connect the inner wiring 210 of the first area 1A with
the outer wiring 220 of the second area 2A. The additional
connection wiring 240 may extend across the bending area
BA and may be a bridge wiring that electrically connects the
inner wiring 210 with the outer wiring 220.

[0166] The additional connection wiring 240 may include
a material having electrical/physical characteristics which
are different from those of a material that constitutes the
inner and outer wirings 210 and 220. In one embodiment, for
example, the inner and outer wirings 210 and 220 may each
include molybdenum, and the additional connection wiring
240 may include aluminum. The additional connection wir-
ing 240 may be a single film or a multilayer film. In one
embodiment, for example, the additional connection wiring
240 may be a three-layer structure of Ti/Al/Ti, and the
thickness of Ti may be 0.15 times or less than the thickness
of Al, for example, 0.12 times or less. However, the disclo-
sure is not limited thereto

[0167] The first upper organic layer 141a is located under
the additional connection wiring 240. The first upper organic
layer 141a may have an upper organic through-hole 141/
overlapping a second contact hole CNT2 of the inorganic
protective layer PVX. In an embodiment, as shown in FIG.
8, the upper organic through-hole 141/ of the first upper
organic layer 141a is located inside the organic through-hole
160/, of the organic layer 160. However, the disclosure is not
limited. In one embodiment, for example, a plurality of
upper organic through-holes may be located in a single
organic through-hole.

[0168] FIG. 9 shows a schematic cross-sectional view of
a portion of a display apparatus according to another alter-
native embodiment of the disclosure. More particularly,
FIG. 9 shows an area where the additional connection wiring
240 is located. The cross-sectional view in FIG. 9 is sub-
stantially the same as the cross-sectional view shown in FIG.
8 except for the upper organic layer 260, the connection
wiring 230 and the additional connection wiring 240. The
same or like elements shown in FIG. 9 have been labeled
with the same reference characters as used above to describe
the embodiments of the display apparatus shown in FIG. 8,
and any repetitive detailed description thereof will herein-
after be omitted or simplified.

[0169] Referring to FIG. 9, in an embodiment, a plurality
of upper organic through-holes 141/ is defined in a portion
of the first upper organic layer 141a in the organic through-
hole 160/, and the additional connection wiring 240 may be
connected to the connection wiring 230 having the island
shape through the upper organic through-holes 141/ and the
second contact holes CNT2.

[0170] The additional connection wiring 240 may electri-
cally connect the inner wiring 210 in the first area 1A with
the outer wiring 220 in the second area 2A. The additional
connection wiring 240 may extend across the bending area
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BA and may be a bridge wiring that electrically connects the
inner wiring 210 with the outer wiring 220.

[0171] The additional connection wiring 240 may be
formed by using a same material as that of the driving
voltage line PL on a first planarization layer in the display
area DA, and the additional connection wiring 240 and the
driving voltage line PL. may be formed during a same
process.

[0172] The inorganic protective layer PVX may cover the
portion of the connection wiring 230 corresponding to the
first contact hole CNT1. The inorganic protective layer PVX
may correspond to a contact portion between the inner
wiring 210 and a conductive layer, the inner wall of the
interlayer insulating layer 130 surrounding the first contact
hole CNT1, and a portion of the upper surface of the
interlayer insulating layer 130 which is connected to the
inner wall. The width of a portion of the inorganic protective
layer PVX overlapping the first contact hole CNT1 may be
greater than the width of a portion of the inorganic protective
layer PVX above the first contact hole CNT1. In such an
embodiment, as described above, the inorganic protective
layer PVX covers the steps around the first contact hole
CNT1, such that the generation of a metal oxide (for
example, AlOx) and a decrease in the resistance of the
connection wiring 230 around the steps due to the occur-
rence of the damage and/or fine cracks on the connection
wiring 230 and the permeation of moisture in the steps may
be effectively prevented.

[0173] The additional connection wiring 240 may be con-
nected to the connection wiring 230 through the second
contact hole CNT2 defined through the inorganic protective
layer PVX. The inner and outer wirings 210 and 220 each
contact the connection wiring 230 through the first contact
hole CNT1 in the interlayer insulating layer 130, and the
additional connection wiring 240 contacts the connection
wiring 230 through the second contact hole CNT2 in the
inorganic protective layer PVX. Due to such contacts, the
inner wiring 210 may be electrically connected to the outer
wiring 220.

[0174] In such an embodiment, since the inorganic pro-
tective layer PVX covers a portion of the connection wiring
230 corresponding to the first contact hole CNT1 to prevent
damage and/or fine cracks as described above, the second
contact hole CNT2 for contacting the conductive layer and
the additional connection wiring 240 may be spaced apart
from the first contact hole CNT1 by a predetermined interval
not to overlap the first contact hole CNT1.

[0175] FIG. 10 shows a cross-sectional view of a portion
of a display apparatus according to another alternative
embodiment of the disclosure. The cross-sectional view in
FIG. 10 is substantially the same as the cross-sectional view
shown in FIG. 8 except for the upper organic layer 260, the
connection wiring 230 and the additional connection wiring
240. The same or like elements shown in FIG. 10 have been
labeled with the same reference characters as used above to
describe the embodiments of the display apparatus shown in
FIG. 8, and any repetitive detailed description thereof will
hereinafter be omitted or simplified.

[0176] Referring to FIG. 10, in an embodiment, only one
upper organic through-hole is defined through the first upper
organic layer 1414 in the second area 2A, and the inorganic
protective layer PVX may be located in the contact area of
the connection wiring 230. In one embodiment, for example,
the upper organic through-hole 141% in the first upper
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organic layer 141a corresponds to the organic through-hole
160/ of the organic layer 160, and exposes the second
contact hole CNT?2 defined in the inorganic protective layer
PVX. In such an embodiment, the upper organic through-
hole 141/ in the first upper organic layer 141a may be
smaller than the organic through-hole 160/ to improve the
step coverage of the additional connection wiring 240 on the
first upper organic layer 141a.

[0177] FIG. 11 shows a cross-sectional view of a portion
of a display apparatus according to another alternative
embodiment of the disclosure. The cross-sectional view in
FIG. 11 is substantially the same as the cross-sectional view
shown in FIG. 8 except for the connection wiring 230 and
the additional connection wiring 240. The same or like
elements shown in FIG. 11 have been labeled with the same
reference characters as used above to describe the embodi-
ments of the display apparatus shown in FIG. 8, and any
repetitive detailed description therecof will hereinafter be
omitted or simplified.

[0178] Referring to FIG. 11, in an embodiment, the con-
nection wiring 230 and the additional connection wiring 240
may all be a bridge wiring which connects the inner wiring
210 with the outer wiring 220. In such an embodiment, the
connection wiring 230 and the additional connection wiring
240 may all extend across the bending area BA. In the
bending area BA, the first upper organic layer 141a may be
between the connection wiring 230 and the additional con-
nection wiring 240.

[0179] The connection wiring 230 and a data line may be
formed by using a same material during a same process, and
the additional connection wiring 240 and a driving voltage
line may be formed by using a same material during a same
process. The connection wiring 230 and the additional
connection wiring 240 may be connected through the upper
organic through-hole 1414.

[0180] The connection wiring 230 and the additional con-
nection wiring 240 may each include a conductive material
having a higher elongation than the inner and outer wires
210 and 220. In one embodiment, for example, the inner and
outer wiring 210 and 220 may each include molybdenum,
and the connection wiring 230 and the additional connection
wiring 240 may each include aluminum.

[0181] The inner and outer wirings 210 and 220 and a
second storage capacitor plate of a storage capacitor may be
formed by using a same material during a same process. In
one embodiment, for example, the inner and outer wires 210
and 220 and the second storage capacitor plate may each
include molybdenum. In such an embodiment, the inner and
outer wirings 210 and 220 may contact the connection
wiring 230 through the first contact hole CNT1.

[0182] In embodiments described above, the inner wiring
210 and the outer wiring 220 may be located in a same layer
as each other, but the disclosure is not limited thereto. In one
alternative embodiment, as shown in FIG. 3, the inner wiring
210 may be located on the gate insulating layer 120, and as
shown in FIG. 11, the outer wiring 220 may be located on
the first interlayer insulating layer 131. In one embodiment,
as shown in FIG. 11, the inner wiring 210 may be located on
the first interlayer insulating layer 131, and as shown in FIG.
3, the outer wiring 220 may be located on the gate insulating
layer 120.

[0183] In an embodiment where a plurality of inner wir-
ings 210 is provided, some of the inner wirings 210 may be
located on the gate insulating layer 120 and the others of the
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inner wirings may be located on the first interlayer insulating
layer 131. In an embodiment where a plurality of outer
wirings 220 is provided, some of the outer wirings 220 may
be located on the gate insulating layer 120 and the others of
the outer wirings 220 may be located on the first interlayer
insulating layer 131.

[0184] In an embodiment, where the connection wiring
230 is a bridge wiring connecting the inner wirings 210 with
the outer wirings 220, the connection wiring 230 located
under the first upper organic layer 141a¢ may be used for
some of the connections between the inner wiring 210 and
the outer wiring 220, and the additional connection wiring
240 located on the first upper organic layer 141a may be
used for the other connections between the inner wiring 210
and the outer wiring 220.

[0185] According to the embodiments described above
with reference to FIGS. 3 to 11, the organic layer 160 is
located under the connection wiring 230 and/or the addi-
tional connection wiring 240, but the disclosure is not
limited. In an alternative embodiment, where the connection
wiring 230 and/or the additional connection wiring 240 in
the bending area BA have a flexibility high enough to
withstand stress caused by bending thereof, the organic layer
160 may be omitted.

[0186] Hereinbefore, various embodiments of the disclo-
sure have been described. These embodiments may be
embodied as separate embodiments or used in combination,
e.g., the embodiment of the additional connection wiring
240 described above with reference to FIG. 9 may be applied
to the embodiments described above with reference to FIG.
3.

[0187] As described above, an embodiment of the display
apparatus includes an inorganic protective layer. Due to the
inclusion of the inorganic protective layer, damages on
wirings in the display apparatus may be effectively pre-
vented during processes, and an adhesion between an upper
organic layer and the inorganic protective layer located in a
non-display area may be improved.

[0188] It should be understood that embodiments
described herein should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or
aspects in other embodiments.

[0189] While the invention has been particularly shown
and described with reference to embodiments thereof, it will
be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the spirit or scope of the invention as
defined by the following claims.

1. A display apparatus comprising:

a substrate including a display area, in which a display
device is disposed and an image is displayed, and a
non-display area around the display area, wherein the
non-display area includes a bending area bent about a
bending axis;

a connection wiring on the substrate in the non-display
area;

a first wiring on the substrate in the display area, wherein
the first wiring comprises a same material as the
connection wiring;

an inorganic protective layer on the substrate covering the
first wiring, wherein the inorganic protective layer
comprises an inorganic insulating material; and
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an upper organic layer on the substrate covering the
bending area, wherein the upper organic layer com-
prises a first upper organic layer, a second upper
organic layer and a third upper organic layer, which are
sequentially stacked one on another all above the
inorganic protection layer,

wherein the second upper organic layer in a side of the
upper organic layer, which is adjacent to the display
area, has a bottom surface defining the second upper
organic layer which is a closest facing surface to the
substrate and is in direct contact with the inorganic
protective layer, and

the third upper organic layer exposes an end of the second
upper organic layer in the side of the upper organic
layer adjacent to the display area.

2. The display apparatus of claim 1, wherein

a distance from the bending axis to the end of the second
upper organic layer is greater than a distance from the
bending axis to an end of the first upper organic layer
in the side of the upper organic layer adjacent to the
display area, and is greater than a distance from the
bending axis to an end of the third upper organic layer
in the side of the upper organic layer adjacent to the
display area.

3. The display apparatus of claim 1, wherein

the third upper organic layer covers the second upper
organic layer in another side of the upper organic layer,
which is not adjacent to the display area.

4. The display apparatus of claim 1, wherein

portions of the first upper organic layer, the second upper
organic layer and the third upper organic layer in
another side of the upper organic layer, which is not
adjacent to the display area, are arranged in a stair
shape with steps.

5. The display apparatus of claim 1, further comprising

a top film on the substrate in the display area,

an end of the top film is on the upper organic layer.

6. The display apparatus of claim 1, wherein the inorganic

protective layer covers at least a portion of the connection
wiring.

7. The display apparatus of claim 1, further comprising:

an inner wiring and an outer wiring, which are spaced
apart from each other with the bending area therebe-
tween; and

an intermediate insulating layer on the inner wiring and
the outer wiring, wherein a first contact hole is defined
in the intermediate insulating layer,

wherein the connection wiring is on the intermediate
insulating layer and is connected to the inner wiring
and the outer wiring through the first contact hole, and

the inorganic protective layer covers a portion of the
connection wiring corresponding to the first contact
hole.

8. The display apparatus of claim 6, further comprising:

an organic layer between the substrate and the connection
wiring,

wherein the inorganic protective layer has a patterned
shape corresponding to a shape of the connection
wiring and exposes the organic layer.

9. The display apparatus of claim 6, further comprising:

a thin film transistor on the substrate in the display area,
wherein the thin film transistor comprises a semicon-
ductor layer, a gate electrode, a source electrode, and a
drain electrode; and
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a storage capacitor on the substrate overlapping the thin
film transistor, wherein storage capacitor comprises a
first storage capacitor plate and a second storage
capacitor plate,

wherein the connection wiring and one of the source
electrode and the drain electrode are in a same layer as
each other, and include a same material as each other,
and

the inner wiring and at least one of the first storage
capacitor plate and the second storage capacitor plate
are in a same layer, and include a same material as each
other.

10. The display apparatus of claim 1, further comprising:

an additional connection wiring on the first upper organic
layer,

wherein an upper organic through-hole is defined in the
first upper organic layer has to expose the connection
wiring, and

the additional connection wiring is connected to the
connection wiring through the upper organic through-
hole.

11. The display apparatus of claim 10, wherein

at least a portion of the inorganic protective layer is
between the connection wiring and the additional con-
nection wiring,

a second contact hole is defined in the inorganic protective
layer to expose a portion of the connection wiring, and

the connection wiring is connected to the additional
connection wiring through the second contact hole.

12. The display apparatus of claim 1, further comprising:

an inorganic insulating layer between the substrate and
the connection wiring,

wherein an opening or a groove is defined in a portion of
the inorganic insulating layer corresponding to the
bending area.

13. The display apparatus of claim 1, further comprising:

an organic layer between the substrate and the connection
wiring in the bending area.

14. The display apparatus of claim 1, further comprising:

an encapsulation layer on the substrate in the display area,
wherein the encapsulation layer comprises a first inor-
ganic encapsulation layer, an organic encapsulation
layer and a second inorganic encapsulation layer, which
are sequentially stacked one on another,

wherein the first inorganic encapsulation layer and the
second inorganic encapsulation layer extend into the
non-display area and contact the upper organic layer.

15. The display apparatus of claim 1, further comprising:

a bending protection layer on the upper organic layer in
the bending area.
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16. A display apparatus comprising:

a substrate including a display area, in which pixels are
disposed and an image is displayed, and a non-display
area surrounding the display area;

a data wiring on the substrate in the display area;

a connection wiring on the substrate in the non-display
area, wherein the connection wiring comprises a same
material as the data line;

an inorganic protective layer on the substrate covering the
data line and extending to the non-display area; and

an upper organic layer on the substrate covering the
connection wiring and at least a portion of the inorganic
protection layer,

wherein the upper organic layer comprises a first upper
organic layer, a second upper organic layer and a third
upper organic layer, which are sequentially stacked one
on another all above the inorganic protection layer, and

the second upper organic layer in a side of the upper
organic layer, which is adjacent to the display area, has
a bottom surface defining the second upper organic
layer which is a closest facing surface to the substrate
and is in direct contact with the inorganic protective
layer, and

the third upper organic layer exposes an end of the second
upper organic layer in the side of the upper organic
layer adjacent to the display area.

17. The display apparatus of claim 16, further comprising:

an inner wiring and an outer wiring, which are spaced
apart from each other in the non-display area; and

an intermediate insulating layer on the inner wiring and
the outer wiring,

wherein a first contact hole is defined in the intermediate
insulating layer, and

the connection wiring is connected to the inner wiring or
the outer wiring through the first contact hole.

18. The display apparatus of claim 17, wherein the
connection wiring electrically connects the inner wiring with
the outer wiring.

19. The display apparatus of claim 17, wherein the
inorganic protective layer covers at least a portion of the first
contact hole.

20. The display apparatus of claim 17, wherein the
connection wiring overlaps at least one of the inner wiring
and the outer wiring, and has an island shape.

21. The display apparatus of claim 20, further comprising:

an additional connection wiring on the inorganic protec-
tive layer,

wherein a second contact hole is defined in a portion of
the inorganic protective layer corresponding to the
connection wiring, and

the additional connection wiring is connected to the
connection wiring through the second contact hole.

#* #* #* #* #*
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