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7) ABSTRACT

A display apparatus includes a base layer, on which a display
area and a non-display area disposed to surround the display
area are defined, a circuit layer disposed on the base layer
and including a plurality of insulation layers, a pixel layer
disposed on the display area and including a plurality of
organic light-emitting diodes, an encapsulation layer dis-
posed on the pixel layer to cover the pixel layer, and a
protruding member disposed between the circuit layer and
the encapsulation layer on the non-display area. A bank
coupling hole is defined in the circuit layer on the non-
display area, and the bank coupling hole is defined through
at least an uppermost insulation layer of the insulation layers
and overlaps the protruding member on a plane.
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DISPLAY APPARATUS

[0001] This application claims priority to Korean Patent
Application No. 10-2018-0109965, filed on Sep. 14, 2018,
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] The disclosure herein relates to a display apparatus,
and more particularly, to a display apparatus with improved
durability.

2. Description of the Related Art

[0003] In general, a display apparatus includes a display
unit disposed on a substrate. In such a display apparatus, at
least a portion of the display apparatus may be bent, such
that visibility at various angles may improve, or a surface
area of a non-display area may decrease.

SUMMARY

[0004] In aprocess of manufacturing a conventional bend-
able display apparatus, a defect may occur or the display
apparatus may decrease in life span such that manufacturing
costs may increase.

[0005] The disclosure provides a display apparatus with
improved durability.

[0006] An embodiment of the invention provides a display
apparatus including: a base layer, on which a display area
and a non-display area surround the display area are defined,
a circuit layer disposed on the base layer and including a
plurality of insulation layers; a pixel layer disposed on the
display area and including a plurality of organic light-
emitting diodes; an encapsulation layer disposed on the pixel
layer to cover the pixel layer; and a protruding member
disposed between the circuit layer and the encapsulation
layer on the non-display area. In such an embodiment, a
bank coupling hole is defined in the circuit layer on the
non-display area, and the bank coupling hole is defined
through at least an uppermost insulation layer of the insu-
lation layers and overlaps the protruding member on a plane.
[0007] In an embodiment, the protruding member may be
provided in plural, and the protruding member may include:
a dam disposed to surround the display area; and a bank
disposed on an outside of the dam in a first direction, and the
bank coupling hole may overlap the bank on the plane.
[0008] In an embodiment, the circuit layer may further
include: a barrier layer disposed on the base layer; a plurality
of thin-film transistors disposed on the barrier layer; and a
plurality of conductive patterns disposed on the barrier layer
in the non-display area. In such an embodiment, the plurality
of insulation layers may include: a plurality of intermediate
insulation layers disposed on the barrier layer; and an upper
insulation layer disposed on the intermediate insulation
layers to cover the thin-film transistors and the conductive
patterns.

[0009] In an embodiment, the bank coupling hole may be
defined through the upper insulation layer to expose a
portion of the intermediate insulation layer, and the bank and
the intermediate insulation layer may be coupled to each
other through the bank coupling hole.
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[0010] In an embodiment, an encapsulation coupling hole
may be defined through at least the upper insulation layer on
the non-display area, and the encapsulation coupling hole
may be defined between the bank and the dam on the plane.
[0011] Inan embodiment, the encapsulation coupling hole
may be defined through the upper insulation layer and the
intermediate insulation layer, and the encapsulation layer,
and the barrier layer may be coupled to each other through
the encapsulation coupling hole.

[0012] In an embodiment, the bank coupling hole may be
defined through the upper insulation layer, the intermediate
insulation layers and the barrier layer, and the bank and the
base layer may be coupled to each other through the bank
coupling hole.

[0013] Inanembodiment, the bank coupling hole may not
overlap the conductive patterns on the plane, and be insu-
lated with the conductive patterns.

[0014] In an embodiment, the circuit layer may include a
dam coupling hole defined through at least the upper insu-
lation layer on the non-display area, and the dam coupling
hole may overlap the dam on the plane.

[0015] In an embodiment, the dam coupling hole may
overlap at least a portion of the conductive patterns on the
plane, and be insulated with the conductive patterns.
[0016] In an embodiment, the dam coupling hole may be
defined through the upper insulation layer and the interme-
diate insulation layer, and the dam and the barrier layer may
be coupled to each other through the dam coupling hole.
[0017] In an embodiment, the dam coupling hole may not
overlap the conductive patterns on the plane, and be insu-
lated with the conductive patterns.

[0018] In an embodiment, the dam may be provided in
plural, and the dam may include: a first dam having a frame
shape surrounding the display area on the plane; and a
second dam having a frame shape surrounding the first dam
on the plane, and at least one of the first dam and the second
dam may overlap the conductive patterns.

[0019] In an embodiment, the non-display area may
include a bending area, which is bent with respect to a
bending axis perpendicular to the first direction on the plane.
[0020] In an embodiment, a distance between the display
area and the bending area in the first direction may be about
400 micrometers (um) or less.

[0021] In an embodiment, the bank coupling hole may
have a first directional width of about 5 um or more and
about 200 pm or less.

[0022] In an embodiment, the bank coupling hole may be
provided in plural.

[0023] In an embodiment, the bank may have a first
directional width greater than a first directional width of the
dam.

[0024] In an embodiment of the invention, a display
apparatus includes: a base layer, on which a display area and
a non-display area surround the display area are defined; a
circuit layer disposed on the base layer; a display layer
disposed on the circuit layer; and a plurality of protruding
members disposed on the circuit layer on the non-display
area. In such an embodiment, the circuit layer includes: a
plurality of insulation layers, where a coupling hole is
defined through at least one uppermost insulation layer of
the insulation layers in the non-display area; and a plurality
of conductive patterns disposed between the insulation lay-
ers, and at least one of the protruding members is filled in the
coupling hole.
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[0025] In an embodiment of the invention, a display
apparatus includes a display panel on which a display area
for displaying an image and a non-display area surround the
display area are defined, in which at least a portion of the
non-display area is bent. In such an embodiment, the display
panel includes: a base layer; a circuit layer disposed on the
base layer and including a plurality of insulation layers; a
pixel layer disposed on the display area; an encapsulation
layer disposed on the pixel layer to cover the pixel layer; and
a bank disposed between the circuit layer and the encapsu-
lation layer on the non-display area, and a bank coupling
hole is defined in the circuit layer on a partial area disposed
adjacent to the bending area in the non-display area, in
which the bank coupling hole is defined through at least
upper insulation layer of the insulation layers, and a lower
portion of the bank is filled in the bank coupling hole.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] These and/or other features of the invention will
become apparent and more readily appreciated from the
following description of the exemplary embodiments, taken
in conjunction with the accompanying drawings, in which :
[0027] FIG. 1 is a perspective view illustrating a display
apparatus according to an embodiment of the invention;
[0028] FIG. 2 is a perspective view illustrating a state in
which a portion of the display apparatus in FIG. 1 is bent;
[0029] FIG. 3 is a cross-sectional view illustrating a cross-
section of the display apparatus in FIG. 2;

[0030] FIG. 4 is a cross-sectional view illustrating a dis-
play panel in FIG. 3;

[0031] FIG. 5 is a plan view illustrating a display panel
according to an embodiment of the invention;

[0032] FIG. 6 is an equivalent circuit diagram illustrating
a pixel according to an embodiment of the invention;
[0033] FIG. 7 is a plan view illustrating a display panel
according to an embodiment of the invention;

[0034] FIG. 8 is a cross-sectional view taken along line
I-I" of FIG. 7,

[0035] FIG. 9 is a cross-sectional view taken along line
I-1" of FIG. 7,

[0036] FIG. 10 is a cross-sectional view taken along line
II-IT' of FIG. 7,

[0037] FIG. 11 is a cross-sectional view illustrating a

display panel according to an alternative embodiment of the
invention;

[0038] FIG. 12 is a cross-sectional view illustrating a
display panel according to another alternative embodiment
of the invention;

[0039] FIG. 13 is a cross-sectional view illustrating a
display panel according to another alternative embodiment
of the invention; and

[0040] FIG. 14 is a cross-sectional view illustrating a
display panel according to another alternative embodiment
of the invention.

DETAILED DESCRIPTION

[0041] 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
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convey the scope of the invention to those skilled in the art.
Like reference numerals refer to like elements throughout.
[0042] In this specification, it will be understood that
when an element such as a region, layer, or portion is
referred to as being “on” another element, it can be directly
on the other element or intervening elements may also be
present.

[0043] In the drawings, the thicknesses, ratios, and dimen-
sions of components are exaggerated for clarity of illustra-
tion.

[0044] 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.”” “At least A and B” means “A and/or
B.” 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, operations, 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.
[0045] It will be understood that although the terms of first
and second are used herein to describe various elements,
these elements should not be limited by these terms. The
terms are only used to distinguish one component from other
components. For example, a first element referred to as a
first element in one embodiment can be referred to as a
second element in another embodiment. The terms of a
singular form may include plural forms unless referred to the
contrary.

[0046] Also, spatially relative terms, such as “below”,
“lower”, “above”, and “upper”, may be used herein for ease
of description to describe an element and/or a feature’s
relationship to another element(s) and/or feature(s) as illus-
trated in the drawings. The terms are relative concepts and
described with respect to the direction indicated in the
drawings.

[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] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as generally understood by those skilled in the art. Terms
as defined in a commonly used dictionary should be con-
strued as having the same meaning as in an associated
technical context, and unless defined apparently in the
description, the terms are not ideally or excessively con-
strued as having formal meaning.

[0049] 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
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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.

[0050] Hereinafter, embodiments of the invention will be
described in detail with reference to the accompanying
drawings.

[0051] FIG. 1 is a perspective view illustrating a display
apparatus according to an embodiment of the invention, and
FIG. 2 is a perspective view illustrating a state in which a
portion of the display apparatus in FIG. 1 is bent.

[0052] FIG. 3 is a cross-sectional view illustrating the
display apparatus in FIG. 2. FIG. 3 is a schematic view to
show a lamination relationship between functional panels
and/or functional units, which constitute a display apparatus
DD.

[0053] Referring to FIGS. 1 to 3, an embodiment of the
display apparatus DD according to the invention may have
a rectangular shape having a long side in a first direction
DR1 and a short side in a second direction DR2 perpen-
dicular to the first direction DR1. Here, the shape of one
embodiment of the display apparatus DD is described for
convenience of description. However, the embodiment of
the invention is not limited to the shape of the display
apparatus DD described above.

[0054] The display apparatus DD may display an image
IM through a display surface IS thereof. The display surface
IS is parallel to a surface defined by the first direction DR1
and the second direction DR2. A normal direction of the
display surface IS, ie., a thickness direction of the display
apparatus DD, is defined as a third direction DR3.

[0055] Hereinafter, a front surface (or top surface) and a
rear surface (or bottom surface) of each of members or units
are distinguished by the third directional axis DR3. How-
ever, directions indicated by the first to third directions DR1,
DR2, and DR3 may be a relative concept and thus converted
with respect to each other.

[0056] The display surface IS includes a display area DA,
on which the image IM is displayed, and a non-display area
NDA disposed adjacent to the display area DA. The display
area DA is defined in a central area of the display apparatus
DD. The non-display area NDA may be an area on which the
image IM is not displayed. The non-display area NDA is
defined to surround the display area DA on the display
surface IS. In FIGS. 1 and 2, icon images are illustrated as
one exemplary embodiment of the image IM displayed in
the display area DA.

[0057] The display apparatus DD includes a display mod-
ule DM and a circuit board DC. Display module DM
displays the image. In such an embodiment, the display
surface IS may be defined on a top surface of the display
module DM.

[0058] A plurality of areas NBA1, BA, and NBA2, which
are arranged in the first direction DR1 on a plane, may be
defined on the display module DM. Herein, “on a plane”
means when viewed from a plan view in third direction DR.
Each of the plurality of areas NBA1, BA, and NBA2 may be
variously defined according to an operation type of the
display module DM.

[0059] In an embodiment, as shown in FIG. 1, a first area
NBALl, a second arca NBA2, and a third area BA disposed
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between the first area NBA1 and the second area NBA2 are
defined on the display module DM on the plane. The first
area NBA1 includes the display area DA and partially
overlaps the non-display area NDA. The first area NBA1 is
not bent or substantially flat.

[0060] The second area NBA2 is defined at one side (or
defined by one side portion) of the display module DM in the
first direction DR1. Herein, when a side is in a direction, the
extending direction of the side is perpendicular to the
direction. The second area NBA2 partially overlaps another
portion of the non-display area NDA. The second area
NBA2 is not bent or substantially flat. The second area
NBA2 may be connected to the circuit board DC that will be
described later in detail.

[0061] The third area BA is an area that is bent with
respect to a bending axis BX parallel to the second direction
DR2. The third area BA substantially forms a curvature.
Hereinafter, the first area NBA1, the second area NBA2 and
the third area BA may be referred to as a first non-bending
area NBA1, a second non-bending area NBA2 and a bending
area BA, respectively.

[0062] In an embodiment, as illustrated in FIG. 2, when
the bending area BA of the display module DM is bent, a
portion of the display module DM, which corresponds to the
second non-bending area NBA2, may be disposed below a
portion of the display module DM, which corresponds to the
first non-bending area NBA1. In such an embodiment, the
second non-bending area NBA2 may overlap a partial area
of the first non-bending area NBA1 on the plane.

[0063] The first non-bending area NBA1 may have a first
directional width different from that of the second non-
bending area NBA2. Herein, “a direction width” means “a
width measured in the direction.” In an embodiment, the first
non-bending area NBA1 may have the first directional width
greater than that of the second non-bending area NBA2.
Accordingly, when the display module DM is bent, the
second non-bending area NBA2 may not be seen by over-
lapping the first non-bending area NBA1 on the plane.
[0064] In an embodiment, as shown in FIG. 3, the display
module DM includes a display panel DP including a plu-
rality of display elements (not shown), an input sensing layer
ISU, a reflection preventing (or antireflection) layer RPP,
and a protection member (or layer) PF.

[0065] The input sensing layer ISU is disposed on the
display panel DP. The input sensing layer ISU entirely
overlaps the display area DA. In one embodiment, for
example, the input sensing layer ISU may overlap the first
non-bending area NBA1.

[0066] The input sensing layer ISU may detect an external
input (e.g.. a touch) provided to the display apparatus DD.
[0067] In one embodiment, for example, the input sensing
layer ISU may detect an external input that is inputted
through a portion of a body (e.g., a fingertip) of a user.
However, the embodiment of the invention is not limited to
the method of inputting an external input. Alternatively, the
external input may be inputted through a method such as an
optical, contacting, or magnetic method.

[0068] Although not shown in the drawings, the input
sensing layer ISU may include a plurality of input sensing
electrodes (not shown) that detect an external input.
[0069] The input sensing layer ISU may detect the exter-
nal input through various methods. In one embodiment, for
example, the input sensing layer ISU may be driven in a
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method such as a capacitive method, a resistive film method,
or a coordinate recognition method.

[0070] The reflection preventing layer RPP is disposed on
the input sensing layer ISU. The reflection preventing layer
RPP entirely overlaps the display area DA on a plane. In one
embodiment, for example, the reflection preventing layer
RPP may overlap the first non-bending area NBA1.

[0071] The reflection preventing layer RPP prevents exter-
nal light, which is incident into the display apparatus DD
from the outside, from being reflected by the display mod-
ule, thereby preventing the reflected light from being seen to
a user. Although not shown, the reflection preventing layer
RPP may include a polarizing layer (not shown) and a phase
retardation layer (not shown).

[0072] The polarizing layer has a transmission axis and an
absorption axis perpendicular to the transmission axis. One
element of elements of external light incident into the
polarizing layer is absorbed or reflected by the absorption
axis and not transmitted through the polarizing axis (not
shown), and an element, which is perpendicular to the one
element of elements of external light incident into the
polarizing layer is transmitted through the polarizing layer.
That is, the polarizing layer selectively polarizes external
light.

[0073] In such an embodiment, the polarizing layer may
include or be made of a polymer resin that is elongated in a
specific direction. However, the embodiment of the inven-
tion is not limited to the kind of the polarizing layer. In an
alternative embodiment of the invention, the polarizing layer
may be a wire grid polarizer.

[0074] The phase retardation layer may be disposed below
the polarizing layer. The phase retardation layer has optical
anisotropy. Accordingly, the phase retardation layer may
retard a phase of one element of incident light. That is, the
phase retardation layer serves to change a polarization state
of light. In one embodiment, for example, the phase retar-
dation layer may retard one element of incident light by
about A/4. In such an embodiment, the phase retardation
layer may be a quarter-wavelength film. Accordingly, as one
element of the light passing through the phase retardation
layer is retarded in phase, the light may be converted from
a linear polarization state to a circular polarization state or
from a circular polarization state to a linear polarization
state.

[0075] According to such an embodiment, although the
external light incident into the display apparatus DD from
the outside is reflected by the display module DM, as the
polarization state is changed by the phase retardation layer,
the external light may be absorbed or reflected by the
polarizing layer. Accordingly, the external light reflected by
the display module DM may not be seen from the outside of
the display apparatus DD.

[0076] Although the reflection preventing layer RPP may
be disposed above the display panel DP as described above,
the embodiment of the invention is not limited thereto. In
one alternative embodiment, for example, the reflection
preventing layer RPP may be disposed inside the display
panel DP.

[0077] Inanother alternative embodiment of the invention,
the input sensing layer ISU and the reflection preventing
layer RPP may be omitted.

[0078] Although not shown in the drawing, the display
module DM may further include a plurality of adhesive
members (not shown). The adhesive members are disposed
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between the input sensing layer ISU and the reflection
preventing layer RPP or between the display panel DP and
the input sensing layer ISU to couple the input sensing layer
ISU and the reflection preventing layer RPP or the display
panel DP and the input sensing layer ISU to each other.

[0079] In an embodiment, as shown in FIG. 3, the pro-
tection member PF is disposed on a bottom surface of the
display panel DP. The protection member PF overlaps the
first non-bending area NBA1 and the second non-bending
area NBA2. The protection member PF may include a first
protection member PF and a second protection member PF,
which are separated or spaced apart from each other. The
first protection member PF and the second protection mem-
ber PF overlap the first non-bending area NBA1 and the
second non-bending area NBAZ2, respectively, and face each
other in a bent state.

[0080] The circuit board DC is connected to one side of
the display module DM in the first direction DR1. In an
embodiment, the circuit board DC is connected to the first
non-bending area NBA1 of the display module DM. In an
embodiment, as shown in FIG. 1, the circuit board DC may
include a flexible film CB and a driving circuit DV.

[0081] The flexible film CB is connected to the first
non-bending area NBA1 of the display module DM. The
flexible film CB may be electrically connected to the display
module DM through an adhesive member (not shown). The
adhesive member may include a transparent adhesive agent
or an anisotropic conductive film.

[0082] The driving circuit DV may be disposed or
mounted on the flexible film CB. The driving circuit DV is
electrically connected to the flexible film CB through circuit
lines (not shown) of the flexible film CB. The flexible film
CB may electrically connect the driving circuit DV to the
display panel DP, and the driving circuit DV may generate
an electrical signal to be provided to the display panel DP or
process an electrical signal provided from the display panel
DP.

[0083] In an embodiment, although not shown in the
drawing, the display apparatus DD may further include a
window (not shown). The window may be disposed above
the reflection preventing layer RPP. The window defines a
front surface of the display apparatus DD and protects the
reflection preventing layer RPP, the input sensing layer ISU
and the display panel DP. In one embodiment, for example,
the window may include a glass substrate, a sapphire sub-
strate, or a plastic film. The window may have a multilayer
or single-layer structure. In one embodiment, for example,
the window may have a laminated structure in which a
plurality of plastic films are coupled or stacked one on
another by an adhesive agent or a laminated structure in
which a glass substrate and a plastic film are coupled to each
other by an adhesive agent.

[0084] FIG. 4 is a cross-sectional view illustrating the
display panel in FIG. 3. FIG. 4 illustrates a cross-section
defined by the first direction DR1 and the third direction
DR3. FIG. 4 is a schematic view showing a lamination
relationship between functional panels and/or functional
units, which constitute/constitutes a display apparatus DD.

[0085] Referring to FIG. 4 in conjunction with FIG. 3, an
embodiment of the display panel DP may be an organic light
emitting display panel. In such an embodiment, a display
element contained in the display panel DP may be an organic
light-emitting diode OLED.
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[0086] In an embodiment, as shown in FIG. 4, the display
panel DP includes a base layer BL, a circuit layer CL, and
a display layer DPL.

[0087] The base layer BL defines a rear surface of the
display panel DP. The base layer BL, includes or contains an
insulating material. The base layer BL may include a metal
substrate, a glass substrate, a plastic substrate, or an insu-
lation film.

[0088] The circuit layer CL is disposed on the base layer
BL. The circuit layer CL may include a plurality of thin-film
transistors (not shown) for driving a plurality of organic
light-emitting diodes OLED (refer to FIGS. 6 and 8), a
plurality of signal lines (not shown), and a plurality of
insulation layers (not shown).

[0089] The display layer DPL is disposed on the circuit
layer CL. The display layer DPL is disposed on the first
non-bending area NBA1. The display layer DPL includes a
pixel layer ELL and an encapsulation layer TFE.

[0090] The pixel layer ELL includes the plurality of
organic light-emitting diodes OLED (refer to FIGS. 6 and 8),
a pixel defining layer 40 (refer to FIG. 8) sectioning the
organic light-emitting diodes OLED (refer to FIGS. 6 and 8),
One organic light-emitting diode OLED (refer to FIGS. 6
and 8) of the pixel layer ELL at least one thin-film transistor
(not shown) of the circuit layer CL connected to the one
organic light-emitting diode OLED (refer to FIGS. 6 and 8)
may define one pixel PX (refer to FIGS. 5 and 6). In such an
embodiment, the display panel DP includes a plurality of
pixels PX (refer to FIGS. 5 and 6).

[0091] The encapsulation layer TFE is disposed on the
pixel layer ELL to cover the pixel layer ELL. The encap-
sulation layer TFE seals the pixel layer ELL. The encapsu-
lation layer TFE may include a plurality of laminated
organic layers and/or inorganic layers. Alternatively, the
encapsulation layer TFE may be a planarization layer pro-
viding a flat surface for layer therebelow or planarizing a top
surface of the pixel layer ELL. However, the embodiment of
the invention is not limited thereto. Alternatively, the encap-
sulation layer TFE may have a structure of various types.

[0092] The circuit layer CL and the display layer DPL will
be described later in greater detail with reference to FIGS.
8 to 10.

[0093] FIG. 5is a plan view illustrating the display panel
according to an embodiment of the invention. FIG. 6 is a
view illustrating a state in which the above-described circuit
layer CL and pixel layer ELL are disposed on the base layer
BL.

[0094] Referring to FIG. 5, as described above, an
embodiment of the display panel DP includes the display
area DA and the non-display area NDA on a plane. The
non-display area NDA is defined along an edge of the
display area DA to surround the display area DA.

[0095] In an embodiment, the non-display area NDA
includes a first non-display area NDA1 and a second non-
display area NDA2. The first non-display area NDA1 sur-
rounds the display area DA. Conductive patterns CP1 and
CP2, which will be described later, may be disposed on the
first non-display area NDA1. In such an embodiment, the
first non-display area NDA1 and the display area DA may
entirely overlap the first non-bending area NBAL.

[0096] The second non-display area NDA2 is disposed
adjacent to one side of the first non-display area NDA1 in
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the first direction DR1. The second non-display area NDA2
includes a line area NDA-CL and a panel pad area NDA-
PDA.

[0097] The line area NDA-CL overlaps the bending area
BA. In an embodiment, the line area NDA-CL may be the
same as the bending area BA as shown in FIG. 5, but the
embodiment of the invention is not limited thereto. Alter-
natively, the line area NDA-CL may be larger than the
bending area BA on the display panel DP.

[0098] The panel pad area NDA-PDA is disposed on one
side of the second non-display area NDA2 in the first
direction DR1. The panel pad area NDA-PDA overlaps the
second non-bending area NBA2.

[0099] On the plane, the display panel DP includes a
plurality of conductive patterns CP1 and CP2, a plurality of
signal lines DL, GL, PL, SL1, and SL2, a plurality of panel
pads DP-PD, and a plurality of pixels PX.

[0100] The pixels PX are disposed on the display area DA.
Each of the pixels PX includes an organic light-emitting
diode and a pixel driving circuit connected thereto. The
signal lines DL, GL, PL, SL1, and SL2, the plurality of
conductive patterns CP1 and CP2, the plurality of panel pads
DP-PD, and the pixel driving circuit may be disposed in the
circuit layer CL in FIG. 4.

[0101] The signal lines DL, GL, PL, SL1, and SL2 are
disposed over an entire area DA and NDA of the display
panel DP. The signal lines DL, GL, PL, SL1, and SL.2
include scanning lines GL, data lines DL, a power line PL,
a first signal line SL1, and a second signal line SL2.

[0102] Each of the scanning lines GL is connected to a
corresponding pixel PX of the pixels PX, and each of the
data lines DL is connected to a corresponding pixel PX of
the pixels PX. The power line PL is connected to each of the
pixels PX. The first signal line SL.1 is connected to the first
conductive pattern CP1, and the second signal line SL2 is
connected to the second conductive pattern CP2.

[0103] The conductive patterns CP1 and CP2 are disposed
on the first non-display area NDA1. The conductive patterns
CP1 and CP2 include a first conductive pattern CP1 and a
second conductive pattern CP2. The first conductive pattern
CP1 and the second conductive pattern CP2 are insulated
with each other. In an embodiment, the first conductive
pattern CP1 and the second conductive pattern CP2 are
spaced apart from each other on the first non-display area
NDA as shown in FIG. 5, but the embodiment of the
invention is not limited thereto. Alternatively, the first con-
ductive pattern CP1 and the second conductive pattern CP2
may be disposed on different layers from each other. In such
an embodiment, the first conductive pattern CP1 and the
second conductive pattern CP2 may overlap each other on
the plane.

[0104] The first conductive pattern CP1 may be connected
to the power lines PL extending from the display area DA.
The power lines PL. may be connected to one first conductive
pattern CP1 and provide first power voltages ELVDD (refer
to FIG. 6) having a same potential as each other to the pixels
PX, respectively.

[0105] The second conductive pattern CP2 is connected to
the organic light-emitting diode OLED to provide a second
power signal. The second conductive pattern CP2 may
provide second power voltages ELVSS (refer to FIG. 6)
having a substantially same potential as each other to the
pixels PX, respectively.
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[0106] The plurality of panel pads DP-PD are disposed on
the panel pad area NDA-PDA. The plurality of panel pads
DP-PD include a first signal pad PD1, a second signal pad
PD2, and a plurality of display signal pads DPD. The first
signal pad PD1 is connected to the first signal line SL.1. The
second signal pad PD2 is connected to the second signal line
SL2. The display signal pads DPD are connected to the
corresponding data lines DL, respectively.

[0107] In such an embodiment, the signal lines DL, GL,
and PL connected to the pixel PX constitute most of signal
lines DL, GL, PL, SL1, and SL2. The signal lines DL, GL,
and PL connected to the pixel PX is connected to transistors
T1 and T2 (refer to FIG. 6) of the pixel PX. The signal lines
DL, GL, and PL connected to the pixel PX may have a
single-layer or multilayer structure and may have a single
body or be divided into two or more portions. The two or
more portions may be disposed on different layers from each
other and connected to each other through a contact hole
defined or extending through an insulation layer disposed
between the two or more portions.

[0108] In FIG. 5, a circuit board DC that is electrically
connected to the display panel DP is illustrated. A flexible
board CB of the circuit board DC may include board pads
DC-PD that are electrically connected to the display panel
DP. In an embodiment, the board pads DC-PD is disposed in
a board pad area DC-PDA defined on the flexible board CB.
Although not shown, the flexible board CB may further
include signal lines (not shown) that connect the board pads
DC-PD to a driving circuit DV.

[0109] FIG. 6 is an equivalent circuit diagram illustrating
a pixel according to an embodiment of the invention. FIG.
6, a corresponding scan line GL, a corresponding data line
DL, a power line PL, and a pixel PX connected to the pixel
are illustrated. However, the embodiment of the invention is
not limited to the configuration of the pixel PX in FIG. 6.
The configuration of the pixel PX may be variously modi-
fied.

[0110] Referring to FIG. 6, the organic light-emitting
diode OLED may be a front light emitting element or a rear
light emitting element. The pixel PX is a pixel driving circuit
for driving the organic light-emitting diode OLED. The
pixel PX includes a first transistor T1 (or switching transis-
tor), a second transistor T2 (or driving transistor), and a
capacitor Cst. The first power voltage ELVDD is provided to
the second transistor T2, and the second power voltage
ELVSS is provided to the organic light-emitting diode
OLED. The second power voltage ELVSS may be less than
the first power voltage ELVDD.

[0111] The first transistor T1 outputs a data signal applied
to the data line DL in response to a scan signal applied to the
scan line GL. The capacitor Cst charges a voltage corre-
sponding to the data signal received from the first transistor
T1. The second transistor T2 is connected to the organic
light-emitting diode OLED. The second transistor T2 con-
trols a driving current flowing through the organic light
emitting diode OLED in correspondence to an electric
charge stored in the capacitor Cst.

[0112] Although one embodiment of the equivalent circuit
is illustrated in FIG. 6, the embodiment of the invention is
not limited thereto. Alternatively, the pixel PX may further
include three or more transistors and a plurality of capaci-
tors. The organic light-emitting diode OLED may be con-
nected between the power line PL and the second transistor
T2.
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[0113] FIG. 7 is a plan view illustrating the display panel
according to an embodiment of the invention. FIG. 7 illus-
trates a state in which the encapsulation layer TFE is
disposed on the base layer BL.

[0114] Referring to FIG. 7 in conjunction with FIG. 6, an
embodiment of the display panel DP further includes a
plurality of protruding members DAM1, DAM2, and BNK.
The protruding members DAM1, DAM2, and BNK are
disposed on the outside of the display area DA, i.e., the first
non-display area NDA1. The protruding members DAMI,
DAM2, and BNK are disposed to surround the display area
DA,

[0115] The plurality of protruding members DAMI,
DAM2, and BNK include a first dam DAMI, a second dam
DAM2, and a bank BNK.

[0116] The first dam DAMI has a frame shape that sur-
rounds the display area DA on the plane. The second dam
DAM2 is disposed on the outside of the first dam DAM1 on
the plane. In such an embodiment, the first dam DAMI is
disposed relatively closer to the display area DA than the
second dam DAM2. The second dam DAM2 has a frame
shape that surrounds the first dam DAMI. The first dam
DAMI and the second dam DMA2 may prevent an organic
monomer, which is applied to form an organic layer (e.g.,
OL in FIG. 8), from flooding to the outside from the display
area DA.

[0117] Inan embodiment, each of the first dam DAM1 and
the second dam DAM2 has a frame shape as shown in FIG.
7, but the embodiment of the invention is not limited thereto.
Alternatively, each of the first dam DAM1 and the second
dam DAM?2 may surround only at least one side of the
display area DA.

[0118] The bank BNK is disposed on the outside of the
second dam DAM2. In an embodiment, the bank BNK is
disposed at one side of the second dam DMA2 in the first
direction DR1. The bank BNK functions as a spacer that
prevents a mask, which is used during a process of manu-
facturing the display panel DP and the input sensing layer
ISU, from contacting components of the display panel DP
and the input sensing layer ISU. In such an embodiment, the
bank BNK may have a width in the first direction DRI,
which is greater than that of each of the first dam DAM1 and
the second dam DAM2.

[0119] In an embodiment, the bank BNK is disposed on
only one side of the first non-display area NDAT1 in the first
direction DR1 as shown in FIG. 7, but the embodiment of
the invention is not limited thereto. Alternatively, the bank
BNK may be disposed on at least two edge portions of four
edge portions defining the first non-display area NDAT.
[0120] According to an embodiment of the invention, at
least a portion of one of the protruding members BNK,
DAMI, and DAM2 may overlap a conductive pattern CP1
and CP2. In FIGS. 8 to 10, which will be described later, at
least a portion of the first dam DAM1 overlaps the first
conductive pattern CP1 on the plane.

[0121] Although not shown, an embodiment of the display
panel DP may further include a crack dam (not shown)
disposed on the first non-display area NDA1. The crack dam
(not shown) may be disposed on the outside of the second
dam DAM2. In one embodiment, for example, the crack
dam (not shown) may be disposed on the outside of the
second dam DAM2 in the second direction DR2 and have a
shape extending in the first direction DR1 on the plane.
When an external stimulus is applied, the crack dam (not
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shown) may perform a crack preventing function that
absorbs an impact to prevent the impact from being trans-
mitted toward the display area DA.

[0122] FIG. 8 is a cross-sectional view taken along line
I-I", and FIG. 9 is a cross-sectional view taken along line
I-T". FIG. 10 is a cross-sectional view taken along line II-IT'
of FIG. 7.

[0123] Referring to FIGS. 8 to 10, the circuit layer CL, the
pixel layer ELL, and the encapsulation layer TFE are
sequentially disposed on the base layer BL.

[0124] In an embodiment, the circuit layer CL includes a
plurality of insulation layers BF, 10, 20 and 30. The plurality
of insulation layers BF, 10, 20 and 30 include a barrier layer
BF that is an inorganic layer, a first intermediate insulation
layer 10, a second intermediate insulation layer 20, and an
upper insulation layer 30. Each of the barrier layer BF, the
first intermediate insulation layer 10 and the second intet-
mediate insulation layer 20 includes an inorganic material.
The upper insulation layer 30 includes an inorganic material
or an organic material. However, the embodiment of the
invention is not particularly limited to a specific kind of the
inorganic material or the organic material.

[0125] A semiconductor pattern SP1 (hereinafter, referred
to as a first semiconductor pattern) of the first transistor T1
and a semiconductor pattern SP2 (hereinafter, referred to as
a second semiconductor pattern) of the second transistor T2
are disposed on the barrier layer BF. Each of the first
semiconductor pattern SP1 and the second semiconductor
pattern SP2 may include at least one selected from amor-
phous silicon, poly-silicon and metal oxide semiconductor.

[0126] The first intermediate insulation layer 10 is dis-
posed on the first semiconductor pattern SP1 and the second
semiconductor pattern SP2. A control electrode GE1 (here-
inafter, referred to as a first control electrode) of the first
transistor T1 and a control electrode GE2 (hereinafter,
referred to as a second control electrode) of the second
transistor T2 are disposed on the first intermediate insulation
layer 10.

[0127] The second intermediate insulation layer 20 cov-
ering the first control electrode GE1 and the second control
electrode GE2 is disposed on the first intermediate insulation
layer 10. An input electrode IE1 (hereinafter, referred to as
a first input electrode) and an output electrode OF1 (here-
inafter, referred to as a first output electrode) of the first
transistor T1 and an input electrode IE2 (hereinafter, referred
to as a second input electrode) and an output electrode OE2
(hereinafter, referred to as a second output electrode) of the
second transistor T2 are disposed on the second intermediate
insulation layer 20.

[0128] Each of the first input electrode IE1 and the first
output electrode OE1 is connected to the first semiconductor
pattern SP1 through a contact hole defined through the first
intermediate insulation layer 10 and the second intermediate
insulation layer 20. Each of the first input electrode 1IE1 and
the first output electrode OE1 is connected to the first
semiconductor pattern SP1 through a contact hole defined
through the first intermediate insulation layer 10 and the
second intermediate insulation layer 20.

[0129] Although each of the first transistor T1 and the
second transistor T2 has a top gate structure in which the first
and second control electrodes GE1 and GE2 are disposed
above the first and second semiconductor patterns SP1 and
SP2 in FIG. 8, the embodiment of the invention is not
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limited thereto. Alternatively, one of the first transistor T1
and the second transistor T2 may have a bottom gate
structure.

[0130] The first input electrode IE1, the second input
electrode 1E2 and the upper insulation layer 30 covering the
first input electrode IE1 and the second input electrode IE2
are disposed on the second intermediate insulation layer 20.
The upper insulation layer 30 may provide a planarization
surface.

[0131] Inanembodiment, the circuit layer CL may include
a plurality of via layers VA1 and VA2 and a plurality of
connection electrodes SCH1 and SCH2.

[0132] The first via layer VA1 is disposed on the upper
insulation layer 30. The first connection electrode SCHI is
disposed on the first via layer VA1. The first connection
electrode SCH1 is connected to the second output electrode
OE2 through the contact hole defined through the first via
layer VAL

[0133] The second via layer VA2 is disposed on the first
via layer VAl. The second connection electrode SCH2 is
disposed on the second via layer VA2. The second connec-
tion electrode SCH2 is connected to the first connection
electrode SCH1 through the contact hole defined through the
second via layer VA2.

[0134] In an alternative embodiment of the invention, the
plurality of via layers VA1 and VA2 and the plurality of
connection electrodes SCH1 and SCH2 may be omitted.
[0135] The display layer DPL is disposed on the second
via layer VA2. In an embodiment, where the via layers VA1
and VA2 and the connection electrodes SCH1 and SCH2 are
omitted, the display layer DPL may be disposed on the upper
insulation layer 30.

[0136] The display layer DPL includes a pixel defining
layer 40, an organic light-emitting diode OLED, and a
protection layer 50.

[0137] The pixel defining layer 40 may include an organic
material. A first electrode E1 is disposed on the second via
layer VA2. The first electrode E1 is connected to the second
connection electrode SCH2 through the contact hole CH
defined through the second via layer VA2. In such an
embodiment, the first electrode E1 is electrically connected
to the second output electrode OE2 through the first con-
nection electrode SCH1 and the second connection electrode
SCH2. An opening is defined in the pixel defining layer 40.
The opening of the pixel defining layer 40 exposes at least
a portion of the first electrode E1. In an embodiment of the
invention, the pixel defining layer 40 may be omitted.

[0138] A light emitting layer EL may be disposed in an
area corresponding to the opening. In an embodiment, the
light emitting layer ELL may be patterned and separately
provided in each of the pixels PX (refer to FIGS. 5 and 6).
The light emitting layer EL. may include an organic material
and/or an inorganic material. The light emitting layer EL
may generate color light having a predetermined color.

[0139] In an embodiment, the light emitting layer EL. may
be patterned into portions separated from each other to be
disposed in the pixels PX, respectively, but the embodiment
of the invention is not limited thereto. In one alternative
embodiment, for example, the light emitting layer EL, may
be disposed in common on the pixels PX (refer to FIGS. 5
and 6). In such an embodiment, the light emitting layer EL
may generate white-color light. In an embodiment, the light
emitting layer ELL may have a multilayer structure that is
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referred to as a tandem. Herein, “disposed in common on”
may mean “integrally formed in a single unit to entirely
cover.”

[0140] The second electrode E2 is disposed on the light
emitting layer EL. The second electrode E2 is disposed in
common on the pixels PX (refer to FIGS. 5 and 6).

[0141] The protection layer 50 covers the second electrode
E2.
[0142] The encapsulation layer TFE is disposed on the

pixel layer ELL. In an embodiment, the encapsulation layer
TFE is disposed on the protection layer 50. The encapsula-
tion layer TFE is disposed in common on the pixels PX
(refer to FIGS. 5 and 6). As illustrated in FIG. 7, the
encapsulation layer TFE disposed on at least a portion of the
display area DA and the first non-display area NDA1. That
is, on the plane, an area occupied by the encapsulation layer
TFE may be less than that occupied by the first non-bending
area NBAL.

[0143] The encapsulation layer TFE includes a lower
encapsulation layer IOL1, an organic layer OL, and an upper
encapsulation layer [OL2. However, the embodiment of the
invention is not limited thereto. In one embodiment, for
example, the encapsulation layer TFE may further include
an inorganic layer and an organic layer, and at least one of
the lower encapsulation layer IOL1, the organic layer OL,
and the upper encapsulation layer IOL.2 may be omitted.

[0144] The lower encapsulation layer IOL1 is disposed on
the pixel layer ELL to directly contact the pixel layer ELL.
The lower encapsulation layer IOL1 may be an inorganic
layer including an inorganic compound.

[0145] The organic layer OL is disposed on the lower
encapsulation layer IOL1. The organic layer OL may contain
an organic compound. The organic layer OL may have a
thickness relatively greater than that of each of layers
adjacent thereto. In one embodiment, for example, the
organic layer OL may have a thickness greater than that of
each of the lower encapsulation layer IOL1 and the upper
encapsulation layer IOL2. The organic layer OL may serve
as a protection layer for protecting the organic light-emitting
diode OLED or serve as a planarization layer for planarizing
a top surface.

[0146] The upper encapsulation layer IOL2 is disposed on
the organic layer OL. The upper encapsulation layer I0L.2
may be an inorganic layer including an inorganic compound.
The upper encapsulation layer IOL2 may cover the organic
layer OL to prevent the organic layer OL from contacting the
outside. In such an embodiment, the upper encapsulation
layer IOL2 may prevent moisture or the like generated from
the organic layer OL from escaping to the outside.

[0147] In an embodiment, as shown in FIG. 9, the pro-
truding members DAM1, DAM2, and BNK are disposed
between the circuit layer CL and the encapsulation layer
TFE. The lower encapsulation layer IOL1 and the upper
encapsulation layer IOL2 are coupled to each other on the
first non-display area NDA1 and cover the protruding mem-
bers DAMI1, DAM2, and BNK. In such an embodiment, as
shown in FIG. 9. only a portion, which is adjacent to the
display area DA, of the bank BNK of the protruding
members DAM1, DAM2 and BNK may be covered by the
lower encapsulation layer IOL1 and the upper encapsulation
layer IOL2.

[0148] Each of the protruding members DAM1, DAM2,
and BNK is disposed on the upper insulation layer 30 in a

Mar. 19, 2020

partial area of the first non-display area NDA1, on which the
via layers VA1 and VA2 are not disposed.

[0149] Each of the protruding members DAM1, DAM2,
and BNK may include a plurality of layers. In one embodi-
ment, for example, the first dam DAM1 may be configured
by laminating two layers D1-1 and D1-2, and the second
dam DAM?2 may be configured by laminating three layers
D2-1,D2-2, and D2-3. The bank BNK may be configured by
laminating three layers BK-1, BK-2, and BK-3. In an
embodiment, as shown in FIGS. 9 and 10, an opening OP
may be defined through a portion of the upper insulation
layer 30, a portion of the second intermediate insulation
layer 20 and a portion of the barrier layer BF, which are in
the bending area BA on the plane.

[0150] In an embodiment, as illustrated in FIG. 9, a bank
coupling hole CHB defined through the upper insulation
layer 30 may be defined in the first non-display area NDA1
disposed adjacent to the bending area BA. In such an
embodiment, a portion of a top surface of the second
intermediate insulation layer 20 may be exposed by the bank
coupling hole CHB.

[0151] The bank coupling hole CHB overlaps the bank
BNK on the plane. The bank BNK may be filled in the bank
coupling hole CHB. In one embodiment, for example, a first
portion BK-1 that is a lowermost portion of the bank BNK
may be filled in the bank coupling hole CHB. In such an
embodiment, the second intermediate insulation layer 20
and the bank BNK may be coupled to each other through the
bank coupling hole CHB.

[0152] In an embodiment, as illustrated in FIG. 10, the
bank coupling hole CHB is not defined in an area in which
the bank BNK overlaps one CP1 of conductive patterns CP1
and CP2. The bank coupling hole CHB is insulated with the
conductive patterns CP1 and CP2. That is, the bank coupling
hole CHB according to the embodiment may be defined only
in an area that overlaps the bank BNK while non-overlap-
ping the conductive patterns CP1 and CP2.

[0153] In such an embodiment, an encapsulation coupling
hole CHT defined through the upper insulation layer 30 may
be defined in the first non-display area NDA1 disposed
adjacent to the bending area BA. In such an embodiment, a
portion of the top surface of the second intermediate insu-
lation layer 20 may be exposed by the encapsulation cou-
pling hole CHT.

[0154] The encapsulation coupling hole CHT is defined
between the bank BNK and the second dam DAM2 on the
plane. However, the embodiment of the invention is not
limited thereto. Alternatively, although not shown in the
drawing, the encapsulation coupling hole CHT may be
defined between the second dam DAM2 and the first dam
DAMI on the plane.

[0155] At least the lower encapsulation layer I0L1 of the
lower encapsulation layer IOL1 and the upper encapsulation
layer IOL2 may be filled in the encapsulation coupling hole
CHT. in such an embodiment, the second intermediate
insulation layer 20 and the encapsulation layer TFE may be
coupled to each other through the encapsulation coupling
hole CHT.

[0156] According to an embodiment of the invention, as
the bank coupling hole CHB is defined in the first non-
bending area NBA1 disposed adjacent to the bending area
BA, a contact area between the circuit layer CL and the bank
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BNK may increase. In such an embodiment, a coupling
force between the circuit layer CL and the bank BNK may
increase.

[0157] In an embodiment, as the encapsulation coupling
hole CHT is defined in the first non-bending area NBA1
disposed adjacent to the bending area BA, a contact area
between the circuit layer CL and the encapsulation layer
TFE may increase. In such an embodiment, a coupling force
between the circuit layer CL and the encapsulation layer
TFE may increase.

[0158] Hereinafter, for convenience of description, a par-
tial area of the first non-bending area NBA1 or the first
non-display area NDA1 defined between the bending area
BA and the display area DA is defined as a dead space DS
(refer to FIGS. 5 and 7). According to an embodiment of the
invention, the dead space DS may have a width of about 400
micrometers (m) or less in the first direction DR1.

[0159] In a conventional display device, where the cou-
pling holes CHB and CHT are not defined on the dead space
DS, as the display panel DP is bent, a bending stress may be
applied in a direction toward the display area DA from the
bending area BA. In this case, a crack may occur in the
display area DA, or delamination may occur in each of the
base layer BL, the circuit layer CL, and the display layer
DPL. In particular, as the width of the dead space DS in the
first direction DR1 decreases, the bending stress applied to
the display area DA may remarkably increase. However,
according to an embodiment of the invention, the coupling
holes CHB and CHT are defined in the dead space DS, such
that coupling forces between the bank BNK and the circuit
layer CL and between the encapsulation layer TFE and the
circuit layer CL increase. Accordingly, even when the bend-
ing area BA of the display panel DP is bent, a phenomenon
in which a crack occurs in the display area DA or delami-
nation occurs in each of the base layer BL, the circuit layer
CL and the display layer DPL may be relieved or substan-
tially reduced. In such an embodiment, even when the
bending area BA of the display panel DP is bent, the
coupling hole CHB and CHT may absorb the bending stress
transmitted to the display area DA from the bending area
BA. In such an embodiment, the durability of the display
apparatus DD may be improved.

[0160] According to an embodiment of the invention, each
of the coupling holes CHB and CHT may have a width in the
first direction DR1, which is differently set according to a
size of the display panel DP and a width of the dead space
DS in the first direction DR1. As the width of each of the
coupling holes CHB and CHT in the first direction increases,
an absorbed amount of the bending stress transmitted to the
display area DA may increase. When the dead space DS has
a width of about 400 um or less in the first direction DR1,
for example, each of the coupling holes CHB and CHT may
have a width of about 5 pum or more and about 200 pm or less
in the first direction DR1. However, the embodiment of the
invention is not particularly limited to the width of each of
the coupling holes CHB and CHT in the first direction DR1.
[0161] FIG. 11 is a cross-sectional view illustrating a
display apparatus according to an alternative embodiment of
the invention.

[0162] The cross-sectional view in FIG. 11 is substantially
the same as the cross-sectional view shown in FIG. 9 except
for the bank coupling hole CHB-1. The same or like
elements shown in FIG. 11 have been labeled with the same
reference characters as used above to describe the exemplary
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embodiments of display apparatus shown in FIG. 9, and any
repetitive detailed description thereof will hereinafier be
omitted or simplified.

[0163] Referring to FIG. 11, the bank coupling hole
CHB-1 of a display panel DP-1 may have a width deeper
than that of the bank coupling hole CHB described in FIG.
9

[0164] In such an embodiment, the bank coupling hole
CHB-1 may be defined through an upper insulation layer 30,
intermediate insulation layers 10 and 20, and a barrier layer
BF. In such an embodiment, a portion of a top surface of a
base layer BL may be exposed by the bank coupling hole
CHB-1. The bank coupling hole CHB-1 overlaps a bank
BNK-1 on the plane. The bank BNK-1 may be filled in the
bank coupling hole CHB-1. In such an embodiment, the base
layer BL and the bank BNK-1 may be connected to each
other through the bank coupling hole CHB-1.

[0165] According to an embodiment, a contact area
between the circuit layer CL and the bank BNK-1 may
further increase by the bank coupling hole CHB-1.

[0166] FIG. 12 is a cross-sectional view illustrating a
display apparatus according to another alternative embodi-
ment of the invention.

[0167] The cross-sectional view in FIG. 12 is substantially
the same as the cross-sectional view shown in FIG. 9 except
for dan coupling holes CHD1 and CHD2. The same or like
elements shown in FIG. 12 have been labeled with the same
reference characters as used above to describe the exemplary
embodiments of display apparatus shown in FIG. 9, and any
repetitive detailed description thereof will hereinafier be
omitted or simplified.

[0168] Referring to FIG. 12, a display panel DP-2 includes
a dam coupling hole, e.g., a first dam coupling hole CHD1
and a second dam coupling hole CHD2.

[0169] In an embodiment, as shown in FIG. 12, the first
dam coupling hole CHD1 or the second dam coupling hole
CHD2, which is defined or extends through an upper insu-
lation layer 30, may be defined in a first non-display area
NDAT1 disposed adjacent to a bending area BA. In such an
embodiment, a portion of a top surface of a second inter-
mediate insulation layer 20 may be exposed by the first dam
coupling hole CHD1 or the second dam coupling hole
CHD2.

[0170] The first dam coupling hole CHD1 overlaps a first
dam DAMI1-2. The first dam DAM1-2 may be filled in the
first dam coupling hole CHDI1. In one embodiment, for
example, a first portion D1-1 that is a lowermost portion of
the first dam DAM1-2 may be filled in the first dam coupling
hole CHD1. That is, the second intermediate insulation layer
20 and the first dam DAM1-2 may be coupled to each other
through the first dam coupling hole CHD1. The first dam
coupling hole CHD1 is insulated with a first conductive
pattern CP1 by the second intermediate insulation layer 20.

[0171] The second dam coupling hole CHD2 overlaps a
second dam DAM2-2. The second dam DMA2-2 may be
filled in the second dam coupling hole CHD2. In one
embodiment, for example, a first portion D2-1 that is a
lowermost portion of the second dam DAM2-2 may be filled
in the second dam coupling hole CHD2. In such an embodi-
ment, the second intermediate insulation layer 20 and the
second dam DAM2-2 may be coupled to each other through
the second dam coupling hole CHD2.
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[0172] FIG. 13 is a cross-sectional view illustrating a
display panel according to another embodiment of the
invention.

[0173] The cross-sectional view in FIG. 13 is substantially
the same as the cross-sectional view shown in FIG. 9 except
for the bank coupling hole CHB-3. The same or like
elements shown in FIG. 13 have been labeled with the same
reference characters as used above to describe the exemplary
embodiments of display apparatus shown in FIG. 9, and any
repetitive detailed description thereof will hereinafter be
omitted or simplified.

[0174] Referring to FIG. 13, in an embodiment, a bank
coupling hole CHB-3 of a display panel DP-3 may be
provided in plurality.

[0175] In such an embodiment, a plurality of bank cou-
pling holes CHB-3 defined through an upper insulation layer
30 may be defined in a first non-display area NDA1 disposed
adjacent to a bending area BA. The plurality of bank
coupling holes CHB-3 overlap a bank BNK-3 on the plane.
The bank BNK-3 and a second intermediate insulation layer
20 may be coupled to each other through the bank coupling
holes CHB-3.

[0176] According to an embodiment, as the bank coupling
hole CHB-3 is provided in plurality, a contact area between
a circuit layer CL and the bank BNK-3 may further increase.
[0177] FIG. 14 is a cross-sectional view illustrating a
display panel according to another embodiment of the
invention.

[0178] The cross-sectional view in FIG. 14 is substantially
the same as the cross-sectional view shown in FIG. 9 except
for an encapsulation coupling hole CHT-4 or a dam coupling
hole CHD2-4. The same or like elements shown in FIG. 14
have been labeled with the same reference characters as used
above to describe the exemplary embodiments of display
apparatus shown in FIG. 12, and any repetitive detailed
description thereof will hereinafter be omitted or simplified.
[0179] Referring to FIG. 14, in an embodiment, an encap-
sulation coupling hole CHT-4 or a dam coupling hole
CHD2-4 of a display panel DP-4 may expose a portion of the
barrier layer BF.

[0180] In such an embodiment, the encapsulation coupling
hole CHT-4 may be defined or extend through an upper
insulation layer 30 and intermediate insulation layers 10 and
20. In such an embodiment, a portion of a top surface of a
barrier layer BF may be exposed by the encapsulation
coupling hole CHT-4.

[0181] In an embodiment, the dam coupling hole CHB2-4
may be defined or extend through the upper insulation layer
30 and the intermediate insulation layers 10 and 20. In such
an embodiment, a portion of a top surface of the barrier layer
BF may be exposed by the encapsulation coupling hole
CHT-4.

[0182] Inan embodiment, as shown in FIG. 14, a first dam
DAMI-4 overlaps a first conductive pattern CP1, and a
second dam DAM2-4 non-overlaps the first conductive
pattern CP1, such that only the second dam coupling hole
CHD2-4 is defined to expose the barrier layer BF. According
to an alternative embodiment of the invention, when the
second dam DAM2-4 overlaps the conductive patterns CP1
and CP2, and the first dam DAMI1-4 non-overlaps the
conductive patterns CP1 and CP2, only the second dam
coupling hole CHD2-4 may expose the barrier layer BF.
[0183] According to embodiments of the invention, the
display apparatus may improve in durability.
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[0184] While the invention has been particularly shown
and described with reference to exemplary 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.
What is claimed is:
1. A display apparatus comprising:
a base layer, on which a display area and a non-display
area surrounding the display area are defined;
a circuit layer disposed on the base layer and comprising
a plurality of insulation layers;
a pixel layer disposed on the display area and comprising
a plurality of organic light-emitting diodes;
an encapsulation layer disposed on the pixel layer to cover
the pixel layer; and
a protruding member disposed between the circuit layer
and the encapsulation layer on the non-display area,
wherein a bank coupling hole is defined in the circuit layer
on the non-display area, and
wherein the bank coupling hole is defined through at least
an uppermost insulation layer of the insulation layers
and overlaps the protruding member on a plane.
2. The display apparatus of claim 1, wherein
the protruding member is provided in plural, and
the protruding member comprises:
a dam disposed to surround the display area; and
a bank disposed on an outside of the dam in a first
direction, and
the bank coupling hole overlaps the bank on the plane.
3. The display apparatus of claim 2, wherein the circuit
layer further comprises:
a barrier layer disposed on the base layer;
a plurality of thin-film transistors disposed on the barrier
layer; and
a plurality of conductive patterns disposed on the barrier
layer in the non-display area, and
the plurality of insulation layers comprise:
a plurality of intermediate insulation layers disposed on
the barrier layer; and
an upper insulation layer disposed on the intermediate
insulation layers to cover the thin-film transistors and
the conductive patterns.
4. The display apparatus of claim 3, wherein
the bank coupling hole is defined through the upper
insulation layer to expose a portion of the intermediate
insulation layer, and
the bank and the intermediate insulation layer are coupled
to each other through the bank coupling hole.
5. The display apparatus of claim 4, wherein
an encapsulation coupling hole is defined through at least
the upper insulation layer on the non-display area, and
the encapsulation coupling hole is defined between the
bank and the dam on the plane.
6. The display apparatus of claim 5, wherein
the encapsulation coupling hole is defined through the
upper insulation layer and the intermediate insulation
layer, and
the encapsulation layer and the barrier layer are coupled
to each other through the encapsulation coupling hole.
7. The display apparatus of claim 3, wherein
the bank coupling hole is defined through the upper
insulation layer, the intermediate insulation layers and
the barrier layer, and
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the bank and the base layer are coupled to each other

through the bank coupling hole.

8. The display apparatus of claim 7, wherein the bank
coupling hole does not overlap the conductive patterns on
the plane, and is insulated with the conductive patterns.

9. The display apparatus of claim 3, wherein

the circuit layer comprises a dam coupling hole defined

through at least the upper insulation layer on the
non-display area, and

the dam coupling hole overlaps the dam on the plane.

10. The display apparatus of claim 9, wherein the dam
coupling hole overlaps at least a portion of the conductive
patterns on the plane, and is insulated with the conductive
patterns.

11. The display apparatus of claim 9, wherein

the dam coupling hole is defined through the upper

insulation layer and the intermediate insulation layer,
and

the dam and the barrier layer are coupled to each other

through the dam coupling hole.

12. The display apparatus of claim 11, wherein the dam
coupling hole does not overlap the conductive patterns on
the plane, and is insulated with the conductive patterns.

13. The display apparatus of claim 3, wherein

the dam is provided in plural,

the dam comprises:

a first dam having a frame shape surrounding the
display area on the plane; and

a second dam having a frame shape surrounding the
first dam on the plane, and

at least one of the first dam and the second dam
overlaps the conductive patterns.

14. The display apparatus of claim 2, wherein the non-
display area comprises a bending area, which is bent with
respect to a bending axis perpendicular to the first direction
on the plane.

15. The display apparatus of claim 14, wherein a distance
between the display area and the bending area in the first
direction is about 400 um or less.

16. The display apparatus of claim 15, wherein the bank
coupling hole has a first directional width of about 5 pm or
more and about 200 pm or less.

17. The display apparatus of claim 2, wherein the bank
coupling hole is provided in plural.
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18. The display apparatus of claim 2, wherein the bank
has a first directional width greater than a first directional
width of the dam.

19. A display apparatus comprising:

a base layer, on which a display area and a non-display

area surround the display area are defined;

a circuit layer disposed on the base layer;

a display layer disposed on the circuit layer; and

a plurality of protruding members disposed on the circuit
layer on the non-display area,

wherein the circuit layer comprises:

a plurality of insulation layers, wherein a coupling hole
1s defined through at least one uppermost insulation
layer of the insulation layers in the non-display area;
and

a plurality of conductive patterns disposed between the
insulation layers, and

wherein at least one of the protruding members is filled in
the coupling hole.

20. A display apparatus comprising:

a display panel, on which a display area for displaying an
image and a non-display area surround the display area
are defined, wherein at least a portion of the non-
display area is bent,

wherein the display panel comprises:

a base layer;

a circuit layer disposed on the base layer and compris-
ing a plurality of insulation layers;

a pixel layer disposed on the display area;

an encapsulation layer disposed on the pixel layer to
cover the pixel layer; and

a bank disposed between the circuit layer and the
encapsulation layer on the non-display area, and

wherein a bank coupling hole is defined in the circuit
layer on a partial area disposed adjacent to a bending
area in the non-display area,

wherein the bank coupling hole is defined through at
least upper insulation layer of the insulation layers,
and

wherein a lower portion of the bank is filled in the bank
coupling hole.
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