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FIG.3

Forming upper protection layer and bending area protection layer —~S101

Attaching supporting member under substrate ——-S5102

Removing upper protection layer ——S5103

Attaching polarization film —~—5104
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DISPLAY DEVICE AND MANUFACTURING
METHOD THEREOF

[0001] This application claims priority to Korean Patent
Application No. 10-2018-0121115 filed on Oct. 11, 2018,
and all the benefits accruing therefrom under 35 U.S.C. §
119, the entire contents of which are incorporated herein by
reference.

BACKGROUND

(a) Field

[0002] The present disclosure relates to a display device
and a manufacturing method thereof.

(b) Description of the Related Art

[0003] Flexible display devices have been developed that
use substrates that are lightweight, strong against impact,
and easily flexible. Flexible display devices are attracting
attention as next generation display devices that can be used
for portable devices and wearable devices as well as tele-
vision (“TV”) and computer monitors.

[0004] In addition, when using the flexible substrates, an
end portion of a display panel in which pads are located can
be bent, thereby reducing a dead space and a bezel width.

SUMMARY

[0005] Exemplary embodiments of the invention provide a
display device and a manufacturing method thereof for
reducing or effectively preventing damage to the display
device generated in a manufacturing process, simplifying
the manufacturing process, and reducing a material cost,
thereby improving productivity and yield for the manufac-
tured display device.

[0006] A display device according to an exemplary
embodiment includes: a substrate including a bending area;
an organic light emitting element disposed on the substrate;
an encapsulation layer covering an upper surface and a side
surface of the organic light emitting element; and a bending
area protection layer covering the bending area of the
substrate. The upper surface of the encapsulation layer
includes a nano structure defined by nano sized protrusions
and depressions of the upper surface, and the bending area
protection layer is disposed separated from the encapsula-
tion layer along the substrate.

[0007] The bending area protection layer may include a
cured portion of an ultraviolet ray curable material.

[0008] The ultraviolet ray curable material may include at
least one among an acrylate-based polymer, polyurethane,
and an acrylate-based material including SiO.

[0009] The ultraviolet ray curable material may include at
least one among an acryl-based resin, a butyl rubber, a vinyl
acetate resin, an ethylene vinyl acetate (“EVA”) resin, a
natural rubber, a nitrile, a siliceous resin, a silicon rubber,
and a styrene block polymer.

[0010] Adhesiveness of the bending area protection layer

may be about 50 grams-force per inch (gf/inch) to about 200
gf/inch.

[0011] A maximum thickness of the bending area protec-
tion layer may be about 50 micrometers (um) to about 150
pm.

Apr. 16, 2020

[0012] A supporting member disposed on a rear surface of
the substrate may be further included, and the supporting
member may define an opening overlapping the bending
area.

[0013] Along the substrate, the supporting member defin-
ing the opening which overlaps the bending area, may
overlap the bending area protection layer covering the
bending area, by about 100 pm to about 200 pm.

[0014] A driving integrated circuit chip may be further
included, and along the substrate, the bending area protec-
tion layer may be disposed separated from the driving
integrated circuit chip.

[0015] An upper protection layer removably attachable to
the encapsulation layer, a polarization film disposed on the
upper surface of the encapsulation layer, and a window panel
disposed on the polarization film, may be further included.
[0016] Removal of the upper protection layer from the
encapsulation layer may dispose an upper surface of the
encapsulation layer exposed to outside the encapsulation
layer, and form the nano structure.

[0017] The nano structure may form one closed line shape
extended along edges of the encapsulation layer.

[0018] At the bending area of the substrate, an adhesive
supporting layer disposed between the substrate and the
bending area protection layer may be further included.
[0019] The adhesive supporting layer may include at least
one among an acryl-based resin, a butyl rubber, a vinyl
acetate resin, an ethylene vinyl acetate (“EVA”) resin, a
natural rubber, a nitrile, a siliceous resin, a silicon rubber,
and a styrene block polymer.

[0020] The adhesiveness of the adhesive supporting layer
may be higher than the adhesiveness of the bending area
protection layer.

[0021] A manufacturing method of a display device
according to an exemplary embodiment includes: providing
a substrate including a bending area at which the display
device is bendable; providing an encapsulation layer cover-
ing each of an upper surface and a side surface of the organic
light emitting element, on the substrate; providing both an
upper protection layer on the encapsulation layer covering
each of the upper surface and the side surface of the organic
light emitting element and a bending area protection layer on
the bending area of the substrate; and removing the upper
protection layer from the encapsulation layer covering each
of the upper surface and the side surface of the organic light
emitting element. The providing both the upper protection
layer and the bending area protection layer includes respec-
tively applying an ultraviolet ray curable material to the
encapsulation layer and to the bending area of the substrate
and curing the ultraviolet (“UV”) ray curable material, to
form the upper protection layer and the bending area pro-
tection layer spaced apart from each other along the sub-
strate.

[0022] The UV ray curable resin may include at least one
among an acrylate-based polymer, polyurethane, and an
acrylate-based material including SiO.

[0023] The providing both the upper protection layer and
the bending area protection layer may provide, the upper
protection layer having a maximum thickness of about 100
um to about 150 pm, and the bending area protection layer
having a maximum thickness of about 50 um to about 150
pm.

[0024] The providing the upper protection layer may
include providing an individual layer of the ultraviolet ray
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curable material having a thickness of about 10 micrometers
to about 20 micrometers and curing the individual layer,
multiple times, to provide the upper protection layer having
the maximum thickness of about 100 micrometers to about
150 micrometers.

[0025] Forming an adhesive supporting layer which is
between the substrate and the upper protection layer and
with which the substrate is attached to the upper protection
layer may be further included.

[0026] The adhesive supporting layer may include at least
one among an acryl-based resin, a butyl rubber, a vinyl
acetate resin, an ethylene vinyl acetate (“EVA”™) resin, a
natural rubber, a nitrile, a siliceous resin, a silicon rubber,
and a styrene block polymer.

[0027] According to the exemplary embodiments, damage
to a display device which may occur during a manufacturing
process may be reduced or effectively prevented, the manu-
facturing process may be simplified and material cost may
be reduced, thereby improving productivity yield of the
manufactured display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The above and other advantages and features of
this disclosure will become more apparent by describing in
further detail exemplary embodiments thereof with refer-
ence to the accompanying drawings, in which:

[0029] FIG. 1is a top plan view of an exemplary embodi-
ment of a display device.

[0030] FIG. 2 is a cross-sectional view of the display
device of FIG. 1 taken along line II-II in FIG. 1.

[0031] FIG. 3 is a flowchart showing an exemplary
embodiment of a manufacturing method of a display device.
[0032] FIG. 4 is a cross-sectional view of an exemplary
embodiment of a display device which is unbent, provided
according to the manufacturing method of FIG. 3.

[0033] FIG. 5 is a cross-sectional view showing the dis-
play device of FIG. 4 which is bent.

[0034] FIG. 6 is a top plan view showing an exemplary
embodiment of an upper surface of an encapsulation layer of
a display device.

[0035] FIG. 7 and FIG. 8 are cross-sectional views of
modified exemplary embodiments of a display device.
[0036] FIG.9is an image of an exemplary embodiment of
an upper protection layer on an encapsulation layer of a
display device.

DETAILED DESCRIPTION

[0037] The invention will be described more fully here-
inafter with reference to the accompanying drawings, in
which exemplary embodiments are shown. As those skilled
in the art would realize, the described embodiments may be
modified in various different ways, all without departing
from the spirit or scope of the invention.

[0038] In order to clearly explain the invention, portions
that are not directly related to the invention are omitted, and
the same reference numerals are attached to the same or
similar constituent elements through the entire specification.
[0039] In addition, the size and thickness of each configu-
ration shown in the drawings are arbitrarily shown for better
understanding and ease of description, but the invention is
not limited thereto. In the drawings, the thicknesses of
layers, films, panels, regions, etc., are exaggerated for clar-

Apr. 16, 2020

ity. In the drawings, for better understanding and ease of
description, the thicknesses of some layers and areas are
exaggerated.

[0040] It will be understood that when an element such as
a layer, film, region, or substrate is referred to as being
related to another element such as being “on” another
element, it can be directly on the other element or interven-
ing elements may also be present. In contrast, when an
element is referred to as being related to another element
such as being “directly on” another element, there are no
intervening elements present.

[0041] Further, in the specification, the word “on” or
“above” means positioned on or below the object portion,
and does not necessarily mean positioned on the upper side
of the object portion based on a gravitational direction.
Relative terms, such as “lower” or “bottom” and “upper” or
“top,” may be used herein to describe one element’s rela-
tionship to another element as illustrated in the Figures. It
will be understood that relative terms are intended to encom-
pass 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 therefore,
encompasses both an orientation of “lower” and “upper,”
depending on the particular orientation of the figure. Simi-
larly, 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.

[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
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.
“Atleast one” is not to be construed as limiting “a” or “an.”
“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. In addition, unless explicitly
described to the contrary, the word “comprise” and varia-
tions such as “comprises” or “comprising” will be under-
stood to imply the inclusion of stated elements but not the
exclusion of any other elements.

[0044] Further, in this specification, the phrase “on a
plane” or “a top plan view” means viewing a target portion
from the top, and the phrase “on a cross-section” means
viewing a cross-section formed by vertically cutting a target
portion from the side.

[0045] “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
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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). For example, “about” can mean within one or more
standard deviations, or within +30%, 20%, 10% or 5% of the
stated value.

[0046] 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 present disclosure, and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.

[0047] 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 present claims.
[0048] A display device according to an exemplary
embodiment is described with reference to FIG. 1 and FIG.
2.

[0049] FIG. 1is a top plan view of an exemplary embodi-
ment of a display device. FIG. 2 is a cross-sectional view of
the display device of FIG. 1 taken along line II-II in FIG. 1.
[0050] Referring to FIG. 1, the display device includes a
display panel 100. The display device may be an organic
light emitting diode display, a liquid crystal display, or an
electrophoretic display. An exemplary embodiment in which
the display device is the organic light emitting diode display
is described below as an example.

[0051] The display panel 100 includes a display area DA
at which an image is displayed and a non-display area PA at
which an image is not displayed. The display area DA
includes a pixel PX provided in plurality, the pixel PX being
a region where an image is displayed. In the display area
DA, a plurality of signal lines including a gate line 131
provided in plurality, a data line 132 provided in plurality,
and a driving voltage line 133 provided in plurality are
disposed or formed. Each pixel PX includes a pixel circuit
connected to a plurality of signal lines, and an organic light
emitting element of which light emission is controlled by the
pixel circuit. The non-display area PA is a region where
elements or wiring for generating and transmitting various
signals applied to the display area DA are disposed. The
pixel PX may be driven or controlled with the various
signals applied to the display area DA via the elements or
wiring in the non-display area PA.

[0052] The non-display area PA of the display panel 100
includes a bending area BA. The bending area BA is a region
where the display panel 100, and consequently the display
device, is bendable with respect to a bending axis. Compo-
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nents, elements, wirings, etc. of the display panel 100 may
be bendable at the bending area BA. The display panel 100
is bendable at the bending area BA so that the display device
which is bent disposes a portion of the non-display area PA
at a rear surface of the display panel 100 which is opposite
to a front surface thereof at which an image is viewable,
thereby reducing a dead space due to the non-display area
PA. A dead space may be defined by a portion of the
non-display area PA at which signal lines, elements, wiring,
etc. are omitted but nevertheless occupy a space within the
display device.

[0053] Referring to FIG. 2, the display device includes a
substrate 110, a thin film transistor array panel 120, an
organic light emitting element 125, an encapsulation layer
130, a supporting member 140, an upper protection layer
150, and a bending area protection layer 160.

[0054] The display device and components thereof may be
disposed in a plane defined by a first direction and a second
direction which cross each other. In FIG. 1, the horizontal
direction may represent one of the first direction and the
second direction, while the vertical direction represents the
other one of the first direction and the second direction. The
bending axis in the bending area BA may extend along the
horizontal direction in FIG. 1. A thickness of the display
device and components thereof extends along a third direc-
tion which crosses each of the first direction and the second
direction. In FIG. 2, the horizontal direction may represent
the first direction and/or the second direction, while the
vertical direction represents a thickness direction.

[0055] The substrate 110 may include a flexible material
such as plastic, which may be bent, curved, folded, or rolled.
In an exemplary embodiment, for example, the substrate 110
may include polyimide (“PI”), polyethylene naphthalate
(“PEN”), polycarbonate (“PC”), polyarylate (“PAR”),
polyether imide (“PEI”), polyether sulfone (“PES”), etc. The
substrate 110 is divided into the display area DA and the
non-display area PA described in FIG. 1, and the non-display
area PA includes the bending area BA. The display area DA
and the non-display area PA may define an entire planar area
of the substrate 110, without being limited thereto.

[0056] The thin film transistor array panel 120 is disposed
on the substrate 110 in the display area DA thereof. The thin
film transistor array panel 120 includes at least one thin film
transistor and a plurality of signal lines including a plurality
of gate lines, a plurality of data lines, and a plurality of
driving voltage lines. The thin film transistor may be respec-
tively disposed in each pixel PX among a plurality of the
pixel PX, and connected to a plurality of signal lines at the
pixel PX.

[0057] The organic light emitting element 125 is disposed
on the thin film transistor array panel 120. The organic light
emitting element 125 may be disposed in each pixel PX
among a plurality of the pixel PX. The organic light emitting
element 125 may include a pixel electrode, a common
electrode, and an organic emission layer. The thin film
transistor and the pixel electrode of the thin film transistor
array panel 120 are connected to each other such that the
light emission at the pixel PX is controlled. The pixel PX
may include a light emission area at which light is emitted
from the organic light emitting element 125. Holes and
electrons are injected into the organic emission layer from
the pixel electrode and the common electrode, and an
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exciton, of which the hole and electron are combined, is
dropped from an excited state to a ground state, thereby
realizing the light emission.

[0058] According to an exemplary embodiment, a touch
sensing layer (not shown) for sensing a touch to the display
device and/or the display panel 100 may be further included,
and may be disposed above or under the organic light
emitting element 125.

[0059] The encapsulation layer 130 covering the organic
light emitting element 125 is disposed on the organic light
emitting element 125. The encapsulation layer 130 covers
side surface as well as an upper surface of the organic light
emitting element 125, thereby encapsulating the organic
light emitting element 125 on the substrate 110. Since the
organic light emitting element 125 is susceptible to moisture
and oxygen, the encapsulation layer 130 seals the organic
light emitting element 125 to block the inflow of external
moisture and oxygen from outside the encapsulation layer
130.

[0060] The encapsulation layer 130 may include a plural-
ity of layers, and may be formed or include of a composite
layer including both an inorganic layer and an organic layer.
The encapsulation layer 130 may be formed or include of a
triple layer in which an inorganic layer, an organic layer, and
an inorganic layer are sequentially provided or formed.
Here, the inorganic layer may include at least one among a
metal oxide, a metal oxynitride, a silicon oxide, a silicon
nitride, and a silicon oxynitride. The organic layer may
include or be formed of polymer series materials, without
being limited thereto.

[0061] The supporting member 140 is disposed under the
substrate 110, on a rear surface of the substrate 110 opposite
to the front surface on which the thin film transistor array
panel 120, the organic light emitting element 125 and the
encapsulation layer 130 are disposed. The supporting mem-
ber 140 may have a function of protecting and supporting the
substrate 110. The supporting member 140 may define or
include an opening therein overlapping the bending area
BA. Accordingly, the display panel may be easily bent in the
bending area BA since the supporting member 140 is not
disposed in the bending area BA.

[0062] The upper protection layer 150 is disposed on the
encapsulation layer 130. In an exemplary embodiment of
manufacturing a display device, the upper protection layer
150 may be provided or formed by spraying an ultraviolet
(“UV”)-curable resin such as by an inkjet printing method,
and curing the UV-curable resin with ultraviolet rays (e.g.,
an ultraviolet ray curable resin).

[0063] The UV-curable resin may include an ultraviolet
ray curable material. The ultraviolet ray curable material as
a material that may be cured with ultraviolet rays may
include at least one among an acrylate-based polymer (e.g.,
a polymer including acrylate), polyurethane, and an acry-
late-based material including SiO (e.g., an acrylate material
including SiO), without being limited thereto. The ultravio-
let ray curable material may include any of a number of
materials that may be cured with ultraviolet rays. The
UV-curable resin may further include a photoinitiator, a heat
stabilizer, an antioxidant, an antistatic agent, and/or a slip
agent.

[0064] Theupper protection layer 150 may include a cured
portion of the above-described ultraviolet ray curable mate-
rial. That is, the upper protection layer 150 may include at
least one cured portion among the acrylate-based polymer,
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polyurethane, and the acrylate-based material including SiO.
Also, the upper protection layer 150 may further include the
photoinitiator, the heat stabilizer, the antioxidant, the anti-
static agent, or the slip agent remaining in the upper pro-
tection layer 150 after the UV-curable resin for forming the
upper protection layer 150 is cured.

[0065] The upper protection layer 150 as a cured portion
of a material layer, according to an exemplary embodiment,
may include at least one among an acryl-based resin (e.g., a
resin including an acryl material), a butyl rubber, a vinyl
acetate resin, an ethylene vinyl acetate (“EVA”) resin, a
natural rubber, a nitrile, a siliceous resin, a silicon rubber,
and a styrene block polymer. As further including at least
one of these materials, the upper protection layer 150 may
have predetermined adhesiveness with respect to the encap-
sulation layer 130. The adhesiveness of the upper protection
layer 150 with respect to the encapsulation layer 130 may be
about 3 grams-force per inch (gf/inch) to about 10 gf/inch.
[0066] The upper protection layer 150 is removably dis-
posed on the encapsulation layer 130. In an exemplary
embodiment, the upper protection layer 150 is disposed on
the encapsulation layer 130 to protect the encapsulation
layer 130 such as during a manufacturing process, and is
subsequently removed. The upper protection layer 150 may
be disposed along an entirety of the encapsulation layer 130
in the display area DA, without being limited thereto. The
upper protection layer 150 may be selectively disposed in
some regions on the encapsulation layer 130 in the display
area DA, and/or may have different thicknesses per region of
the encapsulation layer 130 in the display area DA.

[0067] A maximum thickness of the upper protection layer
150 may be about 100 micrometers (im) to about 150 pm.
The thickness of the upper protection layer 150 is a height
in a vertical direction or thickness direction with respect to
an upper surface of the substrate 110. The thickness of the
upper protection layer 150 may gradually decrease as a
distance to an end of the upper protection layer 150
decreases. In cross-section, the upper surface of the upper
protection layer 150 may have an inclined shape that is
curved at the end, and the inclination of the upper surface of
the upper protection layer 150 with respect to the substrate
110 may increase as a distance to the end of the upper
protection layer 150 decreases.

[0068] The bending area protection layer 160 is disposed
on the substrate 110 in the bending area BA thereof, and is
spaced apart from the upper protection layer 150 and the
encapsulation layer 130 along the substrate 110, without
being in contact with the upper protection layer 150 and the
encapsulation layer 130. The bending area protection layer
160 covers the bending area BA and relaxes a stress force
applied to wiring (not shown) disposed in the bending area
BA of the substrate 110 during the bending of the display
device, thereby reducing or effectively preventing cracks in
the wiring especially portions thereof disposed in the bend-
ing area BA.

[0069] In an exemplary embodiment of manufacturing a
display device, the bending area protection layer 160 may be
provided or formed by injecting the UV-curable resin such
as by the inkjet printing method and curing the UV-curable
resin with ultraviolet rays. The UV-curable resin may
include the ultraviolet ray curable material. The ultraviolet
ray curable material means a material that may be cured with
ultraviolet rays, and the detailed contents are as described in
the description of the upper protection layer 150.
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[0070] The bending area protection layer 160 may include
the cured portion of an ultraviolet ray curable material as
described in the description of the upper protection layer
150, and thus a detailed description thereof is omitted here.
The bending area protection layer 160 may include a same
material as the upper protection layer 150. The bending area
protection layer 160 and the upper protection layer 150 may
respectively be portions of a same material layer among
layers disposed on the substrate 110. However, according to
the exemplary embodiment, bending area protection layer
160 and the upper protection layer 150 may be provided or
formed to include different materials and/or respectively be
portions of different material layers among layers disposed
on the substrate 110.

[0071] The bending area protection layer 160 may further
include the photoinitiator, the heat stabilizer, the antioxidant,
the antistatic agent, or the slip agent remaining in the
bending area protection layer 160 after the UV-curable resin
for forming the bending area protection layer 160 is cured.
[0072] Also, the bending area protection layer 160 may
further include at least one among the acryl-based resin, the
butyl rubber, the vinyl acetate resin, the ethylene vinyl
acetate (“EVA”) resin, the natural rubber, the nitrile, the
siliceous resin, the silicon rubber, and the styrene block
polymer according to an exemplary embodiment. As these
materials are included, the bending area protection layer 160
may have the predetermined adhesiveness. The adhesive-
ness of the bending area protection layer 160 with respect to
an underlying layer in contact therewith such as the substrate
110, may be higher than the adhesiveness of the upper
protection layer 150 with respect to an underlying layer such
as the encapsulation layer 130. In an exemplary embodi-
ment, for example, the adhesiveness of the bending area
protection layer 160 may be about 50 gf/inch to about 200
gf/inch.

[0073] A maximum thickness of the bending area protec-
tion layer 160 may be from about 50 um to about 150 um.
The thickness of the bending area protection layer 160 is the
height in the vertical direction with respect to the upper
surface of the substrate 110.

[0074] The bending area protection layer 160 may overlap
a portion of the supporting member 140 in the display area
DA and a portion of the supporting member 140 in the
non-display area PA which is located beyond the bending
area BA in a direction towards an end of the display device
(e.g., furthest to the right in FIG. 2).

[0075] A width of an overlapping region at which the
bending area protection layer 160 and the supporting mem-
ber 140 overlap each other may be about 100 pm to about
200 pm. The width of the overlapping region is a distance
taken in a normal direction to the bending axis, at which the
bending area protection layer 160 and the supporting mem-
ber 140 overlap each other. Referring to FIG. 2, the width is
taken along the horizontal direction, which is normal to the
bending axis located in the bending area BA. That is, the
bending area protection layer 160 may be extended and
disposed to a region that is 100 pm to 200 pm away from the
bending area BA, at each of opposing sides thereof. As such,
as the portion of the bending area protection layer 160
overlaps the supporting member 140, the cracking of the
wiring disposed in the bending area BA may be reduced or
effectively prevented.

[0076] An exemplary embodiment of manufacturing
method of the display device is described with reference to
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FIG. 3 to FIG. 5. FIG. 3 is a flowchart showing an exemplary
embodiment of a manufacturing method of a display device,
and FIG. 4 is a cross-sectional view of an exemplary
embodiment of a display device provided according to the
manufacturing method of FIG. 3. FIG. 5 is a cross-sectional
view showing the display device of FIG. 4, which is bent

[0077] The substrate 110 is provided or formed on a base
substrate or carrier substrate (not shown), such as to be
attached thereto. The base substrate and the substrate 110
may be removably attachable to each other. On the substrate
110, the thin film transistor array panel 120 and the organic
light emitting element 125 are provided or formed in the
display area DA of the substrate 110, to each be encapsulated
by the encapsulation layer 130 in the display area DA of the
substrate 110. A conductive wiring (not shown) is provided
or formed in the non-display area PA of the substrate 110.
The base substrate attached to the substrate 110 is to ensure
a favorable overall thickness and rigidity for handling the
substrate 110 and layers provided thereon during manufac-
turing of the display device. The base substrate may be a
flexible substrate.

[0078] As shown in FIG. 3, the upper protection layer 150
and the bending area protection layer 160 (FIG. 2) are
respectively provided or formed by the inkjet printing
method, in the bending area BA and on the encapsulation
layer 130 in the display area DA, on the substrate 110,
(S101).

[0079] For forming the upper protection layer 150 and the
bending area protection layer 160, the UV-curable resin may
be sprayed at a predetermined volume through a nozzle of an
inkjet printing apparatus at a predetermined position along
the substrate 110 (e.g., at the display area DA and at the
non-display area PA), and cured with ultraviolet (“UV”)
rays.

[0080] In a conventional flexible organic light emitting
device, an encapsulation layer is provided or formed to
encapsulate a display substrate to reduce or effectively
prevent penetration of moisture and oxygen to the organic
material as a light emitting material. However, the encap-
sulation layer of the conventional flexible organic light
emitting device is relatively easily damaged by external
scratches, or stampings or scratches due to foreign materials
generated during subsequent manufacturing processes, and
these stampings or scratches cause defects such as dark
spots, etc. of the conventional flexible organic light emitting
device.

[0081] To solve these problems, for the substrate of the
conventional flexible organic light emitting device, an upper
protection film including or formed of a polyethylene
terephthalate (“PET”) film is attached to the encapsulation
layer so as to protect the encapsulation layer during the
subsequent manufacturing processes. However, the process
of attaching the upper protection film is additionally used to
manufacture the conventional flexible organic light emitting
device, which reduces productivity and yield for the manu-
factured conventional flexible organic light emitting device.
Furthermore, selective coating is not possible for individual
portions of the upper protection layer, since the upper
protection layer may only be provided or formed on an
entirety of the surface of the substrate having the encapsu-
lation layer thereon.

[0082] However, according to one or more exemplary
embodiment, the upper protection layer 150 and the bending
area protection layer 160 may be provided or formed simul-
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taneously, thereby simplifying the process. As being pro-
vided or formed simultaneously, the upper protection layer
150 and the bending area protection layer 160 may be
provided in or formed from as same process and/or using a
same material layer, such that the upper protection layer 150
and the bending area protection layer 160 of the display
device are respectively portions of the same material layer.
Also, since the upper protection layer 150 may be locally
provided or formed only in some regions by the inkjet
printing method, as opposed to be provided at an entirety of
a substrate of the conventional display panel, a material cost
may be reduced. That is, the upper protection layer 150 may
be provided or formed only at the region where the encap-
sulation layer 130 of the display panel is disposed, instead
of providing or forming the upper protection layer 150 on an
entirety of the substrate of the conventional display panel.
[0083] The spraying and curing process of the UV-curable
resin for providing or forming the upper protection layer 150
on the encapsulation layer 130 may be repeatedly performed
several times. Specifically, an individual process of injecting
the UV-curable resin onto the substrate 110 at the region
where the upper protection layer 150 is to be provided or
formed, with a thickness of about 10 pm to about 20 um and
curing the injected UV-curable resin from the individual
process with ultraviolet rays, is repeated several times to
increase the thickness of the cured UV-resin to provide or
form the upper protection layer 150 at a total thickness of
about 100 um to about 150 pm. That is, in an exemplary
embodiment, an individual layer of the UV-curable resin
having a thickness of about 10 pum to about 20 um is
provided and cured, multiple times, to provide the upper
protection layer 150 having the maximum thickness of about
100 pm to about 150 pm. If a relatively large amount of
UV-curable resin is cured at one time, the curing time
increases and all portions of the UV-curable resin may not
be uniformly cured. However, in an exemplary embodiment
the UV-curable resin sprayed in an individual process at the
thickness of about 100 um to about 150 um may be cured at
one time in one individual process.

[0084] For providing or forming the bending area protec-
tion layer 160 in the bending arca BA, the UV-curable resin
may be injected and cured to be provided or formed with the
thickness of about 50 pum to about 150 um along a region
disposed in the bending area BA and which extends from the
bending area BA by about 100 um to about 200 um. That is,
a total width of the bending area protection layer 160 may
include a width of the bending area BA in addition to both
distances which are each extended from opposing sides of
the bending area BA by about 100 um to about 200 um. As
such, the bending area protection layer 160 which extends
from the bending area BA and toward the display area DA,
is provided or formed to not overlap the encapsulation layer
130 and the upper protection layer 150.

[0085] As described above, the UV-curable resin may
contain the ultraviolet ray curable material, and the detailed
description is the same as described in FIG. 2 such that
repeated description is omitted here.

[0086] The base substrate is removed from the substrate
110 having the upper protection layer 150 and the bending
area protection layer 160 on the thin film transistor array
panel 120 and the organic light emitting element 125 which
are encapsulated by the encapsulation layer 130 thereon, and
the supporting member 140 is attached under the substrate
110 having the base substrate removed therefrom (S102).
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The supporting member 140 may serve to support and
protect the substrate 110, especially as having the various
layers provided or formed thereon. The supporting member
140 may form an outermost layer of the display device,
without being limited thereto.

[0087] Portions of the supporting member 140 may be
spaced apart from each other to define the opening in the
supporting member 140 which overlaps the bending area
BA. A width of each portion of the supporting member 140
which overlaps the bending area protection layer 160 may be
about 100 pm to about 200 um along the substrate 110 in a
direction normal to the bending axis.

[0088] After attaching the supporting member 140, a
driving integrated circuit chip 200 may be provided or
formed on an end portion of the substrate 110 in the
non-display area PA thereof. Along the substrate 110, the
driving integrated circuit chip 200 on the end portion of the
substrate 110 may be disposed to be spaced apart from the
bending area protection layer 160 covering the bending area
BA without being in contact therewith. The driving inte-
grated circuit chip 200 may control the display device and
output signals for driving the display panel 100 of the
display device. The driving integrated circuit chip 200 may
be an integral driving integrated circuit chip that applies a
timing signal to apply a data voltage to a pixel PX, a gate
voltage to a pixel PX, or the like, without being limited
thereto.

[0089] Theupper protection layer 150 is removed from the
substrate 110, and is particularly removed from the encap-
sulation layer 130 on the substrate 110 (S103). The remov-
ing of the upper protection layer 150 exposes the encapsu-
lation layer 130 on the substrate 110. The upper protection
layer 150 may be removed by a physical method such as
including attached an adhesive member (e.g., tape) to one
end and peeling the adhesive member and the upper pro-
tection layer 150 attached thereto by external force, but is
not limited thereto. Since the bending area protection layer
160 is provided or formed to not be in contact with the upper
protection layer 150 and the encapsulation layer 130, only
the upper protection layer 150 may be removed without
removing the bending area protection layer 160. That is, the
bending area protection layer 160 may remain on the sub-
strate 110 having the various layers provided or formed
thereon, after the upper protection layer 150 is removed.
[0090] The adhesiveness of the upper protection layer 150
with respect to the encapsulation layer 130 may be lower
than the adhesiveness of the bending area protection layer
160 with respect to the substrate 110. In an exemplary
embodiment, for example, the adhesiveness of the upper
protection layer 150 with respect to an underlying layer in
contact therewith may be about 3 gf/inch to about 10 gf/inch,
and the adhesiveness of the bending area protection layer
160 with respect to an underlying layer in contact therewith
may be about 50 gf/inch to about 200 gf/inch.

[0091] Since the upper protection layer 150 is removably
attachable to the encapsulation layer 130, such that the upper
protection layer 150 is attachable during some processes of
manufacturing and removable subsequent to the processes,
upper and lower limits of the adhesiveness are defined. If the
adhesiveness of the upper protection layer 150 with respect
to an underlying layer in contact therewith such as the
encapsulation layer 130 is less than 3 gf/inch, there may be
a phenomenon in that the upper protection layer 150 is
prematurely peeled off or the outer portion falls off during
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the process. In contrast, if the adhesiveness of the upper
protection layer 150 with respect to an underlying layer in
contact therewith such as the encapsulation layer 130
exceeds 10 gf/inch, the encapsulation layer 130 is damaged
when the upper protection layer 150 is removed.

[0092] Unlike the upper protection layer 150, which is
removed after some processes of manufacturing, the bend-
ing area protection layer 160 which is removably attachable
to an underlying layer in contact therewith such as the
substrate 110 is not removed and remains on the substrate
110 to relieve the stress applied to the substrate 110 during
bending of the display panel 100 and/or the display device.
Therefore, if the adhesiveness described above of the bend-
ing area protection layer 160 is less than about 50 gf/inch,
the bending area protection layer 160 may be torn and
damaged.

[0093] After the upper protection layer 150 is removed, a
polarization film 170, an adhesive layer 180, and a window
panel 190 are sequentially provided or formed on the
substrate 110 having the various layers thereon (S104).
[0094] The polarization film 170 may reduce the reflection
of external light incident from outside the display device.
When the external light passes through the polarization film
170 and is reflected by the thin film transistor array panel
120 and then passes through the polarization film 170 again,
the phase of the external light may be changed. As a result,
extinction interference occurs between the phase of the
reflected light and the external light incident to the polar-
ization film 170, so that the light recognizable from outside
the display device may be suppressed and the display quality
of the display device may be improved. Also, as a retarder
(not shown) is further included, the reflection of external
light is suppressed by reducing or effectively preventing
external light passing through the retarder and the polariza-
tion film 170 from being reflected by the thin film transistor
array panel 120 and returned through the polarization film
170. However, the invention is not limited, and the polar-
ization film 170 may include any conventional configuration
capable of reducing external light reflection.

[0095] The adhesive layer 180 may include an optically
clear adhesive (“OCA”), an optically clear resin (“OCR”),
and/or a pressure sensitive adhesive (“PSA”). The window
panel 190 serves to protect the display panel 100 and/or the
display device from an environment outside thereof. the
window panel 190 may form an outermost layer of the
display panel 100 and/or the display device. The image
output from the display panel 100 may be transmitted to the
user through the window panel 190. The window panel 190
may include or be formed of a light transmissive material,
such as glass, polyethylene terephthalate, and acryl, but is
not limited thereto. Thus, the display device shown in FIG.
4 is manufactured.

[0096] FIG. 4 is the cross-sectional view of the display
device provided or formed according to the manufacturing
method of FIG. 3. In FIG. 4, the display device including the
substrate 110 having the various layers thereon, is flat. The
display device which is flat, disposes the non-display area
PA adjacent to the display area DA along the substrate 110,
and disposes the substrate 110 and the elements or wiring in
the bending area BA of the substrate 110 flat.

[0097] The display device of FIG. 4 is similar to the
display device of FIG. 2 except for including the polariza-
tion film 170, the adhesive layer 180, the window panel 190,
and a driving integrated circuit chip 200 and excluding the
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upper protection layer 150, such that the detailed description
of the overlapped contents is omitted.

[0098] The display device of FIG. 4 does not include the
upper protection layer 150 shown in FIG. 2, by the manu-
facturing process of removing the upper protection layer 150
of FIG. 3 (S103) and subsequently attaching the polarization
film 170, the adhesive layer 180, and the window panel 190
on the encapsulation layer 130 (S104). The removal of the
upper protection layer 150 from the encapsulation layer 130
(S103) disposes an upper surface of the encapsulation layer
130 exposed to outside the encapsulation layer 130. The
attaching of the polarization film 170 disposes the polariza-
tion film 170 on the upper surface of the encapsulation layer
130 which is exposed to outside thereof by the removal of
the upper protection layer 150.

[0099] Along the substrate 110, the driving integrated
circuit chip 200 is disposed to be spaced apart from the
bending area protection layer 160 in the non-display area PA
of the substrate 110. The display device of FIG. 4 may
further include a printed circuit board (“PCB”) (not shown)
attached to the display panel 100. The printed circuit board
(“PCB”) may be attached to the display panel 100 through
the driving integrated circuit chip 200, without being limited
thereto. The printed circuit board (“PCB”) may provide
control signals or driving signals with which the display
panel (e.g., the pixel PX) is controlled and/or image signals
or data signals including information for the image to be
displayed by the pixel PX, to the driving integrated circuit
chip 200 from outside thereof.

[0100] The details of the polarization film 170, the adhe-
sive layer 180, the window panel 190, and the driving
integrated circuit chip 200 are the same as those described
with respect to FIG. 3 and are omitted here. According to an
exemplary embodiment, another adhesive layer may be
included between the encapsulation layer 130 and the polar-
ization film 170, without being limited thereto.

[0101] Referring to FIG. 5, the display panel of FIG. 4 is
bent at the bending area BA. The display panel 100 which
is bent disposes the driving integrated circuit chip 200 to
overlap the display area DA of the display panel 100. When
the display panel 100 is bent, the wiring disposed in the
bending area BA may be stressed, but the bending area
protection layer 160 covering the bending area BA and the
wiring disposed therein receives a stress (e.g., tensile stress)
when bending such that the stress applied to the wiring may
be reduced.

[0102] FIG. 6 is a top plan view showing an exemplary
embodiment of an upper surface of an encapsulation layer of
a display device. Specifically, FIG. 6 represents the upper
surface of the encapsulation layer 130 after the upper
protection layer 150 (FIG. 2) is removed. Therefore, the
bending area protection layer 160 is disposed in the bending
area BA, but the upper protection layer 150 is removed and
is not present.

[0103] As described above, the upper protection layer 150
and the bending area protection layer 160 of the display
device according to one or more exemplary embodiment are
each formed by a process of injecting the UV-curable resin
by the inkjet printing method and curing the injected UV-
curable resin with ultraviolet rays. When the upper protec-
tion layer 150 is provided or formed by the inkjet printing
method on the encapsulation layer 130, a nano structure 135
including nano sized protrusions and depressions is formed
at an edge region where an end of the upper protection layer
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150 is disposed overlapping the encapsulation layer 130. In
an exemplary embodiment, the nano structure 135 may be
portions of the encapsulation layer 130 which have been
deformed due to removal of the upper protection layer 150.
In an exemplary embodiment, removal of the upper protec-
tion layer 150 from the upper surface of the encapsulation
layer 130 forms the nano structure 135 defined by nano sized
protrusions and depressions of the upper surface. As the
nano structure 135 includes a protrusions and depressions of
a nano-unit, an afterimage of a bright-banded shape may be
seen compared with other regions.

[0104] According to an exemplary embodiment, the upper
protection layer 150 may be selectively provided or formed
along the substrate 110 (e.g., only on the encapsulation layer
130) and removed from the encapsulation layer 130 of each
display panel 100, instead of forming the upper protection
layer 150 on an entirety of the substrate 110. Where the
upper protection layer 150 is selectively provided or formed
along the substrate 110 (e.g., only on the encapsulation layer
130) and removed from the encapsulation layer 130 of each
display panel 100, the nano structure 135 may be disposed
in a closed line shape respectively extending along lengths
of edges of the encapsulation layer 130 in the top plan view.
[0105] Another exemplary embodiment of a display
device is described with reference to FIG. 7.

[0106] FIG. 7 is a cross-sectional view of another exem-
plary embodiment of a display device. The display device of
FIG. 7 is similar to the exemplary embodiment of FIG. 2
except for further including a first adhesive supporting layer
155 such that the detailed description of the same constituent
elements is omitted, and differences are explained.

[0107] The display device according to the exemplary
embodiment of FIG. 7 further includes the first adhesive
supporting layer 155 between the encapsulation layer 130
and the upper protection layer 150. The adhesiveness of the
first adhesive supporting layer 155 with respect to an under-
lying layer in contact therewith such as the encapsulation
layer 130 may be lower than the adhesiveness of the bending
area protection layer 160 with respect to an underlying layer
such as the substrate 110. In an exemplary embodiment, for
example, the adhesiveness of the first adhesive supporting
layer 155 may be about 3 gf/inch to about 10 gf/inch.
[0108] The first adhesive supporting layer 155 may
include at least one among the acryl-based resin, the butyl
rubber, the vinyl acetate resin, the ethylene vinyl acetate
(“EVA”) resin, the natural rubber, the nitrile, the siliceous
resin, the silicon rubber, and the styrene block polymer
according to an exemplary embodiment.

[0109] If the first adhesive supporting layer 155 is further
included, proper adhesiveness of the first adhesive support-
ing layer 155 with the encapsulation layer 130 may be
maintained regardless of the adhesiveness of the upper
protection layer 150 with respect to an underlying layer in
contact therewith. That is, even if the adhesiveness of the
upper protection layer 150 is not sufficiently low to facilitate
removal thereof from the underlying layer in contact there-
with such as the encapsulation layer 130, the upper protec-
tion layer 150 may be removed from the encapsulation layer
130 together with the first adhesive supporting layer 155
without damaging the encapsulation layer 130.

[0110] Another exemplary embodiment of a display
device is described with reference to FIG. 8. FIG. 8 is a
cross-sectional view of still another exemplary embodiment
of a display device. Since the display device of FIG. 8 is
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similar to the exemplary embodiment of FIG. 2 except for
including a second adhesive supporting layer 165, the
detailed description of the same constituent elements is
omitted, and differences are explained.
[0111] The display device according to the exemplary
embodiment of FIG. 8 further includes a second adhesive
supporting layer 165 between the substrate 110 and the
bending area protection layer 160. The adhesiveness of the
second adhesive supporting layer 165 with respect to an
underlying layer in contact therewith in contact therewith
such as the substrate 110 may be greater than the adhesive-
ness of the upper protection layer 150 with respect to an
underlying layer in contact therewith such as the encapsu-
lation layer 130. In an exemplary embodiment, for example,
the adhesiveness of the second adhesive supporting layer
165 may be about 50 gf/inch to about 200 gf/inch.
[0112] The second adhesive supporting layer 165 may
further include at least among of the acryl-based resin, the
butyl rubber, the vinyl acetate resin, the ethylene vinyl
acetate (“EVA”) resin, the natural rubber, the nitrile, the
siliceous resin, the silicon rubber, and the styrene block
polymer according to an exemplary embodiment.
[0113] If the second adhesive supporting layer 165 is
further included, even if the adhesiveness of the bending
area protection layer 160 is not high enough to remain
attached to substrate 110, the second adhesive supporting
layer 165 may maintain the attached state of the bending
area protection layer 160 on the substrate 110 without
removal or peeling of the bending area protection layer 160
from the substrate 110.
[0114] An example of the formation of the upper protec-
tion layer 150 on the encapsulation layer 130 according to an
exemplary embodiment will now be described. FIG. 9 is an
image of an exemplary embodiment of an upper protection
layer 150 removably disposed on an encapsulation layer 130
of a display device.
[0115] As shown in FIG. 9 the upper protection layer 150
may be provided or formed on the encapsulation layer 130
to have a total thickness of about 100 um to about 150 pm
by performing an individual process of spraying and curing
a layer of UV-curable resin applied by the inkjet printing
method to the encapsulation layer 130, several times.
[0116] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention
is not limited to the disclosed embodiments, but, on the
contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.
What is claimed is:
1. A display device comprising:
a substrate including a bending area at which the display
device is bendable;
an organic light emitting element disposed on the sub-
strate;
an encapsulation layer covering an upper surface and a
side surface of the organic light emitting element; and
a bending area protection layer covering the bending area
of the substrate,
wherein
the upper surface of the encapsulation layer includes a
nano structure defined by nano sized protrusions and
depressions of the upper surface, and
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along the substrate, the bending area protection layer is
disposed separated from the encapsulation layer.

2. The display device of claim 1, wherein the bending area
protection layer includes a cured portion of an ultraviolet ray
curable material.

3. The display device of claim 2, wherein the ultraviolet
ray curable material includes at least one among a polymer
including acrylate, polyurethane, and an acrylate material
including SiO.

4. The display device of claim 3, wherein the ultraviolet
ray curable material includes at least one among a resin
including an acryl-material, a butyl rubber, a viny! acetate
resin, an ethylene vinyl acetate resin, a natural rubber, a
nitrile, a siliceous resin, a silicon rubber, and a styrene block
polymer.

5. The display device of claim 4, wherein adhesiveness of
the bending area protection layer is about 50 grams-force per
inch to about 200 grams-force per inch.

6. The display device of claim 5, wherein a maximum
thickness of the bending area protection layer is about 50
micrometers to about 150 micrometers.

7. The display device of claim 6, further comprising a
supporting member disposed on a rear surface of the sub-
strate,

wherein

the organic light emitting element and the encapsulation
layer are disposed on a front surface of the substrate
which is opposite to the rear surface thereof, and

the supporting member defines an opening therein which
overlaps the bending area.

8. The display device of claim 7, wherein along the
substrate, the supporting member defining the opening
which overlaps the bending area, overlaps the bending area
protection layer covering the bending area, by about 100
micrometers to about 200 micrometers.

9. The display device of claim 5, further comprising a
driving integrated circuit chip disposed on an end portion of
the substrate,

wherein along the substrate, the bending area protection
layer covering the bending area is disposed separated
from the driving integrated circuit chip disposed on the
end portion of the substrate.

10. The display device of claim 9, further comprising:

an upper protection layer removably attachable to the
encapsulation layer;

a polarization film disposed on the upper surface of the
encapsulation layer which is exposed to outside the
encapsulation layer; and

a window panel disposed on the polarization film,

wherein removal of an upper protection layer from the
encapsulation layer disposes the upper surface of the
encapsulation layer exposed to outside the encapsula-
tion layer and forms the nano structure.

11. The display device of claim 5, wherein in a top plan
view, the nano structure forms a closed line shape extended
along edges of the encapsulation layer.

12. The display device of claim 2, further comprising at
the bending area of the substrate, an adhesive supporting
layer disposed between the substrate and the bending area
protection layer and with which the substrate is attached to
the bending area protection layer.

13. The display device of claim 12, wherein the adhesive
supporting layer includes at least one among a resin includ-
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ing an acryl material, a butyl rubber, a vinyl acetate resin, an
ethylene vinyl acetate resin, a natural rubber, a nitrile, a
siliceous resin, a silicon rubber, and a styrene block polymer.

14. The display device of claim 13, wherein adhesiveness
of the adhesive supporting layer is higher than adhesiveness
of the bending area protection layer.

15. A manufacturing method of a display device, com-
prising:

providing a substrate including a bending area at which

the display device is bendable;

providing an encapsulation layer covering each of an

upper surface and a side surface of the organic light
emitting element, on the substrate;
providing both an upper protection layer on the encapsu-
lation layer covering each of the upper surface and the
side surface of the organic light emitting element, and
a bending area protection layer on the bending area of
the substrate; and
removing the upper protection layer from the encapsula-
tion layer covering each of the upper surface and the
side surface of the organic light emitting element,

wherein the providing both the upper protection layer and
the bending area protection layer comprises respec-
tively applying an ultraviolet ray curable material to the
encapsulation layer and to the bending area of the
substrate and curing the ultraviolet ray curable mate-
rial, to form the upper protection layer and the bending
area protection layer spaced apart from each other
along the substrate.
16. The manufacturing method of claim 15, wherein the
ultraviolet ray curable material includes at least one among
a polymer including acrylate, polyurethane, and an acrylate
material including SiO.
17. The manufacturing method of claim 16, wherein the
providing both the upper protection layer and the bending
area protection layer provides:
the upper protection layer having a maximum thickness of
about 100 micrometers to about 150 micrometers, and

the bending area protection layer having a maximum
thickness of about 50 micrometers to about 150
micrometers.

18. The manufacturing method of claim 17, wherein the
providing the upper protection layer comprises providing an
individual layer of the ultraviolet ray curable material hav-
ing a thickness of about 10 micrometers to about 20 microm-
eters and curing the individual layer, multiple times, to
provide the upper protection layer having the maximum
thickness of about 100 micrometers to about 150 microm-
eters.

19. The manufacturing method of claim 15, further com-
prising forming an adhesive supporting layer which is
between the substrate and the upper protection layer and
with which the substrate is attached to the upper protection
layer.

20. The manufacturing method of claim 19, wherein the
adhesive supporting layer includes at least one among a
resin including an acryl material, a butyl rubber, a vinyl
acetate resin, an ethylene vinyl acetate resin, a natural
rubber, a nitrile, a siliceous resin, a silicon rubber, and a
styrene block polymer.
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