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(7) ABSTRACT

A display device is discussed which can include: a flexible
substrate defined into a first area, a second area bent from an
edge of the first area, and a third area outwardly expanded
from the second area; a thin film transistor layer disposed on
the substrate; an organic emission layer disposed on the thin
film transistor layer; an encapsulation layer disposed on the

(22) Filed: Nov. 24, 2014 organic emission layer; a polarization layer disposed on the
encapsulation layer; and a cover window disposed on the
(30) Foreign Application Priority Data polarization layer. The polarization layer is formed on the
encapsulation layer opposite to the first and third areas of the
Nov. 25,2013 (KR) oo 10-2013-0143533 substrate.
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DISPLAY DEVICE

[0001] The present application claims priority under 35
U.S.C. §119(a) of Korean Patent Application No. 10-2013-
0143533 filed on Nov. 25,2013, which is hereby incorporated
by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Disclosure

[0003] The present application relates to a display device.
More particularly, the present application relates to an
organic light emitting diode (OLED) display device capable
of being bent in a curvature radius below 5 mmR.

[0004] 2. Description of the Related Art

[0005] In general, liquid crystal display (LCD) devices,
plasma display panels (PDPs) and organic light emitting
diode (OLED) display devices have features of thinner,
lighter weight, lower power consumption and lower driving
voltage compared to cathode ray tubes (CRTs). As such, the
LCD devices, the PDPs and the OLED display devices are
being widely applied to a variety of appliances. Particularly,
the OLED display devices have features such as high
response time, high light emission efficiency, high brightness
and wide viewing angle because of using self-illuminating
elements.

[0006] The recently technical development allows flexible
display devices to come into the spotlight as a new technology
of a display field, instead of the rigid display devices employ-
ing glass substrates. The flexible display devices are imple-
mented on a thin substrate such as a plastic substrate or others.
As such, the flexible display devices can be folded or rolled as
paper without any damage. Therefore, the flexible display
devices are being actively developed as the next generation
display device.

[0007] A flexible display device according to the related art
must have a panel thickness not less than 300 um due to
functional films attached to its upper and lower surfaces. This
panel thickness makes the flexible display device to be not
bent physically below a fixed curvature radius. Due to this
feature, however, the display quality of the related art flexible
display device deteriorates.

[0008] A panel can be forcibly bent below the fixed curva-
ture radius. In this case, a large quantity of blowholes can be
generated when a laminating process of a cover window is
performed later. Also, the panel can be separated from the
cover window due to its elastic property.

[0009] To address this matter, it would be desirable to have
a display device which is adapted to bend the flexible sub-
strate and which has an enhanced display quality.

BRIEF SUMMARY OF THE INVENTION

[0010] Accordingly, embodiments of the present invention
are directed to a display device that substantially obviates one
or more of problems due to the limitations and disadvantages
of the related art.

[0011] The embodiments are to provide a display device
that is adapted to easily bend a flexible substrate and enhance
display quality.

[0012] Additional features and advantages of the embodi-
ments will be set forth in the description which follows, and in
part will be apparent from the description, or may be learned
by practice of the embodiments. The advantages of the
embodiments will be realized and attained by the structure
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particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0013] According to a general aspect of the present
embodiment, a display device includes: a flexible substrate
defined into a first area, a second area bent from an edge of the
first area, and a third area outwardly expanded from the sec-
ond area; a thin film transistor layer disposed on the substrate;
an organic emission layer disposed on the thin film transistor
layer; an encapsulation layer disposed on the organic emis-
sion layer; a polarization layer disposed on the encapsulation
layer; and a cover window disposed on the polarization layer,
wherein the polarization layer is formed on the encapsulation
layer opposite to the first and third areas of the substrate.
[0014] Other systems, methods, features and advantages
will be, or will become, apparent to one with skill in the art
upon examination of the following figures and detailed
description. It is intended that all such additional systems,
methods, features and advantages be included within this
description, be within the scope of the present disclosure, and
be protected by the following claims. Nothing in this section
should be taken as a limitation on those claims. Further
aspects and advantages are discussed below in conjunction
with the embodiments. It is to be understood that both the
foregoing general description and the following detailed
description of the present disclosure are exemplary and
explanatory and are intended to provide further explanation
of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are included to
provide a further understanding of the embodiments and are
incorporated herein and constitute a part of this application,
illustrate embodiment(s) of the present disclosure and
together with the description serve to explain the disclosure.
In the drawings:

[0016] FIG. 1 is a perspective view showing a display
device according to a first embodiment of the present inven-
tion;

[0017] FIG. 2is a cross-sectional view showing the display
device taken along a line A-A' in FIG. 1,

[0018] FIG. 3 is a cross-sectional view showing the display
device taken along a line B-B'in FIG. 1,

[0019] FIG. 41s a cross-sectional view showing a part of a
display device according to a first embodiment of the present
invention;

[0020] FIG. 51is a cross-sectional view showing a part of a
display device according to a second embodiment of the
present invention;

[0021] FIG. 61is a cross-sectional view showing a part of a
display device according to a third embodiment of the present
invention;

[0022] FIG. 7is a cross-sectional view showing a part of a
display device according to a fourth embodiment of the
present invention; and

[0023] FIG. 81is a cross-sectional view showing a part of a
display device according to a fifth embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0024] Reference will now be made in detail to the embodi-
ments of the present invention, examples of which are illus-
trated in the accompanying drawings. These embodiments
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introduced hereinafter are provided as examples in order to
convey their spirits to the ordinary skilled person in the art.
Therefore, these embodiments might be embodied in a dif-
ferent shape, so are not limited to these embodiments
described here. Also, the size and thickness of the device
might be expressed to be exaggerated for the sake of conve-
nience in the drawings. Wherever possible, the same refer-
ence numbers will be used throughout this disclosure includ-
ing the drawings to refer to the same or like parts.

[0025] FIG. 1 is a perspective view showing a display
device according to a first embodiment of the present disclo-
sure. FIG. 2 is a cross-sectional view showing the display
device taken along a line A-A' in FIG. 1. FIG. 3 is a cross-
sectional view showing the display device taken along a line
B-B'in FIG. 1. FIG. 4 is a cross-sectional view showing a part
of a display device according to a first embodiment of the
present disclosure;

[0026] Referring to FIGS. 1 through 4, the display device
1000 according to a first embodiment of the present disclo-
sure includes a substrate 100, a thin film transistor layer 200
disposed on the substrate 100, and an organic emission layer
300 disposed on the thin film transistor layer 200. Also, the
display device 1000 includes an encapsulation layer 400 dis-
posed on the organic emission layer 300, a polarization layer
500 disposed on the encapsulation layer 400, and a cover
window 600 disposed on the polarization layer 500. All the
components of the device 1000 are operatively coupled and
configured.

[0027] The substrate 100 can be formed in a quadrilateral
plate shape. For example, the substrate 100 can be formed in
a rectangular plate shape. Also, the substrate 100 can be
formed from a flexible material. As an example of the sub-
strate 100, a plastic substrate can be used.

[0028] Inordertobetter endurehightemperatures, the plas-
tic substrate 100 can be formed from a plastic polymer mate-
rial with a superior heat-resisting property. For example, the
plastic substrate 100 can be formed from a plastic polymer,
such as polyehtersulfone PES, polyacrylate PAR, polyehter-
imide PEI, polyethylenenaphthalate PEN, polyethylene-
terephthalate PET or others. Alternatively, the substrate 100
can become a metal substrate which is formed from alumi-
num Al, copper Cu or others.

[0029] The substrate 100 can be defined into a first area
1AA, whichis used to display images, a second area 2AA and
a third area 3JAA.

[0030] The firstarea 1AA can be used as a display area for
displaying images. The second area 2A A can become an edge
area of the first area 1AA. The second area 2AA can be bent
downwardly from an edge of the first area 1AA. Actually, the
second area 2AA can be downwardly bent in a curvature
radius below 5 mmR based on the first area 1AA. Such a
second area 2AA can be a non-display area.

[0031] The third area 3AA can be prepared by expanding
outwardly from the second area 2AA. Also, the third area
3AA can become a side surface of the display device 1000.
Moreover, the third area 3AA can be used as another display
area. Actually, the third area 3AA can display an image
including a power state, buttons and so on.

[0032] Thethin film transistor layer 200 can be disposed on
the substrate 100.

[0033] The thin film transistor layer 200 can be configured
to include a dataline, a switching thin film transistor, a driving
thin film transistor, a storage capacitor, a power voltage sup-
ply line, a ground voltage supply line and so on. The thin film
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transistors can become n-type MOSFETs (metal oxide semi-
conductor field effect transistors) or p-type MOSFETs. Such
thin film transistors are well known to ordinary persons. As
such, the detailed description of the thin film transistors will
be omitted.

[0034] The organic emission layer 300 can be disposed on
the thin film transistor layer 200.

[0035] The organic emission layer 300 can include a first
electrode layer, a hole injection layer, a hole transport layer,
an emission layer, an electron transport layer, an electron
injection layer and a second electrode layer which are sequen-
tially formed on the thin film transistor layer 200.

[0036] The first electrode layer can penetrate through a
buffer layer, an overcoat layer and a passivation film and
come in contact with the driving thin film transistor which is
formed on the flexible substrate 100. Also, the first electrode
layer can become an anode electrode with a reflective film or
a cathode electrode according to connection configuration
with the driving thin film transistor. Moreover, the first elec-
trode layer can be formed from a transparent conductive
material including an oxide, such as ITO (indium-tin-oxide),
17O (indium-zinc-oxide) or others. Furthermore, the first
electrode layer can be formed on a reflective film, which is
formed from an opaque metal material, and patterned in the
units of pixels. Such a first electrode layer can transfer holes
applied from the driving thin film transistor to the emission
layer via the hole injection layer and the hole transport layer.

[0037] The second electrode layer can be used as a cathode
electrode when the first electrode layer is used as an anode
electrode. Also, the second electrode layer can be formed a
single layer structure of a metal material. Alternatively, the
second electrode layer can be formed in a multi-layered struc-
ture with at least two metal layers which are interposed
between organic layers.

[0038] The encapsulation layer 400 can be disposed on the
organic emission layer 300. The encapsulation layer 400 can
be used to protect the organic emission layer 300. Also, the
encapsulation layer 400 can protect the thin film transistor
layer 200.

[0039] The encapsulation layer 400 can become one of an
organic insulation layer and an insulation film. The organic
insulation layer can be formed from one selected from a
material group which includes benzocyclobutane BCB, an
acrylic-based organic compound, fluoropolyarrylether
FPAE, cytop and perfluorocyclobutane PFCB.

[0040] The polarization layer 500 can be formed on the
encapsulation layer 400.

[0041] The polarization layer 500 can be used to polarize
light. Also, the polarization layer 500 can be a resin film
including polarization particles. Moreover, the polarization
layer 500 can be formed on the encapsulation layer 400 oppo-
site to the first area 1AA and the third area 3AA of the
substrate 100. Such a polarization layer 500 can be prepared
by forming a polarization material layer on the entire surface
of the encapsulation layer 400, which includes the first area
1AA, the second area 2AA and the third area 3AA of the
substrate 100, and then removing the polarization material
layer from the encapsulation layer 400 opposite to the second
area 2AA of the substrate 100.

[0042] The second area 2AA of the substrate 100 corre-
sponds to a bending area of the panel. As such, when the
polarization layer 500 is removed from the second area 2A A,
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the thickness of the panel can be reduced. In accordance
therewith, the panel can be bent in a curvature radius below 5
mmR.

[0043] The removing area of the polarization layer 500 is
set to the same size as the second area 2AA of the substrate
100, but it 1s not limited to this. In other words, the removing
area of the polarization layer 500 can be set to be narrower
than the second area 2AA of the substrate 100. Alternatively,
the removing area of the polarization layer 500 can be set to
be wider than the second area 2A A of the substrate 100. In this
case, the removing area of the polarization layer 500 can be
expanded up to the first area 1AA and the third area 3AA of
the substrate 100.

[0044] The cover window 600 can be disposed on the polar-
ization layer 500.

[0045] The cover window 600 can be used to protect the
panel. Also, the cover window 600 can be formed from a
flexible material. For example, the cover window 600 can be
formed from one of a plastic material, glass and a metal
material.

[0046] FIG. 51is a cross-sectional view showing a part of a
display device according to a second embodiment of the
present disclosure.

[0047] Referring to FIG. 5, the display device according to
a second embodiment of the present disclosure includes a
substrate 100, a thin film transistor layer 200 disposed on the
substrate 100, an organic emission layer 300 disposed on the
thin film transistor layer 200, an encapsulation layer 400
disposed on the organic emission layer 300, a polarization
layer 500 disposed on the encapsulation layer 400, and a
cover window 600 disposed on the polarization layer 500.
The display device of the second embodiment has the same
configuration as that of the first embodiment with the excep-
tion of the polarization layer 500. As such, the description of
the second embodiment overlapping with the first embodi-
ment will be omitted.

[0048] The substrate 100 can be defined into a first area
1AA, a second area 2AA, and a third area 3AA.

[0049] The first area 1AA can be used as a display area for
displaying images. The second area 2A A can be an edge area
of the first area 1AA. The second area 2AA can be bent
downwardly from an edge of the first area 1AA. Actually, the
second area 2AA can be bent downwardly in a curvature
radius below 5 mmR based on the first area 1AA. Such a
second area 2AA can be a non-display area. The third area
3AA can be prepared by expanding outwardly from the sec-
ond area 2AA. Also, the third area 3JAA can become a side
surface of the display device. Moreover, the third area 3AA
can be used as another display area.

[0050] The polarization layer 500 can be disposed on the
encapsulation layer 400. Also, the polarization layer 500 can
be aresin film including polarization particles. Moreover, the
polarization layer 500 can include a non-patterned portion
510 and a patterned portion 520.

[0051] The non-pattern portion 510 of the polarization
layer 500 can be disposed on the encapsulation layer 400
opposite the first area 1AA and the third area 3AA of the
substrate 100. On the other hand, the patterned portion 520 of
the polarization layer 500 can be disposed on the encapsula-
tion layer 400 opposite to the second area 2AA of the sub-
strate 100.

[0052] The patterned portion 520 can include a plurality of
lands (or bars) which is arranged on the encapsulation layer
400 opposite to the second area 2A A of the substrate 100. The
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lands (or bars) of the patterned portion 520 can be formed in
such a manner as to extend along a direction petpendicular to
a bending direction. Also, the lands (or bars) of the patterned
portion 520 can be arranged parallel to one another in the
bending direction of the substrate 100 in such a manner as to
be separated from one another. Moreover, the lands (or bars)
of the patterned portion 520 can be formed by partially
removing the polarization layer 500 from the encapsulation
layer 400 opposite to the second area 2AA of the substrate
100 along the direction perpendicular to the bending direction
of the substrate 100.

[0053] Alternatively, the patterned portion 520 can include
a plurality of insular prominences which is arranged on the
encapsulation layer 400 opposite to the second area 2AA of
the substrate 100. The insular prominences of the patterned
portion 520 can be arranged along the bending direction of the
substrate 100 and a perpendicular direction thereto in such a
manner as to be separated from one another by a fixed dis-
tance. Also, the insular prominences of the patterned portion
520 can be formed by partially removing the polarization
layer 500 from the encapsulation layer 400 opposite to the
second area 2AA of the substrate 100 along the bending
direction of the substrate 100 and the perpendicular direction
thereto.

[0054] The second area 2A A of the substrate 100 is used as
a bending area of the panel. Also, the lands (or the insular
prominences) of the patterned portion 520 of the polarization
layer 500 are arranged parallel to one another along the bend-
ing direction in such a manner as to be separated from one
another. As such, the panel can be easily bent in a curvature
radius below 5 mmR.

[0055] FIG. 6is a cross-sectional view showing a part of a
display device according to a third embodiment of the present
disclosure.

[0056] Referring to FIG. 6, the display device according to
a third embodiment of the present disclosure includes a sub-
strate 100, a thin film transistor layer 200 disposed on the
substrate 100, an organic emission layer 300 disposed on the
thin film transistor layer 200, an encapsulation layer 400
disposed on the organic emission layer 300, a polarization
layer 500 disposed on the encapsulation layer 400, and a
cover window 600 disposed on the polarization layer 500.
The display device of the third embodiment has the same
configuration as that of the first embodiment with the excep-
tion of the substrate 100. As such, the description of the third
embodiment overlapping with the first embodiment will be
omitted.

[0057] The substrate 100 can be formed opposite to a first
area 1AA and a third area 3AA which are used as display
areas for displaying images.

[0058] The substrate 100 can be formed in a quadrilateral
plate shape. For example, the substrate 100 can be formed in
a rectangular plate shape. Also, the substrate 100 can be
formed from a flexible material. As an example of the sub-
strate 100, a plastic substrate can be used. In order to well
endure high temperatures, the plastic substrate 100 can be
formed from a plastic polymer material with a superior heat-
resisting property. For example, the plastic substrate 100 can
be formed from a plastic polymer, such as polyehtersulfone
PES, polyacrylate PAR, polyehterimide PEI, polyethyl-
enenaphthalate PEN, polyethyleneterephthalate PET or oth-
ers. Alternatively, the substrate 100 can become a metal sub-
strate which is formed from aluminum Al, copper Cu or
others.
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[0059] The substrate 100 can be formed by preparing a
primary substrate being opposite to the first area 1AA, the
second area 2A A and the third area 3AA, sequentially form-
ing the above-mentioned components on the primary sub-
strate, and removing a part of the primary substrate opposite
to the second area 2A A which is used as a non-display area.
[0060] Inthis manner, the substrate 100 is formed opposite
to only the first area 1AA and the third area 3AA which are
used as the display areas, like the polarization layer 500. As
such, the thickness of the panel can be reduced. In accordance
therewith, the panel can be easily bent in a curvature radius
below 5 mmR.

[0061] FIG. 71is a cross-sectional view showing a part of a
display device according to a fourth embodiment of the
present disclosure.

[0062] Referring to FIG. 7, the display device according to
a fourth embodiment of the present disclosure includes a
substrate 100, a thin film transistor layer 200 disposed on the
substrate 100, an organic emission layer 300 disposed on the
thin film transistor layer 200, an encapsulation layer 400
disposed on the organic emission layer 300, a polarization
layer 500 disposed on the encapsulation layer 400, and a
cover window 600 disposed on the polarization layer 500.
The display device of the fourth embodiment has the same
configuration as that of the first embodiment with the excep-
tion of the cover window 600. As such, the description of the
fourth embodiment overlapping with the first embodiment
will be omitted.

[0063] The substrate 100 can be defined into a first area
1AA used to display images, a second area 2A A, and a third
area 3AA.

[0064] The firstarea 1AA can be used as a display area for
displaying images. The second area 2A A can be an edge area
of the first area 1AA. The second area 2AA can be bent
downwardly from an edge of the first area 1AA. Actually, the
second area 2AA can be bent downwardly in a curvature
radius below S mmR based on the first area 1AA. Such a
second area 2AA can be a non-display area. The third area
3AA can be an expansion area expanded outwardly from the
second area 2AA. Also, the third area 3AA can become a side
surface of the display device. Moreover, the third area 3AA
can be used as another display area.

[0065] The cover window 600 can be used to protect the
panel. Also, the cover window 600 can be formed from a
flexible material. For example, the cover window 600 can be
formed from one of a plastic material, glass and a metal
material.

[0066] A shield layer 620 can be formed on an inner surface
of the cover window 600. In detail, the shield layer 620 can be
disposed on the inner surface of the cover window 600 oppo-
site to the second area 2AA of the substrate 100. Also, the
shield layer 620 can become one of an opaque resin film and
an opaque insulation film. Such a shield layer 620 can prevent
deterioration of image quality which is caused by a light
leakage phenomenon in the second area 2AA.

[0067] FIG. 81s a cross-sectional view showing a part of a
display device according to a fifth embodiment of the present
disclosure.

[0068] Referring to FIG. 8, the display device according to
a fifth embodiment of the present disclosure includes a sub-
strate 100, a thin film transistor layer 200 disposed on the
substrate 100, an organic emission layer 300 disposed on the
thin film transistor layer 200, an encapsulation layer 400
disposed on the organic emission layer 300, a polarization

May 28, 2015

layer 500 disposed on the encapsulation layer 400, and a
cover window 600 disposed on the polarization layer 500.
The display device of the fifth embodiment has the same
configuration as that of the first embodiment with the excep-
tion of the encapsulation layer 400. As such, the description of
the fifth embodiment overlapping with the first embodiment
will be omitted.

[0069] The substrate 100 can be defined into a first area
1AA, which is used to display images, a second area 2AA and
athird area 3AA. The first area 1AA can be used as a display
area for displaying images. The second area 2AA can be an
edge area of the first area 1AA. The second area 2AA can be
bent downwardly from an edge of the first area 1A A. Actually,
the second area 2A A can be bent downwardly in a curvature
radius below 5 mmR based on the first area 1AA. Such a
second area 2AA can be a non-display area. The third area
3AA can be an expansion area expanded outwardly from the
second area 2AA. Also, the third area 3AA can become a side
surface of the display device 1000. Moreover, the third area
3AA can be used as another display area.

[0070] The encapsulation layer 400 can be disposed on the
organic emission layer 300. The encapsulation layer 400 can
include a first encapsulation layer 420 and a second encapsu-
lation layer 440. The first encapsulation layer 420 can be
formed from an organic insulation material. The second
encapsulation layer 440 can be from a resin material.

[0071] The first encapsulation layer 420 can be disposed on
the organic emission layer 300 opposite to the first area 1A A,
the second area 2A A and the third area 3AA of the substrate
100. The second encapsulation layer 440 can be disposed on
the first encapsulation layer 420 opposite to the first area 1AA
and the third area 3AA of the substrate 100. Such a second
encapsulation layer 440 can be prepared by forming a resin
film on the entire surface of the first encapsulation layer 420
and removing the resin film from the first encapsulation layer
420 opposite to the second area 2AA of the substrate 100.

[0072] In this way, the second encapsulation layer 440 is
formed opposite to only the first area 1AA and the third area
3AA which are used as the display areas, like the polarization
layer 500. As such, the thickness of the panel can be reduced.
In accordance therewith, the panel can be easily bent in a
curvature radius below 5 mmR.

[0073] Thethickness of the panel in the bending area can be
minimized by partially removing at least one of the polariza-
tion layer, the substrate and the encapsulation layer, but it is
not limited to this. In other words, when a touch screen is
additionally disposed, the thickness of the panel can be mini-
mized by removing a part of the touch screen.

[0074] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modifi-
cations are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.



US 2015/0144921 Al

What is claimed is:

1. A display device comprising:

a flexible substrate defined into a first area, a second area
bent from an edge of the first area, and a third area
outwardly expanded from the second area;

a thin film transistor layer disposed on the flexible sub-
strate;

an organic emission layer disposed on the thin film tran-
sistor layer;

an encapsulation layer disposed on the organic emission
layer;

a polarization layer disposed on the encapsulation layer;
and

a cover window disposed on the polarization layer,

wherein the polarization layer is formed on the encapsula-
tion layer opposite to the first and third areas of the
flexible substrate.

2. The display device of claim 1, wherein the polarization
layer includes a patterned portion disposed on the encapsu-
lation layer opposite to the second area of the flexible sub-
strate.

3. The display device of claim 2, wherein the patterned
portion of the polarization layer includes a plurality of lands
arranged parallel to one another in a bending direction.

4. The display device of claim 3, wherein the patterned
portion of the polarization layer is formed by partially remov-
ing the polarization layer along a perpendicular direction to
the bending direction.
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5. The display device of claim 2, wherein the patterned
portion of the polarization layer includes a plurality of insular
prominences arranged in a bending direction and a perpen-
dicular direction thereto.

6. The display device of claim 5, wherein the patterned
portion of the polarization layer is formed by partially remov-
ing the polarization layer along the bending direction and the
perpendicular direction thereto.

7. The display device of claim 1, wherein the encapsulation
layer includes a first encapsulation layer and a second encap-
sulation layer disposed on the first encapsulation layer
opposed to the first and third areas of the flexible substrate.

8. The display device of claim 1, further comprising a
shield layer disposed on an inner surface of the cover window
opposite to the second area of the flexible substrate.

9. The display device of claim 1, wherein the third area of
the flexible substrate is perpendicular to the first area of the
flexible substrate.

10. The display device of claim 1, wherein the second area
of the flexible substrate is bent in a curvature radius below 5
mmR based on the first area of the flexible substrate.

11. The display device of claim 1, wherein the second area
of the flexible substrate is removed.

12. The display device of claim 1, wherein the first and
third areas of the flexible substrate are display areas for dis-
playing images, and the second area of the flexible substrate
is a non-display area.
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