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(54) Flexible display device and manufacturing method of the same

(57) A flexible display device includes: a display pan-
el (120) including a display substrate (123), an organic
light emitting element (122) formed on the display sub-
strate, and a thin film encapsulation layer (121) covering
the organic light emitting element; a first insulation layer
(130) formed under the display panel; a lower protection

film (140) formed under the first insulation layer; and a
reinforcement layer (150) formed under the lower pro-
tection film, between the lower protection film and the
first insulation layer, or on the display panel, wherein the
reinforcement layer is configured to prevent damage to
the display panel due to bending stress.
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Description

[0001] The present invention relates to a flexible dis-
play device and a manufacturing method thereof.
[0002] In recent years, flexible displays having a light-
weight and a shock-resistant flexible substrate made of
a material such as plastic have been developed. Such a
flexible display can be maximized in portability since it
can be folded or rolled up, and can be applied in various
fields.
[0003] A flexible display includes a display element
formed on a flexible substrate. Display elements that can
be used for a flexible display include an organic light emit-
ting diode display (OLED) device, a liquid crystal display
(LCD) device, and an electrophoretic display (EPD) de-
vice.
[0004] These display elements commonly include thin
film transistors. Thus, in order to form a flexible display,
the flexible substrate undergoes a number of thin film
processes.
[0005] Also, the flexible substrate is encapsulated
through a thin film process by an encapsulation sub-
strate. The flexible substrate, the thin film transistor
formed on the flexible substrate, and the encapsulation
substrate form a display panel of the flexible display de-
vice.
[0006] However, when the flexible display device is
bent, rolled, and folded, the display panel receives bend-
ing stress in the display device. At this time, if bending
stress of more than a predetermined degree is applied
to the display panel, damage such as a crack is generated
in the thin film transistor or the light emitting element in
the display panel.
[0007] Embodiments of the present invention provide
a flexible display device and manufacturing method in
which damage to a display panel due to bending stress
may be prevented or minimized.
[0008] A flexible display device according to an em-
bodiment of the present invention includes: a display pan-
el including a display substrate, an organic light emitting
element formed on the display substrate, and a thin film
encapsulation layer covering the organic light emitting
element; a first insulation layer formed under the display
panel; a lower protection film formed under the first insu-
lation layer; and a reinforcement layer formed under the
lower protection film, between the lower protection film
and the first insulation layer, or on the display panel,
wherein the reinforcement layer is configured to prevent
damage to the display panel due to bending stress.
[0009] The reinforcement layer may be made of an ox-
ide semiconductor.
[0010] The reinforcement layer may be made of an ox-
ide semiconductor and a metal.
[0011] The metal may be one of copper, ITO, and alu-
minum.
[0012] The oxide semiconductor may be made of at
least one of an oxide based on zinc, gallium, tin, or indium,
or as a complex oxide thereof, including zinc oxide, indi-

um-gallium-zinc oxide, indium-zinc oxide, or zinc-tin ox-
ide.
[0013] The reinforcement layer may include a plurality
of layers.
[0014] The reinforcement layer may be formed on the
display panel, and the device may further include a sec-
ond insulation layer formed between the display panel
and the reinforcement layer.
[0015] A manufacturing method of a flexible display
device according to an embodiment of the present inven-
tion includes: forming a first insulation layer on a support-
ing substrate; forming a display panel including a display
substrate positioned on the first insulation layer, an or-
ganic light emitting element formed on the display sub-
strate, and a thin film encapsulation layer covering the
organic light emitting element; separating the supporting
substrate from the first insulation layer; forming a rein-
forcement layer on or under the lower protection film po-
sitioned under the display panel; and adhering the lower
protection film under the first insulation layer, wherein
the reinforcement layer is configured to prevent damage
to the display panel due to bending stress.
[0016] The reinforcement layer may be made of an ox-
ide semiconductor.
[0017] The oxide semiconductor may be made of one
of an oxide based on zinc, gallium, tin, or indium, or as
a complex oxide thereof, including zinc oxide, indium-
gallium-zinc oxide, indium-zinc oxide, or zinc-tin oxide.
[0018] A manufacturing method of a flexible display
device according to another embodiment of the present
invention includes: forming a first insulation layer on a
supporting substrate; forming a display panel including
a display substrate positioned on the first insulation layer,
an organic light emitting element formed on the display
substrate, and a thin film encapsulation layer covering
the organic light emitting element; forming a second in-
sulation layer on the display panel; forming a reinforce-
ment layer on the second insulation layer; separating the
supporting substrate from the display panel; and adher-
ing a lower protection film under the display panel, where-
in the reinforcement layer prevents damage to the display
panel due to bending stress.
[0019] The reinforcement layer may be made of an ox-
ide semiconductor.
[0020] The oxide semiconductor may be made of one
of an oxide based on zinc, gallium, tin, or indium, or as
a complex oxide thereof, including zinc oxide, indium-
gallium-zinc oxide, indium-zinc oxide, or zinc-tin oxide.
[0021] According to the flexible display device accord-
ing to an embodiment of the present invention, when
bending occurs in the display device, damage to the dis-
play panel by bending stress may be prevented.
[0022] According to the manufacturing method of the
flexible display device according to another embodiment
of the present invention, a flexible display device that
prevents damage to the display panel due to bending
stress may be manufactured.
[0023] Embodiments of the invention will now be de-
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scribed by way of example with reference to the accom-
panying drawings, in which:

FIG. 1 is a cross-sectional view of a flexible display
device according to one embodiment of the present
invention;
FIG. 2 is an equivalent circuit of one pixel of the dis-
play panel shown in FIG. 1;
FIG. 3 is a cross-sectional view of the display panel
shown in FIG. 1;
FIG. 4 is a cross-sectional view of a flexible display
device according to another embodiment of the
present invention;
FIG. 5 is a cross-sectional view of a flexible display
device according to another embodiment of the
present invention;
FIG. 6 to FIG. 8 are views sequentially showing a
manufacturing method of a flexible display device
according to an embodiment of the present inven-
tion.

[0024] The present invention will be described more
fully hereinafter with reference to the accompanying
drawings, in which certain embodiments of the invention
are shown. As those skilled in the art would realize, the
described embodiments may be modified in various
ways, without departing from the scope of the present
invention as defined by the claims. The drawings and
description are to be regarded as illustrative in nature
and not restrictive. Like reference numerals generally
designate like elements throughout the specification.
[0025] In addition, the size and thickness of each ele-
ment in the drawings are illustrated for better understand-
ing and ease of description, and the present invention is
not limited thereto.
[0026] In the drawings, the thickness of layers, films,
panels, regions, etc., may be exaggerated for clarity. In
the drawings, for better understanding and ease of de-
scription, thicknesses of some layers and areas may be
excessively displayed. It will be understood that when an
element such as a layer, film, region, or substrate is re-
ferred to as being "on" another element, it can be directly
on the other element or intervening elements may also
be present.
[0027] FIG. 1 is a cross-sectional view of a flexible dis-
play device according to an embodiment of the present
invention.
[0028] Referring to FIG. 1, a flexible display device ac-
cording to an embodiment includes a display panel 120,
a polarizing plate 110, a first insulation layer 130, a lower
protection film 140 and a reinforcement layer 150.
[0029] According to the first embodiment of the present
invention, the display panel 120 is a constituent element
displaying an image. The display panel 120 that is de-
scribed below is a display panel 120 for an organic light
emitting diode (OLED) display including an organic light
emitting element, however it is not limited thereto, and
the display panel may be a display panel for a liquid crys-

tal display (LCD), a plasma display device (PDP), an elec-
tric field effect display device (FED), an electrophoretic
display device, or the like.
[0030] Referring to FIG. 1, the display panel 120 is gen-
erally divided into a display substrate 123, an organic
light emitting element 122, and a thin film encapsulation
layer 121. The detailed descriptions thereof will be given
with reference to FIG. 2 and FIG. 3.

FIG. 2 is an equivalent circuit of one pixel of the dis-
play panel shown in FIG. 1, and
FIG. 3 is a cross-sectional view of the display panel
shown in FIG. 1.

[0031] Referring to FIG. 2, the display panel 120 in-
cludes a plurality of signal lines 21, 71, and 72 and a pixel
PX connected thereto. The pixel PX may be one of a red
pixel (R), a green pixel (G), or a blue pixel (B).
[0032] The signal lines include scanning signal lines
21 for transmitting gate signals (or scanning signals), da-
ta lines 71 for transmitting data signals, and driving volt-
age lines 72 for transmitting a driving voltage. The scan-
ning signal lines 21 extend substantially in a row direction
and substantially parallel to each other, and the data lines
71 extend substantially in a column direction and sub-
stantially parallel to each other. The driving voltage lines
72 extend substantially in a column direction and sub-
stantially parallel to each other, however they may extend
in the row direction or the column direction, and may form
a mesh shape.
[0033] One pixel PX includes a switching transistor Qs,
a driving transistor Qd, a storage capacitor Cst, and an
organic light emitting element LD.
[0034] The switching transistor Qs has a control termi-
nal N1, an input terminal N2, and an output terminal N3.
The control terminal N1 is connected to the scan signal
line 21, the input terminal N2 is connected to the data
line 71, and the output terminal N3 is connected to the
driving transistor Qd. The switching transistor Qs trans-
mits data signals applied to the data line 71 to the driving
transistor Qd in response to a gate signal applied to the
gate line 21.
[0035] The driving transistor Qd also includes the con-
trol terminal N3, the input terminal N4, and the output
terminal N5. The control terminal N3 is connected to the
switching transistor Qs, the input terminal N4 is connect-
ed to the driving voltage line 72, and the output terminal
N5 is connected to the organic light emitting element LD.
The driving transistor Qd drives an output current ILD
having a magnitude depending on the voltage between
the control terminal N3 and the output terminal N5 there-
of.
[0036] The capacitor Cst is connected between the
control terminal N3 and the input terminal N4 of the driving
transistor Qd. The capacitor Cst stores a data signal ap-
plied to the control terminal of the driving transistor Qd
and maintains the data signal after the switching transis-
tor Qs turns off.
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[0037] The organic light emitting element LD as an or-
ganic light emitting diode (OLED) has an anode connect-
ed to the output terminal N5 of the driving transistor Qd
and a cathode connected to a common voltage Vss. The
organic light emitting element LD emits light having an
intensity depending on an output current ILD of the driving
transistor Qd, thereby displaying images. The organic
light emitting element LD may include an organic material
uniquely emitting at least one of three primary colors of
red, green, and blue, and the organic light emitting device
displays desired images by a spatial sum thereof.
[0038] Next, referring to FIG. 3, a cross-section of the
display panel 120 will be described. The cross-section
of the display panel 120 of FIG. 3 shows the display panel
120 of FIG. 1 in detail.
[0039] Referring to FIG. 3, a driving transistor Qd is
formed on a display substrate 123 made of transparent
glass or plastic. Also, a plurality of signal lines (not shown)
and a plurality of switching transistors (not shown) may
be further formed on the display substrate 123. According
to the one embodiment of the present invention, the dis-
play substrate 123 may be a flexible substrate.
[0040] A protective layer 122b made of an inorganic
material or an organic material is formed on the driving
transistors Qd. When the protective layer 122b is made
of the organic material, the surface thereof may be flat.
The protective layer 122b has a contact hole 122a ex-
posing a portion of the driving transistor Qd. A pixel elec-
trode 122d is formed on the protective layer 122b. The
pixel electrode 122d may include a reflective electrode
and a transparent electrode formed thereon. The reflec-
tive electrode may be made of a metal having high re-
flectance, such as silver (Ag) or aluminum (Al), an alloy
thereof, or the like, and the transparent electrode may
be made of a transparent conductive oxide such as ITO
(indium tin oxide) or IZO (indium zinc oxide).
[0041] A pixel definition layer 122c covering a circum-
ference of an edge of the pixel electrode 122d is formed
on the protective layer 122b.
[0042] An organic emission layer 122e is formed on
the pixel electrode 122d, and a common electrode 122f
is formed on the organic emission layer 122e and the
pixel definition layer 122c.
[0043] The organic emission layer 122e may further
include organic layers (not shown) for efficiently trans-
ferring carriers of holes or electrons to the emission layer
in addition to an emission layer (not shown) emitting light.
The organic layers may be a hole injection layer (HIL)
and a hole transport layer (HTL) positioned between the
pixel electrode 122d and the emission layer 122e, and
an electron injection layer (EIL) and an electron transport
layer (ETL) positioned between the common electrode
122f and the emission layer 122e.
[0044] A cover layer 190 covering the common elec-
trode 122f to protect the common electrode 122f may be
formed of the organic layer on the common electrode
122f.
[0045] The thin film encapsulation layer 121 is formed

on the cover layer 190. The thin film encapsulation layer
121 seals and protects the organic light emitting element
LD and a driving circuit portion formed on the substrate
123 from the outside.
[0046] The thin film encapsulation layer 121 includes
organic encapsulation layers 121a and 121c and inor-
ganic encapsulation layers 121b and 121d alternately
laminated one by one. FIG. 3 shows a case where the
two organic encapsulation layers 121a and 121c and the
two inorganic encapsulation layers 121b and 121d are
alternately laminated one by one to constitute the thin
film encapsulation layer 121 as an example, but is not
limited thereto.
[0047] Referring to FIG. 1, the polarizing plate 110 is
disposed on the display panel 120. The polarizing plate
110 converts a light axis of the light emitted through the
display panel 120 to the outside. In general, the polarizing
plate has a structure in which a transparent protection
film is deposited on both sides or one side of a polarizer
made of a polyvinyl alcohol-based resin.
[0048] In detail, the polarizing plate 110 has a structure
in which polyvinyl alcohol-based (PVA) molecule chains
are arranged in a predetermined direction, and a triacetyl
cellulose (TAC) film as the protection film is adhered to
the polarizer including an iodine-based compound or a
dichroic polarizer material. At this time, the polarizer and
the protection film are adhered by an aqueous adhesive
made of a polyvinyl alcohol-based solution.
[0049] However, the polarizing plate 110 is not limited
thereto, and a polarizing plate of various structures may
be used.
[0050] The first insulation layer 130 may be formed un-
der the display panel 120. The first insulation layer 130
is positioned between the display panel 120 and a sup-
porting substrate 160 (described below), thereby allow-
ing easy removal of the supporting substrate 160 after
depositing the display panel 120.
[0051] The first insulation layer 130 may be a polyim-
ide, an acryl, a benzocyclobutene, or an epoxy. However,
the first insulation layer 130 is not limited thereto, and it
may be made of various materials having an insulation
property.
[0052] Referring to FIG. 1, the lower protection film 140
is attached under the first insulation layer 130. The lower
protection film 140 is positioned under the display panel
120 thereby having a function of protecting the display
panel 120. An adhesion of the lower protection film 140
is described below.
[0053] The lower protection film 140 may include a car-
rier film (not shown) and an adhesive layer (not shown).
[0054] The carrier film may include one material se-
lected from polyethylene terephthalate (PET), polyethyl-
ene naphthalate (PEN), polyethylene sulfide (PES), pol-
yethylene (PE), urethane, and polycarbonate.
[0055] A thickness of the carrier film may be in a range
of about 25 mm to about 300 mm. When the thickness of
the carrier film is less than about 25 mm, the carrier film
is excessively thin such that the function of the lower
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protection film protecting the lower portion of the organic
light emitting display is difficult, while when the thickness
of the carrier film is larger than about 300 mm, it is difficult
for the organic light emitting device to be flexible when
the lower protection film for the display device is attached
to the organic light emitting display.
[0056] The lower protection film 140 is permanently
adhered to the display substrate such that the carrier film
of the lower protection film 140 is adhered under the dis-
play panel 120 by the adhesive layer.
[0057] The adhesive layer has a strong adhesive force
and may be an acryl-based strong adhesive film.
[0058] In a condition in which the lower protection film
140 is bent, by improving repulsion resistance of the ad-
hesive layer, the display substrate 123 of the display pan-
el 120 and the lower protection film 140 are not separat-
ed.
[0059] According to an embodiment of the present in-
vention, the reinforcement layer 150 may be formed un-
der the lower protection film 140. When the display device
is bent, the reinforcement layer 150 prevents the display
panel 120 from being damaged by bending stress.
[0060] However, the position of the reinforcement layer
150 is not limited thereto, and it may be formed between
the lower protection film 140 and the first insulation layer
130, or on the display panel 120.
[0061] The bending may be generated in the flexible
display device as the display device having flexibility, and
in this case, the display panel 120 in the display device
is affected by the bending stress.
[0062] In this case, if the display panel 120 is applied
with bending stress of more than a predetermined de-
gree, a crack may be generated in the driving transistor
Qd or the organic light emitting element inside the display
panel 120. That is, the display panel 120 may be dam-
aged, thereby causing an operation error of the display
device.
[0063] Accordingly, to prevent damage to the display
panel 120 due to the bending stress, an additional layer
such as the reinforcement layer 150 is added under the
display panel 120 such that the bending stress of the
display panel 120 may be reduced.
[0064] The bending stress is a tension stress and a
compression stress that are generated in the display de-
vice when a bending moment is applied to the display
device. As described above, when the bending moment
is applied to the display device, if the physical layer is
additionally formed in the display device, the tension
stress and the compression stress are reduced.
[0065] That is, if the reinforcement layer 150 is addi-
tionally formed under or on the display panel 120, the
bending stress generated in the display panel 120 is re-
duced.
[0066] FIG. 4 is a cross-sectional view of a flexible dis-
play device according to another embodiment of the
present invention, and FIG. 5 is a cross-sectional view
of a flexible display device according to yet another em-
bodiment of the present invention.

[0067] Referring to FIG. 4, in the flexible display device
according to one embodiment of the present invention,
a reinforcement layer 250 may be formed between a first
insulation layer 230 and a lower protection film 240.
[0068] Referring to FIG. 5, in the flexible display device
according to another embodiment of the present inven-
tion, a reinforcement layer 350 is formed on a display
panel 320. The reinforcement layer 350 may be formed
on the display panel 320, that is, on the thin film encap-
sulation layer 321.
[0069] The reinforcement layer 350 may alternatively
be formed on a second insulation layer 360 formed on
the display panel 320.
[0070] When the reinforcement layer 350 is directly
formed on a thin film encapsulation layer 321, in the proc-
ess of forming the reinforcement layer 350 made of an
oxide semiconductor, the thin film encapsulation layer
321 may be influenced such that the second insulation
layer 360 may be additionally formed between the rein-
forcement layer 350 and the thin film encapsulation layer
321.
[0071] The second insulation layer 360 may be formed
with the same material as the first insulation layers 130,
230, and 330.
[0072] The reinforcement layers 150, 250, and 350
may be made of polysilicon or the oxide semiconductor.
[0073] The oxide semiconductor may include an oxide
based on titanium (Ti), hafnium (Hf), zirconium (Zr), alu-
minum (Al), tantalum (Ta), germanium (Ge), zinc (Zn),
gallium(Ga), tin (Sn), or indium (In), or as a composite
oxide thereof, including one of zinc oxide (ZnO), indium-
gallium-zinc oxide (InGaZnO4), indium-zinc oxide (Zn-
In-O), zinc-tin oxide (Zn-Sn-O) indium-gallium oxide (In-
Ga-O), indium-tin oxide (In-Sn-O), indium-zirconium ox-
ide (In-Zr-O), indium-zirconium-zinc oxide (In-Zr-Zn-O),
indium-zirconium-tin oxide (In-Zr-Sn-O), indium-zirconi-
um-gallium oxide (In-Zr-Ga-O), indium-aluminum oxide
(In-Al-O), indium-zinc-aluminum oxide (In-Zn-Al-O), in-
dium-tin-aluminum oxide (In-Sn-Al-O), indium-alumi-
num-gallium oxide (In-Al-Ga-O), indium-tantalum oxide
(In-Ta-O), indium-tantalum-zinc oxide (In-Ta-Zn-O), in-
dium-tantalum-tin oxide (In-Ta-Sn-O), indium-tantalum-
gallium oxide (In-Ta-Ga-O), indium-germanium oxide
(In-Ge-O), indium-germanium-zinc oxide (In-Ge-Zn-O),
indium-germanium-tin oxide (In-Ge-Sn-O), indium-ger-
manium-gallium oxide (In-Ge-Ga-O), titanium-indium-
zinc oxide (Ti-In-Zn-O), hafnium-indium-zinc oxide (Hf-
In-Zn-O).
[0074] The reinforcement layers 150, 250, and 350
may be made of a composite material including the oxide
semiconductor and the metal. The metal may include one
of copper, ITO, and aluminum.
[0075] The reinforcement layers 150, 250, and 350
may be made of a plurality of layers. The reinforcement
layers 150, 250, and 350 may be made of a first rein-
forcement layer and a second reinforcement layer.
[0076] The first and second reinforcement layers may
be formed with the same material or with different mate-
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rials. For example, the first and second reinforcement
layers may be made of the oxide semiconductor, or may
be made of the composite material including the oxide
semiconductor and the metal.
[0077] Also, the first and second reinforcement layers
may be formed of different materials, that is, one may be
made of the oxide semiconductor, and the other may be
made of the composite material of the metal or the oxide
semiconductor and metal.
[0078] Next, a manufacturing method of a flexible dis-
play device according to an embodiment of the present
invention will be described with reference to FIG. 6 to
FIG. 8.
[0079] FIG. 6 to FIG. 8 are views sequentially showing
a manufacturing method of a flexible display device ac-
cording to an embodiment of the present invention.
[0080] Firstly, referring to FIG. 6, in the manufacturing
method of the flexible display device according an em-
bodiment of the present invention, the first insulation lay-
er 130 may be formed on the supporting substrate 160.
The supporting substrate 160 as a substrate supporting
the display panel while forming the display panel of the
flexible display device is removed after the display panel
is completed.
[0081] Next, the display panel 120 is formed on the
first insulation layer 130. In detail, the display substrate
123 is formed on the first insulation layer 130, and then
the organic light emitting element 122 and the thin film
encapsulation layer 121 are sequentially deposited. The
process of forming the display substrate 123, the organic
light emitting element 122, and the thin film encapsulation
layer 121 on the first insulation layer 130 is applied with
a disclosed display panel such that a detailed description
thereof is omitted.
[0082] Next, referring to FIG. 7, the supporting sub-
strate 160 is separated from the first insulation layer 130.
At this time, the process of separating the supporting
substrate 160 from the first insulation layer 130 may be
applied with a process of separating a supporting sub-
strate from the display panel in the manufacturing proc-
ess of the flexible display device.
[0083] Next, referring to FIG. 8, the reinforcement layer
150 is formed on or under the lower protection film 140
attached under the display panel 120. However, se-
quences of the process of forming the reinforcement lay-
er 150 on or under the lower protection film 140 and the
process of separating the supporting substrate 160 from
the first insulation layer 130 may be exchanged.
[0084] Next, still referring to FIG. 8, the lower protection
film 140 is adhered under the first insulation layer 130.
According to an embodiment of the present invention,
when the reinforcement layer 150 is formed under the
lower protection film 140, an upper surface of the lower
protection film 140 is adhered to a lower surface of the
first insulation layer 130.
[0085] After forming the display panel 120 on the first
insulation layer 130, the polarizing plate 110 may be ad-
hered on the display panel 120, and after adhering the

lower protection film 140 under the first insulation layer
130, the polarizing plate 110 may be adhered on the dis-
play panel 120.
[0086] According to the manufacturing method of the
flexible display device according to an embodiment of
the present invention, the first insulation layer 330 may
be firstly formed on a supporting substrate (not shown).
This relates to the manufacturing process of the flexible
display device according to the embodiment described
above.
[0087] Next, the display panel 320 is formed on the
first insulation layer 330. In detail, a display substrate 323
is formed on the first insulation layer 330 and then an
organic light emitting element 322 and a thin film encap-
sulation layer 321 are sequentially deposited.
[0088] Next, a second insulation layer 360 is formed
on the display panel 320. Next, the reinforcement layer
350 is formed on the second insulation layer 360.
[0089] Then, after the supporting substrate is separat-
ed from the display panel 320, a lower protection film 340
is attached under the display panel 320.
[0090] In the flexible display device according to an
embodiment of the present invention, the reinforcement
layer is formed on or under the display panel such that
damage to the display panel due to bending stress may
be prevented when the display device is bent.
[0091] Also, a manufacturing method of the flexible dis-
play device according to another embodiment of the
present invention may manufacture the flexible display
device in which damage to the display panel by bending
stress generated in the display device is prevented.
[0092] While this invention has been described in con-
nection with certain embodiments, it is to be understood
that the invention is not limited to the disclosed embod-
iments, but, on the contrary, is intended to cover various
modifications and equivalent arrangements included
within the scope of the appended claims.

Claims

1. A flexible display device comprising:

a display panel (120, 220, 320) including a dis-
play substrate (123, 223, 323), an organic light
emitting element (122, 222, 322) formed on the
display substrate, and a thin film encapsulation
layer (121, 221, 321) covering the organic light
emitting element;
a first insulation layer (130, 230, 330) formed
under the display panel;
a lower protection film (140, 240, 340) formed
under the first insulation layer; and
a reinforcement layer (150, 250, 350) formed
under the lower protection film, between the low-
er protection film and the first insulation layer,
or on the display panel,
wherein the reinforcement layer is configured to

9 10 



EP 2 731 155 A2

7

5

10

15

20

25

30

35

40

45

50

55

prevent damage to the display panel due to
bending stress.

2. The flexible display device of claim 1, wherein the
reinforcement layer comprises an oxide semicon-
ductor.

3. The flexible display device of claim 1 or 2, wherein
the reinforcement layer comprises an oxide semi-
conductor and a metal.

4. The flexible display device of claim 3, wherein the
metal is one of copper, ITO, and aluminium.

5. The flexible display device of claim 2, 3 or 4, wherein
the oxide semiconductor comprises at least one of
an oxide based on zinc, gallium, tin, or indium, or as
a complex oxide thereof, including zinc oxide, indi-
um-gallium-zinc oxide, indium-zinc oxide, or zinc-tin
oxide.

6. The flexible display device of any one of the preced-
ing claims, wherein the reinforcement layer includes
a plurality of layers.

7. The flexible display device of any one of the preced-
ing claims, wherein the reinforcement layer (350) is
formed on the display panel (320), and wherein the
device further includes a second insulation layer
(360) formed between the display panel and the re-
inforcement layer.

8. A method of manufacturing a flexible display device,
comprising:

forming a first insulation layer (130, 230) on a
supporting substrate (160);
forming a display panel (120, 220) including a
display substrate positioned on the first insula-
tion layer, an organic light emitting element
formed on the display substrate, and a thin film
encapsulation layer covering the organic light
emitting element;
separating the supporting substrate from the
first insulation layer;
forming a reinforcement layer (150, 250) on or
under the lower protection film (140, 240) to be
positioned under the display panel; and
adhering the lower protection film to the first in-
sulation layer (130, 230),
wherein the reinforcement layer is configured to
prevent damage to the display panel due to
bending stress.

9. The method of claim 8, wherein the reinforcement
layer is made of an oxide semiconductor.

10. The method of claim 9, wherein the oxide semicon-

ductor is made of one of an oxide based on zinc,
gallium, tin, or indium, as a complex oxide thereof,
including zinc oxide, indium-gallium-zinc oxide, indi-
um-zinc oxide, or zinc-tin oxide.

11. A method of manufacturing a flexible display device
comprising:

forming a first insulation layer (330) on a sup-
porting substrate (160);
forming a display panel (320) including a display
substrate positioned on the first insulation layer,
an organic light emitting element formed on the
display substrate, and a thin film encapsulation
layer covering the organic light emitting element;
forming a second insulation layer (360) on the
display panel;
forming a reinforcement layer (350) on the sec-
ond insulation layer;
separating the supporting substrate (160) from
the display panel; and
adhering a lower protection film (340) under the
display panel,
wherein the reinforcement layer prevents dam-
age to the display panel due to bending stress.

12. The method of claim 11, wherein the reinforcement
layer is made of an oxide semiconductor.

13. The method of claim 12, wherein the oxide semicon-
ductor is made of one of an oxide based on zinc,
gallium, tin, or indium, or as a complex oxide thereof,
including zinc oxide, indium-gallium-zinc oxide, indi-
um-zinc oxide, or zinc-tin oxide.
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