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(57) ABSTRACT

An organic light emitting diode (OLED) display includes a
display panel including a flexible substrate and a thin film
encapsulation (TFE) for covering and protecting an organic
light emitting element formed on the flexible substrate, a first
protective film arranged on the TFE to be opposite to the TFE,
a second protective film arranged on the flexible substrate to
be opposite to the flexible substrate, a first adhesive disposed
between the TFE and the first protective film, a second adhe-
sive disposed between the flexible substrate and the second
protective film, a third protective film arranged on the second
protective film to be opposite to the second protective film,
and a third adhesive disposed between the second protective
film and the third protective film.
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FIG. 2




Patent Application Publication  Apr. 3,2014 Sheet 3 of 16 US 2014/0091288 A1

=
o
o
Lad




Patent Application Publication  Apr. 3,2014 Sheet 4 of 16 US 2014/0091288 A1

FIG. 4
PROVIDE DISPLAY PANEL ~-5401
i
L
ATTACH FIRST PROTECTIVE FILM _ |>-8402
¥
ATTACH FOURTH PROTECTIVE FILM _ |-5403
'
FORM BOTTOM PROTECTIVE LAYER  |~-S404

3
FORM CURL IN BOTTOM PROTECTIVE LAYER 5405
1

ATTACH BOTTOM PROTECTIVE LAYER 15406




Patent Application Publication  Apr. 3,2014 Sheet 5 of 16 US 2014/0091288 A1

FIG. SA
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FIG. 5B
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FIG. 5D
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FIG. 5E
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FIG. 5F
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FIG. 5G
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FIG. 6
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FIG. 7
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ORGANIC LIGHT EMITTING DIODE
DISPLAY AND METHOD OF
MANUFACTURING THE SAME

CLAIM OF PRIORITY

[0001] This application makes reference to, incorporates
the same herein, and claims all benefits accruing under 35
U.S.C. §119 from Korean Patent Application No. 10-2012-
0109448 filed in the Korean Intellectual Property Office on
Sep. 28, 2012, and Korean Patent Application No. 10-2013-
0091610 filed on Aug. 1, 2013.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention generally relates to an organic
light emitting diode (OLED) display and a method of manu-
facturing the same, and more particularly, to an organic light
emitting diode (OLED) display having a structure in which a
bending phenomenon is relieved and a method of manufac-
turing the same.

[0004] 2. Description of the Related Art

[0005] An organic light emitting diode (OLED) display
includes organic light emitting elements that include hole
injection electrodes, organic emission layers, and electron
injection electrodes. Each organic light emitting element
emits light by energy generated when exciton generated in an
organic emission layer by combination of electrons and holes
is transited from an exited state to a ground state and the
organic light emitting diode (OLED) display displays a pre-
determined image using such light emitting.

[0006] Since the organic light emitting diode (OLED) dis-
play has a self-light emitting (self-luminance) characteristic
and does not need additional light source unlike a liquid
crystal display (LCD), the thickness and weight of the organic
light emitting diode (OLED) display may be reduced. In
addition, since the organic light emitting diode (OLED) dis-
play has a high quality characteristic such as low power
consumption, high luminance, and high response speed, the
organic light emitting diode (OLED) display is spotlighted as
the next generation display device.

[0007] On the other hand, the organic light emitting diode
(OLED) display has a panel structure in which a driving
circuit unit and the organic light emitting element formed on
a flexible substrate are protected by a thin film encapsulation
(TFE). In a process of forming the TFE, chemical vapor
deposition (CVD) is used so that a flexible panel is strongly
stressed by the strong compress characteristic of SiN_and that
the panelis bent. In addition, due to the bending characteristic
(flexibility) of a flexible material, when the force (tension or
compress force) of the layers that form the inside is not
balanced, curl bent in one direction is generated. Although a
thick bottom film is attached to the bottom of the panel, a
bending phenomenon is generated. Therefore, it is difficult to
perform a vacuum absorption process, an align key recogni-
tion process, a transport process, and a load process for per-
forming a subsequent process.

[0008] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

1. Field of the Invention
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SUMMARY OF THE INVENTION

[0009] In order to solve the above problem, in the embodi-
ments of the present invention, an organic light emitting diode
(OLED) display in which the bottom protective layer of a
display panel is formed of a two-layer film is provided.
[0010] In addition, a method of manufacturing the organic
light emitting diode (OLED) display in which reverse curl is
applied to the bottom protective layer in an opposite direction
to the bending direction of the display panel when the display
device is manufactured so that the bottom protective layer is
attached to the display panel and that the bending phenom-
enon of the display device is relieved is provided.

[0011] An organic light emitting diode (OLED) display
device constructed asn an embodiment according to the prin-
ciples of the present invention includes a display panel
including a flexible substrate and a thin film encapsulation
(TFE) for covering and protecting an organic light emitting
element formed on the flexible substrate, a first protective film
arranged on the TFE to be opposite to the TFE, a second
protective film arranged on the flexible substrate to be oppo-
site to the flexible substrate, a first adhesive disposed between
the TFE and the first protective film, a second adhesive dis-
posed between the flexible substrate and the second protec-
tive film, a third protective film arranged on the second pro-
tective film to be opposite to the second protective film, and a
third adhesive disposed between the second protective film
and the third protective film.

[0012] The second adhesive and the third adhesive may
have the same property.

[0013] The first to third protective films may have the same
property.

[0014] The first adhesive may have a thickness of about 70
um to 80 pum.

[0015] The second adhesive and the third adhesive may
have a thickness of 20 pm to 30 pm.

[0016] The flexible substrate may be formed of a plastic
material.
[0017] The first to third protective films may be formed of

a flexible plastic material.

[0018] The first protective film may have a thickness of 70
um to 80 pum.
[0019] The second protective film and the third protective

film may have a thickness of 20 um to 30 pm.

[0020] An organic light emitting diode (OLED) display
according to the present invention further includes a fourth
protective film arranged on the first protective film to be
opposite to the first protective film and a fourth adhesive
disposed between the first protective film and the fourth pro-
tective film and the first adhesive and the fourth adhesive may
have the same propetty.

[0021] The fourth protective film may have the same prop-
erty as the first to third protective films.

[0022] The fourth adhesive may have a thickness of about 5
um to 15 pm.
[0023] The fourth protective film may be formed of a flex-

ible plastic material.

[0024] The fourth protective film may have a thickness of
about 20 um to 30 pm.

[0025] A total thickness of the second adhesive, the second
protective film, the third adhesive, and the third protective
film may be about 90 um to 110 pm.

[0026] The second protective film may have a thickness of
about 45 pm to 50 pm and the third protective film may have
a thickness of about 20 um to 30 um.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0027] A more complete appreciation of the invention, and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by reference
to the following detailed description when considered in con-
Junction with the accompanying drawings, in which like ref-
erence symbols indicate the same or similar components,
wherein:

[0028] FIG.1isa cross-sectional view schematically illus-
trating an organic light emitting diode (OLED) display con-
structed as an embodiment according to the principles of the
present invention;

[0029] FIG. 2 isa cross-sectional view schematically illus-
trating that a top protective layer and a display panel of the
organic light emitting diode (OLED) display according to an
embodiment of the present invention are bent in a down-
wardly convex shape;

[0030] FIG. 3 is a cross-sectional view schematically illus-
trating that reverse curl is applied to a bottom protective layer
of the organic light emitting diode (OLED) display according
to an embodiment of the present invention in an upwardly
convex shape;

[0031] FIG. 4 is a flowchart illustrating a method of manu-
facturing an organic light emitting diode (OLED) display
according to an embodiment of the present invention;
[0032] FIGS. 5A to 5G are process cross-sectional views
illustrating the method of manufacturing the organic light
emitting diode (OLED) display according to an embodiment
of the present invention.

[0033] FIG. 6 is a graph measuring and illustrating the
heights of the curl of the display device when the bottom
protective layer of the organic light emitting diode (OLED)
display according to an embodiment of the present invention
1s a single-layer film and when the bottom protective layer of
the organic light emitting diode (OLED) display according to
an embodiment of the present invention is a two-layer film.
[0034] FIG. 7 is a graph measuring and illustrating the
heights of the curl of the bottom protective layer of the
organic light emitting diode (OLED) display according to an
embodiment of the present invention when the curl is not
formed, when the curl is formed in the single-layer bottom
protective layer, and when the curl is formed in the two-layer
bottom protective layer;

[0035] FIG. 8 is a graph measuring and illustrating the
heights of the curl of the display device with the bottom
protective layer attached to a display panel when the curl is
not formed in the bottom protective layer of the organic light
emitting diode (OLED) display according to an embodiment
of the present invention, when the curl is formed in the single-
layer bottom protective layer, and when the curl is formed in
the two-layer bottom protective layer;,

[0036] FIG. 9 is a graph measuring and illustrating the
heights of the curl of a mother substrate when the bottom
protective layer ofthe OLED display according to an embodi-
ment of the present invention is attached to a mother substrate
in accordance with thicknesses of the film that forms the
bottom protective layer, whether the film is a single-layer film
or a two-layer film, and whether the film is a symmetric film
or an asymmetric film; and

[0037] FIG. 10 is a graph measuring and illustrating the
heights of the curl of a display device when the bottom pro-
tective layer of the OLED display according to an embodi-
ment of the present invention is attached to the display device
in accordance with thicknesses of the film that forms the
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bottom protective layer, whether the film is a single-layer film
or a two-layer film, and whether the film is a symmetric film
or an asymmetric film.

DETAILED DESCRIPTION OF THE INVENTION

[0038] Hereinafter, exemplary embodiments of the present
invention will be described in detail with reference to the
accompanying drawings so that a person of ordinary skill in
the art may easily perform the present invention. The present
invention may be realized in various forms and is not limited
to the exemplary embodiments described hereinafter.

[0039] Inaddition, in various exemplary embodiments, the
same constituent elements are denoted by the same reference
numerals and are representatively described in an exemplary
embodiment and different elements from the elements of an
exemplary embodiment will be described in other exemplary
embodiments.

[0040] The drawings are schematic and are not illustrated
in accordance with a scale. The relative sizes and ratios of the
parts in the drawings are exaggerated or reduced for clarity
and convenience in the drawings and an arbitrary size is only
exemplary and is not limited. The same structures, elements,
or parts illustrated in no less than two drawings are denoted by
the same reference numerals in order to represent similar
characteristics. When a part is referred to as being “on”
another part, it can be directly on the other part or intervening
parts may also be present.

[0041] An exemplary embodiment of the present invention
is illustrated in detail. As a result, various modifications are
expected to be made. Therefore, the exemplary embodiment
is not limited to a specific shape of an illustrated region but,
for example, includes a change in the shape in accordance
with manufacturing.

[0042] Hereinafter, referring to FIGS. 1 to 3, an organic
light emitting diode (OLED) display constructed as an
embodiment according to the principles of the present inven-
tion will be described.

[0043] FIG. 1is a cross-sectional view schematically illus-
trating an organic light emitting diode (OLED) display
according to an embodiment of the present invention. Refer-
ring to FIG. 1, the organic light emitting diode (OLED) dis-
play includes a display panel 101, a first protective film 103,
a second protective film 105, a first adhesive 102, a second
adhesive 104, a third protective film 107, and a third adhesive
106. In addition, a fourth adhesive 110 and a fourth protective
film 109 may be included on the first protective film 103. A
structure in which the first protective film 103 and the fourth
protective film 109 are attached to each other by the fourth
adhesive 110 may be defined as a top protective layer 210 for
convenience sake. A structure in which the second protective
film 105 and the third protective film 107 are attached to each
other by the third adhesive 106 may be defined as a bottom
protective layer 220 for convenience sake. At this time, based
on the display panel 101, the protective layer on the side ofa
thin film encapsulation (TFE) that forms the display panel
101 may be defined as the top protective layer 210 and the
protective layer attached to a flexible substrate that forms the
display panel 101 may be defined as the bottom protective
layer 220.

[0044] The display panel 101 may include a driving circuit
unit and an organic light emitting element formed on the
flexible substrate and the thin film encapsulation (TFE). The
flexible substrate may be formed ofa flexible plastic material.
However, the present invention is not limited to the above and
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the flexible substrate may be formed of a metal substrate
made of stainless steel and various flexible materials. The
flexible substrate may be formed of a plastic material having
excellent heat resistance and durability such as polyethylene
ether phthalate, polyethylene naphthalene, polycarbonate,
polyarylate, polyetherimide, polyether sulfone, and polyim-
ide.

[0045] The driving circuit unit includes a thin film transis-
tor and drives the organic light emitting element. The organic
light emitting element is connected to the driving circuit unit
and emits light in accordance with a driving signal received
from the driving circuit unit to display an image. The organic
light emitting element and the driving circuit unit may have
various structures in a range where modifications may be
easily made by a person of ordinary skill in the art.

[0046] The TFE is formed on the flexible substrate of the
display panel to cover and protect the organic light emitting
element and the driving circuit unit and may be formed by
alternately laminating one or more organic layers and one or
more inorganic layers with each other. The inorganic layers
and the organic layers may be plural, respectively.

[0047] The organic layers are formed of polymers and may
be a single layer or a laminated layer formed of one of poly-
ethylene terephthalate (PET), polyimide, polycarbonate,
epoxy, polyethylene, and polyacrylate. The organic layers
may be formed of polyacrylate and, in detail, include poly-
merized monomer composition including diacrylate-based
monomer and triacrylate-based monomer. Monoacrylate-
based monomer may be further included in the monomer
composition. Inaddition, a already known photoinitiator such
as TPO (2.4,6-trimethylbenzoyl diphenyl phosphoine) may
be further included in the monomer composition. However,
the present invention is not limited to the above.

[0048] The inorganic layers may be single layers or lami-
nated layers including a metal oxide or a metal nitride. In
detail, the inorganic layers may include one of SiN_, Al,O;,
Si0,, and TiO,.

[0049] Theuppermost layer exposed the outside among the
layers that form the TFE may be formed of the inorganic layer
in order to prevent moisture from permeating into the organic
light emitting diode (OLED).

[0050] The TFE may include at least one sandwich struc-
ture in which at least one organic layer is inserted between at
least two inorganic layers. In addition, the TFE may include at
least one sandwich structure in which at least one inorganic
layer is inserted between at least two organic layers.

[0051] The TFE may sequentially include a first inorganic
layer, a first organic layer, and a second inorganic layer from
the top of an OLED layer. In addition, the TFE may sequen-
tially include a first inorganic layer, a first organic layer, a
second inorganic layer, a second organic layer, and a third
inorganic layer from the top of the OLED layer. In addition,
the TFE may sequentially include a first inorganic layer, a first
organic layer, a second inorganic layer, a second organic
layer, a third inorganic layer, a third organic layer, and a fourth
inorganic layer from the top of the OLED layer.

[0052] A halogen metal layer including lithium fluoride
(LiF) may be further included between the OLED layer and
the first inorganic layer. The halogen metal layer may prevent
the OLED layer from being damaged when the first inorganic
layer is formed of a sputtering method or a plasma deposition
method.

[0053] The first organic layer may be formed to have a
smaller area than that of the second inorganic layer and the
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second organic layer may be formed to have a smaller area
than that of the third inorganic layer. In addition, the first
organic layer may be formed to be completely covered with
the second inorganic layer and the second organic layer may
be formed to be completely covered with the third inorganic
layer.

[0054] The first protective film 103 is arranged to be oppo-
site to the TFE of the display panel 101 and the first adhesive
102 is disposed between the TFE and the first protective film
103 so that the first protective film 103 is attached to the TFE
of the display panel 101 through the first adhesive 102.

[0055] The second protective film 105 is arranged to be
opposite to the flexible substrate of the display panel 101 and
the second adhesive 104 is disposed between the flexible
substrate of the display panel 101 and the second protective
film 105 so that the second protective film 105 is attached to
the flexible substrate of the display panel 101 through the
second adhesive 104.

[0056] The third protective film 107 is arranged to be oppo-
site to the second protective film 105 and the third adhesive
106 is disposed between the second protective film 105 and
the third protective film 107 so that the third protective film
107 is attached to the second protective film 105 through the
third adhesive 106.

[0057] At this time, the first to third protective films 103 to
107 may have the same property and may improve the
strength of the display panel 101 and prevent the display
panel 101 from being damaged. The first to third protective
films 103 to 107 may be formed of a plastic material and may
have a flexible characteristic like the flexible substrate of the
display panel 101. The first to third protective films 103 to 107
may be common films formed of materials such as polyeth-
ylene (PE), polycarbonate, polyethylene terephthalate (PET),
urethane, and polyethylene naphthalate (PEN). Other than the
above, various kinds of films already known in the art may be
used.

[0058] On the other hand, the first protective film 103 may
have a thickness of about 70 um to 80 pm and the second
protective film 105 and the third protective film 107 may have
a thickness of about 20 um to 30 um.

[0059] In addition, in an organic light emitting diode
(OLED) display according to another embodiment of the
present invention, the fourth protective film 109 may be
arranged on the first protective film 103 to be opposite to the
first protective film 103 and the fourth adhesive 110 may be
disposed between the first protective film 103 and the fourth
protective film 109. That is, the fourth protective film 109
may be attached to the first protective film 103 through the
fourth adhesive 110. The fourth protective film 109 may have
the same property as the first to third protective films 103 to
107 and may be formed of a flexible plastic material to
improve the strength of the display panel 101 and to prevent
the display panel 101 from being damaged. The fourth pro-
tective film 109 may be a film formed of the same material as
the first to third protective films 103 to 107.

[0060] The fourth protective film 109 may have a thickness
of about 20 pm to 30 pm.

[0061] On the other hand, at least one of the first to fourth
protective films 103 to 109 may be a polarizing film having a
polarizing function. Among the first to fourth protective films
103 to 109, the protective film having the polarizing function
may be formed of a material having a similar property to the
properties of the other protective films.
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[0062] On the other hand, the second adhesive 104 and the
third adhesive 106 may have the same property. In addition,
the fourth adhesive 110 may have the same property as the
first adhesive 102. The first to fourth adhesives 102 to 110
may be softer than the first to fourth protective films 103 to
109, the flexible substrate of the display panel 101, and the
TFE. Various kinds of adhesives already known in the art may
be used as the first to fourth adhesives 102 to 110.

[0063] On the other hand, the first adhesive 102 may have a
thickness of about 70 pm to 80 pm, the second adhesive 104
and the third adhesive 106 may each have a thickness of about
20 pm to 30 pm, and the fourth adhesive 110 may have a
thickness of about 5 pm to 15 pm.

[0064] On the other hand, the total thickness of the attach-
ment structure of the bottom protective layer 220 and the
second adhesive 104 may be about 100 pm. That s, the total
thickness obtained by adding the thickness of the second
adhesive 104, the thickness of the second protective film 105,
the thickness of the third adhesive 106, and the thickness of
the third protective film 107 may be about 90 um to 110 pm.
In addition, the thickness of the second protective film 105
may be about 45 pm to 50 pm and the thickness of the third
protective film 107 may be about 20 um to 30 um. As
described above, the total thickness of the attachment struc-
ture of the bottom protective layer 220 and the second adhe-
sive 104 is maintained as about 100 pm and the attachment
structure is formed of an asymmetric two-layer film structure
so that bending phenomenon relieving effect may be remark-
ably improved.

[0065] In the embodiment of FIG. 1, the bottom protective
layer 220 is formed of the two-layer film structure. However,
the bottom protective layer 220 may be formed of a multi-
layer film consisting of no less than two layers.

[0066] The above-described organic light emitting diode
(OLED) display according to the embodiments of the present
invention includes a two-layer bottom protective layer 220
having a structure in which the second protective film 105 and
the third protective film 107 are laminated. In order to prevent
the display device from being bent due to a phenomenon in
which both ends of the display panel 101 are bent upward or
downward by strong stress applied to the display panel 101
after forming the TFE, the bottom protective layer 220 is
formed of a two-layer film and is attached to the display panel
101 with curl applied in an opposite direction to the bending
direction of the display panel 101 so that the bending degree
of the display panel 101 may be reduced and that the bending
phenomenon may be relieved.

[0067] FIG. 21sa cross-sectional view schematically illus-
trating that the top protective layer and the display panel of the
organic light emitting diode (OLED) display according to an
embodiment of the present invention are bent in a down-
wardly convex shape. Here, an example in which the top
protective layer 210 has a structure in which, the first protec-
tive film 103, the fourth adhesive 110, and the fourth protec-
tive film 109 are laminated is illustrated. When the top pro-
tective layer 210 is attached after a process of forming the
TFE of the display panel 101 by chemical vapor deposition
(CVD), the thickness of SiN_ deposited by CVD increases so
that both ends of the display panel 101 are bent upward or
downward due to the strong compress characteristic of SiN..
FIG. 2 illustrates that the top protective layer 210 and the
display panel 101 are bent in the downwardly convex shape.
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However, the top protective film and the display panel 101
may be bent in an opposite direction, that is, in an upwardly
convex shape.

[0068] FIG. 3is a cross-sectional view schematically illus-
trating that reverse curl is applied to the bottom protective
layer of the organic light emitting diode (OLED) display
according to an embodiment of the present invention in an
upwardly convex shape. Here, the bottom protective layer
220 has a structure in which the second protective film 105,
the third adhesive 106, and the third protective film 107 are
laminated. Before the bottom protective layer 220 is attached
to the display panel 101, curl is applied to the bottom protec-
tive layer 220 in an opposite direction to the direction in
which the display panel 101 is bent. In order to form down-
wardly convex curl in the bottom protective layer 220, in the
state where the second protective film 105 and the third pro-
tective film 107 are attached to each other, the bottom protec-
tive layer may be heated while applying compress force to the
second protective film 105 and tension to the third protective
film 107 at both ends thereof to be cooled. To the contrary, in
order to form upwardly convex curl in the bottom protective
layer 220, in the state where the second protective film 105
and the third protective film 107 are attached to each other, the
bottom protective layer may be heated while applying tension
to the second protective film 105 and compress force to the
third protective film 107 at both ends thereof to be cooled.
[0069] On the other hand, in order to form the curl of the
bottom protective layer 220, the second protective film 105
and the third protective film 107 are attached to each other by
the third adhesive 106 with different tensions applied so that
the upwardly or downwardly convex curl may be formed in
the bottom protective layer 220. The method of applying curl
to the bottom protective layer is not limited to the above and
curl may be applied by various technologies already known in
the art.

[0070] Hereinafter, referring to F1G. 4 and FIGS. 5A to 5G,
a method of manufacturing the organic light emitting diode
(OLED) display according to an embodiment of the present
invention will be described.

[0071] FIG. 4 is a flowchart illustrating a method of manu-
facturing the organic light emitting diode (OLED) display
according to an embodiment of the present invention. FIGS.
5A to 5G are process cross-sectional views illustrating the
method of manufacturing the organic light emitting diode
(OLED) display according to an embodiment of the present
invention.

[0072] First, the display panel 101 in which the TFE is
formed on the flexible substrate including the driving circuit
unit and the organic light emitting element is provided (S401,
FIG. 5A). The display panel 101 is completed by forming a
barrier layer on the flexible substrate, by forming the driving
circuit unit and the organic light emitting element on the
bather layer, and by forming the TFE for covering and pro-
tecting the organic light emitting element and the driving
circuit on the flexible substrate.

[0073] Next, the first protective film 103 is attached onto
the TFE using the first adhesive 102 to be opposite to the TFE
(5402, FIG. 5B).

[0074] Next, the third protective film 107 is attached onto
the provided second protective film 105 using the third adhe-
sive 106 to form the bottom protective layer 220 (S404, FIG.
5E).

[0075] Next, the bottom protective layer 220 is attached
onto the flexible substrate using the second adhesive 104 so
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that the second protective film 105 is opposite to the flexible
substrate of the display panel 101 (S406, FIG. 5G) to com-
plete the organic light emitting diode (OLED) display.
[0076] Attaching the first protective film (S402, FIG. 5B),
forming the bottom protective layer (S404, FIG. 5E), and
attaching the bottom protective layer (8406, FIG. 5G) may be
performed using a method of applying heat and pressure.

[0077] On the other hand, a method of manufacturing an
organic light emitting diode (OLED) display according to
another embodiment of the present invention may further
include applying curl convex toward the second protective
film 105 of the bottom protective layer 220 (S405, FIG. 5F)
after forming the bottom protective layer (S404, F1G. 5E). At
this time, in order to apply curl, the bottom protective layer
220 may be heated while applying tension to the second
protective film 105 and compress force to the third protective
film 107 at both ends thereof to be cooled.

[0078] To the contrary, a method of manufacturing an
organic light emitting diode (OLED) display according to
still another embodiment of the present invention may further
include applying curl convex toward the third protective film
107 of the bottom protective layer 220 (S405, FIG. 5F) after
forming the bottom protective layer (S404, FIG. 5E). At this
time, in order to apply curl, the bottom protective layer 220
may be heated while applying compress force to the second
protective film 105 and tension to the third protective film 107
at both ends thereof to be cooled.

[0079] The bottom protective layer 220 is heated with both
ends thereof fixed and with pressure applied to the center of
the second protective film 105 or the third protective film 107
to be cooled so that curl convex toward the second protective
film 105 or the third protective film 107 may be applied.

[0080] The method of applying curl to the bottom protec-
tive layer 220 is not limited to the above and various methods
already known in the art may be used.

[0081] On the other hand, in forming the bottom protective
layer (S404), first tension is applied to the second protective
film 105, second tension different from the first tension is
applied to the third protective film 107, and the second pro-
tective film 105 and the third protective film 107 are attached
to each other so that curl convex toward the second protective
film 105 or the third protective film 107 may be applied.

[0082] On the other hand, a method of manufacturing an
organic light emitting diode (OLED) display according to
still another embodiment of the present invention may further
include attaching the fourth protective film 109 onto the first
protective film 103 using the fourth adhesive 110 (S403, FIG.
5C) after attaching the first protective film 103 onto the TFE
using the first adhesive 102 (S402, FIG. 5B). Attaching the
fourth protective film 109 may be performed using the
method of applying heat and pressure like attaching the first
protective film 103 (S402). Attaching the fourth protective
film 109 (S403 ) may be performed not only after attaching the
first protective film 103 (S402) but also after forming the
bottom protective layer (S404), after forming curl (S405), or
after attaching the bottom protective layer (S406).

[0083] FIG. 6 is a graph measuring and illustrating the
heights of the curl of the display device when the bottom
protective layer of the organic light emitting diode (OLED)
display according to an embodiment of the present invention
is a single-layer film and when the bottom protective layer of
the organic light emitting diode (OLED) display according to
an embodiment of the present invention is the two-layer film.
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[0084] Referring to FIG. 6, when the single-layer film is
used as the bottom protective layer of the same thickness like
in the conventional structure, it is confirmed that the height of
the curl of the display device is about 11 mm to 13 mm.
However, when the two-layer film according to an embodi-
ment of the present invention is used, the height of the curl of
the display device is confirmed to be about 7 mm to 9 mm.
That is, when the bottom protective layer is formed of the
two-layer film, it is noted that the bending phenomenon of the
display device may be relieved. At this time, the height of the
curl means a difference in the height of one end of a flat layer
that is not bent and the height of one end of a bent layer in
which curl is formed. The height of the curl has a positive
value when the layer is bent upward and the height of the curl
has a negative value when the layer is bent downward.
[0085] FIG. 7 is a graph measuring and illustrating the
heights of the curl of the bottom protective layer of the
organic light emitting diode (OLED) display according to an
embodiment of the present invention when the curl is not
formed, when the curl is formed in the single-layer bottom
protective layer, and when the curl is formed in the two-layer
bottom protective layer.

[0086] As illustrated in FIG. 7, when the bottom protective
layer is formed of the two-layer film and curl is not applied,
the height of the curl of the bottom protective layer is distrib-
uted in arange of about 2 mm to 53 mm, the average height of
the curl is about 21.375 mm, and an intermediate value is
about 15.5 mm. In addition, when the bottom protective layer
1s made single and curl is applied, the height of the curl of the
bottom protective layer is distributed in a range of about 0.5
mm to 2 mm, the average height of the curl is about 1.125 mm,
and an intermediate value is about 1 mm. In addition, when
the bottom protective layer is formed of the two-layer film and
curl is applied, the height of the curl is distributed in a range
of about -3 mm to -7 mm, the average height of the curl is
about =5.3125 mm, and an intermediate value is about -4.75
mm. Here, that the height of the curl has a negative value
means that curl is applied in the upwardly convex shape, that
15, in a reverse direction.

[0087] FIG. 8 is a graph measuring and illustrating the
heights of the curl of the display device with the bottom
protective layer attached to a display panel when the curl is
not formed in the bottom protective layer of the organic light
emitting diode (OLED) display according to an embodiment
ofthe present invention, when the curl is formed in the single-
layer bottom protective layer, and when the curl is formed in
the two-layer bottom protective layer. That is, FIG. 8 illus-
trates results of measuring the heights of the curl of the
display device in the case where the bottom protective layer of
the three cases of FIG. 7 is attached to the display panel 101.
[0088] As shown in FIG. 8, when the bottom protective
layer is formed of the two-layer film and is attached to the
display panel 101 without applying curl, the height of the curl
of the display device is distributed in a range of about 6.5 mm
to 12.5 mm, the average height of the curl is about 8.5 mm,
and an intermediate value is about 8 mm. In addition, when
the bottom protective layer is made single and is attached to
the display panel 101 with curl applied, the height of the
display deviceis distributed in a range of about 0 mm to 8 mm,
the average height of the curl is about 3.08929 mm, and an
intermediate value is about 2.5 mm. In addition, when the
bottom protective layer is formed of the two-layer film and is
attached to the display panel 101 with curl applied, the height
of the curl of the display device is distributed in a range of
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about 0 mm to 3 mm, the average height of the curl is about
1.375 mm, and an intermediate value is about 1.25 mm.
[0089] Itmay be noted from the experiment results of FIG.
8 that the bending phenomenon of the display device is
relieved when the bottom protective layer is formed of the
two-layer film and is attached to the display panel 101 with
reverse curl applied. On the other hand, it is expected that the
bending phenomenon of the display device may be relieved
more when the bottom protective layer is formed of a multi-
layer film consisting of no less than two layers while uni-
formly maintaining the entire thickness of the bottom protec-
tive layer and is attached to the display panel 101 with reverse
curl applied.

[0090] In addition, tension may be adjusted to be applied
when the reverse curl of the bottom protective layer is formed
in accordance with the bending degree of the top protective
layer and the display panel 101 so that the height of the curl of
the bottom protective layer may be controlled and that the
bottom protective layer may be attached to the top protective
layer and the display panel 101.

[0091] FIG. 9 is a graph measuring and illustrating the
heights of the curl of a mother substrate when the bottom
protective layer of the OLED display according to an embodi-
ment of the present invention is attached to the mother sub-
strate in accordance with thicknesses of the film that forms the
bottom protective layer, whether the film is a single-layer film
or a two-layer film, and whether the film is a symmetric film
or an asymmetric film.

[0092] Referring to FIG. 9. when the bottom protective
layer is formed of the two-layer film and is attached to the
mother substrate using the second adhesive with a thickness
of 250 um, the heights of the curl of the mother substrate are
determined to be about 0.1 mm to 0.8 mm. At this time, it is
measured that the average height of the curl is about 1.15 mm
and an intermediate value is about 1.35 mm.

[0093] In addition, when the bottom protective layer is
formed of the single-layer film and is attached to the mother
substrate using the second adhesive with a thickness of 100
um, the heights of the curl of the mother substrate are deter-
mined to be about 0 mm to 7 mm. At this time, it is measured
that the average height of the curl is about 2.45 mm and an
intermediate value is about 1.75 mm. In addition, when an
experiment is performed once more with the same condition,
the heights of the curl of the mother substrate are determined
to be about 0 mm to § mm. At this time, it is measured that the
average height of the curl is about 3 mm and an intermediate
value is about 2 mm.

[0094] In addition, when the bottom protective layer is
formed of the two-layer film and is attached to the mother
substrate using the second adhesive with the thickness of 100
um, the heights of the curl of the mother substrate are deter-
mined to be about 0 mm to 3 mm. At this time, it is measured
that the average height of the curl is about 1.375 mm and an
intermediate value is about 1.25 mm.

[0095] In addition, when the bottom protective layer is
formed of the single-layer film, the film and the adhesive are
asymmetric, and the bottom protective layer is attached to the
mother substrate using the second adhesive with the thickness
of 100 um, the heights of the curl of the mother substrate are
determined to be about 0 mm to 5 mm. At this time, it is
measured that the average height of the curl is about 0.75 mm
and an intermediate value is about 2 mm.

[0096] In addition, when the bottom protective layer is
formed of the two-layer film, the film and the adhesive are
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asymmetric, and the bottom protective layer is attached to the
mother substrate using the second adhesive with the thickness
of 100 pm, the heights of the curl of the mother substrate are
determined to be about —-4.5 mm to 3 mm. At this time, it is
measured that the average height of the curl is about -0.468
mm and an intermediate value is about 0 mm.

[0097] From the experiment results of FIG. 9, it is noted
that bending phenomenon of the mother substrate is relieved
when the bottom protective layer is formed of the two-layer
film and is attached to the display panel using the second
adhesive with the thickness of 100 pum.

[0098] FIG. 10 is a graph measuring and illustrating the
heights of the curl of a display device when the bottom pro-
tective layer of the OLED display according to an embodi-
ment of the present invention is attached to the display device
in accordance with thicknesses of the film that forms the
bottom protective layer, whether the film is a single-layer film
or a two-layer film, and whether the film is a symmetric film
or an asymmetric film.

[0099] Referring to FIG. 10, when the bottom protective
layer is formed of the two-layer film and is attached to the
display device using the second adhesive with a thickness of
250 pm, the heights of the curl of the display device are
determined to be about 1 mm to 3 mm. At this time, it is
measured that the average height of the curl is about 1.7 mm
and an intermediate value is about 1.6 mm.

[0100] In addition, when the bottom protective layer is
formed of the single-layer film and is attached to the display
device using the second adhesive with a thickness of 100 pum,
the heights of the curl of the display device are determined to
be about 1 mm to 6.5 mm. At this time, it is measured that the
average height ofthe curl is about 3.4 mm and an intermediate
value is about 3.5 mm. In addition, when an experiment is
performed once more with the same condition, the heights of
the curl of the display device are determined to be about 1.5
mm to 4.5 mm. At this time, it is measured that the average
height of the curl is about 2.95 mm and an intermediate value
is about 3 mm.

[0101] In addition, when the bottom protective layer is
formed of the two-layer film and is attached to the display
device using the second adhesive with the thickness of 100
um, the heights of the curl of the display device are deter-
mined to be about 0 mmto 4.5 mm. At this time, it is measured
that the average height of the curl is about 2.1 mm and an
intermediate value is about 2 mm.

[0102] In addition, when the bottom protective layer is
formed of the single-layer film, the film and the adhesive are
asymmetric, and the bottom protective layer is attached to the
display device using the second adhesive with the thickness of
100 pm, the heights of the curl of the display device are
determined to be about 2 mm to 3.5 mm. At this time, it is
measured that the average height of the curl is about 2.57 mm
and an intermediate value is about 2.5 mm.

[0103] In addition, when the bottom protective layer is
formed of the two-layer film, the film and the adhesive are
asymmetric, and the bottom protective layer is attached to the
display device using the second adhesive with the thickness of
100 pm, the heights of the curl of the display device are
determined to be about 0 mm to 3 mm. At this time, it is
measured that the average height of the curl is about 1.05 mm
and an intermediate value is about 1 mm.

[0104] From the experiment results of FIG. 10, it is noted
that bending phenomenon of the display device is relieved
when the bottom protective layer is formed of the two-layer
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film and is attached to the display panel using the second
adhesive with the thickness of 100 pum.

[0105] As described above, in the organic light emitting
diode (OLED) display according to the embodiments of the
present invention and the method of manufacturing the same,
the bottom protective layer of the display panel is formed of
the two-layer film and is attached to the display panel with the
reverse curl applied in the opposite direction to the bending
direction of the display panel so that the bending phenom-
enon of the display device may be relieved.

[0106] In addition, the bottom protective layer may be
formed of the asymmetric two-layer film to a thickness of
about 100u to relieve the bending phenomenon of the display
device.

[0107] 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 con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. An organic light emitting diode (OLED) display device,
comptrising:

adisplay panel including a flexible substrate and a thin film

encapsulation (TFE), the TFE covering and protecting
an organic light emitting element formed on the flexible
substrate;

a first protective film formed on a surface of the TFE;

asecond protective film formed on a surface of the flexible

substrate;

a first adhesive interposed between the TFE and the first

protective film;

asecond adhesive interposed between the flexible substrate

and the second protective film;

athird protective film formed on the second protective film;

and

a third adhesive interposed between the second protective

film and the third protective film.

2. The organic light emitting diode (OLED) display device
of claim 1, wherein the second adhesive and the third adhesive
are formed of a same material.

3. The organic light emitting diode (OLED) display device
ofclaim 1, wherein the first, second, and third protective films
are formed of a same material.

4. The organic light emitting diode (OLED) display device
of claim 1, wherein the first adhesive has a thickness of about
70 pm to 80 pm.
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5. The organic light emitting diode (OLED) display device
of claim 1, wherein each of the second adhesive and the third
adhesive has a thickness of about 20 um to 30 pm.

6. The organic light emitting diode (OLED) display device
of claim 1, wherein the flexible substrate is formed of a plastic
material.

7. The organic light emitting diode (OLED) display device
of claim 1, wherein the first, second, and third protective films
are formed of a flexible plastic material.

8. The organic light emitting diode (OLED) display device
of claim 1, wherein the first protective film has a thickness of
about 70 um to 80 pm.

9. The organic light emitting diode (OLED) display device
of claim 1, wherein each of the second protective film and the
third protective film has a thickness of about 20 pum to 30 pm.

10. The organic light emitting diode (OLED) display
device of claim 1, further comprising:

a fourth protective film formed on the first protective film;

and

a fourth adhesive interposed between the first protective

film and the fourth protective film,

wherein the first adhesive and the fourth adhesive are

formed of a same material.

11. The organic light emitting diode (OLED) display
device of claim 10, wherein the first through fourth protective
films are formed of a same material.

12. The organic light emitting diode (OLED) display
device of claim 10, wherein the fourth adhesive has a thick-
ness of about 5 pm to 15 um.

13. The organic light emitting diode (OLED) display of
claim 10, wherein at least one of the first through fourth
protective films is polarizing film.

14. The organic light emitting diode (OLED) display
device of claim 10, wherein the fourth protective film has a
thickness of about 20 um to 30 pm.

15. The organic light emitting diode (OLED) display
device of claim 1, wherein a total thickness of the second
adhesive, the second protective film, the third adhesive, and
the third protective film is about 90 pm to 110 pm.

16. The organic light emitting diode (OLED) display
device of claim 15, wherein:

the second protective film has a thickness of about 45 um to

50 um, and
the third protective film has a thickness of about 20 pum to
30 pm.
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