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(54) ORGANIC LIGHT EMITTING DISPLAY

(57) An organic light emitting display device includes
a display panel including a display region where a plu-
rality of pixels are disposed, a pad region including a
bending region and a pad electrode region where pad
electrodes are disposed, a polarizing layer disposed in
the display region, and a lower protection film disposed
on a lower surface of the display panel. The lower pro-
tection film includes a first and a second lower protection

film pattern. The first lower protection film pattern is dis-
posed in the display region, and the second lower pro-
tection film pattern in the pad electrode region such that
a lower surface of the display panel in the bending region
is exposed. The bending protection layer has an upper
surface with a height that is less than a height of the
polarizing layer, and is disposed in the bending region
on the display panel
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Description

[0001] Exemplary embodiments relate to organic light
emitting display devices. More particularly, exemplary
embodiments relate to flexible organic light emitting dis-
play devices.

DISCUSSION OF THE BACKGROUND

[0002] A flat panel display (FPD) device is widely used
as a display device for electronic devices because such
FPD devices are lightweight and thin compared to cath-
ode-ray tube (CRT) display devices. Typical examples
of the FPD device are a liquid crystal display (LCD) device
and an organic light emitting display (OLED) device.
[0003] Recently, a flexible OLED device capable of
bending or folding a portion thereof has been developed.
The flexible OLED device includes lower and upper sub-
strates of a display panel which have flexible materials.
For example, the lower substrate included in the display
panel may be formed of a flexible substrate, and the up-
per substrate included in the display panel may have a
thin film encapsulation structure. In addition, the flexible
OLED device may further include a polarizing layer and
a touch screen electrode layer that are located on an
upper surface of the display panel and a lower protection
film that is located on a lower surface of the display panel.
[0004] The above information disclosed in this Back-
ground section is only for enhancement of understanding
of the background of the inventive concepts, and, there-
fore, 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.

SUMMARY

[0005] Exemplary embodiments provide an organic
light emitting display device.
[0006] Additional aspects will be set forth in the de-
tailed description which follows, and, in part, will be ap-
parent from the disclosure, or may be learned by practice
of the inventive concepts.
[0007] According to exemplary embodiments, an or-
ganic light emitting display (OLED) device includes a dis-
play panel, a polarizing layer, a lower protection film, and
a bending protection layer. The display panel has a dis-
play region where a plurality of pixels are disposed and
a pad region that is located in a first side of the display
region, and the pad region has a bending region located
in a portion of the pad region that is adjacent to the display
region and a pad electrode region located in a remaining
portion of the pad region. Pad electrodes are disposed
in the pad electrode region. The polarizing layer is dis-
posed in the display region on the display panel. The
lower protection film is disposed on a lower surface of
the display panel, and includes a first lower protection
film pattern and a second lower protection film pattern.
The first lower protection film pattern is disposed in the

display region, and the second lower protection film pat-
tern is disposed in the pad electrode region of the pad
region such that a lower surface of the display panel lo-
cated in the bending region is exposed. The bending pro-
tection layer has an upper surface with a height that is
less than a height of the polarizing layer, and is disposed
in the bending region on the display panel.
[0008] In an exemplary embodiment, the polarizing
layer may be in contact with the bending protection layer
in a portion where the display region and the bending
region are adjacent to each other.
[0009] In an exemplary embodiment, the polarizing
layer and the bending protection layer may be in contact
with the display panel.
[0010] In an exemplary embodiment, the display re-
gion may include a light emitting region, a peripheral re-
gion. A light may be emitted in the light emitting region.
The peripheral region may surround the light emitting re-
gion, and a plurality of wirings may be disposed in the
peripheral region. A portion of the peripheral region may
be interposed between the light emitting region and the
bending region.
[0011] In an exemplary embodiment, the polarizing
layer may be disposed in the light emitting region and a
portion of the peripheral region that is located adjacent
to the bending region on the display panel. The bending
protection layer may be disposed in a portion of the pe-
ripheral region that is located adjacent to the bending
region, the bending region, and a portion of the pad elec-
trode region.
[0012] In an exemplary embodiment, the protection
layer may be in contact with the polarizing layer in the
peripheral region that is located adjacent to the bending
region.
[0013] In an exemplary embodiment, the bending pro-
tection layer may further include a protrusion portion in
the peripheral region that is located adjacent to the bend-
ing region.
[0014] In an exemplary embodiment, a height from a
lower surface of the bending protection layer to the pro-
trusion portion may be greater than a height of the po-
larizing layer.
[0015] In an exemplary embodiment, a height of the
polarizing layer may be in a range between about 60
micrometers and about 120 micrometers.
[0016] In an exemplary embodiment, a first height of
the polarizing layer may be less than a second height
from a lower surface of the bending protection layer to
the protrusion portion, and a height difference between
the first and second heights may range between about
10 micrometers and about 30 micrometers.
[0017] In an exemplary embodiment, the first lower
protection film pattern may be disposed in the light emit-
ting region and the peripheral region on a lower surface
of the display panel, and the first lower protection film
pattern and the bending protection layer may overlap in
the peripheral region.
[0018] In an exemplary embodiment, a distance where
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the first lower protection film pattern and the bending pro-
tection layer overlap may be less than or equal to about
350 micrometers.
[0019] In an exemplary embodiment, the bending pro-
tection layer may have a Young’s modulus that is in a
range between 0.1 GPa and 0.7 GPa.
[0020] In an exemplary embodiment, the OLED device
may further include connection electrodes disposed be-
tween the bending protection layer and the display panel,
and the connection electrodes may be electrically con-
nected to the pixels and the pad electrodes.
[0021] In an exemplary embodiment, the bending re-
gion may be bent on an axis with respect to a first direction
corresponding to a row direction in a plan view of the
OLED device, and the second lower protection film pat-
tern may be disposed on a lower surface of the first lower
protection film pattern.
[0022] In an exemplary embodiment, the OLED device
may further include a first lower adhesion layer inter-
posed between the lower protection film and the display
panel, and the first lower adhesion layer may include a
first lower adhesion layer pattern and a second lower
adhesion layer pattern. The first lower adhesion layer
pattern may be disposed in the display region, and the
second lower adhesion layer pattern may be disposed in
the pad electrode region of the pad region such that a
lower surface of the display panel that is located in the
bending region is exposed.
[0023] In an exemplary embodiment, each of the plu-
rality of the pixels included in the display panel may in-
clude a substrate disposed on the lower protection film,
a semiconductor element disposed on the substrate, a
lower electrode disposed on the semiconductor element,
a light emitting layer disposed on the lower electrode, an
upper electrode disposed on the light emitting layer, and
a thin film encapsulation structure disposed on the upper
electrode.
[0024] In an exemplary embodiment, the polarizing
layer may be in direct contact with the thin film encapsu-
lation structure.
[0025] In an exemplary embodiment, the semiconduc-
tor element may include an active layer, a gate insulation
layer, a gate electrode, an insulating interlayer, and
source and drain electrodes. The active layer may be
disposed on the substrate. The gate insulation layer may
be disposed on the active layer, and may expose an up-
per surface of the substrate that is located in the bending
region. The gate electrode may be disposed on the gate
insulation layer. The insulating interlayer may be dis-
posed on the gate electrode, and may expose an upper
surface of the substrate that is located in the bending
region. The source and drain electrodes may be disposed
on the insulating interlayer.
[0026] In an exemplary embodiment, the OLED device
may further include a touch screen electrode layer dis-
posed on the polarizing layer and an upper adhesion lay-
er interposed between the polarizing layer and the touch
screen electrode layer.

[0027] In an exemplary embodiment, the OLED device
may further include a heat sink plate disposed on a lower
surface of the lower protection film and a second lower
adhesion layer interposed between the lower protection
film and the heat sink plate.
[0028] In an exemplary embodiment, the OLED device
may further include a third lower adhesion layer inter-
posed between the heat sink plate and the second lower
protection film pattern when the OLED device is bent.
[0029] As the OLED device according to an exemplary
embodiment includes the bending protection layer hav-
ing a relatively thin thickness, the OLED device may pre-
vent the touch screen electrode layer and a flexible print-
ed circuit board of the touch screen electrode layer from
being damaged by the bending protection layer. In addi-
tion, as the bending protection layer includes the protru-
sion portion, the bending protection layer may not be sep-
arated from the polarizing layer when the OLED device
is bent because a contact area of the polarizing layer and
the bending protection layer is relatively increased.
[0030] The foregoing general description and the fol-
lowing detailed description are exemplary and explana-
tory and are intended to provide further explanation of
the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The accompanying drawings, which are includ-
ed to provide a further understanding of the inventive
concepts, and are incorporated in and constitute a part
of this specification, illustrate exemplary embodiments
of the inventive concepts, and, together with the descrip-
tion, serve to explain principles of the inventive concepts.

FIG. 1 is a plan view illustrating an organic light emit-
ting display (OLED) device in accordance with an
exemplary embodiment.
FIG. 2 is a block diagram for describing an external
device electrically connected to the OLED device of
FIG. 1.
FIG. 3 is a cross-sectional view taken along a line I-
I’ of FIG. 1.
FIG. 4 is a cross-sectional view describing a bent
shape of the OLED device of FIG. 3.
FIG. 5 is an enlarged cross-sectional view corre-
sponding to region ’A’ of FIG. 3.
FIG. 6 is an enlarged cross-sectional view corre-
sponding to region ’B’ of FIG. 3.
FIG. 7 is an enlarged cross-sectional view corre-
sponding to region ’C’ of FIG. 3.
FIG. 8 and FIG. 9 are cross-sectional views illustrat-
ing an exemplary embodiment of a protrusion portion
included in a bending protection layer of FIG. 7.
FIG. 10, FIG. 11, FIG. 12, FIG. 13, FIG. 14, FIG. 15,
FIG. 16, FIG. 17, FIG. 18, FIG. 19, and FIG. 20 are
cross-sectional views illustrating a method of man-
ufacturing an OLED device in accordance with ex-
emplary embodiments.
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FIG. 21 is a cross-sectional view illustrating an OLED
device in accordance with an exemplary embodi-
ment.

DETAILED DESCRIPTION OF THE ILLUSTRATED EM-
BODIMENTS

[0032] In the following description, for the purposes of
explanation, numerous specific details are set forth in
order to provide a thorough understanding of various ex-
emplary embodiments. It is apparent, however, that var-
ious exemplary embodiments may be practiced without
these specific details or with one or more equivalent ar-
rangements. In other instances, well-known structures
and devices are shown in block diagram form in order to
avoid unnecessarily obscuring various exemplary em-
bodiments.
[0033] In the accompanying figures, the size and rel-
ative sizes of layers, films, panels, regions, etc., may be
exaggerated for clarity and descriptive purposes. Also,
like reference numerals denote like elements.
[0034] When an element or layer is referred to as being
"on," "connected to," or "coupled to" another element or
layer, it may be directly on, connected to, or coupled to
the other element or layer or intervening elements or lay-
ers may be present. When, however, an element or layer
is referred to as being "directly on," "directly connected
to," or "directly coupled to" another element or layer, there
are no intervening elements or layers present. For the
purposes of this disclosure, "at least one of X, Y, and Z"
and "at least one selected from the group consisting of
X, Y, and Z" may be construed as X only, Y only, Z only,
or any combination of two or more of X, Y, and Z, such
as, for instance, XYZ, XYY, YZ, and ZZ. Like numbers
refer to like elements throughout. As used herein, the
term "and/or" includes any and all combinations of one
or more of the associated listed items.
[0035] Although the terms first, second, etc. may be
used herein to describe various elements, components,
regions, layers, and/or sections, these elements, com-
ponents, regions, layers, and/or sections should not be
limited by these terms. These terms are used to distin-
guish one element, component, region, layer, and/or sec-
tion from another element, component, region, layer,
and/or section. Thus, a first element, component, region,
layer, and/or section discussed below could be termed
a second element, component, region, layer, and/or sec-
tion without departing from the teachings of the present
disclosure.
[0036] Spatially relative terms, such as "beneath," "be-
low," "lower," "above," "upper," and the like, may be used
herein for descriptive purposes, and, thereby, to describe
one element or feature’s relationship to another ele-
ment(s) or feature(s) as illustrated in the drawings. Spa-
tially relative terms are intended to encompass different
orientations of an apparatus in use, operation, and/or
manufacture in addition to the orientation depicted in the
drawings. For example, if the apparatus in the drawings

is turned over, elements described as "below" or "be-
neath" other elements or features would then be oriented
"above" the other elements or features. Thus, the exem-
plary term "below" can encompass both an orientation of
above and below. Furthermore, the apparatus may be
otherwise oriented (e.g., rotated 90 degrees or at other
orientations), and, as such, the spatially relative descrip-
tors used herein interpreted accordingly.
[0037] The terminology used herein is for the purpose
of describing particular embodiments and is not intended
to be limiting. As used herein, the singular forms, "a,"
"an," and "the" are intended to include the plural forms
as well, unless the context clearly indicates otherwise.
Moreover, the terms "comprises," "comprising," "in-
cludes," and/or "including," when used in this specifica-
tion, specify the presence of stated features, integers,
steps, operations, elements, components, and/or groups
thereof, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.
[0038] Various exemplary embodiments are described
herein with reference to sectional illustrations that are
schematic illustrations of idealized exemplary embodi-
ments and/or intermediate structures. As such, variations
from the shapes of the illustrations as a result, for exam-
ple, of manufacturing techniques and/or tolerances, are
to be expected. Thus, exemplary embodiments disclosed
herein should not be construed as limited to the particular
illustrated shapes of regions, but are to include deviations
in shapes that result from, for instance, manufacturing.
For example, an implanted region illustrated as a rectan-
gle will, typically, have rounded or curved features and/or
a gradient of implant concentration at its edges rather
than a binary change from implanted to non-implanted
region. Likewise, a buried region formed by implantation
may result in some implantation in the region between
the buried region and the surface through which the im-
plantation takes place. Thus, the regions illustrated in the
drawings are schematic in nature and their shapes are
not intended to illustrate the actual shape of a region of
a device and are not intended to be limiting.
[0039] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this disclosure is a part. Terms,
such as those defined in commonly used dictionaries,
should be interpreted as having a meaning that is con-
sistent with their meaning in the context of the relevant
art and will not be interpreted in an idealized or overly
formal sense, unless expressly so defined herein.
[0040] FIG. 1 is a plan view illustrating an organic light
emitting display (OLED) device in accordance with an
exemplary embodiment, and FIG. 2 is a block diagram
for describing an external device electrically connected
to the OLED device of FIG. 1.
[0041] Referring to FIG. 1 and FIG. 2, an OLED device
100 may include a display panel, a polarizing layer, a
touch screen electrode layer, a lower protection film,
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bending protection layer, etc.
[0042] An exemplary display panel may have a display
region 10 and a pad region 20. A plurality of pixels P may
be disposed in the display region 10, and the pad region
20 may be located adjacent to a first side of the display
region 10. Pad electrodes 470 that are electrically con-
nected to an external device may be disposed in the pad
region 20.
[0043] The display region 10 may include a light emit-
ting region 30 where light is emitted and a peripheral
region 40 that surrounds the light emitting region 30. In
an exemplary embodiment, the pixels P emitting light
may be disposed in the light emitting region 30, and a
plurality of wirings may be disposed in the peripheral re-
gion 40. The wirings may be electrically connected to the
pad electrodes 470 and the pixels P. For example, the
wirings may include data signal wirings, scan signal wir-
ings, light emission signal wirings, power supply voltage
wirings, etc. In addition, a scan driver, a data driver, etc.,
may be disposed in the peripheral region 40.
[0044] In an exemplary embodiment, a width of the pe-
ripheral region 40 surrounding the light emitting region
30 of FIG. 1 may be constant, but exemplary embodi-
ments are not limited thereto. For example, the peripheral
region 40 may include a first region extending in a first
direction D1 that corresponds to a row direction in a plan
view of the OLED device 100 and a second region ex-
tending in a second direction D2 that corresponds to a
column direction in a plan view of the OLED device 100.
For example, the first region of the peripheral region 40
may be located adjacent to the top of the display panel
200 and a bending region 50, and the second region of
the peripheral region 40 may be located in both lateral
portions of the display panel 200. Here, a width extending
in the first direction D1 of the second region may be rel-
atively narrower than a width extending in the second
direction D2 of the first region.
[0045] The pad region 20 may include a bending region
50 located in a portion of the pad region 20 that is adjacent
to the display region 10 and a pad electrode region 60
located in a remaining portion of the pad region 20. Here,
a portion of the peripheral region 40 may be interposed
between the light emitting region 30 and the bending re-
gion 50. In addition, the bending region 50 may be inter-
posed between the display region 10 and the pad elec-
trode region 60, and the pad electrodes 470 may be dis-
posed in the pad electrode region 60. When the bending
region 50 is bent, the pad electrode region 60 may be
located on a lower surface of the OLED device 100. In
an exemplary embodiment, the OLED device 100 may
further include connection electrodes. The bending pro-
tection layer may be disposed in a portion of the display
region 10, the bending region 50, and a portion of the
pad electrode region 60 on the display panel. The con-
nection electrodes may be disposed between the bend-
ing protection layer and the display panel, and may be
electrically connected to the wirings and the pad elec-
trodes 470. As illustrated in FIG. 2, the pixels P disposed

in the light emitting region 30 and an external device 101
that is electrically connected to the pad electrodes 470
may be electrically connected through the connection
electrodes disposed in the bending region 50 and the
wirings disposed in the peripheral region 40. For exam-
ple, the external device 101 and the OLED device 100
may be electrically connected through a flexible printed
circuit board (FPCB). The external device 101 may pro-
vide a data signal, a scan signal, a light emission signal,
a power supply voltage, etc. to the OLED device 100. In
addition, a driving integrated circuit may be mounted
(e.g., installed) in the FPCB. In exemplary embodiments,
the driving integrated circuit may be mounted in the dis-
play panel 200 near the pad electrodes 470.
[0046] The polarizing layer and the touch screen elec-
trode layer may be disposed in the display region 10 on
the display panel. In an exemplary embodiment, the po-
larizing layer may be disposed on the display panel, and
the touch screen electrode layer may be disposed on the
polarizing layer.
[0047] The lower protection film may be disposed on
a lower surface of the display panel, and may protect the
display panel.
[0048] FIG. 3 is a cross-sectional view taken along a
line I-I’ of FIG. 1, and FIG. 4 is a cross-sectional view
describing a bent shape of the OLED device of FIG. 3.
[0049] Referring to FIG, 1, FIG. 3, and FIG. 4, the
OLED device 100 may include a display panel 200, a first
lower adhesion layer 301, a lower protection film 300, a
second lower adhesion layer 425, a heat sink plate 480,
a third lower adhesion layer 490, a polarizing layer 430,
an upper adhesion layer 415, a touch screen electrode
layer 410, a bending protection layer 460, a pad electrode
470, etc. Here, the lower protection film 300 may include
a first lower protection film pattern 351 and a second
lower protection film pattern 352, and the first lower ad-
hesion layer 301 may include a first lower adhesion layer
pattern 302 and a second lower adhesion layer pattern
304. In exemplary embodiments, the polarizing layer 430
may have a first height H1, and the bending protection
layer 460 may have a second height H2 that is less than
the first height H1.
[0050] As described above, the display panel 200 may
have a display region 10 and a pad region 20. The display
region 10 may include a light emitting region 30 and a
peripheral region 40, and the pad region 20 may include
a bending region 50 and a pad electrode region 60. In
addition, the peripheral region 40 illustrated in FIG. 3 may
include the peripheral region 40 interposed between the
light emitting region 30 and the bending region 50 illus-
trated in FIG. 1.
[0051] In exemplary embodiments, pixels P which emit
light may be disposed in the light emitting region 30, and
a plurality of wirings may be disposed in the peripheral
region 40. The wirings may be electrically connected to
the pad electrode 470 and the pixels P.
[0052] The bending region 50 of the pad region 20 may
be interposed between the pad electrode region 60 and

7 8 



EP 3 346 514 A1

6

5

10

15

20

25

30

35

40

45

50

55

the peripheral region 40 of the display region 10, and the
pad electrode 470 may be disposed in the pad electrode
region 60.
[0053] Referring again to FIG. 4, when the bending re-
gion 50 is bent, the pad electrode region 60 may be lo-
cated on a lower surface of the OLED device 100. In an
exemplary embodiment, the bending region 50 may be
bent on an axis with respect to a first direction D1, and
the second lower protection film pattern 352 may be dis-
posed on a lower surface of the heat sink plate 480. After
the bending region 50 is bent, the third lower adhesion
layer 490 may be interposed between the second lower
protection film pattern 352 and the heat sink plate 480.
For example, the second lower protection film pattern
352 and the heat sink plate 480 may be fixed by the third
lower adhesion layer 490.
[0054] Referring again to FIG. 1 and FIG. 3, the lower
protection film 300 may be disposed on a lower surface
of the display panel 200. In an exemplary embodiment,
the lower protection film 300 may include the first lower
protection film pattern 351 that is disposed on the lower
surface of the display region 10 and the second lower
protection film pattern 352 that is disposed on the lower
surface of the pad electrode region 60 such that a lower
surface of the display panel 200 located in the bending
region 50 is exposed. For example, the lower protection
film 300 may expose a lower surface of the display panel
200 in the bending region 50. In addition, to bond (or
attach) the lower protection film 300 and the display panel
200, the first lower adhesion layer 301 may be interposed
between the lower protection film 300 and the display
panel 200. The first lower adhesion layer 301 may include
the first lower adhesion layer pattern 302 that overlaps
the first lower protection film pattern 351 and the second
lower adhesion layer pattern 304 that overlaps the sec-
ond lower protection film pattern 352. The first lower ad-
hesion layer 301 may be in contact with a lower surface
of the display panel 200.
[0055] The heat sink plate 480 may be disposed on a
lower surface of the lower protection film 300, and the
second lower adhesion layer 425 may be interposed be-
tween the lower protection film 300 and the heat sink
plate 480 to bond the lower protection film 300 and the
heat sink plate 480.
[0056] The polarizing layer 430 may be disposed in the
display region 10 on the display panel 200. For example,
the polarizing layer 430 may be disposed in the light emit-
ting region 30 and a portion of the peripheral region 40
on the display panel 200, and may be in contact with the
display panel 200. In an exemplary embodiment, the po-
larizing layer 430 may have a first height H1. The first
height H1 may range between about 60 micrometers and
about 120 micrometers. In an exemplary embodiment,
for example, the first height H1 of the polarizing layer 430
may be about 100 micrometers.
[0057] The touch screen electrode layer 410 may be
disposed on the polarizing layer 430, and the upper ad-
hesion layer 415 may be interposed between the polar-

izing layer 430 and the touch screen electrode layer 410
to bond the polarizing layer 430 and the touch screen
electrode layer 410.
[0058] The touch screen electrode layer 410 may be
connected to a FPBC in the peripheral region 40, for ex-
ample, the FPCB may be disposed in a bent manner on
the bending protection layer 460 and the pad electrode
470 when the OLED device 100 is bent. In an exemplary
embodiment, the touch screen electrode layer 410 may
be disposed on the display panel 200, and the polarizing
layer 430 may be disposed on the touch screen electrode
layer 410.
[0059] The bending protection layer 460 may be dis-
posed in a portion of the display region 10 or a portion
of the peripheral region 40, the bending region 50, and
a portion of the pad electrode region 60 on the display
panel 200. In addition, bending protection layer 460 may
be in contact with the display panel 200. In an exemplary
embodiment, the polarizing layer 430 may be in contact
with the bending protection layer 460 in a portion (e.g.,
the peripheral region 40) where the display region 10 and
the bending region 50 are adjacent to each other. Con-
nection electrodes, which will be described below, may
be disposed between the bending protection layer 460
and the display panel 200. The connection electrodes
may be electrically connected to the wirings disposed in
the peripheral region 40 and the pad electrode 470. Pixels
P disposed in the light emitting region 30 and an external
device 101 that is electrically connected to the pad elec-
trode 470 may be electrically connected through the con-
nection electrodes disposed in the bending region 50 and
the wirings disposed in the peripheral region 40. In an
exemplary embodiment, a thickness of the bending pro-
tection layer 460 may be determined such that a neutral
plane in the bending region 50 is located within a portion
where the connection electrodes are disposed. For ex-
ample, when the bending region 50 is bent, the connec-
tion electrodes may not be broken or cut because the
neutral plane of the bending region 50 is located within
the portion where the connection electrodes are dis-
posed.
[0060] To manufacture an OLED device 100 with a rel-
atively thin thickness, a thickness of the polarizing layer
430 may be manufactured in a thin manner. As the thick-
ness (a first height H1) of the polarizing layer 430 be-
comes thinner, a distance between the display panel 200
and the touch screen electrode layer 410 may be re-
duced. For example, when a conventional bending pro-
tection layer, which has a relatively thick thickness, is
disposed on the display panel 200, the conventional
bending protection layer may be in direct contact with the
touch screen electrode layer 410 and a FPCB of the touch
screen electrode layer 410, and the touch screen elec-
trode layer 410 and the FPCB may be damaged by the
conventional bending protection layer. As such, in ac-
cordance with an exemplary embodiment, a bending pro-
tection layer 460 may be provided that has a relatively
thin thickness and a high Young’s modulus.
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[0061] In an exemplary embodiment, the bending pro-
tection layer 460 may have an upper surface which has
a height less than a height of an upper surface of the
polarizing layer 430 (e.g., the first height HI). For exam-
ple, the bending protection layer 460 may have a second
height H2, and the second height H2 may be less than
the first height H1. The second height H2 may range be-
tween about 50 micrometers and about 110 micrometers.
In addition, the bending protection layer 460 may have
the Young’s modulus that ranges between 0.1 GPa and
0.7 GPa. Further, the bending protection layer 460 may
overlap the first lower protection film pattern 351 in the
peripheral region 40. A portion where the bending pro-
tection layer 460 and the first lower protection film pattern
351 overlap may be defined as an overlap distance 70.
The overlap distance 70 may be less than or equal to
about 350 micrometers. The bending protection layer 460
having a relatively high Young’s modulus may have a
relatively reduced overlap distance 70. For example,
when the OLED device including a conventional bending
protection layer having a relatively short overlap distance
70 is bent, the conventional bending protection layer may
be separated or detached from the display panel 200 and
the polarizing layer 430. In contrast, although the bending
protection layer 460 according to exemplary embodi-
ments has a relatively reduced overlap distance 70, the
bending protection layer 460 may not be separated from
the display panel 200 and the polarizing layer 430 be-
cause the bending protection layer 460 has the relatively
high Young’s modulus. Accordingly, as the bending pro-
tection layer 460 has a relatively short overlap distance
70, a width of the peripheral region 40 may be reduced
or an area of the light emitting region 30 may be relatively
increased. In addition, since the OLED device 100 in-
cludes the bending protection layer 460, damage to the
touch screen electrode layer 410 and the FPCB may be
reduced or prevented.
[0062] In an exemplary embodiment, the bending pro-
tection layer 460 may further include a protrusion portion,
which will be described below, in the peripheral region
40 (e.g., the peripheral region 40 that is located adjacent
to the bending region 50). A height from a lower surface
of the bending protection layer 460 to the protrusion por-
tion may be greater than a height of the polarizing layer
430, first height H1. For example, a height difference be-
tween the height from a lower surface of the bending
protection layer 460 to the protrusion portion and the first
height H1 may range between about 10 micrometers and
about 30 micrometers. In an exemplary embodiment, the
height difference may be larger than about 30 microme-
ters. When the bending protection layer 460 includes the
protrusion portion, a contact area of the polarizing layer
430 and the bending protection layer 460 may increase.
Accordingly, when the OLED device 100 is bent, the sep-
aration of the bending protection layer 460 from the po-
larizing layer 430 may be reduced. In an exemplary em-
bodiment, the protrusion portion may support the touch
screen electrode layer 410 such that the touch screen

electrode layer 410 is not bent. In addition, when the up-
per adhesion layer 415 is spread as liquid state to bond
the polarizing layer 430 and the touch screen electrode
layer 410, the protrusion portion may prevent the upper
adhesion layer 415 from flowing out into the bending pro-
tection layer 460.
[0063] The pad electrode 470 may be disposed in the
pad electrode region 60 on the display panel 200. The
pad electrode 470 may be electrically connected to an
external device, and may provide a data signal, a scan
signal, a light emission signal, a power supply voltage,
etc., which are applied from the external device to the
pixels P.
[0064] FIG. 5 is an enlarged cross-sectional view cor-
responding to region ’A’ of FIG. 3, and FIG. 6 is an en-
larged cross-sectional view corresponding to region ’B’
of FIG. 3. FIG. 7 is an enlarged cross-sectional view cor-
responding to region ’C’ of FIG. 3, and FIG. 8 and FIG.
9 are cross-sectional views illustrating an exemplary em-
bodiment of a protrusion portion included in a bending
protection layer of FIG. 7.
[0065] Referring to FIG. 5, FIG. 6, and FIG. 7, an OLED
device 100 may include a display panel 200, a first lower
adhesion layer 301, a lower protection film 300, a second
lower adhesion layer 425, a heat sink plate 480, a third
lower adhesion layer 490, a polarizing layer 430, an upper
adhesion layer 415, a touch screen electrode layer 410,
a bending protection layer 460, a pad electrode 470, etc.
Here, the display panel 200 may include a substrate 110,
a semiconductor element 250, a connection electrode
212, a first conductive pattern 172, a second conductive
pattern 174, a planarization layer 270, a pixel defining
layer 310, a lower electrode 290, a light emitting layer
330, an upper electrode 340, and a thin film encapsula-
tion (TFE) structure 450. In addition, the semiconductor
element 250 may include an active layer 130, a gate in-
sulation layer 150, a first gate electrode 170, a first insu-
lating interlayer 190, a source electrode 210, and drain
electrode 230, and the TFE structure 450 may include a
first TFE layer 451, a second TFE layer 452, and a third
TFE layer 453. Further, the first lower adhesion layer 301
may include a first lower adhesion layer pattern 302 and
a second lower adhesion layer pattern 304, and the lower
protection film 300 may include a first lower protection
film pattern 351 and a second lower protection film pat-
tern 352.
[0066] When the OLED device 100 includes the flexible
substrate110 and the TFE structure 450, the OLED de-
vice 100 may serve as a flexible OLED device.
[0067] In an exemplary OLED device, a substrate 110
may be provided. The substrate 110 may include trans-
parent materials or opaque materials. The substrate 110
may include, for example, a flexible transparent material
such as a flexible transparent resin substrate (e.g., a poly-
imide substrate). For example, the polyimide substrate
may include a first polyimide layer, a first barrier film layer,
a second polyimide layer, a second barrier film layer, etc.
Since the polyimide substrate is relatively thin and flexi-
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ble, the polyimide substrate may be disposed on a rigid
glass substrate to help support the formation of the sem-
iconductor element 250 and the light emitting structure
(e.g., the lower electrode 290, the light emitting layer 330,
the upper electrode 340, etc). For example, the substrate
110 may have a structure in which the first polyimide
layer, the first barrier film layer, the second polyimide
layer, and the second barrier film layer are stacked on
the rigid glass substrate. When manufacturing the OLED
device 100, after an insulating layer (e.g., a buffer layer)
is provided on the second barrier layer of the polyimide
substrate, the semiconductor element 250 and the light
emitting structure may be disposed on the insulating lay-
er. After the semiconductor element 250 and the light
emitting structure are formed on the insulating layer, the
rigid glass substrate on which the polyimide substrate is
disposed may be removed. It may be relatively difficult
to directly form the semiconductor element 250 and the
light emitting structure on the polyimide substrate be-
cause the polyimide substrate is relatively thin and flex-
ible. Accordingly, the semiconductor element 250 and
the light emitting structure may be formed on the polyim-
ide substrate and the rigid glass substrate, and then the
polyimide substrate may serve as the substrate 110 of
the OLED device 100 after removing the rigid glass sub-
strate. In exemplary embodiments, the substrate 110
may include, for example, a quartz substrate, a synthetic
quartz substrate, a calcium fluoride substrate, a fluoride-
doped quartz substrate, a soda lime glass substrate, a
non-alkali glass substrate, etc.
[0068] A buffer layer (not shown) may be disposed on
the substrate 110. The buffer layer may be disposed on
the entire substrate 110. The buffer layer may prevent or
reduce the diffusion of metal atoms and/or impurities from
the substrate 110 into the semiconductor element 250.
Additionally, the buffer layer may control a rate of a heat
transfer in a crystallization process for forming the active
layer 130, to obtain a substantially uniform active layer
130. Furthermore, the buffer layer may improve a surface
flatness of the substrate 110 when the surface of the
substrate 110 is relatively irregular. According to a type
of the substrate 110, for example, at least two buffer lay-
ers may be provided on the substrate 110, or the buffer
layer may not be disposed. But aspects of the inventive
concepts are not limited thereto. The buffer layer may
include, for example, silicon compound, metal oxide, etc.
[0069] The semiconductor element 250 may be dis-
posed on the substrate 110. The active layer 130 may
be disposed on the substrate 110. The active layer 130
may include, for example, an oxide semiconductor, an
inorganic semiconductor (e.g., amorphous silicon, poly-
silicon, etc.), an organic semiconductor, etc.
[0070] The gate insulation layer 150 may be disposed
on the active layer 130. The gate insulation layer 150
may cover the active layer 130, and may be disposed on
the substrate 110. For example, the gate insulation layer
150 may sufficiently cover the active layer 130 on the
substrate110, and may have a substantially level surface

without a step around the active layer 130. In an exem-
plary embodiment, the gate insulation layer 150 may cov-
er the active layer 130 on the substrate110, and may be
disposed in a substantially uniform thickness along a pro-
file of the active layer 130. In an exemplary embodiment,
the gate insulation layer 150 may expose an upper sur-
face of the substrate110 that is located in a portion of the
peripheral region 40, the bending region 50, and a portion
of the pad electrode region 60. The gate insulation layer
150 may include, for example, silicon compound, metal
oxide, etc. For example, the gate insulation layer 150
may include silicon oxide (SiOx), silicon nitride (SiNx),
silicon oxynitride (SiOxNy), silicon oxycarbide (SiOxCy),
silicon carbon nitride (SiCxNy), aluminum oxide (AlOx),
aluminum nitride (AlNx), tantalum oxide (TaOx), hafnium
oxide (HfOx), zirconium oxide (ZrOx), titanium oxide (Ti-
Ox), etc.
[0071] The gate electrode 170 may be disposed on a
portion of the gate insulation layer 150 under which the
active layer 130 is located. The gate electrode 170 may
include, for example, a metal, a metal alloy, metal nitride,
conductive metal oxide, transparent conductive materi-
als, etc. For example, the gate electrode 170 may include
gold (Au), an alloy of gold, silver (Ag), an alloy of silver,
aluminum (Al), an alloy of aluminum, aluminum nitride
(AlNx), tungsten (W), tungsten nitride (WNx), copper
(Cu), an alloy of copper, nickel (Ni), chrome (Cr), chrome
nitride (CrNx), molybdenum (Mo), an alloy of molybde-
num, titanium (Ti), titanium nitride (TiNx), platinum (Pt),
tantalum (Ta), tantalum nitride (TaNx), neodymium (Nd),
scandium (Sc), strontium ruthenium oxide (SRO), zinc
oxide (ZnOx), stannum oxide (SnOx), indium oxide (In-
Ox), gallium oxide (GaOx), indium tin oxide (ITO), indium
zinc oxide (IZO), etc. These examples may be used alone
or in a combination thereof. In an exemplary embodi-
ment, the gate electrode 170 may have a multi-layered
structure.
[0072] The insulating interlayer 190 may be disposed
on the gate electrode 170. The insulating interlayer 190
may cover the gate electrode 170, and may be disposed
on the gate insulation layer 150. For example, the insu-
lating interlayer 190 may sufficiently cover the gate elec-
trode 170 on the gate insulation layer 150, and may have
a substantially level surface without a step around the
gate electrode 170. In an exemplary embodiment, the
insulating interlayer 190 may cover the gate electrode
170 on the gate insulation layer 150, and may be dis-
posed in a substantially uniform thickness along a profile
of the gate electrode 170. In an exemplary embodiment,
the insulating interlayer 190 may expose an upper sur-
face of the substrate 110 that is located in a portion of
the peripheral region 40, the bending region 50, and a
portion of the pad electrode region 60. The insulating
interlayer 190 may include, for example, a silicon com-
pound, a metal oxide, etc.
[0073] The source electrode 210 and the drain elec-
trode 230 may be disposed on the insulating interlayer
190. The source electrode 210 may be in direct contact
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with a first side of the active layer 130 via a contact hole
formed by removing a portion of the gate insulation layer
150 and the insulating interlayer 190. The drain electrode
230 may be in direct contact with a second side of the
active layer 130 via a contact hole formed by removing
another portion of the gate insulation layer 150 and the
insulating interlayer 190. Each of the source electrode
210 and the drain electrode 230 may include, for exam-
ple, a metal, an alloy, metal nitride, conductive metal ox-
ide, transparent conductive materials, etc. These exam-
ples may be used alone or in a combination thereof. In
an exemplary embodiment, each of the source and drain
electrodes 210 and 230 may have a multi-layered struc-
ture. Accordingly, the semiconductor element 250 includ-
ing the active layer 130, the gate insulation layer 150,
the gate electrode 170, the insulating interlayer 190, the
source electrode 210, and the drain electrode 230 may
be disposed.
[0074] In an exemplary embodiment, the semiconduc-
tor element 250 may have a top gate structure, but is not
limited thereto. For example, in an exemplary embodi-
ment, the semiconductor element 250 may have a bottom
gate structure.
[0075] As illustrated in FIG. 6, the first conductive pat-
tern 172 may be disposed in the peripheral region 40 on
the gate insulation layer 150. As described above, the
first conductive pattern 172 may be one among a plurality
of the wirings. For example, the first conductive pattern
172 may include a data signal wiring, a scan signal wiring,
a light emission signal wiring, a power supply wiring, etc.
[0076] The second conductive pattern 174 may be dis-
posed in the pad electrode region 60 on the gate insula-
tion layer 150. The second conductive pattern 174 may
be electrically connected to the pad electrode 470.
[0077] The connection electrode 212 may be disposed
in a portion of the peripheral region 40, the bending region
50, and the a portion of the pad electrode region 60 on
the insulating interlayer 190 to overlap the first conductive
pattern 172 and the second conductive pattern 174. The
connection electrode 212 may be in contact with the first
conductive pattern 172 via a contact hole formed by re-
moving a portion of the insulating interlayer 190 located
in the peripheral region 40, and may be in contact with
the second conductive pattern 174 via a contact hole
formed by removing a portion of the insulating interlayer
190 located in the pad electrode region 60. In an exem-
plary embodiment, the first conductive pattern 172, the
second conductive pattern 174, and the gate electrode
170 may be simultaneously (or concurrently) formed us-
ing the same material. In addition, the connection elec-
trode 212, the source electrode 210, and the drain elec-
trode 230 may be simultaneously formed using the same
material. But aspects of the inventive concepts are not
limited thereto.
[0078] In an exemplary embodiment, an external de-
vice may be electrically connected to the pad electrode
470, and the external device may provide a data signal,
a scan signal, a light emission signal, a power supply

voltage, etc. to the pixels through the second conductive
pattern 174, the connection electrode 212, and the first
conductive pattern 172.
[0079] Referring again to FIG. 5 and FIG. 6, the planari-
zation layer 270 may be disposed on the connection elec-
trode 212, the source electrode 210, and the drain elec-
trode 230. The planarization layer 270 may cover the
connection electrode 212, the source electrode 210, and
the drain electrode 230, and may be disposed on the
entire insulating interlayer 190. In an exemplary embod-
iment, the planarization layer 270 may be disposed with
a thickness to sufficiently cover the connection electrode
212 and the source electrode 210 and the drain electrode
230. For example, the planarization layer 270 may have
a substantially flat upper surface, and a planarization
process may be further performed on the planarization
layer 270 to implement the flat upper surface of the
planarization layer 270. In an exemplary embodiment,
the planarization layer 270 may cover the connection
electrode 212 and the source electrode 210 and the drain
electrode 230, and may be disposed as a substantially
uniform thickness along a profile of the connection elec-
trode 212 and the source electrode 210 and the drain
electrode 230. The planarization layer 270 may include
organic materials or inorganic materials.
[0080] As illustrated in FIG. 5, the lower electrode 290
may be disposed on the planarization layer 270. The low-
er electrode 290 may be in contact with the drain elec-
trode 230 via a contact hole formed by removing a portion
of the planarization layer 270. In addition, the lower elec-
trode 290 may be electrically connected to the semicon-
ductor element 250. The lower electrode 290 may in-
clude, for example, a metal, a metal alloy, metal nitride,
conductive metal oxide, transparent conductive materi-
als, etc. These examples may be used alone or in a com-
bination thereof. In an exemplary embodiment, the lower
electrode 290 may have a multi-layered structure.
[0081] The pixel defining layer 310 may be disposed
on the planarization layer 270, and may expose a portion
of the lower electrode 290. For example, the light emitting
layer 330 may be disposed on the portion of the lower
electrode 290 exposed by the pixel defining layer 310.
In an exemplary embodiment, the pixel defining layer 310
may expose the bending region 50 and the pad electrode
region 60. The pixel defining layer 310 may include or-
ganic materials or inorganic materials.
[0082] The light emitting layer 330 may be disposed in
a portion where the lower electrode 290 is exposed. The
light emitting layer 330 may be formed using at least one
of light emitting materials capable of generating different
colors of light (e.g., a red color of light, a blue color of
light, and a green color of light, etc.) according to sub-
pixels. In an exemplary embodiment, the light emitting
layer 330 may generally generate a white color light by
stacking a plurality of light emitting materials capable of
generating different colors of light such as red color light,
green color light, blue color light, etc. For example, a
color filter may be disposed on the light emitting layer
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330. The color filter may include at least one of a red
color filter, a green color filter, and a blue color filter. In
an exemplary embodiment, the color filter may include a
yellow color filter, a cyan color filter, and a magenta color
filter, but is not limited thereto. The color filter may include
a photosensitive resin, a color photoresist, etc.
[0083] The upper electrode 340 may be disposed on
the pixel defining layer 310 and the light emitting layer
330. The upper electrode 340 may include, for example,
a metal, a metal alloy, metal nitride, conductive metal
oxide, transparent conductive materials, etc. These ex-
amples may be used alone or in a combination thereof.
In an exemplary embodiment, the upper electrode 340
may have a multi-layered structure.
[0084] The TFE structure 450 may be disposed on the
upper electrode 340. The TFE structure 450 may include
the first TFE layer 451, the second TFE layer 452, and
the third TFE layer 453. For example, the second TFE
layer 452 may be disposed on the first TFE layer 451,
and the third TFE layer 453 may be disposed on the sec-
ond TFE layer 452. The first TFE layer 451 may be dis-
posed on the upper electrode 340. The first TFE layer
451 may cover the upper electrode 340, and may be dis-
posed in a substantially uniform thickness along a profile
of the upper electrode 340. The first TFE layer 451 may
reduce or prevent the light emitting structure from being
deteriorated by the permeation of moisture, water, oxy-
gen, etc. In addition, the first TFE layer 451 may protect
the light emitting structure from external impacts. The
first TFE layer 451 may include inorganic materials.
[0085] The second TFE layer 452 may be disposed on
the first TFE layer 451. The second TFE layer 452 may
improve the flatness of the OLED device 100, and may
protect the light emitting structure. The second TFE layer
452 may include organic materials.
[0086] The third TFE layer 453 may be disposed on
the second TFE layer 452. The third TFE layer 453 may
cover the second TFE layer 452, and may be disposed
in a substantially uniform thickness along a profile of the
second TFE layer 452. The third TFE layer 453 together
with the first TFE layer 451 and the second TFE layer
452 may reduce or prevent the light emitting structure
from being deteriorated by the permeation of moisture,
water, oxygen, etc.
[0087] In addition, the third TFE layer 453 together with
the first TFE layer 451 and the second TFE layer 452
may protect the light emitting structure from external im-
pacts. The third TFE layer 453 may include inorganic
materials. Accordingly, the TFE structure 450 including
the first TFE layer 451, the second TFE layer 452, and
the third TFE layer 453 may be disposed.
[0088] In addition, the display panel 200 including the
substrate 110, the semiconductor element 250, the
planarization layer 270, the lower electrode 290, the pixel
defining layer 310, the light emitting layer 330, the upper
electrode 340, and the TFE structure 450 may be dis-
posed.
[0089] In an exemplary embodiment, the TFE structure

450 may have a five layer structure where first to fifth
TFE layers are stacked or a seven layer structure where
the first to seventh TFE layers are stacked, but is not
limited thereto.
[0090] The first lower adhesion layer 301 may be dis-
posed on a lower surface on the substate 10. The first
lower adhesion layer 301 may be in contact with a lower
surface of the display panel 200. The first lower adhesion
layer 301 may bond the lower protection film 300 and the
display panel 200. The first lower adhesion layer 301 may
include the first lower adhesion layer pattern 302 and the
second lower adhesion layer pattern 304. The first lower
adhesion layer pattern 302 may be disposed in the entire
display region 10, and the second lower adhesion layer
pattern 304 may be disposed only in the pad electrode
region 60 such that a lower surface of the display panel
200 that is located in the bending region 50 is exposed.
The first lower adhesion layer 301 may expose a lower
surface of the display panel 200 in the bending region
50, and the first lower adhesion layer pattern 302 and
the second lower adhesion layer pattern 304 may be
spaced apart from each other. The first lower adhesion
layer 301 may include optical clear adhesives (OCA),
pressure sensitive adhesives (PSA), etc. such as acryl-
based adhesives, silicon-based adhesives, urethane-
based adhesives, rubber-based adhesives, vinyl ether-
based adhesives, etc.
[0091] The lower protection film 300 may be disposed
on a lower surface of the first lower adhesion layer 301.
The lower protection film 300 may protect the display
panel 200 from external impacts. The lower protection
film 300 may include the first lower protection film pattern
351 and the second lower protection film pattern 352.
The first lower protection film pattern 351 may be dis-
posed in the entire display region 10, and the second
lower protection film pattern 352 may be disposed only
in the pad electrode region 60 such that a lower surface
of the display panel 200 that is located in the bending
region 50 is exposed. The lower protection film 300 may
expose a lower surface of the display panel 200 in the
bending region 50, and the first lower protection film pat-
tern 351 and the second lower protection film pattern 352
may be spaced apart from each other. In addition, the
first lower protection film pattern 351 may overlap the
first lower adhesion layer pattern 302, and the second
lower protection film pattern 352 may overlap the second
lower adhesion layer pattern 304. The lower protection
film 300 may include, for example, polyethylene tereph-
thalate (PET), polyethylene naphthalate (PEN), polypro-
pylene (PP), polycarbonate (PC), polystyrene (PS),
polysulfone (PSul), polyethyene (PE), polyphthalamide
(PPA), polyethersulfone (PES), polyarylate (PAR), poly-
carbonate oxide (PCO), modified polyphenylene oxide
(MPPO), etc. A thickness of the lower protection film 300
may be about 150 micrometers, but is not limited thereto.
[0092] The second lower adhesion layer 425 may be
disposed on a lower surface of first lower protection film
pattern 351. The second lower adhesion layer 425 may
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be in contact with the lower surface of the first lower pro-
tection film pattern 351. The second lower adhesion layer
425 may bond the first lower protection film pattern 351
and the heat sink plate 480. The second lower adhesion
layer 425 may include OCA, PSA, etc.
[0093] The heat sink plate 480 may be disposed on a
lower surface of the second lower adhesion layer 425.
The heat sink plate 480 may be in contact with the lower
surface of the second lower adhesion layer 425. As the
heat sink plate 480 is disposed on a lower surface of the
display panel 200, a heat generated in the display panel
200 may be cooled. When the heat generated in the dis-
play panel 200 is not cooled, a performance of the pixels
included in the display panel 200 may be reduced and a
lifetime of the pixels may be decreased. The heat sink
plate 480 may include a material that has relatively high
heat conductivity. For example, the heat sink plate 480
may include, for example, Al, an alloy of Al, Ag, an alloy
of Ag, W, Cu, an alloy of Cu, Ni, Cr, Mo, an alloy of Mo,
Ti, Pt, Ta, Nd, Sc, etc. These examples may be used
alone or in a combination thereof. A thickness of the heat
sink plate 480 may be about 100 micrometers, but is not
limited thereto.
[0094] The third lower adhesion layer 490 may be dis-
posed on a lower surface of the heat sink plate 480. As
the bending region 50 is bent, the pad electrode region
60 may be located on a lower surface of the OLED device
100. In an exemplary embodiment, the bending region
50 may be bent on an axis with respect to the first direction
D1, and the second lower protection film pattern 352 may
be disposed on a lower surface of the heat sink plate
480. When the bending region 50 is bent, the third lower
adhesion layer 490 may be interposed between the sec-
ond lower protection film pattern 352 and the heat sink
plate 480. For example, the second lower protection film
pattern 352 and the heat sink plate 480 may be fixed by
the third lower adhesion layer 490. In addition, the third
lower adhesion layer 490 may absorb external impacts.
For example, the third lower adhesion layer 490 may in-
clude, for example, urethane, rubber, etc. A thickness of
the third lower adhesion layer 490 may be equal to or
greater than a thickness of the lower protection film 300,
but is not limited thereto. For example, the thickness of
the third lower adhesion layer 490 may be about 200
micrometers.
[0095] The polarizing layer 430 may be disposed on
the TFE structure 450 (or the display panel 200). The
polarizing layer 430 may be in contact with the TFE struc-
ture 450. In an exemplary embodiment, the polarizing
layer 430 may have a first height H1. The first height H1
may range between about 60 micrometers and about 120
micrometers. For example, the first height H1 of the po-
larizing layer 430 may be about 100 micrometers. The
polarizing layer 430 may include a linearly polarized film
and a λ/4 phase retardation film. Here, the λ/4 phase
retardation film may be disposed on the TFE structure
450. The λ/4 phase retardation film may convert a phase
of the light. For example, the λ/4 phase retardation film

may convert the light vibrating up and down or the light
vibrating left and right into right-circularly polarized light
or left-circularly polarized light, respectively. In addition,
the λ/4 phase retardation film may convert the right-cir-
cularly polarized light or the left-circularly polarized light
into the light vibrating up and down or the light vibrating
left and right, respectively. The λ/4 phase retardation film
may include, for example, a birefringent film containing
polymer, an orientation film of a liquid crystal polymer,
alignment layer of a liquid crystal polymer, etc.
[0096] The linearly polarized film may be disposed on
the λ/4 phase retardation film. The linearly polarized film
may selectively transmit the incident light. For example,
the linearly polarized film may transmit the light vibrating
up and down or vibrating left and right. For example, the
linearly polarized film may include a pattern of horizontal
stripes or vertical stripes. When the linearly polarized film
includes a pattern of horizontal stripes, the linearly po-
larized film may block the light vibrating up and down,
and may transmit the light vibrating left and right. When
the linearly polarized film includes a pattern of vertical
stripes, the linearly polarized film may block the light vi-
brating left and right, and may transmit the light vibrating
up and down.
[0097] The light passing the linearly polarized film may
pass the λ/4 phase retardation film. As described above,
the λ/4 phase retardation film may convert a phase of
the light. For example, when the incident light vibrating
up, down, left, and right passes through the linearly po-
larized film, the linearly polarized film including a pattern
of the horizontal stripes may transmit the light vibrating
left and right. When the incident light vibrating left and
right passes through the λ/4 phase retardation film, the
incident light vibrating left and right may be converted
into the left-circularly polarized light. The incident light
including the left-circularly polarized light may be reflect-
ed from the upper electrode 340, and then the incident
light may be converted into the right-circularly polarized
light. When the incident light including the right-circularly
polarized light passes through the λ/4 phase retardation
film, the incident light may be converted into the light
vibrating up and down. Here, the light vibrating up and
down may be blocked by the linearly polarized film in-
cluding a pattern of the horizontal stripes. Accordingly,
the incident light may be removed by the linearly polar-
ized film and the λ/4 phase retardation film (i.e., the po-
larizing layer 430). For example, the linearly polarized
film may include iodine-based materials, materials con-
taining dye, polyene-based materials, etc.
[0098] The upper adhesion layer 415 may be disposed
on the polarizing layer 430. The upper adhesion layer
415 may be in contact with the polarizing layer 430. The
upper adhesion layer 415 may bond the polarizing layer
430 and the touch screen electrode layer 410. The upper
adhesion layer 415 may include OCA, PSA, etc.
[0099] The touch screen electrode layer 410 may be
disposed on the upper adhesion layer 415. For example,
the touch screen electrode layer 410 may include a bot-
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tom polyethylene terephthalate (PET) film, touch screen
electrodes, and a top PET film, etc. The bottom PET film
and the top PET film may protect the touch screen elec-
trodes. For example, each of the top PET film and the
bottom PET film may include, for example, PET, PEN,
PP, PC, PS, PSul, PE, PPA, PES, PAR, PCO, MPPO,
etc. The touch screen electrodes may substantially have
a metal mesh structure. For example, the touch screen
electrodes may include carbon nanotube (CNT), trans-
parent conductive oxide (TCO), ITO, indium gallium zinc
oxide (IGZO), ZnO, graphene, silver nanowire (AgNW),
Cu, Cr, etc. In an exemplary embodiment, the touch
screen electrodes may be disposed directly on the TFE
structure 450. For example, the bottom PET film may not
be disposed on the TFE structure 450.
[0100] As illustrated in FIG. 6, the bending protection
layer 460 may be disposed in a portion of the peripheral
region 40, the bending region 50, and a portion of the
pad electrode region 60 on the display panel 200. The
bending protection layer 460 may be in contact with the
display panel 200 (e.g., the planarization layer 270). In
an exemplary embodiment, the polarizing layer 430 may
be in contact with the bending protection layer 460 in a
portion (e.g., peripheral region 40) where the display re-
gion 10 and the bending region 50 are adjacent to each
other. The bending protection layer 460 may have an
upper surface that has a height which is less than a height
of an upper surface of the polarizing layer 430 (e.g., the
first height HI). For example, the bending protection layer
460 may have a second height H2, and the second height
H2 may be less than the first height H1. The second
height H2 may range between about 50 micrometers and
about 110 micrometers. In addition, the bending protec-
tion layer 460 may have a Young’s modulus that ranges
between 0.1 GPa and 0.7 GPa. Further, the bending pro-
tection layer 460 may overlap the first lower protection
film pattern 351 in the peripheral region 40. A distance
of the portion where the bending protection layer 460 and
the first lower protection film pattern 351 overlap may
have an overlap distance 70. The overlap distance 70
may be less than or equal to about 350 micrometers, but
is not limited thereto. The bending protection layer 460
having a relatively high Young’s modulus may have the
relatively reduced overlap distance 70. For example,
when the OLED device including a conventional bending
protection layer having a relatively reduced overlap dis-
tance 70 is bent, the conventional bending protection lay-
er may be separated from the display panel 200 and the
polarizing layer 430. In an exemplary embodiment, the
bending protection layer 460may have a relatively re-
duced overlap distance 70, and the bending protection
layer 460 may not be separated from the display panel
200 and the polarizing layer 430 because the bending
protection layer 460 has the relatively high Young’s mod-
ulus. Accordingly, as the bending protection layer 460
has the relatively reduced overlap distance 70, a width
of the peripheral region 40 may be reduced or an area
of the light emitting region 30 may be relatively increased.

In addition, since the OLED device 100 has the bending
protection layer 460, damage to the touch screen elec-
trode layer 410 and the FPCB may be reduced or pre-
vented.
[0101] As illustrated in FIG. 7, the bending protection
layer 460 may further include a protrusion portion 466 in
the peripheral region 40 (e.g., the peripheral region 40
that is located adjacent to the bending region 50). A
height from a lower surface of the bending protection
layer 460 to the protrusion portion 466 may be greater
than the first height H1 of the polarizing layer 430. For
example, a height difference between the height from a
lower surface of the bending protection layer 460 to the
protrusion portion 466 and the first height H1 may range
between about 10 micrometers and about 30 microme-
ters. In an exemplary embodiment, the height difference
may be more than about 30 micrometers. When the bend-
ing protection layer 460 includes the protrusion portion
466, a contact area of the polarizing layer 430 and the
bending protection layer 460 may be increased. Accord-
ingly, when the OLED device 100 is bent, separation be-
tween the bending protection layer 460 from the polariz-
ing layer 430 may be reduced. In an exemplary embod-
iment, the protrusion portion 466 may support the touch
screen electrode layer 410 such that the touch screen
electrode layer 410 may not be bent. In addition, when
the upper adhesion layer 415 is spread as liquid state to
bond the polarizing layer 430 and the touch screen elec-
trode layer 410, the protrusion portion 466 may prevent
the upper adhesion layer 415 from flowing out into the
bending protection layer 460.
[0102] The bending protection layer 460 may protect
the connection electrode 212, and may raise a neutral
plane of the bending region 50 in a third direction that is
vertical to the first and second directions D1 and D2. For
example, when the bending region 50 is bent, the con-
nection electrodes may not be broken because the neu-
tral plane of the bending region 50 is located within a
portion where the connection electrodes are disposed.
The bending protection layer 460 may include organic
materials such as, for example, polyimide, epoxy-based
resin, acryl-based resin, polyester, photoresist, polyacr-
yl-based resin, polyimide-based resin, a polyamide-
based resin, a siloxane-based resin, etc, and may include
elastic materials such as, for example, silicon, urethane,
thermoplastic poly urethane (TPU), etc.
[0103] Referring to FIG. 8 and FIG. 9, in exemplary
embodiments, a height from a lower surface of the bend-
ing protection layer 460 to the protrusion portion 465 may
be equal to the first height H1 of the polarizing layer 430,
and a height from a lower surface of the bending protec-
tion layer 460 to the protrusion portion 467 may be less
than the first height H1 of the polarizing layer 430.
[0104] As the OLED device 100 in accordance with
exemplary embodiments includes the bending protection
layer 460 having a relatively thin thickness, the OLED
device 100 may prevent the touch screen electrode layer
410 and the FPCB of the touch screen electrode layer
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410 from being damaged by the bending protection layer
460. In addition, as the bending protection layer 460 in-
cludes the protrusion portion 466, the bending protection
layer 460 may not be separated from the polarizing layer
430 when the OLED device 100 is bent because a contact
area of the polarizing layer 430 and the bending protec-
tion layer 460 is relatively increased.
[0105] FIG. 10, FIG. 11, FIG. 12, FIG. 13, FIG. 14, FIG.
15, FIG. 16, FIG. 17, FIG. 18, FIG. 19, and FIG. 20 are
cross-sectional views illustrating a method of manufac-
turing an OLED device in accordance with exemplary
embodiments. For example, FIG. 11 is an enlarged
cross-sectional view corresponding to region ’D’ of FIG.
10, and FIG. 12 is an enlarged cross-sectional view cor-
responding to region ’E’ of FIG. 10. In addition, FIG. 15
is an enlarged cross-sectional view corresponding to re-
gion ’F’ of FIG. 14, and FIG. 17 is an enlarged cross-
sectional view corresponding to region ’G’ of FIG. 16.
[0106] Referring to FIG. 10, FIG. 11, and FIG. 12, a
display panel 200, a first lower adhesion layer 301, a
lower protection film 300, a second lower adhesion layer
425, and a heat sink plate 480 that are formed on a lower
surface of the display panel 200, and a pad electrode
470 that is formed in the pad electrode region 60 on the
display panel 200 may be provided.
[0107] For example, as illustrated in FIG. 11 and FIG.
12, a substrate110 may be formed on a rigid glass sub-
strate. The substrate110 may be formed using a flexible
transparent material such as a flexible transparent resin
substrate.
[0108] A buffer layer (not shown) may be formed on
the substrate 110. The buffer layer may be formed on
the entire substrate 110. The buffer layer may reduce or
prevent the diffusion of metal atoms and/or impurities
from the substrate 110 into a semiconductor element.
Additionally, the buffer layer may control a rate of a heat
transfer in a crystallization process for forming an active
layer, thereby obtaining substantially uniform the active
layer. Furthermore, the buffer layer may improve a sur-
face flatness of the substrate 110 when a surface of the
substrate 110 is relatively irregular. The buffer layer may
be formed using, for example, silicon compound, metal
oxide, etc.
[0109] An active layer 130 may be formed on the
substrate110, and the active layer 130 may be formed
using, for example, an oxide semiconductor, an inorganic
semiconductor, an organic semiconductor, etc.
[0110] A gate insulation layer 150 may be formed on
the active layer 130. The gate insulation layer 150 may
cover the active layer 130, and may be formed on the
substrate 110. In addition, the gate insulation layer 150
may expose an upper surface of the substrate110 that
is located in a bending region 50. The gate insulation
layer 150 may be formed using, for example, silicon com-
pound, metal oxide, etc.
[0111] A gate electrode 170 may be formed on a por-
tion of the gate insulation layer 150 under which the active
layer 130 is located. The gate electrode 170 may be

formed using, for example, a metal, a metal alloy, metal
nitride, conductive metal oxide, transparent conductive
materials, etc.
[0112] A first conductive pattern 172 may be formed in
a peripheral region 40 on the gate insulation layer 150.
For example, the first conductive pattern 172 may include
a data signal wiring, a scan signal wiring, a light emission
signal, wiring a power supply wiring, etc. A second con-
ductive pattern 174 may be formed in the pad electrode
region 60 on the gate insulation layer 150. The second
conductive pattern 174 may be electrically connected to
a pad electrode 470. The first conductive pattern 172,
the second conductive pattern 174, and the gate elec-
trode 170 may be simultaneously formed using the same
material.
[0113] An insulating interlayer 190 may be formed on
the gate electrode 170, the first conductive pattern 172
and the second conductive pattern 174. The insulating
interlayer 190 may cover the gate electrode 170, the first
conductive pattern 172 and the second conductive pat-
tern 174, and may be formed on the gate insulation layer
150. In addition, the insulating interlayer 190 may expose
an upper surface of the substrate110 that is located in
the bending region 50. The insulating interlayer 190 may
be formed using, for example, a silicon compound, a met-
al oxide, etc.
[0114] A source electrode 210 and a drain electrode
230 may be formed on the insulating interlayer 190. The
source electrode 210 may be in direct contact with a first
side of the active layer 130 via a contact hole formed by
removing a portion of the gate insulation layer 150 and
the insulating interlayer 190. The drain electrode 230 may
be in direct contact with a second side of the active layer
130 via a contact hole formed by removing another por-
tion of the gate insulation layer 150 and the insulating
interlayer 190. The source electrode 210 and the drain
electrode 230 may be formed using, for example, a metal,
an alloy, metal nitride, conductive metal oxide, transpar-
ent conductive materials, etc. These examples may be
used alone or in a combination thereof. In an exemplary
embodiment, each of the source electrode 210 and the
drain electrode 230 may have a multi-layered structure.
Accordingly, a semiconductor element 250 including the
active layer 130, the gate insulation layer 150, the gate
electrode 170, the insulating interlayer 190, the source
electrode 210, and the drain electrode 230 may be
formed.
[0115] A connection electrode 212 may be formed in
a portion of the peripheral region 40, the bending region
50, and the a portion of the pad electrode region 60 on
the insulating interlayer 190 to overlap the first conductive
pattern 172 and the second conductive pattern 174. The
connection electrode 212 may be in contact with the first
conductive pattern 172 via a contact hole formed by re-
moving a portion of the insulating interlayer 190 located
in the peripheral region 40, and may be in contact with
the second conductive pattern 174 via a contact hole
formed by removing a portion of the insulating interlayer
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190 located in the pad electrode region 60. The connec-
tion electrode 212, the source electrode 210, and the
drain electrode 230 may be simultaneously formed using
the same material.
[0116] A planarization layer 270 may be formed on the
connection electrode 212, the source electrode 210, and
the drain electrode 230. The planarization layer 270 may
cover the connection electrode 212, the source electrode
210, and the drain electrode 230, and may be formed on
the entire insulating interlayer 190. In an exemplary em-
bodiment, the planarization layer 270 may be formed with
a thickness to sufficiently cover the connection electrode
212 and the source electrode 210 and drain electrode
230. For example, the planarization layer 270 may have
a substantially flat upper surface, and a planarization
process may be further performed on the planarization
layer 270 to implement the flat upper surface of the
planarization layer 270. The planarization layer 270 may
be formed using organic materials.
[0117] A lower electrode 290 may be formed on the
planarization layer 270. The lower electrode 290 may be
in contact with the drain electrode 230 via a contact hole
formed by removing a portion of the planarization layer
270. The lower electrode 290 may be formed using, for
example, a metal, a metal alloy, metal nitride, conductive
metal oxide, transparent conductive materials, etc.
These examples may be used alone or in a combination
thereof. In an exemplary embodiment, the lower elec-
trode 290 may have a multi-layered structure.
[0118] A pixel defining layer 310 may be formed on the
planarization layer 270, and may expose a portion of the
lower electrode 290. The pixel defining layer 310 may
expose the bending region 50 and the pad electrode re-
gion 60. The pixel defining layer 310 may be formed using
organic materials.
[0119] A light emitting layer 330 may be formed in a
portion where the lower electrode 290 is exposed. The
light emitting layer 330 may be formed using at least one
of light emitting materials capable of generating different
colors of light (e.g., a red color of light, a blue color of
light, and a green color of light, etc.) according to sub-
pixels. In an exemplary embodiment, the light emitting
layer 330 may generally generate a white color light by
stacking a plurality of light emitting materials capable of
generating different colors of light such as a red color
light, a green color light, a blue color light, etc. For ex-
ample, a color filter may be formed on the light emitting
layer 330. The color filter may include at least one of a
red color filter, a green color filter, and a blue color filter.
In an exemplary embodiment, the color filter may include
a yellow color filter, a cyan color filter, and a magenta
color filter, but is not limited thereto. The color filter may
be formed using a photosensitive resin, color photoresist,
etc.
[0120] An upper electrode 340 may be formed on the
pixel defining layer 310 and the light emitting layer 330.
The upper electrode 340 may be formed using, for ex-
ample, a metal, a metal alloy, metal nitride, conductive

metal oxide, transparent conductive materials, etc.
These examples may be used alone or in a combination
thereof. In an exemplary embodiment, the upper elec-
trode 340 may have a multi-layered structure.
[0121] A first TFE layer 451 may be formed on the up-
per electrode 340. The first TFE layer 451 may cover the
upper electrode 340, and may be formed in a substan-
tially uniform thickness along a profile of the upper elec-
trode 340. The first TFE layer 451 may reduce or prevent
a light emitting structure (e.g., the semiconductor ele-
ment 250, the lower electrode 290, the light emitting layer
330, the upper electrode 340, etc) from being deteriorat-
ed by the permeation of moisture, water, oxygen, etc. In
addition, the first TFE layer 451 may protect the light emit-
ting structure from external impacts. The first TFE layer
451 may be formed using inorganic materials.
[0122] A second TFE layer 452 may be formed on the
first TFE layer 451. The second TFE layer 452 may im-
prove the flatness of an OLED device, and may protect
the light emitting structure. The second TFE layer 452
may be formed using organic materials.
[0123] A third TFE layer 453 may be formed on the
second TFE layer 452. The third TFE layer 453 may cover
the second TFE layer 452, and may be formed in a sub-
stantially uniform thickness along a profile of the second
TFE layer 452. The third TFE layer 453 together with the
first TFE layer 451 and the second TFE layer 452 may
reduce or prevent the light emitting structure from being
deteriorated by the permeation of moisture, water, oxy-
gen, etc. In addition, the third TFE layer 453 together with
the first TFE layer 451 and the second TFE layer 452
may protect the light emitting structure from external im-
pacts. The third TFE layer 453 may be formed using in-
organic materials. Accordingly, a TFE structure 450 in-
cluding the first TFE layer 451, the second TFE layer
452, and the third TFE layer 453 may be formed. In ad-
dition, a display panel 200 including the substrate110,
the semiconductor element 250, the planarization layer
270, the lower electrode 290, the pixel defining layer 310,
the light emitting layer 330, the upper electrode 340, and
the TFE structure 450 may be formed.
[0124] After the semiconductor element 250, the
planarization layer 270, the light emitting structure, the
TFE structure 450, etc. are formed on the substrate110,
the rigid glass substrate may be separated form the sub-
strate 110.
[0125] A first lower adhesion layer 301 may be formed
on a lower surface on the substate110. The first lower
adhesion layer 301 may include a first lower adhesion
layer pattern 302 and a second lower adhesion layer pat-
tern 304. The first lower adhesion layer pattern 302 may
be formed in the entire display region 10, and the second
lower adhesion layer pattern 304 may be formed only in
the pad electrode region 60 such that a lower surface of
the display panel 200 that is located in the bending region
50 is exposed. The first lower adhesion layer 301 may
be formed using OCA, PSA, etc.
[0126] A lower protection film 300 may be formed on
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a lower surface of the first lower adhesion layer 301. The
lower protection film 300 and the display panel 200 may
be bonded by the first lower adhesion layer 301. The
lower protection film 300 may protect the display panel
200 from external impacts. The lower protection film 300
may include a first lower protection film pattern 351 and
a second lower protection film pattern 352. The first lower
protection film pattern 351 may be formed in the entire
display region 10, and the second lower protection film
pattern 352 may be formed only in the pad electrode re-
gion 60 such that a lower surface of the display panel
200 that is located in the bending region 50 is exposed.
In addition, the first lower protection film pattern 351 may
overlap the first lower adhesion layer pattern 302, and
the second lower protection film pattern 352 may overlap
the second lower adhesion layer pattern 304. The lower
protection film 300 may be formed using, for example,
PET, PEN, PP, PC, PS, PSul, PE, PPA, PES, PAR, PCO,
MPPO, etc. A thickness of the lower protection film 300
may be formed in about 150 micrometers, but is not lim-
ited thereto.
[0127] A second lower adhesion layer 425 may be
formed on a lower surface of first lower protection film
pattern 351. The second lower adhesion layer 425 may
be formed using OCA, PSA, etc.
[0128] A heat sink plate 480 may be formed on a lower
surface of the second lower adhesion layer 425. The first
lower protection film pattern 351 and the heat sink plate
480 may be bonded by the second lower adhesion layer
425. As the heat sink plate 480 is formed on a lower
surface of the display panel 200, a heat generated in the
display panel 200 may be cooled. The heat sink plate
480 may include a material that has relatively high heat
conductivity. For example, the heat sink plate 480 may
be formed using Al, an alloy of Al, Ag, an alloy of Ag, W,
Cu, an alloy of Cu, Ni, Cr, Mo, an alloy of Mo, Ti, Pt, Ta,
Nd, Sc, etc. These examples may be used alone or in a
combination thereof. A thickness of the heat sink plate
480 may be formed in about 100 micrometers, but is not
limited thereto.
[0129] Referring to FIG. 13, a polarizing layer 430 and
a protection film 432 may be formed on the TFE structure
450. In an exemplary embodiment, the polarizing layer
430 may have a first height H1. The first height H1 may
range between about 60 micrometers and about 120 mi-
crometers. For example, the first height H1 of the polar-
izing layer 430 may be about 100 micrometers. The po-
larizing layer 430 may include a linearly polarized film
and a λ/4 phase retardation film. The λ/4 phase retarda-
tion film may be formed on the TFE structure 450. The
λ/4 phase retardation film may convert a phase of the
light. The λ/4 phase retardation film may be formed using
a birefringent film containing polymer, an orientation film
of a liquid crystal polymer, alignment layer of a liquid crys-
tal polymer, etc. The linearly polarized film may be formed
on the λ/4 phase retardation film. The linearly polarized
film may selectively transmit the incident light. For exam-
ple, the linearly polarized film may be formed using io-

dine-based materials, materials containing dye, polyene-
based materials, etc.
[0130] The protection film 432 may be formed on the
polarizing layer 430. The protection film 432 may protect
the polarizing layer 430. A thickness of the protection film
432 may be formed in about 50 micrometers, but is not
limited thereto.
[0131] As illustrated in FIG. 14 and FIG. 15, a bending
protection layer 460 may be formed in a portion of the
peripheral region 40, the bending region 50, and a portion
of the pad electrode region 60 on the display panel 200.
In an exemplary embodiment, the polarizing layer 430
may be in contact with the bending protection layer 460
in a portion (e.g., peripheral region 40) where the display
region 10 and the bending region 50 are adjacent to each
other. The bending protection layer 460 may have an
upper surface that is less than a height of an upper sur-
face of the polarizing layer 430 (e.g., the first height HI).
For example, the bending protection layer 460 may have
a second height H2, and the second height H2 may be
less than the first height H1. The second height H2 may
range between about 50 micrometers and about 110 mi-
crometers. In addition, the bending protection layer 460
may have a Young’s modulus that ranges between 0.1
GPa and 0.7 GPa. Further, the bending protection layer
460 may overlap the first lower protection film pattern
351 in the peripheral region 40. The distance of a portion
where the bending protection layer 460 and the first lower
protection film pattern 351 are overlapped may be an
overlap distance 70 (refer to FIG. 4). The overlap distance
70 may be less than or equal to about 350 micrometers.
The bending protection layer 460 having a relatively high
Young’s modulus may have a relatively reduced overlap
distance 70.
[0132] As illustrated in FIG. 15, the bending protection
layer 460 may have a protrusion portion 466 in the pe-
ripheral region 40 (e.g., the peripheral region 40 that is
located adjacent to the bending region 50). A height from
a lower surface of the bending protection layer 460 to the
protrusion portion 466 may be greater than the first height
H1 of the polarizing layer 430, and the height from a lower
surface of the bending protection layer 460 to the protru-
sion portion 466 may be less than a height of an upper
surface of the protection film 432. For example, a height
difference between the height from a lower surface of the
bending protection layer 460 to the protrusion portion 466
and the first height H1 may range between about 10 mi-
crometers and about 30 micrometers. In an exemplary
embodiment, the height difference may be more than
about 30 micrometers. The bending protection layer 460
may be formed using organic materials such as polyim-
ide, epoxy-based resin, acryl-based resin, polyester,
photoresist, polyacryl-based resin, polyimide-based res-
in, a polyamide-based resin, a siloxane-based resin, etc,
and may be formed using elastic materials such as sili-
con, urethane, thermoplastic poly urethane (TPU), etc.
[0133] Referring to FIG. 16 and FIG. 17, the protection
film 432 may be separated from the polarizing layer 430.
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For example, as illustrated in FIG. 17, the protrusion por-
tion 466 may be formed in the bending protection layer
460.
[0134] Referring to FIG. 18, a touch screen electrode
layer 410 may be provided. The touch screen electrode
layer 410 may include a bottom PET film, touch screen
electrodes, and a top PET film, etc. The bottom PET film
and the top PET film may protect the touch screen elec-
trodes. For example, each of the top PET film and the
bottom PET film may be formed using PET, PEN, PP,
PC, PS, PSul, PE, PPA, PES, PAR, PCO, MPPO, etc.
The touch screen electrodes may substantially have a
metal mesh structure. For example, the touch screen
electrodes may be formed using CNT, TCO, ITO, IGZO,
ZnO, AgNW, Cu, Cr, etc.
[0135] An upper adhesion layer 415 may be formed on
a lower surface of the touch screen electrode layer 410.
The upper adhesion layer 415 may be formed using OCA,
PSA, etc.
[0136] Referring to FIG. 19, the polarizing layer 430
and the touch screen electrode layer 410 may be bonded
by the upper adhesion layer 415.
[0137] A third lower adhesion layer 490 may be formed
on a lower surface of the heat sink plate 480. For exam-
ple, the third lower adhesion layer 490 may be formed
using urethane, rubber, etc. For example, the thickness
of the third lower adhesion layer 490 may be formed in
about 200 micrometers, but is not limited thereto.
[0138] Referring to FIG. 20, as the bending region 50
is bent, the pad electrode region 60 may be located on
a lower surface of an OLED device. In an exemplary em-
bodiment, the bending region 50 may be bent on an axis
with respect to a first direction D1, and the second lower
protection film pattern 352 may be located on a lower
surface of the heat sink plate 480. The second lower pro-
tection film pattern 352 and the heat sink plate 480 may
be fixed by the third lower adhesion layer 490. Accord-
ingly, the OLED device 100 illustrated in FIG. 4 may be
manufactured.
[0139] FIG. 21 is a cross-sectional view illustrating an
OLED device in accordance with an exemplary embod-
iment. An OLED device 700 illustrated in FIG. 21 may
have a configuration substantially the same as or similar
to that of an OLED device 100 described with reference
to FIG. 3 except for a bending protection layer 461 and
a FPCB 710. In FIG. 21, detailed descriptions for ele-
ments that are substantially the same as or similar to
elements described with reference to FIG. 3 may not be
repeated.
[0140] Referring to FIG. 21, an OLED device 700 may
include a display panel 200, a first lower adhesion layer
301, a lower protection film 300, a second lower adhesion
layer 425, a heat sink plate 480, a third lower adhesion
layer 490, a polarizing layer 430, an upper adhesion layer
415, a touch screen electrode layer 410, a bending pro-
tection layer 461, a FPCB 710, a pad electrode 470, etc.
Here, the lower protection film 300 may include a first
lower protection film pattern 351 and a second lower pro-

tection film pattern 352, and the first lower adhesion layer
301 may include a first lower adhesion layer pattern 302
and a second lower adhesion layer pattern 304. In an
exemplary embodiment, the polarizing layer 430 may
have a first height H1, and the bending protection layer
461 may have a second height H2 that is less than the
first height H1.
[0141] The FPCB 710 may be disposed on the pad
electrode 470. The FPCB 710 may be electrically con-
nected to an external device 101 (refer to FIG. 2).
[0142] The bending protection layer 461 may be dis-
posed in a portion of a display region 10 or a portion of
a peripheral region 40, a bending region 50, and a portion
of a pad electrode region 60 on the display panel 200. In
an exemplary embodiment, the polarizing layer 430 may
be in contact with the bending protection layer 461 in a
portion (e.g., peripheral region 40) where the display re-
gion 10 and the bending region 50 are adjacent to each
other, and the bending protection layer 461 may be in
contact with a portion of the pad electrode 470 and a
portion of FPCB 710 in the pad electrode region 60. The
bending protection layer 461 may cover a portion of the
FPCB 710. Accordingly, as the bending protection layer
461 covers a portion of the FPCB 710, separation of the
FPCB 710 from the pad electrode 470 may be reduced.
[0143] The present invention may be applied to various
display devices including an organic light emitting display
device. For example, the present invention may be ap-
plied to vehicle-display device, a ship-display device, an
aircraft-display device, portable communication devices,
display devices for display or for information transfer, a
medical-display device, etc., but is not limited thereto.

Claims

1. An organic light emitting display (OLED) device
(100), comprising:

a display panel (200) comprising a display re-
gion (10) where a plurality of pixels are disposed
and a pad region (20) that is located adjacent to
a first side of the display region (10), the pad
region (20) comprising a bending region (50) lo-
cated in a portion of the pad region (20) that is
adjacent to the display region (10) and a pad
electrode region (60) located in a remaining por-
tion of the pad region (20), pad electrodes (470)
being disposed in the pad electrode region (60);
a polarizing layer (430) disposed on the display
panel (200) in the display region (10);
a lower protection film (300) disposed on a lower
surface of the display panel (200), the lower pro-
tection film (300) comprising:

a first lower protection film pattern (351) dis-
posed in the display region (10); and
a second lower protection film pattern (352)
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disposed in the pad electrode region (60) of
the pad region (20) such that a lower surface
of the display panel (200) located in the
bending region (50) is exposed; and

a bending protection layer (460) comprising an
upper surface, a height of the upper surface of
the bending protection layer (460) being less
than a height of an upper surface of the polariz-
ing layer (430), the bending protection layer
(460) being disposed in the bending region (50)
on the display panel (200).

2. The OLED device (100) of claim 1, wherein the po-
larizing layer (430) is in contact with the bending pro-
tection layer (460) in a portion where the display re-
gion (10) and the bending region (50) are adjacent
to each other.

3. The OLED device (100) of claim 1 or 2, wherein the
polarizing layer (430) and the bending protection lay-
er (460) are in contact with the display panel (200).

4. The OLED device (100) of any one of claims 1-3,
wherein the display region (10) comprises:

a light emitting region (30) configured for emis-
sion of light;
a peripheral region (40) surrounding the light
emitting region (30); and
a plurality of wirings disposed on the peripheral
region (40), and
wherein a portion of the peripheral region (40)
is interposed between the light emitting region
(30) and the bending region (50).

5. The OLED device (100) of claim 4, wherein the po-
larizing layer (430) is disposed in the light emitting
region (30) and a portion of the peripheral region (40)
that is located adjacent to the bending region (50)
on the display panel (200), and
wherein the bending protection layer (460) is dis-
posed in a portion of the peripheral region (40) that
is located adjacent to the bending region (50), the
bending region (50), and a portion of the pad elec-
trode region (60).

6. The OLED device (100) of claim 5, wherein the bend-
ing protection layer (460) is in contact with the po-
larizing layer (430) in the peripheral region (40) that
is located adjacent to the bending region (50).

7. The OLED device (100) of claim 4, wherein the bend-
ing protection layer (460) further comprises a protru-
sion portion in the peripheral region (40) that is lo-
cated adjacent to the bending region (50),
wherein a height from a lower surface of the bending
protection layer (460) to the protrusion portion is

greater than a height of the polarizing layer (430).

8. The OLED device (100) of claim 7, wherein a height
of the polarizing layer (430) is in a range between
about 60 micrometers and about 120 micrometers.

9. The OLED device (100) of claim 8, wherein a first
height of the polarizing layer (430) is less than a sec-
ond height from a lower surface of the bending pro-
tection layer (460) to the protrusion portion, and
wherein a height difference between the first and
second heights is in a range between about 10 mi-
crometers and about 30 micrometers.

10. The OLED device (100) of claim 4, wherein the first
lower protection film pattern (351) is disposed in the
light emitting region (30) and the peripheral region
(40) on a lower surface of the display panel (200),
and the first lower protection film pattern (351) and
the bending protection layer (460) overlap in the pe-
ripheral region (40).

11. The OLED device (100) of claim 10, wherein a dis-
tance where the first lower protection film pattern
(351) and the bending protection layer (460) overlap
is less than or equal to about 350 micrometers.

12. The OLED device (100) of any one of claims 1-3,
wherein the bending protection layer (460) has a
Young’s modulus that is in a range between 0.1 GPa
and 0.7 GPa.

13. The OLED device (100) of any one of claims 1-3,
further comprising:

connection electrodes disposed between the
bending protection layer (460) and the display
panel (200), the connection electrodes being
electrically connected to the pixels and the pad
electrodes (470).

14. The OLED device (100) of any one of claims 1-3,
wherein the bending region (50) is bent on an axis
with respect to a first direction corresponding to a
row direction in a plan view of the OLED device (100),
and the second lower protection film pattern (352) is
disposed on a lower surface of a heat sink plate
(480).

15. The OLED device (100) of any one of claims 1-3,
further comprising:

a first lower adhesion layer (301) interposed be-
tween the lower protection film (300) and the
display panel (200), the first lower adhesion lay-
er (301) comprising:

a first lower adhesion layer pattern (302)
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disposed in the display region (10); and
a second lower adhesion layer pattern (304)
disposed in the pad electrode region (60) of
the pad region (20) such that a lower surface
of the display panel (200) that is located in
the bending region (50) is exposed.
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