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(57) ABSTRACT

A flexible organic light emitting display apparatus compris-
ing a flexible encapsulation layer comprising at least one
aluminum oxide layer configured to cover an area having a
plurality of pixels, a flexible barrier film comprising a flexible
barrier film body and a pressure sensitive adhesive layer on
the flexible encapsulation layer and an adhesion supporter
directly contacting the aluminum oxide layer and the pressure
sensitive adhesive layer.
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FIG. 2D
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FIG. 6
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ORGANIC LIGHT EMITTING DISPLAY
APPARATUS AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0064735 filed on May 28, 2014,
which is hereby incorporated by reference as if fully set forth
herein.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present disclosure relates to a flexible organic

light emitting display apparatus that can be used as a flexible
display apparatus and a method of manufacturing the same.
[0004] 2. Discussion of the Related Art

[0005] Recently, the field of display apparatuses, which
visually express an electrical information signal, is rapidly
advancing. Therefore, research is being continuously con-
ducted for developing flat panel display (FPD) and other
types of display apparatuses having excellent performance
such as thinness, lightness, low power consumption, etc. Rep-
resentative examples of such FPD apparatuses include liquid
crystal display (LCD) apparatuses, plasma display panel
(PDP) apparatuses, field emission display (FED) appara-
tuses, electro-wetting display (EWD) apparatuses, etc. The
FPD apparatuses each include a flat display panel for realiz-
ing an image. The FPD apparatuses each have a structure
where a pair of substrates are bonded facing each other with
a unique emitting material or polarizing material therebe-
tween, and includes a display which has a display area and a
non-display area at a periphery of the display area. The dis-
play area is defined as an area having a plurality of pixels.
[0006] Recently, flexible display apparatuses which use a
flexible substrate formed of a flexible material such as plastic,
and can maintain a display performance despite being bent
like paper, are being developed for replacing the FPD appa-
ratuses. Such flexible display apparatuses may be widely
applied to various fields compared to existing display appa-
ratuses with no flexibility, and thus, research and develop-
ment for commercializing the flexible display apparatuses are
being done continuously. Also, OLED apparatuses display an
image by using an organic light emitting device which is a
self-emitting device. That is, the OLED apparatuses each
include a plurality of pixels which each include an organic
light emitting device.

[0007] The organic light emitting device includes first and
second electrodes, which face each other, and an emission
layer which is formed of an organic material between the first
and second electrodes and emits electroluminescent light,
based on a driving current between the first and second elec-
trodes. However, the emission layer formed of an organic
material is easily and quickly deteriorated due to water and
oxygen. Water may be referred as moisture, water or vapor.
Therefore, general organic light emitting display apparatuses
include an encapsulation part that protects water and oxygen
from permeating into an organic layer. Generally, the encap-
sulation part uses an inorganic substrate which has an excel-
lent characteristic of delaying the permeation of water.
[0008] General organic light emitting display apparatuses
each include an array substrate where a plurality of thin film
transistors (TFTs) are formed, a pixel part which is provided

Dec. 3, 2015

on the array substrate and includes an organic light emitting
device driven by a plurality of TFTs, and an encapsulation
part that seals the array substrate with the pixel part therebe-
tween.

[0009] When a water/oxygen permeation path occurs in the
encapsulation part, lifetime and reliability of an organic light
emitting display apparatus are reduced.

[0010] Theencapsulation part of the related art has a multi-
layer structure where a silicon-based organic insulation layer,
a silicon-based inorganic insulation layer, a silicon-based
organic insulation layer, and a silicon-based inorganic insu-
lation layer are repeated in order multiple times. However, the
encapsulation part is thick, and thus, when the encapsulation
partis bent, a crack easily occurs. For this reason, it is difficult
to apply the encapsulation part of the related art to a flexible
display apparatus.

SUMMARY

[0011] Recently, flexible organic light emitting display
apparatuses are being actively researched. The flexible
organic light emitting display apparatus is a next-generation
display apparatus and may be folded or bent unlike a related
art FPD apparatus. Particularly, the flexible organic light
emitting display apparatus may be manufactured in a light
and thin structure and enables an innovatively light and thin
electronic device to be manufactured.

[0012] In order to manufacture the flexible organic light
emitting display apparatus capable of being used for a long
time, the inventors have researched a flexible encapsulation
structure which is thin and is good in delaying the permeation
of water. Particularly, the inventors have researched on an
optically transparent encapsulation structure suitable for atop
emission type.

[0013] In the flexible organic light emitting display appa-
ratus, a flexible encapsulation layer for protecting the organic
light emitting device from permeation of water and oxygen is
formed in a vacuum chamber. In order to secure reliability of
an organic light emitting display apparatus, a flexible encap-
sulation layer including an aluminum oxide layer is formed
by atomic layer deposition (ALD) technology. However, to
realize sufficient flexibility of the flexible encapsulation
layer, the thickness should be minimum, hence, the flexible
encapsulation layer could not alone delay water permeation
enough to enable the flexible organic light emitting display
apparatus to be commercialized, and thus, a process of adher-
ing a flexible barrier film that further protects the permeation
of water and oxygen is additionally applied after an ALD
process.

[0014] However, an adhesive strength of an interface
between the flexible encapsulation layer and a pressure sen-
sitive adhesive (PSA) layer which is formed on one surface of
the flexible barrier film is weak, and for this reason, when the
flexible organic light emitting display apparatus is used for a
long time, the flexible barrier film is detached from the flex-
ible encapsulation layer. Particularly, when the flexible
organic light emitting display apparatus is bent, the flexible
barrier film is more easily delaminated from the flexible
encapsulation layer.

[0015] Accordingly, the present disclosure is directed to
providing a flexible organic light emitting display apparatus
and a method of manufacturing the same that substantially
obviate one or more problems due to limitations and disad-
vantages of the related art.
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[0016] An aspect of the present disclosure is directed to
providing a flexible organic light emitting display apparatus
and a method of manufacturing the same, which suppresses
the detachment of a PSA layer, which attaches a flexible
barrier film to a flexible encapsulation layer formed of alu-
minum oxide, and improves lifetime and reliability.

[0017] The objects of the present disclosure are not limited
to the aforesaid, but other objects not described herein will be
clearly understood by those skilled in the art from descrip-
tions below.

[0018] Additional advantages and features of the present
disclosure will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or
may be learned from practice of the present disclosure. The
objectives and other advantages of the present disclosure may
be realized and attained by the structure particularly pointed
out in the written description and claims hereof as well as the
appended drawings.

[0019] To achieve these and other advantages and in accor-
dance with the purpose of the present disclosure, as embodied
and broadly described herein, there is provided a flexible
organic light emitting display apparatus including: a flexible
array substrate configured to include a plurality of thin film
transistors (TFTs) which are formed in an area having a
plurality of pixels (display area); a pixel part configured to
include a plurality of organic light emitting devices which are
formed on the flexible array substrate in the area having a
plurality of pixels; a flexible encapsulation layer formed
opposite to the flexible array substrate with the pixel part
therebetween; a flexible barrier film formed to cover an upper
surface of the flexible encapsulation layer and configured to
include a pressure sensitive adhesive (PSA) layer; and an
adhesion supporter formed on the flexible encapsulation layer
and adhered to the PSA layer.

[0020] The PSA layer may be formed of one selected from
an olefin-based material, an acrylic-based material, and a
silicon-based material which have optically transparent prop-
erties.

[0021] The PSA layer may be formed of the olefin-based
material having hydrophobicity and adhesiveness, and an
adhesive strength of the PSA layer may increase according to
a pressure applied to the PSA layer.

[0022] ThePSA layer may be a flexible double-sided adhe-
sive film and may be adhered onto the flexible encapsulation
layer.

[0023] The PSA layer may have a thickness of 8 um to 50
pum.
[0024] The flexible encapsulation layer may be formed of

aluminum oxide to have a thickness of 20 nm to 50 nm.
[0025] The flexible encapsulation layer may have a triple-
layer structure where a first insulation layer, a second insula-
tion layer, and a foreign material compensation layer are
stacked, and the foreign material compensation layer may be
disposed between the first insulation layer and the second
insulation layer.

[0026] Overall thicknesses of the first and second insula-
tion layers may be 40 nm to 100 nm, and the foreign material
compensation layer may have a thickness of 2 um to 4 um.
[0027] The foreign material compensation layer may be
formed of SiOCz.

[0028] The adhesion supporter may include silicon, the
adhesion supporter may be formed of one selected from SiNXx,
SiQOy, and SiOCz, and an adhesive strength of an interface
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between the adhesion supporter and the PSA layer may be
equal to or more than 900 gf/inch.

[0029] The adhesion supporter may have a thickness of
2,000 A to 5,000 A.

[0030] The flexible barrier film may be optically isotropic.
[0031] The flexible barrier film may be formed to a thick-
ness of 35 um to 60 pm.

[0032] The flexible barrier film may be formed of one
selected from copolyester thermoplastic elastomer (COP),
cycoolefin copolymer (COC), and polycarbonate (PC).
[0033] In another aspect of the present disclosure, there is
provided a method of manufacturing a flexible organic light
emitting display apparatus including: forming a flexible array
substrate including a plurality of thin film transistors (TFTs)
which are formed in an area having a plurality of pixels;
forming a pixel part including a plurality of organic light
emitting devices which are formed on the flexible array sub-
strate in the area having a plurality of pixels; forming a
flexible encapsulation layer on the pixel part; forming an
adhesion supporter on the flexible encapsulation layer; and
adhering a flexible barrier film, including a pressure sensitive
adhesive (PSA) layer, onto the adhesion supporter.

[0034] The forming of the flexible encapsulation layer may
include forming an aluminum oxide layer to a thickness of 20
nm to 50 nm through an atomic layer deposition (ALD)
process.

[0035] The forming of the flexible encapsulation layer may
include forming a foreign material compensation layer on the
flexible encapsulation layer by reacting oxygen (02) with
hexamethyldisiloxane (HMDSO), the foreign material com-
pensation layer being formed of SiOCz and having a thick-
ness of 2 um to 4 pm.

[0036] The forming of the flexible encapsulation layer may
include further forming an aluminum oxide layer on the for-
eign material compensation layer through an atomic layer
deposition (ALD) process, the aluminum oxide layer having
20 nm to 50 nm.

[0037] The forming of the adhesion supporter may include
forming a silicon-based layer to a thickness of 2,000 A to
5,000 A through a chemical vapor deposition (CVD) process.
[0038] The adhering of the flexible barrier film onto the
adhesion supporter may include adhering the flexible barrier
film onto the adhesion supporter by applying pressure.
[0039] Itisto beunderstood that both the foregoing general
description and the following detailed description of the
present disclosure are exemplary and explanatory and are
intended to provide further explanation of the present disclo-
sure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] The accompanying drawings, which are included to
provide a further understanding of the present disclosure and
are incorporated in and constitute a part of this application,
illustrate exemplary embodiments of the present disclosure
and together with the description serve to explain the prin-
ciple of the present disclosure. In the drawings:

[0041] FIG. 1isacross-sectional view illustrating a portion
of a flexible organic light emitting display apparatus accord-
ing to an exemplary embodiment of the present disclosure;
[0042] FIGS. 2A to 2E show characteristic changes of a
flexible encapsulation layer formed of aluminum oxide with
respect to a thickness;

[0043] FIG. 3 is an equivalent circuit diagram illustrating a
flexible array substrate and a pixel part of FIG. 1,
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[0044] FIG. 4 is a cross-sectional view illustrating an
example of a flexible array substrate and a pixel part for each
pixel illustrated in FIG. 3;

[0045] FIGS. 5A to 5C are cross-sectional views illustrat-
ing a portion of a flexible organic light emitting display appa-
ratus according to another exemplary embodiment of the
present disclosure;

[0046] FIG. 6 is a flowchart illustrating a method of manu-
facturing a flexible organic light emitting display apparatus,
according to an exemplary embodiment of the present disclo-
sure; and

[0047] FIGS. 7A to 7E are process diagrams illustrating
respective operations of FIG. 6.

DETAILED DESCRIPTION OF THE INVENTION

[0048] Reference will now be made in detail to the exem-
plary embodiments of the present disclosure, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
[0049] Hereinafter, a flexible organic light emitting display
apparatus and a method of manufacturing the same according
to exemplary embodiments of the present disclosure will be
described in detail with reference to the accompanying draw-
ings. First, a flexible organic light emitting display apparatus
according to an embodiment of the present disclosure will be
described in detail with reference to FIGS. 1 to 4.

[0050] FIG.1isacross-sectional view illustrating a portion
of a flexible organic light emitting display apparatus 100
according to an exemplary embodiment of the present disclo-
sure. FIGS. 2A to 2E show characteristic changes of a flexible
encapsulation layer formed of aluminum oxide with respect
to thickness. FIG. 3 is an equivalent circuit diagram illustrat-
ing a flexible array substrate and a pixel part of FIG. 1. FIG.
4is a cross-sectional view illustrating an example of a flexible
array substrate and a pixel part for each pixel illustrated in
FIG. 3.

[0051] As illustrated in FIG. 1, the flexible organic light
emitting display apparatus 100 according to an exemplary
embodiment of the present disclosure may include: a flexible
array substrate 110 that includes a plurality of thin film tran-
sistors (TFTs) formed on a flexible substrate in a display area;
a pixel part 120 that includes a plurality of organic light
emitting devices formed on the flexible array substrate 110 in
the display area; a flexible encapsulation layer 130 that is
formed opposite to the flexible array substrate 110 with the
pixel part 120 therebetween; a flexible barrier film 150 that is
formed opposite to the flexible encapsulation layer 130; and
an adhesion supporter 140 that is formed between the flexible
encapsulation layer 130 and the flexible barrier film 150 and
improves an adhesive strength of an interface between the
flexible encapsulation layer 130 and the flexible barrier film
150. The flexible barrier film 150 opposite to the flexible
encapsulation layer 130 may include a flexible barrier film
body 152 and a PSA layer 151 that is formed on one surface
of the flexible barrier film body 152.

[0052] The flexible array substrate 110 and the pixel part
120 will be described in detail with reference to FIGS. 3 and
4.

[0053] The flexible encapsulation layer 130 may be formed
all over the pixel part 120 and may delay the permeation of
water and oxygen. The flexible encapsulation layer 130 may
include an insulation layer formed of aluminum oxide
(AlxQy). In this case, the flexible encapsulation layer 130
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may be formed to a thickness of 20 nm to 50 nm. In detail,
thickness-based characteristic changes of an AlxQOy-based
insulation layer are as shown in the following Tables 1 and 2
and FIGS. 2A to 2E.

TABLE 1

Thickness-based unit performance of first
insulation layer formed of AlxOy

10 nm 20 nm 30 nm 40 nm
WVTR 0.0136 0.0078 0.0072 0.0064
(g/n’-day)
Density 2.85 291 291 2.92
(g/lem®)
Refractive 1.62 1.63 1.63 1.63
Index
Stress (Mpa) 50 87 100 106
Step Coverage 95 98 98 9
(%)
TABLE 2
Thickness-based unit performance of first
insulation layer formed of AlxOy
50 nm 70 nm 90 nm 100 nm
WVTR 0.0062 0.0083 0.0185 0.098
(g/m’-day)
Density 293 2.90 2.84 2.82
(glem®)
Refractive 1.64 1.62 1.62 1.61
Index
Stress (Mpa) 108 167 248 280
Step Coverage 100 100 96 95
(%)
[0054] As shown in Tables 1 and 2 and FIG. 2A, when a

thickness of the AlxOy-based insulation layer is more than
approximately 90 nm, it can be seen that a water vapor trans-
mission rate (WVTR) [g/m>-day] increases rapidly. For ref-
erence, the WVTR may be obtained by measuring the amount
of water vapor that passes through a specimen having a umt
area for a unit time under a certain temperature and humidity
condition. When the WVTR increases, a water/oxygen pet-
meation delay, protection performance (encapsulation pet-
formance) of a flexible encapsulation layer is reduced.

[0055] As shown in Tables 1 and 2 and FIG. 2B, when a
thickness of the AlxOy-based insulation layer which is the
aluminum oxide layer is less than approximately 20 nm and
more than approximately 70 nm, it can be seen that the den-
sity [¢/cm?] is rapidly lowered. For reference, a density may
be an item indicating a dense/porous degree of a thin layer. As
a density becomes lower, the WVTR increases, and for this
reason, protection performance of the flexible encapsulation
layer is reduced.

[0056] As shown in Tables 1 and 2 and FIG. 2C, when a
thickness of the AlxOy-based insulation layer is less than
approximately 20 nm and more than approximately 60 nm, it
can be seen that a refractive index (R.I) is outside the range of
1.63 to 1.64. When a range of a refractive index of an encap-
sulation part through which light passes differs from a refrac-
tive index value of another layer of the flexible organic light
emitting display apparatus, an image quality of the flexible
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organic light emitting display apparatus is degraded by
refraction of light or total internal reflection based on the
Snell’s law.

[0057] As shown in Tables 1 and 2 and FIG. 2D, when a
thickness of the AlxOy-based insulation layer is more than
approximately 70 nm, it can be seen that a stress [Mpa] is
outside a range of 110 Mpa or less, namely, is more than 110
Mpa. For reference, a stress may denote a degree to which a
crack or detachment occurs in an interface between different
materials.

[0058] As shown in Tables 1 and 2 and FIG. 2E, when a
thickness of the AlxOy-based insulation layer is less than
approximately 20 nm and more than approximately 70 nm, it
canbe seen that step coverage is equal to or less than 98%. For
reference, the step coverage may denote a degree to which an
area having a certain step height or slope is uniformly cov-
ered. When the step coverage is reduced, cracks and foreign
material defects are easily caused by foreign materials and
interface step heights, and for this reason, defects at the flex-
ible encapsulation layer 130 occur.

[0059] As described above, the flexible encapsulation layer
130 formed of AlxOy may be formed to a thickness of 20 nm
to 50 nm in consideration of WVTR, density, refractive index,
stress, and step coverage.

[0060] The flexible encapsulation layer 130 including the
AlxQOy-based insulation layer may havea WVTR of 510~ to
1x10~* g/m>-day, step coverage of 90% or more, stress of 110
MPa or less, and a transmittance of 97% or more for visible
light 0f 380 nm to 780 nm wavelength. Therefore, even when
the flexible encapsulation layer 130 is formed in a single layer
structure including only the AlxOy-based insulation layer, the
permeation of oxygen and water into the pixel part 120 may
be delayed at a certain level, and the flexible encapsulation
layer 130 may be applied to the flexible organic light emitting
display apparatus 100 having a top emission type. Also, if the
flexible encapsulation layer 130 is formed, the flexible encap-
sulation layer 130 may protect the permeation of oxygen and
water, and thus, an additional process may be subsequently
performed in a non-vacuum condition.

[0061] In the flexible organic light emitting display appa-
ratus 100 according to an exemplary embodiment of the
present disclosure, an adhesion process of the flexible barrier
film 150 may be additionally performed after a deposition
process of the flexible encapsulation layer 130 including
AlxOy, thereby further delaying the permeation of oxygen
and water. Also, a process of adhering the flexible barrier film
150 does not have to be performed in a difficult vacuum state
like an ALD process, and thus, good performance of delaying
water and oxygen can be achieved by a simple process,
thereby solving a difficulty of a process where a plurality of
organic insulation layers and inorganic insulation layers are
repeatedly deposited in a difficult vacuum state which is
costly and requires a longer processing time.

[0062] Inorder to adhere the flexible barrier film 150 to the
flexible encapsulation layer 130, the PSA layer 151 may be
formed on one surface of the flexible barrier film 150. The
flexible barrier film 150 may be formed of one selected from
copolyester thermoplastic elastomer (COP), cycoolefin
copolymer (COC), and polycarbonate (PC), but is not limited
thereto. Since the flexible barrier film 150 transmits an image
displayed by the pixel part 120, the flexible barrier film 150
may have an optically isotropic characteristic so as to main-
tain a quality of an image. In addition, the flexible encapsu-
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lation layer 130 and the adhesion supporter 140 may have an
optically isotropic characteristic so as to maintain a quality of
an image.

[0063] Forreference,a WVTR may be varied depending on
athickness of the flexible barrier film 150. For example, as the
flexible barrier film 150 becomes thicker, WVTR perfor-
mance is enhanced, and as the flexible barrier film 150
becomes thinner, the WVTR performance worsens.

[0064] A thickness of the flexible barrier film 150 accord-
ing to an exemplary embodiment of the present disclosure
may be 35 um to 60 um, and for example, may be 50 pm.
When the flexible barrier film 150 is formed to a thickness of
50 pm, a WVTR of the flexible barrier film 150 may have a
value of 5x107 g/m3-day. Also, a WVTR of the flexible
organic light emitting display apparatus 100 may be deter-
mined based on a WVTR of the flexible encapsulation layer
130 and a WV'IR of the flexible barrier film 150. Therefore,
the permeation of water and oxygen into the pixel part 120
may be further delayed by the flexible barrier film 150 in
addition to the flexible encapsulation layer 130, and thus,
lifetime and reliability of the flexible organic light emitting
display apparatus 100 are improved.

[0065] For reference, a thickness of the flexible barrier film
150 may be determined based on a WVTR performance ofthe
flexible encapsulation layer 130. For example, whena WVTR
performance of the flexible encapsulation layer 130 is
improved, a thickness of the flexible barrier film 150 becomes
thinner. Alternatively, it may be the opposite.

[0066] The PSA layer 151 may be formed in a film form
having light-transmitting properties and double-sided adhe-
siveness. The PSA layer 151 may be formed of one selected
from an olefin-based material, an acrylic-based material, and
asilicon-based material. The PSA layer 151 may be formed to
athickness of 8 um to 50 pm. Particularly, the PSA layer 151
may be formed of an olefin-based water permeation delay
material having hydrophobicity. The PSA layer 151 has a
characteristic where an adhesive strength increases when a
certain pressure is applied thereto. Also, when the PSA layer
151 is formed of the olefin-based water permeation delay
material having hydrophobicity, the PSA layer 151 may have
aWVTR of 10 g/m*-day or less. Therefore, the permeation of
water and oxygen into the pixel part 120 may be further
delayed by the PSA layer 151 in addition to the flexible
encapsulation layer 130, and thus, lifetime and reliability of
the flexible organic light emitting display apparatus 100 are
improved. Also, when the PSA layer 151 is formed of the
olefin-based water permeation delay material having hydro-
phobicity, a minimum value of an adhesive strength of the
PSA layer 151 may satisfy arange of 900 gf/inch or more, and
for example, may be 1,000 gf/inch.

[0067] However, an adhesive strength of the PSA layer 151
is reduced due to characteristics of the interface between the
flexible encapsulation layer 130 including AlxOy and the
PSA layer 151 which is formed on one surface of the flexible
barrier film 150. Particularly, the olefin-based PSA layer 151
is considerably reduced in adhesive strength when being
adhered to the AlxOy-based flexible encapsulation layer 130.
For this reason, the flexible barrier film 150 is easily detached
from the flexible encapsulation layer 130.

[0068] Therefore, the flexible organic light emitting display
apparatus 100 according to an exemplary embodiment of the
present disclosure may further include the adhesion supporter
140 that is disposed between the flexible encapsulation layer
130 and the flexible barrier film 150. The adhesion supporter
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140 may be a silicon-based insulation layer. The adhesion
supporter 140 may be formed of, for example, SiNx or
SiOCz. A thickness of the adhesion supporter 140 may be
2,000 A to 5,000 A. For example, in case the adhesion sup-
porter 140 is formed of SiNx to have a thickness of 5,000 A or
more, it has been confirmed that there is a possibility a crack
occurs in the adhesion supporter 140 when the adhesion sup-
porter 140 is bent. The silicon-based adhesion supporter 140
has good adhesive characteristics for an interface between the
adhesion supporter 140 and the flexible encapsulation layer
130 including AlxOy, and moreover has good adhesive char-
acteristics for an interface between the adhesion supporter
140 and the PSA layer 151. Therefore, the adhesion supporter
140 may be formed on the flexible encapsulation layer 130
including AlxQOy, and thus, an adhesive strength of an inter-
face between the flexible encapsulation layer 130 and the
flexible barrier film 150 is improved.

TABLE 3
Before Insertion  After Insertion Result
Adhesive strength 580 1030 78% 1
(gfiinch)
WVTR (g/m’-day) 1.0x1073 83x 107 20% 1

[0069] As shown in Table 3, it can be seen that an adhesive
strength, which has been measured when the PSA layer 151 is
adhered to the flexible encapsulation layer 130 including
AlxOy, is considerably reduced than the above-described
original adhesive strength of the PSA layer 151.

[0070] In this case, the inventors of the present disclosure
have experimented on whether partial detachment occurs or
not during a bending state where a bending curvature is set to
5 mm (bending radius=5 mm) is maintained for 24 hours or
more. As an experiment result, in the flexible organic light
emitting display apparatus 100 without the adhesion sup-
porter 140, water/oxygen permeation delay performance of
the flexible organic light emitting display apparatus 100 is
reduced due to partial detachment which occurs in the inter-
face between the flexible encapsulation layer 130 and the
flexible barrier film 150, and for this reason, lifetime and
reliability of the flexible organic light emitting display appa-
ratus 100 can be reduced.

[0071] However, when the adhesion supporter 140 accord-
ing to an exemplary embodiment of the present disclosure is
inserted, an adhesive strength of an interface between the
adhesion supporter 140 and the PSA layer 151 is restored to a
level of the original adhesive strength, and thus, partial
detachment does not occur. Also, it can be seen thata WVTR
of the flexible organic light emitting display apparatus 100 is
improved by 20% or more by the adhesion supporter 140.
[0072] Therefore, a possibility that the flexible barrier film
150 is detached from the flexible encapsulation layer 130 is
considerably lowered by the adhesion supporter 140, and
thus, lifetime and reliability of the flexible organic light emit-
ting display apparatus 100 are enhanced. Here, the lifetime of
the flexible organic light emitting display apparatus 100
denotes a time which is generally taken until a maximum
luminance of a display apparatus is reduced by 50%.

[0073] As described above, the flexible organic light emit-
ting display apparatus 100 according to an exemplary
embodiment of the present disclosure may include the adhe-
sion supporter 140 which is formed between the flexible
encapsulation layer 130 and the flexible barrier film 150.

Dec. 3, 2015

Therefore, an adhesive strength between the pixel part 120
and the flexible encapsulation layer 130 is improved, and
thus, the detachment of an interface caused by a bending
stress is suppressed in a bending state. Accordingly, the per-
meation of water and/or oxygen into the pixel part 120 is more
stably suppressed, and thus, a lifetime of the flexible organic
light emitting display apparatus 100 is improved, and a reduc-
tion in reliability and image quality is delayed. Particularly, a
reduction in lifetime, reliability, and image quality of the
flexible organic light emitting display apparatus 100 is
delayed even in a bending state, and thus, the flexible organic
light emitting display apparatus 100 which is bent and fixed in
a specific shape may be provided.

[0074] To provide an additional description, a process
sequence, a material, and a thickness of each of the flexible
encapsulation layer 130, the adhesion supporter 140, and the
flexible barrier film 150 including the PSA layer 151 accord-
ing to an exemplary embodiment of the present disclosure
may be determined based on an adhesion characteristic rela-
tionship therebetween. Due to such a structure, the flexible
organic light emitting display apparatus 100 according to an
exemplary embodiment of the present disclosure may have a
bending curvature of 5 mm, may be applied to the top emis-
sion type display device, and may have a good WVTR.
[0075] As illustrated in FIG. 3, the array substrate 110
according to an exemplary embodiment of the present disclo-
sure may include a plurality of gate lines GL and a plurality of
data lines DL, which are formed to intersect each other, and a
plurality of TFTs corresponding to a plurality of pixels PA.
Also, the pixel part 120 may include a plurality of organic
light emitting devices ED which are provided in respective
emission areas of the plurality of pixels PA. Here, each of the
organic light emitting devices ED may be disposed between a
driving TFT and a common voltage Vss terminal and may
emit light, based on a driving current determined by a poten-
tial difference between the driving TFT and the common
voltage Vss terminal.

[0076] As illustrated in FIG. 4, the array substrate 110 may
include a substrate 111, which is formed of a flexible material
having light-transmitting properties, and a plurality of TFT’s
which are formed on the substrate 111 in correspondence
with each of the pixels PA. In detail, the substrate 111 may
include a base layer 111a, a multi-buffer layer 1116 which is
formed on one surface of the base layer 111a to protect water
and/or oxygen permeation, an optical adhesive layer 111¢
which is formed on other surface of the base layer 1114, and
aback plate 111d which is coupled to the other surface of the
base layer 111a through the optical adhesive layer 111c.
Here, the base layer 111a may be provided as a film formed of
apolyimide-based material. The multi-buffer layer 1116 may
be formed by stacking a plurality of insulation layers which
are formed of at least one selected from an organic insulating
material and an inorganic insulating material. That is, the
multi-buffer layer 1115 may be formed in a structure where
two or more insulation layers which differ in thickness, a
component, or a composition ratio are stacked together. For
example, a material of the multi-buffer layer 1115 may be
SiNx or SiOy. The multi-buffer layer 1115 suppresses causes
of deterioration such as water and oxygen from permeating
into an emission array EL through the substrate 111. The
optical adhesive layer 111¢ may be selected as an optical
clean adhesive (OCA) film.

[0077] The back plate 1114 may be provided as a flexible
substrate formed of a plastic material or a metal material. For
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example, the back plate 1114 may be formed of a polymer
plastic material such as polyethersulphone (PES), polvacry-
late (PAR), polyetherrimide (PEI), polyethylenenapthalate,
or polyethyleneterepthalate (PET). Alternatively, the back
plate 111d may be formed of a metal material such as alumi-
num (Al), copper (Cu). and/or the like.

[0078] A thin film transistor TFT may include an active
layer ACT, a gate electrode GE, a source electrode SE, and a
drain electrode DE. The active layer ACT may be formed in at
least a portion of a non-emission area of each pixel PA on the
substrate 111 and may include a channel area, and a source
area ACT_S and adrain area ACT_D which are disposed next
to both sides of the channel area. The active layer ACT may be
covered by a gate insulation layer 112 which is formed all
over the substrate 111. The gate clectrode GE may be formed
on the gate insulation layer 112 to overlap at least the channel
area of the active layer ACT. The gate electrode GE may be
covered by an interlayer dielectric 113 which is formed all
over the gate insulation layer 112. The source electrode SE
and the drain electrode DE may be formed on the interlayer
dielectric 113 to be separated from each other. In this case, the
source electrode SE may overlap at least the source area
ACT_S of the active layer ACT and may be connected to the
source area ACT_S of the active layer ACT through a contact
hole which passes through the gate insulation layer 112 and
the interlayer dielectric 113. Also, the drain electrode DE may
ovetlap at least the drain area ACT_D ofthe active layer ACT
and may be connected to the drain area ACT_D of the active
layer ACT through a contact hole which passes through the
gate insulation layer 112 and the interlayer dielectric 113. The
thin film transistor TFT which includes the active layer ACT,
the gate electrode GE, the source electrode SE, and the drain
electrode DE may be covered by an overcoat layer 114 which
is formed all over the interlayer dielectric 113. Each of a
plurality of light emitting devices ED may include first and
second electrodes EX1 and EX2 which are opposite to each
other, an emission layer EL which is disposed therebetween,
and a bank BK which is formed in the non-emission area of
each pixel PA.

[0079] The first electrode EX1 may be formed on an area of
the overcoat layer 114 corresponding to an emission area of
each pixel PA and may be connected to the drain electrode DE
of the thin film transistor TFT through a pixel contact hole
CTH which passes through the overcoat layer 114. The bank
BK may be formed on the overcoat layer 114 in an area
corresponding to the non-emission area of each pixel PA and
may be formed in order for at least a portion of the bank BK
to overlap a border of the first electrode EX1.

[0080] The emission layer EL may be formed on the first
electrode EX1. The second electrode EX2 may be formed
opposite to the first electrode EX1 with the emission layer EL
therebetween. The common voltage Vss may be applied to the
second electrode EX2.

[0081] Unlike the organic light emitting display apparatus
100 according to an exemplary embodiment of the present
disclosure, the encapsulation layer 130 may be formed of a
triple layer instead of a single layer formed of AlxOy.
[0082] FIGS. 5A to 5C are cross-sectional views illustrat-
ing a portion of a flexible organic light emitting display appa-
ratus 200a according to another exemplary embodiment of
the present disclosure.

[0083] As illustrated in FIG. 5A, the flexible organic light
emitting display apparatus 200a according to another exem-
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plary embodiment of the present disclosure may include a
flexible encapsulation layer 130 which is formed of a triple
layer.

[0084] The flexible encapsulation layer 130 of the flexible
organic light emitting display apparatus 200a may include a
first insulation layer 131 including AlxOy, a second insulation
layer 132 including AlxOy, and a foreign material compen-
sation layer 133 which is formed between the first insulation
layer 131 and the second insulation layer 132. With the excep-
tion of the portions explained above, the flexible organic light
emitting display apparatus 200a according to another exem-
plary embodiment is identical to the flexible organic light
emitting display apparatus 100 of a previous exemplary
embodiment, and thus redundant features will not be
described (merely for the sake of brevity).

[0085] The foreign material compensation layer 133 may
be referred to as a particle covering layer (PLC) and may
compensate for a foreign material which occurs in a manu-
facturing process. To provide a detailed description, a thick-
ness of the first insulation layer 121 including AlxOy has a
thin thickness of 20 nm to 50 nm, and thus, when a foreign
material having a thickness of 50 nm or more occurs in the
manufacturing process, a defect may occur despite excellent
step coverage of the insulation layer including AlxQOy. There-
fore, the foreign material compensation layer 133 having
flowability for effectively covering the foreign material may
be formed between the first insulation layer 131 and the
second insulation layer 132, thereby removing a defect
caused by the foreign material. In addition, a thickness of the
foreign material compensation layer 133 may be changed
based on a quality control level of foreign particles in a
manufacturing process.

[0086] The foreign material compensation layer 133 may
use SiOCz or an epoxy-based resin. For example, when for-
eign material compensation layer 133 is formed of SiOCg, 1t
is required to control an atom ratio of carbon to silicon (C/Si).
To provide a detailed description, a flowability of SiCOz may
be changed based on the C/Si ratio. According to an experi-
ment result, when the C/Si ratio is equal to or more than about
1.05, flowability is reduced, and when the C/Si ratio is equal
to or less than 1.0, flowability is improved, and thus, a foreign
material is easily compensated for. Therefore, the C/Si ratio
may be setto 1.0 or less in implementing the foreign material
compensation layer 133. Also, when a deposition process
temperature is controlled to 60 degrees C. or less, flatness of
the foreign material compensation layer 133 is improved, and
thus, a foreign material is easily covered, and a defect caused
by the foreign material is removed in forming the second
insulation layer 132 on a top of the foreign material compen-
sation layer 133.

[0087] The C/Si ratio of SiCOz may be controlled by con-
trolling a ratio of oxygen (O,) to hexamethyldisiloxane
(HMDSO) in a chemical vapor deposition (CVD) process. A
thickness of the foreign material compensation layer 133
formed of SiOCz may be set to a range of 2 um to 4 um, and
for example, may be set to 3 um. Particularly, when the
foreign material compensation layer 133 is formed of SiOCz,
a thickness of the foreign material compensation layer 133
may be implemented as a thin thickness 0f 2.04 um to 4.1 pm,
and thus, a bending performance of the flexible organic light
emitting display apparatus 200a can be improved.

[0088] For example, when the foreign material compensa-
tion layer 133 is formed of an epoxy-based resin, the epoxy-
based resin may use bisphenol-A-epoxy having high viscos-
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ity or bisphenol-F-epoxy having low viscosity. The epoxy-
based resin may further contain an additive. For example, a
wetting agent for decreasing a surface tension of a resin, a
leveling agent for improving surface flatness of the resin, and
a defoaming agent for removing an air bubble included in the
resin may be further added for improving a uniformity of the
resin. For example, an antimony-based initiator or an anhy-
dride-based initiator for initiating a chain reaction with heat
to harden a liquid resin may be selected and used. A thickness
of the foreign material compensation layer 133 formed of the
epoxy-based resin may be set to a range of 15 pm to 25 pm.
[0089] As described above, when the flexible encapsulation
layer 130 is formed of a triple layer which includes at least
oneofthe first insulation layer 131 the second insulation layer
132, and the foreign material compensation layer 133, a
WVTR and a degree of improvement of a foreign material
defect are enhanced, and thus, lifetime and reliability of the
flexible organic light emitting display apparatus 200a are
enhanced.

[0090] As illustrated in FIG. 5B, a side portion of at least
one of borders of the flexible organic light emitting display
apparatus 2005 according to yet another exemplary embodi-
ment of the present disclosure may be formed to have an
separation distance.

[0091] The second insulation layer 132 may be disposed
more inward than the first insulation layer 131 by a distance
[1. The distance [.1 may be 200 pm to 2,000 um, and for
example, may be 500 um. The foreign material compensation
layer 133 may be planarized in the display area and may be
formed to have a shape which is progressively thinned in a
non-display area. For example, the upper surface of the for-
eign material compensation layer at the non-display area is
curved. This is based on a flowability characteristic of the
foreign material compensation layer 133. In a progressively
thinned area, a curved surface occurs, and for this reason,
light 1s refracted. Therefore, to avoid any light refraction
which is emitted from the plurality of light emitting devices
ED, the foreign material compensation layer 133 may be
formed in the non-display area. The adhesion supporter 140
may be formed to correspond to the second insulation layer
132. The flexible barrier film 150 may be formed more inward
than the adhesion supporter 140. With the exception of the
portions explained above, the flexible organic light emitting
display apparatus 2005 according to yet another exemplary
embodiment is identical to the flexible organic light emitting
display apparatus 200a of a previous exemplary embodiment,
and thus redundant features will not be described (merely for
the sake of brevity).

[0092] As described above, since the side portion of at least
one of the borders of the flexible organic light emitting dis-
play apparatus 2005 has a separation distance, it is easy to
secure a process margin, and an open mask may be applied for
forming the first insulation layer 131. Also, since the second
insulation layer 132 and the adhesion supporter 140 are
formed to conform to the upper surface of the foreign material
compensation layer 133, a thickness of the layers may be
further thinned in a certain region of the non-display area, and
thus, it is further easy to bend the non-display area. In addi-
tion, due to its curvature of the flexible insulation layer 130 at
the non-display area, the flexible barrier film 150 at the non-
display area is bent and in such case, the adhesion supporter
140 can suppress delamination. Accordingly, lifetime and
reliability of the flexible organic light emitting display appa-
ratus 2005 are further improved.
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[0093] As illustrated in FIG. 5C, a flexible organic light
emitting display apparatus 200c according to yet another
exemplary embodiment of the present disclosure may include
an adhesion supporter 140 which is formed to cover a side
surface of the second insulation layer 132.

[0094] When the adhesion supporter 140 is formed to cover
a side surface of the second insulation layer 132, water is
suppressed from permeating into the flexible organic light
emitting display apparatus 200¢ through the foreign material
compensation layer 133 due to a crack which occurs in a
region where the first insulation layer 131 contacts the second
insulation layer 132. With the exception of the portions
explained above, the flexible organic light emitting display
apparatus 200c¢ according to yet another exemplary embodi-
ment is identical to the flexible organic light emitting display
apparatus 2005 of a previous exemplary embodiment, and
thus redundant features will not be described (merely for the
sake of brevity).

[0095] As described above, since the adhesion supporter
140 of the flexible organic light emitting display apparatus
200¢ covers a side surface of the second insulation layer 132,
a permeation path to the foreign material compensation layer
133 caused by a crack which may occur in an adhered surface
between the interface of the first insulation layer 131 and the
interface of the second insulation layer 132 can be further
protected, and thus, lifetime and reliability of the flexible
organic light emitting display apparatus 200¢ are enhanced.
[0096] Hereinafter, a method of manufacturing a flexible
organic light emitting display apparatus according to an
exemplary embodiment of the present disclosure will be
described in detail with reference to FIGS. 6 and 7A to 7E. As
illustrated in FIG. 6, a method of manufacturing the flexible
organic light emitting display apparatus 100 according to an
exemplary embodiment of the present disclosure may include
operation S110 of forming the flexible array substrate 110,
operation $S120 of forming the pixel part 120 on the flexible
array substrate 110, operation S130 of forming the flexible
encapsulation layer 130 on the pixel part 120, operation S140
of forming the adhesion supporter 140 on the flexible encap-
sulation layer 130, and operation S150 of adhering the flex-
ible barrier film 150, including the PSA layer 151, onto the
adhesion supporter 140.

[0097] Asillustrated in FIG. 7A, the flexible array substrate
110 that includes the plurality of thin film transistors (TFTs)
formed on the flexible substrate in an area corresponding to
the display area may be formed in operation S110.

[0098] As illustrated in FIG. 7B, the pixel part 120 that
includes the plurality of organic light emitting devices ED
formed on the flexible array substrate 110 in an area corre-
sponding to the display area may be provided in operation
S120.

[0099] As illustrated in FIG. 7C, in operation S130, the
flexible encapsulation layer 130 may be formed on the flex-
ible array substrate 110. Here, the flexible encapsulation layer
130 may be formed of at least one aluminum oxide layer
having a thickness of 20 nm to 50 nm. Also, the flexible
encapsulation layer 130 may be formed of a single layer or a
triple layer. When the flexible encapsulation layer 130 is
formed of a triple layer, the flexible encapsulation layer 130
may be formed by sequentially stacking the first insulation
layer 131, the foreign material compensation layer 133, and
the second insulation layer 132. In this case, the first insula-
tion layer 131 may be an aluminum oxide layer having a
thickness of 20 nm to 50 nm, the second insulation layer 132
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may be an aluminum oxide layer having a thickness of 20 nm
to 50 nm, and the foreign material compensation layer 133
may use SiCOz or an epoxy-based resin. In forming SiCOz, a
ratio of oxygen (O,) to HMDSO may be controlled so that a
process temperature is equal to or lower than 60 degrees C.
and a C/Si ratio is equal to or less than 1.00. Therefore,
flatness and flowability of the foreign material compensation
layer 133 make it easy to compensate for a foreign material.
[0100] As illustrated in FIG. 7D, in operation S140, the
adhesion supporter 140 may be formed on the flexible encap-
sulation layer 130. In this case, a thickness of the adhesion
supporter 140 may be set to a range of 2,000 A to 5,000 A,
Therefore, an adhesive strength of an interface of the flexible
encapsulation layer 130 is improved.

[0101] As illustrated in FIG. 7E, in operation S150, the
flexible barrier film 150 including the PSA layer 151 may be
adhered onto the adhesion supporter 140.

[0102] Therefore, according to an exemplary embodiment
of the present disclosure, an organic light emitting display
apparatus that can be used as a flexible display apparatus may
be manufactured.

[0103] The exemplary embodiments of the present disclo-
sure can also be described as follows: a flexible organic light
emitting display apparatus comprising a flexible encapsula-
tion layer comprising at least one aluminum oxide layer con-
figured to cover an area having a plurality of pixels, a flexible
barrier film comprising a flexible barrier film body, and a
pressure sensitive adhesive layer on the flexible encapsulation
layer and an adhesion supporter directly contacting the alu-
minum oxide layer and the pressure sensitive adhesive layer.
[0104] The adhesion supporter is between the aluminum
oxide layer and the pressure sensitive adhesive layer. The
adhesion supporter is a silicon-based insulation layer having
increased adhesive strength between the flexible encapsula-
tion layer and the flexible barrier film, when compared to a
flexible organic light emitting display apparatus that does not
have the adhesion supporter. The flexible encapsulation layer
is in a bent shape and the adhesion supporter is configured to
suppress delamination between the flexible encapsulation
layer and the flexible barrier film. The flexible encapsulation
layer has a triple-layer structure where a first insulation layer,
a second insulation layer, and a foreign material compensa-
tion layer are stacked, and the foreign material compensation
layer is between the first insulation layer and the second
insulation layer, and the second insulation layer is the alumi-
num oxide layer. The flexible encapsulation layer, the adhe-
sion supporter and the flexible barrier film are optically trans-
parent and isotropic such that light emitted from the plurality
of pixels passes through the flexible encapsulation layer, the
adhesion supporter, and the flexible barrier film.

[0105] A flexible organic light emitting display apparatus
comprising a display area comprising a plurality of pixels, a
non-display area at a periphery of the display area, a flexible
encapsulation layer comprising at least one aluminum oxide
layer on the plurality of pixels, an adhesion supporter on the
flexible encapsulation layer, and a flexible barrier film
adhered to the adhesion supporter.

[0106] The flexible encapsulation layer comprising a first
insulation layer, a foreign material compensation layer on the
first insulation layer and a second insulation layer on the
foreign material compensation layer, wherein at least the
second insulation layer is the aluminum oxide layer. The
foreign material compensation layer is configured to be pla-
nar in the display area and is configured to be progressively

Dec. 3, 2015

thinned in the non-display area such that the upper surface of
the foreign material compensation layer at the non-display
area is curved. An edge of the second insulation layer at the
non-display area is disposed more inward than an edge of the
first insulation layer at the non-display area by a certain
distance and the adhesion supporter is configured to cover a
side surface of the edge of the second insulation layer and a
portion of an upper surface of the first insulation layer. The
thickness of the aluminum oxide layer is 20 nm to 50 nm. A
water vapor transmission ratio of the aluminum oxide layer is
5%x1072 to 1x10™* g/m>-day. An overall thickness of the first
and second insulation layers is 40 nm to 100 nm and a thick-
ness of a foreign material compensation layer is 3 pm to 20
um. A thickness of the adhesion supporter is 2,000 A to 5,000
A. An adhesive strength of an interface between the flexible
encapsulation layer and the flexible barrier film is equal to or
more than 900 gf/inch.

[0107] Advantages and features of the present disclosure,
and implementation methods thereof will be clarified through
following exemplary embodiments described with reference
to the accompanying drawings. The present disclosure may,
however, be embodied in different forms and should not be
construed as limited to the exemplary embodiments set forth
herein. Rather, these exemplary embodiments are provided so
that this disclosure will be thorough and complete, and will
fully convey the scope of the present disclosure to those
skilled in the art. Further, the present disclosure is only
defined by scopes of claims.

[0108] A shape, a size, a ratio, an angle, and a number
disclosed in the drawings for describing exemplary embodi-
ments of the present disclosure are merely an example, and
thus, the present disclosure is not limited to the illustrated
details. Like reference numerals refer to like elements
throughout. In the following description, when the detailed
description of the relevant known function or configuration is
determined to unnecessarily obscure the important point of
the present disclosure, the detailed description will be omit-
ted. In a case where ‘comprise’, ‘have’, and ‘include’
described in the present specification are used, another part
may be added unless ‘only~’ is used. The terms of a singular
form may include plural forms unless referred to the contrary.
[0109] In describing a position relationship, for example,
when a position relation between two parts is described as
‘on~’, ‘over~, ‘under~’, and ‘next~’, one or more other parts
may be disposed between the two parts unless ‘just’or ‘direct’
is used.

[0110] In construing an element, the element is construed
as including an error range although there is no explicit
description.

[0111] Indescribing a time relationship, for example, when
the temporal order is described as ‘after~’, ‘subsequent~’,
‘next~’, and ‘before~’, a case which is not continuous may be
included unless ‘just’ or “direct’ is used.

[0112] Itwill beunderstood that, although the terms “first”,
“second”, etc. may be used herein to describe various ele-
ments, these elements should not be limited by these terms.
These terms are only used to distinguish one element from
another. For example, a first element could be termed a sec-
ond element, and, similarly, a second element could be
termed a first element, without departing from the scope of
the present disclosure.

[0113] Features of various exemplary embodiments of the
present disclosure may be partially or overall coupled to or
combined with each other, and may be variously inter-opet-
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ated with each other and driven technically as those skilled in
the art can sufficiently understand. The exemplary embodi-
ments of the present disclosure may be carried out indepen-
dently from each other, or may be carried out together in
co-dependent relationship.

[0114] Theflexible organic light emitting display apparatus
according to the exemplary embodiments of the present dis-
closure includes the adhesion supporter that increases an
adhesive strength of an interface between the flexible encap-
sulation layer including aluminum oxide and the PSA layer
which is formed on one surface of the flexible barrier film, and
improves performance of delaying the permeation of water.
Also, the flexible barrier film is not easily detached even when
the flexible organic light emitting display apparatus is used
for a long time, and thus, reliability of the flexible organic
light emitting display apparatus is improved. In addition,
performance of delaying the permeation of water is improved
by the adhesion supporter. Also, a thin flexible encapsulation
layer is formed by using aluminum oxide. Accordingly, in the
flexible organic light emitting display apparatus according to
the exemplary embodiments of the present disclosure, partial
detachment is prevented from occurring between the flexible
barrier film and the flexible encapsulation layer, and thus,
reliability and lifetime are improved.

[0115] The effects of the present disclosure are not limited
to the aforesaid, but other effects not described herein will be
clearly understood by those skilled in the art from descrip-
tions below.

[0116] The details of the present disclosure described in
technical problem, technical solution, and advantageous
effects do not specify essential features of claims, and thus,
the scope of claims is not limited by the details described in
detailed description of the disclosure.

[0117] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present disclosure without departing from the spirit or scope
of the disclosures. Thus, it is intended that the present disclo-
sure covers the modifications and variations of this disclosure
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:

1. A flexible organic light emitting display apparatus com-
prising:

a flexible encapsulation layer comprising at least one alu-
minum oxide layer configured to cover an area having a
plurality of pixels;

a flexible barrier film comprising a flexible barrier film
body and a pressure sensitive adhesive layer on the flex-
ible encapsulation layer; and

an adhesion supporter directly contacting the at least one
aluminum oxide layer and the pressure sensitive adhe-
sive layer.

2. The flexible organic light emitting display apparatus of
claim 1, wherein the adhesion supporter is between the at
least one aluminum oxide layer and the pressure sensitive
adhesive layer.

3. The flexible organic light emitting display apparatus of
claim 2, wherein the flexible encapsulation layer is in a bent
shape and the adhesion supporter is configured to suppress
delamination between the flexible encapsulation layer and the
flexible barrier film.

4. The flexible organic light emitting display apparatus of
claim 3, wherein the adhesion supporter is a silicon-based
insulation layer that provides an increased adhesive strength
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between the flexible encapsulation layer and the flexible bar-
rier film, when compared to a flexible organic light emitting
display apparatus that does not have the adhesion supporter.

5. The flexible organic light emitting display apparatus of
claim 3, wherein the flexible encapsulation layer has a triple-
layer structure where a first insulation layer, a second insula-
tion layer, and a foreign material compensation layer are
stacked, and the foreign material compensation layer is
between the first insulation layer and the second insulation
layer, and the second insulation layer is the at least one alu-
minum oxide layer.

6. The flexible organic light emitting display apparatus of
claim 1, wherein the flexible encapsulation layer, the adhe-
sion supporter and the flexible barrier film are optically trans-
parent and isotropic such that light emitted from the plurality
of pixels passes through the flexible encapsulation layer, the
adhesion supporter and the flexible barrier film.

7. A flexible organic light emitting display apparatus com-
prising:

a display area comprising a plurality of pixels;

anon-display area at a periphery of the display area;

a flexible encapsulation layer comprising at least one alu-

minum oxide layer on the plurality of pixels;

an adhesion supporter on the flexible encapsulation layer;

and

a flexible barrier film adhered to the adhesion supporter.

8. The flexible organic light emitting display apparatus of
claim 7, wherein the flexible encapsulation layer comprises a
first insulation layer, a foreign material compensation layer
on the first insulation layer, and a second insulation layer on
the foreign material compensation layer, wherein the second
insulation layer is the at least one aluminum oxide layer.

9. The flexible organic light emitting display apparatus of
claim 8, wherein the foreign material compensation layer is
configured to planarize the display area and is configured to
be progressively thinned in the non-display area such that the
upper surface of the foreign material compensation layer at
the non-display area is curved.

10. The flexible organic light emitting display apparatus of
claim 9, wherein an edge of the second insulation layer at the
non-display area is disposed more inward than an edge of the
first insulation layer at the non-display area by a certain
distance and the adhesion supporter is configured to cover a
side surface of the edge of the second insulation layer and a
portion of an upper surface of the first insulation layer.

11. The flexible organic light emitting display apparatus of
claim 10, wherein the thickness of the at least one aluminum
oxide layer is 20 nm to 50 nm.

12. The flexible organic light emitting display apparatus of
claim 11, wherein a water vapor transmission ratio of the at
least one aluminum oxidelayeris 5x10~%to 1x10™* g/m*-day.

13. The flexible organic emitting display apparatus of
claim 11, wherein an overall thickness of the first and second
insulation layers is 40 nm to 100 nm and a thickness of the
foreign material compensation layer is 3 pm to 20 um.

14. The flexible organic emitting display apparatus of
claim 7, wherein a thickness of the adhesion supporter is
2,000 A to 5,000 A,

15. The flexible organic emitting display apparatus of
claim 14, wherein an adhesive strength of an interface
between the flexible encapsulation layer and the flexible bar-
rier film is equal to or more than 900 gf/inch.
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