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(7) ABSTRACT

Provided is a flexible organic light emitting display device
including a pixel area and a bezel area that includes a first
inorganic encapsulation layer on an organic light emitting
element of the pixel area; a second inorganic encapsulation
layer that is relatively flatter than the first inorganic encapsu-
lation layer and encapsulates a plurality of foreign matter
compensation layers by contacting the first inorganic encap-
sulation layer in the bezel area; and a foreign matter compen-
sation layer structure in which the plurality of foreign matter
compensation layers are stacked between the first inorganic
encapsulation layer and the second inorganic encapsulation
layer.
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FLEXIBLE ORGANIC LIGHT EMITTING
DISPLAY DEVICE

[0001] Thisapplication claims the priority of Korean Patent
Application No. 10-2014-0131810 filed on Sep. 30, 2014,
Korean Patent Application No. 10-2014-0131653 filed on
Sep. 30, 2014, Korean Patent Application No. 10-2014-
0180560 filed on Dec. 15, 2014 and Korean Patent Applica-
tion No. 10-2014-0169336 filed on Nov. 30, 2014, in the
Korean Intellectual Property Office, the disclosures of which
are incorporated herein by reference for all purposes as if
fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present disclosure relates to a flexible organic
light emitting display device, and more particularly, to a
flexible organic light emitting display device having a flexible
encapsulation unit with improved flexibility.

[0004] 2. Discussion of the Related Art

[0005] Display devices capable of displaying information
have been rapidly developed. Research for improving perfor-
mance, minimizing thickness, reducing weight, and lowering
power consumption has been continued. As representative
examples of the display devices, a liquid crystal display
device (LCD), a plasma display panel device (PDP), a field
emission display device (FED), an electro-wetting display
device (EWD), an organic light emitting display device
(OLED), and the like may be included.

[0006] In particular, unlike a liquid crystal display device,
since an organic light emitting display device is a self-emis-
sion type of display, it does not require a separate light source.
Thus, the organic light emitting display device can be manu-
factured in lightweight and thin form factors. Further, the
organic light emitting display device is advantageous in terms
of power consumption and is excellent in response speed,
viewing angle, and contrast ratio. Therefore, the organic light
emitting display device is considered as a next-generation
display. However, in spite of these advantages, since the
organic light emitting display device is particularly vulner-
able to moisture and oxygen, the organic light emitting dis-
play device may have a problem in that it is difficult to secure
manufacturing reliability than other display devices.

[0007] The organic light emitting display device typically
includes an organic light emitting element constituted by an
anode, an organic light emission layer, and a cathode. In the
case of a top-emission type organic light emitting display
device, the cathode has a transparent or translucent charac-
teristic and the anode has a reflective characteristic in order to
provide the light emitted from the organic light emission layer
in an upward direction. Herein, holes provided in the anode
and electrons provided in the cathode are coupled to emit
light, and as a result, the organic light emission layer is
vulnerable to moisture or oxygen. In detail, when moisture or
oxygen permeates from the outside of the organic light emit-
ting display device, the organic light emission layer is trans-
muted, and as a result, various failures including dark spot
formation, pixel shrinkage, and the like can occur. Therefore,
in order to secure the reliability of the organic light emitting
display device, a transparent encapsulation unit for protecting
the organic light emitting element from oxygen and moisture
is used on the organic light emitting element.

[0008] Inparticular, since the organic light emitting display
device is vulnerable to oxygen and moisture, the encapsula-
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tion unit of the organic light emitting display device is desired
to have a higher performance level with respect to delaying or
minimizing oxygen and/or moisture permeation than other
types of electronic devices, such as liquid crystal display
devices, plasma display panel devices, field emission display
devices, electro-wetting display devices, solar cells, lithium
ion batteries, sensors, and memory semiconductors.

[0009] In particular, it is difficult to develop an encapsula-
tion unit of an organic light emitting display device which can
be mass-produced while solving the aforementioned prob-
lems under a situation in which reliability, yield, process time,
process difficulty, cost, and the like are related with each other
in a trade-off relationship.

[0010] In recent years, a flexible organic light emitting
display device has attracted attention as a next-generation
display device. Flexible OLEDs allow for images to be prop-
erly displayed even if the substrate is curved, bent, folded,
flexed, rolled, or otherwise manipulated in some non-planar
forms.

[0011] Flexible organiclight emitting displays have diverse
applications, from personal portable devices to computers
monitors and large screen TVs. Much research with respect to
flexible OLEDs having reduced size (thickness) and weight in
addition to a large display area has been in progress.

[0012] However, in the aforementioned general encapsula-
tion unit configuration, since the thickness of the encapsula-
tion unit is relatively large, an inorganic encapsulation layer
of the encapsulation unit can be easily cracked or damaged by
a stress generated by bending or folding a flexible organic
light emitting display device.

[0013] Further, foreign matters, debris, undesired particles,
etc. may be undesirably introduced onto the inorganic encap-
sulation layer during the manufacturing process. For
example, if a bonding process is performed by using an adhe-
sive layer attached to the inorganic encapsulation layer, a
portion of the inorganic encapsulation layer may be pierced
by a foreign matter. As a result, moisture and/or oxygen
permeates into the organic light emission layer where pierc-
ing, imprinting, or punching phenomenon occurs, and as a
result, dark spots or other detrimental effects may occur.
[0014] Meanwhile, since the encapsulation unit of the
organic light emitting display device is formed after the
organic light emission layer is formed, there may be limita-
tions in the manufacturing process. For example, since the
organic light emission layer is vulnerable to heat, the encap-
sulation unit is desired not to be formed by any process
requiring a temperature above a certain level.

SUMMARY OF THE INVENTION

[0015] Accordingly, the present invention is directed to
provide an organic light emitting display device and method
of manufacturing the same that substantially obviates one or
more problems due to limitations and disadvantages of the
related art.

[0016] An advantage of the present invention is directed to
provide a flexible organic light emitting display device that
includes a novel flexible encapsulation unit.

[0017] The inventors of the present disclosure have
intended to implement, for example, an encapsulation unit of
a top-emission type flexible organic light emitting display
device having a small thickness and encountered various
problems.

[0018] First, the flexible encapsulation unit is desired to be
deposited by a relatively low-temperature process. In the case



US 2016/0095172 A1

where the encapsulation unit is formed after the organic light
emitting element is deposited, when a surface temperature of
the organic light emitting element is 120° C. or higher, the
organic light emitting element may be degraded. Accord-
ingly, a low-temperature deposition process that can maintain
the surface temperature of the organic light emitting element
at 110° C. or lower is demanded.

[0019] Second, the flexible encapsulation unitis vulnerable
to foreign matter. In particular, an inorganic layer is generally
excellent in performance for delaying oxygen and/or mois-
ture permeation, but lacks foreign matter compensation capa-
bility. In other words, the flexible encapsulation unit should
be of a material and structure that can cover up or otherwise
minimize the detrimental effects of undesired debris or par-
ticles to thus reduce the chances of such from causing dam-
age. Otherwise, when the encapsulation unit is formed of the
inorganic layer, cracks and other deformities may be caused
by the foreign matter. In particular, a moisture/oxygen per-
meation path occurs in the encapsulation uniteven by a single
tiny crack or seam, and as a result, dark spot failures or the like
may occur in the flexible organic light emitting display
device. Accordingly, the encapsulation unit that can reduce
failures by compensating the foreign matters is desired. In
particular, as the thickness of the flexible encapsulation unit is
minimized, the difficulty in compensation of the foreign mat-
ters 1s aggravated.

[0020] Third, the flexible encapsulation unit is desired to be
able to maintain (or not disturb) the quality of images dis-
played via a pixel area. In particular, when a transparency
with respect to visible light (having a wavelength range 0f380
to 680 nm) of the flexible encapsulation unit is relatively low,
problems such as a decrease in luminance and a color tem-
perature deviation may occur. [n addition, the flexible encap-
sulation unit is desired to be isotropic in order to maintain the
quality of the image. Accordingly, as materials constituting
the flexible encapsulation unit, such should have a visible
light transmittance of 90% or higher and isotropic character-
istics are desired.

[0021] Fourth, the flexible encapsulation unit is desired to
be highly flexible. In particular, stress cracks due to bending
may occur in the flexible encapsulation unit. When the crack
occurs in the flexible encapsulation unit, the moisture and/or
oxygen permeation path occurs, and as a result, the flexible
organic light emitting display device may fail to operate prop-
erly. In particular, as the thickness of the flexible encapsula-
tion unit increases, stress applied to the flexible encapsulation
unit increases while bending, and as a result, cracks may
easily form. Accordingly, the encapsulation unit having the
small thickness is beneficial for excellent bending perfor-
mance.

[0022] Fifth, the organic light emitting element is desired to
be suppressed from being damaged due to oxygen and mois-
ture which may be generated during a manufacturing process
of the flexible encapsulation unit. In particular, there is a
possibility that a light emission failure will occur due to
oxidation of the organic light emitting element by oxygen
plasma generated during forming of the flexible encapsula-
tion unit. Accordingly, a process that can alleviate the prob-
lem is beneficial.

[0023] From the foregoing, some of the following advan-
tages may be obtained by practicing some or more aspects of
the present invention.

[0024] An advantage of the present disclosure is to provide
a flexible organic light emitting display device including a
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flexible encapsulation unit and a manufacturing method ofthe
flexible organic light emitting display device which can solve
the aforementioned problems.

[0025] Another advantage of the present disclosure is to
provide a flexible organic light emitting display device and a
manufacturing method of the flexible organic light emitting
display device which can minimize a piercing, an imprinting,
or a punching phenomenon that can cause the flexible encap-
sulation unit to be damaged. Such a phenomenon occurs due
to foreign matter, debris, and the like when a lower substrate
and a barrier film are bonded by using a pressure sensitive
adhesive layer by planarizing the top of a flexible encapsula-
tion unit.

[0026] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. These and other advantages of the
invention will be realized and attained by the structure par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0027] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, a flexible organic light emitting dis-
play device including a pixel area and a bezel area may, for
example, include a first inorganic encapsulation layer on an
organic light emitting element of the pixel area; a second
inorganic encapsulation layer that is relatively flatter than the
first inorganic encapsulation layer and encapsulates a plural-
ity of foreign matter compensation layers by contacting the
first inorganic encapsulation layer in the bezel area; and a
foreign matter compensation layer structure in which the
plurality of foreign matter compensation layers are stacked
between the first inorganic encapsulation layer and the second
inorganic encapsulation layer.

[0028] The first and second inorganic encapsulation layers
and the foreign matter compensation layer structure may
protect the organic light emitting element from oxygen and/or
moisture.

[0029] The plurality of foreign matter compensation layers
may be stacked on a basis of flowability of materials config-
uring the plurality of foreign matter compensation layers,
capability of suppressing possible damage generated during
manufacturing, flexibility, and reduction in thickness.
[0030] The plurality of foreign matter compensation layers
may include a first foreign matter compensation layer having
at least first hardness and foreign matter compensation capa-
bility and a second foreign matter compensation layer having
second hardness relatively higher than the first hardness and
configured to protect the first foreign matter compensation
layer from the damage.

[0031] The foreign matter compensation layers including at
least the first foreign matter compensation layer and the sec-
ond foreign matter compensation layer may be configured to
have a structure in which at least two flowable silicon oxy-
carbon layers formed by a chemical vapor deposition method
are stacked.

[0032] The foreign matter compensation layers including at
least the first foreign matter compensation layer and the sec-
ond foreign matter compensation layer may be configured so
that the carbon contents are gradationally reduced in an
upward direction from a layer on a bottom layer to a layer on
a top layer.

[0033] The flexible organic light emitting display device
may further include a protective layer disposed between the
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first foreign matter compensation layer and the second for-
eign matter compensation layer and having relatively higher
hardness and relatively lower flowability than the first foreign
matter compensation layer.

[0034] An end of the first foreign matter compensation
layer and an end of the second foreign matter compensation
layer may be positioned more inside than an end of the first
inorganic encapsulation layer, an end of the second inorganic
encapsulation layer may be positioned more outside than the
end of the first foreign matter compensation layer and the end
of the second foreign matter compensation layer, and the
second inorganic encapsulation layer may be configured to
encapsulate the first foreign matter compensation layer and
the second foreign matter compensation layer by bonding the
first inorganic encapsulation layer in the bezel area.

[0035] The flexible organic light emitting display device
may further include a planarization foreign matter compen-
sation layer disposed in a portion of the bezel area and the
pixel area between the second foreign matter compensation
layer and the second inorganic encapsulation layer and hav-
ing a thickness of 10 pm or less.

[0036] The flexible organic light emitting display device
may further include a planarization foreign matter compen-
sation layer disposed in a portion of the bezel area and the
pixel area on the second inorganic encapsulation layer and
made of an acryl resin, a silicon resin, or an epoxy resin.
[0037] The flexible organic light emitting display device
may further include a pressure sensitive adhesive layer adher-
ing to the planarization foreign matter compensation layer;
and a barrier film on the pressure sensitive adhesive layer.
[0038] The flexible organic light emitting display device
may further include an anti-oxidation layer disposed below
the first inorganic encapsulation layer, in which the first for-
eign matter compensation layer may include at least oxygen,
and the first inorganic encapsulation layer may be made of
aluminum oxide.

[0039] The flexible organic light emitting display device
may further include a third inorganic encapsulation layer
disposed between the second foreign matter compensation
layer and the planarization foreign matter compensation
layer.

[0040] The second inorganic encapsulation layer may be
made of a silicon based material, the third inorganic encap-
sulation layer may be made of an aluminum based material,
step coverage performance of the third inorganic encapsula-
tion layer may be relatively more excellent than the step
coverage performance of the second inorganic encapsulation
layer, and a thickness of the second inorganic encapsulation
layer may be larger than a thickness of the third inorganic
encapsulation layer.

[0041] The third inorganic encapsulation layer may be
made of a silicon based material, the second inorganic encap-
sulation layer may be made of an aluminum based material,
step coverage performance of the second inorganic encapsu-
lation layer may be relatively more excellent than the step
coverage performance of the third inorganic encapsulation
layer, and a thickness of the third inorganic encapsulation
layer may be larger than a thickness of the second inorganic
encapsulation layer.

[0042] The flexible organic light emitting display device
may further include a third foreign matter compensation layer
disposed ina portion ofthe bezel area and the pixel area on the
second foreign matter compensation layer; and a fourth for-
eign matter compensation layer disposed in a portion of the

Mar. 31, 2016

bezel area and the pixel area on the third foreign matter
compensation layer, in which the third foreign matter com-
pensation layer and the fourth foreign matter compensation
layer may be configured of silicon oxycarbon (SiOC) having
different carbon contents, and the carbon content of the third
foreign matter compensation layer may be larger than the
carbon content of the fourth foreign matter compensation
layer.

[0043] The second foreign matter compensation layer may
be made of acryl, silicon, or epoxy and on the first foreign
matter compensation layer, and the first foreign matter com-
pensation layer may be configured to protect the second for-
eign matter compensation layer while compensating a foreign
matter.

[0044] Details of other exemplary embodiments will be
included in the detailed description of the disclosure and the
accompanying drawings.

[0045] According to exemplary embodiments of the
present disclosure, the following effects may be achieved.

[0046] First,in a flexible encapsulation unit according to an
embodiment of the present disclosure, a plurality of foreign
matter compensation layers having different characteristics
are disposed to correspond to each other to compensate for
foreign matters and to reduce the thickness of the flexible
encapsulation unit.

[0047] Second, in a flexible encapsulation unit according to
an embodiment of the present disclosure, a first foreign matter
compensation layer made of silicon oxycarbon having
flowability (i.e., an ability to alleviate a critical step level or
other irregularities caused by foreign matter, by covering the
foreign matter such that the slope or non-evenness of the
upper surface of the foreign matter compensation layer is
formed to be gradual or gentle) is on an inorganic encapsula-
tion layer positioned at the bottom-most part of the flexible
encapsulation unit, suppress damage of the flexible encapsu-
lation unit which can occur when an epoxy based second
foreign matter compensation layer is formed (i.e., an epoxy
based second foreign matter compensation layer, on the first
foreign matter compensation layer, is formed by a screen
printing method, whereby the mask of the screen printing
may cause scratch damage), and reduce the thickness of the
flexible encapsulation unit.

[0048] Third, in a flexible encapsulation unit according to
an embodiment of the present disclosure, the flexibility of the
flexible light emitting display device can be maximized by
minimizing the thickness of the encapsulation unit.

[0049] Fifth, in a flexible encapsulation unit according to an
embodiment of the present disclosure, it is possible to sup-
press a surface failure (e.g., a surface deformation damage
cause during a manufacturing process in which plasma is
generated) of the foreign matter compensation layer having
the desired flowability, while compensating the foreign mat-
ters by using a plurality of foreign matter compensation lay-
ers. A plurality of foreign matter compensation layers have an
interface made of silicon oxycarbon having the flowability
and a foreign matter compensation layer having a protective
layer made of silicon oxycarbon having no flowability.

[0050] Sixth, in a flexible encapsulation unit according to
an embodiment of the present disclosure, it is possible to
complement the disadvantages and strengthen the advantages
of respective foreign compensation layers and inorganic
encapsulation layers by using a method and structure using
two types of foreign matter compensation layers and two
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types of inorganic encapsulation layers. As a result, the over-
all thickness of the flexible encapsulation unit can be reduced.
[0051] Seventh, in a flexible encapsulation unit according
to an embodiment of the present disclosure, occurrence of
piercing, imprinting, or punching phenomenon can be mini-
mized due to the foreign matters disposed in the flexible
encapsulation unit or on the flexible encapsulation unit during
aprocess of bonding a lower substrate and a barrier film with
pressure applied to both.

[0052] Eighth, in a flexible encapsulation unit according to
an embodiment of the present disclosure, by differentiating
flowability and hardness characteristics in each of the plural-
ity of foreign matter compensation layers made of silicon
oxycarbon, a flexible organic light emitting display device
having a critical radius value of curvature of 10 R or less can
be provided.

[0053] Ninth, in a flexible encapsulation unit according to
an embodiment of the present disclosure, when an aluminum
oxide (AL,O,) based inorganic encapsulation layer is depos-
ited on silicon oxycarbon, damage by plasma which canoccur
during a manufacturing process can be minimized by control-
ling the flowability and hardness of silicon oxycarbon.
[0054] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0056] FIG. 1A is a schematic plan view of a flexible
organic light emitting display device according to an exem-
plary embodiment of the present disclosure;

[0057] FIG.1Bis aschematic cross-sectional view of Ib-Ib'
of FIG. 1A,
[0058] FIG. 1C is a schematic cross-sectional view for

describing that foreign matters are compensated in a flexible
organic light emitting display device according to an exem-
plary embodiment of the present disclosure;

[0059] FIG. 2is a schematic cross-sectional view of a flex-
ible organic light emitting display device according to
another exemplary embodiment of the present disclosure;
[0060] FIG. 3A is a schematic cross-sectional view of a
flexible organic light emitting display device according to yet
another exemplary embodiment of the present disclosure;
[0061] FIG. 3B is a schematic cross-sectional view for
describing that foreign matters are disposed at an inside of a
flexible organic light emitting display device according to yet
another exemplary embodiment of the present disclosure;
[0062] FIGS. 4 to 9 are schematic cross-sectional views of
flexible organic light emitting display devices according to
various exemplary embodiments of the present disclosure;
[0063] FIG. 10A is a schematic cross-sectional view of a
flexible organic light emitting display device according to
still another exemplary embodiment of the present disclo-
sure;

[0064] FIG. 10B is a schematic cross-sectional view for
describing that foreign matters are disposed at an inside of a
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flexible organic light emitting display device according to
still another exemplary embodiment of the present disclo-
sure; and

[0065] FIG. 11 is a schematic cross-sectional view for
describing a flexible organic light emitting display device
according to still another exemplary embodiment of the
present disclosure.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0066] Advantages and features of the present disclosure,
and methods for accomplishing the same will be more clearly
understood from exemplary embodiments described below
with reference to the accompanying drawings. However, the
present disclosure is not limited to the following exemplary
embodiments but may be implemented in various different
forms. The exemplary embodiments are provided only to
complete disclosure of the present disclosure and to fully
provide a person having ordinary skill in the art to which the
present disclosure pertains with the category of the disclo-
sure, and the present disclosure will be defined by the
appended claims.

[0067] The shapes, sizes, ratios, angles, numbers, and the
like illustrated in the accompanying drawings for describing
the exemplary embodiments of the present disclosure are
merely examples, and the present disclosure is not limited
thereto. Like reference numerals generally denote like ele-
ments throughout the present specification. Further, in the
following description, a detailed explanation of known
related technologies may be omitted to avoid unnecessarily
obscuring the subject matter of the present disclosure. The
terms such as “comprising”, “including,” “having,” and “con-
sist of” used herein are generally intended to allow other
components to be added unless the terms are used with the
term “only”. Any references to singular may include plural
unless expressly stated otherwise.

[0068] Components are interpreted to include an ordinary
error range even if not expressly stated.

[0069] When the position relation between two parts is
described using the terms such as “on”, “above”, “below”,
and “next”, one or more parts may be positioned between the
two parts unless the terms are used with the term “immedi-
ately” or “directly” is not used.

[0070] When an element or layer is referred to as being
“on” another element or layer, it may be directly on the other
element or layer, or intervening elements or layers may be
present.

[0071] Although the terms “first”, “second”, and the like
are used for describing various components, these compo-
nents are not confined by these terms. These terms are merely
used for distinguishing one component from the other com-
ponents. Therefore, a first component to be mentioned below
may be a second component in a technical concept of the
present disclosure.

[0072] Throughout the whole specification, the same refer-
ence numerals denote the same elements.

[0073] Since size and thickness of each component illus-
trated in the drawings are represented for convenience in
explanation, the present disclosure is not necessarily limited
to the illustrated size and thickness of each component.
[0074] The features of various embodiments of the present
disclosure can be partially or entirely bonded to or combined
with each other and can be interlocked and operated in tech-
nically various ways as can be fully understood by a person
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having ordinary skill in the art, and the embodiments can be
carried outindependently of or in association with each other.
[0075] Hereinafter, various exemplary embodiments of the
present disclosure will be described in detail with reference to
the accompanying drawings.

[0076] FIG. 1A is a schematic plan view of a flexible
organic light emitting display device according to an exem-
plary embodiment of the present disclosure. FIG. 1B 1s a
schematic cross-sectional view of Ib-Ib' of FIG. 1A.

[0077] A pixel area A/A of the present disclosure means an
area where a plurality of pixels 111 (withrelated components,
wiring, etc.) are disposed. A pad area P/A of the present
disclosure means an area where a plurality of pads (with
related components, wiring, etc.) are disposed. A bezel area
B/A of the present disclosure means an area surrounding the
pixel area A/A. In the pixel area A/A of the flexible organic
light emitting display device 100, the plurality of pixels 111,
a plurality of data lines 114 transferring data signals gener-
ated in a data driver 115 to the plurality of pixels 111, and a
plurality of gate lines 112 transferring gate signals generated
in a gate driver 113 to the plurality of pixels 111 are disposed.
[0078] In the bezel area B/A of the flexible organic light
emitting display device 100, a gate driver 113 configured to
transfer gate signals to a plurality of gate lines 112 and a
common voltage line 116 configured to apply common volt-
age BELVSS to cathodes of the plurality of pixels 111 are
disposed. It is illustrated that the common voltage line 116
surrounds three sides of the bezel area B/A, but it is not
limited thereto, and the common voltage line 116 may be on
only at least one side of the bezel area B/A. Some elements
disposed in the bezel area B/A may be extended and disposed
up to the pad area P/A. For example, the plurality of data lines
114 and/or the common voltage line 116 may be disposed
throughout the bezel area B/A and the pad area P/A.

[0079] Inaddition,inthe common voltage line 116, inorder
to reduce undesirable cathode voltage rising problems that
can occur in a partial area in the pixel area A/A due to cathode
resistance of the pixel area A/A, an auxiliary cathode elec-
trode may be additionally disposed in the pixel area A/A.
[0080] In the pad area P/A of the flexible organic light
emitting display device 100, the data driver 115 configured to
transfer image signals to the plurality of data lines 114 and the
plurality of data lines 114 connected with the data driver 115
are disposed.

[0081] 1Inthepad area P/A, aplurality of pads are disposed.
An anisotropic conductive film (ACF) is coated on the plu-
rality of pads. Components such as the data driver 115, a
flexible printed circuit (FPC), or a cable are bonded to the pad
by the ACF.

[0082] A flexible encapsulation unit 130 according to an
exemplary embodiment of the present disclosure is config-
ured to cover the bezel area B/A and the pad area P/A. In this
case, the flexible encapsulation unit 130 is configured to
specifically expose the plurality of pads formed in the pad
area P/A. In detail, since the flexible encapsulation unit 130
has excellent performance for delaying moisture/oxygen per-
meation and excellent electrical insulation, when the flexible
encapsulation unit 130 covers the pad area P/A, the plurality
of pads formed in the pad area P/A being insulated may be
problematic. Further, the flexible encapsulation unit 130 is
configured to be extended from the outside of the pixel area
P/A to cover only at least a partial area of the bezel area B/A
while covering all of the pixel area P/A. Namely, but the
flexible encapsulation unit 130 may be patterned in the bezel
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area B/A. In such a configuration, when a crack or other
deformity forms at or in an outer area of the flexible organic
light emitting display device 100, such a crack may be
blocked from being further propagated (or extended) along or
into the flexible encapsulation unit 130.

[0083] The plurality of pixels 111 are on a lower substrate
101. The plurality of pixels 111 include sub pixels respec-
tively emitting light of at least one among red, green, and blue
(RGB) colors. The plurality of pixels 111 may further include
a sub pixel emitting light of white color. Each sub pixel may
further include a color filter or color refiner that act to pass or
restrict light waves of certain bandwidth. The plurality of
pixels 111 are configured to be driven by a plurality of thin
film transistors (TFTs) connected to the plurality of gate lines
112 and the plurality of data lines 114 which are formed to
cross each other.

[0084] The data driver 115 generates a gate start pulse and
a plurality of clock signals driving the gate driver 113. The
data driver 115 converts a digital image signal received from
the outside into an analogue image signal by using gamma
voltages generated in a gamma voltage generator. The con-
verted image signal is transferred to the plurality of pixels 111
through the plurality of data lines 114. The data driver 115
may be bonded to the plurality of pads configured on the
lower substrate 101.

[0085] The gate driver 113 includes a plurality of shift
registers, and each shift register is connected to each gate line
112. The gate driver 113 receives the gate start pulses (GSP)
and the plurality of clock signals from the data driver 115, and
the shift register of the gate driver 113 activates the plurality
of pixels 111 connected to each gate line 112 while shifting
the GSPs in sequence.

[0086] The common voltage line 116 is disposed in the
bezel area B/A to supply the common voltage ELVSS to the
cathode. The cathode of the top emission type flexible organic
light emitting display device 100 is formed in a thin film for
transmittance. Accordingly, the cathode has a high electrical
resistance. Accordingly, a voltage drop phenomenon occurs,
which causes the quality of the display image to deteriorate.
In order to alleviate this problem, the common voltage line
116 is disposed to surround the pixel area A/A. However, it is
not limited thereto, and the common voltage line 116 may be
formed on at least one side of the pixel area A/A. In addition,
when a large-sized flexible organic light emitting display
device is to be manufactured, auxiliary electrodes may be
additionally disposed.

[0087] Hereinafter, a cross section Ib-Ib' of the flexible
organic light emitting display device 100 will be described in
detail with reference to FIG. 1B.

[0088] The flexible organic light emitting display device
100 includes a flexible lower substrate 101, a thin film tran-
sistor 120 on the lower substrate 101, an organic light emit-
ting element 140 driven by the thin film transistor 120, a gate
driver 113 formed in the bezel area B/A, the common voltage
line 116 formed in the bezel area B/A to supply the common
voltage ELVSS to a cathode 143, a cathode connection unit
160 connecting the cathode 143 and the common voltage line
116, and the flexible encapsulation unit 130 protecting the
pixel area A/A from moisture and oxygen.

[0089] The lower substrate 101 supports various constitu-
ent elements of the flexible organic light emitting display
device 100 formed on the lower substrate 101. The lower
substrate 101 may be of an insulating material having flex-
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ibility. For example, the lower substrate 101 may be made of
a plastic material such as polyimide PI.

[0090] A back plate supporting the flexible organic light
emitting display device 100 may be additionally on the bot-
tom of the lower substrate 101 so as to suppress the flexible
organic light emitting display device 100 from being too
easily deformed. Accordingly, such a back plate can provide
asupport force for suppressing the flexible organic light emit-
ting display device 100 from being too easily deformed.
[0091] The thin film transistor 120 includes an active layer
121, a gate electrode 122, a source electrode 123, and a drain
electrode 124. The active layer 121 is covered by a gate
insulation layer 125. The gate electrode 122 is on the gate
insulation layer 125 with the same material as the gate line
112 so as to overlap with at least a partial region of the active
layer 121.

[0092] The gate electrode 122 is covered by an insulating
interlayer 126 formed on the entire surface of the gate insu-
lation layer 125. The insulating interlayer 126 may be formed
with a double-layered structure made of silicon nitride and
silicon oxide.

[0093] The source electrode 123 and the drain electrode
124 are formed on the insulating interlayer 126 to be spaced
apart from each other, and formed of the same material as the
dataline 114. The source electrode 123 is connected with one
end of the active layer 121 and connected with the active layer
121 through a first contact hole 129a passing through the gate
insulation layer 125 and the insulating interlayer 126. In
addition, the drain electrode 124 overlaps with the other end
ofthe active layer 121 and connected with the active layer 121
through a contact hole passing through the gate insulation
layer 125 and the insulating interlayer 126. Hereinabove, it is
described that the thin film transistor 120 has a coplanar
structure, but an inverted staggered structure or other configu-
rations may also be used.

[0094] A thin film transistor insulation layer 127 is on the
thin film transistor 120. However, it is not limited thereto, and
the thin film transistor insulation layer 127 may not be dis-
posed. The thin film transistor insulation layer 127 may addi-
tionally block moisture/oxygen permeated from the lower
substrate 101.

[0095] An overcoating layer 128 is on the thin film transis-
tor insulation layer 127. A second contact hole 1295 passes
through the overcoating layer 128 and the thin film transistor
insulation layer 127. The overcoating layer 128 may be made
of photo-acryl which is a material with a low dielectric con-
stant. For example, a thickness ofthe overcoating layer 128 is
between 2 pm to 3.5 um. For example, a thickness of the
overcoating layer 128 is 2.3 um. The overcoating layer 128
can reduce a parasitic-capacitance generated between an
anode 141 and the thin film transistor 120, the gate line 112,
and the data line 115 and improve the flatness or surface
evenness of the anode 141.

[0096] A micro-lens for improving light extraction effi-
ciency may be patterned at the overcoating layer 128 in an
area where the anode 141 is disposed.

[0097] The organic light emitting element 140 includes the
anode 141 and the cathode 143 facing each other, and an
organic light emission layer 142 interposed therebetween. A
light emission area of the organic light emission layer 142
may be defined or separated by a bank 144.

[0098] The organic light emitting element 140 may be con-
figured to emit light of any one of red, green, and blue (RGB)
and also be configured to light of white. When the organic
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light emitting element 140 emits white light, a color filter or
color refiner may be added in order to provide the necessary
colors to be output.

[0099] Theanode 141 is disposed to correspond to the light
emission area of each pixel 111 on the overcoating layer 128
and connected with the drain electrode 124 of the thin film
transistor 120 through the second contact hole 1295 passing
through the overcoating layer 128. The anode 141 is made of
a metallic material having a high work function. The anode
141 is made of a reflective material to have a reflective char-
acteristic. Alternatively, a reflective plate or layer can be
added below the anode 141. An image signal used for dis-
playing animage is applied to the anode 141 through the drain
electrode 124.

[0100] The bank 144 is disposed in a non-light emission
area between the pixels 111 on the overcoating layer 128 and
may have a tapered shape. The bank 144 is configured to
overlap at least a portion of an edge of the anode 141. For
example, a height of the bank 144 can be between 1 um to 2
pm. For example, a height of the bank 144 is 1.3 pm.

[0101] A spacer145isonthebank 144. The spacer 145 may
be of the same material as the bank 144. For example, the
bank 144 and the spacer 145 may be formed of polyimide.
The spacer 145 may protect damage of the organic light
emitting element 140 which may be generated by a fine metal
mask (FMM) or a shadow mask used when the organic light
emission layer 142 is patterned. For example, a height of the
spacer 145 can be between 1.5 pm to 2.5 um. For example a
height of the spacer 145 is 2 pum. According to the aforemen-
tioned configuration, in the FMM process, the damage of the
organic light emitting element 140 may be reduced.

[0102] The organic light emission layer 142 is formed on
the anode 141. The cathode 143 is disposed to face the anode
141 with the organic light emission layer 142 therebetween.
The organic light emission layer 142 may be made of a
phosphorescent or fluorescent material (or a combination
thereof) and may further include an electron transport layer, a
hole transport layer, a charge generation layer, and the like.

[0103] The cathode 143 is made of a metallic material
having a low work function with the very small thickness,
such as transparent conductive oxide (TCO). When the cath-
ode 143 is made of the metallic material, for example, the
cathode 143 can be formed with a thickness of 1,500 A or less.
For example, the cathode 143 is formed with a thickness of
200 A to 400 A. When the cathode 143 is formed to be
sufficiently thin, the cathode 143 becomes a substantially
transparent layer or a translucent layer. The common voltage
ELVSS is applied to the cathode 143.

[0104] Thegatedriver 113 comprises a plurality ofthin film
transistors. The plurality of thin film transistors configuring
the gate driver 113 are formed in the same process of the thin
film transistor 120 of the pixel area A/A. Accordingly, the
duplicated description for the thin film transistors configuring
the gate driver 113 will be omitted merely for avoiding redun-
dancy.

[0105] The common voltage line 116 is configured of a
single layer or a plurality of layers by using the same material
as the gate line 112 and/or the data line 114.

[0106] The common voltage line 116 supplies the common
voltage ELVSS to the cathode 143. The thin film transistor
insulation layer 127 may be on the common voltage line 116.
The common voltage line 116 is disposed outside the gate
driver 113.
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[0107] The cathode connection unit 160 may be on the
overcoating layer 128 to overlap with the gate driver 113. The
cathode connection unit 160 connects the common voltage
line 116 and the cathode 143. The cathode connection unit
160 may be made of the same material as the anode 141.

[0108] The cathode connection unit 160 is connected with
the common voltage line 116 along a slope of one end of the
overcoating layer 128. In addition, when an insulation layer
exists between the cathode connection unit 160 and the com-
mon voltage line 116, a contact hole is configured.

[0109] Thecathode 143 ison the bank 144 and/or the spacer
145 to be extended up to a portion of the bezel area B/A. The
cathode 143 is connected with the cathode connection unit
160 in the bezel area B/A without the bank 144.

[0110] In summary, the gate electrode 122 of the thin film
transistor 120 receives a driving signal generated in the gate
driver 113 through the gate line 112. In addition, conductivity
of the active layer 121 is varied by a signal applied to the gate
electrode 122. In addition, an image signal applied to the
source electrode 123 is applied to the anode 141 through the
active layer 121. In addition, when the common voltage
ELVSS is applied to the cathode 143, the organic light emis-
sion layer 142 emits light used to display images.

[0111] Hereinabove, the cross-sectional structure of the
thin film transistor 120 and the organic light emitting element
140 on the bezel area B/A and the pixel area A/A are
described.

[0112] The flexible encapsulation unit 130 according to an
exemplary embodiment of the present disclosure includes a
first inorganic encapsulation layer 131, a first foreign matter
compensation layer 137, a second foreign matter compensa-
tion layer 133, and a second inorganic encapsulation layer
132. Although the terms “first”, “second”, and the like are
used for describing various components, these components
are not confined by these terms.

[0113] The first inorganic encapsulation layer 131 is dis-
posed to cover the pixel area A/A and the bezel area B/A. The
first inorganic encapsulation layer 131 is formed of a trans-
parent inorganic material which may be deposited at a low
temperature. For example, the first inorganic encapsulation
layer 131 is made of an inorganic material such as silicon
nitride (SiN, ), aluminum oxide (Al,0,), silicon oxide (Si0,),
and silicon oxynitride (SiON). However, the first inorganic
encapsulation layer 131 is not limited to the aforementioned
materials of the first inorganic encapsulation layer 131. The
first inorganic encapsulation layer 131 is conformally config-
ured to cover the organic light emitting element 140.

[0114] The first inorganic encapsulation layer 131 may be
deposited by one deposition method of a chemical vapor
deposition (CVD) method and an atomic layer deposition
(ALD) method.

[0115] The chemical vapor deposition method has an
advantage of forming a thickness of the first inorganic encap-
sulation layer 131 to be relatively large within a shorter time
than the ALD method. For example, the first inorganic encap-
sulation layer 131 may be formed of silicon nitride deposited
by the chemical vapor deposition method. In this case, a
deposition rate (DR) may be 200 nm/min and silicon nitride
with a thickness of 1 um may be formed during deposition for
5 minutes. A moisture permeation rate (WVTR) of the first
inorganic encapsulation layer 131 deposited by the chemical
vapor deposition method may achieve about 10~* g/m*/day.
However, the present disclosure is not limited thereto, and the
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first inorganic encapsulation layer 131 may be formed so as to
have a thickness of 5,000 A to 15,000 A.

[0116] Thedeposition time of the ALD method is relatively
slower than that of the chemical vapor deposition method, but
the density of the first inorganic encapsulation layer 131 is
relatively high. In addition, the ALD method has an advantage
of achieving excellent step coverage performance with the
very small thickness. Particularly, an organic material based
foreign matter may be generated on the cathode 143. In this
case, since the first inorganic encapsulation layer 131 formed
by the ALD method may compensate and cover the cathode
143 and the foreign matter which are formed along the step
between the bank 144 and the spacer 145, the ALD method
could be more advantageous in significantly reducing cracks
and seams than the chemical vapor deposition method. For
example, the first inorganic encapsulation layer 131 may be
formed of aluminum oxide deposited by the chemical vapor
deposition method. In this case, the DR may be 5 nm/min, and
aluminum oxide with a thickness of 0.1 um may be formed
during deposition for 20 minutes. Particularly, according to
the ALD method, an atomic ratio of oxygen and aluminum
may be controlled to be stably maintained. The moisture
permeation rate (WVTR) of the first inorganic encapsulation
layer 131 deposited by the ALD method may achieve about
107 (¢/m*/day). The first inorganic encapsulation layer 131
may also be formed to have a thickness of 200 A to 1,500 A.
When the first inorganic encapsulation layer 131 is made of
aluminum oxide deposited by the ALD method, the first inor-
ganic encapsulation layer 131 is formed with a thickness of
1,500 A or less to achieve excellent bending performance.
[0117] The first inorganic encapsulation layer 131 may
need to be deposited at 110° C. or less regardless of the
deposition method to reduce or prevent the organic light
emitting element 140 from being damaged by heat.

[0118] According to the aforementioned configuration, the
first inorganic encapsulation layer 131 may have excellent
performance for delaying moisture/oxygen permeation. Fur-
ther, according to the aforementioned configuration, the first
inorganic encapsulation layer 131 may achieve transmittance
of visible light of 90% or more.

[0119] The first foreign matter compensation layer 137 is
on the first inorganic encapsulation layer 131 to cover the
pixel area A/A and a portion of the bezel area B/A. An end of
the first foreign matter compensation layer 137 is positioned
more inside than the end of the first inorganic encapsulation
layer 131.

[0120] The first foreign matter compensation layer 137
which may be called as a buffer layer is made of flowable
silicon oxycarbon (SiOC). Here, the first foreign matter com-
pensation layer 137 has a feature of conformally compensat-
ing the foreign matter. For example, the carbon content of the
first foreign matter compensation layer 137 can be configured
in a range of 30% to 50%. The carbon content in the range
may be defined by silicon oxycarbon having a high carbon
content. That is, silicon oxycarbon having the high carbon
content in the range may act as a buffer layer. Having the
carbon content within the range, the hardness of the first
foreign matter compensation layer 137 may be between 1 Hto
2 H. According to the configuration, the first foreign matter
compensation layer 137 may compensate the foreign matter
generated in the first inorganic encapsulation layer 131 and
may be easily deformed. In the present disclosure, compen-
sating the foreign matter means thatin an area with a sharp (or
prominent) step and/or angle due to the foreign matter is
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covered to be gentle or covered to be less prominent. That is,
the first foreign matter compensation layer 137 may compen-
sate cracks and seams generated by the foreign matter. The
thickness of the first foreign matter compensation layer 137
may be configured to 1 um to 2 pm.

[0121] A second foreign matter compensation layer 133 is
on the first foreign matter compensation layer 137 to cover the
pixel area A/A and a portion of the bezel area B/ A. Referring
to FI1G. 1B, the second foreign matter compensation layer 133
is illustrated as a form of covering the end of the first foreign
matter compensation layer 137, but is not limited to the afore-
mentioned form of the end. That is, the end of the second
foreign matter compensation layer 133 and the end of the first
foreign matter compensation layer 137 may also be posi-
tioned on the same vertical line.

[0122] The second foreign matter compensation layer 133
is made of dense silicon oxycarbon. For example, the carbon
content of the second foreign matter compensation layer 133
is configured in a range of 5% to 30%. The carbon content in
the range may be defined by silicon oxycarbon having a low
carbon content. In addition, the silicon oxycarbon having the
low carbon content in the aforementioned range may be
called a protective layer. In the case of the carbon content in
the aforementioned range, the hardness of the second foreign
matter compensation layer 133 may be 3 Hto 5 H. That is, the
carbon content of the first foreign matter compensation layer
137 is larger than the carbon content of the second foreign
matter compensation layer 133, and thus, the hardness of the
second foreign matter compensation layer 133 is larger than
that of the first foreign matter compensation layer 137.
According to the aforementioned configuration, the second
foreign matter compensation layer 133 may protect the first
foreign matter compensation layer 137 from being deformed
by plasma damage generated in a process of forming a second
inorganic encapsulation layer 132. Further, the second for-
eign matter compensation layer 133 may improve a perme-
ation delay degree for moisture/oxygen permeated to the
organic light emitting element 140.

[0123] Thethickness of the second foreign matter compen-
sation layer 133 may be configured to 1 um to 3 pm. Accord-
ingly, a sum of the thickness of the second foreign matter
compensation layer 133 and the thickness of the first foreign
matter compensation layer 137 may be configured to 2 um to
6 um. For example, the sum of the thickness of the second
foreign matter compensation layer 133 and the thickness of
the first foreign matter compensation layer 137 is configured
to 3 um.

[0124] A ratio of the thickness of the second foreign matter
compensation layer 133 and the thickness of the first foreign
matter compensation layer 137 is configured to be 1:2 to 4:1.
Particularly, when the ratio of thicknesses of the first foreign
matter compensation layer 137 and the second foreign matter
compensation layer 133 is beyond the aforementioned ratio,
failures may occur. In detail, when the first foreign matter
compensation layer 137 is formed to be too thin, the foreign
matter may not be sufficiently compensated. When the second
foreign matter compensation layer 133 is formed to be too
thin, deformations on the surface of the first foreign matter
compensation layer 137 may be generated by plasma when
forming the second inorganic encapsulation layer 132. In
addition, an out-gassing problem may be caused in the first
foreign matter compensation layer 137. Thus, a problem in
the reliability of the first foreign matter compensation layer
137 may be caused. Accordingly, within the aforementioned
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thickness ratio, the first foreign matter compensation layer
137 and the second foreign matter compensation layer 133
are desired to be configured.

[0125] While the first foreign matter compensation layer
137 and the second foreign matter compensation layer 133
efficiently compensate the foreign matter, in order to mini-
mize deformation failure possibility, the thicknesses of the
first foreign matter compensation layer 137 made of the flow-
able silicon oxycarbon and the second foreign matter com-
pensation layer 133 made of the dense silicon oxycarbon may
be maintained with a predetermined ratio. The first foreign
matter compensation layer 137 and the second foreign matter
compensation layer 133 which are the plurality of foreign
matter compensation layers have an interface therebetween.
In order to form the interface, after the first foreign matter
compensation layer 137 is deposited, deposition of silicon
oxycarbon may need to be paused for a predetermined time
period. For example, after the first foreign matter compensa-
tion layer 137 is deposited, the deposition process may need
to stop in a deposition chamber for 30 seconds to 3 minutes.
When the deposition of silicon oxycarbon starts again after
the deposition stops, the interface is formed between the first
foreign matter compensation layer 137 and the second for-
eign matter compensation layer 133. The interface formed by
the deposition process partitions the first foreign matter com-
pensation layer 137 and the second foreign matter compen-
sation layer 133 which are adjacent to each other regardless of
the carbon content. According to the configuration, since the
permeated moisture is dispersed along the interface, a mois-
ture permeation path is lengthened. In addition, there is an
advantage in that surface curing treatment is selectively per-
formed on each interface. In addition, as compared with
thickly forming the foreign matter compensation layer made
of flowable silicon oxycarbon as a single layer, when a plu-
rality of layers made of flowable silicon oxycarbon is formed
with small thickness, more interfaces may exist. When a
length of the moisture permeation path is increased, the per-
formance for delaying moisture permeation of the flexible
encapsulation unit 130 is improved. In detail, since the first
foreign matter compensation layer 137 has relatively lower
hardness than that of the protective layer and is the flowable
buffer layer, the first foreign matter compensation layer 137
may be easily deformed by the plasma damage. The defor-
mation means that the surface becomes uneven or haze is
generated. Particularly, since the deformation of the first for-
eign matter compensation layer 137 generates step differ-
ences of the surface, the cracks and the seams may be caused
in the second inorganic encapsulation layer 132. Accordingly,
the surface of the first foreign matter compensation layer 137
may be cured by additional thermoset treatment or oxygen
plasma treatment. When the surfaces of the first foreign mat-
ter compensation layer 137 and the second foreign matter
compensation layer 133 are cured, flowability of the surface is
reduced. Inaddition, viscosity of the cured surfaces of the first
foreign matter compensation layer 137 and the second for-
eign matter compensation layer 133 is reduced, and a surface
failure caused due to plasma damage or a high temperature
may be reduced. According to the aforementioned configu-
ration, the deformation of the first foreign matter compensa-
tion layer 137 may be reduced. Further, the performance for
delaying moisture permeation is improved by the surface-
curing treated surface of the flowable first foreign matter
compensation layer 137.
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[0126] For example, oxygen plasma treatment may be per-
formed at a temperature of 50° C. for 10 seconds. However,
like the second foreign matter compensation layer 133, sili-
con oxycarbon layer has relatively higher hardness than the
buffer layer and its density may not require an additional
surface treatment.

[0127] Thefirst foreign matter compensation layer 137 and
the second foreign matter compensation layer 133 made of
silicon oxycarbon according to an exemplary embodiment of
the present disclosure will be described in summary. Herein-
after, for convenience of description, the first foreign matter
compensation layer 137 and the second foreign matter com-
pensation layer 133 may be called as a silicon oxycarbon
layer.

[0128] First, as the carbon content of the silicon oxycarbon
layer is increased, flowability of the silicon oxycarbon layer
gets gradually better. As the flowability gets better, the silicon
oxycarbon layer has a characteristic close to an organic mate-
rial and the hardness thereof is decreased. Accordingly, the
silicon oxycarbon layer has an advantage of compensating the
foreign matter. Further, the viscosity is generated on the sur-
face of the silicon oxycarbon layer. The flowable silicon oxy-
carbon layers are configured to be protected by the dense
silicon oxycarbon layer so that the surface failure may not be
generated.

[0129] Second, when the plurality of silicon oxycarbon
layers is continuously deposited, if the deposition of silicon
oxycarbon stops for the predetermined period, an interface
between the silicon oxycarbon layers is formed. In addition,
moisture tends to be permeated along the interface. Accord-
ingly, the moisture permeation path may be lengthened.
[0130] Third, the surface of the flowable silicon oxycarbon
layer may be selectively surface-curing treated. When the
surface is cured, the flowability of the surface is reduced.
Accordingly, the viscosity of the cured surface of the silicon
oxycarbon layer is reduced, and the surface failure due to
plasma damage or the high temperature may be reduced.
Further, the performance for delaying moisture permeation of
the cured surface of the silicon oxycarbon layer may be
improved.

[0131] Fourth, as the carbon content of the silicon oxycar-
bon layer is decreased, flowability of the silicon oxycarbon
layer tends to be gradually decreased. As the flowability is
decreased, the silicon oxycarbon layer has a characteristic
close to an inorganic material and the hardness thereof is
increased. Accordingly, the silicon oxycarbon layer has a
protective layer characteristic. The protective layer character-
istic is configured to protect the flowable silicon oxycarbon
layer from the plasma damage generated when the second
inorganic encapsulation layer 132 is formed. That is, the first
foreign matter compensation layer 137 may be protected
from the plasma damage generated by the second foreign
matter compensation layer 133 when the second inorganic
encapsulation layer 132 is formed.

[0132] Fifth, when a plurality of silicon oxycarbon layers
having various characteristics is formed, the plurality of sili-
con oxycarbon layers may be formed by changing only a
condition of a ratio of gas in the chamber, a temperature of the
chamber, pressure, and the like. Accordingly, the flexible
organic light emitting display device 100 may not need be
transferred to another chamber, use other equipment, or the
like. That is, since a continuous deposition process may be
easily performed and a possibility of generation of additional
foreign matters is significantly lowered, it is advantageous
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that mass productivity and high vield would be achieved. In
this case, since the foreign matter compensation degree of the
silicon oxycarbon layer is improved as a silicon process tem-
perature is lowered, the deposition process temperature of the
first foreign matter compensation layer 137 may be controlled
to be lower than the deposition process temperature of the
second foreign matter compensation layer 133.

[0133] Hereinafter, a method of forming the first foreign
matter compensation layer 137 and the second foreign matter
compensation layer 133 according to an embodiment of the
present disclosure will be described in detail.

[0134] The first foreign matter compensation layer 137 and
the second foreign matter compensation layer 133 are formed
by a chemical vapor deposition (CVD) method, a plasma-
enhanced chemical vapor deposition (PECVD) method, or a
hexamethyldisiloxane (HMDSO-) chemical vapor deposition
(H-CVD) method. The first foreign matter compensation
layer 137 and the second foreign matter compensation layer
133 may be deposited by the deposition at a speed of 1.3
wum/min or higher.

[0135] The first foreign matter compensation layer 137 and
the second foreign matter compensation layer 133 are formed
by reaction of a material such as hexamethyldisiloxane
(HMDSO), tetramethyldisiloxane (TMDSO), trimethyl-
methoxysilane (TMMOS), bistrimetylsilylmethane (BT-
MSM), tetraethoxysilane (TEOS), divinyltetramethy! disi-
loxane (DVTMDSO), and octamethylcyclotetrasiloxane
(OMCATS) and gas.

[0136] For example, referring to Chemical Formula 1
shown below, when the first foreign matter compensation
layer 137 and the second foreign matter compensation layer
133 are made of HMDSO, gas of a Si—O—CH component
and oxygen (O,) serving as reaction gas are injected into the
chamber. In this case, the carbon content may be set by
controlling the process temperature, the process pressure,
and/or a flow of oxygen. In the case, the generated moisture
(H,0O) is a minute amount, but such may still damage the
organic light emitting element 140. However, since the first
inorganic encapsulation layer 131 is configured to encapsu-
late the organic light emitting element 140, the damage of the
organic light emitting element 140 due to moisture may be
sufficiently suppressed. Further, carbon dioxide may be
removed by using a wet scrubber and/or a dry pump in the
chamber. In this case, in order to evaporate moisture gener-
ated when oxygen reacts with HMDSO, a temperature in the
chamber is controlled to be 30° C. to 110° C.

[0137] In addition, according to Chemical Formula 1, sili-
con oxycarbon includes hydrogen, but in the flexible organic
light emitting display device 100 according to an exemplary
embodiment of the present disclosure, since the carbon con-
tent is mainly controlled, for convenience of description, the
description of hydrogen will be omitted merely for avoiding
redundancy.

[Chemical Formula 1]

CH; CH;
CH;—Si—0—S§i—CH; + O — SIOGH, +
CH; ClH
(HMDSO)
HO0 + CO,
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[0138] The second inorganic encapsulation layer 132 is
disposed to cover the pixel area A/A and the bezel area B/A.
The second inorganic encapsulation layer 132 is formed of a
transparent inorganic material which may be deposited at a
low temperature. The second inorganic encapsulation layer
132 is made of an inorganic material such as silicon nitride
(SiNx), aluminum oxide (Al,Q,), silicon oxide (SiOx), and
silicon oxynitride (SiON). However. the second inorganic
encapsulation layer 132 is not limited to the aforementioned
materials of the second inorganic encapsulation layer 132.
[0139] The second inorganic encapsulation layer 132 may
be deposited by a chemical vapor deposition method or an
atomic layer deposition (ALD) method. Since a manufactur-
ing method, a material, and thickness of the second inorganic
encapsulation layer 132 are the same as those of the first
inorganic encapsulation layer 131, the duplicated description
will be omitted merely for avoiding redundancy.

[0140] Theend of the second inorganic encapsulation layer
132 is positioned more outside than the ends of the first
foreign matter compensation layer 137 and the second for-
eign matter compensation layer 133. Accordingly, the second
inorganic encapsulation layer 132 encapsulates the first for-
eign matter compensation layer 137 and the second foreign
matter compensation layer 133, while contacting the first
inorganic encapsulation layer 131 in the bezel area B/A. That
is, the first inorganic encapsulation layer 131 and the second
inorganic encapsulation layer 132 encapsulate the plurality of
foreign matter compensation layers 133 and 137.

[0141] A width of a cross section in which the first inor-
ganic encapsulation layer 131 and the second inorganic
encapsulation layer 132 contact and encapsulate the first for-
eign matter compensation layer 137 and the second foreign
matter compensation layer 133 may be formed to 50 um to
500 pm, and for example, 300 pm. According to the afore-
mentioned configuration, the first inorganic encapsulation
layer 131 and the second inorganic encapsulation layer 132
are configured to encapsulate the first foreign matter compen-
sation layer 137 and the second foreign matter compensation
layer 133. Thus, a direct moisture permeation path through
the first foreign matter compensation layer 137 and the sec-
ond foreign matter compensation layer 133 is blocked or
sealed.

[0142] The second inorganic encapsulation layer 132 is
deposited at the low temperature to suppress the damage to
the organic light emitting element 140. In addition, the second
inorganic encapsulation layer 132 may have excellent mois-
ture permeation rate. Further, the second inorganic encapsu-
lation layer 132 may achieve transmittance of visible light of
90% or more. Particularly, the second inorganic encapsula-
tion layer 132 has an advantage of forming an encapsulation
layer with significantly reduced possibility of cracks and
seams. Such a reduced possibility is due to foreign matter
being effectively compensated by the first foreign matter
compensation layer 137 and the second foreign matter com-
pensation layer 133.

[0143] FIG. 1C is a schematic cross-sectional view for
describing that foreign matters are compensated in the flex-
ible organic light emitting display device according to an
exemplary embodiment of the present disclosure.

[0144] Referring to FIG. 1C, a case where a foreign matter
P1 is compensated by the first foreign matter compensation
layer 137 and the second foreign matter compensation layer
133 according to an exemplary embodiment of the present
disclosure is illustrated. Since the first foreign matter com-
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pensation layer 137 is flowable, the first foreign matter com-
pensation layer 137 conformally covers the foreign matter P1
to effectively compensate the foreign matter P1. In addition,
the second foreign matter compensation layer 133 covers the
first foreign matter compensation layer 137. Accordingly, the
foreign matter P1 may be further compensated. Particularly,
the compensation of the foreign matter P1 may mean that the
second inorganic encapsulation layer 132 may reduce a step
or unevenness due to the foreign matter P1 so that seams or
cracks may not be generated.

[0145] In some exemplary embodiments, a capping layer
may be on the cathode 143. The capping layer does not have
an electric effect on the cathode 143 and may be made of an
organic material or an inorganic material, and acts as a layer
capable of improving light efficiency and a viewing angle.
[0146] FIG. 2is a schematic cross-sectional view of a flex-
ible organic light emitting display device according to
another exemplary embodiment of the present disclosure. A
flexible organic light emitting display device 200 illustrated
in FIG. 2 further includes a planarization foreign matter com-
pensation layer 234 on foreign matter compensation layers
formed by a chemical vapor deposition method as compared
with the flexible organic light emitting display device 100
illustrated in FIGS. 1A to 1C. Hereinafter, for convenience of
description, any duplicated description will be omitted
merely for avoiding redundancy.

[0147] The planarization foreign matter compensation
layer 234 is disposed ina portion of the bezel area B/A and the
pixel area A/A between the foreign matter compensation
layers 133 and 137 formed by the chemical vapor deposition
method and the second inorganic encapsulation layer 132.
The planarization foreign matter compensation layer 234 is
made of an acrylic or epoxy based resin. The planarization
foreign matter compensation layer 234 is formed through, for
example, screen printing or an inkjet process. Particularly, the
planarization foreign matter compensation layer 234 is not
limited thereto, but is formed with a thickness of 3 um to 10
um. For example, the planarization foreign matter compen-
sation layer 234 is formed with a thickness of 5 um. When the
thickness of the planarization foreign matter compensation
layer 234 is 3 um or less, a non-coated area causing pin holes
may be generated during the screen printing process. When
the thickness thereofis 10 um or more, a target critical radius
of curvature of for example, 10 R or less may not be achieved
(e.g., when the thickness of the planarization foreign matter
compensation layer 234 is too thick, a tensile stress or a
compressive stress at any one of the inorganic encapsulation
layers is increased upon bending).

[0148] The epoxy based resin may use bisphenol-A-epoxy
with high viscosity, bisphenol-F-epoxy with low viscosity, or
the like. The planarization foreign matter compensation layer
234 may further include an additive. For example, in order to
improve uniformity of the resin, a wetting agent for reducing
surface tension of the resin, a leveling agent for improving
surface flatness ofthe resin, and a defoaming agent for remov-
ing air bubbles included in the resin may be further added as
the additives. The planarization foreign matter compensation
layer 234 may further include an initiator. For example, an
antimony based initiator or an anhydride based initiator for
curing a liquid resin by initiating a chain reaction by heat may
be used.

[0149] Particularly, in the case of thermally curing the
resin, it is important to control the process temperature to
110° C. or less. If the resin is thermally cured at a process
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temperature of 120° C. or more, the pre-formed organic light
emission layer 142 may be damaged. Accordingly, the resin
which is cured at 110° C. or less is used.

[0150] For example, the foreign matter compensation lay-
ers 133 and 137 formed by the chemical vapor deposition
method protect the cathode 143 and the bank 144 from being
damaged when the planarization foreign matter compensa-
tion layer 234 is formed by a screen printing process. Particu-
larly, because the screen printing process employs a process
of physically applying pressure, physical damage may be
generated. However, such a possible physical damage may be
minimized or avoided due to protection offered by the foreign
matter compensation layers 133 and 137 formed by the
chemical vapor deposition method.

[0151] The flexible organic light emitting display device
200should have a small thickness so as to have alower critical
radius of curvature. Particularly, in the case where there are no
foreign matter compensation layers formed by the chemical
vapor deposition method, in order to suppress damage, the
thickness of the planarization foreign matter compensation
layer formed by the screen printing process may be increased.
However, according to the aforementioned structure, since
the thickness of the planarization foreign matter compensa-
tion layer 234 may be decreased, the flexible organic light
emitting display device 200 having a lower critical radius of
curvature may be achieved. In detail, when the planarization
foreign matter compensation layer 234 is formed with a thick-
ness of 10 um or less by using the screen printing process, a
problem in that the organic light emitting element 140 is
damaged by a screen printing mask having a mesh pattern
used in a squeegee process may occur.

[0152] As a result, in the flexible organic light emitting
display device 200 according to another exemplary embodi-
ment of the present disclosure, at least one foreign matter
compensation layer formed by the chemical vapor deposition
method is disposed below the planarization foreign matter
compensation layer 234 to implement the planarization for-
eign matter compensation layer 234 with small thickness
substantially without damaging the organic light emitting
element. Further, when the foreign matter compensation lay-
ers 133 and 137 are disposed below the planarization foreign
matter compensation layer 234, the planarization foreign
matter compensation layer 234 may be formed with a thick-
ness of 10 pm or less. Furthermore, since the thicknesses of
the foreign matter compensation layers 133 and 137 are 2 pm
or less, even though the foreign matter compensation layers
133 and 137 and the planarization foreign matter compensa-
tion layer 234 all are formed, the first foreign matter compen-
sation layer 137, the second foreign matter compensation
layer 133, and the planarization foreign matter compensation
layer 234 may be formed with a thickness of smaller than 20
pm. Accordingly, since the thinner flexible organic light emit-
ting display device 200 is to be implemented, the critical
radius of curvature of the flexible organic light emitting dis-
play device 200 may be reduced.

[0153] The transparent flexible encapsulation unit 230
according to another exemplary embodiment of the present
disclosure forms the planarization foreign matter compensa-
tion layer 234 by using screen printing by the aforementioned
foreign matter compensation layers 133 and 137. However, a
transparent flexible encapsulation unit 230 which is thinner
than the related art may be implemented substantially without
damaging the organic light emitting element 140. Accord-
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ingly, excellent performance for delaying moisture perme-
ation and excellent flexibility may be achieved.

[0154] FIG. 3A is a schematic cross-sectional view of a
flexible organic light emitting display device according to yet
another exemplary embodiment of the present disclosure. A
flexible organic light emitting display device 300 illustrated
in FIG. 3A further includes a planarization foreign matter
compensation layer 334, a pressure sensitive adhesive layer
370, and a barrier film 380 as compared with the flexible
organic light emitting display device 100 illustrated in FIGS.
1A to 1C. Hereinafter, for convenience of description, any
duplicated description will be omitted merely for avoiding
redundancy.

[0155] The planarization foreign matter compensation
layer 334 is on the second inorganic encapsulation layer 132
in aportion of the bezel area B/ A and the pixel area A/A. That
is, the planarization foreign matter compensation layer 334 is
configured to planarize (or even out) the top of the second
inorganic encapsulation layer 132. An end of the planariza-
tion foreign matter compensation layer 334 is configured to
be positioned more inside than the end of the second inor-
ganic encapsulation layer 132. The planarization foreign mat-
ter compensation layer 334 is made ofan acryl resin, an epoxy
resin, or a silicon resin. The planarization foreign matter
compensation layer 334 is formed to have a thickness of 10
wm or less.

[0156] The planarization foreign matter compensation
layer 334 may reduce piercing, imprinting, or punching fail-
ures, which may be generated when the foreign matter is
disposed below the planarization foreign matter compensa-
tion layer 334. The reduction of piercing, imprinting, or
punching failure caused by the planarization foreign matter
compensation layer 334 will be described in detail with ref-
erence to FI1G. 3B.

[0157] Referring to FIG. 3A, the barrier film 380 faces a
lower substrate 101. The barrier film 380 may additionally
block oxygen and moisture from being permeated to the
flexible organic light emitting display device 300 together
with the flexible encapsulation unit 330. For example, the
barrier film 380 may be made of any one material among
copolyester thermoplastic elastomer (COP), cycoolefin
copolymer (COC), and polycarbonate (PC), but is not limited
thereto.

[0158] Referring to FIG. 3A, the pressure sensitive adhe-
sive layer 370 is positioned between the flexible encapsula-
tion unit 330 and the barrier film 380. The pressure sensitive
adhesive layer 370 is disposed on the bottom of the barrier
film 380 to adhere to the planarization foreign matter com-
pensation layer 334. That is, the pressure sensitive adhesive
layer 370 is disposed to contact the entire bottom of the
barrier film 380 and disposed in both the pixel area A/A and
the bezel area B/A. The pressure sensitive adhesive layer 370
is configured in a film form having transmittance and double-
sided adhesion. Particularly, the pressure sensitive adhesive
layer 370 may be formed of a material having a characteristic
in which adhesion is increased when predetermined pressure
is applied. For example, the pressure sensitive adhesive layer
370 may be formed of any type of insulating material, such as
olefin based, acryl based, and silicon based materials, but is
not limited thereto.

[0159] Hereinafter, effects of the flexible organic light
emitting display device 300 according to yet another exem-
plary embodiment of the present disclosure will be described
in more detail with reference to FIG. 3B.
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[0160] FIG. 3B is a schematic cross-sectional view for
describing that foreign matters are disposed at the inside of
the flexible organic light emitting display device according to
yet another exemplary embodiment of the present disclosure.
In FIG. 3B, a case where a foreign matter P1 is disposed
between the first inorganic encapsulation layer 131 and the
first foreign matter compensation layer 137 of the flexible
organic light emitting display device 300 illustrated in FIG.
3A is illustrated.

[0161] Since the barrier film 380 may easily adhere through
abonding process, the overall process time, costs, and the like
are relatively decreased as compared with forming the encap-
sulation layer by the deposition process. As such, the barrier
film 380 can be additionally attached on the second inorganic
encapsulation layer 132 to additionally increase encapsula-
tion performance of the flexible organic light emitting display
device 300.

[0162] As illustrated in FIG. 3B, while the foreign matter
P1 is on the first inorganic encapsulation layer 131, the first
foreign matter compensation layer 137 and the second for-
eign matter compensation layer 133. As described in FIG. 1C,
even though the second inorganic encapsulation layer 132
compensates for the foreign matter P1 by the first foreign
matter compensation layer 137 and the second foreign matter
compensation layer 133, the second inorganic encapsulation
layer 132 may still show an irregularity due to the foreign
matter P1.

[0163] As illustrated in FIG. 3B, the second inorganic
encapsulation layer 132 having such an irregularity (step
region) due to the foreign matter P1 may exist.

[0164] In the flexible organic light emitting display device
300 according to yet another exemplary embodiment of the
present disclosure, the second inorganic encapsulation layer
132 formed on the first foreign matter compensation layer
137 may be made of an aluminum based material. For
example, the second inorganic encapsulation layer 132 is
made of aluminum oxide deposited by the ALD method. As a
result, the second inorganic encapsulation layer 132 has
excellent step coverage (or foreign matter compensation) pet-
formance with a very small thickness, for example, a thick-
ness of 0.1 um. Particularly, the second inorganic encapsula-
tion layer 132 has relatively excellent step coverage
performance as compared with the case where the second
inorganic encapsulation layer 132 is made of a silicon based
inorganic material (for example, SiN, or Si0O,). Accordingly,
the second inorganic encapsulation layer 132 formed by the
ALD method may cover the entire upper surface of the second
inorganic encapsulation layer 132 to further compensate the
foreign matter P1 below the second inorganic encapsulation
layer 132.

[0165] Meanwhile, as illustrated in FIG. 3B, the first for-
eign matter compensation layer 137 and the second foreign
matter compensation layer 133 conformally compensate the
foreign matter P1 to reduce or alleviate the step (irregularity)
problem. However, the second inorganic encapsulation layer
132 may have a portion protruding or bulging toward the
barrier film 380 inan area corresponding to the foreign matter
P1. As such, if the second inorganic encapsulation layer 132
has such a protrusion or bulge, there may be problems when
the pressure sensitive adhesive layer 370 is disposed to con-
tact the second inorganic encapsulation layer 132. Thereafter,
the lower substrate 101 and the barrier film 380 are bonded to
each other, and the piercing, imprinting, or punching phe-
nomenon due to the foreign matter P1 may occur. In more
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detail, while the lower substrate 101 and the barrier film 380
are bonded to each other, physical pressureis applied from the
upper portion of the barrier film 380. In addition, when the
second inorganic encapsulation layer 132 on the foreign mat-
ter P1 has the protruding shape (caused by the foreign matter),
the second inorganic encapsulation layer 132 or the first inor-
ganic encapsulation layer 131 may be pierced or damaged by
the pressure generated during bonding which is applied from
the upper portion of the barrier film 380. As such, when the
second inorganic encapsulation layer 132 or the first inor-
ganic encapsulation layer 131 is pierced, a crack is generated
in the second inorganic encapsulation layer 132 or the first
inorganic encapsulation layer 131 and thus, moisture or oxy-
gen may be easily permeated to the organic light emitting
element 140. Further, when the lower substrate 101 and the
barrier film 380 are bonded to each other, gas bubbles may be
generated in the area having the protruding shape of the
second inorganic encapsulation layer 132.

[0166] As a result, in the flexible organic light emitting
display device 300 according to yet another exemplary
embodiment of the present disclosure, the planarization for-
eign matter compensation layer 334 formed on the second
inorganic encapsulation layer 132 is configured to planarize
(i.e., smoothen or even out) the upper portion of the second
inorganic encapsulation layer 132. That is, since the pla-
narization foreign matter compensation layer 334 is made of
an acryl resin, an epoxy resin, or a silicon resin, the planariza-
tion foreign matter compensation layer 334 may compensate
for any step regions or unevenness of the protruding portion
of the second inorganic encapsulation layer 132. In addition,
as the foreign matter P1 is disposed below the planarization
foreign matter compensation layer 334, generation of the
piercing, imprinting, or punching failure and the gas/air
bubbles which may be generated when the barrier film 380 is
bonded may be effectively reduced. In addition, the features
regarding the planarization foreign matter compensation
layer 334 and the barrier film 380 may be combined with or
adapted for other exemplary embodiments of the present dis-
closure.

[0167] In some exemplary embodiments, a touch panel
may be included at the barrier film 380 or the touch panel may
be included on the flexible encapsulation unit 330 instead of
the barrier film 380. If the top of the organic light emitting
element 140 is not planarized, undesired bubbles may be
created when adhering the touch panel. Such a generation of
problematic bubbles when adhering the touch panel may be
reduced by properly planarizing the top of the organic light
emitting element 140 through the flexible encapsulation unit
330.

[0168] FIG. 4is a schematic cross-sectional view of a flex-
ible organic light emitting display device according to still
another exemplary embodiment of the present disclosure. A
flexible organic light emitting display device 400 illustrated
in FIG. 4 further includes an anti-oxidation layer 450 as
compared with the flexible organic light emitting display
device 100 illustrated in FIGS. 1A to 1C. Hereinafter, for
convenience of description, any duplicated description will
be omitted merely for avoiding redundancy. In FIG. 4, for
convenience of description, the organic light emitting ele-
ment 140 is briefly illustrated, and constituent elements such
as the thin film transistor 120 are omitted merely for avoiding
redundancy.

[0169] The flexible organic light emitting display device
400 further includes the anti-oxidation layer 450 below the
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flexible encapsulation unit 130. In addition, the anti-oxida-
tion layer 450 may be selectively applied to any or all exem-
plary embodiments of the present disclosure. The anti-oxida-
tion layer 450 is configured to be disposed at the lower side of
the first inorganic encapsulation layer 131. For example, the
anti-oxidation layer 450 may be applied to the case where the
first inorganic encapsulation layer 131 is aluminum oxide
deposited by oxygen plasma through the ALD method.

[0170] The anti-oxidation layer 450 is configured to cover
the organic light emitting element 140. In detail, the anti-
oxidation layer 450 is configured to cover the cathode 143 of
the organic light emitting element 140. In addition, the anti-
oxidation layer 450 blocks oxygen plasma from being per-
meated through possible cracks in the cathode 143 to thus
serve to protect the organic light emitting element 140 so as
not to be oxidized by the oxygen plasma when the first inor-
ganic encapsulation layer 131 is deposited.

[0171] The anti-oxidation layer 450 may need to be depos-
ited by using an inert gas such as nitrogen (N.), argon (Ar), or
helium (He) so as not to oxidize the organic light emitting
element 140. Accordingly, even if some cracks or other
minute damage exists in the cathode 143, the organic light
emitting element 140 is effectively prevented from being
oxidized while forming the anti-oxidation layer 450. As the
anti-oxidation layer 450 which may be formed of inert gas,
for example, silicon nitride (SiNx) may be applied.

[0172] In addition, since the anti-oxidation layer 450 is to
suppress oxidation of the organic light emitting element 140
through cracks or irregularities of the cathode 143 in a process
where oxygen plasma is used, the anti-oxidation layer 450
may be formed to have a minimum thickness. For example,
the anti-oxidation layer 450 may be formed with a thickness
of 0.1 um to 0.9 um. Particularly, when the thickness of the
anti-oxidation layer 450 is increased to 0.9 pm or more,
flexibility is decreased and cracks or damage could be easily
generated in the anti-oxidation layer 450. Accordingly, the
thickness of the anti-oxidation layer 450 is configured to be
minimum so that the oxidation of the organic light emitting
element 140 may be suppressed by considering the flexible
display device 400. Particularly, when the foreign matter
compensation layer made of a material such as silicon oxy-
carbon is formed, the anti-oxidation layer 450 may more
efficiently protect the organic light emitting element 140 dur-
ing such a process.

[0173] FIG. 5is a schematic cross-sectional view of a flex-
ible organic light emitting display device according to still
another exemplary embodiment of the present disclosure. A
flexible organic light emitting display device 500 illustrated
in FIG. 5 is configured so that a first foreign matter compen-
sation layer 137 further includes a first buffer layer 5374 and
a second buffer layer 5375 as compared with the first foreign
matter compensation layer 137 of the flexible organic light
emitting display device 100 illustrated in FIGS. 1A to 1C.
Hereinafter, for convenience of description, any duplicated
description will be omitted merely for avoiding redundancy.

[0174] The first buffer layer 537a is on the first inorganic
encapsulation layer 131 to cover the pixel area A/A and a
portion of the bezel area B/A. The first buffer layer 5374 may
have substantially the same characteristic as the first foreign
matter compensation layer 137 described in FIGS. 1A to 1C.

[0175] The second buffer layer 5375 is on the first buffer
layer 537a to cover the pixel area A/A and a portion of the

Mar. 31, 2016

bezel area B/A. An end of the second buffer layer 5375 is
positioned more inside than the end of the first inorganic
encapsulation layer 131.

[0176] The second buffer layer 5376 can be made of flow-
able silicon oxycarbon (SiOC). For example, the carbon con-
tent (%) of the second buffer layer 5375 may be configured in
a range of 30% to 50%. According to the configuration, the
second buffer layer 5375 may compensate the foreign matter
generated in the first inorganic encapsulation layer 131 and
may be easily bent or flexed. That is, the second buffer layer
537h may effectively compensate for cracks and seams gen-
erated by the foreign matter, yet allow for the desired flex-
ibility. The thickness of the second buffer layer 5375 may be
configured to 1 pm to 2 pm.

[0177] If the aforementioned first buffer layer 5374 and
second buffer layer 5375 minimize the possibility of a defor-
mation failure while efficiently compensating the foreign
matter generated on the cathode 143, it is contemplated that
the thickness of the first buffer layer 537a and the second
buffer layer 537 made of flowable silicon oxycarbon and the
thickness of the second foreign matter compensation layer
133 made of dense silicon oxycarbon are maintained at a
specific (predetermined) ratio.

[0178] In detail, the thickness of the first buffer layer 537a
and the second buffer layer 5375 is configured to be 20% to
66% of the entire thickness of all the foreign matter compen-
sation layers (for example, the thickness of the first buffer
layer 537a, the second buffer layer 537b, and the second
foreign matter compensation layer 133). The thickness of the
second foreign matter compensation layer 133 is configured
to be 34% to 80% of the entire thickness of all the foreign
matter compensation layers (for example, the entire thickness
of the first buffer layer 537a, the second buffer layer 5375,
and the protective layer 137). However, the thickness ratio is
not limited thereto. According to the aforementioned thick-
ness ratio, the first buffer layer 537a and the second buffer
layer 5376 may efficiently compensate the foreign matter
generated on the cathode 143. In addition, the second foreign
matter compensation layer 133 may efficiently protect the
first buffer layer 5374 and the second buffer layer 5375 from
plasma damage generated when depositing the second inor-
ganic encapsulation layer 132. In this case, the entire thick-
ness of the first buffer layer 537a, the second buffer layer
537b, and the second foreign matter compensation layer 133
may be configured in a range of 3 pm to 10 wm by considering
flexibility of the flexible organic light emitting display device
500.

[0179] The surfaces of the first buffer layer 537a and the
second buffer layer 5375 made of flowable silicon oxycarbon
may be selectively surface-curing treated.

[0180] Insome exemplary embodiments, at least three for-
eign matter compensation layers configured by the silicon
oxycarbon layer are disposed between the first inorganic
encapsulation layer 131 and the second inorganic encapsula-
tion layer 132. In this case, the carbon contents of respective
layers are gradationally increased in an upward direction
from the first buffer layer 537a disposed at the bottom layer to
the second foreign matter compensation layer 133 disposed at
the top layer. According to such a configuration, since the
flowability of the silicon oxycarbon layers is increased in a
downward direction, a function of directly compensating the
foreign matter may be maximized on the bottom layer. Fur-
ther, since the protection performance is increased in an
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upward direction, a function of protecting the silicon oxycar-
bon layers disposed at the lower side may be maximized.
[0181] FIG. 6 is a schematic cross-sectional view for
describing a flexible organic light emitting display device
according to still another exemplary embodiment of the
present disclosure. A flexible organic light emitting display
device 600 illustrated in FIG. 6 further includes a third buffer
layer 637¢ as compared with the flexible organic light emit-
ting display device 500 illustrated in FIG. 5. Hereinafter, for
convenience of description, any duplicated description will
be omitted merely for avoiding redundancy.

[0182] The third buffer layer 637¢ is disposed between the
second buffer layer 5375 and the second foreign matter com-
pensation layer 133. The third buffer layer 637¢ is disposed to
cover the pixel area A/A and atleasta portion of the bezel area
B/A. In this case, an end of the third buffer layer 637¢ is
configured to be positioned more inside than the end of the
first inorganic encapsulation layer 131.

[0183] The carbon content of the third buffer layer 637¢ is
configured in a range of 30% to 50%. Accordingly, three
flowable silicon oxycarbon layers are sequentially on the first
inorganic encapsulation layer 131.

[0184] In this case, the entire thickness of the first buffer
layer 537a, the second buffer layer 5375, the third buffer layer
637c, and the second foreign matter compensation layer 133
may be configured in a range of 3 pm to 10 um by considering
flexibility of the flexible organic light emitting display device
600. In addition, the thickness of the first buffer layer 537a,
the second buffer layer 5375, and the third buffer layer 637¢
is configured to be 20% to 66% of the entire thickness of the
first buffer layer 537a, the second buffer layer 5374, the third
buffer layer 637¢, and the second foreign matter compensa-
tion layer 133. The thickness of the second foreign matter
compensation layer 133 may be 34% to 80% of the entire
thickness of the first buffer layer 537a, the second buffer layer
537b, the third buffer layer 637¢, and the second foreign
matter compensation layer 133. That is, flowable silicon oxy-
carbon layers and dense silicon oxycarbon layers are config-
ured to have a predetermined thickness ratio. However, the
thickness ratio is not limited thereto.

[0185] When the flexible organic light emitting display
device 600 according to still another exemplary embodiment
of the present disclosure is compared with the flexible organic
light emitting display device 100, in the case where the thick-
nesses of the entire silicon oxycarbon layers are the same as
each other since the number of interfaces of the silicon oxy-
carbon layers is relatively large, the moisture permeation path
may be lengthened. Further, since the number of interfaces
which may be surface-curing treated is large, the deformation
dueto plasma damage may be decreased and the performance
for delaying moisture permeation may be further improved.
[0186] In some exemplary embodiments, at least two for-
eign matter compensation layers made of flowable silicon
oxycarbon may be disposed between the first inorganic
encapsulation layer 131 and the second inorganic encapsula-
tion layer 132. That is, as illustrated in FIG. 5, two foreign
matter compensation layers may be disposed between the first
inorganic encapsulation layer 131 and the second inorganic
encapsulation layer 132. Asillustrated in FIG. 6, three foreign
matter compensation layers may be disposed between the first
inorganic encapsulation layer 131 and the second inorganic
encapsulation layer 132, and four or more foreign matter
compensation layers may be disposed between the first inor-
ganic encapsulation layer 131 and the second inorganic
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encapsulation layer 132. According to such a configuration,
since the number of interfaces of the foreign matter compen-
sation layers is increased, the moisture permeation path may
be lengthened, and the foreign matter compensation degree
and the flatness degree may be further improved.

[0187] FIG. 7 is a schematic cross-sectional view for
describing a flexible organic light emitting display device
according to still another exemplary embodiment of the
present disclosure. In a flexible organic light emitting display
device 700 illustrated in FIG. 7, flowable foreign matter com-
pensation layers and dense foreign matter compensation lay-
ers are alternately stacked, as compared with the flexible
organic light emitting display device 100 illustrated in FIGS.
1A to 1C. Hereinafter, for convenience of description, any
duplicated description will be omitted merely for avoiding
redundancy. In FIG. 7, for convenience of description, the
organic light emitting element 140 is briefly illustrated, and
constituent elements such as the thin film transistor 120 are
omitted merely for avoiding redundancy.

[0188] Referring to FIG. 7, a transparent flexible encapsu-
lation unit 730 of the flexible organic light emitting display
device 700 according to still another exemplary embodiment
of the present disclosure is configured to cover the organic
light emitting element 140. A flowable first foreign matter
compensation layer 737a is on the first inorganic encapsula-
tion layer 131, and a dense second foreign matter compensa-
tion layer 733a is on the first foreign matter compensation
layer 737a. The first foreign matter compensation layer 737a
is substantially the same as the first foreign matter compen-
sation layer 137 illustrated in FIG. 1B. Also, the second
foreign matter compensation layer 7334 is substantially the
same as the second foreign matter compensation layer 133
illustrated in FIG. 1B.

[0189] A third foreign matter compensation layer 737b is
on the second foreign matter compensation layer 733a to
cover the pixel area A/A and a portion of the bezel area B/A.
An end of the third foreign matter compensation layer 7375 is
positioned more inside than the end of the first inorganic
encapsulation layer 131. The third foreign matter compensa-
tion layer 737b may be made of flowable silicon oxycarbon
(S10C). The carbon contents of the first foreign matter com-
pensation layer 737¢ and the third foreign matter compensa-
tion layer 7376 may be different from each other in a range
with flowability. For example, since the first foreign matter
compensation layer 737a is disposed at the bottom, the car-
bon content of the first foreign matter compensation layer
737a is configured to be higher than the carbon content of the
third foreign matter compensation layer 7375.

[0190] A fourth foreign matter compensation layer 7335 is
on the third foreign matter compensation layer 7376 to cover
the pixel area A/A and a portion of the bezel area B/A. An end
of the fourth foreign matter compensation layer 7335 is posi-
tioned more inside than the end of the first inorganic encap-
sulation layer 131. The fourth foreign matter compensation
layer 733h may be made of dense silicon oxycarbon (SiOC).
The carbon contents of the second foreign matter compensa-
tion layer 733a and the fourth foreign matter compensation
layer 7335 may be different from each other in a range sub-
stantially without having flowability. Since the fourth foreign
matter compensation layer 7335 is disposed at the top, the
carbon content of the fourth foreign matter compensation
layer 7335 is configured to be lower than the carbon content
of the second foreign matter compensation layer 733a.
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[0191] According to such a configuration, one silicon oxy-
carbon layer compensates for the foreign matter, and a struc-
ture in which the silicon oxycarbon layer disposed thereon
protects the silicon oxycarbon layer disposed therebelow is
repeated. Particularly, according to such a configuration, the
thickness of the second foreign matter compensation layer
733a and the fourth foreign matter compensation layer 7335
as the dense silicon oxycarbon layers may be configured to be
smaller than the thickness of the first foreign matter compen-
sation layer 737a and the third foreign matter compensation
layer 737b as the flowable silicon oxycarbon layers.

[0192] In FIG. 7, the structure of the silicon oxycarbon
layers which are alternately repeated two times with a total of
four layers is illustrated. However, an embodiment of the
present disclosure may be modified and implemented to a
structure of the silicon oxycarbon layers which are alternately
repeated three times with six layers, four times with eight
layers, or five times with ten layers, and the like. However,
when the entire stacked thickness is increased, the flexibility
of the flexible organic light emitting display device 700 dete-
riorates. As such, the entire thickness of the silicon oxycarbon
layers should be 10 pm or less.

[0193] FIG. 8 is a schematic cross-sectional view for
describing a flexible organic light emitting display device
according to still another exemplary embodiment of the
present disclosure. A flexible organic light emitting display
device 800 illustrated in FIG. 8 further includes a third inor-
ganic encapsulation layer 836 as compared with the flexible
organic light emitting display device 700 illustrated in FIG. 7.
Hereinafter, for convenience of description, any duplicated
description will be omitted merely for avoiding redundancy.

[0194] In a flexible encapsulation unit 830, the third inor-
ganic encapsulation layer 836 is added between the second
foreign matter compensation layer 733« and the third foreign
matter compensation layer 7375. In this case, the third inor-
ganic encapsulation layer 836 may be formed by using the
process and the material which may be used for the first
inorganic encapsulation layer 131 or the second inorganic
encapsulation layer 132. According to such a configuration,
additional performance for delaying moisture permeation
may be acquired. In particular, the third inorganic encapsu-
lation layer 836 separates silicon oxycarbon layers having
different flowability, which are alternately disposed in the
middle. As a result, even though a crack occurs in the second
inorganic encapsulation layer 132, the third inorganic encap-
sulation layer 836 may interrupt a direct moisture permeation
path.

[0195] FIG.9is a schematic cross-sectional view of a flex-
ible organic light emitting display device according to still
another exemplary embodiment of the present disclosure. A
flexible organic light emitting display device 900 illustrated
in FIG. 9 does not include the second foreign matter compen-
sation layer 133 as compared with the flexible organic light
emitting display device 100 illustrated in FIG. 2. Hereinafter,
for convenience of description, any duplicated description
will be omitted merely for avoiding redundancy.

[0196] The planarization foreign matter compensation
layer 234 is disposed in a portion of the bezel area B/A and the
pixel area A/A between the first foreign matter compensation
layer 137 and the second inorganic encapsulation layer 132
and is made of the organic material. The planarization foreign
matter compensation layer 234 is made of the acrylic or epoxy
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based resin. The planarization foreign matter compensation
layer 234 is formed through, for example, the screen printing
process or the inkjet process.

[0197] The first foreign matter compensation layer 137
may protect the cathode 143 and the bank 144 from being
damaged when the planarization foreign matter compensa-
tion layer 234 is formed by the screen printing process.
[0198] Itis possible that the flexible organic light emitting
display device 900 has a small thickness so as to have a lower
critical radius of curvature. In particular, the thickness of the
planarization foreign matter compensation layer 234 is rela-
tively larger than that of the first foreign matter compensation
layer 137. The flexible organic light emitting display device
900 having the lower critical radius of curvature is imple-
mented by decreasing the thickness of the planarization for-
eign matter compensation layer 234. For example, if the
planarization foreign matter compensation layer 234 has a
thickness of 10 um or less when being formed by using the
screen printing process, a problem in that the organic light
emitting element 140 is damaged by a screen printing mask
having a mesh pattern during a squeegee process may occur.
[0199] As a result, in the flexible organic light emitting
display device 900 according to another exemplary embodi-
ment of the present disclosure, the first foreign matter com-
pensation layer 137 is disposed below the planarization for-
eign matter compensation layer 234. The goal is to implement
the planarization foreign matter compensation layer 234 with
the small thickness substantially without damage of the
organic light emitting element 140. Further, when the first
foreign matter compensation layer 137 is disposed below the
planarization foreign matter compensation layer 234, the pla-
narization foreign matter compensation layer 234 may be
formed with the thickness of 10 um or less. Furthermore, the
thicknesses of the first foreign matter compensation layer 137
is 2 um or less even though both the first foreign matter
compensation layer 137 and the planarization foreign matter
compensation layer 234 are formed. Thus, the first foreign
matter compensation layer 137 and the planarization foreign
matter compensation layer 234 may be formed with a thick-
ness which is smaller than 20 pm. Accordingly, since the
thinner flexible organic light emitting display device 900 may
be implemented, the critical radius of curvature of the flexible
organic light emitting display device 200 may be reduced.
That is, a decrease range of the thickness of the planarization
foreign matter compensation layer 234 may be larger than an
increase range of the thickness by the first foreign matter
compensation layer 137.

[0200] In particular, as described with reference to FIGS.
1A to 1C, when the first foreign matter compensation layer
137 is made of silicon oxycarbon having low hardness and
flowability, a foreign matter compensation layer serving as a
protective layer is on the first foreign matter compensation
layer 137. The goal is to protect plasma damage of the first
foreign matter compensation layer 137, which may occur
when the second inorganic encapsulation layer 132 is formed.
However, the planarization foreign matter compensation
layer 234 formed by the screen printing or inkjet printing
method may not damage the first foreign matter compensa-
tion layer 137. Instead, the first foreign matter compensation
layer 137 may suppress the damage caused due to the screen
printing mask having the mesh pattern of the screen printing,
which may occur when the planarization foreign matter com-
pensation layer 234 is formed and further reduce the thick-
ness.
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[0201] A transparent flexible encapsulation unit 930
according to another exemplary embodiment of the present
disclosure does not include the second foreign matter com-
pensation layer 133 described in FIGS. 1B and 1C, in spite of
using the screen printing by the aforementioned first foreign
matter compensation layer 137 and planarization foreign
matter compensation layer 234. Thus, a transparent flexible
encapsulation unit 930 which is relatively thin may be imple-
mented substantially without damage to the organic light
emitting element 140. Accordingly, excellent performance
for delaying moisture permeation and excellent flexibility
may be achieved.

[0202] FIG. 10A is a schematic cross-sectional view of a
flexible organic light emitting display device according to
still another exemplary embodiment of the present disclosure.
A flexible organic light emitting display device 1000 illus-
trated in FIG. 10A further includes a third inorganic encap-
sulation layer 1036 as compared with the flexible organic
light emitting display device 900 illustrated in FIG. 9. Here-
inafter, for convenience of description, any duplicated
description will be omitted merely for avoiding redundancy.
InFIG. 10A, for convenience of description, the organic light
emitting element 140 is briefly illustrated, and constituent
elements such as the thin film transistor 120 are omitted
merely for avoiding redundancy.

[0203] The third inorganic encapsulation layer 1036 is dis-
posed between the first foreign matter compensation layer
137 and the planarization foreign matter compensation layer
234. The third inorganic encapsulation layer 1036 is disposed
between the pixel area A/A and the bezel area B/A. As aresult,
the end of the third inorganic encapsulation layer 1036 is
configured to be positioned more outside than the end of the
first foreign matter compensation layer 137. Thus, the third
inorganic encapsulation layer 1036 and the first inorganic
encapsulation layer 131 directly contact each other outside
the first foreign matter compensation layer 137. That is, the
third inorganic encapsulation layer 1036 and the first inor-
ganic encapsulation layer 131 which are adjacent to each
other are configured to encapsulate the first foreign matter
compensation layer 137 between the third inorganic encap-
sulation layer 1036 and the first inorganic encapsulation layer
131.

[0204] The third inorganic encapsulation layer 1036 is
made of an aluminum based material. For example, the third
inorganic encapsulation layer 1036 may be made of alumi-
num oxide. The third inorganic encapsulation layer 1036 may
be deposited by using the atomic layer deposition method.
Since the third inorganic encapsulation layer 1036 formed by
the ALD method may compensate and cover the foreign
matter below the third inorganic encapsulation layer 1036,
the ALD method has an advantage of relatively significantly
reducing generation of cracks and seams than the chemical
vapor deposition method. Further, as described above, the
first foreign matter compensation layer 137 formed below the
third inorganic encapsulation layer 1036 is the silicon oxy-
carbon layer having flowability and the foreign matters are
disposed below the first foreign matter compensation layer
137. Even when the first foreign matter compensation layer
137 conformally compensates the foreign matters and the
step is thus generated, the third inorganic encapsulation layer
1036 is formed by aluminum oxide. Thus, the third inorganic
encapsulation layer 1036 is achieved by using the atomic
layer deposition method to compensate the steps (or irregu-
larities) generated below the third inorganic encapsulation
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layer 1036. Further, the first foreign matter compensation
layer 137 of the flexible organic light emitting display device
1000 according to another exemplary embodiment of the
present disclosure is exposed to plasma when the third inor-
ganic encapsulation layer 1036 is formed, the first foreign
matter compensation layer 137 is surface-hardened. The step
coverage (or ability to smooth out unevenness) by the third
inorganic encapsulation layer 1036 is described in detail with
reference to F1G. 10B.

[0205] Referring to FIG. 10A, the second inorganic encap-
sulation layer 132 is on the planarization foreign matter com-
pensation layer 234. The second inorganic encapsulation
layer 132 is disposed in the pixel area A/A and the bezel area
B/A. As a result, the end of the second inorganic encapsula-
tion layer 132 is configured to be positioned more outside
than the end of the planarization foreign matter compensation
layer 234. As a result, the second inorganic encapsulation
layer 132 and the third inorganic encapsulation layer 1036
directly contact each other outside the planarization foreign
matter compensation layer. That is, the second inorganic
encapsulation layer 132 and the third inorganic encapsulation
layer 1036 which are adjacent to each other are configured to
encapsulate the planarization foreign matter compensation
layer 234 between the second inorganic encapsulation layer
132 and the third inorganic encapsulation layer 1036.

[0206] The second inorganic encapsulation layer 132 is
made of a silicon based material. For example, the second
inorganic encapsulation layer 132 may be made of silicon
nitride, silicon oxide, or silicon oxynitride. The second inor-
ganic encapsulation layer 132 may be deposited by using the
chemical vapor deposition method. The second inorganic
encapsulation layer 132 is formed with a thickness in the
range of 0.5 to 1.5 pum. As a result, a thickness of the second
inorganic encapsulation layer 132 is larger than that of the
third inorganic encapsulation layer 1036 deposited by using
the atomic layer deposition method.

[0207] Inthe flexible organic light emitting display device
1000 according to yet another exemplary embodiment of the
present disclosure, the second inorganic encapsulation layer
132 is on the top of the encapsulation unit. That is, as the
second inorganic encapsulation layer 132 made of an inor-
ganic material which has more excellent in moisture perme-
ation suppression effect than the organic material is on the top
of the encapsulation unit. The moisture and the oxygen that
permeate the organic light emitting element 140 may be
effectively interrupted.

[0208] Further, in the flexible organic light emitting display
device 1000 according to another exemplary embodiment of
the present disclosure, the third inorganic encapsulation layer
1036 made of the aluminum based material is on the first
foreign matter compensation layer 137 having flowability and
the second inorganic encapsulation layer 132 made of the
silicon based material is on the planarization foreign matter
compensation layer 234. This layer has excellent planariza-
tion characteristic. As a result, a moisture and oxygen inter-
ruption capability may be enhanced as compared with the
encapsulation structure in the related art and the thickness of
the flexible encapsulation unit 1030 may be reduced to the
desired level.

[0209] Hereinafter, other effects of the flexible organic
light emitting display device 1000 according to another
exemplary embodiment of the present disclosure will be
described in more detail with reference to FIG. 10B.
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[0210] FIG. 10B is a schematic cross-sectional view for
describing that foreign matters are disposed at an inside of the
flexible organic light emitting display device according to
still another exemplary embodiment ofthe present disclosure.
In FIG. 10B, a case where foreign matters P1 and P2 are
disposed between the first inorganic encapsulation layer 131
and the first foreign matter compensation layer 137 of the
flexible organic light emitting display device 1000 and
between the third inorganic encapsulation layer 1036 and the
planarization foreign matter compensation layer 234 illus-
trated in FIG. 10A is illustrated.

[0211] As illustrated in FIG. 10B, while the foreign matter
P1 is on the first inorganic encapsulation layer 131, the first
foreign matter compensation layer 137 is formed. The first
foreign matter compensation layer 137 is a conformal foreign
matter compensation layer having flowability, which is dis-
posed along the shape of the top of the first inorganic encap-
sulation layer 131. Thus, the first foreign matter compensa-
tion layer 137 may have a predetermined step (or irregularity)
while compensating the foreign matters above the first inor-
ganic encapsulation layer 131. As illustrated in FIG. 10B, the
first inorganic encapsulation layer 131 is formed along the
shape of the foreign matter P1 on the foreign matter P1. As a
result, the step by the foreign matter P1 occurs in the first
foreign matter compensation layer 137. Further, since the
third inorganic encapsulation layer 1036 formed on the first
foreign matter compensation layer 137 is made of aluminum
oxide deposited by the atomic layer deposition method, the
third inorganic encapsulation layer 1036 covers the entirety
ofthe top of the first foreign matter compensation layer 137 to
have a portion which protrudes at an area corresponding to the
foreign matter P1. As a result, in the flexible organic light
emitting display device 1000 according to an embodiment of
the present disclosure, the step (or irregularity) of the pro-
truded portion of the third inorganic encapsulation layer 1036
may be planarized by using the planarization foreign matter
compensation layer 234 which is the planarization foreign
matter compensation layer on the third inorganic encapsula-
tion layer 1036.

[0212] Further, as illustrated in FIG. 10B, even when the
foreign matter P2 is on the third inorganic encapsulation layer
1036, the planarization foreign matter compensation layer
234 of the third inorganic encapsulation layer 1036 planarizes
the top of the third inorganic encapsulation layer 1036 to
planarize the step by the foreign matter P2.

[0213] As described above, the second inorganic encapsu-
lation layer 132 on the planarization foreign matter compen-
sation layer 234 may be made of the silicon based material.
For example, the second inorganic encapsulation layer 132
may be made of silicon nitride, silicon oxide, or silicon oxyni-
tride deposited by using the chemical vapor deposition
method. As described above, the planarization foreign matter
compensation layer 234 may planarize the steps (or irregu-
larities) which may occur by the foreign matters P1 and P2,
even though the second inorganic encapsulation layer 132 is
made of silicon nitride, silicon oxide, or silicon oxynitride by
using the chemical vapor deposition method. Thus, a prob-
ability that the second inorganic encapsulation layer 132 will
be cracked by the foreign matters P1 and P2 or the chance that
seams will occur in the second inorganic encapsulation layer
132 may be remarkably reduced. Further, a time required to
form the second inorganic encapsulation layer 132 may be
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reduced as compared with the case of forming the second
inorganic encapsulation layer 132 by using the atomic layer
deposition method.

[0214] Insome exemplary embodiments, one or more addi-
tional encapsulation units in which the foreign matter com-
pensation layer and the inorganic encapsulation layer are
stacked may be on the second inorganic encapsulation layer
132. In this case, when the foreign matter compensation layer
is the conformal foreign matter compensation layer, the inor-
ganic encapsulation layer on the foreign matter compensation
layer may be made of the aluminum based material and when
the foreign matter compensation layer is the foreign matter
compensation layer which is excellent in planarization char-
acteristic, the inorganic encapsulation layer on the foreign
matter compensation layer may be made of the silicon based
material.

[0215] FIG. 11 is a schematic cross-sectional view for
describing a flexible organic light emitting display device
according to still another exemplary embodiment of the
present disclosure. Since a flexible organic light emitting
display device 1100 illustrated in FIG. 11 is different from
only in that layout positions of a first foreign matter compen-
sation layer 1137 and a planarization foreign matter compen-
sation layer 1134 are changed. As a result, the materials of the
third inorganic encapsulation layer 1036 and the second inor-
ganic encapsulation layer 132 are changed and substantially
the same as the flexible organic light emitting display device
1000 illustrated in FIG. 10A, any duplicated description will
be omitted merely for avoiding redundancy. In FIG. 11, for
convenience of description, the organic light emitting ele-
ment 140 is briefly illustrated, and constituent elements such
as the thin film transistor 120 are omitted merely for avoiding
redundancy.

[0216] Referring to FIG. 11, the planarization foreign mat-
ter compensation layer 1134 is configured to planarize the top
of the first inorganic encapsulation layer 131. The planariza-
tion foreign matter compensation layer 1134 is formed to
have a thickness of 10 pm or less.

[0217] The third inorganic encapsulation layer 1036 is on
the planarization foreign matter compensation layer 1134.
The third inorganic encapsulation layer 1036 is made of the
silicon based material. For example, the third inorganic
encapsulation layer 1036 may be made of silicon nitride,
silicon oxide, or silicon oxynitride. The third inorganic
encapsulation layer 1036 may be deposited by using the
chemical vapor deposition method. The third inorganic
encapsulation layer 1036 is formed with a thickness in the
range of 0.5 to 1.5 pm.

[0218] In the flexible organic light emitting display device
1100 according to yet another exemplary embodiment of the
present disclosure, the third inorganic encapsulation layer
1036 formed on the planarization foreign matter compensa-
tion layer 1134 which is the planarization foreign matter
compensation layer is made of the silicon based material
deposited by the chemical vapor deposition method. The
inorganic film formed by using the chemical vapor deposition
method is lower in step coverage performance than the inor-
ganic film formed by the atomic layer deposition method.
However, the planarization foreign matter compensation
layer 1134 is the planarization foreign matter compensation
layer, even though the third inorganic encapsulation layer
1036 1s made of the silicon based material deposited on the
planarization foreign matter compensation layer 1134 by the
chemical vapor deposition method. Thus, a probability that
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the third inorganic encapsulation layer 1036 will be cracked
or the seam will occur in the third inorganic encapsulation
layer 1036 may be remarkably reduced. Further, a time
required to form the third inorganic encapsulation layer 1036
may also be reduced as compared with the case of forming the
third inorganic encapsulation layer 1036 by using the atomic
layer deposition method.

[0219] Referring to FIG. 11, the first foreign matter com-
pensation layer 1137 is formed along the shape of the top of
the third inorganic encapsulation layer 1036. That is, the first
foreign matter compensation layer 1137 is the conformal
foreign matter compensation layer capable of compensating
the foreign matter. The first foreign matter compensation
layer 1137 may be made of a silicon oxycarbon or polyurea
resin having flowability. The first foreign matter compensa-
tion layer 1137 is formed with a thickness of 3 pm or less and
for example, a thickness of 1 to 2 pm.

[0220] The second inorganic encapsulation layer 132 is on
the first foreign matter compensation layer 1137. The second
inorganic encapsulation layer 132 is made of the aluminum
based material. For example, the second inorganic encapsu-
lation layer 132 may be made of aluminum oxide. The second
inorganic encapsulation layer 132 may be deposited by using
the atomic layer deposition method. The second inorganic
encapsulation layer 132 is formed with a thickness 0of 0.1 pm.
[0221] In the flexible organic light emitting display device
1100 according to yet another exemplary embodiment of the
present disclosure, the second inorganic encapsulation layer
132 formed on the first foreign matter compensation layer
1137 which is the conformal foreign matter compensation
layer is made of the aluminum based material deposited by
the atomic layer deposition method. Since the inorganic film
formed by using the atomic layer deposition method (ALD) is
more excellent in step coverage performance than the inor-
ganic film formed by the chemical vapor deposition method
(CVD), the second inorganic encapsulation layer 132 is made
of the aluminum based material deposited on the first foreign
matter compensation layer 1137. It is made by the atomic
layer deposition method to compensate the step of the second
inorganic encapsulation layer 131 generated by the foreign
matter.

[0222] Some of the exemplary embodiments of the present
disclosure may be described as follows.

[0223] The flexible organic light emitting display device
including a pixel area and a bezel area includes a first inor-
ganic encapsulation layer on an organic light emitting ele-
ment of the pixel area, a second inorganic encapsulation layer
that is relatively flatter than the first inorganic encapsulation
layer, and encapsulates a plurality of foreign matter compen-
sation layers by contacting the first inorganic encapsulation
layer in the bezel area, and a foreign matter compensation
layer structure in which the plurality of foreign matter com-
pensation layers are stacked between the first inorganic
encapsulation layer and the second inorganic encapsulation
layer.

[0224] The first and second inorganic encapsulation layers
and the foreign matter compensation layer structure may
protect the organic light emitting element from oxygen and/or
moisture.

[0225] The plurality of foreign matter compensation layers
may be stacked on a basis of flowability of materials config-
uring the plurality of foreign matter compensation layers,
suppression capability of damage which may be generated
during manufacturing, flexibility, and reduction in thickness.
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[0226] The plurality of foreign matter compensation layers
may include a first foreign matter compensation layer having
at least first hardness and foreign matter compensation capa-
bility and a second foreign matter compensation layer having
second hardness relatively higher than the first hardness and
configured to protect the first foreign matter compensation
layer from the damage.

[0227] The foreign matter compensation layers including at
least the first foreign matter compensation layer and the sec-
ond foreign matter compensation layer may be configured to
have a structure in which at least two flowable silicon oxy-
carbon layers formed by a chemical vapor deposition method
are stacked.

[0228] The foreign matter compensation layers including at
least the first foreign matter compensation layer and the sec-
ond foreign matter compensation layer may be configured so
that the carbon contents are gradationally reduced in an
upward direction from a layer on a bottom layer to a layer on
a top layer.

[0229] The flexible organic light emitting display device
may further include a protective layer disposed between the
first foreign matter compensation layer and the second for-
eign matter compensation layer and having relatively higher
hardness and relatively lower flowability than the first foreign
matter compensation layer.

[0230] An end of the first foreign matter compensation
layer and an end of the second foreign matter compensation
layer may be positioned more inside than an end of the first
inorganic encapsulation layer, an end of the second inorganic
encapsulation layer may be positioned more outside than the
end of the first foreign matter compensation layer and the end
of the second foreign matter compensation layer, and the
second inorganic encapsulation layer may be configured to
encapsulate the first foreign matter compensation layer and
the second foreign matter compensation layer by bonding the
first inorganic encapsulation layer in the bezel area.

[0231] The flexible organic light emitting display device
may further include a planarization foreign matter compen-
sation layer disposed in a portion of the bezel area and the
pixel area between the second foreign matter compensation
layer and the second inorganic encapsulation layer and hav-
ing a thickness of 10 pm or less.

[0232] The flexible organic light emitting display device
may further include a planarization foreign matter compen-
sation layer disposed in a portion of the bezel area and the
pixel area on the second inorganic encapsulation layer and
made of an acryl resin, a silicon resin, or an epoxy resin.
[0233] The flexible organic light emitting display device
may further include a pressure sensitive adhesive layer adher-
ing to the planarization foreign matter compensation layer;
and a barrier film on the pressure sensitive adhesive layer.
[0234] The flexible organic light emitting display device
may further include an anti-oxidation layer disposed below
the first inorganic encapsulation layer, in which the first for-
eign matter compensation layer may include at least oxygen,
and the first inorganic encapsulation layer may be made of
aluminum oxide.

[0235] The flexible organic light emitting display device
may further include a third inorganic encapsulation layer
disposed between the second foreign matter compensation
layer and the planarization foreign matter compensation
layer.

[0236] The second inorganic encapsulation layer may be
made of a silicon based material, the third inorganic encap-
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sulation layer may be made of an aluminum based material,
step coverage performance of the third inorganic encapsula-
tion layer may be relatively more excellent than the step
coverage performance of the second inorganic encapsulation
layer, and a thickness of the second inorganic encapsulation
layer may be larger than a thickness of the third inorganic
encapsulation layer.

[0237] The third inorganic encapsulation layer may be
made of a silicon based material, the second inorganic encap-
sulation layer may be made of an aluminum based material,
step coverage performance of the second inorganic encapsu-
lation layer may be relatively more excellent than the step
coverage performance of the third inorganic encapsulation
layer, and a thickness of the third inorganic encapsulation
layer may be larger than a thickness of the second inorganic
encapsulation layer.

[0238] The flexible organic light emitting display device
may further include a third foreign matter compensation layer
disposed in a portion ofthe bezel area and the pixel area on the
second foreign matter compensation layer; and a fourth for-
eign matter compensation layer disposed in a portion of the
bezel area and the pixel area on the third foreign matter
compensation layer, in which the third foreign matter com-
pensation layer and the fourth foreign matter compensation
layer may be configured of silicon oxycarbon (Si0C) having
different carbon contents, and the carbon content of the third
foreign matter compensation layer may be larger than the
carbon content of the fourth foreign matter compensation
layer.

[0239] The second foreign matter compensation layer may
be made of acryl, silicon, or epoxy and on the first foreign
matter compensation layer, and the first foreign matter com-
pensation layer may be configured to protect the second for-
eign matter compensation layer while compensating a foreign
matter.

[0240] Some of the exemplary embodiments of the present
disclosure may be described as follows.

[0241] A flexible organic light emitting display device
including a pixel area and a bezel area includes: a first inor-
ganic encapsulation layer disposed in the pixel area and the
bezel area; a first foreign matter compensation layer disposed
in a portion of the bezel area and the pixel area on the first
inorganic encapsulation layer; a second foreign matter com-
pensation layer disposed in a portion of the bezel area and the
pixel area on the first foreign matter compensation layer and
having higher hardness than the first foreign matter compen-
sation layer; and a second inorganic encapsulation layer dis-
posed in the pixel area and the bezel area on the second
foreign matter compensation layer, in which the first inor-
ganic encapsulation layer and the second inorganic encapsu-
lation layer may be configured to encapsulate the first foreign
matter compensation layer and the second foreign matter
compensation layer in the bezel area.

[0242] The first foreign matter compensation layer has
flowability, and flowability of the second foreign matter com-
pensation layer may be relatively lower than the flowability of
the first foreign matter compensation layer.

[0243] The first foreign matter compensation layer and the
second foreign matter compensation layer may be configured
of silicon oxycarbon (SiOC) having different carbon con-
tents, and the carbon content of the first foreign matter com-
pensation layer may be larger than the carbon content of the
second foreign matter compensation layer.
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[0244] An end of the first foreign matter compensation
layer and an end of the second foreign matter compensation
layer may be positioned more inside than an end of the first
inorganic encapsulation layer, an end of the second inorganic
encapsulation layer may be positioned more outside than the
end of the first foreign matter compensation layer and the end
of the second foreign matter compensation layer, and the
second inorganic encapsulation layer may be configured to
encapsulate the first foreign matter compensation layer and
the second foreign matter compensation layer by bonding the
first inorganic encapsulation layer in the bezel area.

[0245] The first inorganic encapsulation layer and the sec-
ond inorganic encapsulation layer may be made of aluminum
oxide.

[0246] The flexible organic light emitting display device
may further include a planarization foreign matter compen-
sation layer disposed in a portion of the bezel area and the
pixel area between the second foreign matter compensation
layer and the second inorganic encapsulation layer.

[0247] A thickness of the planarization foreign matter com-
pensation layer may be 10 um or less.

[0248] The flexible organic light emitting display device
may further include a planarization foreign matter compen-
sation layer disposed in a portion of the bezel area and the
pixel area on the second inorganic encapsulation layer and
made of an organic material.

[0249] The planarization foreign matter compensation
layer may be made of an acryl resin, a silicon resin, or an
epoxy resin.

[0250] The flexible organic light emitting display device
may further include a pressure sensitive adhesive layer adher-
ing to the planarization foreign matter compensation layer;
and a barrier film on the pressure sensitive adhesive layer.
[0251] The flexible organic light emitting display device
may further include an anti-oxidation layer disposed below
the first inorganic encapsulation layer, in which the first for-
eign matter compensation layer may include at least oxygen,
and the first inorganic encapsulation layer may be made of
aluminum oxide.

[0252] Theforeign matter compensation layers including at
least the first foreign matter compensation layer and the sec-
ond foreign matter compensation layer may be configured to
have a structure in which at least two flowable silicon oxy-
carbon layers formed by a chemical vapor deposition method
are stacked.

[0253] The foreign matter compensation layers including at
least the first foreign matter compensation layer and the sec-
ond foreign matter compensation layer may be configured so
that the carbon contents are gradationally reduced in an
upward direction from a layer on a bottom layer to a layer on
a top layer.

[0254] The flexible organic light emitting display device
may further include a third inorganic encapsulation layer
disposed between the second foreign matter compensation
layer and the planarization foreign matter compensation
layer.

[0255] The flexible organic light emitting display device
may further include a third foreign matter compensation layer
disposed in a portion of the bezel area and the pixel area on the
second foreign matter compensation layer; and a fourth for-
eign matter compensation layer disposed in a portion of the
bezel area and the pixel area on the third foreign matter
compensation layer, in which the third foreign matter com-
pensation layer and the fourth foreign matter compensation
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layer may be configured of silicon oxycarbon (SiOC) having
different carbon contents, and the carbon content of the third
foreign matter compensation layer may be larger than the
carbon content of the fourth foreign matter compensation
layer.

[0256] Some of the exemplary embodiments of the present
disclosure may be described as follows.

[0257] A flexible organic light emitting display device
includes a first inorganic encapsulation layer conformally
configured on an organic light emitting element so as to
protect the organic light emitting element from oxygen and
moisture, a plurality of foreign matter compensation layers on
the first inorganic encapsulation layer and having interfaces
configured to reduce a step of the first inorganic encapsulation
layer, and a second inorganic encapsulation layer on a plural-
ity of foreign matter compensation layers and configured to
be relatively flatter than the first inorganic encapsulation
layer, protect the organic light emitting element from oxygen
and moisture, and encapsulate a plurality of foreign matter
compensation layers by contacting the first inorganic encap-
sulation layer in the bezel area, in which the first foreign
matter compensation layer may be disposed below among the
plurality of foreign matter compensation layers and have
flowability and the second foreign matter compensation layer
may be disposed above among the plurality of foreign matter
compensation layers to correspond to the first foreign matter
compensation layer.

[0258] The second foreign matter compensation layer may
be made of acryl, silicon, or epoxy and on the first foreign
matter compensation layer, and the first foreign matter com-
pensation layer may be configured to protect the second for-
eign matter compensation layer while compensating a foreign
matter.

[0259] The flexible organic light emitting display device
may further include a third inorganic encapsulation layer
disposed between the first foreign matter compensation layer
and the second foreign matter compensation layer and con-
figured to contact the first inorganic encapsulation layer in the
bezel area and contact the second inorganic encapsulation
layer in the bezel area.

[0260] The second inorganic encapsulation layer may be
made of a silicon based material, the third inorganic encap-
sulation layer may be made of an aluminum based material,
step coverage performance of the third inorganic encapsula-
tion layer may be relatively more excellent than the step
coverage performance of the second inorganic encapsulation
layer, and a thickness of the second inorganic encapsulation
layer may be larger than a thickness of the third inorganic
encapsulation layer.

[0261] The first foreign matter compensation layer may be
made of acryl, silicon, or epoxy and on the second foreign
matter compensation layer, and the second foreign matter
compensation layer may be configured by flowable silicon
oxycarbon or polyurea.

[0262] The flexible organic light emitting display device
may further include a protective layer disposed between the
first foreign matter compensation layer and the second for-
eign matter compensation layer and having relatively higher
hardness and relatively lower flowability than the first foreign
matter compensation layer.

[0263] Although the exemplary embodiments of the
present disclosure have been described in detail with refer-
ence to the accompanying drawings, the present disclosure is
not limited thereto and may be embodied in many different
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forms without departing from the technical concept of the
present disclosure. Therefore, the exemplary embodiments of
the present disclosure are provided for illustrative purposes
only but not intended to limit the technical concept of the
present disclosure. The scope of the technical concept of the
present disclosure is not limited thereto. The protective scope
of the present disclosure should be construed based on the
following claims, and all the technical concepts in the equiva-
lent scope thereof should be construed as falling within the
scope of the present disclosure.

[0264] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the concepts and
scope of the invention. Thus, it is intended that the present
invention cover the modifications and variations of this inven-
tion provided they come within the scope of the appended
claims and their equivalents.

What is claimed is:

1. A flexible organic light emitting display device including
a pixel area and a bezel area, comprising:

a first inorganic encapsulation layer on an organic light

emitting element of the pixel area;

a second inorganic encapsulation layer that is relatively
flatter than the first inorganic encapsulation layer and
encapsulates a plurality of foreign matter compensation
layers by contacting the first inorganic encapsulation
layer in the bezel area; and

a foreign matter compensation layer structure in which the
plurality of foreign matter compensation layers are
stacked between the first inorganic encapsulation layer
and the second inorganic encapsulation layer.

2. The flexible organic light emitting display device
according to claim 1, wherein the first and second inorganic
encapsulation layers and the foreign matter compensation
layer structure protect the organic light emitting element from
oxygen and/or moisture.

3. The flexible organic light emitting display device
according to claim 1, wherein the plurality of foreign matter
compensation layers are stacked on a basis of flowability of
materials configuring the plurality of foreign matter compen-
sation layers, capability of suppressing possible damage gen-
erated during manufacturing, flexibility, and reduction in
thickness.

4. The flexible organic light emitting display device
according to claim 3, wherein the plurality of foreign matter
compensation layers includes a first foreign matter compen-
sation layer having at least first hardness and foreign matter
compensation capability and a second foreign matter com-
pensation layer having second hardness relatively higher than
the first hardness and configured to protect the first foreign
matter compensation layer from the damage.

5. The flexible organic light emitting display device
according to claim 4, wherein the foreign matter compensa-
tion layers including at least the first foreign matter compen-
sation layer and the second foreign matter compensation
layer are configured to have a structure in which at least two
flowable silicon oxycarbon layers are stacked.

6. The flexible organic light emitting display device
according to claim 5, wherein the foreign matter compensa-
tion layers including at least the first foreign matter compen-
sation layer and the second foreign matter compensation
layer are configured such that the carbon contents are gradu-
ally reduced in an upward direction from a layer on a bottom
layer to a layer on a top layer.
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7. The flexible organic light emitting display device
according to claim 5, further comprising:

aprotective layer disposed between the first foreign matter
compensation layer and the second foreign matter com-
pensation layer and having relatively higher hardness
and relatively lower flowability than the first foreign
matter compensation layer.

8. The flexible organic light emitting display device
according to claim 5, wherein an end of the first foreign matter
compensation layer and an end of the second foreign matter
compensation layer are positioned more inside than an end of
the first inorganic encapsulation layer, an end of the second
inorganic encapsulation layer is positioned more outside than
the end of the first foreign matter compensation layer and the
end of the second foreign matter compensation layer, and the
second inorganic encapsulation layer is configured to encap-
sulate the first foreign matter compensation layer and the
second foreign matter compensation layer by bonding the
first inorganic encapsulation layer in the bezel area.

9. The flexible organic light emitting display device
according to claim 1, further comprising:

a planarization foreign matter compensation layer dis-
posed in a portion of the bezel area and the pixel area
between the second foreign matter compensation layer
and the second inorganic encapsulation layer and having
a thickness of 10 pm or less.

10. The flexible organic light emitting display device

according to claim 1, further comprising:

a planarization foreign matter compensation layer dis-
posed in a portion of the bezel area and the pixel area on
the second inorganic encapsulation layer and made of an
acryl resin, a silicon resin, or an epoxy resin.

11. The flexible organic light emitting display device

according to claim 10, further comprising:

a pressure sensitive adhesive layer adhering to the pla-
narization foreign matter compensation layer; and

a barrier film on the pressure sensitive adhesive layer.

12. The flexible organic light emitting display device
according to claim 1, further comprising:

an anti-oxidation layer disposed below the first inorganic
encapsulation layer,

wherein the first foreign matter compensation layer
includes at least oxygen, and the first inorganic encap-
sulation layer is made of aluminum oxide.

13. The flexible organic light emitting display device

according to claim 9, further comprising:

Mar. 31, 2016

a third inorganic encapsulation layer disposed between the
second foreign matter compensation layer and the pla-
narization foreign matter compensation layer.

14. The flexible organic light emitting display device
according to claim 13, wherein the second inorganic encap-
sulation layer is made of a silicon based material, the third
inorganic encapsulation layer is made of an aluminum based
material, step coverage performance of the third inorganic
encapsulation layer is relatively more excellent than the step
coverage performance of the second inorganic encapsulation
layer, and the thickness of the second inorganic encapsulation
layer is larger than a thickness of the third inorganic encap-
sulation layer.

15. The flexible organic light emitting display device
according to claim 13, wherein the third inorganic encapsu-
lation layer is made of a silicon based material, the second
inorganic encapsulation layer is made of an aluminum based
material, step coverage performance of the second inorganic
encapsulation layer is relatively more excellent than the step
coverage performance of the third inorganic encapsulation
layer, and a thickness of the third inorganic encapsulation
layer is larger than a thickness of the second inorganic encap-
sulation layer.

16. The flexible organic light emitting display device
according to claim 4, further comprising:

a third foreign matter compensation layer disposed in a
portion of the bezel area and the pixel area on the second
foreign matter compensation layer; and

a fourth foreign matter compensation layer disposed in a
portion of the bezel area and the pixel area on the third
foreign matter compensation layer,

wherein the third foreign matter compensation layer and
the fourth foreign matter compensation layer are config-
ured of silicon oxycarbon (Si0C) having different car-
bon contents, and the carbon content of the third foreign
matter compensation layer is larger than the carbon con-
tent of the fourth foreign matter compensation layer.

17. The flexible organic light emitting display device
according to claim 4, wherein the second foreign matter com-
pensation layer is made of acryl, silicon, or epoxy and on the
first foreign matter compensation layer, and the first foreign
matter compensation layer is configured to protect the second
foreign matter compensation layer while compensating a for-
eign matter.
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